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This Summaryol Progress is a compilation of information on all
projects initiated under the NCHRP from its inception in lg62
through Ig88. Annually, for 27 year=, the National Cooperative
Highway Research Program has issued a Summary of Progress
comprised ol upto.date status reports on all on-going projects
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will update the Summary of Progress series, including only proJ.
ects active alter _anuary i, 1989,
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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM enues of eommunicL_tions and cooperation with federal, state,

Sy_ternatic, well.designed research provides tile most effective lind local governmenta_ agencies, universities, and industry; its

approach to the solution of many problems lacing highway relationship to its parent organization, tile National Academy

administrators and engineers. O[`[cn, highway problems are of of Sciences, a prtva[e, nonprofit institution, is all [nsu=,*nce c,f
local Interest and can best be studied by highway departments objectivity; and it mLLintains a Fail-lime research correlation staff"
individually or in cooperation with [heir state universities and of specialists in highway transportation matters to bring the

others. More predominantly, however, Ille need for more era- bindings o[` research directly to those who are in u position to

cient, ec_nomieal, and safer highway transportation and Hie use them.
importance of meshing with other modes and other societal

concerns leads to national problems of increasing complexity. Research programs arc developed _nnuaby by AASHTO on the
A coordinated program of high-qualily cooperative research basis of research needs identified by elde[` adrninistrators of the

provides a highly effective approach to such problems, highway and transporlation departmen(s, hy comrnit(ees cf
AASHTO, and by the Fedcrld ]tighway Adndnistrator. The

,, In recognition o[` these needs, d_c highway udrninistrators of the programs are then referred ['or adrninistrali0n through the
American Association of Stale Hi6hway and Transportation Transportation Research Board, nod research proiects address-
Officials initiated in 1962 an _bjeelive national highway research ins tile specific needs are defined by tile Board on the basis QF

program employing modern scientific techniques, AASHTO's the AASIITO problem stalemenls. The projects are advertised

program is supported on a eontinuillg basis by funds from par. widely for proposals, and qualified agencies are selected aa the
tlcipating member states of the Association and receives the full basis of research plans offering the greatest pr0ha'0ilitics of suc-

cooperation and support of the Federal Highway AdministnL. cess. The research is carried on[ under contract, and adminis-

don, Unhed States Dcp_rtment of Transporlation. t ration zmd surveillance are responsibilities ofa board-appointod
staff.

The Transportation Rcsearcll guard of tile National Research
Council was requested by the Association to administer Tile needs FQr highway research are many, and 01c National
AASHTO,s research program bec_uscoftheBoard,srecognize d Cooperative I-lighw_y Re.arch Program is an effic[eat mech.

objectivity and understanding of modern research practices, The anism for providing timely solutions m probtems of mutual

' Board is uniquely suiled for this purpose as: it m_intains an concern to many responsible groups. The Program, however, is
,,: extensive committee structure from which authorities on any intendodtocomplement ratherthantosuhstitute for orduplicate

highway transportation subject znay be drawn; it possesses av- ether highway research programs,
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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM

SUMMARY OF PROGRESS

THROUGH 1988

INTRODUCTION invoivhlgtl_estaff, panel,andagencypersonnelare held

The National Cooperative Highway R_search Program to review project progress and provide guidance for on-
(NCHRP) was established in 1962to provide a continuing going work,
program of highway re.search, It is sponsored by member The research findings are publislled in either of two

regular NCHRP report seriesor as a Research Results
departments of the American Association of StateHigh- Digest. Each state highway odministralor receivesa copyway and Transportation Officials (AASHTO) in coop-
eration with tile Federal Highway Administration immediately on publlcation, and as many as 6.000copies

are issued through tbe Transportation Research Board's
(FHWA), U.S. Department of Transportation, and is ear- Publication's Offtee.
tied ant under a three-way agreement among these agen-
cies and the National Academy of Sciences. AASHTO Twice each year. detailed progress reports are submit-
annually proposes specific research problems for inclusion ted by the NCHRP to th_sponsors to provide them with
in the NCHRP fiscalyear activities. At least two-tllirds current int'ormation on the specifics of technical progress
oP the member departments must approve the research of the projects, as well as tile specifies of administrative
problems and agree to their financial support before they matters relating to Program operation. These reports are
can be brought into the Program. Following balloting by supplemented by publication of an annual summary of
the member departments, the approved problems are progress that is made available at the end of each year
referred to the Academy, where they are reviewed to to both the sponsors and the public at large,
determine their acceptability to the Academy for admin-
istration by the TransportationResearchBoard, Each HOWNCHRPPROGRAMSAREFORMULATED
State annually contracts with the Academy to commit a NCHRP programs are initiatedon an annual basis, and
portion of its Federnl-aid highway planning research there are many steps between initiation and tile time that
(HPR) funds, These funds presently make available a the final reports are published. Each fiscalyear's program
cooperative pool of about $8.0 million for NCHRP each must start with the identification ofcriticalproblems by:
year, state highway and transportation departments, AASItTO

Each research project in the program is assigned to a Committees, and the Federal 11ighway Administration.
panel made up of persons knowledgeablein the particular The many problems (usually for more than 150)
problem area. The panel analyzes the problem, outlines received from these sources each year are first screened
the particular project and its objectives, and then prepares to determine:

n research project statement by which proposals are so- • If the proposed problem represents an immediate
fieited from qualifiedresearch agencies, The panelsreview research need and is of interest to many states.
the proposals, recommend contract awards, and provide
counsel to the NCHRP staff responsible for surveillance • If it can be handled effectivelyunder a cooperative
of work under the research contracts, Finally, they review program,

final reports for acceptability and Per accomplishment of = If similar efforts are already under way. or if saris.
the approved research plan. There are presently some 711 factory answers are already available. In these respects,
members on these panels coming from 45 States, tbe a search is made of the relevant literature stored in the
District of Columbia, Puerto Rico. Canada, and New Board's automated Highway Besearch Information Set-
Zealand, vice.

A professional staff is assigned to NCHRP by the
Board. Projects engineers with training and experiencein • The probability of success.
the many research areas encompassed by tile Program The technical merits of the problems that survive this
are responsible for administrative and technical survcil- initial screening (usually about 50 percent) are then oval-
lance of the contracts, If necessary, frequent meetings uated in depth by the AASI-ITO Standing Committee on
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Research. Final priorities tire determined each year at a through FY '89, 541 research contracts have resulted,
meeting to formulate research programs for the NCHRP. totaling some $86.5 million. Tile subject matter of tile

After the program is approved, by AASItTO, it is projects ranges across the full spectrum of concern within
referred to TRB for execution, the highway industry and evidences the sponsor's im-

mediate interest in acquiring answers at an early dam to
PROGRAMS RECEIVED TO DATE the many acute problems timing administrators and on-

Through most of NCHRP's history, each year's pro- gineers, The twenty-dghth program (FY '90) was for-
mulated in September 1988 by the Standing Committee

gram generally has consisted of from 7 to lO new prob- on Rcsearcb, Proposals will be solicited ill March 1989.
lores, each with funding usually ranging between S150,000
and S300,000 and a like number of continuations ofproj. AASItTO's initial steps toward development of the
ects funded in earlier years. Measured against tile large twenty.ninth research program (FY '91) were taken in
number of research needs, as evidenced by the list that October 1989.

has ranged as high as 188 problems submitted for eval-

uation in a single year, the funds made avaihtble to tile FINANCINGTHE PROGRAM
NCHP.P each year have been far too limited. For about
15years, annualfundingfortheNeHKPremainednearly Each year, each State eomracts with the National

constant at just below S5 million, while, during rids pc- Academy of Sciences to support the Program. The agree-
Hod, tile purchasing power of the research dollar was ment commits the State to 5_ percent of its I_ percent
severely reduced by inflation. This decline was reversed federal-old highway planning and research (HPR) funds.

From these contributions a cooperative pool of about $8.3
with enactment of the Surface Transportation Assistance million is presently made available each year for
Act of 1982 which resulted in an approximately 50 percent NCHRP's administrative and contract research opera-
funding increase for NCHRP. The federal-aid highway tions. Futlds are scheduled to become available such that

legislation enacted in 1987 had tile effect of reducing researeheanbeginnear theendofeachyear; forexample,
NCHRP funding by 18 percent to a level of about S6.8 projects in the FY '89 program were scheduled to begin
million. In February 1988, AASHTO approved a new in December 1988,
formula for NCHRP contributions (5.5% of Federal-Aid

Highway Planning and Research apportionments) to re- HOW THE NOHRP IS ORGANIZED TO ADMINISTER
store NCHRP funding to approximately $8,3 million RESEARCHPROGRAMS
starting in fiscal year 1989.

In 1988 AASHTO referred the twenty-seventh program All problems are assigned to specific problem areas
(FY '89) of research problems. From all programs witbin each of the eight broad research fields shown in

NCHRP RESEARCH FIELDS AND AREAS

r-"3_;-'--7
1 EXECUTIVE
L

SUBCOMMITTEEFOR THE NCHRP I
_........... v............ J

I i i t _ i I
gE$EARI._HFIELD I_¢ RESEARCH FIELDOl RESEARCHFIELD E_

RESEARCH FIELDA; TRANSPORTATION RESEARCHFIELDC: MAIERIALS AND SOILSAND _ESEARCH FIELD Ft RESEARCHFIELD_I I
ADMINISTRATION pLANNING DESIGN CONSTRUCTION GEOLOGY MAINTENANCE TRAFFIC

pROBLEk4AREA$_ P_O|LIHAEEA_I I I*;tOIL[FJ_IaEASr I fltO|LEMAItEA_t pROBLEMAI[ASl PROIL[bl_I_A$1 PRO|L(kdAREAS;

2 * Ecanamlc_ i _ . Forec4dMg I • Pavimentt 4 . G0nDril _1 • TetfinI *nd 6 * Snowa_d Ice 3 . OFtlaflon_and

I I , Law l 25 • Impact 12 . Brldgt_ Ma_erlmls Inltrumen. Cantro_ Control

•Analysis I_lon I] . _qu;pmlnl | . fll_r_[n4¢lo_
19 , Fin*no* ISEEE]* IS , Gan_r*l t

•$.d,l, D_II_n Matadah _3, pt_pertla_ 14. MaT_fa_nc_ _ndVlsl"
I (_*_*_l_,t_,_el I 16, R_ad*ideO*, ID * Spe¢_,,Proe*. 24 * Me_hInlet*nd _lW_yand bIIRy

vllopma M d.ra t, and Fo_ndafiom StructurIt 7, Tr_c
lZ , Vah(¢(_ Pl*cllta_ Phnnlng

B_rtl_l 19 . Cancrola IT , Sal*ly
Syliomt Mater;eli

I
N_te: Thh th_ctul* bac_maefflgtiv* J_nuiry I, SPECIALP_OJECTS |

1979, for _ l*laliv* to FY 19_1 and lutar*
PROILItdAR|_,; ]Opro _¢_

Ch*nqalt Arli 7 ra_vid from Field B o F;eld G.
Are* B r*d*dQn*tod Io;mnrly"UIban Encomp ,*t _ *o a t _* ¢ d y d find • h ©th* prcbhrn
Trintp_rfalion", areal. See ra_le 5 al hlefl _nnu*l Sommoly_1 PeOgtall _ar

Aria 2S*ddad. F_GU_ ] ploiact Ideotifi¢*tlon.
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TABLE I HOW THE PROJECTS ARE PLACED UNDER
DISTRH_UTION OF PROJECTSWITI4 CONTRACT
RESPECT 3'0GENERALIZED SUBJECt AREAS

It is important Io hole =hat Ihe NCIIRP is nol in tile
NO, O1: PnRCI!N'r GI!NI_RALIZI!D business of avJ_J'dillg grants for b_sic rcsearch, _a_ller,
PROJECrS OF FUNDS SUIIJI!CTAREAS []le Program culls for eotltract researcll with specificob-

52 9.0 Socio-ceonomi_and ellvJronmental jeclJVes[bat, if achieved, will result ill solnllons [llat tlre
issues practical and readily usable, As the NCIIRP gets each

60 12,5 Urban issues year's program under way, tile project panels meet to
13 3.4 Mttltiolodld iss0es write researeil project statements based oa tile research
82 13.9 Safety a.d accident prevention problems referred by AASHTO.
20 3.5 Legal studies These statements are then sent automatically to a mail-
26 13,S Special projccls (including in-house)
31 4.7 Imprm'ed materials quality and ing list of some 3,000 research agencies ranging from

performa,ce individuals to large corporations. Anyone may be added
31 8.0 Ilighway maintenance to this list by request addressed to the Director, Coop.
69 12.3 Specificalioas, tests, and construction erative Research Programs at TRB. Because NCIIRP

control operates on a fixed-schedule, proposals must be submitted
1(30 18.9 Structural design and performance aceordhlg to fixed deadlines.

Contracts have been let to agencies headquartered in

more Ifian 25 States. the District of Columbia, and one
Figure 1 and are given related NCIIRP project numbers, foreign country. The types ofagencies selecled to conduct
In terms of generalized subject areas, the distribution of NCHRP research are listed in Table 3, Tile opportunity
all projects through FY 1989 is shown in Table 1. to propose is open Io anyone possessing extensive, dem-

Each project is assigned to a panel consisting of out. onstraled capability and experience in the problem area,
standing individuals very knowledgeable in the project Recliusetlle projects call for practical remedies to presshlg
area who are looked to for teclm[cal guidance and counsel operational problems, il is expected that only tile highest

throughout tbe research and reportillg phases, A broad level of agency capability will be apFlied in meeting tile
search is made for these individuals, and the l}oard usually commilments of the proposal--capability cannot be de-
receives about four to five times as many nominees as can veloped at project expense. Consonant wilh [he goal of
be used in the available panel positions. Tile panels are providing practical, readily usable sohttions to pressing

in existence for tile llfe of their projccls. Members do not problems, time and experience have led to the develo F-
act as consultlints or advisors to project investigators; they ment of fifirly stringent specifiealions for proposals and
may not submit proposals for research. All members serve agency attributes Ihat life acceplable to the mission-orl-
without compensation, and their total yearly contribution cared nature of the NCIIRP. Proposals must comply with
to tile Program adds tip to thousands o1"man-days, The [Ire format in tile current brochure, l/sfor/natio/t and hi.
panel members are drawn from all walks of professional structimtsfor Preparing Proposals.
life, and, as shown in Table 2, heavy dependence is phleed
on tbe states for providing members, The perspective of TABLE 2

state people in defining the research needed to solve op- DISTII.IBUTION OF PROJECT PANEL AND
erafional problems is most important if projects that are COMMITTEE MEMBEP.SItH *WITII
both practical and feasible within Ifie limits of avail,hie RESPECI" TO AFFILIATION
funds are to be straetured.

The duties and responsibilities of project panels include: No. OF rosrrloNs
AFFILIATION /_1EMIII_RS INVOI.VnD

• Defining the scope of problems assigned by
AASHTO and draflinfi project statements requesting pro- State ldghway and Irallsporullion 330 37 I
posals for studies, departments

Federal Iligbway 37 48
• Evaluating propos_ds and making recommendations Admi.istration'

regarding selection of research agencies. Special transporlalion alld oilier 66 67
• Monitoring researefi progress, governmental ageneius

Educational hlsfin*tions 1l0 131
• Providing guidance regardlng technical aspects °f the Research institutes 7 7

research, lndtlsIryt coosu]l_llllS,and trade 153 187

• Reviewing and evalttating project reports as m [he associationsProfessional societies/lltd service 8 I I

accomplishment of objectives and suitability for publi- organizalions -- --
eatlon, All 71 I 822

• Makhlg recornmelldatiorls as to whether or not slud-
ies should be continued, • Does not include liaison represematb,es



4

TABLE 3 endrety for research problems specified by the sponsor--

AGENCY DISTRIBUTION OF FY '63 THROUGH AASHTO.
FY '89 PROJECTS From the standpoint of AASHTO's interests, needs,

and capital investments, it is important to understand
CoN'raAcrS tlnlt n contract is not signed with the selected agency until

TVPnOF_,GENCV NO. % . Ihestaffandprojectpanelarcsadsfiedthattheproposed

Educational institutiorls 181 34 scope of work provides the best probability for success
Research iustilute_ 84 16 in meeting AASHTO's needs. In the period between
Industry, consultants, lind trade 242 46 agency selection and contract execution, a concerted effort

nssociatlons is made to resolve questions and clarify matters of tech-

Professional societies and service 13 2 nicaI substance emanating from tile selection process. This
organizations action usually results in an addendum to the researchState Idghway and Iransponatian 5 I
departments plan in the agency's approved proposal; therefore, both

Special transportation and other 4 I the proposal and tile addendum are incorporated in the
gowrnmemnl agencies -- -- contract as file binding scope of work. Furthermore, soon

All 529 100 after contract execution, the agency is required to submit

a Working Plan that is intended to be an amplified version

The staff and panel members evaluate all proposals in of the research plan. It is against this document that
a uniform manner, with primary consideration given to: progress of file project is monitored by tile stall'and proj-

ect panel.
• The understaading of the problem and the merit of The policy el" the NCHRP is to provide a debriefing

the research plan and approach, to unsuccessful proposers to indicate rile technical areas

• The experiment design and the promise of fulfilling in which their proposals were judged weak and deficient
ilia objectives of die project statement, and how the weaknesses or deficiencies were factors in

• The qualifications of the principal investigator and their not having been selected,
other members of the research team, The projects included in the 27 fiscal year programs

conducted to date are listed in Table 4.

• The adequacy of the facilities. The Academy's research contract is either;

The proposed budget is not one of the primary factors • Cost-Reimbursement
because the funds available for reseach are announced in

the project statement. The budget does not enter the ,, Cost-Reimbursement Plus Fixed Fee
evaluation process leading to agency selection, except • Fixed Price

when specific items are reviewed to better determine man- The Academy decides, in agreement with the agency,
power allocations and distribution of resources. When the
proposed cost exceeds the funds stated to be available, which type of contract will be used in each ease.

the proposal is rejected on receipt. KEEPING TRACK OF RESEARCH IN PROGRESS
A panel meeting is held to select an agency for each

project, and a review is made of all known aspects of Once research starts, adminislratlve and technical sur-
performance of the proposers on other research projects veillance of its progress is performed by NCHRP staff,
under NCHRP or elsewhere, The successful proposals presently standing at 16--8 professional, 8 support. In-
are retained by the panel members for use in monitoring depth surveilhmce by projects engineers with wide-rang-
the research. Proposals are considered to be privileged, ing experlise contributes much to the probability of
and the information in them is not released outside the project success and can be one of the most significant of
TRB unless explicit approval is obtained from the agency, the several elements influencing how well objectives are
Policy also holds that panel deliberations and meeting met, It is recognized, however, that a delicate balance
notes are privileged, must be maintained in the practical exercise of surveil-

Following the selection meetings, a list of recommended lance, It must he penetrating enough to be effective, yet

research agencies is transmitted to AASHTO and the it must not be so complex or burdensome as to distract
Federal Highway Administration for their review and the researchers from their primary efforts or add unrea.
approval. Contracts between the Academy and the re- sonably to the agency's cost of doing business.
search agencies are executed, and research is begun. In addition to reviewing monthly progress schedules
Again, it should be emphasized that the NCHRP is a and quarterly progress reports, the projects engineers
program of contract research--it does not operate on a maintain frequent lelephone contacts and regularly visit
grant basis. Further, proposals can be received only in the research agencies throughout the eontraot periods.

response to advertised project statements, as the funds Tbey talk with each principal investigator about the proj-
availabla each year to the Program are earmarked in tbeir act's status to learn if tile research is being pursued in



5

line whh the approved research plan, and they provide • lndlvldual TRB members who have solected pubfi.
guidance in all technical and administrative matters. They cations in the particular subject area of the report,

provide liaison in ',vbatever manner is required to keep * About I00 libraries,
tbeir project panels abreast of progress and to acquire

panel guidance and counsel [[I t¢chldcal inn|tess, panic- * Transportation Research Doard represen[a_;vcs ill
ularly as regards the relationships between research ob- Ihe state highway f_nd transportation departments,
jectives and the needs of the practicing engineer. Because * Educational institutions.

the agency's proposal is incorporated in its entirety in the • Liaison representatives.
contract, tbe agency's approved budget is among the items

subject to the terms of the agreement. Tile principal in- * Appropriate panels and committees,

vestigator has flexibility in managing the budget up to News releases announcing the publication of NCHRP

tbe point of not materially departing from the approved reports arc sent to appropriate trade publications and
research plan or exceeding the contract's maximum al- other news media, For each report, tile NCHRP staff

Io',vable cost. Major changes to account for promising writes a foreword that identifies the fields of specialty of
newleadsor unproductlvelinesofstudymust beapproved those individuals having most interest in the results. It

in advance by tile staff and project panel and are autho- also suggests how the results fit into present knowledge

sized through a contract amendment, Agency invoices and practice. Furthermore, the Board's Technical Activ.
are checked montbly by staff for deviations from the itlesStafffollowstheprogressoftheworkandisdlerefore
approved budget, Based on all surveillance activities, staff able to discuss tbe potential application of research results
prepares its own progress reports, which are sent to the during their periodic visits to State highway and trans-

sponsors to provide a current awareness of ongoing work. portation departments, All published reports are offered
Finally, tile stuff'and panels evaluate the completed re- for sale through the Board's Publications Office and are
search to determine tile degree of technical compliance also entered in the National Technical Information Set-

with the contract so that recommendations for contract vice (NTIS), All unpublished reports are placed on mi-
close-out can be made. crofiche for ready availability to interested parties.

A point heavily stressed with tbe research agencies at
the time of tile first surveillance visit is that they must

orient their thinking toward presentation oftheir research SYSTEMATIC PLANt,IINP-FOR GETTING RESEARCH
results in a form that is directly usable by practicing RESULTS FROM NeHRP PROJECTS INTO PRAeTICI_

engineers. Further, to enable an easy determination of
the usefulness of the results to practice, each final report Promoflnfl Osolul Reaulta
includes n "Summary of Findings" and a chaplet on Previous reference has been made to the fact that mnny

"Interpretation, Appraisal, and Application of Results." actlvilles take place between initiation of research pro-

The detailed research techniques and analyses of interest grams and executioll of research contracts. Many addl-
primarily to researchers are offered in appendixes, Such tional ones take place before formal publication of the
specification of the style and organization of reports final reports is realized. At milestones in the process net-
guides the researcher in presenting results so that maxl- v,,ork reflecting all activities, NCHRF' concentrates on the

mum use by tile sponsors may be obtained, opportunities to increase the probability tbat useful results
NCHRP publications consist of: will find their way into practice more quickly. Beyond

• Project reports in file regular NCHRP Report series. Ihe sponsor's initial contribution of setting the goals for
a program of applied research dedicated to solving press-

, Reports in the NCHRP Synthesis of Highway Prae- ing operatiounl problems, the NCHRP tries to further
tire series,

increase the probability by:
• Annual summary of progress through December 31.

• NCHRP Research Results Digests. • Establishing theageney and persmmel quallfieations
that are mandatory if the goals are to be achieved, Era-

• NCHRP Legal Research Digests. phasisisplacadontbeimportanceofa secordofsuccessful
• Semiannual progress reporls, past performnnce in endeavors similar to Ibose to he un-

dertaken. Further, it is also stipulated that proposals are
The semiannual progress reports are issued only to the not acceptable if they do not contain specific statements
various program participants. The other publications are as to how tile anticipated results can be used to improve
distributed more widely through the NCHgP' and practice.

through the Board's selective distribution process; the * Making use of panel members, who not only are
print order for reports in the formal NCHRP series ranges experts in file particular problem area but who also have
from 3,500 to 7,000 copies. In addiflon to AASHTO and a complete understanding ofthe needs of the practitioners,
the Chief Administrative Officers, copies automatically to define the research problem and its objectives in the
go to: form of a precise project statement on whieh fully re-
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sponsive research proposals can be based. Experts drawn search agencies for tile NCHRP are required to report
from the highway and transportation departments play a their results in a form that succinctly summarizes Ihe
major rote ill this task. findings for die busy administrator and likewise informs

• Exercising extreme care in the process of selecting tile practitioner of tile appficadon of tile findings. The
research agencies to ensure not only that the proposed detailed research teehnlqnes and analyses in which It re-
research plan [sthe best possible in addressing the specifics searcber would be interested are presented [n appendixes
of tile objecl[ws but that it also culminales in the best and do not have to be labored through to extract the
promise for providing the practitioner whh a product that findings. The Program specifies style and organization of

is both usable Imd readily implementabIe, all reports to guide tile researcher in his writing so that

• Establishing--on tile basis of staff and project panel maximum tlse by the sponsors may b¢ obtained.
review of arid suggested modifications to the research
plan--a clear meeting of the minds as to what specifically
is expected from the project and the researcbers in order IMPLEMENTING RESEARCH RESULTS

to meet the needs of the practitioner. Over the years there Imve been opportunities for the

• Acquiring an amplified research plan that is intended Prognlm staff and various AASHTO committees to work
to detail comprehensively the approved research plan and together to structure the research findblgs into the best
to include a specific schedule ofevents for the major tasks, possible form for immediate use by the practitioner. Such
This document is used by the staff in the day-to-day joint effortsarehighlydesirableandrepresent tbeuIfimate
surveilIanee of file project's progress and by the project in the steps that tire Program can take to wcigbt the odds
panel as required, in favor of implementation of file findings.

• Carrylngout project surveillancesulScient to keeping AASHTO has provided the NCHRP with frequent
the n.'scarch in line with the approved research plan, opportunities for staffand project researchers to go before
constantly keeping the researchers aware of the needs of the various committees of the Association to present their
the practitioner, and insuring that =Illproject develop- findings and recommendations directly to Ihe user com-
ments through final reporting center around Ihese needs, munity.

• Requiring research reports in a format that is de-
signed specifically to first meet tile needs of file busy
administrator and the practitioner. Different treatment is EXAMPLES OF UTILIZATION OF NCHRP RESEARCH
given to the material that would be of interest to other RESULTS

researchers. Beyond the uses of NCHRP researcb results ched in

NCHRP Roportlilg of Ronoarch Raaufia Table 5, tllere undoubledly are many other uses that are
unknown to tile Program, NCHRP reports have been

In an applied research program such as the NCHRP, abstracted by numerous foreign countries, including Rus-
the sponsor rightfully expects not only results that are sin, with subsequent utilization being repotted here, In
accurate but also findings that can be readily put into tile interest of all potenlial users, the Program will be
practice. This means that the final research reports must gnlteful for any information on actual application of re-
be presented in language understandable to both admin- suits and associated cost savings. This will be reported in
istrators and engineers and in such format as to permit the hope fimt widespread interest will developin tile States
easy assimilation. Research reports are sometimes so and that, consequently, research results will find file[r
clouded by obscnre language and format that the reader way more quickly into policies, practices, procedures,
must spend precious time and effort in translating them specifications, and standards of tile highway and trans-
into concise and readily usable working documents. Re- portation departments.

AWARD-WINNING RESEARCH UNDER NCHRP

Several projects bave been honored to date as outstand- * NCHRP Project 3-8, "Factors hlflueneing Safety at
ing contributions to the field of bighway safety and have Highway.Rail Grade Crossings." In 1969, tbis projecl,
received Metropolitan Life Awards for Research ill Ae- reported as NCIIRP Report JO. "Factors Influencing
eident Prevention from the National Safely Council. They Safety at Higfiway-Rail Grade Crossings," received top
are: bnnors--lhe Award of Honor ($1,000).

• NCHRP Project 2-3, "Analysis of Motor Velliele
• NCHRP Project I-7, "Development of Interim Skid- Accident Data as Related to Highway Chlsses and Design

Resistance Requirements for Highway Pavement Sur- Elenlents."Alsoin1969, tfiisproject, reportedasNCllRP
faces." In 1'968, this project, reported as ?,'CIIRP Report Report 47, "Accident Rates as Related to Design Ele-
37, "Tentative Skid-Reslstance Requirements for Main ments of Rural Iligbways," placed second and received
Rural Highways," received tile Award of Merit ($500), the Award of Merit ($500).
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Olher projects prominent in varloas other elllsses of • NCHI_,P Project 12-7, "Ell_cts of Wddments on Fa-
awardsare: tigueStrengthof Sled Beams,"In 1977,ritePrincipal

• NCHRP Project 20-7, Task 2. "Tile Rdation of Side Investigator, Professor John W. Fisher, received the
Slope Design to Highway Safety." In 1977, Eugene D. T.R. Higglns Award from tile American lnslltu:e of Sleel
Marquis and Graeme D, Weaver sh_lrcd tile 1977 Arthur Construction as autbor of NCIIRP Report 147, "Fatigue
M. Wellington Prize of the American Society of Civil Strength of Steel Beams with Welded Stiffeners."

Engineers for their paper, "Roadside Slope Design for , NCHRP Project 12-12, "Welded Steel Bridge Mem-
Safety," which was based on tile research reported in bets Under Vari_lble.Cycle Fatigue Loadings." In 1979,
NCItRP Report 158, "Selection of Safe Roadside Cross tile Principal Investigators, Karl H, Klippstein and
Sections," Charles G. Schilling, were co-recipients of the Arthur M.

• NCHRP Project 20-3, "Optimizing Freeway Corrl- Wellington Prize from tile American Society of Civil En-
dor Operation Through Traffic Surveillance, Communi- gineers for their paper, "Faligue of Steel Beams by Sial.
cation, and Control." In 1969, a paper based on this tdaled Bridge Traffic," published in tile Jourttal of the
project received Honorable Mention under Ibe Pasl Pres- Structural Division, August 1977. The paper was based
ident's Award, Institute of Traffic Engineers. on Project 12 12

• NCHRP Project 9-1, "Asphalt Dlrab y i d Its ° NCHRP Projecl 20.9, "Socioeconomic Cease-
Relation to Pavement Performance." In 1969, a paper qucnces of Right-of-Way Acquisilion Induced Resident
based on this project, reported in NCHRP Report 67, Dislocation." The Principal hwestlgntor, Mr. Jon E.

Relation ofAsphalt Rheological 1roperties to I avement Burkhardt, received lhe 1980 Pyke Johnson Award from
Durability," received the W. J. Emmons Annual Award theTrnnsportation Research Board as author of the paper
of the Association of Asphah Paving Technologists as "Residential Dislocation: Costs and Consequences."

tile best paper at the annual meeting. • NCIIRP Project 1-17, "Guidelines for Recycling
• NCHRP Project 5-8, "Warrants for Highway Light- Pavement Materials." In 1981, a paper based on this

ing." In 1973, a paper based on this project, reported ill project, reported in NC11RP Report 224, "Guidelines for
NCllRPReport 132, "Warrants for Highway Lighting," Recycling Pavement Materials," received the W. J.
received the Highway Research Board Award as the most Emmons award for the best technical paper at the
outstanding paper presented at the Board's Atulual Meet- allnual meeting of Ihe Association of Asphalt Paving
ing. Technologists.

SUMMARY
clals and its member departments, Tile Program is one

Tile National Cooperative Highway Research Program of applied (rather than basic) research, and every possible

is a unique contract research effort designed to respond effort is made to help adminlstralors and engineers put
quickly and efficiently to tile needs of State highway and the lindings to early use. Program policy ensures maxi-
transportation departments through the solndon of the mum exposure of tile research while in progress in the

pressing transportation problems, Although the Trans- hope that research results will, ill filet, more quickly find
portatlon Research Board administers tile Progntm, tile their way into praedee in tile form of policies, procedures,

research content is solely the prerogative of the American specifications, and standards of State highway and Irons-
Association of State Highway and Transporladon OIii. portation departments,
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TABLE 4
SUMMARY OF STATUS THROUGH DECEMBER 31, 1988 FOR FY '63 TIIROUGII FY '89 PROJECTS

CONTRACT

PRDIECT AMOUNT OR /

RESEARCi I CONTRACT :
NO. TITLI! AGI!NCY COST ($)

AREA ONE: DESIGN--PAVEMENTS
1-1(1) Development of Procedures for CompnrJng the AASIIO Road Test Findings with ItRB 42,800'

Performance or (I) Existing Pavements and (2) Newly Constructed Experimental
Pavements

1-1(2) Gtddelbtes for Extending th0 Findings or Ihe AASHO Road Test--hnplementnlion IIRB 11,356'
Phase

I-2 Comparison of Different Methods for Ewduafing Pavement Conditions Purdue U 29,957' i

I-3(I) Factors Influencing Pavement Performance--P.egional Purdue U 45,982*
I-3(2) Factors Influencing Pavement Perrnrmance--Locnl Northwestern U 19,850'
1-3(3) Factors Influellcing Pavement Performance U of CaliEmda 19,800t'
1-4(1) Extension of Road Test Performance Concepts Georgia Tech 10,000'
I-4(I)A Exlension of Road Test Performnnte Coucepts Duke U 19,924'
I-4(2) Extension of Road Test Performance Concepts Purdue U 12,243'
l-S Detecting Variations in Load-Carrying Capacity el*Flexible Pavements Cornell Acre Lab 49,011'
I-5(2) Detecting Seasonal Changes in Load-Carrying Capabilities of Flexible Pavements Texas A & hi 49,428'
I-6 Standard Measurements for Satellite Program--Measurement Team Texas A & M 61,353'
1-7 Development of luterim Skid.Resistance Requirements t'orHighway Pavement Penn State U 24,815'

Surfnce_
I-g Factors Involved in the Design of Asphah Pavement Surfiices Materials R & D 23,255*
1.9 Evaluation of Studded Tires Cornelt Aero Lab 24,998*
1-10 Trnnsladng AASHO Road Test Findings--Basic Properties of Pavement Components Materials R & D 99,803'

103,291*
1-10A Systems Approach to Pavement Design_Implementadon Phase Texas A & M 100,0_0°
1-10B Development of Pavement Structural Subsystems W_dward-Clyde 447,941'
1-11 Evaluation el"AASHO Interim Guides for Design of Pavement Structures Materials R & D 63,720*

20,205*
1.12 Determination of Pavement Friction CoefficientsRequired for Driving Tasks Franklin lnst 309,244*
1-12A Wet-Weather Skidding Accident Reduction at Intersections Ohio DOT 199,955'
1.12(2) Locked-Wheel Pavement Skid Tester Corretation end Calibration Techniques Penn State U 319,000'

1-12(3) Requirements for Wear-Resistant nnd Skid.Resistant Highway Pavement Surfaces l'.laterials R & D 261,955'

1-13 Directs of Studded Tires on Highway Safety Calspan Corp 20g,898'
1.13(2) Effects of Studded Tires on Highway Safety--Non-Winter Driving Conditions U of Michigan 39,45P

" 1-14 Influence of Combined Highway Grade and Horizontal Alignment on Skidding U of Michigan 6%968*
1-15 Design of Continuously Reinforced Connrete Pavements for Ilighways U of Texas 151,870'
1-16 Evaluation of Winter-Driving Tracdnn Aids Penn State U 304,400*

)

i 1-17 Guidelines For Recycling I avement /vtaterials Texas A&M 199,470'
1-18 Calibration and Correlation of P.esponse-Type Road Roughness Measuring Systems U of t4iehigan 250,00g*
1-19 Development of a SySlefll for Nationwkle Evlduntion of PCC Pavements U of [llhlois 225,0_0'
1-20 Influence of Asphalt Temperature Susceptibility on Pavement Construction and Texas A & M 200,[_0'

Performance
1-21 Repair ofdoint-Rebtted Distress in Portland Cement Concrete Plwements U of Illinnis 300,000*
1-22 Shoulder Oeomelrics and Use Guidelines Ihtgh Downs/E.K&K IO0,tXXP
1-23 PaVemEntRoughness and Ridenhility KETRON, Inc 249,990'
1-23(2) Pavement Roughness nnd Rideabilhy--Field Evabmfion JMJ Research 199,983'
1-24 Revisionof AASHTO Interim Guide for Design of Pavement Structures McCullough/Finn
1-25 Effects of Heavy Vehicle Characteristics on Pavement Response and Performance TRB lO0,tg00
1-250) Effects of Heavy Vehicle Charncteristics on Pavement Response and Performance-- U of Michlgnn 400,0(30

Pbase 11
I 1-26 Calibrated Mecbnnistic Structural Analysis Procedures for Pavements U of Illinois 250,000

1-27 Video Image Processing for Evahmting Pavement Surface Distress -- 350,1_0

AREA TWO: ADMINISTRATION_ECONOMICE

2-1 Criteria for Highway 0enefit Analysis U of Washington 101,948'
2-2 Guidelines for tile Determination of Community Consequences U of Wasldngton 48,873'
2-3 Analysis of Motor Vehicle Accident Data as Related to Highway Classes and Design Cornell Acre Lab 155,972'

Elements
2-4 The Value of Highway Travel Time, Comfort, Convenience, and Uniform Driving Texas A & M 77,100_

Speed



STAI(TINCI COMIq.ETION PlIOttEEr
I}ATE_ OATI! IqA(MI_El"STA'I'I)_,** (fitr der_qil%_. InlC_I SunZrlln_)'or Progress) NO

3/I/63 2/29/54 Corllpleted--Puhlishcd as NCIIRP Reports 2, 2A I-I(I)

3/I/64 8/31/65 Colltra¢{ lermirmled--No report I-1(2)

2/15/63 2/28/65 Completed--lnh, ph, publ, as NCHRP Rep, 7_ final rep. not publ.; fl_r avaiL, see project writeup 1-2
in ]atesl Sum, of Prog. 1,2

2/13/63 9/30/67 Completed_Published as NCIH_.P Reporl 132 I-3(1)
9/I/63 9/30/64 Completed--Published its NCHRP Report 22 I-3(2)
4/I/64 10/31/65 Complel_d--Published as NCHRP Reporl 35 I-3(3)

10/I/63 9/30/64 Conlpleted--Published its NCHRP Report I0 1-4(1)
2/1/65 9130166 Completed--lhlblishe,d as NCHRP Report 97 1.4(I)A
2/I/64 1/31/66 CompletedIPubl[shed as NCHRP Reporl 30 1-4(2)

1/15/64 7/15/65 Conlpleted--Published =_s NCIIRI _' Report 21 1-5
9/1/66 6/30/68 Conlpleled--Published as NCHRP Report 76 I-5{2)

3/31/64 1/31/67 Completed--Published as NCHRP Report 59 1-6
6/15/65 12/15/66 Compleled--Published as NCHRP Report 37 I-7

I/I/65 2/28/66 Completed--Published as NCIIRP Report 39 I-8
10/I/66 6/30/67 Completed--Published as NCIIRP Report 61 I-9

9/12/66 3/II/68 Completed--Report included hi NCIIRP Reports 139, 140 1-10
12/I/68 12/31/70 Compleled--Published as NCIIRP' Reports 139, 140 1-10
3/I/72 12/31/73 Completed--Published as NCIIRI _' Report 160 1-10A
2/1/74 7/31/86 Completed--Published ;is NCIIRP Report 291 1-1011

: 10/23/67 6/30/70 Compleled_Published as NCIIRP Reptlrt 128 1-11
8/I/70 4/30/71 Completed_Pttblished by AASI]TO I-I1

8/25/69 6/_1/73 Completed_Published as NCHRP Report 154 1-12
7/I/75 7/1/78 Completed--Rep. not publ,; for avail., see project wrlteup irl late_t Sum. o1"Prog, 1-12A

9/16/70 5/15/73 Completed_Published ns NCHRP Report 151 1-12(2)
1I/1/71 9/30/75 Completed--Rep. not publ.; Ion' _wtfil,, see project wrileup in latest Sum. or Prng, 1-12(3)

4/19/71 8/20/74 Completed_Published tis NCIIRP Relmrl 183 1-13
2/1_/72 5/31/73 Completed_PLtbllshed as NCIIRP Repoa 176 1-I3(2)) )

10/15/72 1/14/74 Completed--I ublished as NCIIRI Report t84 1-14
8/1/72 8/31/75 Completed_Rep, not pttbl._ for ;wail., _,e¢ project writeup in latest Sum. or prog. 1-15
6/3/74 10/31/81 Completed--Rep. not pubL; for avaiL, see projeCl wrileup itl [_lest Sum. o1"Prog, 1-16

I 1/I/76 9/30/79 Completed_Published as NCIIRP Report 224 1-17
10/1/77 9/30/_0 Con}p[eted_Puhlished iIs NCIIRP Reporl 228 1-18
1/23/78 3/15/85 Cornpleted_Published hi NCHRP Reporl 277 1-19
5/I/79 7/16/84 Completed_Ptlblished as NCIIRP Reporls 268 and 269 1-20

5/15/80 6/28/85 Completed_PublJshed ;1_ NCIIRP Reporl 281 1-21
• 9/8/81 4/7/83 Compleled--Published as NCHRP Reporl 254 1-22

I/4/82 I 1/30/84 Completed_Publi_hed _LsNCRP Report 275 1-23
1/6/86 12/31/87 Completed--Published as NCHRP Report 308 1-22(2)

.3Conducted under I rojeet 20 7, Task .4 1-24

6/_2/86 11/_0/87 Report not publ., for avail., see project writeup 1-25
9/I/fl8 8/31/91 Researdl in progress 1-25(I)

2/6/87 6/30/89 Research in progress 1-26
30 months hi developmenlnl stage 1-27

6/1/63 11/30/67 Completed_Rep. not pttbl.i for avaiL, see project writeup in latest Sum. of Prog, 2-1
7/I/63 8/31/64 Completed_Publi_,hed lls NCIIRP l'_eport 18 2-2
6/I/63 8/31/66 Completed_Publ[shed as NCIIRP Report 47 2-3

6/I/63 8/31/66 Compleled_Publish,_d as NCIIRP Report 33 2-4
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TABLE 4 (Continued)

CON't'RAC r

l'Ito3£Cr AMOUNT Oil

RI[S[!ARCl] CI)NTRACT

NO l'rrLI2 AOENC'I' COST ($)

AREA TWO (Continued)
2-5 P.unning Cost of Motor Vehicles as Affected by Iligh_ay D_ign and Tr;Ime Catholic U 49,998"

51,265"
2-5A Running Cost of Motor Vehicles as Affected by lligfiway Design and Tndffc Paul J. Claire)' 35,000"

30,665*
2-6 Warranted Levels of Improvemenl for Local Rural Roads S;anford U 40,000*
2-7 Road User Costs in Urblm Areas Calfiolic U g9,376"
2-8 Estimation and Evaluation of Diverled and Oenernled (Induced) Traffic Northweslern U 40.0_J"
2-9 Effect of Highway Landscape Development on Nearby Property Franklin last 149,103'
2-10 Future Needs for Oversize.Overx_eight Perndt Operalion on Slate ltighways Jorgensen & Assoe 99,655'
2-11 Summary and Evaluation of Eco,omic Consequences of Yligfiway Improvements HRFF 110,000'
2-12 Highway User Economic Analysis Stanford Res lnst 9ff,ff74*

9,ggs*
2-13 Multilane Design Alternatives for Improving Suburban lligfiways Midwest Res Inst 100,000
2-14 Public/Private Parmershlps for Financing Highway Improvements Kimley-llorn & Assoc 125.000
2-15 Identifying, Measuring, and Evaluating Ihe Benefits of Safety Roadside R_st Areas KLD Assoc 236,560
2-16 Relationships Between Vehicle Configurations and Ilighw._yDesign TRB 900,00_
2-17 Transportation and Economic Development -- 250,000

AREA THREE: TRAFFIC--OPERATIONS AND CONTROL

3-] Development of Criteria for Evaluating Traffic Operations Cornell Aern Lab 78,965"
7g,913"

3-2 Surveillance Methnds and Ways and Means of Comnlanieating with Drivers Corllell Acro Lab 246,756"
3-3 Sensing and Conlmunication Between Vehicles Ohio Stale U 163,190"
3-4 Means of Locating Disabled or Stopped Vehicles anti Methods of Comnlunieation Airborne hlstr 78,517"

with a Central Location 49,474"
3-S Improved Criteria for Designing and Timing Traffic SignalSystems Planning Research 123,030"

48,155'
93,717"

3-6 Effect of Regulatory Devices on Intersectional Capacily and Operation De Lcuw, Calher 153,175"
3-7 Establishment of Standards for Highway Noise Levels Bolt, Bcranck 144,920"

69,930*
49,927*

307,486*
3.fi Factors Influencing Safety at llighway-Rail Grade Crossings Voorhees & Assoe 17,171"

74,250*
3-9 Analysis and Projectiol; of Research on Traffic Surveillance. Communicalion, and Jorgensen & Assoe 23,760'

Control
3-10 Application of Vehicle Operating Clmnlcteristies Io Geometric Design and Traffic Corndl Aern Lab 41,520"

Operations
3-11 Optimizing Street Operations Throngh Traffic Regulations and Control Peat. Marwick et al 258,331"
3-12 Development of Information Requirements and Transmission Techniques for IIigfiway Airborne lnstr 19fi,655"

Users 100,500"
g9,821"

3-13 Guidelines for Medial anti Marginnl Access Conlrol of Major Roadways Texas A & M 149,293"
3-14 Optimizing Flow on Ex[sdng Street Networks Edwards & Kelcey 990.000*
3-15 Weaving Area Operations Study Poly last of NY 300,000.
3.16 Freeway Lane Drops System Dev Corp 99,789*

76,815"
3-17 Improving Traffic Operations and Safety at Exit Gore Areas Penn State U 79,9B3"
3-1fi(1) Improved Control Logic for Use wiOl Computer-Controlled Traffic Stanford Res Inst 323,998*

57,662*
3-18(2) Traffic Control in Oversaturated Street Networks Poly last of NY 200.fi00*
3-18(3) Cost-Effectiveness Methodology for Evalualion of Signalized Street Network JI'IK & Assoc 123,257"

Surveillance and Control Systems
3-18(4) Methodology for Performance Evaluation of Signalized Network Control Strategies Comp,lran I48,705"
3-19 Grade Effects on Traffic Flow Stability and Capacity Midwest Res last 220,443*
3-20 Traffic Signal Warnlats KLD Associales 120,000'

81,935"



STARTING CO_'fl_LETION PROJECT
DATE DATJ_ PROJI_CTSTATUS _') (fiw d©l_il_,,ice lalol Smnnlary41rI't[igroxt NO

6/I/63 8/31/64 Completed--Published as NCHRP Report 13 2-5
6/I/65 12/31/66 Completed--Repnrt included ill NCIIRP Report I1] 2-5
7/1/67 12/31/68 Completed--Report inchlded in NCIIRP Report Ill 2-5A

8/11/69 8/10/70 Completed--Report included in NCHRP Report I I1 2-5A
6/1163 9/30/66 Completed--Published as NCHRP Report 63 2-6
2/1/64 5/31/66 Comp[=ied--Report included in NCHRP Report 111 2-7
5/1/64 8/31/66 Completed--Rep, not publ.; for avail,, see project wrileup in lalest Sunl, of Prog. 2-8

11/8/65 1/31/68 Compleled--Pnhlished as NCHRP Report 75 2-9
1111/66 4/30168 Completed--Published as NCHRP Report 80 2-10
I/1/67 7/31/70 Completed--Published as NCHRP Report 122 2-11
4/1174 10/31/75 Completed--Report not published 2-12

10/11/76 5/31/77 Completed--Report published by AASHTO 2-12
7/18/83 3121185 Completed--Published as NCIIRP Reporl 282 2-13

1/1/86 3131188 Compleled--l)uhIished as NCIII4P Report 307 2-14
1/13186 9/30/89 Research in progress 2-15
3/2/87 6/30/90 Research in progress 2-[6

24 months In developmental stage 2-17

2/15/63 2/29/64 Completed--Report included in Phas_ 11 report 3-1
7/2164 2128/66 Completed--Rep. not puhL; for avail., see project writeup in latest Sum. nf Prog. 3-1

2/15/63 4/30166 Completed--Published as NCIIRP Reports 9, 28, 29 3-2
2/15/63 11/30/65 Completed--Published as NCHRP ReporI 51 3-3
311/63 3/31/65 Camplelcd--I )ublished as NCHRI) R.eport 6 3-4
7/1/65 12/13166 Completed_Puhlished as NCIIRP Report 40 3-4
311163 12/31/65 Completed--Published as NCHRP Reports 3, 32 3-5
7/1/66 7/31/67 Completed--Published as NCHRP Report 73 3-5
8/1/68 12/31/69 Completed--Published as NCItRP Report 124 3-5
4/1/63 8/15/66 Compteted--Puhlished us NCIIRP Reports 1 I) 41 3-6
2/I/64 4/30/67 Completed--Published as NCIIRP Report 78 3-7

' ' 10/14/68 1115/70 Completed--Publlshed as NCIIRP Report 117 3-7
4/I/71 6/30/72 Completed--Published as NCHRP Report 144 3-7
9/I/72 11/30/74 Completed--Published as NCItRP Reports 173, 174 3-7

12/1/63 12/31/64 Completed--Report included in NCHRI Report 50 3-8

4/1/65 1/6/67 Completed--Total project published as NCIIRP Report 50 3-810/15/66 1/14/68 Completed--Published as NCItRP Report _]4 3-9

111/66 3110/67 Completed--Published as NCIIRP Report 68 3.10

) i
9/1/66 9/30/68 Compleled--I ublished as NCIIR] Report 110 3-II

i
10/I/66 12/31/67 Completed--Report included in NCHRI Report 123 3-12

, 4/1/68 12/I/69 Completed--Report included ill NCIIRP Report 123 3-12
o •3/29/71 12/I 1/72 C mpleted--Rep, not publ.; for awfiL, see project writeup in latest Sum, of I rog. 3-12

9/I/67 11/30/69 Completed--Published as NCIIRP Report 93 3-13

10/I/67 1/10/70 Completed--Published as NCItRI Report 113 3-1410/1/69 12/31/73 Completed--Puhlisbed as NCHRP Report 139 3-15
1111169 4/30/71 Completed--Rep. not pohl.; for avaiL, see project writeup in latest Sum. of Prog. 3-16
5/1/72 10/31173 Completed--I ublished as NCIIRP Report 175 3-16
111/71 11/30/72 Completed--Published its NCHRP Report 145 3-17

7/15171 5/I5/74 Completed--Report included in Phase It report 3-18(I)
4/15175 6/30/77 Completed--Rep. not publ.; for avail,, see project writeup hi latest Sunl. of I)rog. 3-18(1)

9/1/71 6/30/75 Completed--Published as NCIIRP Report 194 3-18(2)
5/1/75 4/15/77 Completcd--Rep. not pabl.; for avail., see project wrheup in latest Sum, af l)rog. 3-18(3)

7/21/77 11/20/80 Completed--Rep. not publ,; for avail., see project writeup in latest Sum. of Prog. 3-18(4)
9/1/71 8/31/74 Completed--Published as NCIIRP Report 185 3-19
9/I/72 4/15/74 Completed_Report included in Phase I1 report 3-20

11/I/74 12/31/76 Completed--Rep. not pubL; for avail., see project writeup in latest Sum. of Prog. 3-20
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TABLE 4 (Continued)

CONTRACT

i,kOJl!Cl' AMOUNT OR

RESEARCtl CONTRACr _t
NO. TtTI.I! AGENC'¢ COST ($)

AREA THREE (Contimtea)
3-20A Peakd-i00r Trnfllc Signal Warrants JHK & Assoc ISO,000*
3-21 Motorist Response to Highway Guide Signing BioTecbnology 272,07[*
3-2l(2) Effectiveness of"Changeable-Message Displays in Advance or I-Iigg-Speed Freeway BioTecbnology 170,993"

Lnne Closures
3.22 Guidelines for Design attd Operatinn of"Ramp Control Systems Stanford Res Inst 199,030"
3-22A Guidelines for Design and Operatlou of, Ramp Control Systems TeXliSA & M 249.538*
3-23 Guidelines for Uniformity in Traffic Control Signal Design Configurations KLD Associates 308,779*
3.24 Determine the Luminous Requirements for Retroreflcctive Highway Signing U of Michigan 1(30,000"
3.25 Cost and Safety Effectiveness of Higbway Design Elements Jorgensen & Assoe 260,576*
3-26 Investigation of"SelectedNoise Barrier Acoustical Parameters Fenn State U 224,494*
3-27 Ouiddines ['orSelecting Traffic SignM Control al Individual Intersections Voorhees & Assoe IS0,000'
3-28 Development of an Improved Highway Capacity Manual JHK & Assoc 161,000'
3-28A Two.Lane, Two.Way Rural llighway Capacity Texas A & M 157,492'
3-28B New Highway Capacity Manual Foly Inst of, NY 283,440*
3.28C Effects of Quality or Traffic Signal Progression on Delay Texas A & M 165,000
3-28(2) Urban Signalized Intersection Capacity JI-IK & Assoc 331,000'
3-29 Traffic Signal Display Complexity Systems Tecb Inc 196,284"
3-30 Interseclion Clmnnelization Jack Ldscb Ass_ 130,000"
3-31 Guidelines t'or Evaluating Alternatives for Replacing n Grade-Separated Rail/lllghway Ernst & Whinney 200,(200

Crossing
3-32 Temporary Pavement Markings for Work Zortes Texas A & M 164,990'
3-23 Capacity and Loyal.of-Service Froeedures for Multilane Rural and Suburban JHK & Assoe 475,132

Highways
3-34 The Feasibility of a National Heavy-Vebicle Monitoring System Arthur D. Little 499,791
2-35 Speed-Cilange Lanes JHK & Assoc 250,(300
3-36 Development of a Low-Cost Bridge Weigh-ln.Motion System Bridge Weighing Sys 400,000
3-37 Capacity of Ramp.Freeway Junctions -- SO0,000
3-38(1) Assessment of Alternative Tecbnologies for Relieving Urban Traffic Congestion Castle Rock Consult 199,752
3-38(I)A A Study to Assess Advanced Vehicle and Highway Technologies TRI] 42,500
3-35(2) Travel Characteristics of Large-Scale Suburban Activity Centers JHK & Assoc 300,000
3-38(3) Traffic Adaptive Control (Phase l)--Critical Intersection Control Strategies Farradyne Systems 149,951
3-35(4) Tragic Signal Control f,orSaturated Conditions KLD Assoo 270,000
3-38(5) Effective Utili;mtion of Street Width Midwest Res Inst 160,000
3-38(6) Cost Sh_dng for Transportation Improvements Near Major Suburban Emptoynlenl hldkma U Fdn 125,000

Centers
3-38(7) Access Management Policies and Guidelines for Activity Cente_ -- 125,000
3-39 Evaluation and Calibration Procedures for weigh-In-Motion Systems Texas A&M 265,000
3-40 Single Faint Urban Interchange Design and Operations Analysis -- 250,000

AREA FOUR:MATERIALS AND CONSTRUCTION--GENERAL MATERIALS

4-1 Development of Appropriate Methods for Evahtating the Effectiveness of St_lbilizing U of Illinois 114,991'
Agents

4-2 A Study of Degrading Aggregates in Bases and Suhbases with Production of Excessive Purdue U 63,9g0'
Amounts of and/or Harmful Types of Fines

4-3(I) Development o1"Methods to Identify Aggregate Farlicles Which Undergo Destructive V P I 20,000'
Voluma Changes When Frozen in Concrete 23,337*

4-3(2) Development of Methods to Identify Aggregate Particles Wbicb Undergo Destructive Penn State U 56,457*
Volume Changes When Frozen in Concrete 49,756*

4-4 Synthetic Aggregates for Highway Uses Battelle Mere lost 14,790'
4-5 A Study of the Mechanism Whereby tbe Strength of Bases and Subbases Is Affected by Miehlgan Tech U 64,105'

Frost and Moisture
4-6 Protective Coatings for llighway Structural Steel Steel Str Faint 25,000_
4.7 Fatigue Strength of High.Yield Reinforcing Bars P C A IO0,000'

50,000*
4-8 Research Needs Relating to Performance of Aggregates in Higbway Construction V P I $5,254'
4-8(2) Density Standards for Field Compaction or Granular Bases and Subbases Clemson U 95,248*
4-8(3) Predicting Moisture-Induced Damage to Asphaltle Concrete U of Idaho 190,177'

70,860'

4-8(4) Predicting Moisture-Induced Damage to Asphaltic Concrete--10-year Field Evahnilion U o['ldaho 24,402*
4-9 Evaluation or Preformed Elastomeric Favement Joint Sealing Systems mid FnmtJces Utnh DOT 93,494'
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S'rARTIN(_ CO_*IpLI!'I ION ]]RfJJECI" i

I)A'I'I _ DAI"I_ pli(}J I_CP _'I'A'[ U_ (4i (ttir d_[_liJl,_¢c J_ll_{S0[]IIII;I ry lir PcoJ_r¢_l) NO, i

I
6/23180 7/31182 Conlpleted--I)td_lishcdas NCIIRP Report 249 3-20A I
4/I/74 1/31/76 Completed--Rep+n_t pubL',for avail,,see project wril_tlp in hilcst Sore.oPProg, 3-21

12/I/79 8/31/111 Coillpleied--Publislled lls NCHRP Reporl 235 3-21(2)

4/15/74 12/31/75 Completed--Rep, ilol publ.; forzivJfil,,see projecl wriie.p ill lalestSum, of Prog. 3-22
3/1/77 3/3ll81 Comp]eled--Publishl:d a+;NCHRP llcporl 332 3-22A
4/8/74 7/28/77 Compleled--II_'p. liot pillfl.i for tivoli.,scc project wriletip irl IzlteslSum, of Prog, 3-23
9/I/74 4/30/77 Conlplelcd--Rcp. not pub],; for IIv_lJl,, see proje¢l wrilellp ill ]alesl SiJIll,of Prog. 3-24

7/15175 4116/78 Cl_lllpleled--Ptlblished Ils NCHRP Reporl 197 3.25
12/I/76 2/28/80 Comp]eled--Rep. l]ol pub1.;for avaiL,se_ project wrlietip in hilesI Sum. o1"Prog. 3-26

11115176 7/31/79 Conipleted--Pitblished lls NCIIRP Ileporl 233 3-27
12/15/77 8/15/79 Complelcd--Rep. Ilot pub[,; for livall,, see projecl wrilutlp i. ]iliesl Sum, or Frog. 3-28

511/80 2/28/83 Cornpleled--Rep, nol pllbl.i for iivilil,,s_¢ projecl wriie0p in Jalcst Sum, of Prog. 3-28A
7/I/82 3/31/85 Conlplei_d_PiiblJshed as ltlghway Capacity #_;iilual (TRII Special Reporl 209) 3-28B

: 8/I/86 7/31188 Reporl izi review stiige 3-28C
[0/I/79 8/31182 Complcled--Rep, not pubL:Pol"avillL,sc¢ projecl writellp in lalesl Sum, of I)rog. 3-28(2)
7/1/83 3/31/86 Completed--Rep, not pub1.; for zwaiL,see project wrileup in hltest Sum. of Prog. 3-29
711183 5115/85 Compleled--Pubffshcd £1sNCIIRP I++¢port279 3-30
9/4/84 2/28/87 Compleled--Published as NCttRP Report 288 3-31

5/I/85 2/28/87 Compleled_Rcp. aol pubL, for avail., see projecl writcup in lalesl Sum. of Prog. 3.32
6/I/85 5/31/89 llcselircllillprogress 3-33

II/I/85 9/30188 Compl_icd--lluhlished ill NCIIRP Report 303 3-34
, , 6/l/86 3/30/89 Reporl in reviewstllg¢ 3-35

2/16/87 8/16/89 Research ill progress 3.36
36months Ill dcvelopmelltiiIstage 3-37

7/I/87 6/39/89 Research ill progress 3-38(l)
18 months Ill developmental slilg¢ 3.38(I)A

6/1/87 2/28/89 Rescllreh ill progeess 3-38(2)
; 9/I/87 6/30/89 Research in progress 3.38(3)

10/1/87 3/31/89 Research in progress 3-38(4)
4/1/88 J/I/gfl Research in progress 3-38(5)

5/15/88 8/31/89 Reselirch in pro/ross 3-38(6)
!i

18 moTllhs In developnlcillal slilg¢ 3-38(7)

_: i 311188 2128/89 l;_.¢seilrchlii progress 3-3921 monlhs In dev¢lopmcrltalstage 3-40

6/I/63 10/31/66 Completed--Rep, IlOlpiilll.; for livllil,, see proje¢l wrilcup in lilleSlStinl, of Prog, 4-1

2/15/fi3 11/30/66 Compl¢led--Published lis NCIIRP Report 98 4-2

3/I/63 9/30/64 COITlpleled--I_lilllish¢llits NCIIRP Report 12 4-3(I)
7/I/65 3/31/67 Conlph:/cd--I ublished lis NCHRI Report 65 4-3(I)

3/25/63 113ll65 Compleled--Published its I-[l_.BSp¢¢iiilReport 80 and NCIIRP Reporl 15 4-3(2)
' 7/I/65 8/3/67 Conlplelcd--Published as NCHRP Reporl 66 4-3_2)

3/I/63 4/15/64 Completed--Published _isNCHP.P Report 8 4-4
2/15163 8/31/65 Complclcd--P.ep. riot pubL; for zlv_lll,,see proje¢l wrlieup irl lalesl Sum. of Prog. 4-5

311/65 II/30/6fi Completed--Published as NCEIRP Reports 74, 74A. 7411 4.6
I

10/1/67 2/28/70 ColllpleleO--Reporl inclufled in NCHRI Report 164 4-7
2/1/71 8/31173 Cornpleltd--Repor; ill¢luded in NCHRP Report 164 ,I-7
I/1/68 4/30/69 Conlpleled--PubHshed lis NClilI.P Report IOO 4-8

4/I/71 6130/73 Colnplclcd--I llblished Its NCIIRI Report I72 4-8(2)
9/1/71 3/31/74 Conlplet¢O--Pilbllshed as NCHRP Report 192 4-8(3)
8/I/75 1/31/82 Completed_Published llS NCIIRP Report 246 4-8(3)
6/I/85 I/31/87 Conipleled--Rep. lloi pub],; for avail., see project _vrileup ill ralesl Sum. of l>rog, 4.8(4)

10/I/68 6/30/71 Conlpleled--l+leporl ilicliided ill llliiis¢ II repor[ 4-9
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TABLE 4 (Conthlued)

CONTRAt_r
PRDJECT AMOUNTOR

RESI_AtACII CONTRACT
NO, TITLE AGENCY COST($1

AREA FOUR (Conthmed)
4-9(I) Preformed Elastomeric Pavement Joint Scaling Systems--Field Ewduatinn Phase Utah DOT 144,837"
"4.10 Promising Replaeemems for Colwcndoual Aggregates for Ilighway Use U of Elinois 50,000"
4-10A Waste Materials us Potential Replacements far Ilighway Aggregates Valley Forge Lab 53,663'
4-11 Buried Plastic Pipe for Drainage of Transportalion Faeililies Simp_on Gumpcrtz 200,000*
4-12 Upgrading or Poor or Marginal Aggregales for PCC and Eituminous Pavements Penn State U 149,941"
4-13 Temporary Pavement Marking Systems Sw Research lnst 49,500*
4-13A Temporary Pavement Marking Paint Systems Georgia Teeh 69.971"
4-14 Coaling Systems for Painting Old and New Structural Steel Georgia Tech 199,302=
4.15 Corrosion Protection of Prestressing Systems in Concrete Bridges Wiss, Janney, Elsmer 250,000
4-16 Cost and ServiceLife o£ Pavemenl Markings Penn State U 340,327
4-17 Environmental Moniloring and Evaluation of Calcium Magnesium Acetate (CMA) U of Washington 199,943

AREA FIVE: TRAFFIC--ILLUMINATION AND VISIBILITY

5-2(1) Effectsof ]fluminafort on Operating CharactcrisBcsof Freeways--Traffic Flow, Driver Yale University 124,319"
Behavior, and Accidents 21,S3tP

5.2(2) Effects of' lflumination on Operating CbaracterisBes of Freeways--Driver l_.esponse, Oldt_ Suite 13 81,187"
Visibility, and Visual Discomfort

5-2(3) Effects of Illumination on Operating Characteristicsof Freeways--Driver Discomfort Inst for Research 37,460*
5-3 Visual Information Needed by the Driver at Night Ohio State U 1g0,940"
5.4 Economic Study of Roadway Lighting Franklin Inst 19,412.
S-S Nighttime Use of Highway Pavement Delineation Materbds Sw Research last SO,floe*

100,000*
5-SA Development 0£Optimum Specifieatlon'_for Ghlss Bends in Pavement Markings Penn State U gg,gSg"
S.SB Pavement Marking Systems for Improved Wet.Night Visihlgty Where Snowplowing Is Texas A & M 200,000*

Prevalent
5.6 llighway Fog CorneflAero Lab 99,955°
5-6A Ilighway Fog Sperry Rand 93,540"
5-7 Roadway Delineation Systems Penn State U 469,526"
5-8 Warrants for lNghway Lighting Texas A & M 198,875"
5-9 Partial Lighting of Interchanges KETRON, Ine 199,999"
5-10 A Mobile System for Measuring Retroreflectance of'Traffic Signs EKTRON Appl. Image. 199,094
5-11 Implementation Strategies for Sign RetroreflectivityStandards -- 200,000

AREA SIX: MAINTENANCE--SHOW AND lee CONTROL

6-1 Development of Economical and Effective Chemical Deicing Agents IOMinimize Injury liT Researcb last 40,000*
to Ilighway Structures and Vehicles

6-2 Nonchemical Methods for Preventing or Removing Snow and Ice Accumulations on Jorgensen & Assoe 25,000*
Highway Structures

6.3 Development and Evaluation el"Protective Coarings to Prevent Deterioration of Concrete Battelle Mere Inst 58,557*

Structures by Deicing Agents
6-4 Evaluation and Development of Methods for P.eduoing Corrosion of Reinforcing Steel Battelle Mere last 39,330*
6.5 Study of Physical Factors Influencing Resistance of Concrete to Deicing Agents U of Illinois 72,500°
6-6 To Evaluate Existing Methods and/or Develop Improved Methods fortbe Measurement Ohio State U 69,393"

of Certain Properties of Concrete
6-7 Estimation of Disintegration in Concrete Structures Geoteehnics g,547"
6-7A Estimation of Disintegration in Concrete Structures liT Research last 44,614"
6.8 Evaluation of Methods of Replacement or Deteriorated Concrete in Structures Tallamy Assoe 25,000*
6-9 Potential Accelerating Effects of Chemical Deicing Damage by Traffic and Other En- U of Illinois 200,000"

vironmental.lndueed Stresses in Concrete Bridge Decks
6-10 Develop Improved Straw Removal and Ice Control Techniques at Interchanges Taflamy Asset 95,_*
6-11 Economic Evaluation of the Effects of lee and Frost on Bridge Decks Midwest Res Inst 50,000"

50,000*

AREA SEVEN: TRAFFIC--TRAFFIC PLANNING

7-1 The Influence of Land Use on Urban Travel Patterns l.ntti_ E. Kcefer 62,674*
66,894*



: STARTING CnMPI.ETIDN PROH]Cr

D ATI_. DATE pROJECT STATUS ** tfordrtnils,*¢ehtcstSummaryofProlac_st NO.

10/1/72 12/31/79 Completed--Rep. not publ.; for avail., see project writeup in htest Sum, of Prog. 4-9(1)
10/15/69 3/31/71 Completed--Published as NCHP, P Report 135 4-1{)

9/I/72 11/30/73 Completed--Published as NCHRP Report 166 4-10A
9/16/74 1/26/79 Completed--Published as NCI-1P, P Report 225 4-11
12/1/76 5/31/79 Completed--Published as NCHRP Report 2{)7 4-f2
11/1/76 2/28/78 Completed_Rep, not publ,; tar avaiL, see project writeup hi latest Sum, of Prog. 4-13
4/1/78 9/30/79 Completed--Rep, not publ.; for avail,, see project writeup [rl latest Sum. oF Prog. 4-13A
1/I/78 12/31181 Comp[eted--Rep. not pubL; for avaiL, see project wrhcup Jn lalest Sum. of Prog. 4-14
7/I/82 11/30/85 Report in publication process 4-15

10/l/g4 9130/88 Report in review stage 4-16
1/7/85 10/31/87 Compteted--Published as NCIIRP Report 305 4-17

2/15/63 5/31/66 Comp[eted--Reporl included hi NCHRP Report 6{) 5-2(1)
2/I/67 7/31/67 Complcted--Reporl included in NCHRP Report 60 5-2(1)

2/15/63 8/31/65 Completed_Reporl included hi NCHRP Reporl 6{) 5.2(2)

2120163 2/28/66 Completed--Reporl included in NCEIRP Report 6{) 5-2(3)
9/I/64 3/31167 Completed--Published as NCIIRP Report 99 5-3

7/20/64 8/31/65 Completed--Publlshed as NCHRP Report 2{) 5-4
3/1/65 12/31/66 Completed--Published as NCHRP Report 45 5-5

7/15/67 9/15/69 Completed_Publlshed as NCHRI ) Report 85 5-5
5/1/71 6/30/73 CompIeted--Rep. not publ.; for avail,, see project wriIcup in latest Sum. o[' Prog. 5-5A l
9/1/71 12131/74 Completed_Rep. not publ.; for avail., see project wrileup in latest Sum. of Prog. 5-5B

10/2/67 4/30/69 Completed--Published ns NCHRP Report 95 5-6
9/1170 5/31173 Completed--Published as NCHRP Report 171 5-6A

10/I/68 6/30/71 Completed_Published as NCItRP Report 130 5-7
:' 3/16/70 2/15/73 Completed--Published as NCIIRP Report 152 5.8

12/1/8{) 1/31/83 Completed_Publlshed as NCHRP Reporl 256 5-9
9/7/87 3/7/89 Research in progress 5.10

27 months In developmental stage 5-1 I

} •; 2/15/63 9/30/64 Completed--I ublished as NCHRP Report 19 6-1

, , ! 2/15/63 2/29/64 Completed--Published as NCHRP Report 4 6-2

[ 3/I/63 2/28/65 Completed--! ublished as NCHRI Report 16 6-3

!
! 3/1/63 4/30/65 Completed--Published as NCHRP Report 23 6-4

] 3/1/63 8/31/65 Completed--Published ;is NCHRP Report 27 6-5
[ 3/1/63 2/28/66 Completed--Rep. not publ.; for avail,, see project writeup in latest Sum. of Prog. 6-fi

I 3/I/63 8/31/64 Contract terminated--no report; research resumed under Proj_'cl 6-7A 6-7
/ 2/I/65 7/31/66 Comp[eted--Rep. not pub1,; for avail., see project writeup in latest Sum, of Prog. 6-7A

/ 2/15/63 2/29/64 Completed--Published as NCHRP Report 1 6-8I/1/65 6/15/68 Completed--Published as NCHRP Report 1{)1 6.9

9/I/67 9/30/70 Completed--Publlshed as NCIIRP Report 127 6-I{)
9/I/70 11/30/71 Completed--ftcport inchtded in Phase I1 report 6-II

9/12/72 9/I 1/74 Completed--Published as NCHRP Report 182 6-11

2/I/64 1/31/66 Completed--Published as NCHRP Report 24 7-1
4/I/66 9/30/67 Completed--Publlshed as NCHRP Report 62 7-1
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TABLE 4 (Co_ltinued)

CONTRACT

PROJECT A_dOUNT OR

I¢ESEAR_._{ CONTRACT
_O. TITLF. ,%GI!NCY CO_T I.t)

,[

AREA SEVEN (Continued)
7-2 Traffic Attraction of Rural Outdoor Recreational Areas liT Research lnsl 24,652"

i 24,844*
7-3 Weigbing Vehicles in Motion Franklin last 73,391 =

7-4 Factors alld Trends in Trip Lengths Voorh_:es &Assoc g9,250"
61,730"

7-5 Predicted TraCe Usage of a Major lligfiway Facility Versus Actual Usage Yale University 99,675*i
7.6 Multiple Use of Lands Within Highway Rights-of-Way Barton-Aschmnn 24,220"
7-7 Motorists' Needs and Services on lnlerslate Highways Airborne Instr 99,267"

7-8 User Cost and Relaled Consequences of Alternative Levels of Ilighway Service Stanford Rcs Inst 99,070"
7-9 Development of Models for Predicting Weekend Recreational Traffic Midwest Res lnst 74,983"
7-10 Peak-Period Traffic Congestion Remak/Rosenffioom 49,g24"
7-10(2) Tim hlstimlional Aspects of Implementing Congestion-Reducing Techniques Remak/Rosenbloom 74,703"
7-11 Low-Cost TSM l'rojecls--Simplffied Procedures ['or Ewfiuation and Setting l'riorifies Multiplications lnc 199,98g*
7-11A Low-Cost TSM Projects--Simplified Procedures for Evaluation, Phase I1 Texas A & M 150,000
7-12 Microcomputer Evlduation of Highway User Benefits -- 200,000

AREA EIGHT: TRANSPORTATION PLANNING--FORECASTING

S-I Social and Economic Factors Affi.'clillg Travel Vogt, lvers 94,35g*
fi-2 Factors hdhleacing Modal Trip Assignment liT Researdl lnst 29g,g33"
8-3 Individtml Pre['erences for Various Means of Transportation U of Ecfin 63,282"
g-4 Criteria for Evaluntillg Ahernntlve Transportation Plans Northwestern U 89,900*
8-4A Criteria for Evaluating Alternative Transportation Plans U of Illinois 5,0C_*
8-5 Transportation Aspects o[' Land-Use Controls Victor Gruen 25,967*

99,571"

8-6 Individual Preferences for Alternative Dwelling Types and Env}ronments U of N Carolina 99,g97"
i

8-7 EvaluafionofDataRequirementsandCollectionTechniquesforTransportationlhmning Creighton.llamburg 190,000 °
8-7A Data ReffilJrements and Transportation Planning Procedures inSmall Urb;ln Areas U of Tennessee 98,005*
8-8(1) The lmpacl of Highways upon Environmental Values (Study Design) M I T 29,654*
8-8(2) The Impact of ltighways upon Environmental Values (Study Design) Daniel, Mann et a} 2S,950"
8-8(3) Tile lmpael of Highways upon Environmental Values M 1 "1' 470,000*
8-9 Comparative Economic Analysis of Ahernative Multimodal Passenger Transporlation Creighton-llamburg 100,0(30"

Systems
8-10 Planning and Design Guidelines for Efficient Bus UtiliT_tion of Iiighway Facilities Wilbur Smith 149.907"
8-11 Social, Economic. Environmental COltSeqllences o[' Not Constructing a Transportation DACP, the 364,363*

Eccifity
8-12 Travel Estimation Procedures for Quick Response to Urban Policy Issues Metro Wash COG 39,g95"
8-12A Tnwel ---EstinmtionProcedures for Quick Response to Urban Pofiey Issues COMSIS Corp 239,331"
8-13 Disaggregate Travel Demand Models Chas River Assoe 100,000=
8-13(2) Disaggreg_lte Travel Demand Models Chas River Assoc 200,000*
8-14 New Approaches to Understanding Travel Bebavior Boston College 144,135"
8-14A New Approaches to Understanding 1'ravel Eebavior: Phase 11 Chas River Asset 221,25g*
8-15 State and Regional Transportation Impact Identification and Measurement Eigelow-Crain 80,000*
S-ISA .Economic Impacts o[' State Transporlatlon Policies and Programs Reg Sc Res blst 117,852'
8-16 Guidelines ['or Public Transportation Levels of Service and Evaluation U of Tennessee 489,952"
8-17 Freight Data Requirements for Storewide Transportation Systems Phmning R, Creighton Assoe 231,147'
8-18 Techniques for Evaluating Options in Statewide Transportation 1 lanning/I rogrammhlg Ping Envr Int/AMV 200,393*
8-19 The Relationship of Changes in Urban Highway Supply to Vehicle-Miles of Travel Cambridge Syst Inc 199,954"
8-20 Improved Methods for Vehicle Counting and Determining Vehicle-Miles of Travel tlamburg & Assoe 200,000*

g-21 Guidelines ['or Use o['Va,pools and Carpools as a Transportation System Management Gee Washington U 265,486"
Technique

8-22 Transportation Financing Within the Context of Energy Constraints System Des Concepts 100,000*
8-23 Fuel Supply Limitations and Passenger Travel Chas River Asset 110,0C_ j
8-24 Forecasting the Basic Inputs to Transportation Phmning lIambarg & Assoe SI,000*
8-24A Forecasting tile Basic Inputs to Transportation lqannblg at file Zonal Level COMSIS Corp 200,000
8-25 lnlereity Bus Transportation Planning Peat. Marwiek et el, 200,000'
g-26 Developnlent of Highway Traffic Data ['or Project Phuming and Du_iga ill Urbanized JtlK & Asset 100,000'

Areas
, 8-27 Cost-Effectiveness of Transportation Services for llandieapped Persons U of Tennessee 199,543"
:! 8-28 Strategic Planning and Management ['or Transportation Agencies Ernst & Whinney 180,000
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STARTING COMI)LETtON PROJI!CI"
DATE DAT_ PROJI!CTSTATUS't_"(lOt¢_©[a0_,sc¢[a[¢_I_Ul¢llll_t_o__3_¢_5) NO,

2/1164 3/13/65 Completed--Report included in NCIIRP Report 44 7-2
5/I/65 5/31/66 Complcted_Total project published as NCHRP Report 44 7.2
2/I/64 8/31/67 Completed--Published as NCtlRP Report 71 7-3
2/1/64 10/31/66 Completed_Pobllshed Its NCHRP Report 48 7-4

10/23/67 1/10/69 Completed--Published as NCIqRP l:teport 89 7.4
2/I/64 11/30/66 Completed_Published as NCIIRP Report 58 7-5
2/1/66 2/28/67 Completed_Publlshed as NCIIRP Report 53 7-6
I/1/66 12/31/67 Completed_Published ns NCHRP Report 64 7.7
9/1/70 4/15/72 Completed--Published as NCllRP Report 133 7-8
9/I/72 5/15/74 Completcd_Rep. not pubL; for avail., see project wrileup in latest Sum, of Prog. 7-9
4/I/74 3/31/'/5 Completcd_Published its NClIRP Report 169 7.10
4/1/75 11/30/78 Completed_Poblished lls NCHRP Report 205 7-10(2)
4/6/81 11/30/83 Compteted--Published as NCIIRP Report 263 7.11
3/4/85 I]/3/86 Completcd_Published as NCItRP Report 283 7-11A

24 months In developmental stage 7.12

2/1/64 9/23/66 Complelcd_Published as NCIIRP Report 7() 8-1
2/I/64 8/31/66 Completed_Published as NCHRP Report 57 8-2
2/I/64 3/31/65 Completed_Rep, not publ.; for avail,, see project write0p in latest Sum, of Prog, 8-3
2/1/65 8/I/67 Completed_Report included ill NCHRP Report 96 8-4

10/14/68 1/10/69 Completed_Publishcd ns NCIIRP Report 96 8-4A
d 4/I/65 5/31/66 Completed_Published as NCIIRP Report 31 8-5

8/7/67 1/15/70 Compleled--Published as NCHRP Report 121 8-52/14/66 3/13/68 Completed_Published as NCIIRP Report 81 8-6

I 9/13/68 8/28/70 Completed_Published as NCHRP Report 120 8-7
6/I/73 6/14/75 Completed_Published as NCIIRP Report 167 8-7A

I 9/16/68 3/14/69 Completed_Study design, not published 8-8(1)9/9/68 3/7/69 Conlpleted_Stody design, not pttblished 8-8(2)
i 9/15/69 7/31/74 Compleled_Published tls NCHRP Report 156 8.8(3)

9/1/71 1/31/73 Completed_Poblished as NCIIRP Report 146 8-9

I 9/1/71 7/31/73 Completed_Published as NCIIRP Reports 143 and 155 8-10

9/16/74 11/30/79 Completed--Phase I rep, not pobl4 for avail,, see project svritcup in latest Sum. of Prog. Phase 11 8-II
report published as NCHRP Reports 216 and 217 8-11

9/3/74 [2/31/75 Completed--Results published in 8-12A report 8-12
11/I/75 10/31/78 Compleled_Published as NCIIRP Reports 186 and 187 8-12A
9/15/74 1/31/76 Compleled_Phase I rep. not publ.; for avail., see project writeup in latest Sum, of Prog. 8-13

5/I/76 12/31/80 Compleled_Published as NCIIRP Report 253 8-13(2)
1/I/75 4/30/77 Compleled_l_.ep. nol publ._ for avail., see project writcup in latest Sum, of Prog, 8-14
I/1/78 6/30/82 Completed--Published as NCIIRP Report 250 g-14A
9/I/74 5/31176 Completed_Rcp. not pubL; for avail,, see project writeup in latest Sum, or Prog, 8-15

10/I/77 3/31/80 Comllleted_Rep. not pltbl,; for avait., see project writeup in latest Sum, of Pro8. 8-15A
1/I/76 12/31/80 Completed--Publ, as NCHRP Rcp. 208, 209, 210, 211, 212 8-16

7/15/75 2/15/77 Completed_Published its NCIIRP Reports 177 and 178 8-17
9/1/75 6/30/7g Compleled--Poblished as NCHRP Reports 179 and 199 8-18

12/1/76 11/30/78 Compleled_Rep. not pobl.; for avail., see project writeup in latest Sum. of Prog, 8.19
I/2/78 7/31/80 Completed--Rep. not publ4 for avail,, see project writettp in latest Sum. ol"Prog. 8-20
3/I/79 6/30/81 Completed_Guidelines published as NCI'IRP Report 241; research rcp, not publ.; for avail,, see 8-21

project writeup in latest Sum, of Prog.
3/26/79 2/27/81 Completed_Published as NCHRP Report 231 8-22
4/2/79 9/1/80 Completed_Publishcd as NCHRP Report 229 8-23

1/21/80 4/30/82 Completed_Published as NCItRP Report 266 8-24
4/1/87 611/89 Researcll in progress 8-24A
4/I/80 1/31/82 Completed_Rep. not pubL; for avail., see project writeup in latest Sum, of Prog, 8-25

5/15/81 12/31/82 Compleled--Published as NCItRP Report 255 8-26

9/1/81 4/30/83 Completed--Published as NCItRP Reports 261 and 262 8-27
6/1/87 9/30/88 Report in review stage 8-28
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TABLE 4 (Continued)

CONTRACT

PROJI!._ AMOUNT t3R

R ESF_AItCII CONTRACT

NO. Tt TLI! AGENC$' COST ($)

AREA NINE: MATERIALS AND CONSTRUCTION--BITUMINOUS MATERIALS

9-1 Asphah Durability and Its Relation to Pavement PerE_rmance American Oil 50,000*

9-2 Asphalt Durability and Its Relation to Pavement Eerformtmee--Adhesion Moalana College 101,903"
9-3 Evaluation or Pavement Joint and Crack Sealing Materials and Pnlctices Renssela_¢ 24,996"
fi.4 Minimizing Premature Cracking of Asphaltic Concrete Pavements Materials R & D 99,560'
9-4A Bayesian Analysis Methodology for Verifying Recnmmelldations to Minimize Asphalt Woodward-Clyde 204,194'

Pavement Dislress

9-5 Design of Emulsified Aspludt Paving Mixtures Asphalt Inst 150,172"
9.6A Development ol'Asphalt Aggregate Mixture Analysis System: Ehase 1 ARE lnc 25,000"
9.6B Development of Asphalt Aggregate Mixture Analysis System: Phase 1 Brent Rauhut Eng 25,000.
9-6C Development of Asphalt Aggregate Mixture Analysis System: Phase [ U o1"Maryland 24,879'
9-6(1) Development ol"Asphah Aggregate Mixture Analysis System: Phase 11 Brent Raahut Eng 425.000

AREA TEN: MATERIALS AND CONSTRUCTION--SPECIFICATIONS, pROCEDURES, AND PRACTICES

10-I Development or"Guidelines for Practical and Realistic Construction Specifications Miller-Warden 25,000'
10-2 Evaluation of Construction Control Procedures Miller-Warden 59,750*
I0-2A Evaluation of Construction Conlral Procedures Malerhds R & D 70,945*
10-3 Effects of Differen( Methods of'Stockpiling and Ilandling Aggregates Miller-Warden 25,0(]0*

30,000*
10-4 Rapid Test _*,lethodsfor Field Control of Construction Clemson U 30,000'

69,320*
I0-5 Density and Moisture Content Measurements by Nuclear Methods P.es Triangle Inst 28,801'

59,g35'
10-SA Optimization of Nuclear Density andMoisture Conical Measurement Methods N Carolina State U 51,214"
10-6 Measurement of Pavenlent Thicknesses by Rapid and Nondestructive Methods lIT Research lnst 108,821'

I 10-7 Potendal Uses of Sonic and Uhrasoni¢ Devices in Highway Conslrnction Ohio State U 24,310'
r 10-8 EvaluatingEmcedurcsforDetermlningCnncretePavenlentThicknessnndRehlforcement Pa Dept of Transp 151,982"

i Position
10-9 Criteria for Need of Seal Coats far Bituminous Paven_ents U of Minnesota S0,000*
10-10 Acceptance Criteria Par Eleetrostag ;Vetdlnents in IIridges US Steel 3CO,000*
10.1 I Development of a Performance Specification for Bridge Deck Joint-Sealing Systems llmvard, Needles et al 29,996*
10-12 Acceptance of Aggregates Used in Bituminous Iaving Mi._tures Texas A & M 174,411"
10-13 Ultrasonic Measurement of Weld Flaw Size Tile Welding last t26,BO0*

250,000
I )10-14 Locating Void_ Beneath Iavement Using I ulsed Electromagnetic Wave Techniques Georgia Tech 99.850"

10-15 Structural Strength lSvaluatian of Existing Reinforced Conerele Bridges EngrgCamp Carp 125,0CO*
]00,000'

10-16 Assessment of Deficiencies and Preservation ofBridgeSuhstructures Eelow the Waterline Byrd, Tafiamy et al 150,000"
10.17 Use or Antistripping Additives in Asphaltic Concrele Mixtures David G. Ttmnicliff 500,000
10-18 Specifying and Oblahling Eiitrained Air in Concrete Coast Tt'ch Lab/PCA 73,585*
10-19 Adding Dust Collector Fines In Asphalt Iaving hlixLurt_. Petal State U 49,926*
10-20 Elastomeric Bearings Design, Construction. and Materials U of Washington 74,715"

150,000*
150,000

10.2OA Iligh-Load, Muhi-Rotational Bridge Bearings: Design, Materials, ned Construction -- 250,000
10-21 Performance of Bridge Deck Concrete Subjected to Traffic-Induced Vibrations During TRB 25,000*

Placement
10.22 The Performance of Weathering Steel in Bridges SIlelztdiztAssoc 74,851'

120,699
10-23 Removal of Lead-Based Bridge Paints Midwest Res last 81,11g*
10-24 Rapid Replacement of PCC Pavement Segments ARE the 240,000

10-25 Measurement of Cement and Water Content of Fresh Concrete USACE Wtwys Exp Sta 149.99fi
IO-2SA Instantaneous Determination at Water-Cement Ratio in Fresh Concrete Wiss, Janney, Elsmer 300,000
IO-26 Data Bases for Performanee.Rdated Specifications for Highway Construclion AP.E Inc 60,000'
I0.26A Performanee.Rdated Specifications for Hot Mix Asphaltic Concrete Penn State U 250,000
10-27 Determination of Asphaltic Concrete Pavement Structural Properties by Nondestructive Texas A & M 450,000

Testing
IO-28 A Method to Determine Deteriorated Areas in Pordand Cement Concrete Pavements Gulf Applied Res 199,784
10-29 Anchorage Zone Reinforcement for Post-Tensioned Cnncrete Girders U of Texas 490,000
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ETAR't'tNG CCIMp[.I_']'I(]N PROJECT
, BATE I]ATI_ pROJI!C'I' STATUS ** froFd=laill,s_¢la1¢_1._gllllllar_o_]=ro_/irssl Isln

2/1/64 7/31/65 Completed--Report included in NCIIRP Report 67 9-1
11/I/65 4/30/67 Complet,.'d--Total project putllished as NCIIRP Report 67 9-1
1/1165 10131167 Conlplete(l--Rep. llotpu61,; fir _wail., see pro_ecl wrkeup hi lalesl Sum, of Prog, 9-2
611165 6_30_66 Completed--PublishedasNCIIRP Report 38 9-3

11/1/71 6/30/73 Completed--Published as NCIIRP Report 195 0-4
9/15/75 11/1/'/8 Completed--Published as NCHRP Report 213 9.4A

4/1/g0 6/30/84 Compleled--Publlshed ns NCIIRI _ Reporl 259 9-5
6/2/86 10/2/86 Completed--Report *lot published 9-6A
6/2/86 10/2/86 Compleled--Reporl ool published 0-6B
6/2/86 10/2/86 Completed--Report not pub1]shed 9-6C

I/5/87 11/4/88 Report in review singe 9-611)

" : 11/15/63 11/14/64 Completed--Published as NCIIRP Report 17 10-1
11/4/63 2/I/66 Completed--Published _LsNCIIRP Report 34 10.2

7/15/66 11/14/67 Completed--l)uhlishcd as NCIIRP Reporl 69 IO-2A
J 10/22/63 4/30/64 Completed--Publlshed as NCIIRP Report 5 10.3

10/15/64 10/16/65 Completed--Published ns NCIIRP Report 46 10.3
2/1164 2/28/65 Completed--Report included ill NCHRP Rt:port 103 10.4
5/I/65 2/28167 Complc;ed--l"_lblhb,..d ns NCI|RP Reporl 103 10.4

: 1/15/64 1/31/65 Completed--Published as NCIIRP Reporl 14 10-5
4/1/65 10/7/66 Completed--Published as NCIIRP Report 43 10.5

t 2/I/68 1/31/70 Completed--Published as NCHRP Report 125 10-SA
2/1/64 10/31/66 Completed--Published as NCHRP Reporl 52 10.6
211164 3131t65 Completed--l_'ub/ished as NCIlllI _ Reporl 25 10.7
3/2/70 7/31/73 Completed--Published as NCIIRP Report 168 10.8

11/I/69 2/28/74 ConlpIeled--Rep. llgt publ,; fi_ravail., see project writeup in lalesl Sum. of Prog, tO-9
5/I/74 9/30/78 Completed--Publishecl as NCIIRP Reporl 201 lO.10

12/1/76 4/30/78 Completed--Published as NCIIRP Report 204 10.11

9/I/77 6/30/81 Conlpleled--Rep, ltot pllhl.; for awlil., see projecl wrilcup in lalest Slim, of Prog, 10-12
7/I/79 10/31/81 COnlpleled--lJublished ns NCIIRP Report 242 10-13

' . 10/1/82 8/31/85 Report in revision _lll_e tO-13
4/2/79 5/I/81 Compleled_Published lls NCIIRP Report 237 10-14
4/I/80 9/30/82 Conlpleled--Rep, Itot puhl,; for avail., see project wrileup in lalest Stml, of Pro 8, 10-15
4/1/84 4/30/86 Completed--Published as NCHRI _ Report 292 10.15

' I 2/16/81 12/1/82 Completed--Published as NCHI_p p.eporl 251 10-16
3/1/81 7/I/89 Resenrell in progress; laboralory phase published as NCIIRP Report 274 10-17
5/4/81 6/I/83 Cotnplelcd--PubOshetJ as NCIIRp 12:cl_rl 258 lO-18
3/I/81 11/30/82 Completed--Published its NCIIRP Report 252 10-19
2/1/81 6/30/82 Completed--Published as NCIIRP Reporl 248 10-20
6/I/83 11/30/86 Completed--Published as NCIIRP 298 10-20

6/1/86 5/31/89 Research in progress 10-20
30 taonths In develoflraental stage 10-20A

2/1/80 9/30/81 Compleled--Publishcd as NCHRP Synthesis 86 10-21

411/82 2/29/84 CompIeled--Pub0shed lls NCHRP Report 272 10-22
• 7/23/84 8/31/87 Report in rcvi_.,v stage 10.22

-" 7/I/82 6/30/83 Completed--Published as NCIIRP Report 265 10-23

3/15/82 3/14/88 Completed--Rep, not publ.; sunlmary of findings publ. in RRD 169; for avail., s_e project wrheup 10-24
in latest Sum. of Prog,

. r 10/13/83 9/5/86 Completed--Published as NCHRp Report 2114 10-25
6/I/85 12/31/88 Report in review stage 10-25A

6/18/83 9/14/84 Completed--Rep, not publ., for awdl., see projeel writeup in latest Sum, of Prog. 10-26
I/6/86 6/6/88 Report in rcvtew stage [0-2fiA

9/17/84 1]/31/89 Research in progress; Phase 1 report avail, on a loan basis from the NCIIRP 10-27

11/I/85 12/31/87 Completed--Published as NCIIRP Report 304 10.28
10/I/86 9/30/91 Research in progress 10-29
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TABLE 4 (Continued)

CONTRACT
PROJ[!CI" A_.IOUNTOR

RI[SEARCII CONTRACT
NO. T[TLFF AGHNCY COST($)

AREA TEN (Contimted)
IO-30(l) Nondestructive MetllOd_ for Field Inspection of Embedded or Encased Iligll Strengtfi U of Mancbesler 25,000

Steel Rods and Cables
10-30(2) Nondestructive Methods for Field Inspeclion of Embedded or Encased lligfi Strength Sw Research lnst 25,000*

Steel Rods and Cables
10-30(3) Nondestructive MeBiods for Field Inspection of Embedded or Encased Iligfi Slrength U of Manchester 400,000

Steel Rods and Cables
[0-31 Acceplanee Criteria for Sleel Bridge Welds Marls Res Lab lnc 348,350
tO-S2 Durability o[' In-Place Concrete Containing High-Range Water-Reducing Admixtures Const Tech Lab/PCA 99.811
tO-32A Durability Testing of Higb-Strengril Coucrele Containing High-Range Water-Reducing Utah State U 249,238

Admixtures
10-33 Potential Benefits of Oeosyntfieties in Flexible Pavement Systems Georgia Tech Res 100,000
10-34 Transient Protection, Grounding and Shielding of Electronic Traffic Control Equipment GeorgiaTech Res 179,992
1O-3S Fatigue Behavior of Welded and Mechanical Splices in Reinforcing Sled Wiss, Janney, Blstner 300,000
10-36 Evaluation of Weldments Incorporating Bucking Materials Fleet Technology 259,503

AREA ELEVEN: ADMINISTRATION--LAW

I1-1 Rules of Compensability and Valuation in Highway Land Acquisition U of Wisconsin 84,840'
11-1(1) Eliminating Enhancement or Diminution Effects on Right-of-Way Valuation Real Estate Res S,000'
11-1(2) Recognition of Benefits to Remainder Property in Highway Valuation Montano & Assoc 5,000'
11-I(3) Taxation Aspeels of Right-of-Way Acquisition U of Tulsa 2,2Y0"
11-1(4) Compensation in the Nature of Additives to Market Value U of Oklahoma 2,500*
II-I(fi) Rutes of Discovery and Disclosure in Highway Condemnation Proceedings Long, Mikkelborg 3.500*
II-I(fi) Valuation and Condemnafion Problems of Selected Special Purpose Properties Edward E. Level 7,S00"
11-1(7) Valuation and Compensability of Noise, Pollution. and Other Environmental Factors U of Oklalloma 2,500.
11-I(8) Remainder Damages Caused by Drainage, Runoff, Blasting, and Slides Harrison Lewis 7,S00*
11-1(9) Valuation and Condemnation Problems Involving Trade Fixtures Edward L. Snitzer 5,000*
I 1-I (10) Compensability and Valuation Aspects of Residential Displacement in Highway Prognlms Ross, ltardies et al 5,00_*
I1-1(11) Valuation Elements of Joint Development Projects, Including Air Rights Real Estate Res 5,CO0"
11-2 Theory and Practice in Inverse Condemnation Reg& Urban Plan lfi,000.
11-3 Valuation and Legal Implications of Scenic, Conservation, and Roadside Easements Suite, Jr, & Assoc 25,000'
11-3(I) Public Control of Roadside Advertising Signs for 14ighway Beautification Sutte, Jr, & Assoc 20,000.
11-3(2) Public Control of Junkyards for Highway Beaulification Real Estate Res 13,300*
11-4 Elimination of Wide Divergence in Right.of-Way Valuatinn Am lnst RI Est App 24,959'
11-5 Valuation of Air Space Daniel, Mann et al 49,800 °
11-6 Valuation and Compensabilily of Noise Polhltion Jack Faucett Assoc 94,744*

AREA TWELVE: DESIGN--BRIDGES

12-1 Deformation of Steel Beams Related to Permitted Highway Bridge Overloads U of Missouri 50,000.
12-2 Distribution of Wheel Loads on Highway Bridges Iowa State U 79,512'
12-3 Development of Waterproof Roadwlly Joints for Bridges Sw Research last 149,895'
12-4 Thermal Characterisflcs of Highway Bridges Sw Research Inst 102,400'
12-5 Protection of Steel in Prestressed Concrete Bridges U of Denver 173,2fiS*
12-6 Prediction of Permanent Camber of Bridges U of Missouri 82,253*
12-7 Effects nf Weldments on Fatigue Strength of Steel Beams Lehigh University 199,023'

200,000*
12-8 Bridge Rail Service Requirements as a Basis for Design Criteria Texas A & M 28,793'

69,753*
12-9 Elastomeric Bearing Research [laltdle Mere Inst 84,800*
12-10 Analysis and Design of Bridge Beats PeA 297,900*
12-11 Waterproof Membranes for Protection of Concrete Bridge Decks Materials R & D 206,025"

9fi,979'
12-I2 Welded Steel Bridge Members Under Variable-Cycle Fatigue Loadings US Steel 310,000"
12-13 Cathodic Proteelion for Reinforced Concrete Bridge Decks UfiS EnD & Consuh 174,601"
12-13A Field Evaluation oPGalvanic CarilOdle Protection for Reinforced Concrete Bridge Decks PCA 74,405'
[2-14 Suberitieal Crack Growth in Steel Bridge Members US Steel 99,923"
t2-15 Detection and Repair of Fatigue Cracking in llighway Bridges Lehigll U I00,000*
12-15(2) Retrofitting Procedures for Fatigue-Damaged Full-So;de Welded Bridge Beams Lebigh U 180,000'
12-15(3) Fatigue Behavior of Fufl-geale Welded Bridge Attachmenls Lehigh U 125,000"
12-15(4) Steel Bridge Members Under Variable-Ampglude. Long-Life Fatigue Loading Leldgh U 150,000'
12-15(5) Fatigue Behavior of Variable-Loaded Bridge Details Near the Fatigue Limit Lehigh U 399,999
12-16 Influence of Bridge Deck Repairs on Corrosion of Reinforcing Steel llattelle Columbus 214,912"
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ST^IITING cl_Mtq.l_'rtON IqIOJt!Cl"
DATI_ DAI'l! pROJECT$TA'rUS_t (liir tl¢l_lh,_¢_I_l_slSulllillilryill Pttlgrc_) NQ.

116/86 9/29/86 Complelcd--Rep, not pubL, for avJtil,, see project writeup ia latest Sum, of Prog, 10-30(I)

1120186 1013186 Comp[eted--Rep. no1 publ,, for avail,, see proje¢l wrileup in lalesl Sum. MrProg, 10-20{2)

7/I/87 9/30189 Research in progress 10-30(3)

I/I/86 12/31/89 Research in progress 10-31
I/6/86 7/5/87 Compleled--Pablished as NCHRP Reporl 296 10-32

1011187 2/31/90 Research in progress 10-32A

1/6/86 10/15/88 Rcporl in review sliige 10-23
3/1/86 1/31/89 Report In revision slllgc 10-34

I I/1/87 4/30/90 Research in progress 10-35
5/2/88 5/1191 Research in progress 10.36

111/65 4/30/67 Complcled--I_uhlishcd lis NCIIRP Repori 104 I1-1
9/2/68 2/3l_/69 Completed--Publi_iled as NCIIRP Reporl 114 lid(I)

: lO/I/gg 2/3i/69 Cclnllllcled--Publish_d lls NCIIRP Reporl 88 1I-1(2)
9/16/68 4/30/69 No final reporl_ Projeci lernlhuitcd 11+1(3)

• 12/I/68 5/31/69 Completcd--Rep. llol publ.; for iivail., scc pro_ecl writ¢llp in hllesl Slim. of Pro8. 1I.I(4)
9/15/68 4/14/69 Cl_rnpleled--Ptlblish_l as NCItRP Reporl 87 I1.1(5)
9/2/68 11/38/69 Compleled--I_ubllsll_d as NCIIRP I%pori 92 11-1(6)

10/I/'68 3/31/69 Completed--Roll. ncli publ,l for llvail., see pmj_¢i writeup in lat_l Sum, of Prog. I I-1(7)
<_ 10/15/68 1/15/70 Conlplclcd--Publishcd ll_NCI_RP Rcporl 134 l l-I(fi)

: 3/15/69 12/1/69 Compl_Icd--Publlshcd as NCIIRP Repori 94 11.1(9)
3/15/69 9/15/69 Completed--Published lis NCIIRP P._porl I07 I 1.1(10)
2/24./69 8/25/69 ComplclelI--Rep. not publ,i for avail., _e_ proje¢i writeup hi late_l Sunl. of Pro8. 11-1(II)

• 2/I/65 6/30/66 Complcled--Ptiblished _l_NCIIRP R_p_rl 72 11-2
11/I/66 12/15/67 Cgompleled--Publishcd l/s NCIIRP R_pnrl 56 II.3
I0/I/68 12/31/69 Complelcd--l_ubii_hed Iis NCI_II.P Reporl 119 Il-.l(l)
9/2/68 2/31I/70 Compleled--Publish_d as NCtIRP Rcporl 112 I l-2(g)
7/I/69 2/2fi/71 Compl_le_l--Published as NC:IIRP Rcpori 126 l I-4

10/I/70 5/31/72 COmpleted--Published a_ NCHRP R_pori 142 11-5
4/1/74 7/31/75 Colnplcled--Rep+ nol pilbl.; for uwlil., s_e proj_¢l wrileup in glt_sl Sum. t_f Prl_g, 1I-6

' 2/I/6_ 6/20/67 Conlpl_i_d--Reporl iu_hid_d in Proj_cl 12-6 r_pori 12-1
6/I/66 12/31/68 C_lmpl_ted--Published _ NCHII.P Repori 83 12-2

< • 12/1.'I/6_ 3/14/69 Con_pl_tcd--Rcporl availabl_ ollly to spollsors 12-2
12/15/65 3/21/68 Compl¢l_d_Rep, nol publ.i for avail., s¢_ projeci wrii_up in lilte_l Sluu, _f Prog. 12-4
9/1_/66 11/15/6fi Complelcd--Published a_ N¢tlII.P Report 90 12-5
2/I/67 4/30/72 Conlpl¢led_Rep. nol pub1.;for avail,, sc_ projecl writeup in gllesl Sum. _lr Pros. I2.6

10/1/66 1/31/_ Conlplelcd--Puhli._hed ll_NCttI_P Report 102 12-7
7./I/70 12/31/72 _mpl_led--Published tls NeHF.P R_porl 147 12-7
2/1/611 2/28/69 Compleled_Publish_d a_ NCIIRP Report 86 12-8
I/2/70 6/30/7I Compl_led--lJublish_d lis NCIIRP I_eporl 149 12-g

: 9/7/67 1/31/70 Conlpl_i_d_Published Ii_NCIIRP Reporl 109 12-9
l/I/70 12/31/73 Compl_iedil_llblishcd lis NCIII_P Reporl Ig_ 12-10
g/I/71:l _/31/72 Compleied--Published _l_NCIIRP Rcporl 165 12-11

7/15/7.1 9/30/78 Conlpl_lcdbRcp, nol publ,; _r llvllil.,s_'e pro_l wrltcup in hllesl Sum, of Prog. 12-II
10/1170 i0/31/7_ Cl_lnpletedNl_ublishcd lis NC;IRP Rcporl lfi8 12-12
10/1/72 7/31/74 Completed--Published as NCItRP Rcporl Ifi0 12°12
8/I/75 5/1_/81 Cotilpl_lcd--Publish_d as NCIIRP Rcprlrl 224 12-12A

10/1/72 6/20/74 Complelcd_Publi_hcd a_ NCIIRP Rcpori Ifil I2-14
10/I/72 4/20/7_ Completed--Pliblished ll_ N@HRP l_p_lrl 206 12-1fi
6/I/76 I1/30/3fi Compl_tcd--Publislled ll_NCIIRP P._p_rl 206 12-1_(2)
2/1/7fi 7/31/110 Compl_lcd--Pubgshed as NCIIRP R_porl 227 12-15(3)
4/I/80 9/20/83 Completed--Published as NCIIRP Reporl 267 12-15(4)
9/I/83 12/gl/fi ¢) R_selirch itl progr_s 12-1_5)
9/I/74 11/30/7"/ C'onlpl_t_d--R_p. lll_lpufil,; for aviiil,, see proj¢cl writeup ill hit_sl Sum, o1'Prog, 12-16
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TABLE 4 (Continued)

CONTRACt

pRC3JI!CI" AMOUN'rOR
l( [_SI_ARt_I [ Cg)N t't{ AL'I"

N_ 'rrl I i_ AGENCY COST ($)

AREA TWELVE (Cotttinued)
12-17 Evaluntion of Repnir Techniques for Damaged Steel Ih'idge Members Battelle Colmnbus 49,974*
12-17A Gnldelines for Ewduation aud I_.epalrof Damaged Steel Bridge Members 5haaardt/lh_rn 99,950'
12-18 Development ufan Integrated Bridge Design System Mnhiplicalions Inc 224,9S5'

: 12-18A Assessment nfan Integrated Bridge Design System Engrg Comp Corp 15,000
12-19 Cathodic Proleedon of Concrete I)ridgeStructtlres Corrosion Eng & B.es 250,000*
12-19A Concrete Sealers for ProtecUun of Bridge Structures "_Viss,Janney, EIstner 99,190'
12-I�B Cathodic ])rolection tlf Concrete Bridge Structures Wiss, Janney, BIslner 13g,900*
12-20 Bridges nil Seenildary lligbwavs and l.oeal Rnads: P.ehabilitatioa mid Replaeenlent U of Virghlia 119,923'

4%955*
12-21 Evztlttutiollof Damage and Medmds of Repair for Prestressed Concrete Bridge Members G, O, Sluumfeh 58,520*

5hanafeB/llnrn [29,934'
12-22 Tbermal Bffut:lsin Concrete Bridge Snperstruetnres Engrg ComB Cerp [00,C_O*
12-23 I{econmtended Revisions to tile AASI ITO Mamtolfor dlainwttatwe Inspectlotl of Bridges A.G. Liehtenstein 200,000
12-24 Design of M0lti.Beam Preeast Bridge Saperstructures U of Washington 149,879'
12-25 Fatigue and Fracture Ewduation fur I_.atlngRiveted Steel Brklges l.ehigh U 199,957"
12-26 DistribuUon of WBeel Loads on llighway Bridges Imbsen& Assoe 300,000*

200,000
12-27 Welded Repairof Cracks in Steel Bridge Members Tile Welding lnst 374,575
12-28(1) Load CapaeUyEvalualion of Existklg Bridges Case Western Res U 302,0_O
12.28(2) ]]ridge Management Systems ARE Inc 225,000"

250,000
12-28(3) Fatigue gwdulltion Procedures for Steel Bridges Case Western P.es U 200,000* I
12-28{4) MetBods el"Strengthening Existing Ilighwily Bridges Iowa Stale U 164,�fifi

i i 12-2fi(5) Standard Methodology for Conducting Condition Surveys of Concrete Bridge New Mexico Stale O 98.338
Componen[_

12.28(6) Distortion-lndtlced Fatigue Cracking in Steel Bridges Lehigh U 250,000
12-28(7) Guidelines for Evaluating Corrosioa Effects in Existing Steel Bridges Modjeski and Masters 2fig,644
12-28(8) hnproving Bridge Load Capacity Estimates by CorrelaUon wBh Test Data U of Tennessee 199,994
12-28(9) Methods of Flaw Detection in Concrete Bridge Conlponents -- --

:" 12-28(10) Guidelines for Determining Redundancy ill Steel Bddges Lehigh U 299,095
12-28(11) Development of Site-Specific Load Models for Bridge Rnfiug lmbsen & Assoe 200,000
12-2fi(12) Inelastic Rating Procedures for Steel Beam aud Girder Bridges U of Minnesota 199,898
12-28(13) Nondestructive LoadTesting for Brklge Evaluation and Ratiug Radls, Raths et al lfiO.O00
12-29 Design el'Simple-Span Preeast Prestressed Brktge Girders Made Conti.uons Constr TeeB Lab/PCA 241.993

i 12-30 Fatigue of Cablesin Cable-Stayed Bridges Aeer Freeman Fox Ltd 124,975
12-31 Notcll Toughness Variability in Sridge Steel Plates tl of Texas 355,000
12-32 Evaluation of Bridge Deck Proleeti','e Strategies U of Washingtoa 92,515'
12-33 Developmellt of a Comprehensive Bridge Specification and Commentary Modjeski and Maslers 295,000
12-33A Devdopment ufa Comprehensive Bridge Specification and Comntentary--Timber Sensei Engineers 20,0CO

Structures and Code Calibration
12-33B Development of a Comprehensive Bridge Specification nnd Conlnleutary--Cnnerete lmbsen & Assoe 20,000

Structures
12-34 Update of AAfilITO Standard Spcc_licationsfor Ilighway BrMges: Division II-- Imbsen & Assoe 2CO,O00

Coast ruetiotl
12-35 P.eeommenfiedSpeeilieations for the Design o1"Fnuudatious, Retaining Walls, and D'Appolonia ICO,O00

Substructures

AREA THIRTEEN: MAINTENANCE--EQUIPMENT

13-1 Eqtdpment Reata[ Rates Ernst & Ernst ..,8

AREA FOURTEEN: MAINTENANCE--MAINTENANCE OF WAY AND
STRUCTURES

14-1 Upgrading of UIIil Mainlenance Cost Index alld Development of Inlcrstllte rdainteuance Talkmly Assoc 205,128"
}_.equirements

14-2 Techniques for Reducing P.oadway Occupancy During Routine Maintenance Activities Byrd, Tnllamy el al 200,000"
14-3 Improved I avement Shoukler 3oiut Design Georgia Teeh 100,838'
14-4 Reconditioning lleavy-Duty Freeways in Urban Areas Texa_ A & M 99,665*
14-5 MaBilenance Levels-of-Servlce Gtddelines Woodward.Clyde 204,200"
14-5(2) Maintenant:e I.evels-of-Serviee Guidelines Woodward-Clyde 107,950'
14-6 Evaluadng Deferred Maintenallee Strategies ARE Inc 325,000"
14-7 Interactive Fdieroeompttter Network for hlnovnlh'e Maintenance Operadoas Woodward-Clyde 75,000
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S'I'ART[NG COM pLI!TION IH{OJEEr

DA'I'I_ I)A'I'I! pR{)tl_Er S'] A'I US _,¢+{flit [I¢IEUI_,_ Ii11¢_¢_lmlll_ar) o) I'rogrcs_) N(),

11115176 4/30/78 Compleled--Rcp, nat publ,; for avaih, see project wrileup ill latest Sum. of Prog. 12-17
10/1/81 5/31184 Completed--Published as NCHRP Report 271 12-17A
9/6/77 12/31/82 Complezcd--Rep, not puhL;for avail,, seeproject writeup in latest Sum, of Prog. 12-18
2/1/84 1/3/86 Completed--Reporl halpublished I2-1BA
1/1/78 L2/31/80 Comldeled--Re p, not pubL;for avaiL, see project wrheup in hltest Sum, ol"Prog. 12-19
8/1/79 12/1161 Compleled--Published as NCI4RI71Report 244 12-19A

I I/l/g2 4/30/85 Compleled--PublJshcd as NCHRP Report 276 12-190
3/1/78 2/29/80 Completed--Published as NCIIRP Report 222 12-20
6/1/80 11/30/81 Complcted--lhlblished as NCIIRP Report 243 12-20

4/15/79 9/14/80 Completed--Published as NCIIRP Report 226 12-21
5/15/82 7/8/85 Completed--Published as NCIIRP Report 280 12-21

• 10/I/BI 1/31/84 Completed--Ptlblished as NCIIRP Report 276 12-22
1/3/89 I/2/91 Research to begin Jannar:,'3, 1989 12-23
8/1/83 5/31/86 Compleled--Published as NCHRP Report 287 12.24
g/l/8,t 9/30/87 Completed--Published as NCIIRP Report 302 12-25

4/15/65 12/15/87 Compleled--Rep. not publ,',for avail,, see proj. writeup in Latest Sum. of Prog. 12-26
8/22/88 5/21/90 Research ill progress 12-26

10/15/84 2/28/89 Report in revision singe 12-27
9/I/85 8/31/89 Phase I rept. published as NCIIRP Report 201; Phase I1research in pro_re_;s 12-28(I)

6/24/85 6/23/87 Completed--Published asNCIIRP Report 300 12-28(2)
11/2/87 11/I/89 Research ill progress 12-28(2)

i 71 +1
7/I/85 0/30/87 Completed--I ublished as NCHRI Report .99 12-28(3)
7/I/85 7/31/87 Completed--Published as NCItRP Report 293 12-28(4)
8/I/85 8/31/87 Completed--Pttblished as NCIIRP Report 312 12-28(5)

! :i ; 10/1/85 6/30/89 Research in progress 12.28(6)
5/5/86 7/31/89 Research in progress 12-28(7)

, 2/1/86 2/19/88 Completed--Published as NCHRP Report 306 12-28(8)
:' -- Combined with Project 10-30{3) 12.28(9)

3/I/86 1/31/89 Report in review stage 12-28(10)
2/9/87 2/8/89 Research in progress 12-28(I 1)
9/I/87 11/30/89 Research in progress 12-26(12)

10/4/87 4/3/89 Research in progress 12-28(12)
8/26/85 5/31/88 Report in revision slllge 12-29
1/13/86 2/12/89 Report in review singe 12.30
9/I/87 2/28/90 Research ill progress 12.31
4/I/86 5/15/87 Completed--I ublished as NCIIRI Report 297 12-32
7/1/88 12/31/91 Research ill progress 12-33

9/16/68 12/31/91 Researdl in progress 12-33A

9/16/88 12/31/91 Research in progress 12-33B

10/19/87 10/18/89 Research in progress 12-34
12-34

I/4/88 7/3/89 Research in progress 12-35

2/I/65 1/31/66 Completed--Published as NCIIRP Report 26 13-1

3/1/65 3/31/67 Completed--Published as NCHRP Report 42 14.1

10/1/70 3/31/72 Completed--Published as NCIIRP Report 161 14.2
9/11/72 3/15/76 Completed--Published as NCHRI) Report 202 14-3
4/15/74 3/24/76 Completed--Published as NCIIRP Report 196 14-4

1/I/78 4/30/80 Complcled--Published as NCIIRP Report 223 14-5
9/15/81 8/31/84 Completed--Published as NCIIRP Report 273 14-5(2)

6/I/82 12/31/85 Completed--Published as NCIIRP Rcporl 285 14.6
9/1/87 2/1/89 Report in review stage 14-7
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TABLE 4 (Continued)

CONTRACT
t pROJECT AMNtJNTflit
, ItESEAIICIt CONTRACT

i NO TITLE A_ ENC'*' CC,3T($)

i AREA FOURTEEN (Continued)

' 14-8 Chip Seal Coats for l]igh-Traffic-Vohmle Asphah Concrete l'avements latermtn Res Fdn 240,000
14-9 Worksilop on Research Needs inthe Management ofHighway Maintenance TF,B 42,0{30
14-]0 Improvemenls in Data Acquisilion Technology for Maintenance Management Systems -- 100,090
14-11 Effective Motivation of Highway Mainlenaace I)crsonnel -- 200,000

AREA FIFTEEN: DESIGN--GENERAL DESIGN

15-1 Guardrail Design Cornell Aero Lab 19,723'
15-1(2) Guardrail Performance mid Design Sw Research Iiist 280,000"

100,000'
15-2 Design to Control Erosion in Roadside Drainage C[larlnels U o["Minnesota 97,300'

15-3 Eational Structural Anldysis and Design of Pipe Culverts Northwestern U 49,937'
15-4 Estimating Runoff" Rates from Small Rural Watersheds Travelers Res Cen 299,902*
15-5 Dynamic Characteristics of Heavy Iliginvay Vehlc[es Gcn/Viol Corp 135,fl00'
15-6 Developmenl of Criteria for Safer l.uminaire Supporls Texas A & M 147,254'
i5-7 Flow Modifications by ffiorage Loss Througil Flood Plain Encroaclnnenl Danles & Moore 99,7g0'
15-8 Parameters Affecting Stopping Sight Distance and Vehicle A¢cdcradon/Decderation U of Michigan 274,482'

Characteristics

15-9 Eneascmenl of l_ipdines Through Iiighway Roadbeds Byrd, Talkuny et a[ 30,000
15-10 Devdopmen* o['a Desigrl/Graphics htlerfaee System Beilfilss & Assoc 500,OO0
I5-11 Computer-Aided Analysis of Higllway Bncroachments on Mobile Eoundary Streams Simons & Assoc 249,360
15-12 Roadway Width Standards for Lmv Traffic Vohmle Roads -- 250,000

AREA SIXTEEN: DESIGN--ROADSiDE DEVELOPMENT

16-1 Effects of Deicing Compounds on Vegctatim_ and Water Supplies V P I 217,300"
16-2 Evzllnation of Research oil Roadside Development '_Vestern Status IC_OOO*
16-3 Erosion ConlrO] During llighway Construction Utah State U 179,224"

70,776'

AREA SEVENTEEN: TRAFFIC--SAFETY

17-1 Devetopmeat oF Improved Methods for Rcducgon of Traffic Accidents Con_el[ Acre Lab 247,847"
17-2 Methods for Evaluating lligilway Safety Improvements ORI 29,973"
17-2A Methods for EvalunEng Highway Safety lnlprovements Jorgensen & Asset 98,403*
17-3 Apptication of Traffic Conflicts Analysis at Intersections Midwest ges hlst 190,000'
17-4 Evaluation of Traffic Controls for Street and Ilighway Work Zones BioTeclmology 200,000"
17-4(2) Evaluation of Traffic Cones and Tubes for Street and ]Hghway Work Zones BioTechnology 125,000'
1%5 Effectiveness of Clear Recovery Zones Midwest F.es last 200,000"

17-6 Service Vehicle Lighting and Traffic Control Systems for Short-Term and Moving Work BioTednlology 85,069
Zones---PImse I

17-6A Service Vdlide Ligilting and Traffic Control Syslems for Short-Term and Moving Work Transp Res Corp 252,277
Zones--Phase II

17-7 Guidelines for Converting STOP TO VH_[.DControl at Intersections Bcllomo-McGce lnc 200,000
17-8 Traffic Barrier and Conlrol Treatments for F.esIricted Work Zones Texas A&M 450,(X_

AREA EIGHTEEN: MATERIALS AND CONSTRUCTION _ CONCRETE
MATERIALS

18-1 gevlbradon of Retarded Concrete for Conlii)ao[Is Bridge Decks U of Illinois 103,89Y'
18-2 Use of Polymers in Highway Cooer=re Lehigh U 300,000*}
18-2(2) I olymer Collcrete in Highway Bridge Decks Lehigh U 30,(]00*
18-2(3) Long-Term Reittlbilit;ition of Salt-Contaminated Bridge Decks Lehigh U 199,90Q*

; AREA NINETEEN: ADMINISTRATION--FINANCE

19-1 Budgeting for State IIighway Departments Ernst & Ernst 45,000"
19-20) Develop Performance Budgeting System to Serve llighway Maintenance M_ulagement Booz,A]lcn & Ham, 6,008*
19-2(2) Develop l erformanee Budgeting Syst¢lll to Serve llighway Maintenance Mnlalgelllenl Ernst & Ernst 6,0_0"
19-2(3) Develop Performance Budgeting System to Serve Highway Maintenance Maaagement Jorgensen & Assoc 6,0(X_*
19-2(4) Develop Performance Budgeting System IO Serve Highway Maiatcnnnc¢ Maaagerncnt Jnrgensen & Assoe 220,000*
19-3 Economic Effects of Changes hi Legal Vehicle Weights and Dimensions on Highways Wiffiur Smith 96,728*
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STAI{TIN{_ COMI'LI!finN PROJECT
DATE DATE PI(OJI_CI'SI'A'IU_"g'(fi)rdltails,*e¢hdexlSunlttmr>orI'rogrc',_) NO

7/6/87 10/5/90 Researchin progress 14-8
6/12/g8 6/15/88 Seeproject wrileup in InteSlSum n( Prog, 14-9

12 months hlduvelopmemal stage 14-10
27 months In developnlelthd stage 14-11

12/IS/65 6/14/66 Contpleted--Puhlishcd its NCHRP II.eport 36 ]5-l
7/I/67 8/31/70 Compleled--l)ubtished ttsNCIIRP l_.cports 54. 115 15-1(2)
5/1/70 12/31/71 Completed--Published as NCllP, P Reports 118, 129 15-1(2)
7/I/66 6/30/74 CImlpleted--Ph. I rep, pubL as NCIIRP Rep. 108 15-2

I% II rep, not pubL; for avaiL, see project writeup in htteSlgllnl, of Prng. 15-2
1011/67 12/31/68 Completed--Published as NCIIRP llcport 116 15-3
9/I/67 3/16/70 Completed--Published as NCIIRP Rqmrt 136 15-4

8/15/67 1/10/69 Completed--PLiblish¢d as NCIIRP P.epnrt 105 15.5
9/I/67 8/31/65 Conlpleted--I_ublished its NCIIP, P I_.eport 77 15-6
5/I/50 1/31/52 Completed--Rep. not pug1.; for itvail., see project wrlteup in httest Sum. of Prog. 15-7
5/I/82 5/31/84 Compleled--Ptlbllshed *isNCIII_.P Reporl 270 15.8

1011/86 6/30/88 Completed--Published us NCIIRP P,epnrl 309 15-9
8/I/85 11/30/g8 Report in reviewstage 15.I0
7/I/87 3/31/90 Research in progress 15-11

30 months In devdopmenlal stage 15-12

• _ 3/I/66 4/30/72 Completcd--Pttblished as NCIIRP Reports g] and 170 16-1
I0/I/67 3/31/69 Completed--Publlshed as NCIIRP Report 137 16.2

_/ 1I/I/73 6/30/76 Completed--Rep. included in Phase 1I reporl 16-3

3/I/78 11/30/79 Cl_mpleted--Puhlished as NCHRP Reports 220, 221 16.3

2/I/66 5/31/68 Completed--Published as NCIIRP Report 79 17-1
1/10/72 6/20/72 Cmltra¢t terminated--no report; research resumed inn(let Project 17-2A 1%3
2/I/73 7/31/74 Completed--Published as NCIIRP Report 162 17.2A

: 12/15/77 10/31/79 Completed--Puhllshed as NCIIRP l_,eport 219 17-3
I/2/78 6/30/79 Completed--Rep. included in NCIIRP Report 336 17.4

4/23/80 9/30/51 Conlpleted--Published IIsNCIIRP Rt:port 236 17-4(2)
4/I/80 4/30/52 Completed--Published ztsNCIIRP Report 247 17-5

11/I/82 7/24/54 Completed--Research continued as Project 17.gA 17-6

10/15/84 5/16/88 Report hi review stage 17-6A

12/16/85 12/I6/58 Research in progress 17-7
6/I/88 5/31/91 ILeseareh in progress 17-5

9/I/67 12/1/69 Comphtted_Published as NCIIRP P,eport 106 18-1
, 10/I/72 9/30/75 Completed--Published ns NCHRP Report 190 18-2

I/I/78 3/15/79 Compteted--Rep. not pugl4 for avail,, see project wrheup itt latest Sum. of Prog, 18.2(2)
5/1/50 4/29/53 Comph:ted--Published as NCtlRP I_.eport257 15-3(3)

9/5/67 9/4/68 Cmtlpleted--Report not puhl.; summarized in NCI.IP,I_ Research I_.estdtsDigest 20 19-1
9/3/68 10/31/65 Completed--working phm, not pllhlished 19-2(1)
9/2/68 10/31/65 Compleled--working pkm, not published 19-2(2)
9/2/68 10/31/68 Ctmlpleted--P.eseareh continued as Project 19.2(4) 19-2(3)
2/I/69 11/30/71 Completed--Published as NCIIR.P Report 131 19-2(4)

9/15/70 6/14/72 Compteted--Publlshed as NCHR0 Report 141 19.5
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TABLE 4 (Conlimled)

CONTRA_F
PROJECT AMOUNT OR

RI!SEARCit CONTRACq"

NO. TITLE A_3t_NCy COST ($)

AREA TWENTY: SPECIAL P,,.J_vTS

20-1 Highway Research hd'ormalion Service HRB 45fi,000*
20-2 Research Needs in Highway Transportation Tafiamy/Smitfi 98,7fi0'
20-3 Optimizing Freeway Corridor OperaEon Through Traffic Surveillance, Communication, Texas A & M 394,016"

and Cant pal 200,540"

20-3A Optimizing Freeway Corridor Operation Through Traffic Surveilkmce, Communication, U of Michigan 505,631'
and Control 20,000 _

20-3B Optimizing Freeway Corridor Operation Through Traffic Surveillance, Communication. Patrick J. Athol 31,116"
and ControI--Summlwy Reporting

20-3C Summary of tile Lodge Freeway Research Asriel Taragin 10,183*
20-3D Summary of All Freeway Surveillance. Comnlnnicafion and Control Experience Voorhees & Assoe 40,000*
20-4 Public Preference far Future l_dividua[ Transportation Cldhon Rese_lrcfi 195,260'

Nntionul Analysts 83,911 *
20-5 Synthesis oP Information Related to Itighway Problems TRB 550,000 _
20.6 Legal Problems Arishlg out of Iiighway Programs TRB 100,(X)0"
20-7 Research for AAFIlITO Standhlg Committee on Highways

i Task h Development nfa Cost-Effectiveness Apllroaeh to the Programming of Roadside Texas A & M 32,837*
Safetylmprovenlents

J Task 2: The Relation of Side Slope Design to IIighwny Safety Texas A & _,I 104,08fi*
i Task 3: Development of an Effective Earth-0erm Vefiicle Deflector Te;_as A & M 33,973'

i Task 4; Lateral Accelerations and L_tteral Tire-Pavement Forces in It Vehicle Traversing Texas A & M 112,702'
I Curves Relative to Available I avement Skld.Eesistnnce Measures

] Task 5: Effect of Curb Geometry attd Location Texas A & M 49,996*
Task 6: Development of Impact Attenuators Utilizing Waste I'.laterinls Texas A & M 74,852*
Task 7: Safety at Narrow Bridge Situs Texas A & /vl 100,000'
Task 8: Energy and Transportulinn Systems CalDOT 104,440'
Task 9: Review of 111ghway Management Studies Co-Sponsored by AASIITO and Mgmt& Trans Assoe 49,820*

HUFSAM

TasklO:ReviewofVehieleWeight/HorsepowerEationsRdatedtol_assing.LanuDesign Penn State U 15,493'
Criteria

Task I h Longitudilln[ Occupancy of Freeways by Utilities Byrd, Tallamy el ill 50,000'
Task 12: OuklefineS for Citizen Participatio. hi Transportation Phmnklg K.S. lhtdson 15,500'

?i . Task 13: Guidelines for Safety Criteria for Lo'.',,-Volume P.onds J, C, Glennon 33,226*
Task 14: A Policy on Geometric Design of llighways m_d Streets John F. Holman Co 98,5fi3

_t
. Task 15: Development of a Simplified | avement Management System ARE Inc I03,600'

Task 16:Regulat[o0 of Movement of Hazardous Cargoes D./vL Baklwhl 7,341 *
Task 17: E;'nlu:,tk3n of AASHO Road Test Salellite and Environment Studies Texas A & M 94,402

Task 18: Standard Specifications for l-lighway firidges lh)ward, Needles et al 110,000 °
, Task 19: Engineering Aspects oflEghway Traffic Safety in an Age of Lfinited Rcsnurces TRlt 25,000"

Task 20: Vehicle Acceleration mid Deceleration Characteristics U of Michigan 25,000
Task 21: Need for pavement Markings on Low.Volume Roads J, C, Glennon 25,000*
Task 22: Encasemeltt of Pipelines Through llighway and Rnitroud Ro_ldbeds Byrd, "rullamy el al 20,0_0"
Task 23: Contracting Practices ntld Payment Procedures Bergstralh-Shaw et al 80,340'
Task 24: AASIITO Pavement Design Guide McCufiough/Fhln fi58,200"
Task 25: STRS Support Task TRlt 52,640'
Task 26; Research a0d Development Needs in Construction ned Engineering Management Bergstralh-Shnw et al 25,000'
Task 27: Relationships Between Vehicle Confignratlons and lligfiway Design TRII 50,593
Task 28: AASHTO Guide for Design of I avenlent Strnctures-Training I rogram ARE lne 135,000

Task 29; Pavement Ronglmess and Rideability--Field Evaluation JMJ Research --
Task 30: Manual on fiubsurfitee Investigations Adrian Pelzner 24,125"

J Task 31; Development of Comprehensive Bridge Specifications and Commentary Modjeski and Masters 82,492*
J Task 32: Design and Construction Specifications for Segmental Concrete Dridges Post-Tensioning last 74,585"

Task 33: Study of FIIWA Research Program L, G. Byrd 50,000
Task 34: AWS/AASHTO Bridge Welding Code Warren O. Alexander 25,000
Task 35: Review ofTraffic Signal Intensity Standards -- 75,000
Task 36; Critical Assessment of Tire Pressure Research -- 15,000

Task 37: Development of an Asphalt Paving Handbook TRE 45,000 a
)Task 38: AASIITO Guidelines for 1avcment Mauagenle.t Systems -- 7fi,000
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STARTING COMp].E_TtON PROJE_CT
DATE DA'FF. PROJECTSTATUS***tintdct_ilh,ltc lu¢_lSuinmary_f Proilre_s) NO,

3/16/64 10/31/67 Comp]eted--hd'ormal publicationonly; service is opcrntiolml 20-1
4/1/66 i2/31/67 Completed--Published as NCIIRI I l_.cporl55 20.2

12/15/66 1/31/69 Completed--Results summarized in Project 20.3C report 20-3
1/1/67 12/31/68 20-3

11/20/68 5/31/71 Completed--Results summarized in ProJect 20-3C reporl 20-3A
1/1/69 12/31/69 20-3A
7/1/72 9/27/74 Project terminated uncompleted; no reports prepared 20-30

11/15/75 7/15/76 Completed--Rep+ not publ.; for avail,, see project writeup in latest Sum. oF Pang. 20-3C
5/15/77 12/31/78 Completed--Spee, publ4 for avail., see project writeup in latest Sum, of Prog. 20-3D
5/2/67 1/21/69 Completed--Publisbed as NCIIRP Reporls 49, 82 20.4
5/2/67 I/2/68 Completed--Publisbed as NCHRP Reports 49, 82 20.4

12/15/67 Research in progress:Topic reports publisbed as NCHRP Syntbeses 1 tbrough 144 20-5
11/1/68 Research in progress:Refer Io Tables 7 & 8 for publicatiotls 20-6

20-7
12/2/68 3/31/72 Completed--PuSlisbed its NCIIRP Reporl 148 (Task 1)20-7

12/2/68 1/31/74 Compteted--Ptthlislled as NCHRP Report 158 (Task 2)20-7
12/2/68 3/3/71 Compteted--Rep, not publ,', sum. in NCHRP lies, Results Digest 77 (Task 3)20-7
12/2/68 7/15/71 Completed--l,tep. not publ,; sum. in NCIIRP Res, Results Digest 55 (Task 4) 20-7

11/I/71 10/31/72 Completed--Published as NCHRP Report 150 flask 5)20-7
11/I/71 I/2/74 Completed--Published as NCIIRP Report 157 (Task 6)20-7
7/2/73 6/3/75 Completed--Published as NCHRP Report 203 (Task 7)20-7

12/I/75 10/1/79 Completed--Rep, not publ.; for avail., see project writeup ia latest Sum, of Pang. (Task 8)20-7
12/I/75 8/31/76 Completed--Report not publ.; lwailable only in sponsors (Task 9) 20-7

I/3/77 12/15/78 Completed--I_.eport lint publ4 available only In sponsors (Ta_k 10) 20.7

1/1/77 10/31/78 Completed--Report lint pobl.i available only to sponsors (Task 1I) 20-7
6/1/77 6/30/78 Completed--Report publ. by AASHTO (Task 12)20-7
7/1/77 9/30/78 Completed--Published ns NCHRP Report 214 (Task 13)20-7
4/3/78 4/30/84 Compleled--Reporl published by AASHTO (Task 14)20-7

8/29/78 12/31/81 Compleled--Pbase I rcp. publ. as NClIRP Report 2151 Philse II rep. not publ., bttl (Task 15)20-7
availIible for io_rl

9/4/79 5/31/80 Completed--Rep0rt not publ.; distributed Io sponsors (Task 16)20.7
7/I/79 12/31/83 Completed--Rep0rt not pobl.; for avail., see projecl writeup in latest Sum. of ProB. (Task 17)20-7

12/1/80 12/31/82 Completed--Report publ[sbed by AASHTO (Ta_k 18)20.7
_/19/81 2/15/g2 Completed--Report not pobL; for avnd., see project writeup in latest Sum. of Pang, (Task 19)20.7

-- -- Completed--Results publisbed in NCFIRP Report 270 (Ta_k 20)20-7
7/1/82 12/31/83 Completed--II.eport tint pttbl.; for avail., see project writeup in latest Sum. of Pang, (Task 21)20.7
3/1/g2 11/30/82 Completed--Report Ilot publ,; for avail., see project wrileup in latest Sum. of Prog, (Task 22)20-7

7/26/82 4/17/84 Compleled--Reporl not publ.; for avail,, see project wriletlp in latest Sum, or"Pang. (Task 23)20-7
5/15/83 8/31/85 Completed--Report published by AASHTO (Task 24) 20-7
3/I/84 5/7/84 Completed--Report available only to sponsors (Ta_,k 25)20-7

'_/20/85 2/19/86 Completed--Report not pobl.; for avaiL, see project wriletlp in latest Sum, o1'Pang. (Task 26)20-7
I/3/86 7/3/86 Completed--Report distributed to sponsors (Ta_k 27) 20-7
I/3/86 9/3/86 Completed--Rep, not publ,, for avail., see project wriieup in bltest Sum. of Prog. (Task 2g)20-7
-- -- Conducted under Pioject 1-23(2) (Task 29) 20-7

12/12/86 9/30/87 Completed--Rep0rt being published by AASHTO (Task 30) 20-7
10/15/86 10/14/g7 Completed--Report distributed to program sponsors ('PaRk31)20-7
II/I/86 3/31/88 Completed--Report distributed to program sponsors (Task 32)20°7
9/29/86 7/31/87 Compleled--Rep0rt distributed i_ program sponsors (Task 33) 20-7
916188 915100 Research in progress (Task 34) 20-7

12 montbs In developmental stage (Task 35) 20-7
g months In developmental _tage (Task 36) 20-7

4/15/88 10/15/89 Research in progress (Task 37) 20-7
g months In developmental singe (Task 38) 20-7
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TABLE 4 (Conthlued)

CONTRACT
Iq_OJECT A_-IOUNT OII.

RESEARCII I_ONTII A_

NO, TITLE ArdENCY COST ($)

AREA TWENTY (Comh;ued)
Task 39: Revision of [he AASHTO Pavement Overlay Design Procedures L G, Byrd 75,000
Task 40: Analytical Support for the Highway Rescarch Coordinating Council L, O, Byrd 10,000'

20.8 Interactive Graphic Systems for Ilighway Design Control Dala 49,672'
20-9 Socioeconomic Collsequences OfRight-of-Way Acquisition Induced Residem Dislocafon RMC Res Carp 202,579*
20-10 The Benefits of Separating Pcdeslrians and Vdlicles Stanford Res lnst 100,000,
20-10(2) The Benefits or Separating Pedestrians and Vehicles SRI lmernatinnal 100,000'
20-11 Toward Environmental Benefit/Cost Analysis--Measurement Methodology Poty lnst of NY 100,000'
20-11A Toward Environmental Benefit/Cost Analysis--Measurement Methodology Corltell U 27,212'
20-11B Toward Environmemal Benefit/Cost Analysis: Energy-Flow Analysis (Manual) Cornelt U 140,450'

20-11C Toward Environmental Benefit/Cost MethodoMgy: Energy.Flow Analysis (Study Tile Camion Group 14,786'
Design)

20.12 Effects of Air Pollution Regulations on lllghway Collstructilln and Maintenance Howard. Needles et al g0,446'
20-13 Beneficial Environmental Effects Associated with Freeway Conslruclion Penn State U 49,965"
20-14 Monitoring Carhm_Monoxide Concentrations in Urban Areas Teehnol Serv Carp 99,973*
20-14A Statistical Analysis of Ozone Data for Transportation/Air Qtmlity Planning SRI International I93,907'
20.15 Ecological Effects or"Highway Fills on Wetlands U of Mass 152,085'
20-16 State Laws and Regulations on Truck Size, Weigllt, and Speed R. J, lhmsen Assoe 281,975"
20-17 Storewide Freight Demand Forecasting 1rocedures Cambridge Syst lnc 73,151"
20-17A Application of Storewide Freight Demand Forecasting Techniques R. Creighton Assoe 193,500"
20.18 Evaluation of Highway Air Polhltinn Dispersion Models SRI International 207,509'
20-19 Pedestrian Convenience and Safety on Suburban and Rural I lighwa'¢s ElK & Assoe 160,000'
20-19(2) Pedestrian Safety and Convenience on Suburban and Rurnl Highways--Implememation JHK & Assoc 125,000

Phase

20-20 SHRP Pre-Implementation Research AASHTO 500,000
i 20.20(2) SIIRP Overview and Integration Planning U of Maryland 90,000*

20-20(3) $HRP Derailed Phmning for Research on Asphalt Properties ARE lne 115,000'
20-20(5) SHRP Detailed Planning for Research nn Maintenance Effectiveness Texas Res & Devel 90,000*
20-20(6) SHRI Derailed 1 lanning for Research on Bridge Component Protection David G. Manning S0,000*
20.20(7) SHRP Detnited Planning for Research on Cement and Concrele Coast Tech Lab/PCA 75,000.
20-20(8) SHRP Detailed Plmmlng for Research on Snow and Ice Removal USA CRREL 73,781'
20-21 Development of an Automated Fidd Survey Data Collection System ARE lnc/Conper 200,C00

Tech
20.22 Factors to he Considered by Highway Agencies in the ldentificadnn and Remediation IIMM Assoc 148,015

oP Hazardous "tVnsteSites
20-23 Kinematic Differential DPS Satellite Surveying GPS Services/NGS 298,793
20-24 Research Program Deslgn--Adminlstrmlon of Highway and Transportation Agencies Apogee Rese,_reh Inc. 125,000
20-24(I) Using Market Research to Improve the Management of Transportation Systems Apogee Research Inc. 200,000
20-25 Training Needs for Itighway Construction Personnel -- 75,000
20-26 Bond and Insurance Coverages for Highway Constrtletion Contractors -- 100,000

AREA TWENTY-ONE: SOILS AND GEOLOGY--TESTING AND
INSTRUMENTATION

21-1 Instrumentation for Measurement of Moisture Res Triangle lust 35,027*
21-2 Instrumentation Yor Moisture Measurement--Bases, Subgrades, and Earth Materials Sw Research Inst 64,976*

(Sensor Development)
21-2(2) lnstrumentatlml for Moisture Measurement--Bases, Subgrades, nnd Earth Materials SUNV But_do 29,953*

(SensorDevelopment)
21-2(3) Instrumentation for Moisture Measurement--Bases, Subgradcs, and ._trlh MnteriMs Sw Research Inst 154,452'

(Sensor Evaluatio]0

AREA TWENTY-TWO: DESIGN--VEHICLE BARRIER SYSTEMS

22-I Concepts for Improved Trafnc Barrier Systems Walter W. White 25,000'
22-1A Testing and Evaluation of BHdge Rail Concepts Texas A & hi 40,000*

22-2 Traffic Barrier Performance and Design Sw Research last 125,000'
80,(300*
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STARTING COMliLETtON PROJI!CI'
DATI_. DATI! PROJEcrSrA'T'USj* (fordelails,beehU¢_lSunmlar)(ffProgress) NO

12 months In de_;e[opmentaLstage (Task39)20-7
9/I/88 8131/89 Researchhi progress (Task40) 20-7
9/1/70 7131/71 Completed--Rap. not pubL; for avaiL, see project _ riteupin ]ales[ SLIm.or Prog. 20-8

! 8/1/72 12/17176 Completed--Rap, tlol pubL; for avail., see project writeup hi latest Sum, of Prog, 20.8
8/26/74 4/30/76 Conlplcted--Puglished as NCIIRP Repot[ 189 20-10
9/I/78 7/31/81 Conlp]eted--Published as NCIIRP Reporl 240 20-10(2)
9/1172 5131/74 Completed--Rap, not publ,; Foravail,, see project writeup in lalest Sam. of Prog. 20-11
9/I/75 11130176 Completed--Rap, olot pubL; for avail,, see project writeup in ]alesl Sum. OFProg. 20-11A

1/24/77 5/4/79 Compteted--Rep, hal publ.; for avail., see prt_jectwrileup in latest Sum, of Prag,; 20-11B
sum, in NCHRP Res. Results Digest 114 20-lib

4/1/77 3/31/78 Completed--Rap. not pubk; for avail., see project wdteop in latest Sum. of Prog, 20-11C

4/I/74 7/g1/75 Conlpleled--Published a_ NCIIRP Report l�l 20-12
913/74 8/2/75 Completed--Published as NCIIP.P Rcporl 193 20-13

}0/I/76 3/3l/7g Completed--Publlshed as NCI/RP Report 2(30 20-14
9/15/79 12/18181 Completed--Published as NCIIRP Reporl 238 20-14A
12/1/76 12/31179 Completed--Published as NCHRP Reporls 218A and 21811 20-15

10/I 1/76 9/1/78 Conlpleted--l)ublished as NCIIRP Report 198 2O-lfi
4/I/79 7131/80 Compleled--Rcp, not pubL; foravail., see proj, writeup in latest Sum. of Prog, 20-17
6/I/81 1/31/84 Completed--Published as NCIIRP Report 260 20-17A

i 3/15/79 2/28/82 Completed--Published as NCHF,P P.eport 245 20-18• 511185 12/31/86 Completed--Published as NCHRP Reports 294A and 294R 20-19
ir 9/I/87 3131/89 Report in review stage 20-19(2)

10/1/84 9/30/86 Compleled--Seeproj, writeup for report availability 20-20
3/[5/85 5/31/86 Compl_led--Rep. ulotpubL; for avaiL, see lalest Sum. of Prog. 20.20(2)
3/15/85 1/31/8g Completed--Rap, not pubL; for avail,, see latest Sum. of Prog. 20-20(3)
3/15/85 1/31/86 Completed--Rap. not pubk; for avail,, see latesl Sum. of Prog, 20-20(5)
3/15/85 1/31/gg Completed--Rap. not pubL; for avail,, see latest Slsm,of Prog, 20-20(6)
3/15/85 I/gl/g6 Completed--Rap, no/ publ.; for avaiL, see hllest Sum, of Prog, 20.20(7)
4/12/85 2/26/86 Complelcd--Rep, not publ.; for avaiL, see latt.'stSum, of Prog. 20-20(8)

2/3/g6 5/5/87 Compleled--Publishcd as NCIIRP Report 295 20.21

ll/I/g6 7/1/8g Compteled--Pablisged as NCHRP Report gfo 20-22

9/15/88 9/14/90 Research in progress 20-23
5/11/87 9/30/88 Report in review stage 20.24
10/I/88 9/30/89 Research itl progress 20-24(I)

12 months In developmental stage 20.25
16 months In developmental stage 20.26

8/25/69 2/24/71 Comp[eled--Published as NCIIP.P Report 138 21-1
2/1/72 1/31/74 Completed--Report not publ,; included ht Project 21-2(3) report 21-2

_/1/72 9130/73 Completed--Report not puh].; inchlded in Project 21-2(3) report 21-2(2)

9/3/74 12/gi/79 Completed--Report not ptlbl._agency rap. avail, for loan 21-2(3)

10/I/70 12/31/71 Completed--Rap, not puhl.; ftJravail,, see projcal wrheup ill latest Suln, of Prog. 22-1
3/I/74 5/30/75 Complelt:d--Rep. not publ.; for avaiL, see projec( wriIeup in latest Sum, of Prog,;sum. in 22-1A

NCIIRP Rcs.Resuhs Dig. 81 22-1A
I/I/72 9/30/73 Compteled--Phuse I and Phase II(TILskI) reports not published; for awtil., s¢¢pL_jectwrile0p hi g2-2

10/I/73 3/31/75 latest Sum. of Prog.; sum. ia NCHRP Res, P.esuhs Digests 84 arid 102; Task 2 rap. pubLas 22.2
NCIIRP Rap, 153 22-2



l
30

TABLE 4 (Continued)

COW1 RACT

pP.OJ E*_I' AMOUNT OR

RF.Sp_ARCl I CONTRACt

NO* TITLI_ AUENCy COST($)

AREA TWENTY*TWO (Coxt{tttted)
22-2(2) Multiple Service Level Highway Bridge Raiiings_Performance and Design Criteria Sw Research Inst 195,(XJ0'
22-2(3) Multiple Service Level Highway Bridge Railings_geleetion Procedures Sw Research Inst 2OO,0{X)t
22-2(4) Procedures for Testing llighway Appurtenances SlYResearch Inst 30,000_
22-3 Field Evaluation ofVehicle Barrier Systems Calspan Corp 25,000'

22-3A Field Evaluation of Vehicle BarrierSystems Arthur L,EIBott 10.000'

22-4 Performance of Longitudinal Tralfie Barriers Southwest Res Inst 503,954"
22-5 Develop Performance Standards attd Hardware for LowService Level Guardrail Systems Southwest Res last 200.000
22-6 Roadside Safety Design for Small Vehicles Texas A & M 350,0{30
22-7 Update of "Recommended Procedures for the SafetyPerformance Evaluation of Highway -- 200,0Z30

Appurtenances"
22-8 Evaluadon of Performance Level Selection Criteriafor Bridge Railings -- 200,000

AREA TWENTY-THREE: SOILS AND GEOLOGY_PROPEflTIES

No Projects

AREA TWENTY-FOUR: SOILS AND GEOLOGY--MECHANICS AND
FOUNDATIONS

24-1 Manual on Subsurface Investigations 11aley & Aldrich 7S.000*
24-2 Reinforcement of Earth Slopes and Embankments Dames & Moore 150,000
24-3 Laboratory Evaluation of Piles Installed whh VibratoryDrivers U of Houston 2(X),0(X)
24-4 Load Factor Design Criteria for Highway Structure Foundations VPI 375,000
24-5 Downdrag on Bitumen-Coaled Files Texas A&M 200,0_0

AREA TWENTY-FIVE: TRANSPORTATION PLANNING--IMPACT ANALYSIS

This area became effective January I. 1979. nnd includes only thnse projects beginning
with tile FY 1981 program. Refer to Areas 7. 8. and 20 for previous projects in tile
realmof ImpactAnalysis.

25-1 Effects of Highway Ruttoff on Wetlands Rexnord. lnc 162.189'
25-2 Predicting Stop.and-Go Traffic Noise Levels Vnnderbih U 64.999
25-3 Guidelines for the Development of Wetland ReplacementAreas -- 299.711

• Final ¢Ol_lraCt cost. _• Addr_E Pl*hlientions Office, Trall_imrtalinn Re_eardl Board, 2t01 Cotltlll titian Avelltte NW, Wa_hitlgt oil, D.C, 2134t "*;American Astociation of Slate
t tighwny trod 'rtanHmrtat ion Officials, 444 North Capil¢*l Street NW, WafllisqilOlt*D C, 2004)1,

• NCttRP fundt ohlil_al¢d tlnd©r tile $3 t4,340 Four.way agleem©nl among tile NaliOnml Academy t_rScience% Michigan Depanm©nt of State 1 lighwa D,wayne County, and me Cily
of Detroit,
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STARTINQ COi_l PI,F.I"IO N I=KOJI!CT

DATE DATE PROJECT STATUS ** (l'nf delails. _¢¢ latc=t Summary of progress) NO.

8/1/76 4130/79 Complctcd--Ageacy rcps, on Ph, I and Ph, [Z avail, for loan 22-2(2)
I/1/79 5/31/81 Completed--Published as NCHRP geport 239 22-2(3)
5/I/79 2/28/81 CompleTed--Published =LsNCHRP Report 230 22-2(4)
I/I/74 2/15/75 Completed--l{_p. 11ozpLLbl,;for avail., see project writeup in lalesl Sum. of Pro8,; sum, in 22-3

NC]IRP Rc_s,R¢'_ullsDig. 76 22-3
7/1/74 12/31/74 Completed_Rep. not pubL; Par avail., see proje¢l writeup in latest Sum. of Prog,; sum, in 22-3A

NCI[RP P,es, Results Dig. 76 22-3A
7/I/83 7/15/87 (2omp[eted--i)ubl[shed as NCHRI ) Report 289 22-4
5/1/85 1/31/89 Report in review stage 22-5
6/I/85 6/30/88 Reporl in revision slug¢ 22-6

30 months In d=velopnlenlal slag= 22-7

21 months In d_v¢lopmenlalstage 22-8

4/2/79 12/21/60 Complct¢d_Report Io be published by AASHTO 24-I
8/22/82 5/21/87 Comp]=led--Published as NCHRP Report 290 24-2

I/6/86 8/21/88 Report in revision slage 24-3
9/1/87 5/3ll90 Research in progress 24-4

6/15/88 6/14/91 Research in progress 24.5

2/16/81 3/16/84 Compleled--Published as NCHRP Report 264 25-1
1/18/88 1/17/89 Report In review stage 25-2

27 months Contr_lctp_nding 28.3

b NCt t[[I _£urLd| ob[Jg_[ed gndet the $'/0,000 [iv¢..4a}, agr¢©m¢_ll t*mnnl_ Ihe NaeJcrn_lA¢aderzly 41rSci_0¢¢_, _*tl_hl_all Dep_rlmenl _ Sla ¢ _ _'a_, "¢*_ayr_¢Cow,lily, t[=¢City _f
D©tmlt, =lnd Ih_ Ltr_iwttit¥ of Michi_arl.

• _rltillu[nlj _¢lgily. Al=lounl ihov*r_ it_for I_lebl fi_cal )ca n _ _ i ful _in_ .A,_ pr_i_¢d,
d NCHRP funtl_ r_b[igalctl u0t[er th_ $1_o,fl(Jo [i_¢*'*a¥ _c¢¢menl anlollg lh¢ N**liollul A_ ih_ll I'*_¢men¢ A_L',cinliOn NAPA AASIITO F _V _**U.S. A y E'_ p of [ n,_in_¢rs,

tendF¢cler=lAriaionAdmini_I_io:L(FAA).
•NCI[Rt_funds_btJgn¢_dtlllderih_$30,000Ihr=e.'_ayu_r¢_meUlamon_AASIITO,FHWA,aridU.S,ArmyCorps_lf_ltinccf_
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TABLE 5

EXAMPLES OF UTILIZATION OF NCHRP RESULTS*

NCIIILP NC[IRI _

PI{OII_.C'F PUIILICA'I ION USER [tOIV USI_I_

J Relxll ts ,_, 2A fihnots Div. ,of 11wy_,, In st ndie_, of e_i_tblg p_lvements amJ {be rdtabilittged AASI ITO Road Test pr`ojecl al Ottaw;i,
llu_', of lbos. ilnd Ill. Particular u_e made `of recoml_lendlltion_ for experimental designs, ITleaSul'emen[ prfl-

De'eel. fitants_ lind dala proe,:s?dng nnnlysis,

Cnno, DO']" To deslgn experinlenttd pavclflelll projeels.

I-2 Report 7 N, "1'.DOT To ilcvdop tl flexible pavement performance equation; in use dune 1968,

T_dlaray, 1}yrd,_ hi study of Idgbway mnhltenarlcc quality levels for Ohio Dept. of 11'_.ys,

I-3(2) Report 22 Conn, DOT In evnl0aling flexible experimental pavenlents.

I-3(3) Report 35 Conn. DO'I" hi eval0aling fiesible experimental poVenlents.

1.4 RepOrl 10 Cona+ DO']" In lnud_'!ies ol*(fitln from exl_rlm_lltil] paveJ_efll$,

I-4(2) Report 30 Contr. DOT 1:1eva fin:ling fi_xible e.lperimelltnl pnvenl_nts,

1.5 Report 21 Conn. DOT hi evaluating IleXible e._porimental pnvenlents,

1-5(2) Report 76 N. Dak. SI ID ,_,lltjor tqulpmenl parch.use _as_d on sueees,,ful ttse of sialila¢ eqtdpoleot in conduct of project.

Coon. I_OT 111ee_fillldng flexible cxpotlnlerlta[ pavenletlls.

I-7 Repo_ 37 Nid'l, Hwy. Safety In pr_par_ttloo ofn Ihgln*u), Safi'ty Program dfatfttal for issuance to tfie States.
' fillr,

92nd Cong., I Sess, flou_¢ nf Reproenl_tives stlbcomnlltlee bearings oil IlJgbw,'ty sllfely ii/td skidding.

' _ Colin. DOT As jtJ_fifieation to t_tnblisb :*kid lc_l progntm fit Connecticut.

I-g Agency final Consult. for USN D¢_ eloplllen [ or n_lv Ilpprol¢ll tO p_lvem¢lll flc_ign for beavy [lirerafl load filgs; iiscd for r_d_ig n

report and USAF of _afi [.nke CJly rnnwn:,' to aeeorllrnodate 11747 alrcrafl ;tad in design oP nmway, taxiways,
and aprons1 Ill Air I:oree I lanl No, 4_ near I alrndale, Calif., ',_lie t e design load is 500 ton_

: (Gross) from 112707 (SPIT) configuratlnn,

1.9 Report 61 Calit_ Div. of Hwys, In evahndion of proposed St;Ire ieglslatlon regardfilg use of _tnddcd tires.

Coati, DOT In pro_idirlg dneDrnet_tation/*t_r Jtttlddt'd tire legislalion.

1-10 Agency finld Con_uh./'or USN and See Project 1-8.

reporl IJfiAF

_ | I- I I Agency rep,4)rl I.J,_, Jrnrc_l gerv, In preparaliorl or lUl Engfileerfi3g TecfitdcaJ Report e'*aluafing several commonly tleeepled

pa_ emellt dcsigll illel finds, a'i In Ibeir. pplieabildy fi_rdesign ofpa_¢menl systems for Forest

Servlee roads.

AASIITO Partly puhfi_,fied n?, hlterhn Grilled fat Design t_ Pal_,mt, nt Slntcture_. 1972

I-12 _ 92rid Congress, House of Represeltt:tlives _,ubcommittee he_lrfilgs on blghway safety nnd _kJddinfi.
Is( SeS_.

Eepart 154 Corm, DOT As fiackgronnd inl'ormatfi_n tin skid-testing program.

1.12(2) _ '92nd Cong., I Sos, See Prnjeet 1.12,

Report IJl Corm, DOT As background information on skid-tcsling program.

N, Y. DOT Leans heavily on Ibe _ttggesdon_ presented wfie_ ptltCfitlsing or afierlng skid trailers Ilnd

wlmn modifying operational procedures.

ASTM As basis Pot updadng AS'F_,I Metfiod E274.

: : 1.12(3) -- 92nd Cong., I S_s. See Proj¢cl 1-12.

1.14 Agency final VII. DOT _rlfety Committee reviewed agerley recommend_lio0s file Jmprovemenls al fiigb accident site,

report wfib l'estdllng reqUe_l r`or FHWA approval ns an htle_tate Safety Project.

1.i? Report 224 Washingloll DOT In die fiesign of pavtrnlent rebabifitafion prngralns,

Jiip_ln Road (_oolr_etof$ Tratlslaled itl Japanese.
As_oeia finn

I-Ig Repor_ 228 World fiaok l}nsJs fat designing im ioternnfional culibr_ltion exercise for mad melees.

1-19 Agency itderirn FIIWA As filpot Io FHWA AA_H'FO Lon_ Term I avement Monfinrfilg I engram doetlrnerlls,

report

111/finisDOT As reference for identifying ¢`onerele pavement dislres',,

1-21 Agency draft FHWA As hlput to internal publication filled, "ConslrlJcdon 11_ndbook on PCC Pavement Reha.

guide, "Specs, bJlilatinn."
Par Joint Repair" Penn. DOT As a guide Par developing policies ;rod repair tecfiniqttcs,

2.5 Reports i3, I 11 One State (unkn,) To replace outdated material in AAFIl ITO bOoh, Urban Fre¢_y Desl_,o.

2-_A Report I I I AASIITO In draft of proposed AASI ITO pubfieation, t_ 19h_y on drterial Jh_fi*t_yx in Urban drea_

W. W, Eanhin, I,T.E. In preparing textbook on Irnflle engineering.

J-fi Reporl 63 I_. L. Granl, W.G. In textbook, Princtph,s ofEnghteering Eeonomj!
fresnn

• project litl_, as well as p_ject'_talus, ate 8h©n in 'fable 4, Pahligalion 1i11_ are 8i_©n in Tnhr_ 6 !lod 7,
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PROJECT PUBLICATION USI_R IIOW US}![)

2-11 Report I.,22 Wodd Bank For teachingf purr_ses by dnt I_coIiondc Dcvelnplnenl IiisgiltlT_ 01"the llllern_lion_] Eanfi for
Rccotlstrucdoll and Uevelopnlent,

2.12 Agency rcp. and Federal Supply Serv,, Vehicle opcruring cost dala applied in review uP Govl. cnlployee automobile costs.

Rep. I l I Ocn. Sew. Adm.

Agency report J. LeJsch & Assoc. As an aid in condncllngf a plunuing-deSil]n coarse for the Soulh Carolina SlID in coordiluldon
whb the Oovcrnor's Safety Ilrogram,

AASHTO Published by AASHTO us tl dfanual on User Bern'fit dnalj,si_ of Iligh._y and this Transit

Jmprowmenls.

Colorado SI]D As a partialbasis fordevelopment of die Slale's"Benefit/CostAnalysisManna]."

3-2 Reports 9, gffi Illinois Div. uP Ilwys., In a FAt 80 hiolnrlst Communlcadnn project. Also, more emphasis beingf placed o[i in fiuenct!

Bur, of' Traffic nf pedestrians on signal dining, bee;lose siffilals in small cides arc almost always in the

end where there arc many pedestrians,

3-4 Reports 6, 40 Calif.. Div, of I Iwys, Source or backgrouafl iuformadon for highway and law enforcement o flie[als facing proffiem
decisions on location of disabled or slopped vehicles.

3-5 Rcporls 3, 32, D.C. Dept. nf llwys, htcrenlenlal travel cost teChxliquc applied to u contprehcaslv¢ delerminafiml oP existing ef-

7_t 124 and Traffic Pectlvenes_ of opcratlon in D,C, trllgi¢ signal s_slem. AlnlIJld itlcrcmeata] travel rUMS ill
D.C. system were c_dtnnted arid used itz beucfit/cost analysis of tragic signal system
improvement ahcrnatives.

_'dinn,DOll STeps taken Toward implemcntariun of the delay diffcrcnc_offise¢tcchnifiuein an exisdng

signal network,

Cnli f. Div. of H_ys, Source of information IO supplemcnl and improve the effeclivcuess wlth ',Hdch tim Division
can carry OaF hs program of reducing delay In die motorisT. Also of valne in dcsistdn 9
hlnoValiVe _;ig[lah; in r;ic[_ ih¢ Division engaged tile principal invcstigfalOr on a consulting
basis m fielpslmulate differenlloves or mlffic t'ora projectunder design in Riverside

Counly.

Agfency final Goodcll, GrJvus and Obtained contract In use model described in report ml a network in Detroit,
report AssOc,

3.7 Reports 78, ll7 Hs_y. Depts., FIIWA Demand for the tap_ Ires been large, and loan copkS have been circulated widely.

lind "IHustralive offices, oniver:ddes I Ahhoagh the principal USeOf. tile tape has I_,:cn educational in rlUltlr¢, one County [Ioard or
Recording of con_uhing flrnts, Fllncatlon was so inlpr_scd with Ihe noise diffcrenthd between open and closed window
Traffic Noise" County lid. (ffi Ednc. sltuaHons that cmlsideradnn was given In htstallation of_ir conditioning attd storm windows

for school bat]dingsadjacent In freeways.

Georgia SI ID Noise design guide used in design of urban freeway systmu.

MinncSola Legislature For demonMrntion purpo_s in bearings by IIouse "Transporbttion" Committee, and Senate
"lligh'._ays" and '*Natural Rc_our¢_ and EnvironnlellP _ Committees* IIolh Senate cufft-
ntitlees IOalg f.avnraffie aedoll on iI Truck Noise Control bill patterned after the California
law,

Virginia DOll To evaluate nolsc for _everal proposed highwitys and to make subsequent explanations to the

puhfic nn die impact o[" die noise on the eOlBmUldty. One instance invohed I-[95. It sic-
lane depressed hi#lway in a residential area uP Richmond. Using Ihe computer progfrJLm

from l¢l_orl 78, peak-hour traf[ic was u_.xl to project File noise I_vels: comparisons ware
nlad¢ _ith actual readings taken in tile area. Another case invohed projecdn 9 nois_ I_cls
on 1.66 in the vicinily of Washington, D.C., to detcrndne if they wuuld be within an
acceptlffih! ]i_lit, ]{_vision_ were made i_ Ihe cfflss SeCliOns where ¢.'slinlat_ exceed die
acceptable limiL Tile Departnlcn[ e_tilnetes dull almost fillt,000 was sa_ed by doiug Ihe
evJdnation work in.house, rather dlnn conlracling it. Annual savingfs of $_0,000 to S"/_ ,ffilo

have been forecast in the instance of standard evaluations of major projects,

Arizonn cons. In design and location of a 4.5.mS segment of I- I0 (Pnpago Freeway) traversing it hlgb-densily

filln urea OPdOWIItOWH Phoenix, R¢¢Omnlettdadons made ure expected to suhstanriagy reduce
noise leve]_ in areas adjacenl In tile Freeway.

Nail, Assn. of Home- In development of a Iluifdert' d¢ousticaf ,Slam*at that includes guidelines for prediction of

builders tile noise do_ to tlaffiC.
Missouri Sit Comm. Ilighway traffic noise simolatioll priffiraln qsed in _tabllsh noise proj_clJOllS oft ilew project

dc_igfns.

FIIWA In des©loping highway noise level standards PPM 99f-2, "hn_rim Noise Standards and PrO"
cedures for hnplemendng Sccrion 109(1) 2J U,S,C."

Lanisiana DOll As primary texts in a "nnise school" for parish (coonty) engineers.

AASI[TO As source documents for new (1974) publication, '*G uid_ on Evaluation and Attenuation of
TrafficNoise."

Report 117 IIoward, Needles, el at, Model Por predicllng highwl_y traffic nois_ valid_lted under contract In a state highway
deparlmem.

Express Ilwy, Rus. Abridgmenl (fi pp.) published in April 1972 issue of ExprtlsS_ays and Autattwblles (in £ap.
Fdn, (Japan) ant*e).
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NcIIRP NCIIRP

PROJECT PUIILICATION USI_R IIOW USED

Colorado DOH Projected noise stud), based on a U.fi. DOT program d_veloped directly from this reporl,

eonffidered to repeesent tbc b_l sillily pe_edure from available empirical ,_nd Ibeoretffial
re_earcb on highway noise,

_',l{nnesota DOll Predieffions for use in d_sign of 1.3SW noise barrier {n S• P,ffinnenpolis.

Agency fired rep. Ear{r, Prnteerion fill cvalulding alternaffives for truck noJ_: emission regubuions.
draft Agency

Agency final rep. Nat, _qur. Stand. Fublibbed a form of tile Noise Predffit{on Nolllogrant adapted to an "L-equ{vnlelt P' measure.

Md.-Natl. Cap. Park Fonnd In b_ useful and quite accurate as a tool in preparation of land.use plans,
and Finn. Comm,

Rep, 7ff, H7, 144 Cam. DOT A_ a b=_ffi for noise analyst.s.

•3.8 Report 50 Orange Ca. (Ca fir;) Extensive use ns bc_t available source of informal{on for preporatlon of wurranl_ for }nslalfiffion

Tear. Eng. Council of protective device_ at rail-grade crossings,

Illinois Die. or ilwy_., In a continuing program Inward gr_tffi crossing safely, wiffil porlicular use seen for portion

Bur. of Design dealing with erosffings where flashing light signaffi--wiffil or without gales--are sol w_r.
rllnted.

Cam, DOT Source reference for Rafiroad-Iligbway Safety Grade Crossing Program,

3.9 Report ff4 Calif. Die, or {Iwys. Rceommend_rion_ used on Freeway Su_'eilhmce and Conlrnl Projecl (Los A nudes), involving

expondJture of aboul fig nrifiion {n rilree years.

3.12 Report 123 Transp• Sylt. Center lnffirmal}on on fined bi[thwtly signing princ}ple_ particularly bdpful in providing control

dgnals to pilots at Keunedy International Airport (New York)•

Agency report Street Name Signing As background inf(irmlffion in re_iew of Slre¢l name _igning upplicaffions to meel motorisls*
Comm., ITE needs.

3-12(2) Agency final AAA Found, for As the primary reference for preparafinn of tbe pemphffit, "lmprnslng Road Guide ffign_...

report Trffifie Safety What Can Yo...._uDo About It7"

3-I 3 Report 93 City of W_eo. Tex, Plans In incorpornlc }n subdffiffiion nnd zoning regulations many of the controls recommended

as a means of protecting facility capac}ly t_nd safety.

3-14 Film, "Relief Ibr New York DOT To encourage muniffipo rifles }n Slain Io apply traffic engineering _luffions to tbffir congestion

Tired St reelffi' problems.

3-15 Agency report Consuhant Us}rig nomographs and [neorporafillg the researffil findings into som_ ellrrenl projects,

3-16 Agency report FHWA As support material in r_olvffig an operations problem,

3-18(1) Agency interim Cfiy of Lincoln, Nebr• In design of digfild eompoler.contrnlffid traffic conlrol system In supervise 250-300 signalized
". reporl blle_lions.

Agency report New Zeffiiind MJn{stl T To reduce hardwiire eOSlS b_' applying grearer snfi_are eapabfiffit_ In compoler-contrn}ffid

of Wnrks traffic ffignffi operations.

New York DOT As background and deffign evalualinn for a eenlrafized computer traffic sawn}fiance luld
control system in the NoTrile[ll Long Island Corridor.

3-1ff(2) Agency report Dade Cry., Fla. As b_,sffi for nporatinnal dlang_ at sffieeted locations.

3.1 fi(3) Agency Interim FEIWA A summary report presenting results of a survey of Iraffie signld _yslern design and operation

report practleel wa_i used in development of a F}IWA Ira{fling program for traffic engineerlng

pe_onnek

! Agency report Texas SDI[ and Pub. Report selected as a {exthook for it cnnrse for city and state traffic engineers {n Iraffic ffignffi
Trtmsp, 5fstenl design.

3-19 Agency report Utab DOT hi higbway nnalyffis.

3.20 Agency report F!IWA Ta develop interest in warrant improvement wilffin Signals Subcommittee of National Ad-

visory Commfitee on Uniform Traffic Devices.

3-21 Agency report N,J, Tpk. Auth. lit eonjunefion w}ffi research projeel studying visual effects of variable-message signs.

d-22A Report 232 Texas fiDIIPT Te_l material for the "Freeway Management Operations Workshop." Participants included

fiDltl T dislrffil per_onnffi, state slid city traffic engineers, slid stale and city police.

3-23 Agency report AMV Austmlffi lltdeveloping tl manual for design of signalized intersections for Road Safely tad Traffic

ffiutborily, Victoria, Australia.

FHWA To amend Sections 4B-8. 411.10, 4S.11, rind 4ffi-ld oftbe dfattltal on Uniform Traffic Camel
Dwqces.

3.2fi Agency final ffionsuhant To fieterffdne the safety impacts of lu_,er design slandards related to eonslruetion nnd main.
report tennnee _rivilies in ffile context of energy conserv_fion,

3-26 Agency inleffim City of Valmonlon. In designing noise-b_rffier walls•

report Alberta, Can,

Agency final County of ffilernmenlO As a supplement to the FIIWA {ligbway Noise Prediction Model used m condnct environ.

report Flag, & Common, mental nnalyse_ of proposed fiigbwny projects.
Dee. Dept.
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3-27 Reporl 233 Fuel Efficieat In Ibeir Bullet bh traders were referred to _arious Rcporl figures fltat would aid IndclermJffing
Tntmc Signal timingparametersfortrafiic.i=ctuatcdcontrollers.
Mgmt. Program

3-29 Unpob[isbed by Polgteffimic Itighway capocily worksbop materials.
NC[IRP.TRFI Inst.ofN.Y.
Circffiar 212

3-gffil TRg Spcciffi Rpl 20q States, FHWA_ Unlversi- As prim_ffy resource document for higfiway capacity analysis and as basic document for
tles training programs and computer software.

fi-fil Beport 288 FIIWA/NIII _,tllteria[ incorporated into National Illgbway Institute trablhlg coarse,

4-3 Bcpons 12, 15, ASTM Basis for develupmen[ of C671, '*Tentative Metbod of Test far Cri6cal Dilation of Concrete
65_ _6 Spetdmens Subject to Freczlng," and C6R2, "RcSislanee of Aggregates to Freezing,"

4-6 Reports 74. 74A, Conn. DOT AS backup in developing painl syslems far Idgfiway bridges.
74]]

4.7 Report 164 AASIITO R¢commendalions for consffieralion of fatigue of reinforcmnent in eOrlcrelc bigfiway bridges
ineorpora(ed in 1975 as provisions in AASIITO +'Slandard Specifications for Iligbway
Bridges."

4.8(3) Agency final Arizona DOT To revise Deporlmcnl's asphalt paVblg mix dehign criteria
report

Report 246 AASI [TO Test procedure adopted by AASI ITO SuhCalnmitte¢ on htalerkds and published in AASI [TO
Standard Spec_/ications for Transportation Materials and dfet6ods of Sampling and T_ting.
Part II, 1986, as TggS.gY, "Resistance of Conrpacled Ililuminous Mixtures toMoislure.
InducedDamage."

4-11 Agency interim Fed. Avialion Admin. Tenla(ive guidelilles for sffiecfion and installation of plastic pipe were usedto reduce lime
repor[ arid funds required for a research projecton plastic pipe for airport drainage.

State Hwy. and Transp. Do basis of advisory panel illenlbcr comnlen[!i thai inIorrnaliOll in report _'ould be useful to
Y.iateriuls Engrs. practleing engineers, report was distributed Io members of AASHTD Operating Sub-

Committee on Materials.

U.S. Forest Seer. Distrffiuled to cacb regiunal office oil hafts of headquarters office deternlinallon Ib(ll it will
' prove of use to ellgineer_ involved in design of road and sanitary sewer projects,

Albuquerque, N.M. In deciding on use ofcerlaia maleriffis for city sewers,

Illinois DOT In prcporing spocificadons and purchase uf filasdc pipo.

Report 225 gull Conservation As a guide in developing a technicffi release on plastic piping materials rot use by field
: Service, USDA porsonrlel in plamdng and design orplaslic pipe systems.

' AASItTO In developing materials' specifications.

fi-4 Rcpor120 AASHTO ffidg, Cumin, Input (with Report 77, Proj, Ift.6) to tilt Marcb 1969 publication, lnfiJrmatioaal Guide to
on Engrg, and Opcrs. I¢oad_¢y Lighting,

g-5A, D Agency report DeL©aw Caffier Findblgs incorporated in researcb sludy.
5-7 Report 130 Ohio DOll Reference source of current and complete iuffirmullon on individual ddineadon techniques.

OrB, for Econ. Ceop. In preparing report on Visual Effcetiseness and Durability of Road Markings, Reflectors,
and Devd, Res, and Ddinealors.
Group C.8

FHWA In a report of two FI[WA Delineation Conferences, summarized hi four parts for group
preselLtapons, NCIIRP Project 5.7 is described as tile most comprehensive delineation
researcb bl recent gears and its reporl as giving file best available dcseriplion oPtbe guidance
function ofdelineation.

$-9 Report 256 AAS|ITO Reffirenced ill "An Informadonffi ffitdde far Roadway L[gbdng."

6-1 Report Ig California Div, of Source material and hibliagraplty simplified literature search and saved much valuable time.
I [wys, R_uhs incorporated ill plaunbtg and d_sign uP new projects.

Conn. DOT In developing deicing ffilemical policy.
6-2 Report 4 Calil_ Div. or Itwys, gee Projecl fi-l.

Conn. DOT In developing suow and ice policies,

6.3 Reporl 16 Calif. Div. of llwys. See Project 6.1,

Natl. Fiaxseed Advertising (Ci_'[I Eng., Feb. 1966) bigblighdng rescarcb results in stating "... considering
Processors Assn. bulb tb¢ economy aud performance, file bcsl results by far were offiffined by "_egetagteoil,

and porlicularly linseed oil solutions,"

Colin. DOT hi d_velnpffig treatments to prevent delerionffion of I CC bridge decks.

6-4 geporl 23 Iowa SH Cuna, Constructed bridge widl gffi_auized reinforcing bars in one.half of deck. Tfiis follows fee*
ommendatJons to the dl'ect that more field cvaluallnn is required of zinc, nickel, and
asphffit .epoxy coatings.

6-5 Report 27 Cab£ Div. of llwys. See Project 6.1.

...... _................ ._ . H



36

EXAMPLES OF UTILIZATION OF NCHRP RESULTS (Continued)

NClIRP NCIIRP
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6.8 Report I Calif, Die, of llwys. See Project 6.1,

U,_. Park Sere, ['echldqae_ used by COltsUlfingengfin.'¢rillg firm ful d¢_k IH)Uli nf M_nlorial [kldge) Wash-
ington, D.C., depelLded heavily on reporled resuhs,

6-10 Agency reports Calif. Div, of llwys, ht preparation of l-lens for two sections of US _0 from ll.iverlon In rile Nevada Slate line.
Design cons_deralion given IOIllumefiLelorsconsidered vital to increased sa rely and rcdnced

IflailLlenailce _ll illterehallgcS under the ad_cersecnndifions of,snow _lld _Ce,

R_port t27 Conn. DOT As source reference l,or _now and ice policy.

Rep<lrl 127 and New York DOT Region Sdupli_aled n hunt set of aS-ram slides illuslraltng Appendix J far showing al Region
_.mm siid_ meetings. They IIn'te l,roven helpfnl for baril d_ign and nl_ildenaacc _ctivilie_,

7-4 Report 89 IIliaois DOT. Bur, Findings have been fouad uscfld, and pracliee has been modified to conform i_ith them.
l-hlnning

7.7 Report 64 Ohio DOll hnplemcn(cd several reeolnm¢lldariont_ per(ldniag Io resl arells wlril ntaps and alher Jot'of
marion of filJer_t [o ntotoris[s, siglliilg curl_ornliiS, service palrals, patrol aircraft, lind
metficopler service.

%8 Report 133 Conn. DOT As Il basis for noke l.mly_e_,

Oat,t. of, Ella,, Univ. AS It referen¢_ leXl for nil eXlensJon coupe cnlilled "DalIi Cofieelion aad Evaluation Tech-
0f Wisconsin niqne_ for Trails_rt_llJon S)slents Managcnlrat."

7-10 Agency interim Or_goll Coullly Transil in l,reparalLon Ofall energy eanringeney plan.
report Dist.

Agency report U,S, Environmealal To brief members of ge[lllle Pnblic Works Commiltee on rile Stale of rile arl of transporlalion
Protection Agency controls.

Report 169 N,Y. Slate As example_ of how Io devdol, possible _ir quality paeklkr,es for seminaP.t [o st_le Btld
DOT mclropolilan planning organi_don trnnsportalion planners,

If_w_di DOT As a basic guide far the State's TSM plan.

7-10(2) Agency final N,Y. St_te Same as Projeel 7-10
report DOT

7-1 I Report 263 FIIWA h|Ulerial for transportation phmntng merilOds course.

g-3 Agency reporl Arizona lID Source mnl=rial for decisiollS based oil consumer sensilh'ity IOtile various factors considered
in trip making.

8-4 Report 96 Dept. of Eng,, Univ. As a text in SllOrlcourse on Urban Trunsl-orlation Plamtiilg.
at,Wisconsin

g-5 Report 121 Dot,I, of Eng., Univ. As n text in Tralfic Engineering Seminar.
of Wisconsin

g._A Report 121 G, E. Pideock Co, To foreclt_t volume of Irtlffie generated by proposed suleJivisions and d_velol,nlents.

8.8(3) Agency inlefim Iowa Sll Comm. In development of an action plan in conformance with FItWA PPM 90-4.
rcporl

Driawar_ DOll & T In devdopmenl of an action pllul in conformance wiril FIIWA PPM 904.

Agency report N,Y. DOT, Transp, In preparation of _ synrilesis report givinfi background IOregional personnel responsible for
sPlanning Div. citizen particil,aflon. Also u efal ill development _f N,Y. Slate Action I Ion,

FIIWA Assisted in development or PPM 90-4.

Michigan DOT Assisted in preparation of Ihe _tale's Action Plnn.

Report IS6 Nal-L Inst. l'or Road hi devdoping similar procedures in South Africa.
Res., $, Africa

Calnl. DOT In preparfilg eilvkonmealal intpllet Slalemcnls.

8.10 Report tSS llarvurd Professor In preparing n texlbook,

8.11 Agency report Illinois DOT Portions ineorl,oratcd into a manual on assessment of tcological iml,aets from highways for
distribution to districl eagineer;s _md orileps doing work for the deportmenl,

B-12 Agency report FIDVA fly regional transporlation planners to provide technical support Io tile Stal_.

Prlnt:eton Univ. In graduate coarses,

8.12A Agency final NYS DOT User's Guide distributed to all regional plaaaing o ffict"_to provide a quick-response capability
report and for esfimatlag travel demand.
User's Guide

CuflsnllalR to Nal'l, Inst. TOdevelop guiddille_ for undertaking urban trunsporlatlon tltudies.
for Trailspnrt and
Road Re_., S. At,rice

Reporls IS6 and lhrvBrd Univ, As course material.
lg7

sUniv. of, Wiscansia As course material in conjunction with the NCIIRI Iraialng malerial,
fixletlsion
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FI[kVA, Urgall Practical applicndons by state and local agenclcs were docuulcutcd in a report emitlcd

Pgnud.g Div. ".t.fipff:afinn of Quick Re-p,m¢_ Tra'.rl F,,I ffina hm Pr_edares." She impact, corridor, nnd

systeal arudyses were iueluded,

Report 187, VIIWA, Naliomd llwy. As the basic training aki for short courses, blare tfiIm I,O00 state and ideal officials ]lave

Training Materials, Inst., Stale/Local p;irlicip_ted in 35 course, sponsored hy FIIWA*s U rb;nl Illauldng Div. ill coopormion wdh

and miercconlptlter Agencies, & Numerous MIll, Six addfiiunal courses are pJanued filr nexl year,
applicadaas Uuiversifies

8-16 Agency final Am. Public Testimony orl proposed DOT rcgMnfioas to intplenlent St'*:. 50.4 of tile Older Amedcans
report App¢adix, Trumit Assn¢, Rdmhgilation Act.
"Transporlnlion

S_rvic_ for Ige U.g. Congress Evalualiua of DOT rcffiffiidons m implentenl gee. $04 of tbe Older Americans Refiahigtadon
Trausportatinu Act,

Disadvallt ageffi'

8-16 Reporl 208 Division of Mass For dclcrmhdng aheruad_es for service ilnplcmentatiou.
Traasp., Cafirans

Reporl 209 Divismn _f Mass let devclopnlent of ttansportadou services for the iransportation disadvantaged,
Transp,, Caltrans

Report 21O Division of glass As a regntrc¢ docurnelll for o_er-al] piaa_iug activities,
Tratlsp, Cabrans

Report 2l I Division of Mass To restructure aad reorient nlargcdng efforts.
Transp,, Ca firans

8-20 Prefimina_ Nat'l last. for To design traffic couating program for four provinces or Soutg Africa
ffiraft Rpt. Transport &

Road lies,, S. Africa

_, g-gg Agency report North C¢lllra_ In qu;Lrterly report on DO_ cllutract, the projected Iltllorlloti_'e operatiug costs of gasalim:

Texas Collncil and non.gasolhle ellggles.
of GOVlS.

g.2g Agency report Montana Dept, of To redesign appro;mb af an analysis of illtercity buses,
Cofilriler¢¢

n_ B-26 Reporl 958 FIIWA As a primary reference for redoing coarse matcrgd (Nalional Iligbwag laslhute).

8-2'/ Report 269 New York ffiTA To devell)p fiandicapped ridersfiip for rail system,

8*3 Report 38 Ford Motor Co, guyed cUlnldt'ss bt_tlrs or search and stffvey hy stat¢-or.the-arl s_ction on bighways joint and
crack scidfilg inat_rials and nn:dlodS, Usefid in further understanding various design, con-

strncdogh _lld nutiuteuance problems, in analyzlng sp¢¢igc fidblr_, itnd ia adapting futurel;
developments ill higgwiLys to their industrial and alger roadway problems,

10-1 Report 17 North Dakota Basic IeM for tl COtlrs¢ iu stadstk:al qklafitg control latlgbl to both undergraduates and u

State Univ. sizllbIe number of engfileers, the nlajority of die latter being highway department employees.

Illinois Div, II, Bur, In conjunction wgb FIIWA sigma hank, and data dcvdoped by our grid testing, to develop
Materials special provisions covering statl;fical acceptance of hhundnnus COltCrcle pavement,

Coral. DOT, As refereuce by gpocifications Divhioa,

10.2 Report 34 Illinois Div. 11, Bur. In conjuncfion with supplementary materials, as a basis for rtcommending and/or [tinging
' Materhls stc*kpili*lg mctfiods to bc included in the policy being developed for aggregate inspection

and acceptance.

10-gA Report 69 Court. DOT ht developing statistical specigcauous.

10.g Reports 14, 13 Conn. DOT In estahliddn S nuclear dcusity and moislure test_ in soils.

10-6 Report 59 Illinois Div, fl, liar. Coasigering a trial of recommendation for use of nuclear pullet techntqu= for measuring

R&D pllvenlell t thickness.

10.8 Agency final Print. DOT Tile OILta State ultrasonic gauge, several eddy cmrent proxinlltp gauges, and additiuual t
report pucgnnlctcrs used widl d1¢ new stadsficnlly based acceptance specifications to reduce over-

all cnn_lrucdon costs, i

10.9 R_. Results U. Mian, tUld In seminars _ondttcled Ibrouggoul Mfinlesola to train city and county personnel in use of i
Digest 48 Minn_ollt DOH tht! pay nlent surface condition raring system. J

10.10 Report 201 FIIWA As a bl_sls to prnhihlt use of electroslag welding in main structural tension members on 1

federal.aid projects and to institute a program of rigorous inspection ia exisling structures I
welded by tile clectroslafi process.

10-17 Report 274 AST3g Adoplcd tc_t metllod _s AgTM Standard D 4867, Text Metgod for Egret of Moisture on

Asphalt Concrete Paving blixtur_

IO-18 Report 298 Concrete Cellstructioa A canal©used versJ(_n of this report appeared ill the August 1984 issue. Tile magazine is :
Magazine dislriguted natinnally to enlliueers and eOrllractors by a nttnlber Of State ready.mixed.

concrete asso¢gLdons.

10.20 Report 248 AASHTO Unconfined elustomerle bearing specifications adapted ia toto in tire "1d85 Interim AAglITO

Staudard Specigcatians Par Ilighway Bridges."
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EXAMPLES OF UTILIZATION OF NCHI_,P RESULTS (Cantimled)

NCIIRp NCIIRP
PRO]I!_r PUIILICATION USI_R IIOW USED

lO-21 Synrilcsis 86 Delaware Rtver Jninl Inforalution nf direct relevance in decision regarding replacement hi"bridge deck on u major
Toll Bridge Comm, bridge,

1 I-1(6) ](cport 92 N, Mex, SII COlnm, in :,eldins negolJudmls for purchas_ uf an airport,

1I-3 Report Bd Indiana SII Comm. Eated as "excdlent" by Land Acquishion Divisionp which requested extra copies for use in
develnplnenl of new work ill area of responsibility,

llli_lois Div, H, Bur, Most of tile prineiplc_ set forth ]lave been in prucdce. Land Economic gludy uni$ collduct_d
Rt,-of-Way n study according IO rile report recomlncndalinn for one melhO_lor analysis of tile value

of sceld_ easefflellt_.

12-2 REport 83 Califoruia Div, of Own research project on *'Analysis, Design and llchavior of Highwtly Erldg,."_"used both
l Iwys. basic knowledge and example of a w¢lbdeviscd rational approach to further simplify rite

proposed formula_ and crilerla recommended a_ revisions to the AASHTO Specifications,
and to cow, alJdllte and authenticate tile proposedcrheria by further model and prntotypc
vcrificalinn oP analyrically obtained values,

12-5 Report 90 California Div, of Conflraled the Divi_ion'_ present pracriccs, ga_e re_urBIlee Ihat ill ]ong-terpa inveMrncnt in
Ewy_, pr_trcs_d concrete strnctures is sound, and answered tile question us (o pracricahilhy of

prot ecrive cflurings,

12-7 Report Io2 Naval Ship Rcs. and Limged porliuns nscd in u t=cllnica] report entided "Some Observations on the Fmigue
Devd, Lab, l|¢havior of Spcchncns and Structures,"

Illinois DOT, Bur, Findings have been folmd useful, and practice Ila_been modified to conform with them.
Design

Colin, DOT To change bridge design parameters hi order Io r¢duce fi_tiguecracking,

Rcporl 147 AASI ITO Fadgue sp¢cificariml rcconunemlarinn:_ adopted in talal ill "1_74 Interim AASI ITO Slandard
Sp¢cificarions for Highway Bridge_."

Conn, DOT, To accompllsh bridge design modifications intend_l to rt'duce fatigue cracking.

Am. Rwy. Eng, Asm, TO develop mc,diflcaliorls to flLrigueprovisions in AREA Specifications (19Y5).

12-8 Report g6 Canadian Std_, Asm, Committee on Design of 1lighway Bridges used resuhs in uwlaring slandards for bridge railing
load',,

Conn. DOT To provide backup htformation for currenl bridge.rail design,

12-11 Report IdS Mhmclnta DOT In sdecdng wmerproof membrane systems for field evalumion,

L 12"1Y(3) Report 227 Wi_, DOT To rctrolh fatigttc-su'_ceptihle ttructural details in welded steel highway bridges,
Iowa DOT
El.DOT
Kans. DOT
Pa. DOT
Conn, DOT

12-19A Report 244 Kansa_ DOT As reference for guidance in selecling eollcretc sealers,

Commerciid product As a Mandard for©slablishhlg their own specifiealinns no Hxcific priKluclS,
roann factLirers

IBduslrywide Results of study bare caused many states and industry to be more concerned with technical
support on claim', made for the performance of concrete sEalErs,Test procedures ill report
hay= b_ome an uno[ficild standard,

12-22 REport276 AASIITO Subemnmiltee on Eridges and Structure_. adopted recommeudaliuns for thermal gradient
design as a Gtdde Specificadml {o the 1988 hlledm AASIITO "Standard Specifications for
l lighway llridgL_,"

: 12-24 Report 297 AASIITO SabcommittceonErldse_a_dSlructtlresadnptcdr¢commcndedehungeslorilelnaddlstri.
hution requirements for multibeam bridge _uperltructure_ hi tile Btandard Spot,cations

: fi_r Highnoy Bridges ht Iggg.

12.2B(I) REport hal AASHTO The s_ond phase from Prnject 12.28(I) developed a cornprehensive bridge loud capaehy
specineadon bllsed on the results nf Projects IS.I_(I) llUd 12-28(1). Tile gubeomnllttee on
llddg_ and Structure', adopted tile load capacity evaluarinn snidelin_ as a Guide Spaci-
flculion in 198B,

12-28(3) Report 299 AASHTO The furigue design guldelines were adoptedhy the Subcommittee nn Bridges and Structures
as a Guide Sptcificarion in 19g8, Th* fatigue elahtation guidelines were added us an
ahernative (by reference) in the Manutd for Malntenattce Inspection of Bridge_

12-h2 REport 29"/ AASI ITO Tile corrosion protection requirements for reinforcing sled in tile Standard Spec_qCalionsfor
Ilighway Bridges were revised by tile Subcommilte¢_on Bridg_ and Structures in 19figas
u result of the recommendations included iu the report.

13-1 Report 26 Delaware SHD In a study of highway malntenanee manngemenh Advanced M_ntlsemcnt lqanning. Inc..
recommended use as a guide in eslablishing equipntent rental rates,

14-1 Report 42 Minnesota DOH Of considerugl= assistance to tile investigator_ ill the M_intenllne¢ Program Budget Pilot
Study, which includes a detelmination of the 'tell of road characteristics to which quality
and quantity standards eobe_ should be assigned,
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EXAMPLES OF UTILIZATION OF NCHRP RESULTS (Conlhlued)

NCI[RP NCIIFF.I*
PROJECT pUI_LICATION USI_I( HOW USED

Washington State SII In development of a unfi midnlenance expenditure index for Ilm Since,
Cozmn,

Ohio Dept, of 11wys, In a SlUdy to develop _1forecast of mafillenance needs for Ihc 1970-80 decade and compare
it with the trends ill highway rmdntellanc¢ needs for the U.S, as a whole and for the
Northeast region in partictdar.

Corm, DOT In establishing Maintenance ManagemeBt SystenL

14-5 Report 223 Penn, DOT To delcrmine tradeoffs hclween various mainlnenace activities for resource allocafinn, AI.
1owing gross to grow 6 in. Ifigher before cutdng saves $600,000 a :,'ear that may be used
In reduce edge-drop-off.

15"1 Report fifi Commercial firm In forntuladng a design for a new fiberglass guardra[[ system.

IS-I(2) Report fi4 Federal and filale _n_anning_sifin.c_nstr_fion_maint_nance_r_a_m_nt_fgu_rdrai_sandmedianbarri=rs.
ageneks

American Iron and Steel Rccommcndatlons on standardization of guardrall hardware by tfie Illgfiway T*tsk Force of
last, the [nsfitut¢*s Sheet Col_lmfilee to include use of the fiat wasber illustrated no page 29 of

Rl,Fort fig.

I[linois Div. of IIwys, Includcd in higbway design policies and statldards by Bur, of Design. New Bur, of Maintenance
simldards for guardrad arid median barriers adapted from report. Bur. of Traffic comments
hifih[ighl Desigu Manualor Highway Standard* areas Ihal could he improved by the findings;
Ihe warranting of trial installations of various types of median barriers, for reasons of both
safety and economy; and tile value of certain information as a toni to determine whet fief
to remove or upgrade existing installations.

Nevada DOH In evaluating acceptability of tfie Department's design criteria and standard_.

Report 115 Illinois DOT, Bur, Findings have been fuund useful, and prattle© has been modified to conform wfih them.
Design

Conn. DOT As n basis of guardrail sysletfls currently used in ConnL_cficut,

Report 118 New York DOT As a vital supplement to a recently prepared design manual covering policies, procedures,
and standards. Design guide refers to report for ratifier information.

15-2 Report 108 Connecticut DOT On trim basis, used the design technique developed for cbanneh fined with riprap. Major
relOcalion of n stream and tributaries baying a design flood discharge of fi,gfl0 cfs front a
drainage area of 7.3 sq mi wax involved. Savtag from use of riprap instead of paving was
cat,toOled to be more than gg0qt_0. I_valuafion of Ifie effectiveness of tile treatment is
contlnu file, especially observation of befiavinr during nttd after any significant storms.

Wisconsin DOT Channel design procedure applied to dficfies along tile Lake Wissnta--eadott Road in
Chippewa Cou[i [y_prc_iously subject to erosion, but none has occurred since use of riprap
according to the procedure.

Kansas SH Comm. As basis for publicafioa, "Design of Stable Roadside Channels,"

Minnesota DOlt To design ripolp for a stream r¢location at t',lc_se Lake. Biprap erosion protection fnnctioaed
as planned during rldnstorms providing discharges approximating tile design ruble of 27fi
¢fs.

Coloredo DOlt blethod to size riprap protection included in Cfi, g of Design ManuM,

fioil Conserv. Seer., Recommendations used in preparation of SCS Ted,. Release No. 59, "1lydraulic Design of
U,S. Dept. of Agr, giprap Gradi©nt Control Structures."

Report 108 nnd Eydr, Br. Bridge As source documents for "Stable Channel Designs"; design procedures for riprap linings
agency draft Div., FIIWA developed principally from I,teport 108,

Report lOg and Consultant, Madrid, Riprap design procedure applied to channels alnag molnrways in Spain.
agency report Spain

IS-4 Report 136 Indiana Sir Comm, Used National SmMI Streams Data Invemory compiled d.ring prnject as an additional check
on flood flow estimales,

1S.fi Rtport 77 AASIITO fitdg, Input (whfi Report 20, Proj. Y-4)to March 1069 poblicat inn, htfarmalional Guide to aoadb_y
Comn_, on Hwys, L/shrills,

California Div. of Instrumental in setting the standards for Cafifornia and aiding in developing tfi_ most sat-
llwys, ishctory breakaway bas_. Tile Catfforuia rewarch, without Ilult done under NCIIRP,

reportedly would flare COalwefi over $100,0C_ to develop or affirm pretindnary designs of
this type,

Cam,. DOT As a basis for breakaway luminaffes for higfiway ligfidn$.

15-7 Agency final Wyoming Ilwy. Dept. As reference for fiuidanee in determining flow modifications caused by storage losses on
report and encroached flood plains.
User*s M_nual

16-1 Report 91 Cafifomia Div. of Appendix O ("Effects of Salts oll Plant 131ota"l is tbc most cnmplele dissertation on soil
Ilwys. salinity and salt-tolerant plants _n the Division's reference files,

O,fi. Government As a prinlar_ reference in formulating the Nalional Environmental Policy AL:tof Ig69 and
EXecutive Ordcr 11514 on *'Protection and Eldtaneemeut of Envirolimenhd Quality.*'
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EXAMPLES OF UTILIZATION OF NCIIRP RESULTS (Cominued) _

NCIIRp NCHI(p
PROJEcr PUIILICATION USER }tOW USI!I)

Corm, DOT hi prt:pluadtul ul`cnv{fo_tmenla} Impact _latcmeut_. i

16-g Agency reporl Iowa OUT hi [i Iralniiig pFogrltnl on etoslon ¢onlfo] l`or slate persolmel, !

Keporl 221 Hhtman Assc,¢. Inforalalion and {llusttatinns nsed in a field nlanual for the Office of Surface Mhdng, U,S.
hie, Dept. or hllcrinr,

Reporls 220 Utah DOT TO develop a manual,
and 221 Park Cil)', Ulah Devclopert, arc required hy city ordinance in comply with provisions set forth ill the reports.

17-1 Kelmrt 79 Robley 'fi/inftcy In devdopmem of cortege iexlbo.ak, Economic tOlalydsfar Highways,

Calspan As stardn2 point for a Tri.Levd Accident Ilesearch Program for NIITSA and the Mmor
Vehicle Mfr_, ASStl.

Min, of Trnnsp,_ Ilrnzil Translated into Portuguese,

17-2A ' Agency report S. Oak. DOT,, Div, TO assi_,l in evahlat}ng Nafety }ntprovemenls aecomplhfied under an ongoin 2 saf©ty program,
of I lwys.

Report 162 Norlbw_slern Univ, At, a rePcrcllceaad leaehillg affi ill Jl grednmte course ill Flighway sl_l`elppfofirilmhlin2.

Office or lligbway Fly st_lf s.:rving as instrne(ors for 11series or regional seminars oil cvaIualion of safety
safety, FHWA improvements.

17-3 Report 219 FH WA Olbce of As sourc_ documeln for FI IWA's Poshive Guhbelce series on planning nnd collation of field

: Traffic Operalion data,
The Isr_tcl NaPl The final report and a training film prepared IOlifts research were used in n pilot project to

Conncil for Prev¢ll}iOll study eunffigllng irafiic nlovenlenls al intcrsegd_ns,
OfAccidents

17-4 Report 226 FHWA, Nat'[ Conlm, on As It basis for ehan2es in n Llldfurm M_nual of Traffic Control Device_, ]'art VI, Traffi_
Unifona Trmffic Control Control for SIr¢¢t and llighway Coaslruedon and Malnlenanoe Operations
Devices

18-2(3) Report 2Y7 Penn. DOT To develop a field trial for tile deep polynlcr impregnation of` a bridg_ deck with tll_ '*deep
groovin 2 technique,"

19-2(4) Report 131 OFF,ofR&D, FHWA As a priltlnry rcl_rence in training cour.,cs on nlanilging highwity milintcnance,

19.3 EeDovi 141 Natffi InsL for Road As source docttmel;t }It {nveMigttdngcertain asp_ls of` veb}cl¢ sizes alld w¢igfit_ion South
Re:s,*S, Africa African fiighway_,

2fl-I (IIRIS) Many diverse agencies The Ilighwuy Research hlformalion 2ca'ice is known to be used widely by a number of
organizatlolls in addition to state Ifi_hv.ay departments. P,¢cogndion h_s been givcn in tile
perledie issues of Illgh_y Rcsearcfi in Pmh,ress as being very ttseftd and of great value to
many oilier 2overllmenl agclle{es.

2fli2 Report fiS Illinois Div. I{, Flttr, A eonlmillce widdn tile Fllinois }ligh_ny Research Council, flaying Ihe assignment of dc-
R&D v¢loping a sy_lelrt of cslablishing r_earch priorities (or the Division's program, uses tll_

ltlelfied nullified for :*lructi_rin2 research prograrns,

2fl-2 -- Califonfim Div, of` Ahhoagh not yet puhlisfied, resufls from tbe second year of r_earch tire being used as
Hwys, b{tckground for inslalling _urveHlance and control systems and in planilin 2 ahcrnadve

methods of inlprrJving op'¢rillions Oil the Los AIIgeles Area freeway syslero.
20.5 Synthesis { Corm, DOT As a basis for current signing paiterils from Mafiltcnimee.

Synlhesis 2 Lab, de Eng.. Angola Translated into Portuguese,

Synlhe_{s d Calirnrnia Div, of` As a basic documenl ill tile coalinuill_ dcvelolunenl ill"Divigion practices and proccdttres to
Hwys, cope with tbe hridge deck deterioration probleln. Also used us a guide for Ifio_ linc_ of

research that will yield die hlgllcsl return.

U,S. {DOT In preparalion of`hlslrll¢lionaf ,%h'mora_tdutn 40.2.?(_

N. Mex, SlID In rcvisin2 tile Department's 11rldge Construction 31anual.

Synllles_s 2 Cl_', for P_V Slildies Transblled into Spanish iis nn "Inl`ormalion ]lffiledn" of Ihd Trilnsport illld Soft _t._hlnlic_i
and Exper. (Spain) Laboratory,

Louisi{ma DOll As procedural 2uidc In enlcr2elv2y lneasure_ In Cnlltainand/or cOlllrOl scour lit bridge sites,

Synthesis 6 Colin, _OT In project _chedffiln2,

Synthesis 7 92nd Ctmg,, I Sess. See Project 1.12.

Conn. DOT I rovlded justification for motorist aid call-bow system,

Synthesis IO Conn. I)OT Fly Mainl_nance in training per/onnel for equipment responsibilities.

Synlhes[s l I AAS]ITO AS n text in llighway blunagctaenl Course (condncled by the Higbv.'ay Mailagement I nstitul_
nl tile Univ. of F4ississippi),

Synthesis 12 Colin. I)OT A_; a basis l`orMainlellanCCTelecnlI_lqunicLqion S_slem,

Synthesis 14 Texas Ilwy, Dept. Reeonmtcnded IOI_}sirict offices ils a reference to answer skid-resistance questio_ from both
Dcpartmcntlal _nd ilun,[_epartn]enta[ p_r_onne[,

Conn. DOT To provide guidelines for skid.r,:sislance program,

Synthesis 16 Conn. 130T gcfcrenc_ sourc_ for design of CRC pavenlenls,
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EXAMPLES OF UTILIZATION OF NCHRP RESULTS (Contimlt'd)

NCIIItl) NCItP.P

PROlEC'r PU[ILICAT[ON USI_I_. IIOW US[!()

SynlhL_[S Ig Texas HD and Tex. As baek,_toundiafornlalklnillplan prepilralhlnund rc_'iew;cnnstruclionsupervisionand
Div,, FIIWA inspection; inaintenance aeti'*'ity,

_ Synthesis 24 Corm. DOT As }npul hllo szlow and ice policy,

;I Synthesis 32 Cona, DOT As I_ackl,p for sludded.lJre legislation.

:_ Synthesis 37 Upper Plahls Stat_ Used in slabiliT_htion handbook for local go_ernlnellls.
i, Iannvalion Group

Syntheses 56 Texas SDII and l:'orrcvk:w by dislrielofficespriorIn Fiivement RelnddlkalionConference.

and 60 Pnh[ic Transp,

Synthesis 81 Texas SDII lind Text inltteriltl for Corridor ['danagenlenl Te_lnl Conference. Participants included city aad
FabJic Transp. stLl[e pefSouln_l fr0m [g largest urban areas wilhJn Texas, A]_) tlset[ _ts lext for Erb_Ln

l: Traffic OperatlollS and glaungenlen} Se[ninar,

FHfiVA As sonrce lllater{a]in short conr,es nn Organ{,'alinnand _*|;lnagemcnlof R{desharillg.

Synth_es g l Univ, of Cafi£- As rcfererlc_ ffl_terlaJ for ennfr.e work.
and 93 Iler keley

20-6 Res. Dig. lI l_Id.Rds. Camnh In a case bcfnreSeptendler 1969 [arm+ StateCoati oY Appeals.

f Spotlteses 96 FIIWA As n sapplenteat to die training sessions on drainage and overlay desigrts in a *'Pavement' and 99 Desiga Training Cnttr'.e."

t Res. Dig. l I Colorado DOI [ Used on several occasions iltvedviug candcalnatinn cases aud alger [egkd in:triers. Digests
and olhers noted us being c.sircnlely ke[pful in s'iew of thelr discussiotls of current problems and

¢onsedocat s:wing UP legal slilff t inle.

ReS, Results See, of Traasp. In¢laded i_t Iota in [970 i_nllual I_*¢port tn the Uongress in respect to progrels made in

Digest 3 adminislralilnl oftkc higkway relOC+ltion _LsSisla:lae program its enacted under ffie Federal-
Aid Ili$1n_ayAct of 1968.

" E k's,R_UIIS VirglniaAlly, As allaid 1o m{dntaJnJnga current a_varen_s of legalreseilrehof an originalllalUr¢,as a
' _ Digests GeuL Office basis for further rcseare]l by personnel of the Office, nnd ns a point ofdeperture for reviewsqJ

-' of settledlaw,

_{ Res. Dig, 25 U. Win., Dept. Eng. As a text kl short coarse on Urban Transportation Planning.

20-7 -- 92nd Congress, Task 4, "Liitcrna} Accelerations and Lateral Tire-Pavement Forces ill a Vehicle Traversing

Is/ Sess, Curve_ {_elating to Avid[able } aventent Skid R_istant Measures,' See Project l 12.

Report I fiT Corm, DOT In developinl_ the scrap lira attenuation system.

i! Rcs, Dig, 98 FHWA To analyze Oklahoma DOT structure upgrading program,

_! Agency final New York DOT As primary source of information Oll energy ased in eOllstrucdoll and makllenance of traft_
_._ report (Task fi) portat{on faci[ities for eslinlation of energy savings by Transporlatintl System h|anngemeat
_- (TSSll actions. TSM ;lotion!; are eSlirttllt cd to save 37, I iffillion gal of gasoline in the State
_J! of N.','. dLtring the IeJTg calendar year.

_.! F['IWA As the primary source dtmument for preparing tile Workshop Notes for Energy Reqttlremetl t_Par TraasportatinaSystems.

_! Agency final AASI ITO Publisked by AASIfiTO as Guid*'littex oil Citi:_,t¢ Participotlall in Tra_l_perration Pla_tnitxg.

report (Task 12)
_, Agency final North Central Council As nn aid ill the "¢alidatioa of a sarvey regarding hazardoa_ materials shipments,

report (Task 16) of Governnlent_

AASHTO Guide Slates, Counties, In addition ta copies distributed frec IO AASIITO members, more than 29,000 copies of the

for Design _1_ Cities, Consultanls documenl IIn_e been purchased front AAS[ITO by the various ttsers.
Pavement West V[rgin[a Pri/nar'_' basis for dcvelopnlent of pavement d_ign manual rot Wesl Virginia Departnlen[ of
Structures University Ilighwltys,

(Task 24)

AASIITO Softv.'are Stntes_ Counlies, This persoa:lJ enlllputer progrartt far new pavenleat design is based nn tire rlASIITO Guida
( Program Cities, Consullants for De i_ll of Pa)'em('ltt Structl_r_,s itnd greatly simplifies intplenleatation of tile Guide.
!

DN PS fi6/PC_, Under a licensing agreelnent, copies of t lie program hltv¢ I)een so[([ by AAfil ITO to petenthdf

, _ (Task 2g) users.

Agency final report AASHTO Adopted hy Ihe Suhcolnmittee on IIr{dgcs and SIructures as a Guide Specification in 1988.
J (Task3fi)

20-12 Agency report FIIWA In preparation of handbook on '+Air } ollntinn Control for Canstraclion and Mahltenance.

20-13 Report 193 Metro. Espy. Translated into Japanese and distributed wkh[n I[le Corporalion,
Public Carp.
Tokyo. Japan

20-15 Report 218 Florida Dept. To write rul*s related to wetland protection.
of Environ, l_.egs,

20"16 }_.eport 198 AASHTO Findings used in testimony beforeU.S, Senate,

22-2 Res, Eesu]ts Dig. State higkway agencies Ilre;ik*tway oxide termklal (I]CT) installed as a guardrai[ elld treatment in at least 40 Stales
84, 102, 124 silica 1973,



42

r
EXAMPLES OF UTILIZATION OF NCIIRP RESULTS (Condmwd)

NCIIRP NCHRP

pJ{OJECT PUBLICATION US F.l_. HOW USED

Federal Aviation To inslall breakaway cable terminals as pzLrlof a demonstration project on th_ Dulles Airport
Administ ration Ac_es_ Highway.

RepOrt 153 AASIITO Referenced in fiecdon I,I.0A(2), Loadings _nd Geametrics, of tl_¢ 1975 "hllerim Ilrid_e

Spceificadons,"

Re_. Rc_;UlIS Dig. Atlslralian _tate 13reakaway cahle Icrrrtinal (I]CT) installed a_ a guardrail and treatment in at least two
84, 102 hwy, agencie,$ AustrMian stales,

22-4 Reporl 2_9 FIIWA/AASHTO CrlLshteSlresultsused in upd_tiIlg[he AASIITO BarrierOulde and hy indlviduldstalesin

!*cl¢ctlag barrier designs.

2S.I Agency drdt U.S, Army Corps of As v resource dt',cumenl.
final relmrt Engineers Walcrways

_xr_r_fll¢flt Sl_tliflH
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TABLE 6

PUBLISHED REPORTS OF THE NATIONAL COOPERATIVE HIGIIWAY RESEARCH PROGRAM

•'W.pO {l.T

NO, TtTt.E. I'ROJEcr, I'AGi_, lHtlCff NO, TITLI!, pROJI!C r. PAGES, tljt[CI!

--* A CriticalReviewofLiter_llureTreatingMethodsof • 22 Factors[nfluenehlgFlexiblePavemcntPerformance
IdentifyingAggregalesSahjecttoDestructiveVolume (Proj.1-3(2)), 69p., g2,60
Change When Flozcnin Concreteand a Proposed • 23 MethodsforRedncingCorrosionofReinforcingSteel
ProgramofResearch--lntermediateRepolt(Proj.4- (Proj6-q), 22p,, Sl,q0
3(2)), 81 F', $I.80 • 24 Urban Travel Patterns for Airports, Shopping Centers,

• 1 Evaluation of Methodsof Replacementof Deterioraled and htdustrial Plants (Proj. 7.1), 116 p,, 55,20
Concrete in Structures(Proj, 6.8), 56 p,, 52.80 • 25 I'olenrial Uses of Sofficand Ultrnsonic Devices in Iqigh-

• 2 An Introduction Io Guidelines {'orSatelfite Studies of way Construct}on (Proj. 10-7), 48 p., $2.00
Pavement Performance (Proj. I-1), 19 p., SI.gO • 26 Development of Uniform Procedures for Eslahlishing

• 2A Duidefines for flatellite Studies of Pavemenl Perform- Construction Equipment Renlal Roles (Proj. 13-[),
once, g5 p.+9 figs., 26 tables,4 app., $3,00 33 p., 51,60

• 3 Improved Critefi_ParTraffic Signals at Individual In- • 27 Physical Factors Influencing Resistance of Concrete IO
terscctions--lnterim Keport (Proj, 3-5), 36 p., Deicing Agents (Proj. 6-5), 41 p,, S2,00
51.60 • g8 Surveillance Methods and Ways and Means Commu-

• 4 Non-Cgemical Methods of Snow and Ice Control on nicafing with Drivers (Proj. 3-2), 66 p., $2.60
_. Highway Structures (Proj, 6-2), 74 p., S3.20 • 20 DigiIffi-Computer.Contro0ed TrafficSignal System for

• S Effects of Different Methods of Stockpiling Aggre- a Small City (Proj. 3-2), 82 p,, $4.(X)
gates--lnterim Report (Proj, 10-3), 48 p,, $2.00 • 30 Extension of AASHO Road "lest Performance Con-

• 6 Means of Locatingand Commun[cafingwith Disabled cepts (Proj. 1-4(2)), 33 p,, SI,60
Vehicles--lntcrim Report (Proj.3-4), g6 p., .31 ARcviewofTrnnsportafionAspoctsofLand-UseCon-
$3,20 trol (Proj. 8-5), 41 p,, $2.00

• 7 Comparison of Different Methods of Measuring Pave- • 32 Improved Criteria for Traffic Signals at Individual hl-
ment Condition--Interim Report (Prof. 1-2), terse•lions (Proj. 3-5), 134p., gL00
29 p,, $L80, • 33 Values of Time Savings ofCommercial Vehicles (Prof.

• 8 Synthetic Aggregales for Highway Construerion (Proj, 2-4), 74 p., $3.60
4-4), 13 p,, tL00 • 34 Evaluation of Construction Control Procedures--In-

•9 Traffic gurveffinne¢and Means of Commun{earing with terlm P.epnrt (Proj. 10-2), 117 p,, 55,00
Drivers_lnterim Report (Proj, 3.2), 28 P,, $1,60 • 35 PredictionofFlexible Pavement Deflections from Lab-

• 80 Theoretical Analysis of Structural Behavior of Road oratory Repeated-Load Tests (Prof. 1-3(3)), 117F.,
"lest Flexible Pavemenls (Prof. I-4), g l p,, $g.g0 $5.CO

• 88 Effect of"Control Devices on Traffic OF•rations-- • 36 Highway Ouardra}ls--A Review ofCurrent Practice
Interim Reporl (Proj, 3-6), 107 p., $5.g0 (Proj, 15-1), 33 p,. $1.60

• 12 Identification of Aggregates Causing Poor Concrete 37 Tenlarive Skld-Rcsistance Requirements for Main
Performance When Frozen_Interim Report (Prof. 4- Rural Highways (Prof. 1-7), 80 p., $3,60
3(1)). 47 p,, $3.00 • 38 Evaluation of Pavement Joint and Crack Sealing Mn-

• 13 Running Cost of Motor Vehicles as Affected by lqigh- terials and Practices (Proj, 9-3), 40 p,. $2.00
way Design--Interim Report (Proj, 2-5), 43 p,, • 39 Factors Involved in die Design of Asphahic Pavement
$2,80 Surfaces (Proj, 1-8), 112 p,, S5.00

• 14 Density and Moisture Content Measuremenls by 40 MeansofLocatingDisabledorfltoppedVehides(Prnj,
Nuclear Methods--hit•rim Report (Prnj. 10-5), 3-4(1)), 40p,, S2.00
32 p,, 53.C0 * 41 Effect of Control Devices on Traffic Operations (Prof.

• lS Identification of Concrete AggregatesExhibiting Frost 3-6), 83 p., $3.60
Susceptibility--Interim Report (Prof. 4-3(2)), 42 Interstate Highway Ma}ntennnee Requirements and
66p., $4.00 Unit Maintenance Expenditure Index (Prof. 14-1),

• 16 Protective Coatings to Prevent Deterioration of Con- 144 p,, $5,60
crete by Deicing Chemicals (Prof. 6-3), 21 p., • 43 Density and Moisture Content Measurements by Nn-
$1,60 clear Methods (Proj, 10.g), 38 p,, 5g.00

• 17 Development of Gtridelines for Practical and Realisrie • 44 Traffic Attraction of Rural Outdoor Recreational
Construction Specifications (Proj, 10-I), IfiOp,, Areas (Prof. 7-2), 28 p,, 51,40
$6,00 * 45 DeveloFmentof Improved Pavement Marking Mate-

• 18 Community Consequences of Highway Improvement rials--Laboratory Pllase (Proj, 5-5), 24 p,, $1,40
(Proj. 2-2), 37p., $2,80 * 46 Effects ofDifferent Medlods of Stockpiling and Han-

• 19 Economical nnd Ed'ective Deicing Agents for Use on dling Aggregates (Pmj. 10-3), 102 p., $4.60
Highway Structures (Prof. 6.1), 19 p., Sl.2O • 47 Accident Rates as Related to Design Elements of P.urnl

20 Economic Study of Roadway Lighting (Prof. 5.4), Highways (Proj, 2-3), 173 p., $6,40
77p.. $3,2fi * 48 Fuctors and Trends in Trip Lengths (Prof. 7-4),

• 21 Detecting Variations in Load-CarryingCnpaehy of 7Op., $3.20
Flexible Pavements (Prof. 1-5), 30 p,, $1.40 * 49 National Survey of Transportation Attitudes and Be-

• Ilighway Research Board Special Report 80. in microfiche filrm frmn the Transl_lrl_tton Research guard. Sc¢ gnat page at"
NOTI!: Otll_gpr6_l publications m=rked wilh a buttcl III) are Ivaitabte only this dl_:ummll for ilrder/n_ in ftlrm_linn,
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TABLE 6 (Contlmted)

I_EI.OI¢ i"

NO. TITLE, pROJEtTI'_ PAG I_, I_t_lCl! NO, TI'rI.E, pllt)J EC'I', PAGES, I_I_ICI_

hnviormPhase I Sumnlary Report (Proj. 20-4), • 7411 Protective Coatings for Highway Structur_l Steel--
71 p,, $3.20 Current llighway Pr_¢tic_s (Proj. 4-6), 102p.,

• 50 F_ctors lnfluencln8 Safely nt Highway-I_.,il Grade $4,00
Cros_ing_ (Proj..]-8), 113p,, $5,20 • 75 Effect or Ilighw_LyLnndsc_lpe Development on Ne_lrby

• 51 Sensing _md Communie_ltion l|etween Vehicles 0_roj. Property (Proj. 2-9), 82 p,, $3.60
3-3), 105 p,, $5,00 • 76 Detecting Seasonal Changes in Load-Carrying Capa.

• 52 Me_tsurement of Pavem_rlt 'l'hi_kness by Rnpid and billties of Flexible P41vem_nls(Proj. I-5(2), 37 p,,
Nondestructive Methods (Proj, 10-6), 82 p., $3,80 $2,00

• 53 Multiple UseofL_lnds Whhin Highway Righls-of.Way • 77 D_vdopment of Design Criteri_ for Safer Luminaire
(Proj. 7-6), 68 p., $3,20 Supports (Proj. 15.6), 82 p,, $3.80

• 54 Location, S©leelion, and Maintennnee _f lllghway • 78 Itighway Noise--Meltsttremellt, Simulalitlrl, and
Guardrails and Median .qarriers (Proj, 15-1(2)), Mixed R_ltctions (Prof. 3-7), 78p., $3.20
63 p,, $2,60 79 Development of Improwd Methods For Reduction of

• 55 Research Needs in Highw_y Transportation (Proj, Trallic Accidents (Proj, 17-1), 163p., $6.40
20.2), 66 p,, $2,80 • 80 Oversize-Overweight Permit Oper_ltion on State High-

• 56 Scenic E_lsements--Leg_d, Adminismitlve, 4rod Val- w_Jys0_roj. 2-10), 120p., $5.20 ¢"
ulltion Problems and Procedures (Proj, 11-3), • 81 Mnvlng 13_havior_mdR_sidellti_tlChoiee--AN4Ltional q!
174 p,, $6,40 Survey O_roj. 8-6), 129 p., $5.60

• _? Factors Influencing Modal Trip Assignment (Proj. • 82 National Survey orTran_port_ltion Attitudes and 1_e-
8-2), 7_p,, $3.20 havit_r--l_hase 11 Analysis Report (Proj. 20-4),

• 58 Comparative Analysis of Traffic Assignment Tech- 89 p., $4.00
niques with Aetuul Highw_ly Use (Proj. 7-5), • 83 Di_trlhutioll t_f Wheel Loads on Highwny Bridges
85 p., $3,60 (Proj. 12-;_), 56 p., $2,80

• 59 Standard Measurements for Satellite Road Test Pro. • 84 Analysis _llld Projection of Research on Trame Stir-
gram (Proj. I-6), 78 p,, $3.20 veill_nce, Communication, and Control (Proj. 3-9),

• 60 Effects of Illumination on Op_ratlng Characteristics of 48 p., $2.40
Freeways (Proj, 5.2), 148 p., $6,00 • 8_ Development of Formed-in-PhLce Wet Reflective

• 61 Evaluation of Studded 'rire--I erformance Dalt_ and b,_arkers (Proj. 5-5), 28 p., $1,80
Pavement Weiir Measurement (Proj, I-9), 66p,, • 86 Tent_ltive Service Requirements for Bridge Rail Sys-
$3,00 letn_ (Proj, 12-8), 62 p., $3,20

• 62 Urban Travel I_ntterns for H_spitals, Universities, Of- 87 l_.ul_s of Discowry Imd Diselosttre in I_igllway Con-
flee Buildings and Capitols (Proj. 7-1), 144p., detonation Proee_dings(l_roj. 11-1(5)), 28p,, $2,00
$5,60 88 Recognition of l|enelits to Remainder Property in

a63 Eeonomicso_DesIgnStandardsforLow.VolumeRural llighwlLy Valuation Cases (Proj, 11-112)), 24p,,
Ro_ds (Proj, 2-6), 93 p., $4,00 $2.00

m64 Motorists'Need_andServieesonlnters_ateHighlvays o89 Factors, Trends, and Guiddin_ Related to Trip
(Proj. 7-7), _8 p., $3.60 Length O_roj. 7-4), _9 p., $3.20

_i5 On_-CyeleSIow-FreezeTest for Evalualing Aggregate 90 Protection of Steel in Prestressed Concret_ Bridges
Performance ill Frozen Concrete (Proj. 4-3(I)), (Proj, 12-5), 86p., $4.00
21 p,, $1,40 91 Effects of Deicing S;llts oil W_LterQuality Imd Biotam

61f Identification of Frost-Susceptible ! articles in Conerele Literature Review and P.ecommended Research (Proj,
A_regates (Proj, 4-3(2)), 62 p, $2,80 16-1), 70 p., $3.20

• 67 Relation of Aspllalt Rheologieid Properlies Io Pave- 92 Valmltion and Condemnation ofSpeeiall urpose | rop-
ment Durability (I_roj, 9.1), 45 p., $2.20 erti_s (Proj, I I- 1(6)), 47 p,, $2,60

• 68 Application of V_llicle Opera,ring Clmraeteri_tics t_ • 93 Guidelines for Medial _nd M_rginal Access Colltrol
Geometric Desi_rl and Tr_me Operations (Proj, 3- orl M_or Roadw_L:,'_[Proj. 3-13), 147 p., $6.20
I0), 38 p,, $2.00 • 94 Y_duation and Condemnation Problems Involving

• 69 Evaluation of Co_struelion Control Procedures--Ag- Tr_lde Fixtures (Proj. 11-1(9)), 22 p,, $1.80
gregate Gradation Vari_ttions and Effecls (Proj. 10- • 95 Ilighway Fog (Proj. 5-6), 48 p., $2.40
2A), 58 p,, $2,80 • 96 Strategies for the Evalualion of Alternative Transpor-

• 70 Social and Economic Factors Affeeti1_glntereity Travel ration Plums[Proj, 8-4), 111 p., $5.40
(Proj. 8-I), 68 p., $3,_ 97 Analysis ofStruetural llehavior of AASIIO Road Test

• 71 Anulytical Study of W_ighing Metht_ds for Highway I_.igidPavements (Proj, I-4(1)A), 35 p., $2.60
Vehieles in Motion (Proj, 7-3), 63p., $2,80 • 98 Tests for Evalualing Degrndation of Bas_ Course

72 Theory and Practice in Inverse Condemn_ltiorl for Five Aggregate_ (Proj, 4-2), 98 p,, $_.(1_
RepresentaliveStates (Proj. 11-2), 44 p,, $2.20 • 99 Visuld Requirements in Nigh_ Driving (Proj, 5-3),

• 73 Improved Crileria for Trt_flieSignal Systems on Urban 38 p., $2,60
Arteri_ds (Proj, 3._), _5 p., $2.80 • 100 Research Needs R_l_ltingto PerformaneeofAggr_gales

74 ProteetiveCot_ting_forHighwayStrueturalSteel(Proj. in llighway Conslruction (Proj. 4-8), 68i_.,
4-6), 64 p., $2,80 $3.40

• 74A Protective Coatings for Highway Structural Steel-- • 101 Elreet o['Stresson Freeze-Thaw Durability of Concrete
Literature Survey (Proj, 4-6), 275 p,, $8,00 llr_dg_ Decks (Proj. 6.9), 70 p,, $3,60
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TABLE 6 (Continued)

RI_POI|T i

N¢_, TITL[!, PI_OI[!CT. pA G F_i, PRIC[! NO, 'V[TLI_, I'I_OJI!CT, pAO I_S, PR[CI_

102 E[fo¢Iof Weldmenls ol_the l_tiguc _lrunLILh_1"._cl 13d Roadway Delh_c;l_iorlSystems (l_roj. _-7), 349 p.,
Beam_ (Proj, 12.7), 114 p,, $5,40 $14.00

• 103 Rapid Tesl Methods for Field Control of Iiighway 131 Performance Budgeling System for Highway Mainle-
Construcli_n (Proj, 10.4), 89 p., $5,00 I_aelceM_flageme_ll(Proj, 19°2(4)), 213p., $8,40

104 Rules of Compensability and Valualion Evidencc 132 Rclalionships Belwc_n Physiographic Units alxdHigh-
for Highway Land Acquisition (l'roj, I l-I), way Design FIIclors (Proj. 1-3(I)), 161p,, $%20
77 p., $4,40 • 13:3 Procedures for l_l[m_tling Highway User Costs, Air

• 105 Dyn_In[c P_vem©ntLoadso['ll_wy Highway'V_h[el_s Pollulion, aud Noise Effecls (Proj. 7°8), 127 p.,
(Proj. 15-5), 94 p., $_,00 5_.60

• 106 Rcvibration of Retarded C_llc_te for C_n_h_u_us • 134 DamILgesDu_to DrainIig¢,I_.ulLoff,Blaslillg, and Slides
l]ridge Decks (Proj. 18-1), 67 p,, $3,40 O_roj,11-1(8)), 24 p., 52.8D

107 N_w Approaches to Compclls_Lt[otlfo_ I_esidcnlial 135 Promishlg R_placements for Cow_ven_ion_lAggr_galcs
Takings (l_roj, I I-1(10)), 2'/p., $2Ad for Highway Use (Proj. 4-1_), 53 p., 53.60

• 108 Tentative D_sign Proccdur_ for Riprap°Lill_d Chall- • 13_ Bstimalil_g Peak Bunaf_ Rates from Ungaged Small
ntis 0_roj. 15-2), 75 p,, $4.00 Rt_ralWul_rsh_ds (Proj. 15-4), 8_ p., 54,60

'_ • 109 E_nslom_ric Bearing Re_ar_h 0_roj. 12.9), _3 p,, • 137 Broadside D_v_lopm_nt--Evafo_lfon of Research
_ _, $3,00 (l_roj, 16-2), 78 p,_ $4.20

_ • 110 Oplirnizing Street Oper_tiorlsThrough Tr_fli_ Rcgu. • 138 lnstrumcnlalion for M_asur_rnenl of _¢_isur_--Lit-
lalfons and Control (l'r_j. 3-11), 100 p., $4.40 _ratur_ R_view and Recommended Research (Prnj,

• 111 Running C_sls of Molor V_hi_l_sas Affected by Road 21-1}, 60 p,, $4.00
D_sign a_d Tralfi¢ (Proj, 2-_A _d 2-7}, 139 Flexible Pawm_nl Design and Mu_agem_nt_S_,,slems
97 p., 55.20 Formulation (Proj. 1-10), 64 p,, $4.40

• 112 Junkyard Valuation_Salvage lnduslry Appraisal 140 Fle:_ble Pawmenl D_ign und Mam_gelnent--Mal¢°
Principles Appllcable to 14ighwayIleaulidc_Llit_n(Proj, rialsChara¢le_izalion(Pr_. 1-10), I 1_p,, 55.6Q
!I-3(2)), 41 p., 52.60 • 141 Cl_allgcsin Legal Vehicle Weighls and Dim_nsi_n_

113 Opli_izing Flow oil E_isliug SIrcet N_tworks (i_roj. S_me Economic E_cls o_ ltighways (Proj, 19-3)_
' _ 3-14), 414 p,, $1_.60 184 p., 58.40

• 114. Effects of Prc_posedtllghway hnprt_v_m_nlson P_t_p- • 142 Vt_hla_io_ of Air Spac_ (Proj. II_), 48 p,,
cr_y Vafo_s (Proj. II-I(I)), 42 p., 5:',60 $4.C0

• 11_ Guardrail P_rforrn_nce and Design (l'r_j, 1_-1(2)), 143 B_s Use of Highw_ys--Slat_ of fo_ Art (Proj. _.
"/0p,_ $3,60 10), 406 p., $16,00

'_ • 116 StrL_¢t_ralAnalysis and Des[gaof Pip_ Culverls (Proj. • 144 Highway Noise_A Fi_ld l_va[ualiono['Tramc Noise
15-3), 155p., 56,40 R_ductiQuMe_sur_s (Proj, 3-7), 80 p,, 54,40

117 |-[ighw_y Nois_--A Design Guid_ for Highway F.n- 145 Improving Tram_ Opera,titansandSafe_y a! r:'xi_Gore
ginecrs (Proj, 3-7), ./9 p., $4.60 Ar_s (Proj, 3-17), 120 p,, $_i,00

• 118 Loca[ion, $_le_lion, arid Malnlenance of HighwLly 146 AIlcrualivcMuhimodalPasseng_rT_ansporlaliollSys-
Traffic Barriers (Prnj, 15-|(2)), 96 p., 5_,d0 tems--Comp_kratlv_ Economi_ Analysis (|_roj. 8-9),

i • 119 Conlrol of Highway Adverlisil_gSigns--Some L_g_d 68 p,, $4,0_
Problems (Proj, I1-3(1)), "/2p., $3,60 147 Fatigue $1rength o['SI_l Beamswhh Welded $tiffea_s

I • 120 Dala R_qulr_m_t_tsfor MeI_c_polilanTra_sporlallon and Atta_hmenls (Proj. 12-7), 85 p._ $4.80
_ Plannln_ (Proj, 8_7), 90p,, $4,80 148 Roadsid_ Sl_ly lmprovemen_ Progra_ls on Fr_-

• 121 Prolectic_nof llighway Uti[il_ (Proj. _-_), 115p,, wt_ys--A Cost.El_ecliveness Priority Approach (Proj,
$5,6_ 20.7), 64 p,, 54.00

• 122 Summary and Evaluatkm or I_¢onomfoCollscqu_lc_s 149 Bridg_ Rail Des[gn_Faclors, Trends, at_dGuidelines
of Highway hnprovemen_s (Proj, 2-11), 324p., (l_roj, 1_.._), 4t}p., 54.00
$13,fi0 • 1SO Effecl of Cur'aGcom_lry _uldLoc_tiou _n V_hicle tie.

1_3 Dewlopment of |nformlLli_ngequlrern_lxtsand Trans. h_vior (Proj, 20°7), 88 p,, $4,80
mission Techniques for lIiBhwlLy[.Isers (Proj, 3-[2), 151 Lock_d-WheeLPawm_nt Skid T_ler C¢_rrelationlind
239p., $9.60 Culibralfon Tecfoliqu_s (Proj. 1-12(21), 100p,,

124 Improved Crileria for TrafficSignal $vslems hi Urb_m $6,00
Networks (proj. 3-5), 86 p,, $4.80 152 Warranls for ||ighway Ligllthlg fProJ', :i._,

117 p,, $6A0
125 Oplimization of Density and Mo[st_r_ Coalcnt M_- IS3 |_cconlrnended P_oc_dures for Vehicle Crash Tes[[nB

surements by Nu_le,_r M0thods (Pr_, 10-SA), of" |l_ghway App0rtenJm_es (Proj, 22.2), |d p,,
86 p,, 54.40 $3.20

• 126 Divergencies it_ P.ighI-c_['-WayValuation (l_roj.I 1-4)_ I[;4 Delcrminln_ l_avea_cnlSkid I{esi_tancc [_eclulr_nl_ls
57p,, $3,00 at fot_rseclions and Braking Sil_s (Proj. 1-12_,

127 Snow Removal and lc_ Conic0[Techniques at Inler- 64 p,, 54,40
chan_es (Proj. 6-10), 901_., $_.20 IS_ Dus Us_ of Highways--Planning and I_slgn Guide-

• 128 I_valualfon ¢_fAASHO h_l_rimGuicl_s fnr D_si_ll of lines (|_roj, 8-10), 161 p,, $7,60
PawmeiitStruc[ures(Proj. l-II), 111 p,, 55._0 1_6 Transporl_li¢_ De_isic_n-Making_A Guid_ Io Social

• 129 Guardrail Crash Test EvaluadoIi--Ncw Co_Lc_pts_lld and El_v[ronrnent_dCoEIsid_rations (l_roj. 8-8(3)),
End Designs (l'roj. 1_-1(2)), 89 p., $4.80 13_ p,, 57.20
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TABLE 6 (Con/imbed)

NO. TITLE,pROJI_CT,PAGES,I+l_ICF. Nn '1'11LI_+p[IOJI!CT,I_AGI!S,PRICI.:

15"/ Crash Cushions or" XWste Materials tProj, 20-'/), Aliglmlenl on Skidding (Proj. hi4), 33 p,,
73 p,, 54,80 $8.20

158 Selection o["$a_ Roadskle Cross ffections (Proj, 20- 185 Gr£tde Effcctso_ Tr_ll_c Flow Slability _md Capacity
7), 57 p,, S4.4o (l'roj. 8-19), 110p,, S6.,_0

159 weaving Arelks--D_sign _md Analysis (Proj. 8-18), 18_ Tr_lvel Estinmtiml .0roc_dLlresfor Quick; Respollse tn
119 p., 56.40 Urb_m Policy Issues (.0roj. 8-12A), 70 p., 58.60

160 FIc;_ib]cPavemen_ Desigtl and Mflmlg_mel_t_Systems 187 Quiek.R_sponse Urbml +/'ravel EslirnulionTcclmiqlLes
Approach Impl_mcntatlon (l+roj. I°lOA), 53 p., £md Trarlsl_r_b]e .0armnetcrs--Us_r's Gt_ide(Proj+ 8.
54.CO 12A), 229 p., 510,20

161 Techniques for R_ducing Roadway O_cupancy During 18,_ l_tigue of Welded $1eel Bridge Members Under Var-
Rouline MIlinten_mce Activities (Proj. 14-2), iable-Aml_littlde Loadings (I)r_j, 12-12), 113 p,,
55 p., 54,40 56.40

162 Methods for Evaluating H[g)lw;_ySafety Improvements • 1,_9 Quantifying th_ Benefitsof Sep:lraling P_deslriLmsand
(Proj. 17-2A), I_0 p., $7,40 V_)licles (.0roj. 20.10), 127 .0,, 57.00

163 Design orl}ent Caps for Concrele Box-Girder Bridges • 190 Use of Polymers in Highway Col_ret_ (.0roj. 1_-2),
(Proj, _2-I0), 124 p., $6,80 7"/p., 58+60 _"

164 Fatigue $1r_ngth orI-|igh-Yield Reinforcing Bars (Proj. 191 Effect of Air Pollutiol_ Reguhllions on l;ighw:ly Con. ,
4-7), 90.0,, S5.60 struction m_d _,_ainl_n_mcc {l_roj, 20-12), •

I_$ Waterproof Membranes for Prolection or Concrete 81 p,, 57.(20
Bridge Decks--Laboratory Phase {Proj. 12-11), • 192 l)rediclin_ _,loisture-lnduced Dam:_ge t_ As.0halttc
70 .0,, $4,80 Concrete (Proj. 4-_(3)), 46 p,, 58,20

166 Wasle Malerials as Polelltinl Replacements for High- 193 B_nefici_flEffeClSAssoci_lled with Freeway C_nslruc-
way Aggregates (Proj. 4-10A), 94 p., $8,60 tion--Envirorlmental, $oci_d, and Economic (Proj, 20-

167 TrampOrlalion Planning for Small Urbim Areas (ffeoj. 13), ilO p., 57,80 )
8-7A), 71.0., $4,80 194 TrafficControlin O_'_rsJ_turaledStreet Networks (1 roj.

16_ Rapid Measurement o_'Concrele Pawmenl Thickness 3-18(2)), 152 p., 59.60
and Reinforcement Localion--Field Evalualion of 19S MinimizingtrenmtureCr;_ckinglnAsplm]ticConcrele
Nondes_ruclive Systems (Proj, I0-8), 68 .0., Pav_menl (Proj. 9-4), 51 .0,, 5_,CO
54.80 196 I?.econdifioningH_avy.Duty Freeways i_lUrban Are_Ls

169 Peak-Period Traffic Congestion--O.0tions for Currenl (Proj, 14.4), 60 .0,, 56,40
Programs (.0ro], 7-10), 65 p,, $4.80 197 Cosl _md5linty Effec_ivell_sso[' lllghway Design EIc-

• 1'/0 Effects o[" Deicing Salts oil l)lant Biota and Soils-- meres (ffeoj, 3-28), 237 .0,, 510.60
Ex.0©rimenlal Phase (Proj. 16-1), 88 .0., $_.fi0 198 Sl(_le L_lwslind R_glflationson Truck Size and Weight

171 Highway Fog--Visibility Measures and Guidancu $ys- (Proj, 20.36), 117p., $7,20
terns (Proj. 5°6A), 40 .0,, 54.00 199 Ew_lulttin_O.01ionsin $1_t_wide Tm_ls.0orlafionPlan-

172 Density Standards for Field Comp_Lctiono['Gnmular ning/.0rogramming--T_chniqu_s _md A.0.01i_i_lions
Eases +lndSubbases (Proj, 4-8(2)), ./3 p., $4,80 (.0roj. 8-18), 190 p,, $9._

173 Highway Noise--Gener_llion and C_ntro] (Proj, 200 Moniloring Carbon Monoxide Concentrations in Ur.
3°7), 174 .0,, $8,00 ban Area (Proj. 20-14), 41 .0., $8,20

174 Highway Noise--A Design Guide _r Prediction ,_I_tt 201 Acccpt_lnc_ CrilerhL for Elcclroslag We]dm_nts in
Comrol (Proj, 3-7), 198p,, $9,60 Bridges (.0roj, I0+10), 44 p., 55.20

17$ Freeway Lane Drops (Proj, 3-16), 72.0,, $4,80 202 Improved P_vem_m-Shoulder Joint Design (Proj,
176 Studded Tires and Highway $af_ty--F'easibilily o_'De- 14-3), 10_p., 57.20

tcrmining Indirect Effects (Proj. 1-13{2)), 42p,_ 203 Salty at Narrow I_ri_lgeSiles (ffeoj. 20-"/, Task 7),
$4,00 63 p,, 86.00

177 Freight E)ala Requiremenls for $tatewide Trans.0or. 204 Bridge D_k Joi_;t.Sealirlg $yslems--Ewlualion aEid
talionSystemsPlanning--ReseIlr_hR_.0ort(Proj.8-17), Performimcc Speci{ication (Proj, 10°31), 46.0,,
196 .0., 58.80 55,60

17_ Freight E)ata Requirements for $tal_wide Tr_lns.0or- 20_ In_plem_nIil_P_ck_lgesorCongestion-ReducingTcc_l-
ration Systems Planning--User's Manual (Proj+ 8-17), niqt_es--Stralegi_s forDe:_lingwith Instiltttio_al I rot)
155.0,, 57,40 lems of Coo.0eratiw Programs (Proj. 7-10{2)),

1"/9 Evalul_ting O.01ionsin $1IJtexvideTrans.0ort:_tion Ptan. 128.0., 57.60
ning/Programming--lssu_s, T_chniques, and Their 206 D_tection anti Re.0air or"Fatigue Dama3_ in Welded

" Relmionshi.0s (ffeoj. 8-18), 91.0., $_.60 I_i_hway Bridges (Pro], 1%15 & 12-15(8)), 85 .0.,
180 C(_thodte Proteclion _or Reinforced Concrele Bridge $6.80

De_ks--Laboratory l_hase (Proj, 12-13), 138 p.+ _07 U.0grading o_"Low.Quality Aggregates for PCC and
$7.00 Bituminolls P_vements (Proj. 4°12), 91.0+,

188 Sub_rilical Crack Growth zmd Fr_tctureof Bridge Steels 57.20
{Proj. 12-14), 82 p., $8,60 20B Markel O.0.0ortunilyAnalysis for Shnrt-Rang_ Public

: 1_2 Economic Ewlualion oPine and Frost on Bridge Dccks Trans.0_rtalion PIannirlg--I roccdures for Ewlualing
(Proj. 6-11), 73p., 54,8(2 Alternmive S_rvice Concepts (Proj. 8-16), 80p,,

883 Studded Tir_s and Highway $a_ly--An Accidcnl $6.80
Analysis (Proj. 1-13), 70 .0., $4.80 209 Mark_ O.0.0ortuniIy Analysis for $hort-Rmlge Public)184 Influence of Combined Highwny Grl_deand Horizonla[ Tra_lsp_rtalion I hmlling--Trans.0orlatiorl Services for
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TABLE 6 (Cenrinued)

REPORI"
Nn T]TI.E,PROJECT,pAOIL_;,PRtC]! NO. TYH.ILPRCIJECI',pAOES,PR[CI!

the Transportation Disadvantaged (Proj, gab), 232 Guldegnes for $eleetinn of Ramp Control Systems
52 p., $6,00 (Proj. 3-22A), 108 p., $gA0

210 Markel Opportunity Analysis for Short-Range Public 233 Selecting Traffic Signal Control ul Individual |ntersec-
Transportation Plaaning--Eennomlc, Energy, and En- finns (Proj. 3.2"/), 133 p,, g9,20
vironmental Impaels (Proj. 8-16), 45 p., 56,00 234 Galvanic Cathodic Protection for Reinforced Concrete

211 Market Opportunity Analysis for Short-Range PubEC Bridge Decks--Field Evaluation (Proj, 12-13A),
Transportation Planning--Goals and Policy Devel- 64p,, $6.80
opment, Institutional Constraims, alld Allernadve Or- 235 Effectiveness of Changeable Message Displays tn Ad-
ganlzatiotlal Arrangements (Proj. 8-16), 16l p,, vance of High-Speed Freeway Lane CInsttres (Pmj, 3-
$9,20 2[(2)), 49 p., $7.00

212 Market Opportunity Analysis for ShorbRange Public 23g Evaloadon of Traffic Controls for ]li_hway Work
Transportation Pianffing--Method and Demonstra- Zones (Proj, 1"/.4, 17-4(2)), 189p,, $12,00
tion (Praj, 8-16), 132 p., $10.00 237 Locating Voids Beneath Pavement Using Pulsed Elec-

t* Freeway Traffic Management (Proj, 20-3D), 68 p,, iromagnetie Wave Techniques (Proj, 10.14), 4g p.,
$4,00 $6,go

213 Ecyes[an Methodology for Verifying Recommenda- 238 Esdnlating Exceedaneesand Design Values from Data
dons to Minimize Asphah Pavement Distress (Prnj. 9- Collected by UrballOzone Moniloring Networks (Proj,
4A), 52p., $6,00 20-14A), 121 p., $9.60

214 Design andTrafflcControIGuiddines forLow-VohLme 239 Muhiple-Service-Level Highway BridgeRailing Se[_-
Rural Roads (Proj. 20-7, Task 13), 41 p., $5.60 finn Procedures (Proj. 22-2(3)), 161 p,, 510,40

215 Pavement Management System Development (Proj. 20- 248 A Manual to Determine Benefits of geparaling Pedes-
7. Task 15), 32 p,, $5.20 irians and Vehicles (Proj. 20.10(2))_ 5g p.,

216 The No-Action Alternadve--Research Report (Proj. $7,20

8-] I). 72 p,. $6,g0 241 Gulde[ines for Using Vanpools and Carpools as a TSM
21"I The No-Action Ahernative--hnpael Assessment Teellnique (Proj, 8-21), 154 p., $10,40

Guidelines (Proj. g-It), 174p., $9.60 242 Ultrasonic Measurement of Weld Flaw Size (Proj, 10-
2igA Ecological Effecls of Highway Fills on Wetlands-- 13), 76p., $8.00Research Reporl (Proj. 20-15). 34 p.. $5.20
21fib Ecological Effects of Highway Pills on Wetlands-- 243 Rffilabilitation and Replacement of Bridges on See-

Llser's_danual(Proj, 20-15), 99p., $7.20 ondary Highways and Local Roads (Proj. 12-
219 Application of Traffic Conflict Analyses at Intersec. 20), 46 p., S6.80

dons (Proj, 17-J). 109p.. $7.60 244 Concrete Sealers for Protection of Bridge Structnres0)r,'_j, ]2-]9A), 13gp,, $10,00
220 Erosion Control During Ilighway Collstruclion--Re- 245 Methodology for Evaluating llighway Air Pollutionsearch Report (Proj. t6-3), 30p., $5.60

Dispersion Models (Proj. 20-IS), g_ p., $8,40
221 Erosion Control During Highway Constttlction-- 246 l_refficting Moisture.Induced Damage to AsphaBic

Manual on Principles and Practices (Proj. 16.3), Concrete--Field Evaluation (Proj, 4-8(3)) 50p,.
log p.. $14.40 $7.20

222 Bridges Oll Secondary Highways and Local Roads-- 247 Effectiveness of Clear Recovery Zones (Proj, 1%5)
Rehabilitation anti Replacement (Proj. 12-20), 68 p.. $7.20
132 p,. $9.20

223 Maintenance Levels.of.Service Guidelines (Proj. 14-5), 24g Elastomeric Bearings l)esign, Construction, anti Ma-
lerhlls (Proj, IO-_O), g2 p., $8.40

lisp. $g.80 249 Peak-lfour "fraffie Signal Warrant (Proj. 3.20A),
224 Gulddines for Recycling Pavement Materials (Proj, 71 p., $7.60

1-17), 137 p,, $9.20 250 New Approaches to Understanding Travel Behavior
225 Flaslic Pipe for Subsurface Drainage of Transportation (Proj. g-14A). 142 p,. $10.00

Facilities (Proj, 4-11), 153 p., $9.60 251 Assessmellt of Deficiencies and Preservation or Bridge
226 Damage Evaluation and Repair Methods for Pro* Stlbstrt_cturcs Eelmv the Waterline O_roj, 10-If),

stressed Concrete Bridge Members (Proj, 12-21), 80p., $g,40
6fi p., $7,20

297 Fatigue Behavior ofFulbScale Wdded Bridge Atlacb- 252 Adding Dust Collector Fines to Asphah Paving Mix-
meals (Proj. 12.15(3)). 47p., $6.40 tures (Proj. 10-19), 90p., $B,40

228 Calibration of Response-Type Road Roughness Men- 253 Application of Disaggregate Travel Demand Models
sating Systems (Proj. 1-18). 81 p., $7,60 (Proj, g-13(2}). 207 p.. S12.40

g29 MethodsforAnalyzingFudSupplyLimitationonlas 254 Shoulder Geometries and Use Guidelines (Proj. l-
stager Travel (proj. g-23), 132p.. $9,20 22), 71 p,. $7.60) i230 Recommended I rocedures for the Safety lerformanee 255 /ffighway Traffic Data for Urbanized Area Project
Evaluation of tlidhway AppurlenIlaces (Proj. 22- Planning aud Design (Proj. g.26), 191 p,,
2(4)), 42p,, $6,_ $11,60

g31 State Transportation Finance Within the Context of 256 Partial Ligbting of Interchanges (Proj. 5-9),
Energy Constrainls (Proj, g-22), 86 p., $7,60 gl p.. Sg.40

257 Long-Term Rehabilitation of Salt-Contaminated
Bridge Decks (Proj, 1g-2(3)), g2 p,, $6,40

gSg Control of Air Content in Concrete (Proj. 10-18).
• Specialpublication. 84 p., 58.40
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TAnLE 6 (Cantirltled)

RI_POI_T

"_59 Design or Emulsi_d A_plla]t Pav[ll_ Mixllm_ (Pr_. _; E_,_lu.,,.!!o_of !_'.iG_ .'Fc_ ar,_ Dcsi_,_ Crit_rl_ c,_
9.5), 97 p., $_,80 W_lded Dct_ils (Proj. 12.1_(5)), 66 p., $_.40

_60 ApplicaEionofSt_cw[d_ FreJg]ll D_mund Forec_stil_g 2_7 Lo_ldDis_ribLitio_a_ld Colmcction D_si_l for Prcc_lsl
Tcclmiqu_ (Pr_, 20-17A), 21_p,, $12.80 Stemmed Mulli_am _ridg_ S_lp_rLl_[Llr_S (P_.

:_6! Cost-Effcct[wn_s _f Transportation S_rvices for 12-24), t37 p,, $1],_0
HlITId[c_pp_ P_mls--Rcse_rch R_porl (l_r_. _-27), 2_8 l_va]L_ting Gr_d_-S_pa_ccd R_dl-IIighw_ly Cro_slng
130 g., $9.60 All_rll_liv_s (l_roj. 3-31), 87 p., $I0.80

262 Planning Tn_nspor_ti_n Services _or H_n_lic_p_¢d 2_9 I_rformanc_ofLongJmdinalTr_l_cn_rri_(Proj. 22-
Persons--Us_r'_ Guid_ ([_roj, _.27), 74 p,, 4.), 169 p., $]3.20
$8,00 290 Rcinforc_mellt or E_lrth Slopes _l_ld Emb_l_km_nts

i! 263 S[mplJ_cd l_occdurcs for F.v_]u_ting Low-Co_l TSM (Pr_, 24-2), _23 p., $40.00
projects--U_r's M_nu_l (Pro_, 7-11), _09p., 291 D_vclopm_rll of P_Lvcmcn_StrUCtLI_ISIJbsyst_ms
$12.80 (Proj, l-lOl_), 59 p., $8.80

264 Guidelines for the Mzma_m_nl of Highway R_moffon _92 St_rlgtll Eva[u_tioll of Existing Rci_l_rced Concrete
Wetlands (Pmj. 25-]), 166 p., $10._0 l_ridges (Proj, 10-15), ]33 p., $14,00

265 Relnow] or LelLd._cd BrJd_c P_in_s (Pr,_j. ]0-23), 293 Mclhods o_'$trellgtllcn_Jl_ Ex[_lill_ [_i_hw_y Brid_cs
72 p,, $_,_ (Proj, 12-28(4)), ]14 p., $12,00

266 Forec_stin_ InplLis to T_nsporlation I_]_lnl_i_l_(Pr_j. 294A P],_nning and Ilnpl_m_:nl[ngPedestrian Facilities in
8-24), 117 p,, $9.60 Sllb_lrb_l__nd Dcv_]oping Rur_llAr_s--Res_r¢]l Re-

267 St_c]Brld_M_mb_rsUnd_rV_ri_b]_Ampl_ludeLang porl (I_r_, 20-]9), 92 p,, $10.40
Lif_ Fali_u_ Lo_d[ng (Proj. 12°15_)), 26p., _94]_ l'l_mnirlg _r_d Impl_m_nling Ped_tri_m F_cilitic_ i_l
$6,40 Suburban _d D_ve[opin_ Rural Are_s--St_-of.th_-

268 lnflLl_ncc _f Asp]l_l_ T_m_enllure Susceplibilily on Art Rcpor_ (1_. 20-19), 165 p., $]2,40
l_av_me_l[Conslruction _lnd _rform_n_ (p_oj. _-20), 295 Autom_lIcd FieWdS_lrv_yD_ta Coll_ctioll System (l'_oj.
62 p, $?,60 20-2]), I07 p,, $]3,20

269 Paving with Asp_l_ll Cements P_oduccd irl ille IgS0'_ _96 Durability _r l_l.Pl_ce Concrcle Con_il_ing Ili_h-
(Pr_. ]-20), 28 p., $6.40 Ran_ W_tcr.R_ducin_ Adrai_c_l_s (Proj, ]0-

270 Par_metcr_ Aff_ling SIop_in_ S[_]lt Disl_lr_c_(l_r_. 32), 63 p., $10.40
]_-_), 16gp., $11.20 297 Ewdu_tion of _lridg_D_:_kProt_livc SIr_llcgics (]_roj.

271 Guidelines for Ev_hl_tion_nd R_pairof D_nl_d $t_l 12-32), 80p., $_2,_
Bridg_ Members (Proj, 12.17A), 64 p., $7,60 298 Performance of E]_stom_ric _]_rings (Proj. ]0-

2"_ P_rformanc_ o_ W_alher[ng Steel irl IIridg_s (Proj. 20), ](X_p,, $12.0_
10.22), 16¢p,_ $12,00 _gg F_iguc Ew_]uation Procedures for Ste_] I_r_d_e_(proj.

273 Manu_] for _hc$_[cclion ofOplinl,_l Mn[llt_l_lllccLev. 1_-2B(J)), g4 p., $11,20
_]s of $_rvic_ (Proj. 14-5(2)), 81 p,, $9,20 J00 l]rid_e Ml_n_g_mcnlSystems (Proj, 12-28(2)), ?4

274 Us_ of AntJ_rippirlg Additives in Asph_llic Comlcr_tc p., $10.40
M[xmrcs--_aborato_y PhI_¢ (l'_oj. _0-[7), 50 p., _01 L_d C_lpac_lyEv_]L_li_n of Existing Bridges (P_'_.
$7.60 12-2_([)), 104 p,, $] ],60

_7_ P_v_mcnt Roughiicss _lr_d RJdc_bilJty (|_oj, ]. _02 Fatigue and Fracture Ev_lhl_ltion_or _lling Riveted
23), 6g p,, $_._0 _rid_cs (Pr_. ]2-_), 86 p., $11,20

276 Thermal E_¢I_ in Concr¢le. l]rid_ Su_e_'_lrLm_tLire_ _03 F_a_ib[lily of _1Ni_lion_] II_avy Vcllic]_ MoniloriIIg
(Pro_, 12-22), g9 p., $9.60 $ysI_m (l_co_.3-34), (In prcp_r_£oll)

2?7 Portland Cemerlt Co_lc_t_ ]'llwmenl ffv_Llu_Ll_nnSy_. _04 D_l_rmin[ng D_lcrior_tcd A_l_s in Porll_nd C_m_nl
I_m (COPES) (Pr_j, 1-19), ]75 p,_ $]2._0 Col_re[e l'l_v_m_nlsU_[n_ R_dar _rld Video Im_ing

278 _a_hodic Protection ofConc_le Bnd_ Sub_trll_ures (13ro_,]0.2_), ]07 p., $]4._
(Pr_, 12-]gI_)_ 60p., $_,40 305 Envirollm_nI_lMoniloring_ll_dEv_]Ll_lio_lofC_llciulll

27g ln_crscclian Chann_liziLtiollDesi_l_ Gul_lc (P_oj. 3- M_lgnesiiJm Acct_lt_ (CMA) (i_mj, 4-17), 160
30), 153 _,_ $25,00 p,, $13,60

_80 Guid_lln_s for Evahl_[ol_ _nd R_p_irofD_m_d Pro- 306 Correlal[omlof I]ridge Load C_p_lci_yEstimn_luswi_]l
stashed Con_r_t_ B_dgc Memb_r_ (Pr_. I2- Te_tD_lt_(Pr_, 12-2_(8)), 75_,, $11.20
21), 84 p,_ $9.20 307 Public I_ndPriw_ I_IIrtnc_l_ipsfor Fin_llcing High-

281 Joint Repair Methods for Port]an¢l Ccmen_Co_lc_ete way lm/_rowment_ (l_roj, 2-14), 83 p,, $11,20
l_avements--Desi_n _d Cons[ru_lion Guideline_ 308 l_vem_rlt Roughn_s _lnd l_.idenbilJty--Fi_ld Ewlu_l-
(Proj, I°21), _3 p,, $9,20 tior_ (Proj, 1-23(2)), 48 I_,* $g._

282 MultilancD_lgn AIt_rn_tiv_ forlmprav[ngSuburb_n 3_9 Prot_ctioll of Pip_[incs Thro_lgh _|i_hw_y Ro_dbeds
['li_llways (Pr_, 2-13), 71 p., $X.50 (Pro_. 15.9), 21 p., $8.00

2_3 T_inin_ Aid forApp[yillg NCHI_.PReport 263--Sim- 310 D_]J_I_with l [_z_rdo_lsW_s_eS[Ic_--A Compc_ld[um
p]ifl_dProc_du_s for Ev_lu_ling Low.CostTSMI_oj- for Highway Agencies (Pr_, 20-22), 107
ects (Proj. 7-IIA), 34 p, $7.20 p., $]2.00

284 Ev_]u_t[omlof t_rocedur_ Used fn _t_a_LireCcm_n_ 3J! D_i_ii nfSimpl_ Sp_n i_rcc_stPrestressed Bridge Gir.
and W_t_r ConlenEin Fresh Concrele (t'r_. 10-25), d_rs _._1_ Cominuous (Proj. ]2-29), (In pr_p_lr_°
76 p., $9,_0 fion)

285 Evalunling AIt_rn_fiw Ml_[ntcmu_ceStr_legi_s (Proj. 312 Condition Surwys of Conc_l_ Br[dg_ Com._orl_nts--
14-6), 86 p., $10,40 U_cr'_ M_nu_ll(l_r_. 12-28(_)), _4 p., $11.00
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TADLE 6 (Continued}

._iV/_"l'tII_,'qtS OF IttGIIWAY PIIAUFICI_

NO. I I'l LI!, pAGI!S, pRICII NO. TITLI!, PAGF.S, pRIC[I

: 1 Traffic Control for Freew_ty Maintenance (Proj, 20.5, 29 Treatment nCSofl Foundztrions for l,qghwLtyEmbank-
Topic I), 47 p., $2,20 m_nts (Proj, 20-5, Topic 4-03), 25 p., $3,20

_i • 2 lh'idge Approach Design and Construction Pr;leticcs 30 0ituminous Emulsions for Highway Pavements (Proj.
' (Proj, 20-5, Topic 2), 30 p., $2,00 20.5, Topic 6-10), 76 p., $4.80

i! • 3 Traffic-Safeand Hydrautic;ffiyEl_eient Drainage Proc- 31 Ilighway Tunnel Operations (Proj, 23-5, Topic 5-08),rice (Proj. 20-5, Topic 4), 38 p,, $2,20 29 p., $3,20

t •4 ConcrcteRr[dgeDeckDurability(Proj, 2O-5,Topic3), •32 Effects of Studded Tires (Froj, 20-5, Topic 5-13),
28 p., $2,20 46 p,, $4,G0

• 5 Scour at Bridge Waterways (Pruj. 20-5, Topic 5), 33 Acquisition and Use of Geotechnieal Information
37 p, $2,40 (Proj, 20-5, Topic 5-03), 40 p., $4,00

• 6 Principles ol"Project Scheduling and Monitoring (Proj, 34 Policies for Aceommodi_tion of Ulilides on llighway
20-5, Topic 6), 43 p,, $2.40 Rights-of-Way (Proj, 20-5, Topic 6-03), 22 p,,$3,20

7 /Vlolori_t Akl Systems (Proj. 20-5, Topic 2-01), 35 Design trod Control ol'Freeway Off-R_mp Terminals
28 p., $2.40 (Proj. 20-5, Topic 5-02), 61 p,, $4,40

• 8 Construction of Embankmerlts (Proj. 20-5, Topic 9), 36 lnstrunzcntadon and Equipment for Testing Highway
3gp., $2.40 Materials, Products, and Perfornmnce (Proj, 20-5,

• 9 Pavement Rehabilitation--Materials told Techniques Topic 6-01), 70 p,, S4,80
(Proj. 20-5, Topic 8), 41 p., $2.80 37 Lime.Fly Ash.Stabilized B_tses nnd Subbases (Proj.

10 Recruiting, Training, and Retaining Maintenance and 20-5, Topic 6-06), g6 p., $4,80
Equipment Personnel (Proj. 20-5, Topic 10), 35 p., 38 Statistically Oriented End.Resuh Specifications (Proj,
$280 20-5, Topic 6-02), 40 p,, $4,00

11 Development of Management Capl_bility(Proj. 20-5, • 39 Transportation Requiremcnt_ for tile llandicapped, El-
Topic 12), 50p., $3.20 derl_:_and Economically Disadvanlaged (Proj. 20.5,

12 Tdecommnnications Systems for Ilighway Admluis- Topic 6.07), 54p,, $4,40
tradon and Operations (Proj. 20-5, Topic 3.03), 40 St_lmng and Management for Social, Economic, and
29 p,, $2,80 Environmental Imp;¢t Assessments (Proj, 30.5, Topic

13 Radio Spectrum Frequency Management (Proj. 20-5, 7-02), 43p., $4.C0
Topic 3-03), 32 p., $2.80 41 Bridge Bearings (Proj, 20-5, Topic 6-09), 62 p.,

14 Skid Resistance (Froj, 20-5, Topic 7), 66p,, 54,80

$4.00 42 Design of File Foundations (Proj. 20-5, Topis 5.04),
• lg Storewide Transportation Phmning_Needs end Re-

quiremertts (Proj, 20-5, Topic 3-02), 41 p., 68p,, $4,80
$3.60 43 Energy Effects, Efficieneies,and Prospects for Various

16 Continuously Reinforced Cuncrele Pavement (Proj, Modes of Transporlatlon (Froj. 20-5, Topic 7.05),
20-5, Topic 3-08), 23 p,, $2.80 57 p,, $4.BD

17 PavementTrafficMarking--MaterialsmldApplicatlon 44 Consolidation of Concrete for Pnvemenls, Bridge
Agbcti7,5 Servicenbilhy (Pruj, 20-5, Topic 3-05), Decks, imd Gverhlys (Proj, 20-5, Topic 7-01),
44 p., $3,60 61 p,, $4.80

18 Erosion Control on Highway Construction (Proj, 20- 45 R_pid-SettingMaterials forpalchlngol'Concrete(Proj.
5, Topic 4.01), 52 p., $4,00 20.5, Topic 6-05), 13 p., S2.40

19 Design, Construction, _md Maintenance o['PCC Pave- 46 Recording and Reporting Methods for llighway Main-
ment Joints (Pr0j, 20-5, Topic 3-04), 40p., tennnce IExpenditules (Proj. 20-5, Topic 7-04),
53.60 35 p., $3.60

2fl Rest A,'eas (Proj. 20-5, Topic 4-04), 38 p., 47 l_ffect of Weather on Highway Conslrnction (Proj.
$3,60 20-5, Topic 5-07), 29 p,, $3,20

21 Highway Location Reference Methods (Proj. 23.5, 48 Priority Programnling and Project Selection (Proj.
Topic 4.06), 30 p., $3.20 20-5, Topic 7-07), 31 p., 53,20

• 22 MaintenanceManagementofTrafficSignal Equipment 49 Open.Graded Friction Courses for Highways (Proj.
and Systems (Proj. 20-5, Topic 4.03), 41 p,, 20-5, Toplc 8.09), 50p,, $4.00$4,CO

53 Durability of Drainttge Pipe (Proj. 20-5, Topic 5-09),23 Getting Research Findings into Practice (Proj, 20-5,
Topic II), 24p,, $3.20 37p., $3,60

24 Minimizing Deicing Chemical Use (proj, 20-5, Topic 51 Construction Contract Stilffing (Froj. 20-5, Topic
4.02), 58 p., $4.00 8-02), 62 p., $6.00

25 Reconditioning High-Volume Freeways in Urban 52 MnnllgementandSdectiongyslemsforHighwayMain.
Areas (Proj, 20-5, Topic 5-01), 56 p., $4.00 tenance eqtl[pment (Proj, 20-5, Topic 8.38), 17 p.,

26 Roadway Design in Seasonal Frost Arcle; (Proj, 20-5, $4,40
Topis 3-07), 10,l p,, $6,00 53 Precast Concrete Elements for Transpoaation Fncili-

• 27 PCC Pavements for Low-Volume Roads and City ties (Proj, 20-5, Topic 8-05), 48p,, $5,60
Streets (Proj, 20-5, Topic 5-06), 31 p,, $3.60 • 54 Recycling Materials for Highways (Proj. 20.5, Topic

28 Partial-Lane Pavement Widening (Proj. 20-5, Topic 8-01), 53 p,, $5,60
5-05), 30 p., S3,20 55 Storage and Retriev{d Systems for Highway and Trans-
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TABLE 6 (Cotstittued)

S"t'N'l'llE.*;l_t)l_llZCilIVA'*'IDHACTICI_
NO. Tl'rLl_.IIAGI_,PRIC[_ NO THI_E,PAGIng,iIRIC_

pottatiaa Data (Proj. 20.5, Topic 8-06), 30p., 84 EvalulltioriC.ritedaandPriorityScttingforSlateFlig}l-
g4,g0 wa_,, I'rog_ (Pioj. 20.5, Tt_pi_ 12-Ut), 32p.

56 JoJttt-Related Distressin PCC I_averaent--C_Luse,Pre- $6.40
ve_ltian and Rehabilitation (Proj. 20-5, Tapic 7-06), 85 Energy lav_tv_d iti Conslructioa Malerials and Pro-
36p., g5.20 cedur_ (Proj. 20-5, Topic 12-09), 34p., $6.40

• 57 Durability ol'Cotleret_ Bridge Decks (Proj, 20-5, Tapic 86 Effects of Trafllc-lllduced Vibratit_ns on l)ridge-D_ck
9-01), 61 p., $6.00 l_cpairs (Proj. 20-5, Tog[¢ 10-21), 40 p., $6.50

58 CorlseqLl_rlccsof Deferred Mafotcrlanc_ (Pr_. 50-5, 67 Ilighway Noise ||art|ors (Proj. 20-5, Tt_pi_ 15-07), i
Topic 10-01), 24 p., $4.40 8Zp., $7.20 •

69 Relationship ot'Asph_]t Cement Properties to l_ave- 88 Lrnd_r_valcr laspectlt_n and Rcpai_ o5 Eridge Sub-
moult Durllbifoy (Proj. 20-5, Topi_ S.I l), ._3p., structures (llroj. 20-5, Tapic 10-05), 77 p., I
$5.60 57.60

60 Failur_ and R_pair af Co_llfouously Reinforced C_n- 89 t5_olec|mical |nstrum_tttaOon for Monilorit_g Field
_ret_ _lLv_mellt(Praj. 20-5, Topi_ 9-08), d-gp., I_c_forma_lce (Proj. 20-5, Top(c 11-0g), 46p.,
$5.60 $6.50

65 Change_Lbl_Message Signs (Proj. 20-5, Topic 9*03), 90 N_v°l_roduclEv_ll_ationl_roc_dur_s(I_roj. 20.5, Topic
37 p., $5.60 12-I2), 34 pp., $6.gU i

62 State Resources for Financit_g Tr_tnsporlalion Pro- 91 H_ghw_yAc_iderltAnalysis Systems (Proj. 20.5, Topic !
grams (Proj. 20-5, Topic 9-09), 34 p., $5._0 I5-03), 69 pp., $7.60

63 D_s_g_land Us_ t_f Highway Shoulclcrs (Proj. 20-5, 92 Minimizing Reflection Cru_kfogof Pawmeat Overia_s
Topi_ 8-03), 56 p., g4.gO (l_roj. 2_._, Ta/:i_ 1|-04), 58 pp., $6.80

64 Eituminotts Patching ?*Extur_s(Proj. 20.5, Topicg.12), 93 Coardlnation or Transporlation S_st_m Managelnen_
26 p., $4.80 l_ndLand Use Management (l_roj. 20-5, Tapi_ 12-05),

65 Quali_y Assu_anc_ (Proj. 20-5, Topi_ 9°05), 42 p., 38 pp. 56.50
$5.60 94 Photolog_ing (|_roj. 50-$, Topic 5.10), 35p.,

66 t51ar_ Screen GLddelfoes (l_roj. 20-5, T_p[_ 9-11), $6._0
17 p., $,1.40 95 SIat_w_d_ Transportation Plannittg (_roj. gtl-_, Tapic

67 Bridge Drai,a5_ $yslems (l_roj. 20°5, Topic ]0-0_), |_-_$), 54_., $7.20
44 p., $_.60 9t; Pa_'_m_a_ Subsurface Drafoage $ysletns (Proj.._0-5,

_8 Motor Vclllcle$iz_ and W_ight R_gulatians, Enforce- Topi_ | | °{)7), $g I_., $6._
m_nt, and P_rmit Opera_fons (proj. 20.5, Topi_ 10.04),
4_ p., 56.00 97 Trallsit Ownership/[D/_ralion Options for S_all LIt-

69 Bus Rout_ t_ndS_h_duf¢ Planning Guidelines (Proj. baa and Rural Ar_as (|'roj. 20-5, Tol:ic 13-06),
20°_, Topic 7-09), 99 p., $8.00 2_ p., $5_:_0

70 Design or $_tl(raentalion Easins (Proj. 20-5, Topic 98 l_aling ]oinls _lrld Cra_ks in Rigid and Fl_ibf_
9°10), _`1p., $6.50 I_avenleI_ts 0_roj. 20°5, Topic _2.04), 62p,

71 Direction Fi_tling froth Artcrials to Dcst foIitions(|_r_. $7.20
20-5, To/_i¢9.07), _0p., $6.40 99 R_surfacing wilh |_ortlantJ Cement Co_lcr_l_ (Proj.

72 Transportatit_a N¢_ds Studi_s and Financial Con. 20°5, Top_¢ 13-04), _0p., $8.40
strafots (l_roj.20-5, Topic I 1-01), 54 p., $6.50 100 Managing Stat_ HiGhway Finance (Pr_. 20.5, Topi_

76 Alternatiw Work $¢l_dules: Impacts on Transporla- 13-0)), 23p., $6.40
tion (l_roj. 20-$, Topic 9-06), 54 p., $6.50 10_ E(st_ric Brldges: Criteria for De_isfoa Making (P_'_.

74 $tat_ Transit°Management Assistance to LoCal Cam° 20.5, Topic 15.11), 54 p., $g.00
mttnities (l_roj,20-$, Tol_i¢ Z0.11), 35 p., $6.00 10_ _.h_t_ria]Certi_ation and MatedaI.Certi/Icalfon Effce-

75 Transit ltoards_Composition, Roles, and P_ocedures rivalless (Proj. 20-$, Topic ld-.0$), -_4p, 56.00
(Proj. 20-_, Topic 11°09), 24p., $6.2t_ |03 Risk Assessment Pro_css for FI_zardo_s Materlats

• 7_ Coll_¢lfon and IJs_o_Pavcmellt Condition D_la (Proj. Tr_ln_porlation (I_roj, 50-5, T_pi¢ 13-10), 36 p_,
20-$, T_plc 10-0_), 74 p., $g.00 $t_.`10

77 Evaluatfofl of Pawment Mainleaanc_ $ta_gi¢s (Proj. 104 Critcril_ for Us_:of Aspllalt Friction Surfi_ces (l_raj.
20-5, Topi_ 11°08), 56 p., $7,40 20°5, Topic 14-08), 41 p., $6.80

78 Valu_ End[rip,ring in |_re_onstrueticm and Construe° 1U5 Construction Conlract Claims:tgatt_es and Methodsof
tion (Proj. 20.5, To_i= I 1-02, 05), 23 p., $6.40 $_l)_ment (l_roj. 20-5, Topic 13.01), $g p.,

79 Coatract Tim_ Del_rmhlation (Proj. 20-$, Topi_ II. $7.20
10), 45 I_., $'/,20 106 Practical Gu_d_lfoes fo_ _,|illimizing Tort L_ablfoy

80 Formulating and ]usti_fog Highway Maintellance (Proj. 20-5, Topic 14.0|), 40p., $6.80
Budgets ([Iroj.20.5, Tapic |0-03), 49 p., 5'/._0 107 $)liiga_v Found_Ltionsfor ||it_hv,_ayStructures (Pr_.

81 Experiences in Trallsportation _;yslem Manageme_l 20*5, Tropic 12*06), 38 p., $6.80
(Proj. 20-$, 'I'c,p(_11-14), 56 p., $8.40 168 Erid_ W_ight Limit Pos011g I_racti_ (Proj. 20-$,

86 Criteria for Evahiatic_nof Truck Weight Enforcement Topi_ 13*05), 30 p., $6.40
Programs (l'roj. 20°5, Top|t: 12,02), 74 p., l0t) |]igl_way Users _f Epoxy witll Con_r_te (Pr_j. 20-$,
$7.20 Tc*pi_14-12), 6tl p., $8.50

_3 BusTransilA_cesslbilily for the Handlcapl_ed fo L/tb_n 1|0 Maintenance Management Systems (Proj, 20-5, Topic
Areas (Proj. 50°5,Topic i 1-13), 75 p., S7.60 14.06), 49 p., 68._
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TAliLE 6 (Continued)

SVNIIt_k_;I_ OF t tl(;llWh'l' iiiiAcrt(2t,;

Nt_. Trr[.l_, I_AGI_S, I_I_ICII NO. TITL[], PA_[_S, I*RICI!

111 Elistrtbution of _']leei LLglLtinutl Highw_,:, B*;dgen I27 Us: of Fly ._.shin Concrete (Proj _o.'_ Tonic 16-()7"_
(Proj. 20.5, Topic 14-22), 21 p.. 57.20 66 p,, 58.40

112 Cosl EtTectivene!,!;o['1lot -Dip Gal;'atlizhlg for Exposed 128 Method_;of Idel|tifying Ihlznrdolts'lligh_voy Elenlents
Steel (Proj. 20-5, Topic 15-19), 28 p., $7.20 (Proj. 20.5. Topic 15.06), S0 p., 510.00

113 Administration of Research, Developn|cllt, and Ira- 129 Freeziltg _lrldThawi,g Besistance of lligh.Strength
plementntion Activities in llighwuy Agencies (Proj. 20. Concrete (Proj. 20-5, Tt_plc l 6.OS), 31p., 57,60
5, Topic 14-11), 49 p., 58.00 130 Trldlic Data CoUectioll lind Arlaly_i: Metllod_; and

114 Man;igement of TralIic Signal Maintenance (Proj. 20- Procedllres (Proj, 20-5, Topic 15.11), 58
5, Topic 14-02), 133 p. $10.80 p., 58.40

115 I'Ledlleing Construction Conflicts Between llighw_lys 131 Effects of Permit and lllegld Overlo;ids on Pavements
(Proj, 20.5, Topic 15_5), 99 p,, $10,40

m_d Utilities (Proj. 20-5, Topic 14-03), 72 p., 132 Syslem.Wide Safety Improvemenls: All Appro;idl to
$8.8D Safety Consislency (Proj. 20-5, Topic 17.01), 20

116 Asphalt Overlay Design Procedures (Proj. 20-5, Topic p,, $6,80
14-04), 66 p., 58.40 133 Inlegrated Highway Informatit_n Systems (Proj, 20.5,

117 Toll Highway Financing (Proj, 20.5, Topic 15- Topic 17-02), 31 p,, $7.60
01), 29 p., 57.20 134 D-Cr_lekingof Concrete Pavements (Proj, 20.5, Topic

118 Detecdtlg Defeclsllnd Deterioration in Iligllw_lyStrut- 17-08), JJ p,, $7.60
lures (Proj. 20.5, Topic 15-03), 75 p,, $8.80 L35 Pavemcnl Management Practices (Proj. 20-5,Topic 17-

119 PrefitbrJcated Bridge Elements and Systems (Proj. 20` 10), 139p., 512.40
5, Topic 15-10), 75 p,, 58.80 136 Protective Coalings for Bridge Sleel(Proj, 20-5, Topic

120 I_'rol'essional Besotlrce Manllgealent _lnd Poret:astirlg 15-09), 107 p,, 511.00
(Proj, 20.5, Topic 15.08), 14p., $6.80 137 Negotiiiting and Contracting for Professional Engl-

121 Energy Conservation in Transporlalion (Proj. 20.5, neerlng Services (Proj, 20°5, Topic 18.05), 75p,, 510,00
Topic 14-09), 25 p,, 57.20 138 Pavement Markings Materials and Application for Ex-

122 Life.Cycle Cost Analysi_ of Pa','ements (Proj. 20`5, tended Service Life (Proj. 20-5, Topic IB-06), 45
Topic 15-07), 136p., $10.813 p.,' $8,00

123 Bridge Designs to Reduce lind Facilitate Maintenance 139 Pedeslri_lnsand Tralllc-Control Measures (Proj, 20-5,
Repairs (Proj. 20-5. Topic 12-11), 65 p., $8.40 Topic 17.11), 75 p.. $9,00

124 Use of Weigh-In-i',]otion Systems ftlr Data Collection 140 Durability ofPrestressed Concretellighway Structures
and Enforcement (Proj, 20-5, Topic 16.02), (Proj, 20-5,Topic 15-02), 65 p., 59.00
34 p. $7.60 141 Bridge Deck Joints (Proj. 20-5, Topic 16-10),(In prep-

L2S Mainlenance Activities Accomplished by Contract urulion)
(Proj. 20.5, Topic 14-07), 42 p,, $8,00 142 Methods of Cost-Effectiveness Analysis for Highway

126 Equipment for Obtaining Pavement Condition attd Projects (Proj, 20-5, Topic 13-02), (In preparation)
Traffic Loading Data (Proj, 20-5, Topic 15.04), 143 UniFormily F.fforts in Oversize/Overweight Permits
117 p,, $11.2(] (Proj, 20-5, Topic 19.02), (In i_reparation)
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TABLE 7

NCHRP RESEARCH RESULTS DIGESTS"

DIGF_T PROJ,
NO. NO, TITLIL I'AOF,S, PIHCE

3 20*6 Rdoeat{on Ass[slan¢¢ Under C]lllp¢¢r F[v¢ of Ih¢ 1968 Federal.Aid Ilighway Act }8 p, $1,00
6 20-6 Slandlng to Sue for Purposes of Securing Judiekd Eeview of Exercise of Administrative Discretinnin Roatc

Location of Federal-Aid Illghways 9 p, $1,00
11 20-6 Valuation Changes Eesulthl 3 from Inguenee of Public Improvements 20 p. $LCO
14 12-3 Waterproof Expansion Jnhlts for Eridg_i 2 p. $1,o0
19 20-6 Advan¢= Acquisition Under the FcdcrabAid Highway Act of 1968 21 p, $1.CO
20 19-1 0udgetin 3 for 5t,t¢ Ilighway Departments 4 p. 5100
22 20-6 Valuation in Eminenl Domain its Affected hy 7.oldng 19 p. $LCO
23 20-6 Federld Environmental L¢gislalion and Reguhtlinns as Affecting Highways 33 p, 5L00
31 20-6 Pfop(Ised Legishttion IO Authorize Joint Devetoplnent of Ilighway Rigllts-of*Way 12 p, $I.CO
32 20*6 Cll_nges ill Exisling 3tale Law Required h)' tile UniforTn R¢locntlon Assistance lind ReM Property Ac.

qffis[tiorlPolicies Act of t970 13 p. $1.00
39 20*6 L¢gld Effect of gepre'.entations as m Subsurpae_ Condillolts 17 p. $1.o0
40 20-6 Appeal EodJes for llighway Rfficeation Assislanee 16 p. 31.iX3
41 20*6 Trim Strategy a,d Techniques to Exclude Nollcompensahk" Damag..'s and Improper ValualiOn Methods

in _lllillent DomaJllCases 24 p. Sl,O0
42 20.fi 3Ltpplementul Condemnation: A Discussion nf tile Princlptes of excess and Sul_tilgte Condetnnalion

20 p, 5 [.CO
4S 20-fi Exclusion of Increase or Dr'crease hi Vnht¢ Cau..¢d Ily Public Improvel,ellI for Which Loans Are

Condemned 24 p, 31.00
47 20.6 Trial Stralegy and T_chnglltes Using the Comparable Sah.'s Approach to VMuation 13 p, $ l.oo
4_ 10-9 3urf;Lc¢CondiliolLRalingSystemforBitumino.sPltvenl¢ltts 24p. $1,50
34 20.6 Trial Sm,¢3y and T_chulquzs Using tile Income Approach to Vatu,tion 31 p. $L_3
5S 20.7 Side-Friction Factors in the Design of H/ghway Curve_ (Task 4) 9 p. ShOO
6'/ 15-2 Field Evaluation of T¢ntal[ve Design Prccedure for Riprnp-Lined Channels 4 p, $1.00
88 20-6 Tke Meaning of Ilighway Purpose 15 p. SI.CO
"/6 22.3. 3A Fiel0 Evalualiml of Veldcl¢ Earrier System 3 p. gI.CO
"/"/ 20-7 Eardl-Ilerm Vehicle Deflector (Task 3) 3 p. $1.00
"]3 3.20 Traffic 3ignal Warrant_--A lllhliography 42 p. 3].CO
"/9 20.6 personal Liability of State (lighway Departmcllt Officers and Employees 22 p. $3,00
30 20-6 Lmhility of State IIIghway Departments for Design. CtlnslrUCdOJhand Maintenance Defects 49 p.

55,00
81 22-1A CrztshTestin3 and Evaluation o['Attennating R_idge Railing System 10 p. 51.o3
32 1.15 Design of Continuously Reinforced Concrete pavements ft_r Ilighwlos 12 p, SI.CO
03 20.6 Liability of Stale arid I.ocld Governments for 5uow and lee Control 16 p. $3.00
34 22.2 Ereakaway Cable Terminals for Gu_rdrnils and Median Barriers 18 p. $1.CO
gg 12-16 Bridge Deck Repairs 22 p, $1.CO
39 1-12(3) Guidelin_s for Skid-Eesislant liighwny Pavement Surf.aces 12 p. $L00
91 3-21 Mnlorisl Response to Guide Sigldng g p, $1.CO
g5 20*6 Legal Implications of Regulations Aimed at Reducing Wet-Weather Skidding Accidentsoa ]lighways

31 p, $3.CO
97 $-23 Guidelines for Uniformity in Traffic Control 3i3nal Design congguradmls 8 p. $1,00
9P 20-6 Liability nf the 3lille for Highway Traffic Noise 14 p. $3.00

1O0 20*5 3nf.e Conduct ofTrnffic Tllrough llighway Construclion and bhdnlcnance Zones 3 p. $1._0
102 22.2 Mt_ified Ereakaway Cable Terminah f.0r Guardrails aud Median IIarriers 13 p, 31.00
103 20*6 Paymenl of AItorlley FeL_IiB Eminent DomMn and Ensironmental Lidgalioll 24 p. $3.00
105 3.26 3elected Acoustical Parameters of Highway Noise Borders 8 p. $1.CO
106 20-g Use of Waste Malcrials in Ilighway Construction and i'daintellanee 2 p+ $I.CO
10g 20-6 Trial Strategy atRITechniques in llighway Contract Litigation 21 p. $3.00
109 20-6 COlllrol of Conflicts of hlteresl in llighwily COllSffuction Colltract AdndldstrBlkm 56 p, $2,CO
110 20*6 Liability of State and Lqx:alGovernments fnrNegligence Arislng out of the lnstallaticm and Mainienanee

of Warning 3igns. Traffic Lights. and Pavement MarkiBss 14 p, $3.(10
111 20-6 Trial Aids ill llighway Condemn_lion Cases II p. $3.00
112 20.6 Legal Implications of ConlrOl of Access Io Uncontrolled-Access Ilighways 22 p. 33.00
113 20-6 Right to Compensation in Endnent Donlain file Abrogation of Restrictil¢ Covenants 12 p, $3.00
114 20.11B Energy Analysis h(edmdology for Assessing I_nvironmcntal Impacts 7 p, SLCO
115 Vat'. NCllP.F Research nit tim Dnrability of' Reinfllreed Concrete Bridge Components 6 p. $1.00
116 20-6 Payments In Public Utilities for Relocation of Facilities in Higllway Rights-of-Way 35 p, $.1,00
119 20-6 Recovery of CondemnnliOn Blighl Under Inverse I.aw II p. 53,00
121 21-2(3) Development nn0 FieM Evaluation of I)rolotype 3oil Moislur¢ 3_.sors, $ p, gI,CO
322 3.26 Noise Barrier Acouslieal IMrall_e1¢rs--Experinlental Results 5 p. $1.CO
123 b 4-9 Evulnalion of Preformed Elaslomcric Puvemenl Joint Sealing Systems 7 p. $1.00
126 3-18(4) Performtmce EvalualiOn of 3ignaliz=d Network Conlrol Strate3ies 4 p, 51.00
127 8-19 The Vehicle-Miles oPTraveI--Ur0an llighwuy Supply Relalionship 7 p, $1.CO
129 20-6 I.el_al hnplicalions of llighway Dcpartmt-nt's Failure to Comply with D_i_n, Safety, ur Maintenance

G uid¢lines 17 p, $3.CO
133 1.16 EvahlllliOn of Wimer-Drlving Traction Aids 7 p. $],03
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TABLE 7 (GJtJtitJuc'd)

DIGt!sr ittloJ.
NO N(I. TITl.l_, t_AGgS, ttlltCl_

g:_l 20.6 llrtl_¢dtlriiI Aspects of hlverse Condcmtlatit)li--Tffi¢ Olt hlleresl A¢itltir_ bg Trn:l_pnrl_tlioll alld Offict
l_ublic Al_cneie'_ t3 p. $3.1_

fiffil 20.6 Li_Lbilityof Ihe State for hlJury-Prodttcilll_ D_ct_ in I bggl_ay Sar_tce 14 p, $3,00
136 2fl.6 St_ll¢ Itigh'_ny llro_lranl,bVersus ihe Spcntling Powers of Co_lgrchs tB p. $3.0(}
137 20.6 l"h,_ E_ets of Fe0,_l 0lid Stlll¢ Public Irl_rtlt4ttioIi Acts on Ilighw_Lyand Transportation Deparlitl,:nl

Acliviti_ 23 p. $3.0:)
138 20.6 L,:_;ll Asp_ls of Itislorie prcscrvnlion i:l lligbway IIrosr_mls 27 p. $3.0Q
141 20.6 Liability of St*tl_ t tighw_ty l_p_trtmcnls for Dc_ls it1Dcsigll, _nstrtlclio:_, and M_Linl_n_lllee_f llffitges

2O p, $3,OO
14_ 20.6 Fir_,l Alllelldt_lctll A',p_ClSof Control _f Ottl_toor Advertising 31 p. $5.00
146 20.6 Minority' _nd Di_advanl_t_cd ttusinc_ Enlerpri_ It.cltug,:nlenl_, i_ I_ablic Contr_tcliall 31 p. $_.1_1
147 2fl.6 Mi_l_r*tlRi,_gts ill Righls-_gWay: Acquisffiotl, Valt_ations, and Di_poshion 15 p, $5.l'_
149 20.6 E_actlnl_of Risht-of.W_Ly by Ex_rcisc of I_lice I_ow_r 13 p, $5,l)_
1_10 20.6 l_blllllil_gzttldPfccondcll_nali_n Activities u_ COllSliltllillg _tTllklng under inverse Law t4 p. $$._
151 20.6 Lial_ffit7 nf State for In,juryor Damal_c Occurring in _lolor Vchlcle Accident Catts_l by Trc_, Shrubbery,

or Ofrier Vcgetlltiv¢ Ob_t ru_tillllLolled il_t_ighl.ogWay ot Grog'big on Atljaccnt Privltt¢ Properly 20
p, $_,_

fi_2 20-6 Er_rceat_ilily of the l_.¢quir¢_nentof Notice ill Iligh_ay Cnnstruclinll C_nlr_tcts 17 p. $$,1_
IS3 21].6 Li_tbigly _f the Slate _r Ii_j_lricsCaused by Ob_trucgon or Defects in I liggw_y Shnuld_r or Berm 19

p. $5.1_
1,44 20.6 Trial Slratcgy and T_ehnique_ in En_rcinl; L_ws Rcl;ttblg In Truck Wciggl_ _tndSizc_ 3_ p, $5,l_
157 20._, Suppl,_menl to Liecl_sing and Qualification of ttidder_, in Sct_et_,.l Studi¢_ ill Ilighway l._w 19

p. $5.00
I_H 20.6 L_al l_ro¢cdural I_sues R¢latM io R¢lncalion A:isi_lallce 25 p, gS,I:_
160 20.6 Acquisili_n of Unecoltolni_ gemnant_ Under 23 U.S.C. 109(f) I:i p. $5,00
161 2.14 i_tffilic_nd Privale I_artllershipsfor Finsll_inll tligb_ly lmprovcmrtlls 34 p. $5.00
1_.1 20.6 g_pplenl_lt IO12_mpclffive tliddi_lg and Aw*lrd of _n',lrucliotl Conifers in Selected _tudies h_ Iligh_'_,

La_, 32 p. $6e_
181 20.6 ILisgts of Abutting I rol_rty Owner Uptln C_aversion of Ut_contrtlil_d-Acccs_ I,lo;al inlo Linlitcd.Acc_',

• Ilighw_y 14 p, $6co
16_ 20.6 L_al T_ebniques for R_crvlng Righl-of-W_ly for Fulurc I_r_jccts Inch_ding Corridor l_rotcetion

p. $g.('_
167 V_r. NClIRP R_carell ot_ Bridge Engine_rlng 8 p. $3.1_
I_11 20._ Contlntttng Pro,Jest to Synth_izc Information oil lliglLw_y Projects 7 p. $3,_

i _¢¢Tlbl¢4 _r pt_¢_l litl_*. All it¢llt_li_l_ 'lt_filtl_lpubti¢_lli_lt$_¢_¢cpl_her¢hOiSt NLitlll_rbilli_in_l_EIIIIih_ _ri_ tl_,W_¢n _ul_r_¢dedby 11taler p_lhtielltiol_.
S_ Iln;llpag_tlfIhi_ de.¢ulnellI for orderinJli_fOrnlatitlll,

i _Sab_qu¢lltpuhticallonantleil_tcd.

TABLE 8

•: NCI'IRP LEGAL I_ESEARCII DIGESTS"

DIGIL_F I'ROI,
NO, NO, TITLE. PAGI_S,PRIC[!

1 20.6 Contiltuing Project o_ Legal Problems Arlsi1_g Oul of Highway I'rogr_m_s 6 p, $3,00
2 20-6 Supplement Io Liabilily of Stale Illghwlly Dep0rlnlents for Design ConstrucllOn, tu_d Main-

tenance Dcfcc(s' 20 p, S6,flO
i 3 20-6 Supplenlcnt to Liability of Stale and Locttl Governments for Negligence Arising Ottt of the

r i b[t_slallation and Mllintenallee of '_*ltrtlillg Sig_s Traffic Lights arid I ;tvenlent _*{lll'kings 10 p,
$3,00

4 20-6 Suppleme_tt to Persotlal Liability of State Highw_y Dep_trlnlent Officers and Employees _ 9 i_.
$3.O0

s nNote:S_pplenlelllsrcfclrnc¢papet_publihrd t:tSekct_,dStudi_,s it_fifiigh_u_Lan_ Valunle_I. o, 3, 4,
• All _ltmlJilted are filialptltlJi¢llliotlbe_Cept',l]lereIlOlr_[,NUltlber_iIiJllillgffollt the _eri¢_Jl;Iv¢ hCell_pcr_¢dctlhy a later p_blielllitlll,

sub,equent ptlblicaliollilnlicip*lt_ill AdtlrfldumIOS*_IIL,

fi
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PROGRESS BY PROJECT

AREA 1: PAVEMENTS Project 1-2 FY '63

Project 1-1(1) FY'63 Comparison of Different Methods for Evalu-
ating Pavement Conditions

Development of Procedures for Comparing
the AASHO Road Test Findings with Per- Research,4gency: PurdueUniversity
formance of (1) Existing Pavements and Principal Invest.: Pro[',E. J. YoderProP,B. E, Quinn
(2) Newly Constructed Experimental Effective Date: February 15, 1963
Pavements Completion DatL;" February 28, 1965

Research ,Igenep: Highway Research Board Funds: $29357
Principal invest: Dr, Paul E. trick This project was authorized to evaluate the effectiveness
Effective Date: March 1, 1963 ofvariousobjectivemeasurement techniques forobtaining
Completion Date: February 29, 1964 data on road surface properties for use in tile predictionFunds: $42,800

:. of pavement serviceability ratings. Initially, a comparison
Guidelines were established for the study of existing was made between existing types of "road-roughness"

and new experimentalpavements in tile satellite research measuring equipment, Such devices as the BPR rough-
program, l:)efinitionswere provided for pavement units Greeter,the AASHO slope proffiometer, and the CHLOE
and behavior, trallle factors, and environmental factors, profilomcter were involved in the comparison study,
Recommendations weremade for experimental designs Research has been completed, and the project report
and requirements forcollecting adequate data. published as: NCHRP Report 7, "Comparison of Differ-

The final report hasbeen published in two volumes as: eat Methods of Measuring Pavement Condition."
NCHRP Report 2, "An Introduction to Guidelines for Because the initial reseach resulted in sufficientdata to

, _ } tt iSatellite Studies of Pavement I erformance ; NCHRI Re- permit calculation of elevation power spectra, the work
port 2A, "Guidelines for Satellite Studies of Pavement was extended to consider specifically the problems asso-
Performance." elated with using these spectra us criteria of pavement

Report 2 containsa brief presentation of the essentials condition. The report on the power spectra work was not
of the research, whereasReport 2A contains the details, published in the regular NCHRP series, but a copy of

the agency's final report is available on mieroliche (see
final page of this section for ordering information).

A paper on this work was also published in Highway
Research Record No, 189.

Project 1-1(2) Fy'64

Guidelines for Extending the Findings of the Project 1-3(1) FY '63 andFY '64AASHO Road Test_lmpiementation
Phase Factors Influencing Pavement Performance_

Research Agency: IIighway Research Board Regional
Principal bwest: Dr. Paul E, trick Research Agency: Purdue University
F4_rectiveDate: March 1, 1964 PrincipalInvest,: Prof, K, B. Woods
Completion Date; August 31, 1965 Prof, E. J. Yoder
Funds: $11,356 Prof, R. D, Miles

Dr. C. W, Lovefi, Jr,
In follow-up to the development of NCHRP Report

2A, the intent of thiscontinuation was to establish means Effective Date: February 15, 1963
Completion Date: September 30, 1967

for advising and assisting the various satellite programs Funds: $45,982
in the use of the guidelines,techniques,and standards for
data acquisition, procedures for data processing, and The objectives of this project were to identify factors
methods for updating the original guidelines in light of that influezlce pavement performance, to determine the
the findings of other research in Area One, relative effect of each factor, and to correlate pavement

Inasmuch as the Bureau of Public Roads undertook design and performance with factors common tea number
implementation of the guidelines, rather than doing this of regions of the United States.
through the Highway Research Board, tile project was A regional classificationsystem, using 97physiographic
dosed out. units and covering the 48 contiguous states, was adapted
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from the system originally developed by K. B. Woods published as: NCHRP Report 35, "Prediction of Flexible
and C. W. LovelI, Jr., and publisbed in the Ilighway Pavement Deflections from Laboratory Repeated-Load
Enghteeringtlandboo_; McGraw-Hill, New York (1960). Tests."
The highway factors analyzed by physiographic unit were:
(1) availability of aggregates, (2) soil origin anti texture, Ffojecl 1-4(1) FY '63

(3) hlgh-volume-ehnnge soils, (4) potentially poor Extension of Road Teat Performance Con-

subgrade support condilions, and (fi) frost-susceptible cepts
soils.

Tile Research has been completed, and the project re- Research Agency: Georgia Institute of Technology
port has been published as: NCHRI:' Report 132, "Re- Principal htl,est,: Dr. A. S, Vesic

Leonard Domasehuk
lationships Between Physiographic Units and Highway Effective Date: October 1, 1963

Design Factors." Completion Date: September 30, 1964

Project1-3(2) FY '63 Funds: $10,000

Factors InfluencingPavementPerformance-- This research involved a orifice[ review of existing hy-
Local potheses and the development of new hypolheses of flex-

ible pavement performance as related to fundamental
Researclt ,4gency: Norlhwestern University principles of engineering mechanics and material science,
Principal Invest,: Dr, ft., L, Kondner New hypotheses of flexible pavement performance as re-
Effective Date; September 1, 1963 lated to design were sought and tested with available data
Completion Date: Seplember flO, 1964 from the AASHO Road Test and elsewhere,

Funds: $19,850 Research has been completed, and the results have been

In contrast with other research concerned with orgn- published as: NCHRP Report 10, "Theoretical Analysis
nizing regions into like groupings of sufficient size to ofgtructural Behavior of Road Test Flexible Pavements,"
permit the applications of the principles of meteorology,

pedology, and geology to the identification of significant Project 1-4(1)A FY '64
factors influencing pavement performance, this study was Extension of Road Test Performance Con,
directed to the estabflshme_tt ofsignfficant trends between cepta
flexible pavement response and various factors such as
axle load, number of load applications, attd thickness of Research Agency: Duke University
pavement components, Performance data from the Principal hlvest.: Dr. A. S, Vesie

AASHO Road Test and other similar experiments were Effective Date: February I, 1965
Completion Date: September 30, 1966

examined, and observed bebavioral trends were expressed Futtds; $19,924
mathematically for consideration of the possibility of in-

corporating performance, expressed in terms of tile prns- This research was concerned with existing theories of
ent serviceability index (PSI) in flexible pavement design structural behavior of rigid pavements. Availahle data on
procedures, deflections, stresses, and observed structural failures of

This research has been completed, and the results have rigid pavements during the AASHO Road Test were col.

been published as: NCHFlF Report 22, "Factors lnflu- leered and critically reviewed. Rational correlations were
encing Flexible Pavement Performance." developed for existing theories of med|anical behavior of

rigid pavements,

Project 1-3(3) FY '64 The project report has been publisbed as: NCHRP

Factors Influencing Pavement Performance Report 97, "Analysis of Structural Behavior of AASHO
Road Test Rigid Pavements."

Research Agency; University of California
Principal Dzvest.: Dr. H, B, Seed Project 1-4(2) FY '64

ProP, C, L. Monismith

Effective Dater April l, 1964 Extension of Road Test Performance Con-
Completion Date: October 31, 1965 cepta
Funds: $19,800 Research Agency.. Purdue University

This research was initiated to develop procedures for Prhtcipal Invest,: Dr, M. E. Herr
predicting pavement deflections on the basis of the results Effective Date: February I, 1964

Completion Date: January 31, 1966
from controlled repeated-load tests on materials corn- Funds: $12,243
prising the paventent sections and within the framework
of existing layered system theory, This research study was authorized to examine existing

Research has been completed, and the results have been hypotheses and to develop new hypotheses oP pavement
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performance as related to fundamental principles of en- Seasonal Chmlges in Load-CarryingCapabfihles of Flex-
gineering mechanics and materials science and, alter- ible Pavements,"
nately, to test these hypotheses with datafrom anyother
available source.

This research has been completed, and the projectre- Project 1-6 FY '64
port has beenpublished as: NCHRP Report 30, "Exten-
sion of AASHO Road Test PerformanceConcerts," Standard Measurements for Satellite Pro-

gram--Measurement Team

Project 1-5 FY 'fi4 Research Agency: Texas A & M University
Deteotlng Variations in Load.Carrying Capac- ResearchFoundation

lty Of Flexible Pavements Prhtcipal hlvest.: F.H. Scrivner
Effective Date." March 31, 1964

Research Agency: Cornell Aeronautical Laboratory Completion Date: January 31, 1967
Principal Invest.: Dr, N. M, Isada Funds: $61,353
Effective Date: January 15, 1964
Completion Dale: July 15, 1965 This research related to establishing measurement
Funds: $49,011 teams eqtdpped, staffed, and trained to make common

denominator measurements on the projects ill any pro-
A need exists for an accurate method which will in- posed satellite research program and to insure continuity

dieate the relative Ioad-carrylng capacity of pavements oPthese measurements during the life of such a program.
when compared with capacities during fafior other sea- The measurement program considered minimal for a
sons so that restrictions in load limits can be more ob- nationwide coordinated satellite program was outlined in
jectively applied. It is desirable that such a method be die guidelines prepared under NCHRP Project 1-1, gut
rapid and simple in operation and nnndestruetive to the the guidelines did not specify actual items of test equip-
pavement, meat nor describe team personnel requirements or pro-

This research approached the objectives in terms of ordures in detail In addition, it did not attempt to define
investigating the displacement response of flexible pave- the testing program for the measurement teams in terms
meats to impulsive Ioadings as a measureof the seasonal of frequency of visits to individual projects or schedules
changes in the elastic properties. The findingshave been of measurements within projects.
published as: NCHRP Report 21, "Detecting Variations Research has been completed, and the project report
in Load-Carrying Capacity of Flexible Pavements." has been published as: NCHRP Report 59, "Standard

Measurements for Satellite Road Test Program."
Project 1-5(2) Fy '67

Detecting Seasonal Changes In Load-Carrying

Capabilities of Flexible Pavements Project 1-7 FY '65

Research Agency: Texas A & M University Development of Interim Skid-Resistance Re-
Research Foundation qulrements for Highway Pavement Sur-

Principal Invest,: F.H. Scrivner facesW. M. Moore
Effective Date: September I, 1966 Research Agency: The Pennsylvania State University
Completiott Dale: June 30, 1968 Principal Invest.: Prof, W, E. Meyer
Funds: $49,428 Effective Dale: June 15, 1965

Cotttpletlon Date: December 15, 1966
Frost, temperature, moisture, and other environmental Funds: $24,815

factors influence the seasonal changes in strength of flex-
ible pavements, particularly during the spring thaw pc- The specific objectives of this research were to (I) de-
riodsin thenorthernareasoftheeountry, Asimple, rapid, velop a state-of-knowledge report on skid measurement
and nondestructive procedure is needed for determining techniques and coefficients ['or highway pavements, (2)
the relativcload-earryingeapabifitiesofpavements during recommend interim design values and minimum ser-
all seasons of the year, The objectives of this study were vice values for skid resistance of wet pavements in terms
to evaluate methods of meeting this need and to develop of safety and economy for different methods of measure-
techniques and guidelines for field useof tilemost prom- ments, and (3) outline a long-range program to provide
ising procedure. As a result of the evaluation,the Lane- verification or refinement of the recommended values.
Wells Dynafiect equipment was selected for field evalu- Research has been completed, and the project report
arian and recommended for field operation, has been published as: NCHRP Report 37, "Tentative

Research has been completed, and the project report Skid-Resistance Requirements for Main Rural High-
has been published as_ NCHRP Report 76, "Detecting ways."
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Project %8 FY '65 Effective Dales: Sept. 12, 1966 Dec. |, 1968
Cotnpietion Dates: Mar. II, 1968 Dec. 3t, 1970

Factors involved in the Design of Asphalt Fund_" $9%803 $103,291
Pavement Surfaces

This research concentrated on improving the under-

Resear#h Agency: Materials Research & Development standing of fix significant basle properties of pavement
Prhwipol Invest.: F, N. Finn
Effective Date: January 1, 1965 systems and components and tl_eir relationships to design
Completio# Dale; February 28, 1966 and performance, with due regard to locality and earl-
Funds: $23.255 ronmem. Tile specific objectives of the research were (l)

devdopment of descriptions of significant basic properties
This research was authorized to identify the factors of materials used in road structures, (2) development of

fundamental to comprehensive design of asphalt surface procedures for measuring these properties in a manner
courses; to appraise the state of knowledge concerning applicable to pavement design and evaluation, lind (3)
both the recognition of"and accounting for tixse factors development of procedures for pavement design, mlfizing
in design; and to recommend areas in which _=ew test the measured values of the basic properdes, which would
methods and research are needed if currently used test ix applicable to all locations, environments, and traffic
methods are inadequate to provide the necessary input- Ioadlngs.
matlon concerning the fundamental factors. Research bus been completed, and project reports coy-

Research has been completed, and the project report ering the subdivisions have been published as: NCIIRP

has been published as: NCHRP Report 39, "Factors In- P.eport 13q, "Flexible Pavement Design and Manage-
volved in the Design of Asphahic Pavcmen¢ Surfaces." ment--Systems Formulation" and NCHRF Report 140,

"Rexible Pavement Design and Management --Materials
Characterization."

Prelect 1-S FY '67

Evaluation of Studded Tires

Research Agescy: Cumuli Aeronautical Laboratory
Principal IImst.: F.R. Haselton
Effective Date." October l, 1966 Project 1-10A FY '72

Completion Date: June 30, 1967 Systems Approach to Pavement Deslgn--lm-
Fundst $24,998 plementatlon Phase

This was essentially a state-ol:the-art study in which Rescorch Agetlcy: Texas A & M University
currcndy available data on the performance of studded Research Foundation

tires were evaluated and correlated. Correlations of pub- Principal Invest,: R.L. Lytton
llshed and unpublished information on both the effec- W, F, McFarland
tiveness ofstadded tires and the wear rcsuhing from their Effective Dam March 1, 19"/2
use were provided. Some recommendations were made Completion Date: December 31, 19"/3
for measuring pavement wear caused by studded tires and Fands: $ [00,000

for n controlled systematic means for investigating the The primary objective of this project was tile further
pavement wear on a nationwide basis, development of the SAMP5 program to field application

Research has been completed, and the project report stage and its pilot testing in one or more state highway
has been published as: NCHRP Report 61, "Evaluation departments,
of Studded Tires--Performance Data and Pavement The research has been completed and the objective

Wear Measurement." accomplished. The systems model (now designated as
SAMF6) has been modified to include full roadbed cross
sections, variable unit costs with quantity and time, sic-

Project 1-10 FY '67 and icy '69 cltasfi¢ variability of some values, environmental rough-

Trans)afingAASH0Road Test Findlngs_ heSS, and a modifed structural subsystem. Trial
Basic Properties of Pavement Compo. implementation of the SAMP6 program was undertaken
nents in the States of Florida, Kansas, and Louisiana, An eval-

Research Agency: Materials Research and Develop- nation of the pilot studies indicates that SAMP6 is an
operational computer program that can be a useful toolment

Principal Incest.: B. A, Vallerga in the pavement design and management process.
F, N. Finn The project report has been published as: NCHRF
Dr. W. R. Hudson Report 160, "Flexible Pavement Design and Manage-
Dr. Keshavan Nair ment--Sysmms Approach Implementation."



i!COR.RECTBON!
THEPREVIOUSDOCUMENT(S)

MAYHAVEBEENFILMED
INCORRECTLY,,,..

RESltOOT FOLLOWS!
B&BIxfformation&ImageManagement

300P_ceGeorge'sBoulevard
: UpperMarlboro,M_l,_d20772

(sol)u9.ollo_



58

Project 1-fl F¥ '65 Effective Dates: Sept. 12, 1966 Dee. 1, 1968
Completion Dates: Mar, II, 1968 Dee, 31, 1970

Factors Involved In the Design of Asphalt Fttnds: $99,803 $103,291
Pavement Surfaces

Tbis research concentrated on improving the under-
Research Agency: Materials Research & Development standing of the significant basic properties of pavement
.Dr!nc'.'palInrcst.: F.N. Finn
Effective Date: January I, 1965 systems and components and their relationships todesign
Completion Date; February 28, 1966 and performance, with due regard to locality and envi-
Funds: $23,255 ronment, The specific objectives of the research were (I)

development ofdeseriptlons of significant basic properties
This research was authorized to identify the factors of materials used in road structures, (2) development of

fundamental to comprehensive design of asphalt surface procedures for measuring these properties in a manner
courses; to appraise the state of knowledge concerning applicable to pavement design and evaluation, and (3)
both the recognition of and accounting for these factors development ofprocedures for pavement design, utilizing
in design; and to recommend areas in which new test the measured values of the basic properties, which would
methods and research are needed if currently used test be applicable to all locations, environments, and trellis
methods are inadequate to provide tbe necessary infer- loadings,
marion concerning the fundamental factors. Researcb has been completed, and project reports coy-

Research has beencompleted, and the project report erlng the subdivisions have been published as: NCHRP
has been published as:NCHRP Report 39, "Factors In- Report 139, "Flexible Pavement Design and Manage-
volved in the Design of Asphaltic Pavement Surfaces." meat--Systems Formulation" and NCHRP Report 140,

"Flexible Pavement Design and Management--Materials
CharacterizationY

Project 1-9 FY '67

Evaluation of Studded Tires

Research Agency: CornellAeronautical Laboratory
Principal Invest,; F.R. Haselton
Effective Date: October 1, 1966 Project 1-10A FY '72

CompletionDare: June 30, 1967 Systems Approach to Pavement Deslgn_lm-
Funds: $24,998 plementatlon Phase

This was essentiallya state-of-the-art study in which Research Ageno:' Texas A & M University
currently available data on the performance of studded Research Foundation
tires were evaluatedand correlated, Correlations of pub- Prhtcipal ha,est,: R. L, Lytton
lished and unpublished information on both the effec- W. F, McFarland
tiveness ofstudded tiresand the wear resulting from their Effective Date." March 1, 1972
use were provided. Some recommendations were made Completion Date; December 31, 1973
for measuring pavementwear causedby studded tires and .Pitt/do: $100,000

for a controlled systematic means for investigating the The primary objective of this project was the further
pavement wear on a nationwide basis, development of the SAMP5 program to field application

Research has beencompleted, and the project report stage and its pilot testing in one or more state highway
has been published as: NCHRP Report 61, "Evaluation departments.of Studded Tires--Performance Data and Pavement

The research bas been completed and the objective
Wear MeasurementY accomplished, The systems model (now designated as

SAMP6) has been modfiied to include full roadbed cross

Project 1-10 FY '67 and FY '69 sections, variable unit costs with quantity and time, sto-chastic variability of some values, environmental rough-
Tranalatlng AASHO Road Test Findings-- ness, and a modified structural subsystem, Trial

Basle Properties of Pavement Compo- implementation of tile SAMP6 program was undertaken
nants in the States of Florida, Kansas, and Louisiana. An eval-

Research Agency: Materi'als Research and Develop- uation of tile pilot studies indicates that SAMP6 is an
meat operational computer program that can be a useful tool

Principal Invest,: B, A. Vallerga in the pavement design and management process.
F. N. Finn The project report has been published as: NCHRP
Dr. W. R. Hudson Report 160, "Flexible Pavement Design and Manage-
Dr. Keshavan Nair meat--Systems Approach Implementation."
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Project 1-1fir FY '73 Research has been completed, and the project report

Development of Pavement Structural Subsys- has been published as: NCHRP Report 291, "Develop-
terns ment of Pavement Structural Subsystems."

Research Agency." Materials Redevelopment Project 1-11 FY '6g
Principal lnvest,: F. N, Finn

Dr. C. L. Saraf Evaluation of AASHO Interim Guides for De-
Dr. W, S,Smith sign of Pavement Structures

Effective Date; February 1, 1974 Research Agency; Materials Research and Develop-
Completion Date: July 31, 1986 ment
Funds: $447,941 Principal hlvest,: C.J. Van Til

B, F. McCullougb
The primary objective of this project was to devdop, Effective Dates: Oct, 23, 1967 Aug. I, 1970

modularize, anddemonstrateimplementabilityofflexible- CampletionDates: June30, 1970 Apr, 30, 1971
type pavement structural subsystems utilizing imple- Funds: 563,720 $20,205

mentable mechanistic techniques to analyze specific dis- The specific objectives of this research were (1) to col-
tress modes in pavement structures for various leer, review, and summarize current State highway de-
environmental, tralBc, and construction conditions and partment pavementdesign procedures, and (2) to develop
having the capability of being used to evaluate both new proposed revisions to the AASHO Interim Guides for tile
pavement structures and overlays. Tile analysis teeh- Design of Pavement Structures based on an evaluation of
niques were based on availableinformation from previous the results of the first objective.
and current research, They are applicable to eli flexible- Research has been completed, and the project reports
type pavements, including those with treated base and havebeen publishedas: NCHRP Report 128,"Evaluation
subbase courses and full-depth bituminous structures, of AASHO Interim Guides forDesign ofPavement Strue-
Specific distress modes that were considered are: tures," and "AASHO Interim Guide for Design of Pave-

(a) Cracking from repetitive trafficloading, meat Structures," published by the American Association
(b) Permanent deformation fromrepetitive traffic load- of State Highwayand Transportation Officials,444 North

ing, Capitol St., N.W,, Suite 225, Washington, D. C. 20001.
(c) Thermal cracking.

Project 1-12 FY '70

The initial phase of the researchhas been completed Determination of Pavement Friction Coeffl-
with the development of two computer programs, 0he cleats Required for Driving Tasks
referred to as PDMAP (Probabifistic Distress Models for
Asphalt Pavements) for fatigue cracking and permanent Research Agency; Tile Franklin Institute
deformation, and the second referredto as COLD (Corn- Principal Invest.: Eugene Farber
putation of Low-Temperature Damage) for low-temper- Effective Date: August 25, 1969Completion Date: June 8, 1973
ature cracking. Tire programs are capable of predicting l_ttnds: S309,244
the occurrence of pavement distress based on material
properties, trafiie loading, and environmental input data. The ultimate objectivesof research in this problem area,
They can be used in pavement management systems, di- dealing with the frictional couplingof the vehicle tire and
agnostic investigations, formulation of design criteria, and the pavement surface, were to (1) determine pavement
preparation of material and construction specifications, skid resistance requirements, (2) improve the reliability

The essential findings from the initial phase of tile of skid resistance measurements, and (3) improve the
project have been published in a paper, "Mechanistic ability to build and maintain highly skid resistant pave-
Structural Subsystems for Asphalt Concrete Pavement meuts, The specificobjective of this project was tile de-
Design and Management," in 7"ransportationReseardt velopment of procedures for determining pavement skid
Record 602 and in the Proceedingsof the Fourth htter- resistance requirementsfor various classes of highways,
ttatfo/ml Conference on Structure/Design of Pavements, taking into consideration such factors as driver and ve-

Phase II of the project had the objective of assisting hiele characteristics, traffic, weather, and highway ge-
the state highway agencies in Florida and Utah during ometry.
calibration and implementation of the PDMAP and Research has been completed and a procedure devel-
COLD programs, These efforts wereintended to use me- oped for determining skid resistance requirements for in-
terials characterization data previouslydeveloped by the tersectionsand otherroadway sites where braking occurs,
participating states, However, it wasdetermined that the The project report has been pubfished Its: NCHRP
existing data would be suitable foronly a demonstration Report 154, "Determining Pavement Skid Resistance Re-
on the programs rather than actual implementation, quirements at Intersections and Braking Sites."
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Project 1-12A FY '74 Effective Date: November 1, I97I
Completion Date: September 30, 1975

Wet-Weather Skidding Accident Reduction at Funds: $261,955
Intersections

The ol_jectives of this project were to (l_ identify and
Research Agency: Ohio Department of Transportation evaluate currently available pavement surfaces, construe-
Principal hlvest: R. D, Paddock
Effective Date; July I, 1975 tion procedures, and treatments for improving wear re-
Completion Date: July 1, 1978 sistance and skid resistance of roadways and (2) conduct
Funds: $199,955 an experimental program to evaluate promising innova-

tive procedures for providing highly wear- and skid.re-
This project was directed toward examination of moth- sistant pavement surfaces.

ods developed under NCHRP Project I-I 2 for deterndn- The research has been completed, The essential findings
3

ing vehicular longitudinal acceleration forces and to relate have been published as NCHRI Research Results Digest
these forces to the incidence of vehicle skidding through 89. The agency report has been distributed to the I rogram

loss of traction at tile tlre-pavement interface. The over- sponsors and other interested persons. It will not be pub-
all objective was to provide highway agencies with prac- lished in the regular NCHRP report series but is available
tical methods needed for determining where longitudinal on a loan basis upon written request to the NCHP.P.

acceleration demand exceeds available tire-pavement in- Microfiche of the report may be purchased (see final page
terrace friction. • of this section for ordering information).

Research has been completed, It was found that vehicle
deceleration profiles were strongly related to wet-weather

accident rates at intersection sites and approach speed Project 1-13 FY '72
data could be used in place of the more difficult to obtain
acceleration data for modeling wet-weatheraceident rates, Effects of Studded Tired on Highway Safety
The Ohio DOT is implementing on a trial basis the pro- Research tlgeney: Calspan Corporation
cedures for predicting accident rates developed during Principallnvest,: Kenneth Perchonok
this project, Effective Dare: April 19, 1971

Copiesoftheagencyreport weredistrihutedtoprogram Completion Date: August 20, 1974
sponsors and will not be published in the regular NCHRP Fmuls: $208,898

report series. Loan copies are available or microfiche of The specific objective of this project was to measure,
the report may be purchased (see final page of this section by study of accidents, accident records, accident laves-

for ordering information), tigations, or other appropriate means, tile effect of studded
tire use on the incidence and severity of accidents de-

Project 1o12(2) FY '71 cutting under winter driving conditions. Analysis in-

Loekoa.Wheol Pavement Skid Tester Corre- eluded consideration of exposure of vehicles with and

lation and Calibration Techniques without studded tires to accident occurrence,
Although all relationships that were developed did not

Research ,4geney: The Pennsylvania State University prove to be statistically significant (at the 95 percent level)
Principal htvest.: Prof. W. E. Meyer a slight safety advantage was indicated for studded tires,

R, R. Hegmon Tile project report has been published as: NCHRP
Effective Date: September 16, 1970
Completlotl Date; May 15, 1973 Report 183, "Studded Tires and Accident Safety--An
Funds: $319,000 Accident Analysis,"

The specific objective of this project was the develop-
ment and verification of methods for improving tile ability Project 1-13(2) FY '72

to measure pavement skid resistance with skid testers in Effects of Studded Tires on HighwaySafety_
general conformance with ASTM Method E-274, Non-Winter Driving Conditions

The project report has been published as: NCHRP
Report 151, "Locked-Wheel Pavement Skid Tester Car- Research Agency: University of Michigan

relation and Calibration Techniques," Principal 1re,est.: J.A. Green, J. S. Creswell,
D. F. Dunlap

Effective Date: February 15, 1972
Project1-12(3) FY '72 Completion Date: May 31, 1973

Requirements for Wear-Resistant and Skid- Funds.. $39,450

Resistent Highway Pavement Surfaces The objectives of this study were to synthesize current
Research Agency: Materials Research & Development knowledge about studded tires related to their non-winter
Principal h_vest.: C.J. Van Til driving safety effects and to use this synthesis to formulate
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a plan for determining the magnitude of these non-wlnter nestle studies in several; laboratorystudies ofthe behavior
safety effects where this information cannot be derived of model CRCP slabs under repetitive loading; and the-
with assurance from existing data. oretlcal analysis of CRCP bdlavior, The research pro-

Project work has been completed nod has offered some duced well-defined _uidelines for a new CRCP design
insight into the magnitude of the further investlgational procedure; recommendations for certain of the required
work required to quantify the many stud-related infiu- design criteria and for approaches to the establishment
enees on highwaysafety, ofiothers; and suggestions for improving the construction

The project report has been published as: NCHRP process,
Report 176, "Studded Tires and Highway Safety--Fen- Research has been completed, The essential findings of
sibility of Determining Indirect Benefits." the study have been published as NCHRP Research Re-

sults Digest 82, The agency report has been distributed
Project 1-14 FY '73 to the Program sponsors and other interested persons. It
Influonce of Combined Highway Grade and will not be published in tile regular NCHRP report series

Itorlzontal Alignment on Skidding but is available on a loan basis upon written request to
Research .,Igency: University of Michigan the NCHRP or microfiche of the report may be purchased
Principal blvest,: Paul Fancher (see final page of this section for ordering information),
Effective Date: October 15, 1972
Completion Date; January 14. 1974
Funds; $69,968 Project 1-16 FY '74

The objective of the research was to develop tentative Evaluation of Winter-Driving Traction Aids
guidelines for highway geometries and pavement surface
characteristics toensure adequate vehicle control during Research Ilgeney: The Pennsylvania State University
anticipated maneuverson highway sectionscontaining the Principal Jnvest,: Prof. W, E. MeyerDr, J. J. Henry
combination of horizontal alignment and upgrade and Effective Date: June 3. 1974
downgrade vertical alignment. Completion Date: October 31, 1981

Research has been completed with the finding that the Funds: $304,400
AASHTO design procedures--as described in A Policy
onGeometricDesignofRut_lHigh_vays, 1965andAPolicy To aid in the efficlentmovement of peopleand materials
on Design of UrbanHighwaysand ArterialStreet.¢. 1973-- during tile winter season, industry has developed various
provide a practical method for arriving at reasonable winter-drlvingtractlonaidssuchastirechains, snowtires.
geometricdesignsforsiteswithcombinedhorizontalcur- studded tires, the limited-slip differential, nonloeking
vature and verticalgrade, provided (I) the selected values brakes, the four-wheel drive, polyethylene chains, and
of superelevati0nare large enough to result in adequate improved rubber compounds. These aids do not appear

• pavement surface drainage and (2) the pavement skid to be equally effective on snow-and ice-covered roads. In
resistance Is sumeient for anticipated vehicle maneuver- addition, some of these aids are quite damaging to pave-
ing. However, misinterpretation of the AASHTO design meat surfaces. Standard procedures are needed for eval-
procedures has resulted in design and construction of uating the relative performance and pavement wear effects
long-radius curveswith inadequate superelevation forsur- of winter-driving traction aids. There is also a need for
face drainage that contributes to an extraordinary wet- a comprehensive investigation of currently available de-
weather accident rate at this type of site. vices for improving vehicle performance on ice. and snow-

The project report has been published as: NCHRP covered roads.
Report 184. "Influence of Combined Highway Grade and Research has beencompleted, with partial accomplish-
Horizontal Alignment on Skidding," meat of project objectives. A set of vehicle performance

test procedures has been selected for evaluating winter-
Project 1-15 FY '73 driving traction aids. All experimental program to eval-

Doalgn of Contlnuouely Reinforced Co/lerete uate the performance of available winter-driving tractionaid types on ice surfaces was conducted on an indoor ice
Pavement8 for Highways rink, Testing on snow surfaces was not completed due to

Research Agency: University of Texas at Austin lack of snow and difficultiescharacterizing snow surfaces.
Principal htvest,: Dr. B, F. MeCullough A cost-effectiveness model for evaluating wlnter-driving

Dr. W, R. Hudson traction aids has beendeveloped and illustrative examples
Effective Date." August I, 1972 prepared. Although an over-all ranking of winter.driving
Completion Date: August 31, 1975 traction aids could not be made due to the limited amount
Funds: $151,870 of data available, standardized test procedures are de-

Project work included general condition surveys of scribed for comparing tbe performance of traction aids
CRCP performance in a large group of states and diag- of a similar type.
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Tbe essential findings of tbe study have been published A Concrete Pavements Evalualion Syslem (COPES)

as NCHRP Research Digest 133. Copies of the revised was developed and appIied to several States (Illinois,
agency report have been distributed to the Program spoil- Georgia, California, Utah, Minnesola, and Louisiana),
sore and will not be publisbed in the regular NCHRP COPES provides the format and procedures for cofiectlng
report series, Loan eople__ are avaihfi4e Prom rim NCH RP ,litre from hislorleal records and field observations and
upon written request or microfiche ofthe report may be measurements' on PCC concrete pavement projects,

purchased (see final page of tbis section for ordering in- COPES interfimes with selected, standard computer pack.
formation), ages for data management and statistical analyses, Uses

of COPES for design, construction, materials evaluation,
Project 1-17 FY'77 maintenance and rehabilitation purposes were demon.

Gulrtellnee for Recycling Pavement Materials strated within states and among states,
A final report was pubIished as: NCHRP Report 277,

Research Agency: Texas A&M University "Portland Cement Concrete Pavement Evaluation System

Research Foundation (COPES)," This report contains an analysis ofdata among
Principal Inyest.: Dr. Jan A. Epps
Effective Date," November l, 1976 states for purposes of demonstrating the system and a
Completion Date: September 30, 1979 user's manual ['or implementing COPES.
Funds: $I99,470 An agency report titled, "Concrete Pavement Evalu.

arian Systems (COPES), Research Report," is also avail.
The over-all objective of this project was the deed. able for loan or purchase (see final page of this section

opment of realistic guidelines for the recycling of pave- for ordering information). This agency report contains

meat materials for the rehabilitation and reconstruction analysesofdata pereachoftheparticipatlngstates, Again,
of existing pavements, Tile objective has been aeeom- these analyses were meant to demonstrate potential uses
plished and the project report published as: NCHRP Re- of COPES; however, significant insight into the perform.

port 224,"Ouidellnes for RecyclingPavement Materials." anee of concrete pavements can be gained,

Prelect 1-10 FY '77 Project 1-20 FY '79

Calibration and Correlation of Response-Type Influence of Asphalt Temperature Susceptl-
, Road Roughness Measuring Systems bllity on Pavement Construction and Per.

Research Agency: University of Michigan formance

Principal Invest.: Dr, T, D, Oillespie Research Agency: Texas A&M University
Effective Date: October 1, 1977
Completion Date: September 30, 1980 Principal 1hi,est.: B.M. OafiawayJ. W. Button

Fit/IriS: $250,0_0 Dr. J. A, Epps
Tile objective of this project was the development and Effective Date: May I, 1979

verification of relatively rapid and inexpensive methods Completion Date: July 16, 1984

for the calibration and correlation of response-type road Funds: $200,000

roughness measuring systems. Research has been cam- Tile overall objectives of the research were:

plated. Road roughness measuring systems were investl- 1. To determine tbe range or extent of variability in

gated to determine their performance characteristics and temperature susceptibility of asphalt cements currently
the necessary conditions for calibration. Primary and see- being used in road construction,
ondary calibration methods were developed and evaluated 2. To evaluate tile effects of the identified variability,
during a lin'dted correlation program, in relation to other factors and over tile full range of

The project report has been published as: NCHRP service temperatures, on pavement construction opera-
Report 228, "Calibration of Response-Type Road Rough- tions and short-term performance of pavements.

ness Measuring Systems," 3. To identify tbe limits of variability in temperature

Project1-10 P,' '78 and FY 'g0 susceptibility that can be accommodated through appli-
cation of known asphalt technology by changes in as.

Development of a System for Nationwide phaltic concrete construction procedures and mix design
Evaluation of Portland Cement Concrete considerations.

Pavements 4. To determine procedures for accommodating or

Research Agency: University of Illinois controlling that variability in temperature susceptibility
PrincipaIDivest.: Dr, M, I. Darter of asphalt cements that cannot be accommodated by
Effective Date: January 23, 1978 known asphalt technology.
Completion Date; March 15, 1985 Research has been completed, and the project report
Funds: $225,0_0 has been puhlished in 2 volumes as: NCHRP Report 268,
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"InfluenceofAsphaltTemperatureSuseeptibilityin Pave- Effective Dare: September 8, 1981
ment Construction and Performance," and NCHRP Re- Camp/ellen Date: April 7, I983
port 269, "Paving with Asphalt Cements Produced in the Funds: 51OO,CO0

19807' The objectiveof tile research wasto deiermine Ol)thnunJ
use of highway shoulders considering such factors as

Project 1-21 FY '80 safety, economics, traffic operations, roadway functional

Repair of Joint-Related Distress In Portland classification,and traffic volume, Research has been cam-
Cement Concrete Pavements pleted, resultingin a set of shoulder geomelric design and

use guidelines that will encourage greater uniformity.
Research Agency." University of Illinois The project report has been published as: NCHRP
Prhlcipal Invests,: Dr. M. L Darter

Dr. E. J. Barenberg Reprt 254, "Shoulder Geometries and Use Guidelines,"

Mr, W, G. Yrjanson Project 1-23 FY '82Effective Date: May 15, 1980
Completion Date: June 28, 1988 Pavement Roughness and Rldeablllty
Funds: 5300,000

Research Agency: KETRON, lnc,
The objective of this research was to develop guidelines Principal Invest.: M, S. Janoff

and criteria for making cost-effeetlve decisions for car- Effective Date: January 4, 1982
retting failures related tojoints (or cracks acting asjoints) Campletion Date: November 30, 1984
of jointed PCC pavements. The types of fitilures to be Fuhrer: 5249,990
considered included faulting, D-cracking, restraint crack- The objectivesof this research were to (1) develop a
ing, corner cracking, and load transfer, The techniques scale that accurately reflects the public's perception of
of overlay and recycling were not considered as part of pavement roughness, (2) develop transforms that relate
this research, pavement profiles to the scale developed in objective I,

Procedures for project evaluation and selection of cost and (3) show how roughness statistics produced by oar.
effective repair and preventive techniques were developed, ious RTRRMS relate to the scale developed in objective
Detailed "'Design and Construction Guidelines" and I.
"Guide Specifications" were prepared for seven different Research has been completed with accomplishment of
techniques for repairing and preventing the deterioration the objectives. The project report has been published as:
of joints and cracks, These techniques include: (1) full- NCHRP Report 275, "Pavement Roughness and Ride-
depth repair of deteriorated joints, cracks, and shattered ability."
slabs; (2) partial depth patching of joint spalls; (3) sub-
sealing to fill voids and restore support; (4) restoration Project 1-23(2) FY '87
of load transferof joints and cracks; (5) diamond grinding;
(6) resealing of joints and cracks; and (7) improvedslab Pavement Roughness and Rldeabillty--Field
edge support. The procedures were tested and partially Evaluation
verified through a series of field demonstrations. A void Research Agency: JMJ Research
detection procedure was developed that utilizes sonde- Principal hwest.: M.S. Janoff
struetive deflection testing procedures to locate areas re- Effective Date: January 6, 1986
quiring subsealing. CotnpleliOtt Date: December 31, 1987

The final report has been published as: NCHRP Report Fundst 5199,983
281, "Joint Repair Methods for Portland Cement Con- The objective of this project was to conduct a field
crete Pavements--Design and Construction Guidelines." evaluation of tile method developed under Project 1-23
This report documents the research effort in general and of determining the serviceability of pavements in terms
contains the guidelines and guide specifications for tile of rideability or ride number (RN) from measured pro-
various repair and preventive techniques, Agency copies files.The fieldevaluation involved collection and analysis
of Appendix B, "Field Demonstration. Projects of Joint/ of subjective (panel ratings of rideability) and objective
Crack Repairs," and Appendix C, "Void Detection Pro- (measured profiles)data for selected pavements in differ-
¢edures," are also availablefor loan or purchase (seefinal eat regions of the country. The field evaluation verified
page of this section for ordering information), tile basic concepts of Project 1-23 and produced refined

models suitable for adoption by AASHTO as a universal
Project 1-22 FY '81 method fordetermining rideability.

Research has been completed with accomplishment of
SholJldsr Geometries and Use Guidelines the objectives, The project report has been published as:
Research Agency: Hugh Downs--RK & K NCHRP Report 808, "Pavement Roughness and Ride-
Principal Invest.: H, G, Downs, Jr. ability--Field Evaluation."
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Project 1-25 FY '87 was recognized in severulworkshop sessions at the North

Effects of Heavy Vehicle CharacterJet/cs on American PavementManagementConference in 1985
Pavement Response and Performance-- and subsequentpaperssubmittedfor the SecondNorthAnlerJcau Conferenceon ]_,lanag[n8 Pavementsscheduled
Phase I forNovember19fi7.Im:,e_hlgdiversityinheavy'_=hicle

Research Agency: TRB Special Projects Division characteristics requires a reassessment of input parame-
Principal lnvest,: Joseph R, Morris ters to pavement design and analysis, There are several
EffL,ctive Dare: June 12, 1986 research projects, bothcompleted and underway, that are
Completion Date: November 30, 1987 intended to evaluate fileeffects on pavement performance
Funds: $100,000 of tire types, tire pressures,heavy vehicle suspension kin-

The lack of detailed data on characteristics of heavy emetics, and axle configurations through tile use of pave-
vehicles relevant to pavement design has been recognized, meat response models and vehicle modeling techniques,
Increasing diversity in heavy vehicle characteristics re- A need exists for procedures and techniques for optimi-
quires a reassessment of input parameters to pavement zatlon of pavement and heavy vehicledesign to provide
design and analysis, There are several research projects, cffieient operation of rural and urban roadways,
both completed and underway, that are intended to eval- Tile objective oftlfis research isto analyze and evaluate
uate the effects on pavement performance of tire types, tile interaction between heavy vehiclecharacteristics and
tire pressures, heavy vehicle suspension kinematics, and pavement performance for application in pavement man-
axle configurations through the use of pavement response agement, Heavy vehicle (truck and bus) characteristics
models and vehicle modeling techniques. A need exists shall include tire types(bias ply, radiah low profileradial,
for procedures and techniques for optimization of pave- and "super-single"), tire pressures, tire contact (area and
meat and heavy vehicle design to provide efficient oper- load distribution), tire configuration (single, dual, and
ation of the highway transportation system, other), suspension systems (variable load, load sharing,

The objectives of Phase I of this research were to (a) and dynamic response), axle configuration (spacing, Io-
determine, collect, organize, assimilate, and evaluate all cation, and steering axle),axle static loads, and operating
available data and information relative to the effects of conditions (speeds and acceleration/deceleration). Pave-
heavy vehicle characteristics on pavement response to ment faetorstobeeonsideredshafiincludedesign(flexible
wheel loads; (b) identify and describe the necessary data and rigid), operating conditions (high speed and low
base for accomplishment of the overall project objective; speed), surface conditions(smooth, rough,jointed), traffic
and (c) make recommendations concerning the research mix, and geometries, l]ofilstatic and dynamic interactions
required for accomplishment of the overall objective, between various heavyvddele andpavement factors shall

Research has beencompleted and the preliminary draft be analyzed and evaluatedto determine their relationships
report approved by the project panel, It is being used and relative significance. Analylical and experimental
primarily to identify specific research objectives for Phase procedures slmllbe usedto investigate the effectsof these
II of the project, Consequently, the report will not be interactions on pavement performance and to provide
published in the regular NCHRP report series but is guidelines for use in pavement analysis and design up-
available on a loan basis upon written request to the plications,
NCHRP, Accomplishment of the project objectives isenvisioned

to involve tile followingtasks:

Task l--Model Selection. With recognition that exist-
ing state-of-the-art models may contain deficiencies or
simplistic representations with regard to tile required

Project 1-25(1) FY '87 and FY '88 study parameters, it ismltieipatefi, nonetheless, that only
a minor portion of the research activity would be required

Effects of Heavy Vehicle Characteristics on for modelenhancement,

Pavement Response and Performance-- The report on tile firstphase of NCHRP Project 1-2fi
Phase II will assist tile researcher in assessing the capabilities of

Researck Agency: University of Michigan various existing models, making appropriate model se-
Principal lnvest.: Dr, Thomas D, Oillespie lections, and refining tilestudy design to accomplish sub-
Effective Date." September I, 1988 sequent tasks, Any resulting elaboration or refinement of
Completion Date: August 31, 1991 the research plan shall be submitted to the project panel
Funds: $400,000 for review and comments.

The lack of detailed or conclusive data on character- The predictive results of the vehicle simulation must
istics of heavy vehicles relevant to pavement management be compatible with the operative requirements of the
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pavement modelsto the exlentthnt tile latter canhe used Project 1-26 FY '87

to evaluate pavement responsein a clualilative sellse for Calibrated Mechanistic Structural Analysisthe razlg¢ of.';cenarlosthlk[ emergeswhel] one or rnorc of Procedures for Pavements
the input lJ_lr_tnl_t_:l_ i_ va_i_d.

7"ask 2--Prepare PlaJ: of Field Experinlets,', The re- Research .._gel:_,: University of Ulhlois
se_lrcher ntust out]hte desfrable instrunleatatlon Lindthe Prhldpal h:wt,: Dr. Mtlrshall Thompson

Dr. l:'rnesI ]l_re_berg
collection of field measurements that would he necessary Ej_,cffw, Date: February 6, 1987
to accomplish Task 5, The actual collection of I]les_data Coo:pletiotl Date: June 30, 1989
may be possiblefrom concurrent researchsponsoredby _n:d,_,, $250,000
the Federal Highway Administration and enllt]cd "Ira-

developmentpact of Truck Characteristics on Pavemems-Truck Load During the of the revised AASHTO
Equivalency Factors" and the av_lilabi[hy of such data Guide for Designof Pavemenl Structures, theAASHTO
will ultimatefy delerndne the ext_nt of execution of Task Joh_t Task Force on I_avements decided that the new
5. This measurement desigll must be stlbmitted to tile guidewouldincorporatetheorlginalAASHTOP.oadTcst
project panel as an interim report, for revie_vand ap- algorilhms with modificationsand improvements deemed
proval, no I_ter th_n 90 daysafter the award of contract, appropriate _s _ rcsu][ o1"expcrien¢_ and rcsearcll sub-

Task 3--_foalys_ Tlds task is the principal focus of sequent to the Road Test. Furlherntore, the Task _orce
the research and si_ouldbe designed to provide at_order decided that the new guid_ sho_ddpresent a fr_lm_work
of significanc_to the vlkriables studied. Th_ allafytical for rnechanistie.empiric_dpavement design nlethods as a
clTorts shall include, as a minimum, those indicated by window into the fo_ure. The guide as published incor-

the partial _ctori_l matrix design plus all evaluation of porates theseconcepts.
other information necessary_oaccomplish Task 4, Tile overall objcclive of research in this problem area

Task 4mldetltil'_ Qualitati_,eRelationd:iF_ _%t.,een I'e- is the development, calibratlon, and verification ol"rnech-
. hicfo a_td Pa_et_:eutYariables. Develop trends in d_eper- anisli_ analysL_and design proceduresthat will reliably
i formanc¢ of pavementsasthey are a_eted by thevarious predlcl relationshipsbetween traffic loading, envlronmen-

lal and materlal conditions, and pl_vomentd_strcsssuchraad and vehiclefactors studied. It shall be a part of'thls
task to classifyth_ s_udi_dvariables into their probable as fatigue cracking, Ihermal cracking, ruttillg, andjoint-

fotllting, suitable for usein forure versionsof Ihe,'IASHTO

order of impactand to identify and document those areas
Gt_ide_, the Desigl_ Pa_etnet_tStr:_ctur_,

of cons_queIIcerequiring further model development or
refinement. The specific objectives of this project are to (I) select

Task 5--Mo:lel Tre_td Validation. Data from the from existing mech_nistic teclmofogy :hose procedure.s
FHWA ._ponsorcdstudy, "Impact of Truck Character. suitable for accomplishment of tile overall objective, (2)

forthcr develop and conduct pilot ealibralion and verlfi-
istieson PavementsmTruck Load Eq_iva[encyFactors," cation oflhc selectedtechnology to the stageof a practical
or other sourcesshall be used by the researcher to corn° proeedur_ for checking specificpavement designsfor vat-
pare the modcl'._pavement responsepredictions to inca- io_ls forms of distress,(3) prep_re a I_ng-term plan for
surements ol'responseto actual vehicledynamic foadings, calibration and verification of the analysis procedure,and
To the extent pmsib]e, the researcher should us_ these (4) prepare II research plan for future developmentof the
experimental resultsto validate th_ trends andsensitivities analysis procedureto an implemental_lemechanisticpave-
of the modelsased. ment d_sign meidlod, It is intended that the field calibra-

Task 6--Pr_are a _lal Report, The activities of the ti_n be accomplishedas part ol'the Long Term P_vcrnent
research shall be fully describedand the report shall in- Performance activity ol"SHRP,
clud_ reasonsfor the selectionof the models used, their Research is in progress.
initially perceived_ttributes and/or insumciellciesor con-
sequence and a post-researchjudgment as to their use- ProJQct 1-27 FY '89
folncss for predictlng the interactions betweenpawments
and dynamic ]oadiags, The researchersmay wish to rec- Video Imago Processing for Evaluating Pave-
ommend model refinements, but their principal focus mont Surface Dl$ti'ess
should be on Ihose developedresearch results that can Research ,.lget:_:
bc coz_fidentlyused by highway agenciesand truck and .Prh:eipal hl_'_._t,: In developmental stage

tire manufacturers to understand and assign relatively Effective Dote: (30 Months)
ordered COl_¢qL_enccsto any cIlange._that might he con- Cott_p]et_ottDalo:
temp]ated in _heanalysis and d_sign of paverneltts or _:_: $3_0,000

v_hicles. Measuring dislress of both bit_lminous and portland
Research JsiI_p_'ogress, ccn'it_lltconcrc{e pa_'elnen_si._a prir_ary mean_;of e_val-
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uatlngpavementperformance.Despitetheimportanceof AREA 2: ECONOMICS
distressmeasurements,current methodsare subjective
and time consuming, However, significant progress has
been made in electronic instrumentation and in computer Project 2-1 FY '63 and FY '64

technology.Forexample,independenteffortsto fully art- Criteria for Highway Benefit Analysis
tomatocrack detection,employing recentadvancesin
image processing and pattern recognition, are underway. Research Agency: University of Washington
Nevertheless, ongoing efforts, even if successful, will not Prhwipal Invest.: Prof, R. O. Hennes
resolveall the problems in fully automating distress men- Effective Dare; June 1, 1963
surements, Additional work that builds on these efforts Completion Date: November 30, 1967
is needed. Futtds: $101,948

An increasing number of transportation agencies have This project provided estimates of the relevance of diP-
embraced the concept of data- and image.acquisltlon sys- ferent types of benefit and cost data to decisions in high-
terns that record, among other things, the condition of way location. Basic guides for priorities, guidelines for
the pavement surface in a video format, Therefore, it is data collection,and basic information related to taxation
anticipated that an automated means of processing video were developed.
images to quantify surface distress will be widely accepted An interdisciplinary approach to the problem was un-
by transportation agencies. In general, the availability of dertaken by the Departments of Civil Engineering, Po-
e robust image processing and pavement-distress-recog- litlcal Science, Business Administration, Economies, and
nition system would represent a significant contribution Sociology of Ihe University of Washington.
in the field of pavement management at both network The final report was not published in the NCHRP
and project levels, report series; however, microfiche of the report may be

The objective of this project is to develop a system for purchased (see final page of this section for ordering in-
processing video images to identify, quantify, and classify formation),
pavement distress in terms of types, severity, and extent.
Accomplishment of the objective will require the follow-
ing tasks:

Task 1, Assess the potential capabilities of using video
images to identify and quantify pavement surface distress
for use in network condition assessments and for project Project 2-2 FY '63

level decisions.Preparea preliminary systemdesignfor Guidelines for the Determination of Commu-
processing these video images. Specify tile image reso- nlty Consequences
lution and other characteristics required for processing,
and describe the equipment and conditions that would be Research Agency: University of Washington
needed for obtaining such images, Principal lnvest,: Prof. Edgar M. Horwood

Task 2, Obtain a sample of video images suitable for 1;ffective Date; July 1, 1963
Completion Date: August 31, 1964

the determination of pavement distress by type, severity, Funds: $48,873
and extent through automated image processing, Video
images obtained shall represent distress types across a This project was concerned with identifying and pro-
full-lane width, dieting community consequences arising from highway

Task 3. Develop the video image processing system improvements, It was designed to seek out both favorable
described in Task 1 with consideration for user options and unfavorable consequences and involved evaluation of
on hardware and video parameters specific to an indivJd- existingeconomic impact studies, developingof guidelines
ual transportation agency, for highway agencies to follow in these studies, and the

Task 4. Validate system output by comparison with outlining of urgent aspects of this problem needing de-
visual interpretations of video images, tailed researched.

Task 5. Modify the system based on the Task 4 vail- The Urban Planning and Civil Engineering Depart-
clarions, meats eombined their talents and analyzed more than 600

Task 6. Arrange to demonstrate the video image proc- research reports and other writings, The final report pre-
essing system to the NCHRP. seated an analysis of bypasses, circumferentials, and radial

Task Z Deliver the video image processing system soft- freeway impact effects. The utility of these studies, aswell
ware, program source codes, and user's and program as expressed gaps in knowledge, was also discussed.
manuals to the NCHRP, This research has been completed, and the results have

Task 8, Prepare a final report on the Iotal research been publishedas: NCHR.P Report 18, "Community Con-
effort, sequences of Highway Improvement."
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Project 2-3 FY '63 and FY '64 Project 2-5 FY '63 andFY '64

Analysis of Motor Vehicle Accident Data as Running Cost of Motor Vehicles as Affected
Related to Highway Classes and Design by Highway Design and Traffic

Elements _esearch,4gencj:" The Cathnlc Un versltyof Amer ca
Research Agency; Cornell Aeronautical Laboratory Principal Invest,. Dr. Paul J, Clafi'ey
Principal blvest.: Dr, J, K. Kffilherg Effective Date: June 1, 1963 June I, 1965
Effective Date: June I, 1963 Completion Date: Aug. 31, 1964 Dec, 31, 1966
Completiotl Date; August 31, 1966 Funds: $49,998 $51,265

Eunds: $155,972 In this project, tbe motor vehicle running costs were

The objective of the study was to determine the rein- developed for use in evaluating user costs related to pro-
tionship of motor vehicle aceldents to highway design posed highway improvements and traffic regulations.
elements. The study consisted of twophases: Phase 1 was These costs were determined from actual vehicle fieldtests
u one-year study to determine accident and severity rates as well as from tfie available literature.

A research report presenting the results of the firstfor various highway types;Phase 2 wasa two.year study
to extend these rates Io various geometric elements of the year's work was reeelved and has been published as:
highway. NCHRP Report 13, "Running Cost of Motor Vehicles

The research has been completed, and the projectreport as Affected by Highway Design."
This report relates the fuel consumption cost of a typ-

has been published as: NCHRP Report 47, "Accident ical passenger vehicle to various roadway geometries and
Rates as Related to Design Elements of Rural ltighways," operating characteristics as measured by more than 4,000

test runs in the field. It describes the development of a
precise fuel meter used to collect the data, Brief studies
are reported on oilconsumption, maintenance, tire wear,
and depreciation costs as they are afi'ectedby highway
and traffic conditions,

Project 2.4 F'Y '63 and F'Y '64 During the second phase of research, fuel and time
consumption data were collected for a second passenger

• The Value of Highway Travol Time, Comfort, vehicle,a transit bus,a tractor semitrailer,a single-unit
Convenlonce, and Uniform Driving Speed truck, and a diesel truck. A special fuel meter for men-

Research Agency: Texas A&M University suring the fuel consumption of diesel trucks was devel-
Research Foundation oped.

Principal Invest.: Dr, W, G. Adkins The results of this project have been combined with
Effective Date: June 1, 1963 the results of Projects 2-5A and 2-7. The findings of the
Completion Date: August 31, 1966 combined research effort have beenpublished as: NCHRP
Funds: $77,100 Report I 11, "Running Costs of Motor Vehicles as Af-

fected by Road Design and Traffic."
Various methods that have been proposed to evaluate

time savings accruing to highway vehicles are reviewed
in this report, and twn seleated nlodels were used to
analyze Interstate Commerce Commission data on corn- Project 2-5A FY '65 and FY '67

martial highwaycarriage for the year 1962_ValuesoF Running Cost of Motor Vehicles as Affected
time saving in dollars per hour were derived for nine by Highway Design and Traffic
geographical regions as designated by the Interstate Com-
merce Commission for cargo vehiclesand for interchy Researcll Agency: Paul J, Claffey and Associates
buses. Detailed methodology of the cost-savlngs model is Principal Invest.: Dr. Paul L Clafi'ey
presented so that other researchers can make similar as- Effective Date.'• July 1, 1967 Aug, 11, 1969
timates under known local conditions, Also, an updating Completion Date: Dec. 31, 1968 Aug. 10, 1970

Fllnd$: $35,000 $30,665
technique has been developed, and the 1962 costs were
projected to 1965 utilizing equipment costs and driver The original 2-5 project was continued to obtain more
wags and benefit indexes to develop multipliers, The as- detailed data on running costs of motor vel_ielesin order
sumptiens of this technique and the limitations of apply- to eliminate certain gaps that exist in tbe information
ing the derived results are discussed, available on this subject. The results of the earlier work

The final report for this project busbeen pabfished as: on Projee 2-5 and project 2-7 have been combined with
NCHRP Report 33, "Values of Time Savings of Corn- the additional results of this phase el"the project into a
mereial Vehicles." single eomprd_enslve final report. The effects that vari-
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ations in gradient, road surface, speed-change frequency, Tile purpose of this research was to provide data on
andtrafficvolumeshaveonlherunningcostsofpassenger road.user costs as classified by arterial type, operating
cars, pickup trucks, two-axZa slx-tire trucks, and tractor- speed, tragic composition, and delay factors. Basic tables
trailer combinations are included in the final report, and applicable for planning and for selecting arterial street
information is provided on dte operating expenditures of and highw_y systems from tl_e various alternates in urban

awl and oil eonsumptior!, m_intenanee and depreeJat.;on, are=._ were dry,'Japed,
tire wear, and accidents, Condensed graphs of the findings The final report contains information on fuel and time
of the file[ consumption and tire wear studies are pro- consumption rates of a passenger vehicle, two trucks, and

seated. Each is designed to provide fuel and tire wear a bus operating on various types of urban facilities under
cost for various comhinad0ns of road design elements and various levels of service. Some study was devoted to de-
speed-change conditions for a given running speed, Also termining motor vehicle accident costs and oil and main-

included are families of carves of fuel consumption and tenanee costs which can be attributed to urban driving
tire wear for the eleven test vehicles used in the study conditions, Tire wear data were collected for freeway and

and data on the maintenance costs of passenger cars and urban artedal comparisons.
trucks relative to travel distance, together with average The results presented in the project report have been
oil consumption rates for operation on dust-free pave- combined with the results of Projects 2-5 and 2-5A and
ments in free-flowing tragic, on dustry roads, in free- published as: NCHRP Report 111, "Running Costs of

flowing traffic, and on high.type pavements under restric- Motor Vehicles as Affected by Road Design and Traffic,"
tire traffic conditions. Several appendices detail a com-
parative analysis of fuel consumption of diesel and Project 2-ff FY '64

gasolinetrucks, determinafionoftheexeessfuelconsumed Estimation and Evaluation of Diverted and
by passenger car passing maneuvers, an investigation of Generated (Induced) Traffic
devices for the measurement of tire wear, development
of equipment for the measurement of vehicle fuel con- Research Agency: Northwestern University
sumption, and an annotated bibliography on highway Pritleipal lnrest.: Prof. W. L. Garrison

Effective Date: May 1, 1964
motor vehicle operating costs. Completion Date: August 31, 1966

The final report for this project has been combined Funds: $40,000
with those from Projects 2-5 and 2-7 and published as=

NCHRP Report 11 I, "Running Costs of Motor Vehicles Tragic volumes on new or improved highway facilities
as Affected by Road Design and Traffic," are found to increase more rimn can be attributed to

normal growth of existing traffic. This extraordinary
traffic increase is composed of two components, diverted

ProJoct2-6 FY '63 and PY" '64 aud generated. In making analyses of highway improve-

Warranted Levels of Improvement for Local meat consequences, such diverted and generated traffic
Rural Roads must be taken into account, At the present time, sufficient

information is not available concerning characteristics of
Research Agency: Stanford University this type of traffic.
Prhtcipal btvest.: Prop C. H. Oglesby
Effective Date: June 1, 1963 The final report was not published in the NCNRP
Completion Date: September 30, 1966 report series; however, microfiche of the report may be
Funds: $40,0(]0 purchased (see final page of this section for ordering in-

formation).
This project was concerned with the setting ofeeonomie

standards for the construction and maintenance of local project2-9 FY '66
rural roads. The research has been completed, and the
results have been published as: NCHRP Report 63, "Era- Effect of Highway LandscapeDevelopmenton
nomics of Design Standards for Low-Volume Rural Nearby Property
Roads," Research Agency: Tile Franklin Institute

Principal lnvest.: Joel N. Bloom
Effective Date: November 8, 1965

Project 2.7 FY '64 and FY '65 Completion Date; January 31, 1968

Road User Costs In UrbanAreas Funds: $149,103

Research Agency: The Catholic University of America The intent of this research was to study how highway
Prhtcipal lnvest.: Dr. Paul .L Claffey landscape development affects nearby property on a na-
Effective Date; February 1, I964 tionwide basis, This study determines the comparative
Colnpfetlo/I Date; May 31, 1966 effecls of different basic types of landscape treatments in
2:unds: $99,376 regard to property values, land use compatibility, and



general acceptability. Factors relative to tbe problem in- Project 2-12 FY '73 and FY '77
elude geometric design as well as plantings, fencing, slope
blending, and screening applications, Highway User Economic Analysis

The report will assist highway engineers and landscape Research Agetwy: Stanford Researcb Institute
architects in developing d_ignc thzt wi!l reduce bigbway Principal Invest,: D, G. Andersen
noise levels to an acceptable range for adjacent residents. Effective Date; Apr. I, 1974 Oct, 11, 1976
The researab results bave been publisbed as: NCHRP Completion Date: Oct, 31, 1975 May 31, 1977
Report 75, "Effect of Highway Landscape Development Funds: $90,074 $9,995
on Nearby Property." Tile 1960 AASHO "Informational Report by Com-

mittee on Planning and Design Policies on Road User
Benefit Analyses for Highway Improvements" (updated
revision oftbe original 1952report) was written to provide

Project 2-10 FY '67 a simple, easy-to.use metllod for carrying out economic
Future Needs for Oversize-Overweight Permit analyses on highway alternatives by those baying only

Operation on State Highways basic knowledge of prlnciples of economics.The objective

Research Agency: Roy Jurgensen and Associates of this research was to employ, to the best possibleextent,
Principal Invest,: Ralph D. Johnson current empir/ea[ data onhighway user benefitsand costs
Effective Dat*;" November 1, 1966 (sucb as from NCHRP Report 122and other research)
Completion Date: April 30, 1968 to provide a revised and updated version of the 1960
Funds: $99,655 AASHO publication. The revised version includes an

analysis metbodology based on sound economic theory
The purpose of this study was to evaluate the extent and is suitable for immediate, direct application, The

of current and future activities of oversize-overweight metbodolog.vprovidesameansofevaluatingpublietranslt
vehicles in relation to the highway transport situation, operating on public highways. This evaluation allows
The research results have been published as: NCHRP comparisons between transit operation nnd additional
Report 80, "Oversize-Ovenveight Permit Operation on higbway improvements, Further, procedures are included
State Highways." that provide the user with a means for periodic updating

of the numerical factors and cost coefficients through
utilization of commonly available economic data. AI-

Project 2-11 FY '67 though it was recognized that environmentaland social
factors are significant items of input to the decislon-mak-

Summary and Evaluation of Economic Con- ing process, this research was limitedto road user benefits
sequences of Highway Improvements andcostsonly.

Re_e¢lrch elgettcy: Highway Research Board The final report, "A Manual on User BenefitAnalysis
Pritlcipal htvest,: Robley Winfrey of Highway and Bus Transit Improvements," has been
Effective Date: January I, 1967 published by AASHTO and can be obtained by writing
Completiatl Date: July 31, 1970 to: American Association of State Highway and Trans-
l:tttlds: $1 I0,000 portation Officials, 444 Nortb Capitol St,, N.W,, Suite

This project reviewed the reports submitted on ace- 225, Wasbington, D,C. 20001
heroics in NCHRP, as well as information from otber
sources, and prepared the results in a form that may be
used directly by engineers, economists, and otb_rs wbo Project 2-13 FY '83

wish to make highwayeconomicstudies. Multilane Design Alternatives for Improving
The research was conducted in four phases: (a) to pre- Suburban Highways

sent the background and principles of engineering econ-
omy and economic analysis; (b) to present the findings Research 3gency: Midwest Research Institute
of Projects 2-1 to 2-9, together with supplementary data Principal luvest.: Douglas W, Harwood
fromother sources, in an organized formfor use inbenefit- Effective Date: July 18, 1983
cost studies and other economic analyses; (c) to identify Completion Date: March 31, 1985FIIttd$: $100,000
gaps ia the information available and needed research to
fill these gaps; and (d) to make an introductory study of The objective of this research was to investigate and
probable future trends in the technology of economic compare the safety, operational, and cost cbaracterisdcs
analysis, of selected multilane design alternatives for use in sub.

The project report has been published as: NCHRP urban areas, Operational ebarneterisfies include capacity,
Report 122, "Summary and Evaluationof Economic Con- level of service, and accessibility, Alternatives to be in-
sequences of Highway Improvements." vestigated include:
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• Three-lane with two-way left-turn lane. ycleped for application at tire state and local levels to
• Four.lanedividedwith one-way left-turnlanes in the facilitate this form of highway financing.

median, Tile guidelines consist of a well-defined,step-by-step
• Four-lane undivided, process which can beused at the State or local level 1o
• Five-lane undivided,including acenter two-way left- implement legislation to ftLcilitatepublic and private 1i.

turn lane, nancing partnerships, Specific e,_amplesof legislation in-
clude recommended language for hoth statutes and

Each alternative was investigated under botha no-shoal- ordinancesFor three of the most promising mechanisms,
der conditionand a fifilshoulder condition,Ofpartlcular namely, special assessment districts, impact fees, and de-
concern were highways with traffic volumesover 7,000 velopmentagreements, A benefit-costanalysis technique
vehicles per day and speedsbetween 35 and 50mph (i.e., was also developed for analyzing benefits to the publicthese conditions usually indicate that a g-lane highway
can no longer handle the traffic demand), and privatesectors of a polential funding arrangement.

A set of critical factors was identified that should be All research has been completed, NCHRP Research
Results Digest 161, "Public and Private Partnerships for

considered in making meaningful comparisons of the vat- Financing High',vay Improvements," has been published
ious highway types. The following factors were eonsid- as a separale report covering only the legal issues.
ered: median presence; shoulder width; accessibility to The final report hasbeen published as NCHRP Report
roadside developments; dght-of-way requirements; ca- 307, "Public and Private F*artnerships for Financing
pacity; operational characteristics; and accident experi- Highway Improvements,"enos, Accident data were obtained from California and
Michigan and operational data were developed by the
University of Nebraska using a computer simulation
model.

The relative merits of each highway design alternative Project 2-15 FY '86
weredescribedin termsof operations,safety,and costs. Identifying Measuring, and Evaluating the
Primary advantages, disadvantages, and limitations of Benefits of Safety Roadside Rest Areas

each alternative weredelineated, An example was devel- Research Agency: KLD Associates, Inc.
oped to illustrate how all of the identified faclors would Principal hlvest.: Gerhart F. King
typically be consideredby state or local authorities in the Effective Date: January 13, 1986
selection of a particulardesign. This example demon- Completion Dare: September 30, 1989
strates the general approach, rather than a rigid meth- Funds: $236,560

odology, to the selection process. There is no known reliable and generally accepted
The final report hasbeen published as NCHRP Report method formeasuring nndevaluating the benefitsofsafety

282, roadside rest areas, Most states have nol yet completed
the originally planned rest area system and now atso face

Project 2.14 FY 'g6 the necessity of major reconstruction of many older rest

Public/Private Partnerships for Financing areas.
Highway Improvementg Rest areas are very popular with tile traveling public,

Recent sharp increases haveoccurred in both construction
Research Agency: Kimley.I-Iorn and Associates and operation costs of rest areas, and competition for
Principallnvest: Laurence J, Meisner funding with other highway construction and mainte-
Effective Date: January 1, 1986 nance programs has become difficult.Therefore, the need
Completion Date; March 31, 1988 is extremely great for a reliable and accepted method of
Funds: $125,000 comparing rest area benefits with costs, A study is nee-

The objective of this research was to provide guidance essary to identify (1) how state highway agencies benefit
to state and local highwayofficialsand priwtte developers from rest areas, (2) users and nonusers and how they
on existing and potential public/private parmership benefit, and (3) the value of these benefits and related
mechanisms, including present state and local statutes costs.
and ordinances related to private (e,g,, developer) pattie- A new profile of rest area users and their needs is
ipation in financing highway improvements. The project necessary to properly evaluate existing facilities, and to
has identified constraints on private participation in [i. plan and design new and reconstructed rest areas.
nancing highway and road improvements, identifies pc- The makeup of rest area users today has changed since
tential opportunities and appropriate processes to rest areas were first built. Driving habits are different,
implement public/private partnerships, and documents motorists' attitudes toward mobility have changed, and
examples of state and local legislation enabling and en- there is an increasingly more mobile public, e.g., senior
eouraging such partnerships. Guidelines have been de- citizens, handicapped, and young families. Furthermore,
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traffic speeds and conditions have changed, along with some means, such as a subjective ranking scheme, to
vehicle types and sizes, address these factors. For example, tile priority or era-

While rest area benefits are viewed in a variety of ways, phasis a particular state or area places on the desire to
safety is typlcafiy near the top of the list, Investigation promote tourism could be factored into the anaIysis.
of experience in managing and operating highway systems In relating benefits to costs, the method should include
with rest areas, including those with commercial facilities, a level.of-service concept. In effect, the benefits of a basic
and those systems without rest areas may provide useful rest area (only parking and restrooms) should be assessed

data on driver fatigue, behavior, and accident patterns, in relation to its cost, as well as incremental additions
The objective of this research is to develop a method (e,g,, picnic areas, information facilities, sanitary dumping

for measuring and evaluating the benefits of roadside rest filcflities),
areas to result in more cost-effective designs and opera- Task .*--Prepare an interim report that discusses tbe
lions, This research will address both the benefits and preliminary method developed in Task 4.
dlsbenefits associated with rest area facilities. Task 6--Design a process to conduct a rest area cost/

The research will include the following tasks: benefit analysis incorporating the method developed in
Task /--Review relevant domestic and foreign pub- Task 4, arid apply lids process to an actual case study.

Iications and research findings. Tile process should (1) reflect the public's perception
Task 2--Determine present practice and experience of what a rest area sbould be, (2) ]lave wide application,

among the states and other appropriate sources in cost (3) lead to more cost-effective programs and fimifity de-
and benefit analyses relative to the planning and man- signs, and (4) be clear, easily applied, reasonable, and
agement of roadside rest area programs, acceptable to highway agencies and the public.

Task 3--Develop a profile of rest area users and their Task 7--Prepare a final research report as well as a
needs. The user profile should reflect the current mix of bandbook to assist managers in applying rest area cost/
rest area users as well as forecasted trend changes over benefit analysis. Tile handbook will include rile case study
the anticipated 20.year service life of the facilities, to illustrate how the process is applied.

Task 4--On the basis of an evaluation of tile methods Tasks 1 tbrough 8 have been completed. The project
identified in Tasks I and 2 and the profile developed in panel has reviewed a draft "Rest Area Analysis Mmh.
Task 3, develop a preliminary cost/benefit analysis etiology" (RAAM). Tile RAAM is now being applied to
method for general application. This method will identify: a case study on Interstate 81 in Virginia under Task 6.

All work is expected to be complete by mid-1989.
• How state highway agencies benefit from rest areas.
• Flow users benefit and who they are.
• How nonusers benefit and who they are.

• The value of these benefits and related costs. Project 2.1 fi FY 'g7 and FY 'g9

The method s}tould be comprehensive and cover (1) Relationships Between Vehicle ConfJflura-
rest area user needs, (2) functional attributes of rest areas lions and Highway Design
(e.g., safety, comfort, information, security, maintain-
ability, aesthetics), (3) resultant economic benefits or dis- Research Agency: Transportation Research Board
benefits to the user, community, tourism, local business, Principal hsvesr: Robert E, Skinner, Jr.,
state economy, ate,, and (4) the capital and operating Joseph R. Morris
costs, The method should consider the type of users (e.g., Effeclive Dare: March 2, 1987
trucking, recreational), type of highway, location (rural/ Completion Dare: June 30, 1990

Funds: $900,000
urban}, vehicle mix, cooperation with adjoining states,
speed limit, and [t should be applicable to both new proj- Data from the AASHO Road Test and other field ex-
acts and rehabilitation of existing rest areas, Who pays parlance indicate that most pavement distress and damage
and who benefits should be specifically addressed, as well are associated with heavy axle loads from highway ye-
as innovative funding approaches including private fund- hicles. Specifically, tile Road Test data show that pave-
ing, joint use, eta. meat damage increases exponentially as axle loads get

Safety is considered to be a primary factor in the de- heavier. Analysis of the Road Test Data also indicates
cision to provide rest areas. This research will identify that increases in pavement thickness permit exponential
and quantity, to the extent possible, the safety elements increases in equivalent axIe loads for comparable pave-
provided by rest areas. Practical operating problems such meat perfom',ance. Mr. F. C. Turner, retired FHWA
as seasonal fluctuations in demand, personnel turnover, Administrator, has suggested that use of longer trucks
and the like, are also of interest, with more axles and lower axle loads could result in

Although quantification of benefits and disbencfits is reduced damage to pavements and more efficient use of

desired, many factors are too subjective to develop precise transportation funds. Considerable interest has developed
quantitative values. Therefore, tile method should provide in investigating Mr. Turner's suggestion.
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This is a very complex issue involvingtechnical, eco- Project2-17 FY '90

nomic,social,and other factors,No detailedsystematic Transportation and Economic Developmentevaluation has been made of tile influenceof vehicle con.
figurations (e.g., axle loads, axle spacing, tire pressures, Research elgenc2:
and spring components) and highway design(e.g., pave- Principal htvest.: In developmental stages
ment thickness, bridges and geometries) on the efficiency _5_..t,= D.... (24 months)

Completion Date;
of the highway transportaliou system. 17tt/tds: $250,000

Tire overall objective of this project is to develop rec-
ommendations for coordination of heavy vehicle canfig- The role of an eli'ectivetransportation system in build-
urations and pavement, bridge, and highwaygeometric ing and maintaining a vital economy has been recognized
design to produce the most praetlcal and ellieient trans- as a erltical issue and is currently the subject of renewed
portatlon of goods and services over the highway system, interest. It is generally recognized that there is _ need for
The initial phase of the research (1) collecled, reviewed, better understanding uPthe various relationships between
and evaluated available information pertaining to the transportation decisions (e,g., capital investments, regu-
problem; {2) conducted a pilot analytical study involving latory actions, and taxing and pricing policies) and eco-
the more significant factors and sample dala; and (3) nomie development. These relationships can beimportant
assessed the feasibility and practicality of further devel- in terms of both tilenet effectof the transportation system
opment of an optimum solution, The end product of the on the national economy and the impact on local and
initial research phase consisted of recommendations for regional economies, At the national level, a 1988
further research intended to produce (1) sfiort-term ira- AASHTO working draft, "The Bottom Line," states,
provements in interactions of heavy vehicles with tile "Transportation has always been a major driver of eco-
existing highway system having potential for early ira- nomic development and productivity. In the contempo-
plementations, and (2) long-term optimization of tbe rary economy (serviceoriented, internationally oriented)
heavy vehicle-highway design interaction intended to pro- it is less clear in what ways transportation can support
duce improved efficiencyof the highway transportation the national economy. New Irnvel patterns and new eco-
system, nomic demands are being mttde and tile transportation

The initial phase of this research has beencompleted system must be prepared to respond, In the service coon-
as NCHRP Project 20-7, Task 27, whichconcluded that amy transportation's role is different rather than de-
the "Turner" proposal does appear feasible and that it creased, There may well be fewer ton-miles per capita,
may yield important benefits to all road users, but that or per dollar of GNP, in the future economy, but there
further examination is necessary in the areas of"carrier will be ton-miles of very high value goods, with rigid
acceptance, allernative vehicle configurations, potential delivery schedules and rapid travel time requirements.
safety impacts, the costs ofadded bridge stress, and pave- Tile demands for high quality services with assured fo-
ment wear effects undervarying assumptionsconcerning liability will be great, The mobility of our citizens and
which roads the new trucks would be allowed to use. foreign visitors willbea crucial future economic resource.

The second phase of the project, now well underway, The eeonomlc power of tourism, and the importance of
will consist of llve objectives to: (I) estimate, based on rapid access to all points oFthe country by business tray-
actual experience under similar circumstances,how car- elers, are just beginning to be appreciated. Recognition
riers would use the new truck configurations;(2) cam- of tile new roles of transport, and particularly surface
prehensively evaluate effects on bridges that could result transport, are only slowly permeathlg into public policy•
from the new truck sizes; (3) analyze the safety of the Tile link between transport investment and succeeding
new trucks compared with the vehicles they would re- economic development and productivity has not yet been
place; (4) refine the pavement impact estimates of the generally recognized in policy formation. The objeclive
feasibility study; and (5) provide guidance to the states oPthls reseureh,at thenationallevel, willbe togaininsight
and the federal government on the costs and benefits of into the relationship between transportation and the na-
alternative truck size and weight regulations.The results tion's economic vitalityand competitiveness, At the State
of the study's second phase should be usefulguidance to and local level it is important fordecision makers to h_tve
public agencies on vehicle regulations that willallow more reliable estimates of the economic health and productivity
efllcient transportation, benefits of potential transporlation investments or man-

Research on alI major objectivesis proceedingon sehed- agement actions at tile local and regional levels. The
ule, The study committee met on September 7, 1988 to objective of tbls portion of the research is to produce a
review progress and providedirection to the researchers, synthesis of current practice and an evaluation ofmethods
Drafts of some chapters of the final report are already used by planners at the state level in carrying out re-
under development. A complete draft report is scheduled sponsibilities such as the following: priodtizing highway
for August 1989, improvement projects based on economic considerations,
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estimating tbe relationship between improved transpor- purchased (see final page of this section for ordering in-
tatlon and industrial location decisions distinguishing be- formation).

tween those transportation decisions that create new

economic devetopment and tbose that merely redistribute

economic'activity, prioritizing the development of major Project 3-2 FY '63 and FY '64
highway corridors by focusing on potential economic de-
velopment, estimating Ihe economic impacts of road SurveiLlance Methods and Ways and Means of
weight restrictions on rural communities, relating trans- Communicating with Drivers

porto/ion investments to tile job market (jobs created-- Research dge/wy: Cornell Aeronautical Laboratory
directly and indirectly), estimating tbe portion of total PrincipaIhtvest,: Morton L Weinberg
cost related to transportation in various economic sectors, Effective Date: February 15, 1963
and assessing the economic consequences of severe met- Completion Date: April 30, 1966
ropolitan congestion examining the effects of policies and Funds: $246,756

regulations, estimating intermodal relationships, devel- This project was concerned wiffi the development, prac-
oping pricing and revenue strategies, flee, and evaluation of various methods of surveillance

and means of communicating wlth drivers.

The report of the first phase of research described a
predictive model to provide warning of impending conges-
tion, study of a ramp advisory signal, and use of an
airborne observer for traffic control. It has been published

as: NCIIRP Report 9, "Traffic Surveillance and Means
AREA 3t OPERATIONS AND of Communicating with Drivers,"

CONTROL In the second phase of the project, the researchers

developed the mathematical logic to predict the effects
Prelect 8-1 FY '63 and FY "64 from unexpected blockages on a freeway and validated

Development of Criteria for Evaluating Traffic the model on the John C. Lodge Freeway in Detroit. Also
Operations included was an evaluation of an airborne surveillance

Research Agency: Corndl Aeronautical Laboratory and control system, Tbe results of this pbase have been
Principal Invest,: Jaime F. Torres published as= NCHRP Report 28, "Surveillance Methods
Effective Date: Feb. I$, 1963 July 2, 1964 and Ways and Means of Communicating with Drivers."
Completion Date: Feb, 29, 1964 Feb. 28, 1966 In the third phase ofthe project, a computer-controlled
Ftmds: $78,965 $79,913 signal system for a typical urban complex was synthesized,

including control logic and equipment requirements. The
This research project provided an investigation into the results of this phase have been published as: NCHRP

application of criteria based on travel time, driver corn- Report 29, "Digital-Computer-Controlled Traffic Signal
fort, safety, and vehicle running costs. The linear corn- System for a Small City."
bination of these factors w_ighted by an appropriate set
of cost coefficients quantified the operational performance,
A procedure was studied which would provide estimates
of the four components based on measurements of traffic Project 3.3 FY '63 and FY '64

volume and an inventory of roadway characteristics. Sensingand CommunicationBetween
Travel time, volume, and roadway inventory data were Vehicles
collected from several cities and analyzed, Estimating

relationships were derived for many chlsses of urban or- Research Agency: The Ohio State University
terials, whereby travel time can be obtained from the Principallnvest.: Dr. Thomas H, Rockwell
measurement of volume and a knowledge of tile street Dr, Joseph Treiterer
characteristics, A survey vehicle was equipped to monitor Effective Date." February 15, 1963

Completion Date: November 30, 1965
skin resistance, heart pulse, and respiration of two subjects Funds: $163,190
in traffic while steering, brake, throttle, and speed were
being recorded to study driver comfort. Accident data in Thls project involved establishment of the operating
the Buffalo area were analyzed and related to the safety requirements of a communication system designed to on-

factor, and vehicle running costs were estimated through able better communications between vehlcles ell express-

the use of speed distributions for a sample of streets, way-type facilities. Tile final report has been published
The final report was not published in the NCHRP as: NCHRP Report 51, "Sensing and Communication

report series; however, microfiche of tile report may be Between Vebicles."
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Project3-4 FY '63, FY '64, and FY '66 cantdegree ofimprovement in tragic operation ispossible

Means of Locating Disabled or Stopped Ve- through application of advanced control methods. This
Moles and Methods of Communication phasefinal report has beenpublished as=NCHRP Report
with a Central Location 73, "Improved Criteria for Designing and Tim!ng Tragic

_,gn.,_3_,_ms UrfianArtcr!M;."
Research ,4geney: Airborne Instruments Laboratory Tile objective of the third phase was to simulate and
Principal Invest.: Fred Pogust held test promising signal-control logic that will produce

Effective Date; March I, 1963 July 1, Ifi65 improved signal timings for a grid network of tragic sig-
Completion Date; March 31, 1965 Dec. 15, 1966 Eels. Tbe final report has been published as: NCHRP

Funds: $78,517 $49,474 Report 124. "Improved Criteria for Tragic Signal Systems

This study was directed toward evaluating the nature in Urban Networks."
and extent of the problem and describing the need for
communication as well as tile benefits of locating disabled Project 3-6 FV '63, FY '64, and FY '66

vehicles. An additional task was researching the ways Effect of RegulatoryDevices on Intersectlonal
that information about disabled or stopped vehicles may Capacity and Operation
be used.

An interim report has been published as: NCHRP Re- Research Agency: De Leuw, esther & Company
port 6, "Means of Locating and Communicating with Principal Invest.: Ronald Prefer
Disabled Vehicles." Effective Date: April 1, 1963

Following the comprehensive review of the nature, cx- Completion Date; August 15, 1966
tent, and characteristics of the stopped-vehicle problem Funds: $153.175

conducted during the first year of research, the researchers The purpose of this research was to identify tile effect
continued to investigate the feasibility of a detector sys- of specified traffic regulatory devlees on intersection ca-

tern. A roadside vehicle detector system was developed pacify and operations and on systems of traffic facilities.
using a silicon photo-voltair diode as the roadside re- The effects of stop and yield signs were investigated as
ceiving unit, and signalling was perfomled by a vehicle- they apply to capacity, tragic operations, safety, driver
mounted relaptype interrupting device which modulates acceptance, and the tragic operations of the area of
infrared-emitting diodes. A prototype system was built, influence.

tested, and demonstrated to the project panel. The initial phase of research has been published as:
The final report has been published as: NCHRP Report NCHRP Report I 1, "Effect of Control Devices on Tragic

40, "Means of Locating Disabled or Stopped Vehicles." Operation," The report examines efficient medlods of in-
tersection study and derives some preliminary relation-

Project 3-5 IcY '63, FY '64, FY '66, and FY '69 ships concerning the operations of intersections witb

Improved Criteria for Designing and Timing YIELD and two-way STOPcontrol and tbelr streetsystem
Traffic Signal Systems effects.

During the second phase of research, field data were
Research Agency: Planning Research Corp. collected at STOP- and YIELD-Sign locations in the areas

Principal lnvest.: F. A, Wagner, Jr, of Chicago, San Francisco, New York, and Toronto.
Effective Date: 3/1/63 7/1/66 8/1/68
Completion Date; 12/31/65 7/31/67 12/31/69 Analysesweremadetoselectcriteriaforintersecfioncon-
Funds: $123,030 $48,155 $93,717 trois and develop a method for applying them. Programs

and procedures were developed to integrate and analyze
The over-all objective of tile research was to determine the field data collected during the first phase. Detailed

the most egicient method of timing traffÉc signals for traffic-control-devices questionnaires were analyzed from
isolated intersections, arterial highways, and grid net- States, cities, and counties throughout the country.

works of city streets. The research was accomplished in The final report has been published as: NCHRP Report
three phases. 41. "Effect of Control Devices on Traffic Operations."

The results of the first phase or research, involving

methods ofsignal timing for the isolated intersection, have Project 3-7 FY '64, '65, '67, '71, and '73
been published as: NCHRP Report 3, "Improved Criteria
for Tragic Signals at Individual Intersections--Interim Establishment of Standards for Highway
Report," and NCHRP Report 32, "Improved Criteria for Noise Levels

Tragic Signals at Individual Intersections." Research Agency: Bolt Beranek and Newman
The second phase involved development and compre- Principal Invest.: Andrew Kugler

hensiv_p closely controlled, scientific testing of several Effective Dal_': 2/i/o4 10/14/fi8 4/I/71 9/1/72
advanced concepts for operating tragic-signal systems on Completion Dale: 4/3o/67 I / Is/r0 6/30/72 11/30/74
urban arterial streets. The results indicate that a signifi- Fulld$: $144,920 $69,930 $49,917 $307,4_6
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This project was concerned with tile evaluation of noise and NCHRP Report 174, "Highway Noise--A Design
levels of the various classes of highways and tile offer- Guide for Prediction and Control."

tiveness of controlling highway noise through highway A report on a study task on rime-varying highway noise

design features as well as the reduction of noise produc- cr[terla was not published, but microfiche of the report
iloil by r,leaiis of legislnliu_a a,d vehicle regulatlutl, Que_- may be parcizased (see filial page of this section for
tions relating to highway noise levels and their effect on ordering information),
adjacent land users frequently arise in urban highway
planning and design, Project 3-8 FY 'fi4 and FY '65

The Phase I research involved the selection ofthe most Factors Influencing Safety at Highway-Rail
appropriate means and units for measuring and evaluating Grade Crossings
highway noise, Its results have been published as:
NCHRP Report 78, "Highway Noise-Measurement, Sire- Research Agency: Alan hi. Voorhees & Associates
ulation, and Mixed Reactions." Principal lnvest,: David W. Schoppert

Dan W. Hoyt
The Phase II research objective was to prepare a b[gh- Effectb,e Date." Dec. I, 1963 Apr. 1, 1965

way design noise manual for the practicing highway on- Completion Date: Dec, 31, 1964 Jan, 6, 1967
gineer. In addition, a magnetic tape recording was Funds: $17,171 $74,250
produced to demonstrate basic elements of highway noise

and to present examples illustrating changes in traffic This study was directed toward the interpretation and
noise, Loan copies of the tape recording are available on analysis oPcurreatly available highway-roll grade-crossing

request to the TRB Audio-Visual Library (see final page data in the United States,
] of this section for ordering information), The results of The initial research reviewed previous work in this area

i the Phase II research have been published as: NCHRP and developed a mathematical model for predicting ac.
Report 117, "Highway Noise--A Design Guldc for High- cidents, and this was tested with accident data obtained
way Engineers." from Minnesota, Oregon, and Virginia, A warrant was

The ohjecfive of the Phase lll research was to conduct developed based on the cost of providing protective

a thorough measurement program on various noise re- devices and tbe cost of possible accident savings.
duction treatments under a variety of traffic and envl- Later work involved the development and testing of

ronmental conditions. This research developed a tie improved grade-erosslng protective devices, and several
i between field data and analytic approaches so that the experimental devices were studied by the agency, A ha-

performance of noise reduction treatments may be more man factors study was completed. Several important
accurately predicted, The results of the Phase III research sources of data were found tlmt lhcilitated the research

have been published as: NCHRP Report 144, "Highway associated with thedevelopment oftheaccident predictive
Noise--A Field Evaluation of Trame Noise Reduction model as well as refinement of the proposed eriterla for
Measures." grade-crossing protection. Data acquired from Stanford

The Phase IV research started with the following ob- University included 18 years of data at 617 crossings, and
jectivcs: to summarize the present state-of-the-art for con- data acquired from tile Ohio Department of Highways

trolling the noise.producing properties of the individual included all accidents occurring at 1,000 rural grade eross-
mechanical components of motor vehicles that lead to ings, From tile Interstate Commerce Commission, tile
the composite noise produced by motor vebieles on high- invesrigators obtained more than 15,000 grade-crossing

ways; to assess the technological and economic feasibitily accident reports spanning a five-year period.
of reduction of traffic noise that will enable lligbway of- The project report has been published as: NCHRP
fieials to seek federal and local legislation that might Report 50, "Factors Influencing Safety at ltighway Roll

redistribute the burden of noise control; and to improve Grade Crossings."
procedures for highway noise control that will allow the
designer to more realistically assess the highway noise ProJect 3-9 FY '66

problem. Analysla and Projection of Reaeareh on Traffic
The research has been completed, Final report mate- Surveillance, Communication, and Con-

dais include a computer program for use with the design trol
guide and a 17-rain color film entitled "Quiet Highway
Design," Tile film is available on a loan basis from the Research Agency: Roy Jorgensen and Associates

TRB Audio-Visual Library (see final page of this section Principal Invest.: Karl Moskowitz
for ordering information), and copies of the computer Effective Date: October 15, 1966
program can he supplied upon written request to the Completion Dale: January 14, 1968

NCHRP. The final report on the concluding phase of this 17ttttd$" $23,760
research has been published in two volumes: NCHRP Tile purpose of this study was to review the results of
Report 173,"Highway Noise--Generation and Control," NCHRP Projects 3-2, 3-3, and 3-4, together with the
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accomplishments of other recentlycompleted research in be expected to improve operational efficiency were ex-
this area in the United States and abroad, and to diner- plored. The cities of Sunnyva]eand Redwood, Calif.,were
mine the state of the art and set forthguidelines regarding selected as the cooperating demonstration test cifies. The
the proposed future research efforls Io be conducted in research emphasis was placed on a quantified evaluation
this area, of tile effect of trafficreguhninn and enntrnI teehnique_

The project report has been published as: NCHRP on the central business districts of these cities.
Report 84, "Analysis and Projeelian of Research on As this research study included the significant areas of
Traffic Surveillance, Communication, and Control." business performance and public opinion, greater insight

was gained into the political feasibility of a proposed

ProJoct3-10 FY '66 trafficchange. Tile study findingssubstantiated the theory
that no major traffic improvement plan can be imple-

Application of Vehlcla Operating Character- mented, regardless of the extent to which it may serve
Istlcs to Gsomatrlc Design aN el Traffic Op- the p.bfie interest, unless it meets with the support of
orations the general public, especially that of the business cam-

Research Agency: Cornell Aeronautical Laboratory munity.
Pritteipal Invest,: Morton I. Weinberg The final report has been published as: NCHRP Report

Dr. Kenneth J, Tharp 110, "Optimizing Street Operations Through Traffic Reg-
Effective Date: January 1, 1966 ulations and Control."
Completion Date: March 10, 1967
Fuad_;, $41,520 ProJnct 3-12 FY '67, FY '68, and FY '71

This research was directed at Identifying the motor Development of Information Requlromonts
vehicle characteristics that are related to highway geo- arid Transmission Techniques for High-
metric design and framecontrol operations. The objective way Users
was to determine the relationships between the vehicle
and its operating environment, Vriliele characteristics Research Agency: Airborne Instruments Laboratory
were reviewed; where appropriate, highway design criteria Principal Invest.; M. A. G. F, G, F.Warskow King King
were suggested, Effective Date: 10/1/66 3/29/71 4/I/68

Elements of geometric design and traffic operations Completion Date: 12/31/67 12/1/69 12/11/72
presented in the basic design and policy manuals ",','ere Futtds,. $198,655 $100,500 $99,821
analyzed to determine how vehicle characteristics are
being utilized. A rational approach was made to deter- The objective of the over-all research problem was the
mine, expand, or modify the existingcriteria, The results development of a well-defined information system for the
of tile review revealed those vehiclecharacteristics which highway user, The system represents all conditions "with
should be known and used in designing and operating which the driver is routinely, occasionally, and rarely
streets and highways, For vehicle characteristics which confronted.
ore presently unknown or where information is outdated, Analysis of the driving task disclosed that the opera-
methods of obtaining data and methods of using this tions performed by a driver can be characterized in terms
information tn geometric design and traffic operations of a hierarchy. It was found that a demanding priority
were recommended. (primacy) exists in satisfying information needs, and it

The final report has been publishedas:NCHRP Report was concluded that satisfying the primary of information
68, "Application of Veldele OperatingCharacteristics to needs is basic to the design of a highway information
Geometric Design and Traffic Conditions." system. A procedure was developed for the systematic

application of these pdnelples to aotual highway situa-
tions in accordance with basic information system re-

ProJoct 3-1t FY '67 quirements. In addition, current sign usewas investigated,

Optll'Nl_'ltlll Stroot Operatloris Through Traffic particularly the night legibility problem, to determine
Rogulatlorie and Control problem areas in sign application criteria, Mathematical

analyses were presented on the probability of sign block-
Research Agency: Peat, Manvick, Mitchell & Co. age by trucks and the effect of lateral displacement of
principal Invest.: James H, Kell signs, A sign design procedure to incorporate the findings
£ffecth,e Date; September I, 1966 with regard to sign use was outlined. The test site for the
Completion Date: September 30, 19d8 project was located in North Carolina,Funds: 5258,331

The first- and second-phase research has been cam-
This research was directed to applying the best traffic pleted, and the project report has been published as:

regulation and control techniques to an area of typical NCHRP Report I23, "Information Requirements and
urban streets and evaluating results. Innovations thatmay Transmission Techniques for Highway Users,"
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Althoughengineershavecertainestablishedconcepts of theseexperimentsweresubjectedto statisticalevalu-

and standardsregardinghighway guidesigning,addi- ationtodcserlbethosecontrollingconditionswhich in-
tional research, identified as Phase Ill of this project, was fluenee measurements in the downtown area and to
conducted Io determine whether or not these present stan- develop meaningful relationships which describe tile qual-
da_ds provide the information required to guide motorists ity of traffic flow, attaining a level of service definition
properly all their journeys. This research involved critical for downtown streets, Medlods were developed ['or ap-
Ilighway signing in and around urban areas and included plicatlon of the results at. this research to streets of other
inner-city signing, beltway signing, and junction signing areas.
for arterial routes and freeways, The final report has been published at: NCHRP Report

The final report was not published in the NCHRP 113, "Optimizing Flow on Existing Slreet Networks." As
report series; however, microfiche of the report may be part o[. die project, a film, "ReIief for Tired Streets," was
purchase (see final page of this section for ordering produced. Itdemonstratestfieresultsffiatcanbeobtained
information), by upplying sound traffic engineering practices to our

nation's urban traffic problems, Loan copies of the film

Project 3-13 FY '68 may be obtained dlrough the TRB Audio-Visual Library.

Guldellnoa for Modlal and Marginal Access
Control of Major Roadways

Research Agency: Texas A & M University Project 3-15 FY '70
Research Foundation Weaving Area Operations Study

Pritleiyal Invest.: Dr. Vergil G. Stayer
Effective Date: September 1, 1967 Research Agellcy: Polytechnic Institute of New York
Completion Date: November 30, 1969 Prhwipal ha'est.: Dr, Louis J. Pignataro
Funds: $149,293 Effective Date: Oelober 1, 1969

Completion Date; December 31, 1973
A need existed for guides in selecting tim degree of Fllnds: $300,000

access control for a specific project and [.or selecting the The objective of this research was to analyze and eval-
type, location, and width of median and median openings uate the procedures recommended in Chapters 7 and g
andthedesignandfrequencyo[.entrancestobeassoclated of the 1965 llighway Capacity Manual. Based on the

with the degree of access control, findings the agency is to develop improved techniques for
7_ Fltetors considered in this research were: ace[dent ['re- the analysis and design at' weaving sections.
_ queney and severity; cost or physical construction and A new algorithm Ilas been developed and evahlated,
i_ right-of-way to accomplish access control; legal consid- using both field data and an available data base from

_! erations; trafiie patterns; service to tile highway user; mo- FHWA sources. The design and analys[s procedures have
tar vehicle operating costs; travel time and costs; brad been developed in such a way that graphical, analytical,
use; convenience of'access to abutting property; property and computer solutions can be employed. These teeh-

values; and provision for future needs for access control niques have been reviewed and tested by selected State
and for changing traffic characteristics, user requirements, highway agencies.

or land use. The research has been completed, and the final report
Tile project report has been published as: NCHRP has been published as: NCHRP Report 159, "Weaving

Report 93, "Guidelines [.or Medial and Marginal Access Areas--Design and Analysis."
Control on Major Roadways."

ProJa©t3-14 FY 'fig

Optiml"lng Flow on Existing Street Networks Project 3-1fi FY '70

Research Agency: Edwards & Kelcey Freeway Lane Drops
Principal ln_.est.: Walter E. Pontier Research Agency: System Development Corp.
Effe,ctive Date: October I, 1967 Principal Invest.: Antranig V. Gafarian
Completion Dare: January 10, 1970 Diane N. Goodwin
Funds: $990,000 Effective Date: Nov. 1, 1969 May 1, 1972

Completion Date: Apr. 30, I971 Oct. 31, 1973
This project investigated the benefits to traffic flow in Fit/tds: $99,789 $76,g15

downtown areas which can be achieved by application of

traffic engineering measures, Experimentation to quantify Many variables affect the operating conditions and

the elfeet of road improvements was carried on in two safety of the various lane drop configurations, Sound crl-
study areas--the downtown portions of Louisville, Ky,, teria for the selection of the proper lane drop design for
and Newark, NJ. Data developed for control and analysis the objectives of Phase I were:
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l, From field data, determine tile effectiveness of ex- Project 3-18(1) FY '70

]sting mainIine lane drops from the slandpolnt of safety Improved Control Logic for Use with Corn-
and traffic operations.

2, Determine tile eft'eelsof the significant parameters puter-Controlled Traffic
associated with various levels of safety and traffic service, Research _lgency: Stanford Research Institute

3. Recommend configurations for lane drops based on Prhtcipal bwest.: Dr, Dale W, Ross
the findings of objectives 1 and 2. In this context "con- Dr, Thomas L, Humphrey
figurations" includes distance from the nearest upstream Effective Date: July 15, 1971 April 15, 1975
and downstream ramps, Completion Date: May 15, 1974 June 30, 1977

Funds: $323,998 $57,662

In the first phase, three lane-drop sites with different
The objective of this research was to study traffic flowgeometric configurations were studied intensively to de-

and control interaction and to develop an advance control

lorraine traffic operations and safety effects, The report concept, strategy, and computer program, The research
on this initial phase was not published; be;rover, mi-
crofiche of the report may he purchased (see final page has included development of an operational control pro-
of this section for ordering information), gram that bas tbe capability of calculating optimal off.set

The Phase II research continued with the same three patterns for a network of signalized intersections and

objectives and the added objective of recommending re- determining independent and variable signal split adjust-
ments. The program, designed for application under all

medial treatments in a set of guidelines based on analysis levels of network traffic volumes, including oversaturated
of descriptive data and traffic performance from many conditions, has been tested and evaluated with actual

existing lane-drop sites, traffic in the San Jose traffic control system,
The research has been completed, and the final report A final report describing tile research and the resulting

has been published as: NCHRP Report 175, "Freeway ASCOT program package will not be published in the
Lane Drops," NCHRP report series, but copies are available on either

a loan or purchase basis. A 20-rain color film describing

tbe program and its functions is also available on a loan
basis for the cost of mailing and handlhlg. Tile film,
"improved Control Logic for Use with Computer-Con-

Prolact 3-17 FY '71 trolled Traffic," is awlfiable on a loan basis from: TRB

Improving Traffic Operations and Safety at Audio.Visual Library; tile report may be purchased for
Exit Gore Areas Slo.0o (see final page of this section for ordering infor-

mation).
Research Agency: Tbe Pennsylvania State University
Prhtcipal lnvest.: James I, Taylor
Effective Date: January I, 1971
Completion Date: November 30, 1972
Funds: $79,983 Prelect 3-18(2) FY '71

This research project addressed the problem oferratic Traffic Control in Ovorsaturated Street Net.
maneuvers, such as backing up and stopping in the gore works

area, that occur with alarming frequency at freeway exit Research Agency: Polytechnic Institute of New York
areas, Specifically, it was directed toward answering three Principal hwest.: Dr, Louis J, Pignataro
basic questions: What factors cause motorists to make Effbctive Date: September 1, 1971
erratic maneuvers at exit gore areas,'? What remedial de- Completion Dare: June 30, 1975
vices can be employed to reduce their occurrence at ex- Fltnds: $2{)0,000

isting sites? And, what chanfies in design and traffic The specific objectives of the first phase of the projectcontrol criteria can be recommended that will minimize were tO:
the problem at future sites? The results of this study

provide answers to these questions, and die findings can 1. Define the measures of network oversaturadon and
be used by traffic and design engineers to enhance the determine the existing scope and magnitude of the
safety and traffic operations at freeway exit facilities, oversaturated street.network problem.

The final report has been published as: NCHRP Report 2. Define the root causes of the problem.
145, "Improving Traffic Operational and Safety at Exit 3. Evaluate the relative effectiveness of existing oper-
Gore Areas." A 10-rain color film, "Safety at Freeway ationsandeontroltechniques usedtocombattheproblem.

Exits," highlighiing the research findings is also available 4. Prepare detailed operatinnal guidelines for appfi-
on a loan basis from the TRB Audio-Visual Library (see cation ofexisting traffic operations and control techniques
final page of this section for ordering information), of illustrated effectiveness.
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5. Describe alternative concepts of advanced traffic- Project 3-18(4) F¥ '76

control techniques for improving the efi]ciency of trafilc Methodology for Performance Evaluation of
operation in oversaturated networks. Signalized Network Control Strategies

6. Formulate a detailed plan and program for system-
atic developmcnh testing, and application of improved Research Jgency: Computran Systems Corporation
trafil¢ comrol in oversaturated networks. Principal Invest.: Dr. H. Nathan Yagodtl

Effective Date: July 21, 1977
A final report on this phase will not be published; Completion Date: November 20, 1980

unediled draft copies are available on loan upon request Funds: $14fi,705
to the NCHRP Program Director, Tile essential findings
of this report have been published as NCI-IRP Research The objective of ftds research was to develop and dora-
Results Digest 5L onstrate a practical methodology for the comparative

performance evaluation of alternative tralfie control strat-
A continuation phase with Ihe following objeclives was ogles for signalized street networks. The research ad-initiated: to carry out further studies in minimal-response

signal policies, nonsignal effects and remedies, and highly dressed networks of ten or more signalized intersections,

responsive policies and to produce a set of recommen- The research has been completed, and copies of the
dations and gu[defines for applying solutions to the prob- agency report are available on a loan basis or nficrofiche
lems ofoversaturation, Tile research has been completed, of tile report may be purchased (see final page of this
and the final report covering the entire project has been section for ordering information),

published as; NCHRP Report 194, '*Traffic Control in

Oversaturamd Street Networks." Project3-19 FY '72

Grade Effects on Traffic Flow Stabilityand
Capacity

Project 3-18(3) FY '75 Research Agency: Midwest Research Institute
Prhtcipal btvest.t Andrew D. St. John

Cost.Effectiveness Methodology for Evalua. Effective Date: September 1, 1971
ties of Signalized Street Network Sur- Completion Dam: August 31, 1974
velllance and Control Systems Funds: S220,443

Research Agency," JHK & Associates The objectives of this research were to:
Principal lltvest,: Thomas L. Stout
Effective Date: May I, 1975 I. Determine and verify methods for calculating the
Completion Date: April 15, 1977 acceleration andspeed-maintenancecnpabilitiesongrades
Fundst $123,267 of a wide range of motor-vehicle types, including trucks

and combinations, buses, campers, housetrafiers, low-per-
The objectives of this research were to develop and to formance passenger cars, and other atypical vehicles nor-

demonstrate a practical total-system cost.effectiveness molly found on Interstate and primary highway systems.
methodology for the comparative evaluation of alternative 2, Determine the flitters that create instabilities in the

traffic surveillance and control systems for signalized trafiiestrenmongrades, Particularattentionlstobegiven
street networks. The methodology developed should take to the role of low-performance and unusual-size vehicles
into consideration aft pertinent factors bearing on the in the creation of these instabilities,

choice of tile best control technique, including such foe- 3. Determine, through use of appropriate digital-cam.

tars as types of hardware components used; extenl of real- purer traffic-slmulalion models and by correlated field
time human operator interface required or desired; degree measurements, the passenger-ear equivalencies for tile
of automated trafiie sensing employed for either on-line vehicle types enumerated in objective 1.
control or off-line system support purposes; physical and 4. Determine the effects on safety and traffic flow with
trafi]e flow characteristics of the street network being both restricted and unrestricted operations of 12- and 14-

controlled; and technical skills and other resources of the ft.wide loads on highways in varying terrain. The goal of
operating agency, this objective is to provide guidance for tile regulation of

The project's revised final report and a separate manual these unusual load widths.

have been submitted, The research report, "Signal System 5. Estimate, by use of correlations between traffic flow
Evaluation Methodology," will not be published in the characteristics and accident frequencies, the accident im-

NCHRP report series but is available on _t loan basis, plioations for the situations studied in objectives 2 and 4,
The manual, "'An Approach for Selecting Traffic Control

Systems" may be obtained on a loan basis or purchased The research Ires been completed, and the final report
for $11,CO (see final page of this section for ordering has been published as: NCHRP Report 185, "Grade Ef-
information), feels on Traffic Flow Stability and Capacity."
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Project 3-20 FY '73 Project 3-21 FY '74

Traffic Signal Warrants Motorist Response to Highway Guide Signing

Research Agency: KLD Associates Research Agency: BioTeclmology, Inc.
Principal Invest,: Edward B, Lieberman Principal hlvest,: Fred R. Hanscom
Effective Date: Sept, 1, 1972 Nov. I, 1074 Wallace C. l]erger
Completion Bate: Apr, 15, 1974 Dee. 31, 1976 Effective Date: April 1, 1974
Funds: $120,000 $81,935 Completiott Date: January 31, 1976

Funds: $272,071
The objective of this research was to evaluate the ad-

equacy of existing warrants, or the need for revised or The first researcb phase under this project was directed
additional warrants, in meeting current needs for deter- toward identificationof promising measures of driver re-
mining whether a traffic signal should be installed, sponse to guide signingand todevelopment and validation

The r,=searchhas been completed, and the final report of such measures,The research has been completed, and
has been submitted, New warrants have been developed copies of the agency report are ,availableon n loan basis
and are presented in the r@ort, which also includes roe- upon written request to the NCHRP or microfiche of tile
ommended changes for the relevant text of the Manual report may be purchased (see final page of tbis section
on Uniform Traffic Control Devices dealing with traffic for ordering information).
signal warrauts. Procedures for field validation of the The second research phase, NCHRP Project 3-21(2),
proposed warrants have also beeo designed and are roe- extends the Phase I effort to address a specific application;
ommended in the report, i.e, use ofchangeabte-message signs in adwmeeof freeway

The report has beenprovided to the National Advisory lane closures.
Committee on Uniform Traffic Control Devices forcon-
sideration, The report was not published in the NCIIRP
report series; however, microfiche of tile report may be
purchased (see final page of this section for ordering
information),

Project 3-21(2) FY '77

Project 3-20A FY 'g0 Effectiveness of Changeable-Message Dis.
Peak.Hour Traffic Signal Warrants plays In Advance of HIgh-Spaed Freeway

Lane Closures
Research Agetley: JHK & Assoeiales
l_rlncipal lnvest,: R, David Henry Research Agency: B[oTechnology, Inc.

Jay H. L, Calhoun Principal Invest.: Fred R. Hanscom
Effective Bate: June 23, 1980 Effective Date: December 1, 1979
Completion Date: July 31, 1982 Completion Date: August 31, 1981
_'_tnds: $150,000 Funds: $170,993

The objective of this research was to evaluate and verify NCHRP Project 3-21,"Motorist Response to Highway
the peak-hour warrant suggested by the Signals Suhcom- Guide Signing," developed various driver response mea-
miUee uP the National Advisory Committee on Uniform sures that can be used to determine the effectiveness of
Traffic Control Devices (NAC) and the peak-hour war- dfirerent signs, Project 3-21(2) extended the original re-
rant developed as part of NCHRP Project 3-20, A roe- search by applying tile response measures to a specific
ommendation with supporting documentation and signing problem,
juslfficatlon was desired for adoption of a warrant, in- Tile objectiveofthls research was to determine effective
eluding either modifications to the above warrants or advance message displays (e.g., words, symbols, and lane
consideration of an alternative warrant, signals) for lane closures on high-speed freeways, This

Field studies were conducted at 190 intersections to research provides, as a result of field studies at seleeled
obtain the necessary data to analyze each warrant ele- lane-closure sites, an objective analysis of traffic perfor-
mont. Intersection delay, percent stops, traffic volume, monte in response to various changeable-message dis-
and queue length were determined, The field studies in- plays.
eluded six urban areas and various intersection types. Volume l of the agency's report, containing the major

A new peak-hour warrant was developed based on findings from Project 3-21(2), has been published as
queue length. In general, a signal is considered to be NCHRP Report 235,"Effectivenessof Changeable Mrs-
warranted when there is an averagequeue of at least four sage Displays in Advance of High-Speed Freeway Lane
vehicles for one hour on a typicalday, Closures." Volume II of tile agency's report, providing

The project repute has been puhllshed as: NCHI_.P greater detail on the fieldstudy and questionnaire results,
Report 249, "Peak-Hour Trallle Signal Warrant." is available from NCHRP Per $3,50 prepaid, Microfiche
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of tile report is also available(see finalpageof this section Project 3-23 FY '74

for orderinginformation). Guidelines for Uniformity in Traffic Control
Signal Design Configurations

Research Agency; KLD Associates
Project 3-22 FY '74 Principal Invest.: Gerhart F. King
Guidelines for Design and Operation of Ramp Effective Date: April 8, 1974

Control Systems CompletionDate: July 28, 1977
Funds: $308,779

Research Agency: Stanford Researchlnstltule
Principal Invest.: Dale P. Masher Tile purposeof rids studywas file preparationof guide-
F.ffective Date: April 15, 1974 lines for optimum traffic control signal design configu-
Completion Date: December 31, 1975 rations at intersections and mid-ffiockcrossing locations.
Funds: $199,030 The research included the followingobjectives:

The objectives of this project were to analyze existing I, Preparationelan annotatedbibliography oPrelevant
rampeontrol techniquesandtodevelopdesign procedures literature and research in progress pertaining to traffic
for freeway ramp control systems. The research consid- control signal design configuradons,
ered those types of ramp control designedto keep free- 2. With reference to Part IV, Sections B and D, and
ways operating at or near capacity during peak periods Part Vii, Section D, of the 1971 MUTCD, a study of
with a minimum of manual operation. Merge control, traffic control signal design configurations, including, but
gap-acceptance systems, and compnterized control of not limited to: number and arrangement oflenses in signal
traffic signals on surfitce streets in the freeway corridor faces, size of signal lenses, type of signal lenses (arrows
may be relevant tools, bul the development of design and program visibility signal),visibility and shielding of
guidelines for these techniques was considered to be out- signal faces, number of signal faces, horizontal and vet-
side the scope of this project. Additionally, tiffs project tical location of signal faces.
did not address guidelines for extensivefreeway sarveil- 3. Identification and consideration ofall factors related
lance features except where these featuresrelate to the to the approach to signalized locations that affect or in-
control systems, fiuence the observance, safety, and efficiency of traffic

The final report will not be publishedin the regular control signals.
NCHRP series; however, microfiche of file draft report, 4, Development and validation of a detailed set of

!_ "Guidelines for Design and Operationof Ramp Control traffic control signal design guidellnes--based on field,
Systems," December 1975, may be purchased (see final human behavioral, and theoretical analyses--that would
page of this section for ordering information), produce optimum traffic control signal design configu-

rations.
5, Preparation of proposed revlsions of the referenced

sections of the 1971 MUTCD.
Project 3-22A FY '77 6. Identification of the areas in which further research
Guldsllnee for Design and Operation of Ramp is indicated.

Control Syatsms Tile ffi|al report was not published ill the NCI-IRP

Research Agency; Texas A & M University report series; however, microfiche of the report may be
Research Foundation purdmsed (see final page of ibis section for ordering in-

Principal htvest.: Charles W. Blumentritt formation).
£ffective Date; February l, 1977
Completion Dare,, March 31, 1981

Funds: $249,53fi Project 3-24 FY '75

Preliminary guidelineswere developedin NCHRP Determine the Luminous Requirements for
P,rojee 3-22 for designing and operating ramp control Retroreflective Highway Signing
systems. The objective of NCHRP Project3-22A was to

_ extend this research to provide more specificguidelines Research Agency: University of Michigan
!:' to evaluate the cost effectivenessof alternativeramp con- Principal

lnvest.: Dr. Paul L. Olson

i; trol system designs, The three levels of control investi- Effective Date: September 1, 1974Completion Date: April 30, 1977
gated were local pretimed, traffic responsive, and lZltnds: $100,000

": systemwide.
_ The final report, including the guidelines, has been The purposeofthisstudy;vastodefinetherelafionship
! published as: NCHRP Report 232, "0uiddines for So- between sign luminance and legibilityin a way that would

lection of Ramp Control Systems." assist in selecting optimum material choices for various
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signing applications as wellus aid in decisions concerning selected must also consider traffic and vebicle openlting
maintenance and replacement, characteristics, which may override the design based on

A laboratory study was carried out to define the effects safety cost-effeellveness. However, by applying the moth-
or luminance, contrast, color, and driver visual charac, odology, the safety ramifications of aU alternatives can
teristics on legibility distance. A ,'omputer mode] was be determined.
developed to predict the legibiIity distance of a sign based Research has been completed, and the final report has
on tile laboratory data as well as geometric and pboto- been published as: NCHRP Report I97, "Cost and Safety
metric variables. A field study was conducted in width Effectiveness of Highway Design Elements."
legibility distance predicted by the model was compared
with legibility distance measured on a numbr of real and Project 3-28 FY '77

simulated signs. Data were developed that show graphi- Investigation of Selected Noise Barrier
cally the relationship between legibility distance and the Acoustical Parameters
photometric properties of background and legend mare.
rials. Research Agency: Tile Pennsylvania State University

The final report was not published in the NCHRP Principal blvest.: Dr. Sablh L Hayek
report series; however, a copy or it, entitled "Determine Dr, James M. Lawther
the Luminous Requirements o£ Retroreflective Highway Effective Date: December 1, 1976

Completion Date: February 28, 1980
Signing," is available at a cost of $7.00 (see final page of Funds: $224,494
this section for ordering information).

The basic project objective was to complete an analysis
ProJoct 3-25 FY '76 or cross-section shape, surface characteristics, and the

influence on ground-cover effects. The significance o£
Coat end Safety Effectiveness of Highway tbese parameters was evaluated tbeoretically in terms of

Design Elements the sensitivity of barrier effectiveness to each, and the

Research Agency: Roy Jorgensen Associates, Inc. bounds of their effeetu were delineated in ffie first pbase
Principal Invest.: Josepb F, Banks, Jr. of tile project.

Dr. Richard L. Beany The second phase of the project emphasized scale-

Dr. David B. Brown model experimentation designed to verify the findings of
Effective Date: July 15, 1975 the first phase. Tile tests included evaluation of insertion
Completion Date: April 16, 1978 loss models applied to the different barrier configurations
Fltnds: $260,576 and study of tile ground-effects problem and propagation

The objectives of this research were (I) to identify the characteristics related to a pavement adjoined by an

key geometric characteristics and combinations or char. impedance-covered terrain.
acteristics of road and street designs rilat affect accident The agency's final report, results of the scale-model
frequency and severity; (2) to quantify the effects or vary- experiments, is available on a loan basis upon written

ing the key characteristics and combinations of eharac- request to the NCHRP or a microfiche copy may be
teristics on accident frequency and severity; and (3) to purchased (see final page of this section for ordering in-
develop a methodology that can be used by engineers in formation).
measuring tile cost-effectiveness of the various levels or

each design element. Project 3-27 FY '77

About 50 design features were found to Imve some Guidelines for Selecting Traffic Control at
relationship to safety, Because only a limited number of Individual Intersections
design elements could be studied in depth during tbis
research, the features of pavement width, shoulder width, Research Agency: Alan M. Voorhees & Associates,
and shoulder surface type for rural two-lane highways Inc,

were selected for quantifying their relationship to accident Principallnvest,: Philip J. Tarnoff
and frequency and severity, Effective Date; November 15, 1976

Completion Date: July 31, 1979
A safety cost-effectiveness methodology was developed Funds: $150,(]00

to incorporate the quantified relationships into a practical
design procedure, Utilization of the safety relationships The objective of this research was 1o develop guidelines
and methodology contained in the final report will provide for selecting the most appropriate type of traffic signal

an optimum design for pavement width, shoulder width, control for an individual intersection in both urban and
and shoulder type, Tbe methodology does not contain a rural areas. Pretimed, semi-traffic-actuated, and full-
rigid procedure for selection of the final design, but pro- tramc-aetuated control types were evahlated. An anne.
vides the necessary cost-effectlveness information for the tared bibllograpby of previous studies was prepared, and

designer to make an objective decision. The final design current practices were reviewed in depffi with local traffic
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engineering agencies. Numerous factors affeming tile Circular212whlchincludescapachyamdysislechniques
choice of control type were idemlfied, for transit, pedestrians, and unsignallzed intersections.

A cost-effectiveness ewduation methodology was de-
veloped to assist in the selection of traffic signal control
and addresses such items as (a) initial costs, (b) mainle- Project 3-28A FY '80

nonce costs, (c) over-all delay, (d) percentage of traffic Two-Lane, Two-Way Rural Highway Capacity
stopped, (e) vehicle emissions, (l) fuel consmnption, and
(g) other direct and indirect user costs. Tile incremental Research ,,lgency: Texas A & M Research Foundation

benefits of more sophisticated levels of control and op- Principal hwesr.: Dr, Carroll J, Messer
Effective Dare: May 1, 1980

erational reliability are fully considered. Cam and oper- Completion Date; February 28, 1983
ational data are also included in the costleffectiveness Funds: $I57,492
methodology to reduce the data collection requirements
of future users. Adjacent intersections are addressed in NCIIP, P has initiated a multiphase research effort with
the guidelines in regard 1o the selection of coordi!lated theobjectiv¢ofproviding thebasls forarevised, improved
versus independent operations, llighway Capacity Manual (HCM), Phase I research

Research has been completed, and the findings have (Project 3-28) identified the specific needs of users of tile
been published as: NCHRP Report 233, "Selecting Traffic HCM, provided interim materials for dissemination prior
Signal Conlrol at Individual Intersections." to development of the revised Manual, and identified ad-

ditional research projects that should be conducted to
provide input to tile revised Manual. Project 3-28A was

Project 3-20 FY '78 part of the Phase 1I effort, which was directed to satisfying

Oavolopmont of an Improved Highway the highest priority research needs identified in Phase t.
Capacity Manual The procedures contained in the 1965 HCM for analysis

of traffic operations on two-lane, two-way rural highways
Research/.gency: JI-IK & Associates are based on the fundamental traffic flow relationsbips

Principal Invest.: William P.. Redly that expressed operating speed as a function of vehicular
Effective Dare: December Ifi, 1977 volume and capacity for various prevailing conditions.
Completion Date:' August 15, 1979 Users of tile HC/vl procedures indicated a need for ira-
Funds: $161,000 provement in several elements of the technical analysis.

Project 3-28 is u multiphase effort with the overall The objective of this research was to develop an ana.
objectiveofprovidingthebasisforerevisionofthetligh, lyrical procedure to evaluate the capacity and level of
way CapacityMamtal (HCM), Phase I (Project 3-28) had service for two-lane, two-way rural roads in an appro-
the threefold objective of(I) determining the current and priatc form for inclusion in a revised HCM,
future needs of users of the HCM, (2) assembling existing Existing simulation models were reviewed with a de-
information for dissemination as an interim document tailed analysis of the simulation parameters, such as truck
prior to revision of the entire Manual, and (3) identifying speeds, grades, directional volumes, headways, and speed
gaps in the available techniques that require additional distributions. The MRI simulation model was selected for
research to develop new information for inclusion in the use in this research,
revised Manual, Field studies were conducted at selected sites in Texas,

The second phase of this research includes two projects Pennsylvania, Colorado, West Virginia, and Alberla, Can-
that have been initiated to satisfy the high-priority re- ado, to collect speed, volume, and related data for use in
search needs identified in Phase L Phase II research in- the analytical framework. These field data, combined with
eludes NCHRP Projects 3-2fiA and 3-28(2). Th¢_ final prior calibration data and other reported rural highway
phase will be directed to assembly of information from data, were used to indicate the general level of accuracy
work sponsored by NCHRP, FHWA, and others into a for the MRI model,
form for publication as a revised Manual. Relationships between traffic volume, levels of service,

Research on Phase I has been completed. The final and related parameters were determined using the field
report presents the results of an extensive survey of user data and tile simulation model. These relationships were
needs and a summary of related research. In addition, 15 structured into an integrated procedure for calculation of
areas of needed research are identified. Copies of the directional speed (and other appropriate measures of el-
agency's report are available on a loan basis (see final fectiveness), volume, capacity, and level of service for a
page of this section for ordering information), wide range of traffic and highway design conditions, A

Interim materials w_r¢ assembled and developed in step-by-step analysis procedure was prepared.
Phase I for immediate dislributinn, as well as for eventual TTI's final report includes a draft chapter for the HCM

inclusion in th_ revised Manual, The Transportation Re- that will he finalized under Project 3-2fiB. Therefore, the
search Board has published the interim materials as TRB report will not be published in tile regular NCH RP series,
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but is available for $3.00 from the NCH RP (see final page Levels of service for signalized intersection approaches
of this document for ordering [nformafion). in Chapter 9 of the 1985 Highway Capacity Manual

(HCM), published as TRB Special Report 209. are based
on stopped delay as computed from the cycle length,

Project 3-2fib FY 'g2 G/C ratio, v/c ratio, saturation flow, and quality of pro-
New Highway Capacity Manual gression. Quality of signal progression lnls a major in flu-

Research Agency: Polytechnic Institule of New York ence on stopped dday, as evidenced by the progression
Principal lnvesr,: Dr. Roger P, Roess and Dr. Carroll adjustment factors (PF) in Table 9-13 of Chaplet 9 vary-

J, Messer ing front 0,40 to 1.85. However, the adjustment factors
Effective Dare; July 1, 1982 are based on limited data, Field data, supplemented by
Completion Dare: March 31, [985 simulation, are needed to verify the variations in delay
Funds: $283,440 resulting from changes ia tile quality of progression for

a variety of conditions. These data should include the
NCHRP Project 3-28 is a muldphase research effort effects on stopped delay nf individual factors potentially

with the overall objective of providing the basis for a new infiuenclng quality of progression {e,g., cycle lengd0,
Highway Capacity Manual (HCM). Project 3-28, the first The objective of this research was to evaluate the effects
phase of this research, identified the specific needs of users on stopped delay of changes in the quality of traffic signal

of the HeM, provided interim materials (T._B Circular progression, Variables to heinvestlgated for bothpretlmed
212) for disseminndon prior to tile development of the and semiactuated control include, but were not limited

new manual, and identified additional research projects to: (1) signal offset, (2) signal spacing, (3) cycle length,
that should be conducted to provide input to the new (4) cycle splits, (5) bandwidtb, (fi) side-street entries at

manual, The second research phase was directed to sat- an upstream point, (7) v/c ratios, (8) arterial speed, and
isfying the highest priority research needs identified in (9) platoondeeny. Primaryemphasiswasgiventothrough
Phase 1, and Included NCHRP Project 3-28A, "Two- movements at pretinted signals on multilane arteriuls in
Lane, Two-Way Rural Highway Capacity," and NCHRP urban and suburban areas.

Project 3-28(2), "Urban Signalized lnterseetlon Capnc- The product of this research was a calibrated set of
ity." progression adjustment factors, either in the form of a

FHWA also sponsored research for the purpose of pro- revised version of Table 9-13 (TRB Special Report 209)
riding resource material for the new HCM. For example, or a replacement delay adjustment technique, This prod-
the results of an FHWA study on freeway capacity were act is suitable for application to the general stopped delay
reported in TRB Circular 212, and a major study on model of Chapter 9 and to the urban arterials procedure
quality of flow on urban urterials was conducted. In ad- in Chapter 11 of the HCM.
dition to sponsnred research, the TRB Committee on To achieve this objective, the following tasks were ac-
Highway Capacity and Level of Service (AJAI0) devel- complished:

oped draft materials for inclusion in the new HCM, and Task /--Identify the variables that appear to have a
related information was obtained from other sources (e.g., significant influence on the quality of progression. The
capacity manuals from other countries), variables rimt are represented in the current HCM model

The objective of the third phase, NCHRP Project 3- shall be considered, along with additional variables that

2gB, was to assemble and review existing information appear in the literature. For each of the identified varl-
related to highway capacity, determine the most appro- ables, prepare an assessment of the practicality of men-

prints material for inclusion in tile new HCM, refine and surement and the potential effect on stopped delay.
reformat that material as necessary, synthesize state-of- Determine which of tile variables should be considered

the-art information, and prepare a complete draft of the in this project.
new HCM. Task 2--Prepare an hypothedeal progression.dday

The new HCM has been published in loose-leaf format model utilizing these variables, for use in the design of
as TRB Special Report 209, the controlled field tests and simulation studies and for

subsequent use in developing the progression-delay rela.

ProJoot 3-2flC FY '84 tionships. The model shall consider two alternatives in
applying adjustment factors for quality of progression: (1)

Effocta of Quality of Traffic Signal Progression applying the adjustment factors to tbe entire delay nqua-
on Delay tion including the overflow delay term, and (2) applying

Research Agency: Texas A&M Research Foundation the adjustment factors to only thefirst term of the delay
Principal lavest.: Dr. Edmond C, Chang equation excluding the overflow delay term.
Effective Date: August 1, 1986 Task 3--Prepare a study design including the follow-
Completion Date: July 31, 1988 ing: Ca) Site selection: A minimum of two arterial signal
Funds: $165,0_0 systems (one urban arterial with free-flow speeds not over
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30 mph and one suburban arterial with free flow speeds projects tbat should be conducted to provide input to the
of not less than 40 mph) shall be studied in each of two revised Manual, Tbe second researcb pbasc, including
metropolitan areas, I]oth prerimed and semlactuated silos Projects 3-2fiA and 3-28(2), was directed to satisfying the
shall also be slud[ed in the pretimed mode. (b) Data highest priority research needs identified in Phase I.
collection plan: Tiffs plan ',viii describe the proposed tecit- The objective of Project 3-28(2) was to develop pro-
nlqucs for collecting tile reqtdred data and a statistical cedures for capacity analysis of rite intersection as iscora-

l sampling plan covering a wide variety of volume condi- plete unit and of each individual intersection approach,
t lions, cycle lengths, splits, and olEsets. The sampling plan This research on urban intersections and a current FHWA

_ ',viii be based on data collection on a cycle-by-cycle basis project, "Quality of Flow on Urban Arterials," will pro-
and aggregated over nominal 15-minute periods, vide a comprehensive set of capacity analysis procedures

Task 4--Carry out a pilot study on one of the selected for inclusion in the HCM.

links to demonstrate and refine the proposed data collec- Previous research efforts related to intersection capacity
! tion and analysis procedures, A llnk with heavy traffic analysis were reviewed to determine the adequacy and

conditions will be used. The pilot study will include pho- applicability of existing techniques and simulation models
tographic techniques (either film or video) to provide a for use in this study, Models and empirical techniques
permanent record of the collected data, tbat can be used to relate delay, capacity, level of service,

Prepare an interim report that describes the proposed and physical and traffic variables were evaluated. An eval-
sites and the data collection techniques and illustrates uation of the most promising procedures through illus-

how these techniques are used in measuring the variables trative case studies was also completed.
to be used in testing and calibrating the progression-delay Traffic service measures such as delay, stops, and sat-
model, nration flow were collected at intersections in Alexandria,

Task $--Whcn the interim report has been approved, VA; Atlanta, OA; and Tucson, AZ. Additional field data
the remainder of the field data will be collected, All data were collected in San Francisco, Chicago, and Tucson for

will be collected under good weather conditions and at validation purposes, In cooperation with the FHWA, the
times not hampered by nonrecurring congestion. NETSIM computer simulation model was modified for

Task 6--Analyze the data, using the progression-delay use in this project, The field nnd simulation data were
model developed in Task 2, to identify relationships using further supplemented with existing time lapse film data
appropriate statistical tests, from a previous FHWA intersection delay study for use

Task 7--Prepare a final report, Recommendations re- in the development of the capacity analysis procedure.
garding the applicability and limitations of the proposed Computational procedures to determine the capacity,
technique in comparison to more comprehensive analysis level of service, and operational features of signalized
methods (i,e., system design and signal timing methods) intersections were developed, The effects of traffic signal

will beincluded. Appropriate material in a format suitable timing and phasing are included in the procedures. A
for direct inclusion in the HCM will be prepared, draft chapter for the next HCM and a research report

All tasks have been completed and tbe final report is were prepared. Copies are available for loan upon written
being reviewed, Tile study recommendations will be pro- request to tbe NCIIRP or microfiche of the report may
vided to the Highway Capacity Committee for review and be purchased (see final page of this section for ordering

a decision on inclusion in the Highway Capaelty Manual. information).
The Capacity Committee is expected to act on the rec-
ommendations at their January 1989 meeting. Project 3-29 FY '83

Project 3-2a(_) FY '78 and FY '79 Traffic Signal Display Complexity
Research ,4gency: Systems Technology, lnc,

Urban Signalized Interaction Capacity Principal Dryest: R, Wade Allen

Research Agency: JHK & Associates Effective Date: July I, 1983
Principal btvest.: William R, Reilly Completion Date: Mareb 31, 1986
Effective Date: October 1, 1979 Fu/tds: $196,284

Completion Date; August 31, 1982 The objectives of lids research were to: (1) determine

Futtds: $331,000 drivers' abilities to deal with complex signal displays and
NCHRP Project 3-28 is a multiphase research effort identify the associated response factors; (2) assess the

with the overall objective of providing the basis for a effeetlveness of various complex signal display treatments
revised, improved Highway Capacity Manual (HCM), eurrcntlyin use;and(3)identifypotemial, futurechanges.
Project 3.28, tile first pbase of this research, identified For purposes of this research, complex signal displays

the specific needs of users of the HCM, provided interim were defined as those where misinterpretation by the
materials for dissemination prior to the development of driver may result from simultaneously viewing two or
the revised Manual, and identified additional research more signal and sign messages. Research included inter-
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sectinnsignaldisp]aysmldcomblrmtionsspecffiedingecl[onfindingsfromstudiesof tile effectivenessof varioustreat-
IV-I] of tile MUTCD. Guidelines were developed for ments were assembled. Highway agencies with differing
providing effective and uniform trafficsignal displays for philosophies on cbannelization and/or widt novel chan-
complex situations, and recommended ehartges to the nelizafion treatments were visited to obtain the supple-
MUTCD were identified, mentary information, documentation, and photograpbs

Tile findings of previous work relevant to the offer- needed to cover the full range of applicafions, designs,
tiveness of'complex sigaaI displays were reviewed to idea- and performance characteristics,
tify applicable information for use in this research, Two Various ehannelizing techniques and geometric design
hundred state, county, and city trame engineers were elements wereevaluated ill terms of intersectionperform-
contacted to determine (I) theintersection types and gem ante, safety impact, energy savings, maintenance prob-
metric designs tbat cause tile most significant problems, lores, costs, and the effectson pedestrians, bicyclists,and
(2) tile signal configurations (MUTCD and/or otller) the handicapped+ The geometric design elements include
currently used, and (3) specific display complexity prob- island size, island type (raised, painted, or depressed),
lores+Left-turn movements and skewed and off-set inter- lateral clearance, and tapers approaching and leaving the
sections were considered to warrant primary emphasis, island.

Laboratory studies were conducted to determine the Clmnnefizatlon guidelines were developed, providing
drivers' abilities to deal with complex signal displays and specific principles and crlteda (e.g,, minimum island size
to assess the effectiveness of various complex signal dis- as a function of traffic parameters) on tbe applicability
plays currently in use, These studies determined the spe- of ehannefization techniques. Typical examples of good
eifie driver related factors, such as ambiguity, information current practice were documented including fullydimen-
overload, etc.,thateausedelayedand/or faulty responses+ sioned plan views, photographs, and agency insights to
A limited field study was conducted to validate the most the specific applications,
promising alternatives. The operational and safety aspects The channelization guidelines have been pubfisbedwith
were evaluated in addition to verifying driver behavior removable inserts for tile design drawings as: NCHRP
and uaderstanding, mostly for left-turn situation. Report 279, "Intersection Channeltzatlon Design Guide."

Tile final report will not be published but is available
on a loan basis from the NCHRP, Copies have been
provided to the National Committee on Uniform Traffic Project 3-31 FY '83

Control Devicesfor considerationin future changes(o Guidelines for Evaluating Alternatives for Re-
the MUTCD. placing a Grade-Separated Rail/Highway

Crossing

Project 3-30 FY '83 Research tlgency: Ernst & Whinney
Principal ltlvest,: Robert Taggart

Intersection Channellzatlon Effective Date: September 4, 1984
Research .4gooey: Jack LeJseh Associates CompletionDate: February 2g, I987
Principal Invest,: Timothy Neuman Funds: $200,000
Effective Date: July I, 1983 The objective of this research was to provide a cam-
Completion Date: May 15, 1985 prehenslve framework for use in evaluating alternatives
_'uttds: $120,000 and developing recommendations on whether to replace

The objective of this research was to prepare a publi- ngrade separation with an at-grade crossing, Tile frame-
cation updating the information in HRB Special Report work is applicable for determining the best alternatives
74 and incorporating information, illustrations, and for new crossings and for changes to existing at-grade
guidelines on the current state o£ the art for channel[- crossings. Widely applicable techniques, including guide-
zation. This research covered channelizatlon of both new lines for barbquantifiable and nonquantifiable factors, are
and reconstructed intersections in urban and rural envi- described to assist in tile decislon-maklng process.
ronments, The research included typical intersection types A list of the research tasks follows:
such as 4-way, Y, T, oblique, and multileg intersections, 1. Determine the current practices of selected govern-
as well as freeway ramp intersections with surface streets, meat agencies and railroads. A survey of a representative

A mail survey was conducted of all 50 state highway number of government agencies and railroads was cop-
departments/DOTs and 90 local agencies to determine ducted to obtain information on design standards as well
the current practice for channelization of different types as policy and legal positions.
of intersections. Information on operational and design 2, Identify and rank factors to be considered and pro-
characteristics was obtained as well as examples and vide detailed documentation of how the relative impor-
photographs of typical intersection designs and special tahoe of the factors was established, In addition to cost
treatments, Standards and guides used by tile agencies in and safety considerations, fimtorsinclude: (I) volume and
the design and implementation of cbannelization and the nature of traffic using the intersecting highway and rail-
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road, (2) proximate land use, (3) potential use by emer- 4-f¢ temporary broken line pavement markings in work
geney vehicles, (4) potential environmental impact, (8) zones. Tile scope and test conditions studied were: (1)

energy consumption, (6) mainlemmee, (7) liabfiity, and surfacing operation on a two-lane, two-way facility; (2)
(8) societal implications, data cofieclion during hours of darkness; (3) dry roadway

3. Identify sources and methods ofohlaining data nee- eondfiion_; (a) tangent .qnd curl'e sections; (5) u.'e of tile
essary Io support tile application of factors. The lypes of test state(s) lypical pavemenl marking cycle (40 to 50 It);
data include: (1) accident data, (2) inventory dam, (3) and (6) field tests in real or staged work zones dlat are
cost information, (4) liability issues, (5) mahltenance open Io traffic. In order to meet lids objective, file fob
agreements, and (6) operational and mobility considera, lowing lasks were performed:

tions, especially passenger trains, buses, and hazardous Task 1, A critical review of the literature on safety
materials vehicles, and operational effects of pavement marking in work

4, Develop a framework of procedures utilizing tile zones was conducted

factors identified in Task 2 to assisl in selecting one of Task 2, A detailed dala collection and analysis plan

the four alternatives described above. Derailed analysis along with a proposed schedule was developed, Tile plan
guidelines and a recommended format for presenting the included (I) experimental design and analysis plan, in-
evaluation results are included, eluding the rationale for selecting the recommended up-

5. The framework of procedures developed in Task 4 proach and proposed sample sizes; (2) measures of
were applied to two case studies, effectiveness (MOE's) to be used to evaluate the three

6. Prepare a final research report that documents the different stripe lengths; and (3) methods and location of
rationale used to select the framework and tbat describes field measurements.

its application. Prepare a separate user's guide, including Task 3. Data collection and analysis at six sites were
examples, on the use of the framework, performed,

Research has been completed and the final report and
user's guide have been published in the regular NCHRP Task 4. A research report including a discussion of the
report series as NCHRP Report 288, traffic engineering lind human factors implications of the

research findings to current practice and to the proposed

ProJoct3-32 FY '85 change was prepared,
All research has been completed, and the final report

Tampornry Pavement Markings for Work hasbeen provided totheNationaICommitteeon Uniform
Zonea Traltlc Control Devices and to FHWA. On the basis of

Research Agency: Texas A & M Research Foundation the limited conditions studied and the project findings,
Principal Invest.: Dr, Conrad L. Dudek further research is deemed necessary before any further
Effective Date: May I, 1985 changes in the MUTCD are contemplated,

Completion Date: February 28, 1987 The llndings of this research project were presented by

Funds: $164,990 the principal investigator at the TRB Annual Meeting in

Temporary traffic control has become a larger per- January, 1988, A paper, "Field Studies of Temporary
eentage of the costs on many construction, maintenance, Pavement Markings at Overlay Project Work Zones on
or utility projects. With the prospects of eontlnued infia- Two-Lane, Two-Way Rural Highways," by Conrad L,
tion, limited resources, and high interest rates, it is ira- Dudek, g. Dale Huehingson, F, Tlmmas Creasey, and

perative that all aspects of temporary traffic control be OIga Pcndleton, has been published in Transportation
evaluated for economy in application and benefits to the Research Record 1160, Traffic Control Devices 1988, The
public, Record also includes a discussion by Anita W, Ward and

FHWA has issued guidelines and proposed changes an author's closure. A decision on publication of tile final
in the Manual on Uniform Traflle Control Devices report is pending. Loan copies are available from
(MUTCD) regarding Temporary Markings for Construe- NCHRP.

lion and Maintenance Areas, The proposed changes
would require as a ndnimum 4-ft broken lines as tern- Project 3-33 FY '85

porary markings on most projects, which is more thou Capacity anti keval-of-Servloa Proaedure8 for
double what many states now specify. If adopted as the
national standard, 4-ft markings would increase project Multilane Ruraland SuburbanHighways
COSTS. Research Agetley: JHK & Associates

Research was needed to determine if the proposed 4- Principal Invest,: William R. Reilly
ft markings would actually result in significant safety and Effective Date: June 1, 1988

operational improvements in comparison to current prac- Completion Date: May 31, 1989
tice. Funds: $475,132

The specific objective of this research was to compare Chapter 7, "Multilane Highways," ofthe new tlighlvay

the safety and operational effectiveness of 1-ft, 2-ft, and Capacity Manual (HCM) published in 1985, is predicated
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largely on the limited research used for the 1965 edition Highways," conlaining the new analysis procedures,
and on extrapolation from recent studies ofolber highway AII tasks have been completed and the final report has

types, especially freeways. In tile absence of an adequate been drafted. The study recommendations and a draft
data base concerning the opcratlng and capacity char- Chapter 7 will be provided to the Highway Capacity
actedslics of the multilane Idghway, research is needed Committee for review and a decision on inclusion in the

to deveIop this inforniafion and to prepare an improved Highway Capacity Manual. The Capacity Committee is

cbapter on multilane highways, expected to act on the recommendations at tbeir January
The objective of this research was to confirm and/or 1989 meeting.

develop operational, design, and planning procedures for
determlning the capacity and levdsofservice ofmultibme Project 3-34 FY '86

highways, botb rural and suburban. This research will: The FaaalhURy of a National Heavy-Vehicle
(I) review the current state of the art, (2) develop an Monitoring System
adequate data base and, (3) validate, revise, or develop
new analytic procedures. Items to be considered include Research Ageno,: Arlhnr D. Little, Ine.

Principal Invest,: Ashok B. Boghani
separation of traffic directions, access cbaraeteristies, Effective Dare: November 1, 1985
roadside development, presence of sigmdized and unsig- Completiott Date: September 3fl, 1988
nalized interseetlons, lane widths, lateral obstructions, Funds: $499,791
geometries, and otber variables tbat may impede smooth
traffic flow. The proposed procedures will replace Chapter Various types of information on heavy vehicles are
7 of the 1985 HCM, collected by federal, state, and local governments to sup-

The major thrust ofthls eflbrt was focused on multflane port bighway planning and design activities, as well as to
highway facilities having four or morelanes, Thereseareh, carry out weight enforcement programs and tax admin-

however, also considered special multilane configurations istration. Collecting and processing this information is
such as three.lane, two.way operation (2-1 split) and the extremely costly from the viewpoint of both government
provision of a continuous left-turn lane. New material and private industry, and in many cases the data are not
developed for these special configurations will be incor- as complete or as accurate as desired for tbe intended

porated into the appropriate HCM chapter, purpose, In addition to actual dollar costs, the present
To accomplish this objective the following tasks was system suffers from burdensome paperwork, operator in-

performed in two pbnses: convenience and potential hazard, lack of enforcement
Phase1: uniformity, and inconsistency among Ibe individual

states, International inconsistency is also a concern. Tile

Task 1. Conduct a review of the pertinent literature potential use of tbe collected information for other put-and current research,
pnses (e.g., by private industry in fleet and operations

Task2, Evaluate the adequaey of the current state-of- management, and by enforcement agencies in locating

the-art procedures used in analyzing multfiane highway stolen equipment) has also not been fully explored.
capacity and level ofserviee. New tecbnologies in automatic vehicle identification

Task 3. Prepare preliminary capacity analysis proce- (AVI), automatic vehlele classification (AVe), and weigh-
dures to serve as the basis for a data collection plan, Tile in.motion (WIM) are considered to potentially offer n

proposed capacity analysis method may be a refinement more cost-effective approach to tbe collection of heavy-
or revision of the exisling procedures or may require an veblele data, Tile interest in AVI systems, integrated witb

entirely new concept of multilane capacity analysis. AVC and/or W1M, is so great dmt a group of western
Task 4. Prepare a field data collection plan to quantify states and Canadian provinces is embarking on a multi-

the traffic flow relationships, jurisdictional project to demonstrate the utility of an in-

Task 5. Prepare a Phase I report, including the pro. tegrated electronic heavy-vehicle monitoring system. This
posed data collection plan and a revised, detailed budget project, called the Crescent Demonstration Project, is
for Pbase II. limitedhi scopeand is not designedto addressall oftbe

Phase 11: questions and problems involved in the implementation

Task 6, Collect field data according to the approved ofa multijurisdictional, national or international system,
Tberefore, there is a need to evaluate the feasibility of

plan, applying these relatively new technologies at tbe national

Task 7. Reduce and analyze tbe data collected under and/or regional levels and to build on the existing knowl-
Task 6 to obtain values for the appropriate traffic flow edge from tbe Crescent Project and other related studies.

relationships, Institutional issues such as privacy, access to competitive
Task 8. Prepare a report describing the proposed final information, and potential for manipulation and evasion

form and content oftheeapacityandlevel-of-service anal. of the system will be major determinants of feasibility

ysis procedures, and acceptability, These issues will therefore play a prom-
Task 9. Write a new version of Cbapter 7, "Multilane inent part in the evaluation,
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The objective of dds research was to identil_ and eval- Project 3-35 FY '8fi

uate the needs, issues, requiremenls, and feasibility or Speed-Change Lanes
using an automated system (AVI /AVC/WIM) its a cost-

eft'active, statistically sotmd replacement and/or supple- Research Agency: JHK & Associates
ment to existing heavy-vehicle dala collection _,y_tulns. Principal invest.: William R. Reilly
This research will encompass: (I) the identification of E_bctive Date." June I, 1986
different system-design configurations for lilt: integration Completion Date: March J0, [989

Funds: $250,000
of AVI, AVC, and WIM to provide appropriate levels of
monitoring nnd rehlted confidence levels; (2) amount of Changing vehicle and driver population ebaracterisdes

equipment/automatlon to achievedilYerent objectives;(3) makes it necessary to periodically reexamine highway
site location criteria on a state, regional, and nation'.vide design criteria. Tbe speed.change hme is one of the most
scale; (47 an economic analysis of die ahernative levels common higbway features because it can be either a per-

of monitoring; and (5) the full range of issues assoeiated manent feature (terminals, lane drops, etc,) or a tempo-
with implcmelaadon wild operation, rary feature (construction and maintenance zones).

The more diverse vehicle popuhltion on the highways
Tile following tasks will be completed: today, ranging from llghl low-powered automobiles to

Task /--Identify the types and range of existing and heavy trucks, makes a reexamination ofspeed-cbange hme
potential national, state, and private industry functions criteria llecessary to keep design parameters current.
(activities) Ihat urn or could be supported by he_wy-vebicle The objective of this research is to examine the current
data. design p_rameters which establish speed-change lane

Task 2--Determine tile required deployment density length. Based on a review of current practice, updated

of an automated data collection system to provide all vehicle performance cbaracteristies, and new driver-be-
acceptable statisllcally based level of accuracy for each havloral data, recommended design procedures will be
function, developed for specific applications mking into account tile

On the basis oflhe identified deployment requirements, type of facility, geometries, and olher relewmt consider-
group functions with similar needs that can be satisfied ntions, This research will addres_ existing and new an-
with a common system configuration of deployment den. eeleration and dec_leratlon lanes oil freeways. Tbe scope
sity attd level of sophistication (i.e,, number of sites, oftbisresearchdoesnotinclude(a) tbedesignofweavillg

number of veldcles equipped, type of data collection sectloas, (b) work zone applications, (c) ramp metering,
eqaipraent, national/regional area, etc.). Approximately and (d) new accident studies.
3 to 5 eonfigurafions are anticipated to cover the range To accomplish this objective, the following tasks will

of functions, data requirements, and needed levels of be conducted:
accuracy, Task /--Review literature and operational experience

through a limited survey of state highway onicltds,
Task 3--Examine each system configuration against Task 2--Update vehicle mix and performance dam.

the issues and related considerations identified in Task I. Using available data to tile maximum extent possible,
Task 4--Submit an interim report presenting tile find- update Ihe vehicle parameters used in speed-change lane

ings of Tasks 1 Ihrough 3. criteria. Gaps in the published data will be filled by con-
Task J--Conduct a cost-benefit allalysis for each up- tacllng manufacturers alld olbers and, if necessary, by

proved system con_guration (innludlng the incremental conducting limited operntlonal tests. Changes in vehicle
cost/benefit associated with each function), The ndvan- mix and selection of a new design vehicle(s) will be con-
rages and/or disadvantages of automated syslems will be sidered.
compared to existhlg dat_ collection and processing sys- Task 3--Determine behavioral characteristics of the

terns; and the impact on other data collection, processing, driver/vehicle unit in sp_'ed-ebange lanes. Conduct driver
and reporting procedures that Would be alTecled by the information or task analyses to identify the driving lasks
use of an automated ,system will be identified, required to negotiate a speed-change lane, If necessary

Task 6--Describe implementation considerations for conduct laboratory, closed field, or field studies to verify
each recommended system configuradoll, Tbese eonsid- the analyses or to fill gaps in aw|ilable data.
erations will include the technical, operational, institu- Task ,/--Develop a conceptual framework for design

tioaal, cost, financial, and legislative issues, the data base of freeway speed.change lanes. This framework will in-
management syslenl requirements, and ally other consid- elude revised or new design criteria applicable to specific
eratioas identified during tbe course oP the research, conditions (e.g., faefiity type, grade, curvature, termlnnls,

Tr_sk 7--Prepare a final report, volume).

Kesearcb has be_n completed and the final report will Ta_k 5--Develop n phm In field test the proposed
be publlsbed as: NCHRP Report 303, "Feasibility of a design crileria.
National Heavy Vehlele Monitoring System." Task 6--Conduct field test studies.
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Task 7--Analyze the field study data to confirm the The objective of thls research is to develop a low-cost

design criteria devetoped in Task 4 bridge weigh-in-minion (WIM) system capable of pro-
Task" 8--Develop application procedures. A range of viding the trame data used in file design and maintenance

typlcM projects and conditions will be described including of highways and brldgea. Tlds system will be able to record
reennslruetinn and new construction, Guidance on ex- gross veldcle weights and classify vehicles, at a minimum,
trem¢ applications (e.g., steep grades, high truck volumes) and also he able to record individual axle weights within
will also be provided, the limits of the specific bridge and site characteristics.

Task 9--Prepare a draft final report. One appendix to Furtber, the system will use state-of.die-art technology,
the report will be a stand-alone design guide tailored to have a target purchase price o[, S5,000 to $10,000 per
state/local designers, unit, have a low life-cycle cost, be cat,able of interfiming

Tasks I through 7 have been completed and work is with automatic vehicle identification (AVI) equipment,
nearing completion on the user application procedures and he deployable on both bridges and large ctdverts.
and the final report. Panel review and revision of aft This research will include the devclo[,ment, testing, and
materials win require a time extension until about March demonstration of a "turnkey" prototype system.
of 1989, The research will include the following tasks:

Task l--Review existing bridge WIM/AVC systems
Project3-36 FY '87 including the technicM design, practical considerations,

Devolopment of a Low-Cost Bridge Weigh-In. costs, hardware and software requirements, operational
Motion System and maintenance problems, relinbfiity, and accuracy. This

review will also consider other technology that may be

Research Agency: Bridge Weighing Systems, Inc, transferable to compnnents of a WIM/AVC system.
Prt'ncipal Divest.: Richard E. Snyder Task 2--Develop a conceptual system design defining
Effective Date: February 16, 1987
Completion Date: August 16, 1989 the data requirements, equipment performance criteria,
Funds: $400,000 hardware and software requirements, and estimated pur-

cbase price. At a minimum, the system will be able to
Truck weight, dimension, and speed data are required collect the following data:

for a wide variety of" purposes, including maintenance • Grossvehieleweightforvehiclesover 12,000pounds,

management programs, pavement and bridge manage- • Number of axles and spacing,
ment systems, pavement and bridge design, cost allocation * Tralfic counts of all vehicles,

studies, and for compliance with FHWA-mandnted re- * Speed.
I hicle weight and speed monitoring programs. Current ° Vehicle classification.

methods for collecting these data are very costly to botb In addition to these minimum requirements, individual

the states and the trucking industry and arc often inef- axle weigbts are also desired if the system can obtain this
feotive, A technique is needed to economically acquire information with reasonable accuracy,
information on the charaeteristles of heavy vehicles and Task 3--Develop an operational model for laboratory

to provide a data base that can be used for improved testing, This model will include the necessary software
planning, design, and maintenance of highways and for data recording and transmission, tbe signal processing
bridges, algorithms, the interface between tbe WIM and AVC

At present, most truck weight data are obtained from hardware, and, to tile extent possible, rite provision for
conventional off-road weigh stations at fixed locations on interfacing with AVI hardware. Tbe model will also in-
major highways. However, there are well known disad- elude complete fabrication of the hardware components
vantages associated with die operation of these facilities: for testing and modification under controlled laboratory
they occupy valuable real estate, require expensive equip- conditions,

meat, and need costly operating personnel. The stations Task 4--Conduct laboratory tests to evahmte the sys-
often become over-used, increasing delays to trucking tern performtmce and capabilities,
firms. Further, these stations are often easily evaded by Task 5--Build prototype(s) of the WlM/AVC system
overloaded vehicles or by those who wish to avoid delays, for field testing, Special considerations include tbe dill'er-

A number of states have been investigating bridge weigh- eat types of bridges and culverts on whicb the system
in.motion (WlM) systems, but the cost of equipment and will be used, environmental factors, installation and main-

manpower has prevented widespread implementation, tenanee requirements, vandal resistance, among others.
There is a need to develop a low-cost system, suitable Task 6--Field test the prototype(s).

for widespread application, that can combine load men- Task 7--Evaluate the field test results and modify the
surement with vehicle classification, One approach to this system design and prototype(s) as necessary.
problem is the fiJrther development of current bridge Task 8--Build a prototype of the final system design
weigh-in-motion technology, using low-cost, low-power ['or delivery to the NCHRP, along with complete docu-

electronics and transducers, mentation to support subsequent manufacture and pro-
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curement. This documentation'.viii includedetailed experimentalsites.Cafibratethe model.Task 5. Revise
reproducible production drawings, software wJffia prop- the model and data collection procedures, prepare an
edy annotated source listing, and installation end oper- interim report, and confer whh tile NCHRP Advisory
slinginstructions,The researchproductwillbeintlm Panelbeforeembarkingonthefulld_tacollection,The
publicdomainforusebystalesandothersinprocuring purposeofthlstaskism ensurethatboththeresearchers
low-cost bridge WIM equipment+ and the NCHRP panel understand the state-of-the-art

Task 9--Prepare a final report, and agree as to what the most promising model and data
collection methodologies are. Task 6. Perform a full data

Tasks 1 through 4 have been completed, collection at 76 experimental sites, Calibrate the revised
model.

Project 3-37 FY '90

Capacity of Ramp-Freeway Junctions

Research Agency: Project 3.38(1) FY '87
Principalblvest.: In developmentalstage Assessment of Advanced Technologies for

Effective Date: (36 months) Relieving Urban Traffic Congestion
Completion Date;"
Funds: $500,000 Research Agency: Castle Rock Consultants, In¢.

Prhtcipal btvest.: Peler Davies
When the Highway Capacity Manual (HCM) was re- Effective Date: July 1, 1987

vised in 1985, tbe required data and understanding for Completion Dat_;" June 30, I989
many traffic situations were Pound not to exist. For ex- Funds: $199,752

pediency, "reasonable" judgments were made abouthow Traffic congestion is rapidly becoming one of the most
to analyze snell situations, but it was understood that serious problems affecting urban areas, Traffic operations
such material was unreliable and was Io be revised as techniques and systems are needed that can substantially
soon as possible. The Transportation Researell Boardsub- increase capaeiW and improve traffic flow effieiency,
sequently published a pdoritized list of subjects about While it is essential that "best practices," new construe-
which the HCM is unreliable and research is needed tion, and traditional traffic engineering approaches in
(Circular 319), Number one on tlmt list or priorities is dealing with trafficdemand be vigorously used, innovative
the capacity of ramp-freeway junctions. A theory which and advanced technology needs to be incorporated into
accounts for the impact of geometric and tralTtcvarlables the highway system if significant relief for urban traffic
must be developed and calibrated with a nationwide sur. congestion is to be realized at economic and social costs
vey, The objective of this researcb shall be to: (I) Develop below the cost ofconstructlng extensive newconventional
a theory or algorithm that can calculate the cap,city and facilities.
level of service of ramp-freeway junctions as functionsof Application of advanced technologlcs in areas such as
geometric and traffic variables. (2) Calibrate that theory motorist communication, information and navigation sys-
or algorithm with a nationwide data sample. The gee- terns, vehicle guidance, control systems, and others has
metric variables considered should include merge/dl- the potential for relieving traffic congestion, Issues related
verge angle, length and type of acceleration / deceleration to applying such syslems to help alleviatc trafficand trans-
lane, grades, design speeds, and number of laneson the portadon problems have yet to be fully explored.
ramp and on filemainline. The traffic variables considered The objectives of this research are to: (1} identify and
should include traffic volume on the ramp and on the assess the most promising advanced technologiesand sys-
mainline, percent trucks, and arrival pattern (random/
ramp-metered/platoon'l. The research eanbedivldcdlnto toms that can improve urban highway traffic operationsby achieving significant increases in capacity and traffic
six major tasks:-- Task 1, Ascertain the state-of-lhe-art flow; and (2) for the most promising of these technologies
in ramp-freeway capacity analysis. This task [nelsdes a and systems, formulate a plan for research, development,literature survey hut it also includes coordination and
consultation with other, related research, Task 2, Select testing, and demonstration.

The following two research phases are to be acces-
S0 experimental sites, Experimental sites must cover the pllshed:
full range of traffic, geometric, and geometric, and gee-
graphical variables. Task 3. Formulate a model of the Phase l_Prellminary Assessment of Advanced Tech-
capacity of ramp-freeway junctions. This model maytake nologies
form oPa theoretical relationship or of an algorithm, Tile Task/--Identify advanced and innovative technologies
critical issue is that the model be able to predict tile level and systems that offer slgnifieant promise of improving
of service and capacity of ramp-freeway junctions, Op- urban highway traffic operations. These improvements
crating speed is a desirable, but not essential, measure of may include increased capacity, enhanced traffic flow, or
effectiveness. Task 4, Conduct a pilot study at four of the improved system operational efficiency.
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Task 2--Conduct a preliminary quantitative assess- sue the original objectives in a way that will complement
meat drench technology with respect to costs and benefits, the new TRB policy study. Further details are provided
This assessment will relate each technology to the type in the project description immediatdy following.
of urban congestion problems that can be alleviated (e,g.,
freeway incidents, recurringcongestion on freeways and
arterials),

Task 3--Conduct a preliminary assessment of the in- Project 3-38(1)A Py '90
stltutionaland organizational issues, public/private see- A Study to Assess Advanced Vehicle arid
tar roles,funding mechanisms,and potentialeconomic Highway Technologies
benefits of wideseale use related to the implementation
aspects of these technologies. Research ,tgettcy: Transportation Research Board

Principal hll,est.: Robert E. Skinner, Jr,

Task 4--Prepare an interim report including a llst of £_,¢/h,a Dale: (18 mombs)
the most promising technologies in order of their potential Completion Date:
for reducing congestion and in terms of the chance of Funds: $42,500 (additional funding is ex-
successfulimplementation, peered to be provided by other

Phase 2--Detailed Assessment anti Program Devel- Federal agencies and industry
opment sponsors),

Task 3--Perform a delailed assessment of each of the Traffic congestion is rapidly becoming one of the most
technologies selected inTask 4. This assessment will in- serious problems affecting urban areas. Urban travel in i
elude a more detailed analysis of the factors covered in general is increasing at a rate of 4 percent per year, but

Phase l. In addition, it will examine such issues ns an- construction ofnew facilities is expected to accnmmodate
vironmental considerations, social impacts, develop- lessthanone-fourthoftbisadditionnldemand. Therefore,
mental risks, and implementation risks, a continued loss in mobility is expected. Against this

Task d--On the completion of Task 5, prepare and backdrop of serious existing and growing congestion,
present an executive level briefing to a limited number of trafficoperations' techniques and systems are needed that
top highway officials on the results and recommendations can substantially increase capacity and improve traffic-
to date. Tilepurpose will be to exchange information and flowefficiency. Innovativeand advanced technology needs i
to obtain input to assist the contractor in formulating to be incorporated into tile highway system if significant I
research, development, and demonstration (RD&D) pro- relief for urban traffic eongestion is to be realized at
gram plaits, economic and social costs below the cost of constructing

Task 7--Develop a detailed RD&D program phm for extensive new conventional facilities. Application of ad-
each technology assessed in Task 5, describing the next vanced technologies in areas such as motorist eommu-
stage of research, planning, and program development, nieation, information and navigation systems, vehicle
The research and development element of the plan will guidance, control systems, and others has the potential
define tile specific new research requirements to advance for relieving traffic congestion. To date Project 3-38(1)
these technologies to a demonstration stage by the mid- has identified and assessed tire most promising advanced
1990's, The demonstration element of the plan will de- technologies and systems tbat can improve urban highway
scribe the scale and application of the demonstrations to traffic operations, and a comprehensive report on tbe
be developed. It will also address commercialization con- state.of-the art in these technologies has been prepared,
siderations, institutional and organizational issues, pub- In the continuation of Project 3-38(1), fundingof$42,500
lie/private sector roles, educational needs, and willbe provided towards a broad new TRB/NCR policy
demonstration risks. RD&D program costs will be estl- study, Building on the state of the art developed under
mated for each plan formulated, 3-38(I), the THB/NRC study (Project 3-38(1)A will de-

Task 8--Prepare and present an executive levelbriefing veloprecommendations on the appropriate stagingof new
to the same participants who were involved in Task 6. systems and the necessary research and development ac-
This briefingshould cover the recommended B.D&Dpro- tivities required to bring about their implementation. The
gram with empltasls on implementation considerations, systems to be considered range from variable-message

Task 9--Prepare a final report, signs and computer-comrolled traffic signals, already in
Tasks 1througb 4 have been completed and tile interim selected use, to automated highways and automatic re-

report was reviewed at a panel meeting in April, 1989, hicle-chauffeuring systems that are in early stages of de-
Subsequently TRB, with the concurrellee of AASHTO vdopment. The results anticipated from the study will
and FHWA, has proposed a broader, policy study of the include an assessment of tbe extent to which advanced
issues being addressed in project 3-38(I), Following inl- systems could be applied to maintain and improve high-
tiation of the TRB policy study, to he designated as a way transportation in the United States over tile next 50
continuation of this project, the research agency will put- years. The likely benefits and costs of specific technology
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applieatiorls, as well as options tfiat do not involve new a cost and lime scfiedule for each center, any special
technology will be estimated. Finally, a desirable schedule considerations for each selected center, and the data sum-

for introducing stages of advanced technology, specific mary/presentation formats, Direct assistance in tfic data
research and development activities, and a funding pro- collection effort from local sources will he pursued, and
gram will be outfincd, idcmiflcd in the plan.

Task 4--Collect data.

Task 5--Summarize data. Summaries of the data will

Project 3.38(2) FY '87 be designed to permit analyses off (I) tile characteristics
of the centers, (2) the intra-sltc trips generated by these

Travel Characteristics of Large-Scale Subur- centers, (3) tile captured trips (i,e., traffic passingby the
ban ActivityCenters center with someother primary destination that stopsoff

Research Agetzcy: JHK and Associates, Inc, for a secondary trip purpose), (4) travel characteristic
Principal Iiivesl.: Kevin G. Hesper differences among muhi-use centers, and (5) travel char-
Effective Date: June 1, 1987 acteristic diffel_nces of individual land uses within a

Completion Date: February 2g, 1989 multi-use center relative to the same land uses when they
Fundst $300,000 exist as single-use developments.

There is a lack of up-to-date information on travel Task 6--Prepare final report. The final report will in-

characteristics of activity centers, particularly the large- elude data base summaries and an filustrative case study
scale, multi.use suburban ceuters Ihat have been devel- to describe the application of the data to site-impact anal-
aped recently, These data include trip generation rates, ysis,
travel modes, trip purpose, trip length, parking charac- Tasks I through 5 have been completed and the final
teristics, pedestrian activity, capture rate (Le., proportion report is in preparation: Panel review and revision will
oftrips attracted to the development from traffic normally require a time extension.

passing by the site), intra-sitc vehicle movements, hourly
variations, and vehicle occupancy.

The objective of this project is to develop a compre-
hensive data base on travel characteristics for various ProJoct 3-3fl(3) F'Y '87

typesof large-scale,muhi-usesuburbanactivitycenters. Traffic AdaptiveControl (Phase1)--Critical In.
Representative trip generation rates and other Iravcl char- teraoctlon Control Strategies
acteristics will he delermined for use by others in ana-
lyzing the traffic impacts of such activity centers on file Research Agency: Farradyne Systems, Inc,
transportafion system, This research will be limited to Principal Illyesl.: R. David Henry
activity centers with over 5 million square feet ofexisting Effective Dale: September I, 1988
floor space and that lie outside of tfie CBD, Conlpletion Date: Julm 30, 1989

Funds: $149,95 l
The following tasks will be accomplished.
Task /--Review existing data for purposes of idenfi- The inability of traditional fixed-time traffic sigmd con-

fying candidate sites, trol systems to automatically modify their timing plans,
Task 2--Select activity ce_tters. At least six sites are in response to both long-term and short-term changes in

to be identified for primary data collection purposes coy- traffic demand, results in excessive delay and congestion.
ering several different geographic areas. Travel eharae- Of particular concern is the fact that correctable delay

teristics of such activity centers are believed to vary at poorly timed signals increases dramaticaIly as demand
depending on whether the center: (1) is a planned activity approaches capacity.
center or is an assemblage of individual developmenls, At present, tfiereis no consensus as to tile best approach

(2) has or does not have a regional shopping center, (3) to PrOviding traffic adaptive control in signalized net-
is located in an already built-up area within the "inner works, Although considerable research has been done on
ring" of the suburbs or is located furfller out where de- strategies that periodically recompute and chance system-
velopment is still evolving, and (4) has or does not have wide timing plans, very little research has been done with
a significant housing component, regard to tile critical intersection control (CIC) strategy

Accordingly, the site-selection classification scheme includedinFHWA'sUTCSsoftwareandotherpackages.
will cover these factors at a minimum, as well as others Preliminary results from implementation of CIC, such as
(e,g,, presence of mass transit service, location on cir- in the UTCg-enhanced-type system in Los Angeles, have

cumferential vs, radial highway, ere,) dmt are considered suggested its potential as an effective adaptive control
to cause significant variations in travel characteristics, measure. However, further validation is needed, Rec.

Task 3--Develop a detailed data collection plan, idea- ommendations and guidelines are needed regarding tile
tifying tile data items considered to be important and proper application of CIC in different types of signalized
including a description of the data collection techniques, network configurations and operating conditions.
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The obJectives of this research are to: (1) determine the Project 3-38(4) FY '87 and FY '88

effectiveness of a selectedCIC strategy currently used in Traffic Signal Control for Saturated Conditions
a first-generation computer.controlled signal system; (2)
if the CIC strategy is shown to be efi'ect[ve, develop corn- Researck Agency: KLD Associates, Inc,
prehensive guidelines and a user manual for its applica- Principal Invest.: Edward B. Lieberman
t[on; and (3) develop detailed recommendations for Ej_eetive Date: October l, 1987
improvements In tile CIC strategy for future implemen- Completion Date: March 31, I989
ration and evaluation. Funds: $270,000

To accompfish these objectives, tile following tasks will Medium- and large-sized urban areas throughout the

he conducted: United States experience saturated traffic flow conditions
Task I--A thorough review of existing CIC strategies on almost a daily basis, Saturated operating conditions

will be conducted, Based on ffiis review, a CIC strategy are characterized by the existence of queues that are not
and potential test site(s) suitable for a comprehensive field able to discharge within a reasonabIe period of time at a
evaluation will be recommended, given signalized inmrsection, Signal-timlng strategies

Task 2--A field evaluation plan to determine the el- based on progression are not optimal in these situations.
fectiveness of the CIC strategy seIected will be developed, Latent queues that were not able to clear during previous
This evaluation will be based on a variety of geometric cycles may cause the progression scheme to break down,
configurations, intersection spacings, traffic signal timing In fact, progression schemes that allow the arrival of
and phasing, demand/capacity leveIs, and operational platoons at the rear of a latent queue may worsen the
conditions(e.g.,effects on downstreamintersections).Ad- problem by effectively lengthening the queue. These
ditionally, the evaluation will determine the sensitivity of queues may grow to sufficient length to adversely affect
parametersandcocfficientsusedin thedetectorsmoothing upstream intersection operations. These conditions are

algorithms and demand equations in terms of traffic per- true during peak period (recurring) congestion and also
refinance, At the completion of Task 2, an interim report in nonrecurring congestion caused by special events or
containing the results of Task I and the field evaluation incidents.
plan will be submitted, The objectives of dds research are to: (I) develop a

Task 3--Following a decision to proceed, the field nser manual containing procedures and guidelines for
evaluation for the strategy selected will he performed. A applying appropriate signal-timing strategies to minimize
report documenting the results will be submitted, the impact ofrecurring saturated traffic conditions under

Task 4--Detailed recommendations for potential ira- a wide range of network geometry, traffic flow patterns,
provements to the CIC strategy evaluated will be deveI- and operating conditions; and (2) develop procedures that
oped, Examples of possible CIC improvements are (I) can be used in computerized signal systems for real-time

ability to assign individual coefficients to specific deice- response to botil recurring and nonrecurring saturated
tors, (2) ability to modify cycle length, mid (3) ability to conditions.
consider congestion at downstream intersections, These To accomplish the first objective, the fofiowing tasks
recommendations will include time and cost estimates for will be conducted:

implementation and evaluation in a subsequent phase of Task 1--A number of scenarios that describe saturated
this project, conditions for a wide range of network geometry, traffic

Task 5--Following tile authorization to proceed, corn- demand, and operating conditions will be defined. Con-
prehenstve guidelines for the use of the CIC stralegy sideration will be given to approach length, number of
evaluated in Task 3 wffi be developed. These guidelines approach lanes and their usage, pedestrian crossing re-
will address issues relative to CIC appficability, con- qairementsand interference with turning traffic, actuated
straints and limitations, seIecfion of parameters and coef- and fixed-time control, upstream turning movements, and
ficients used in the smoothing algorithms and demand downstream bottlenecks (e,g,, bridge, tunnel, lane redue-
equations, and traffic conditions under which CIC should finns, etc.).
he activated by the system, A user manual that documents Task 2--A set of signal-timing stramgles that can be
the guidelines in a format and style suitable for use by used to minimize the impact of saturated Iraffie flow
operatorsoi'computerized signalsystems wifibe prepared, conditions will be prepared. Consideration wiI] be given

Task 6--A final report documenting all methodology to strategies that include simultaneous and reverse pro-
and results will be prepared, gression schemes and metering of upstream or side-street

Tasks I through 3 have been completed and the project traffic flow,
panel has met and approved a plan to conduct field tests Task 3--For each scenario defined in Task I, alter-
intheCityofLosAngclcs'UTCSEnhancedsystem. Some native signal-timing strategies from tile set of strategies
computer hardware installation problems are delaying tile developed in Task 2 for evaluation will be selected. Ap-
project, necessitating a six-month extension, propriate signal-timing parameters (e.g,, cycle length,
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phase sequencing and timing, and offsets) for each alter- search is needed to document the operutiomd effects of
native to he evaluated will be developed. An interim report narrower lane widths on congestion reduction and related
documenting the results of Tasks 1 through 3 wfil be accident impacts.

submitted before proceeding further. Tile objective of dfis project is to determine filerels-
Task 4--Using tile NI/TSIM model, tile effectiveness tionship between capacity and safety for various lane

of the alternative signal-timing strategies developed in widths and allocations for a given street width, This re-
Task g for each scenario will he evaluated, From tile lationship will be quantified for both street segments and
analysis of these results, procedures and guidelines that intersections. Such fllctors as volume-to-capacily ratios,
can be used by practicing engineers to select the appro- prevailing speeds, vehicle type and volume, alignmenl
priatetimingstrategyforngivensetofgeometric, signa]- quality, service to adjacent property, classification of
timing, and traffic demand parameters will be developed, streets, and environmenlal factors are among the impor-

Task 5--A user manual that describes Ihe timing strat- tant operational considerations.
egies developed in Task 2 and conlains the procedures To meet this objective the following tasks will be ac-
and guidelines developed in Task 4 will be developed, complished:
Full documentation of tile simulations and analysis con- Task /--Conduct a literature search and identify re-

ducted in Task 4 will he included as an appendix in the lated Iilerature on the effects ofoperational-type improve-
manual, meats involving lane width on capacity and/or safety.

To accomplish the second objective, the following tasks Task 2--Design and conduct a survey to determine
will be conducted: current use of narrow lane widths in urban areas. Tile

Task 6--Procedures that can be used in computerized survey should include tile rationale for or tile purpose of
signal systems for reabtime response to both recurring such use, and operating experience, Tile resuhs of this
and nonrecurring congestion will he developed. These survey should identify typical types of lane-width-reduc-
procedures will include algorithms and detector place- lion strategies and the resulting lane configuration and
ment guidelines for determining theonset and termination use. In addition the survey must de[ermlne data avail-
of saturation. They will also include signal-timing strat- ability and quality as it relates to the selection of key
egies that can respond in real-time to the detection of capacity and safety parameters to he studied, Finally, the
saturation, (The signal.timing strategies to be investigated survey should identify key measures-of-effemiveness that
will not be limited to those studied in the previous tasks), have been or can be used to evaluate alternative strategies,
Cost and time estimates to (1) install the detectors; (2) Task 3--Develop a methodology for determining op-
develop, tesh and install the necessary software; and (3) erational and safety effects of narrow lane widths. Tile
conduct before-after field evaluations at several test sites methodology may include but need no[ be limited to such

will be prepared, These estimates will provide the basis techniques as: (1) field operational studies of speeds, we-
for a subsequent research project, hicle placement, and traffic conflicts, (2) traditional de-

Task 7--A final report will be prepared, cident data collection and analysis, and (3) syntheses of

Tasks 1 through 3 }lave been completed and [he project previous researob. The overall research plan should enable
panel has reviewed a plan for the Task 4 scenario testing, quantification of traffic performance and safety effects
The research agency is revising the plan and, following over the full range ofstrem conditions. Submit an interim
panel review and approval, work on the remaining tasks report that (1) provides a synopsis of tile survey, (2)
will proceed, recommends the scope of strategies to be studied, data to

be obtained, and measures-of-effectiveness, and (3) pro-
Project 3-30(5) FY 'gg sents the methodology to further quantify the capacity

Effective Utilization of Street Width and safety effects of narrow lane widths.
Task 4--Perform studies to determine capacity and

Researck Agency: Midwest Research Institute safety effects of narrow lane widths using the methodology
Principal hwest,: Douglas W. Harwood developed in Task 3, Studies should include lane use (e.g.,
£ffeetive Date: April 1, 1988 left-turn lane, through lane, right-turn lane), lane width,
Completion Date: April I, 1990 street classification, volume-to-capacity ratio, speed, and

Funds: $160,000 adjacent land use,
New development and changing land use in many ur- Task .,C--Quantify tile traffic performance and safety

ban areas call for increases in street capacity. Frequently, effects of the range of lane widths for the various street
the additional capacity must be provided without an in- types and traffic conditions studied, Specify expemed de-
crease in curb-to-curb street width. Lane-width reductions eldent rates and severity along with changes in capacity

thrnugln restriping to provide more lanes, used either and vehicutar delay,
alone or in combination with parking prohibitions, me- Task d--Prepare a final report to include an executive
dian removal, and intersection improvements are among summary and detailed procedures [hal can be used to
the strategies used to provide additional capacity, Re- implement the research results. These procedures sbould
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include and address the following safety and operational Based on the results of Tasks I and 2, appropriate cost-
factors: (1) relative accident experience, (2) traffic volume sharing approaebes (e.g,, impact fees,assessment districts,
and mix, (3) relative speeds, (4) lane mix anti type, (5) negotiated agreements) will he evaluated for application
street classification, and (6) relative capacity, to new or expanding major employment centers and the

Tasks 1 and 2 have been completed and work is un- factors that must be accounted for in implementing each
derwayonTask3. willbeidentified,

Task 4--Develop Cost.Allocation Methods. For each
approach selected in Task 3, an appropriate cost-alloca-
tion method will be developed using existing methods to

Prelect 3-3ft(6) FY '88 the maximumextent possibte. Of particular interest is the

Coat Sharing for Transportation Improve- useof soundeconomictheory that providesfor the ap-
monte Near Malor Suburban Employment propriate treatment of costs (i,e., averageunit costs, in-
Centers eremental costs, marginal cosls, short-termvs, long.term,

etc.), Step-by-step procedures for direct application are
Research Agency: Indiana University desired, based on empirical data to the extent possible,
Principal htvest,. Tbomas Snyder Task 5--111ust,_teAlternative Approaches. Use of the
Effective Date: May 15, 1988 alternative cost-sharlng approaches and the cost-alloca-
Completion Date: August 31, 191i9 tion methods will be illustrated by applying them to at
Funds; $125,C_0 least three representative types of major employment can-

Major employment centers {nsuburban areas, by tbeir tars (realor hypothetical), The same centers will be used
nature, generate vehicle trips that impact surrounding in each case to provide cross comparisons.
road and signal facilities. Transporlation improvements Task g--Develep GuMelines_These guidelines should
are often required to mitigate impacts, sometimes at con- cover (1) considerations and rationale for the selection of
slderable distance from the centers, Public agencies are cost-sharingapproaches and cost-alloeation methods, (2)
using a variety of cost-shozing approaches that in certain typical applications,and (3) limitations. The primary au.
cases may result in inequities, both among developersand dience for the guidelines is at the decision-making level;
between the developer and the public agency, For in- whereas, the documentation of tbe approaches and math-
stance, a developer who triggers a threshold level for ads should be directed to the analyst.
capacfty improvements may be burdened with the entire Research is underway on Tasks 1, 2, and 3,
cost. Other developers obtaining approvals beforeor after
the improvement costs have been allocated may not be
laced with any oF these costs, Inasmuch as an equitable
agreement is in the broad public interest, it is important
that agencies and developers formulate rational positions Project 3-38(7) FY '89

and derivefair-shareoptions. Aecose Management Policies and
The objective of this research is to provide information Guidelines for Activity Centers

to state and local agencies, as well as developers, on (1)
how to select the most appropriate cost-sharing approach, Research Agency:
(2) specific factors to be considered in allocating costs in Prhtcipal ht_est.: In developmental stage
each approach, (3) detailedcost-allocation methodologies, £jTt.ctiveDate: (I8 months)
and (4) application guidelines, This research ',viii focus CompletionDate:
on the equitable allocation of the private sector share of Fttnds: $125,000
transportation improvement costs among individual prop- Streets and highways constitute a major public invest-
erties at new or expanding major suburban employment ment, and it is essential to operate them safely and efli-
centers, ciently, Inadequate access manngement is an important

To meet this objective the following tasks will be ae- factor behind tile operational deterioration of many of
eomplished, our streets andhighways,There is a need to identify better

methods for applying access management practices to
Task 1--Review Alternutive Cost.Sharing Approaches. different classesof higbways within the vicinity of activity

Existing approaches to allocating private sector costs will centers, and forimplementing such practices on highways
be reviewed, primarily through a literature review, experiencing access management problems.

Task 2--Review Basic Economic Theory, General eco- The objectiveof this research is to develop policies and
nomie theory and principles will be reviewed for appli- guidelines topreserveand improve the capacity andsafety
cability to the equity considerations in determining cost- of the overall highway system within the vicinity of ac-
sharing allocations, tivity centersthrough better management of access con-

Task 3--Evaluate and Select Alternative Appmache_ troL These guidelines would apply to (I) modification of
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access control on streets and higbways wbere activity- Project 3-39 FY '88

center development has already occurred, (2) planning Evaluation and Calibration Procedures for
access control in newly devcloped areas or for new high-
ways being constructed in existing developed areas, and Weigh-In-Motion Systems
(3) management of access control within activity centers. Research Agency." Texas A&M Research Foundation

To meet this objective, the following tasks shall be Principal Invest: Dr. Wiley Cunafiain
accomplisbed; Effective Date; March I, 1988

Completion Date: November 30, 1990
Task 1. Conduct a detailed review ofllterature, a survey Funds: 5265,000

of State and local governments, and a survey of activity
center developers and managers. The purpose of these Statehighwayagenciesneed aecuratctruck-weigbt data
activities in two-fold; (1) to identify problems currently for use in planning, design, operations, and maintenance
being experienced on bighways and streets in the vicinity activities related to both highway pavements and bridges.
of activity centers and (2) to identify current successful A considerable amount ofdata is needed to support these
practices for management of access to activity centers activities, as well as for enforcement and higbway finance
along major streets and highways, As a minimum the purposes.Further, states are faced with an increasing need
following information shall be collected: fordds type of information to implement pavement man-

agement systems and to meet file data requirements of
• What access management policy(s) are in place? the Strategic Highway Research Program.
• Are these policies backed by legislation? Various weigh-in-motion systems are available to col-
• Do the policies or legislation authorize the retrofit leettruck data in a more efficient manner than by using

of access management on existing streets and higb- conventional weighing methods. A number of states are
ways within the vicinity of activity centers? currently instaIllng these systems and are specifying and

• Do existing policies include access design standards? conducting independent acceptance and validation pro-
, Do access design standards vary by highway rune- cedures. However, nationally recognized procedures

tional class? foracceptance testing and for on.site calibrationof WIM
• How is enforcement of the policy handled? systemsdo not exist, Such procedures need to be devel-
• Are standards and policy administered by State, re- oped and validated by statistically designed field experi-

gional, or local government? How is coordination meats so that WIM users can be confident that WIM-
handled? How are conflicts between standards of estimated weights will meet specified tolerances for vat-
different jurisdictions handled? leas applications. Widely accepted procedures will also

• What is the typical design year used for analysis of beaelitthe manufacturers by providing more consistent
access adequacy for activity centers? testingrequirements among their customers.

• What are the typical problems with current policies, The objective of this research is to develop a proce-
guidelines, and standards? For example, what exist- durc(s), covering all WlM system applications, for (1)
ing components should be eliminated? What existing acceptance testing, (2)on-site calibration, and (3) periodic
components shnuld be changed? Wbat components verification of system performance.
should be added? To accomplish this objective, the following tasks will

• If there were no constraints (political, funding, or be conducted;
personnel), what would the ideal access management
policy for activity centers include? Task /--Review and summarize the past experienceand technical information relating to the evaluation and

Task 2, Prepare a report summarizing the material calibration of WIM systems, Prepare a task report sum-
gathered during Task 1,This report shall be appropriate marizing the existing information's applicability to the
for publication as a synthesis and evaluation of current objectives of this research and proposing specific proee-
pmclices in access management for activity centers, durcsfor further development in Task 2, Each procedure

Task 3. Prepare a draft report recommending policies will include testing under actual traffic conditions; the
and guidelines that can be used for managing access on feasibilityof procedures based on simulation ofthe traflic-
streets and higbways in the vicinity of activity centers, inducedforces on the transducers will also be specifically
This draft report;shall be circulated for review and corn- addressed, including recommendations for incorporating
meat to a representative sample of the Task 1 survey this simulation into subsequent tasks,
respondents. Task 2--Develop recommended procedures for eval-

Task 4. At a meeting of the NCHRP project panel, uatinn and calibration of WIM systems, Separale pro-
present a summary of the responses to the Task 3 draft eeduresmay be needed for acceptance testing, calibration
report and make recommendations regarding whether or at timeof installation at each site, and periodic verifi-
not additional research is required, cation. Factors to be considered include (1) types and

Task 5, Prepare a finalreport on Recommended Access appfieations of WIM equipment, (2) slte conditions, (3)
Management Policy and Guidelines for Activity Centers, traffic mixes, and (4) a statistically valid traffic sample
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for each site. Provide an interim report including a de- remainder of the project,
seription of the detailed procedures, a statistically valid Task 3--Develop guidelines to assess the cost eft'co-
experiment design for field testing the procedures, and a tiveness of fiPUls in comparison wiril alternative design
design for a pilot test. solutions on a life.cycle basis (right-of-way, pavement,

Task 3--Pfiot test the approved procedures and ex- structures, drainage, and function), including first costs,
perlment design through field studies at one or two sites, continuing agency costs, user costa, lind environmental
and makes any needed modifications, costs,

Task 4--Following approval ofthe revised procedures Task 4--Develop guidelines for geometric design for
and experiment design, validate the procedures through use with the AASHTG "Green Book," Guidelines should
held tests, consider, but not be limited to, the following: turning

Task 5--Prepare the final report, including documen- radii, design speed, free flow movements, channelization
ration that can provide the basis for a nationally accepted design including provision for U-Turns, pedestrian and
test for use by all states, bicycle accommodations, horizontal and vertical sight dis-

lance, capacity, frontage and service roads, and access
Tasks 1 and 2 have been completed, control

Task 5--Develop guidelines to analyze the functional

Project 3-40 IcY '89 performance of fiPUl traffic operations throughout its
design life (these may be based on existing computer

Single Point Urban Interchange Design and programs). Develop criteria for the optimum placement
Operations Analysis and operation of traffic control devices. Define safety con-

Research Agency: siderations, including pedestrian and bicycle traffic, and
Principal lnvest,: In developmental stage develop recommendations for dealing with the impact of

Effective Dare: (21 months) these factors.
Completion Date: Task 6-.-Prepare a hnal report, documenting the re-
Funds: $25S,000 search and presenting the findings, with emphasis on tile

The Single Point Urban Interchange (SPUI) essentially user guidelines for those highway agencies contemplating
combines two separate diamond ramp intersections into selection, design, construction, operations, and mainte-
one large at-grade intersection which accommodates all nonce of SPUIs.

interchanging vehicular movements and the through Tasks 1 and 2 have been completed.
trams, Signalization of the one major intersection sim-
plifies coordination on the arterial. It has been reported
that SPUIs can significantly increase traffic-carrying ca- AREA 4: GENERAL MATERIALS
pability compared with the conventional diamond inter-
change,

There are currently numerous uncertainties about the Project 4-1 FY '63 and FY '64

design and operation of SPUIs, These include: wrong- Development of Appropriate Methods for

way movement potential; traffic signal, signing, and de. Evaluatingthe Effectiveness of Stabilizing
lineation requirements; sight distance; cost-elTectiveness; Agents
increased capability to accommodate heavy traffic move-
ments; safety problems; and driver behavior. Researck Agency; University of Illinois

The objectives of the research are (1) to document Principal Invest.: Dr. E. J-,Barenberg

current practice in design and traffic operations at existing Effective Date: June I, 1963
SPUIs and (2) to develop and document guidelines for Conlpletion Date: October 31, 1966

Funds: $1 i4,991
tile design, operation, analysis, and cost effectiveness of
SPUIs, This study was directed toward the further improve-

Accomplishment o1"tile objectives will require, as a ment of existing methods or the development of new
minimum, the following tasks: methods of tests wldeh will lead to a way of measuring

Task l--Determine the state of the art and current the effectiveness of various stabilizing agents. The meth-

practice through a review of the literature and contacts ads are expected to provide definitive data to predict
with highway ageniees planning, designing, constructing, performance under in-service conditions and provide cri-
operating, and maintaining fiPUls, teria for the design and construction of pavement cam-

Task 2--Prepare an interim report which documents ponents involving stabilized materials,
the results of Task 1,describes and illustrates key factors This research was conducted principally by means of

in the design of fiPUls, and lists key strengths and weak- laboratory experiments to investigate the effectiveness of
nesses experienced to date. The report shall also include viscous and nonviseous materials as stabilizing agents.
recommended refinements of tile research plan for the Type I portland cement and a penetration-grade asphalt
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were chosen for the study because of their popu]or[ty os The initial research phasehas been completed, and the
reflected in current usage, and limited tests of model project report for this phase has been published as:
pavements slsbilized with both arose materials were con- NCHRP Report 12, "Identification of Aggregates Caus-
dueled in the research agency's test track for the purpose Jag Poor Concrete Performance Whfm Frozen,"
of correlatingthe resuhs obtoined in tbe laboratorywith The final research phase has been completed, and tile
the behaviorof the model pavements, project report has beenpublished as: NCHRP Report 65,

The project report was not published in the regular "One-Cycle Slow-Freeze Test for Evaluating Agfirefiatc
NCHRP reportseries; however, microficheof the report Performance in Frozen Concrete."
may be purchased (see final page of this seclion for or-

dering information). Project 4-3(2) FY '63 and FY '66

Development of Methods to Identify Aggre-

Project 4-2 FY '63 andFY '64 gate Particles Which Undergo Destructive
Volume Changes When Frozen in Con-

A Study of Degrading Aggregates in gases crete
and Subbaese with Production of Exces-

Research Agency: The Pennsylvania State Universily
siva Arnourits of arid/or Harmful Types l'rhtcil_al Invest,: Dr. T, D. Larson
of Flnos Effective Date: Mar. 25. 1963 July 1. 1965

Research .lgeocyt Purdue University Completion Date: Jan. 31, 1965 Aug, 31. 1967
Principal blvest.: Dr. R, B. Johnson Fttttds." $56,457 $49.756

Dr. N. B. Aughenbaugh This project involved the development era rapid test(s)!' Dr, N. M. Smith
': Dr. T, R, West to distinguish de)eterious particles in aggregates and
,_' Effective Date: February I5, 1963 thereby predict their behavior under various degrees of

Completioo Dote." November 30, 1966 exposure in concrete subjected to freezing and thawing.
Funds: $63,990 Tile study was similar to that conducted under Project

4-3(I) at Virginia Polytechnic Institute (tile same ofijec-
This study was directed toward the development of tlves apply) but different in approach. A number of OR-

tests or proced.res for predicting the amount and effects gregates investigated were common to both studies.
of aggregate degradation and the development of tech- The initial research phase has been completed,and the

'.i niques for upgrading such aggregates for economic use projectreports for thisphasehavebeenpublishedas: HRB
in highway pavement structures, SpecialReport 80, "A Critical Review of LiteratureTreat-

Tile research has been completed, and the project report ing Methods of Identifying Aggregates Subject to De-
has been published as: NCHRP Report 98, "Tests for structive Volume Change When Frozen in Concrete and
Evaluating Degradation of Base Course Aggregates," a Proposed Program of Research," and NCHRP Report

15, "Identification of Concrete Aggregates Exhibiting
Frost Susceptibility,"

Project 4-3(1) FY '63and FY 'fi6 The final research phase has been completed, and the

Dovelopmont of Mothods to Identify Aggre- project report has been published as: NCHRP Report 66,
gate Particles Which Oridergo Destructive "Identification of Frost-Susceptible Particles in Concrete
Volume Changes When Frozen In Con- Aggregates,"
crete

Project 4-4 FY '63
Research .4gency: Virginia Polytechnic Institute
Principal Invest,: Dr. R, D. Walker Synthetic Aggregates fer Highway Uses
Effective Date: Mar. I, 1963 duly l, 1965 Research Agency: Battelle Memorial Institute
Completion Date; Sept, 30, 1964 Mar. 31. 1967 Principal b_vest,: M, d, Snyder
Funds: $20,000 $23,337 F, F. Fondriest

Research conducted under this study related to the Effective Date: March h 1963
development of a rapid method of test(s) to distinguish Completion Dat_:" April 15, 1964Fund_:' $14,790
deleterious particles in aggregates and to predict their
behavior under various degrees of exposure in concrete In an effort to determine potential sources of aggre-
subjected to freezingand thawing. The work was similar gates, this study was authorized to explore the feasibility
to that conducted under Project 4-3(2) at Pennsylvania of utilizing artificial aggregates in hlghv,'ay construction.
State University (the some objectives apply) but different Research has been completed, and the project report
in approach, Certain aggregates investigated were corn- has been published as: NCHRP Report fi, "Synthetic
men to both studies. Aggregates for Highway Construction."
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Project 4-5 FY '63 orallyGrades60and 75) to supportrealisticdesigncri-

A Study of the Mechanism Whereby the teria. This was approachedthrough the design and
Strength of Bases and Subbases Is Af- executionof a statisticaByvalidexpcrlment.
fected by Frost and Moisture Phasel experimentalwork consistedof repeated-Mad

tests on rectangular and T-simpedconcrete beams rein-
Research .4gency: Michigan TechnoloGical Unlver¢ily forced with s single IonshudinM bar. These specimens
Principal hlvest.: Dr, W. M. Haas oomained bars ranging in size from No. 5 to No, 11 and
Effective Date; February 15, 1963 having nominal yield stresses from 40 to 75 ksL Major
Completion Date; August 31, 1965 emphasis in the Phase I study was on stress range, min-
Fnndt: $64,105 imam stress, bar diameter, type of specimen, and grade

This project involved anextension of presentknowledge of bar.
and understanding of the phenomena of the action of Phase ]l had tileobjectivesof(l)determining tbe effect
frost and moisture in bases and subbases, Initially, lab- ofsurfaeegeometry (deformationpatternand details)and
oratory models were developed wbich incorporatedsiR- (2) incorporatingthe results of Phases I and II into a
nificant variables as an aid in analyzing the mechanism single final report, A total of 353 fatigue tests was con-
of frost action and its relation to strength, Hypotheses ducted in the two phases of work.
evolving from the laboratorywere checked in the field. On thebasis of the observedbehavior,a fatigue design

The project report was not published bt the regular provision was developed for deformed reinforcing bars
NCHRP report series; however, microfiche of the report suggestinga limitation on the service load stress range.
may be purchased (see final page of this section for or- Research has been completed, and the project report
dering information), publishedas: NCHRP Report 164, "Fatigue Strengthof

High-Yield Reinforcing Bars."
Project 4.6 FY '65

Project 4-8 FY '68

Projective Coatings for Highway Structural Research Needs Relating to Performance of
Steel Aggregates In Highway Construction

Research Agency,. Steel Structures Painting Council Research Agency: VirginiaPolytechnic Institute
Principal Invest,: John D. Keane Principal Invest.: Dr. R. D, Walker
Effective Date: March 1, 1965 Effective Date: January 1, 1968
Completion Date,. November 30, 1966 Completion Date: April 30, 1969
Funds: $25,000 Funds: $55,254

This research involved a state-of-the.art review, field The objectiveof this research was to formulate a cam-
exposure testing on which definitive rankings may be prehensiveseries of statements of research problems and
based, and the development of plans for research to ae- recommended studies (including estimates of time, cost,
quire needed information where adequate coatings are and priority) whicb have as their objective the develop-not available.

ment of procedures by the use of which a highway ran-
Research has been completed, and the final report has terials engineermay evaluate quantitatively the relevant

been publishedas: NCHRP Report 74, "Protective Coat- properties of aggregates to be selected for a given class
tags for Highway Structural Steel." In addition, the fol- of use in a given environmentof servicefor a given level
lowing documents have been published in extremely of performance.
limited quantities: NCHRP Report 74A, "Protective Research has been completed, and the project report
Coatings for Highway Structural Steel--Literature Sur- has been published as: NCHP,P Report 100, "Research
vey," and NCHRP Report 74B, "Protective Coatings for Needs Relatingto Performance of Aggregates in Highway
Highway Structural Steel--Current Highway Practices." Construction."

Project 4-7 FY '68 and FY '69 Prelect 4.8(2) FY '71

Fatigue Strength of High-Yield Reinforcing Density Standards for Field Compaction of
Bars Granular Bases and Subbaees

Research ,4gency: Portland Cement Association Research Agency: Clemson University
Principal Invest.: Dr, John M. Hanson Principal Invest,: J. P, Rostron

Dr. Thorsteinn Helgason Effective Date: April 1, 1971
Effective Date: Oct, 1, 1967 Feb, 1, 197l Conlpletion Date: June 30, 1973
Completion Date: Feb. 28, 1970 Aug, 31, 1973 Funds: $95,248

Funds: $100,000 $50,000 The objectives of this project were:
The principal objective of this study was to obtain 1. To evaluate current and proposed procedures and

fatigue strength test data on ASTM A432 steelbars (gen- criteria for the setting of density standards.
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2. To illnstrale examples of inadequate standards and Project: 4-8(4) FY '84

the consequencesof such inadequacy, Predicting Moisture-induced Damage to
3, To develop new or revised procedures and cdteria AsphalticConcrete_10 Year Field Eval-

for more appropriate density standards, uatlon
4, To illustrate that the new or revised procedures and

criteria would yield adequate density standards. Research tlgeno': University of Idai_o

5, To draft, in a form suitable for adoption or adap- Principal Invest." Dr, Robert P. Lottman
tation by highway deportments, proposed new or revised Effective Date: June I, 1985
proceduresand criteria for dlesettingofdensitystandards Comple/iotlDa/e: January 31, 1987
to control compaction during the construction of granular Funds: $24,402

bases and subbases, Under Project 4-8(3), a laboratory test was developed
Research has been completed, and the project report for predicting moisture-induced damage and the test was

has been published as: NCHRP Report 172, "Density used to predict the performance of asphaltic concrete
Standards for Field Compaction of Granular Bases and pavements on eight construction jobs. After 5 years of
Suhbases," service, ranking of the pavement sections in terms of visual

evidence ofstrlpping and strength ratios of cores removed
from the pavements was very similar to the predicted

Project 4-8(_t} FY '72 and FY" '76 ranking produced by the laboratory tests,

Predicting Moisture-Induced Damage to As- Thn objective of this project was to further verify the
phaltlc Concrete ability ol'the previously developed testmethods to predict

moisture-induced damage in terms of distress in the as-
Research Agency: University of Idaho phaltie concrete layer and performance of the pavement
Principallnvest.: Dr. Robert P. Lmtman surface eoursesby thecollecdon andanalysisofadditional
Effective Date: Sept. 1, 1971 Aug. I, 1975

data from the eight pavement test sections after 10 years
Completion Date: Mar. 31, 1974 Jan. 3I, 1982
Funds: $190,177 $7fi,g60 of service.

Research has been completed and the preliminary draft

The objective of this project was to meet the need for final report has been reviewed and approved by the project
a laboratory testing system that will quantitatively predict panel, The agency report has been distributed to the Pro-
the ability of asphaltic concrete to resist the detrimental gram sponsors and other interested persons. It will not

effects of moisture under field conditions, be published in tile regular NCHRP report series, but
Research on Phase I included sampling and laboratory loan copies are available upon written request to the

testing of mixtures composed of materials from many NCHRP or a mlcrofiehe may he purchased (see final page
pavements in service, some of which were experiencing of this section for ordering information).
moisture damage and some not, Effort was made to re-

produce in the laboratory the observed response to ranis- Project 4-9 FY '69

lure in the field. The study produced a tentatively Evaluation of Preformed Elastomeric Pave.

proposed system oP tests t'or determining the moisture ment Joint SealingSystemsandPractices
susceptibility of'asphaltic concrete mixtures and a detailed
work plan for a field evaluation ofthe system. The primary Research .4geney: Utah Department of Transporta-
research program was conducted by tile University of lion

Idaho, with assistance by Battelle-Northwest and the Uni- Prhwipal bwest,: Dale 12.Paterson
varsity of Washington, The final report for Phase I has Effective Date: Get. 1, 1968 Oct. I, 1972

Completion Date; June 3fi, 1971 Dec, 31, 1979
been published as: NCHRP Report 192, "Predicting Funds: $93,494 $144.,g37
Moisture-lnduced Damage to AsphMtic Concrete."

Research on Phase I1 Itas been completed. The pre- Tile objective of this project was the development of

dieted and observed performance over a 5-year period of guide specifications for use of preformed elnstomerlc joint
8 asphabic concrete pavementsin various climatic regions seals in portland cement concrete pavements. The re-
provided substantial verification of the tentative system search involved (1) a review and analysis of existing in-

of tests developed under Phase I. The American Asso- formation, (2) an extensive laboratory testing program,
elation of State Highway and Transportation Officials and (3) a field evaluation phase,
(AASHTO) has adopted the test procedure as T283-85, Research has been completed with successful devel-
"Resistance oPCompacted Bituminous Mixtures to Mois- opment and field verification of guide specifications. A

tufa-Induced Damage." The project report for Phase II major findingofthestudyisthat theabilityoPelastomerlc

has been published as: NCHRP Report 246, "Predicting sealing systems to prevent intnlsion of moisture and for-
Moisture.Induced Damage to Asphaltic Concrete--Field elgn material is more dependent on the adhesion between
EvMuation." the seal and the pavement joint surface than on the pres-



102

sure exerted by the compression of d_eseal. Consequently, aggregates or otherwise replacing the need for convert-
selection of and specifications for tile lubricant-adhesive tional aggregates in highway construction, particularly
used during installation is a very important factor in long- where aggregate supplies are scarce.
term performance of tile system. Based on technical, economic, and environmemal oval-

The essential findings of the study have been published uations, 30 waste materials were retold to have some
as NCHRP Resculdt Results Digest 123. The agency potential for use as highway a_gregales. The hasic tech-
report has been distributed to program sponsors. It will nology was judged to exist for converting any one of tile
not be published in the regular series, materials into aggregate, but in most instances much ex-

perimentation remains to be done.
Research has been completed, and the project report

has been published as NCHRP Report 166, "Waste Ma-
terials as Potential Replacements for Highway Aggre-

Prelect 4-10 FY '70 gates."

Promising Replacements for Conventional

Aggregates for Highway Use Project 4-11 FY '75

Research Agency: University of Illinois Buried Plastic Pipe for Drainage of Transpor-
Principal lnvest.: Dr. C, R. Marek
Effective Date: October 15, 1969 ration Facilities
Completion Date: March 31, 1971 Research Agency: Simpson Gumpertz & Heger
Funds: $50,000 PNncipal Invest.: Frank J, Heger

R. E. Chambers

The purpose of this project was to study the utilization Effective Date: September 16, 1974
of modern technology as it might apply to the develop- Completion Date: January 26, 1979
meat of substitute materials and/or new procedures for Ftttltls: $200.000
upgrading existing unsuitable materials for use as aggre-
gates in portland cement concrete, bituminous mixes, and At tile time tile research problem was conceived, a
base courses, number of plastic pipe products were available to the

This research has been completed, and the project re- transportation industry that appeared to have good po-
port has been published as: NCHRP Report 135, "Prom- tential for economical use as underdrains, storm sewers,
ising Replacements for Conventional Aggregates for culverts, and other drainage structures. However, because
Highway Use." of tile lack of experience with these products in trans-

portation facilities, their use was limited in these appli-
cations. Understandably, tbere was a reluctance to use

them in place of, or as alternates to, more conventional
pipe products whose in-service behavior had been estab-
lished by many years of experience. Accordingly, a need

Project4-10A FY '70 existed for an evaluation of tile theoretical considerations

Waete Mflterlale ea Potential Replacements and field performance of buried plastic pipe to determine

for Highway Aggregates under what conditions they could be used in transpor-tation facilities.

Research Agency: Valley Forge Laboratories Several piping systems were found to be appropriate

Principal hzvest,: Richard H. Miller for transportation drainage applications. Perforated cot-
Effective Date: September 1, 1972 rugated polyethylene (PE) tubing, perforated polyvinyl
Completion Date: November 30, 1973 chloride (IWC), and acrylonitrile,butadiene-styrene
Fllnd$: $53,663 (ABS) pipe were selected for underdrains. PVC pipe and

NCHRP Project 4-10, "Promising Replacements for ABS composite pipe were selected for storm drains and
Conventional Aggregates for Highway Use," identified small culverts, Advantages and possible limitations, arc

the potential for using waste materials as aggregate in presented. In addition, guidelines for selecting, designing,
highway construction. The objectives for Project 4-10A, and installing plastic pipe were developed including sam-
as developed from the prior effort, were to: pie design problems, recommended specifications for two

1, Provide an inventory of the types, sources, mid quan- types of plastic pipe products (corrugated polyethylene

titles of waste materials potentially suitable for the pro- tubing and polyvlnyl chloride piping), and a recom-
duction of synthetic aggregates or for otherwise replacing mended standard for field installation practices,
conventional aggregates in highway construction, Research has been completed, and the project report

44 Zl
2, Provide nil assessment of the prospects for practical has been published as: NCHRP Report 225, Plastic I ipe

use of specific waste materials for production ofsynthetic for Subsurface Drainage of Transportation Facilities,"
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Project 4-12 FY '77 types: those wbh water of hydration, blowing agents,

Upgrading Of Poor or Marginal Aggregates For fuels, and oxidizers, No practlcab]e material was found
PCC and Bituminous Pavements to meet the requirements of the project. A final report

has been submitted and is available on a loan basis upon

_esearch tlgency: Tbc Pennsylvania State University written request to the NCHRF.
['rmc_al invest.: Dr. Plulip D. Cady Further research of temporary marking material_, put-
Effective Date: December t, 1976 suing otber approaches, has been resumed under Project
Completion Date: May 31, 1979 4-13A.
Funds.' $149,941

The over-all objective of this study was to advance Project 4-t3A FY '77
methods of" upgrading poor or marginal-quality coarse
aggregates to acceptable durability and structural levels Temporary Pavement Marking Paint Systems

for use in high-type bituminous and PCC pavement mix- Research Agency: Georgia Institute of Technology
rares, The procedures for upgrading asgregates in fois Prhwipal hw_t,: Dr, Charles J, Ray
studywerelimitedtotheuseofdifferenttypesofcoatlngs, Effective Date: April I, 1978
chemical treatments, or impregnation wbb plastics or Completion Date: September 30, 1979
other materials. Funds: $69,971

The beneficiation addressed recognized problems such The specific objectives of this research were: (I) to
as freeze-thaw damage, stripping, degradation, inadequate examine new paint formulations, primer materials, and

t soundness,Mkali-aggregate reactions, destructive volume rehlted combinations that offer promise for development '

changes, and objectionable coatings.
This study did not address itsell" to p_vement surface into workable temporary pavement marking systems;and

characteristics, such as skid properties, textureand rough- (2) to analyze the fensil_ilityof the concept or concepts
aess, or mixtures applied as seal coats or thin surface in comparison with existing practice.
treatments. A wide range of materials and remove| processeswas

Research has been completed, and file final report has investigated. Coatings based on vinyl chloride copoly-
mere, chlorinated rubber, and acrylic resins were tesled.

been published as: NCHRP Report 207, "Upgrading of Removal teeimiques included photolysis, biodegradation,
Law-Quallty Aggregates for PCC and Binlminous Pave- thermal degradation, and chemical degradation. The re-
meats." moral tests were inconclusive.

Project 4-13 icY '77 Researchbas been completed. The agency's final report
will not be published bat is available on a loan basisupon

Temporary Pavement Meriting Syetems written request to the NCHRP.

Research Agency: Southwest ResearcbInstitute

Principal Invest,: John M. Dale Project 4-14 FY '78
Effective Date; November I, 1976
Cotnpletion Date,, February 28, 1978 Coating Systems for Painting Old and New
l_unds: $49,500 Structural Steel

The specific objectives of this research were: (1) To Research.4gencyt Georgia Tech Researeb Corpora-
examine one or more concepts, existing or new, that offer tion
promise for development into workable temporary pave. Principal 1ripest,: Dr, D. J. O'NeiI
ment marking systems. The desired cbaracteristics of F.A. Rideout
these systems include delineation quality, ease of instal- Dr, Cbaries Ray
lation and removal, absence of adverse environmental Effective Date: January I, 1978

Completion Date: December 31, 198I
effects, ease of implementation, and cost-effectiveness. Funds: $1ff9,302
(2) To analyze the feasibility of the concept or concepts

: : in comparison with existing practice witb reference to, The objective of tbis research was the preparation of
but not limited to; (a) manpuwer, equipment, and material tentative guidelines for the use of existing and recently
costs (application and removal), (b) effect on traffic during developed nonproprietar/coating systems for the painting

applieatfon and removal, (c) traffic control efi'eetiveness, of structural steel with emphasis on such considerations
(d)systemdurablllty, (e) material and processavailabiIity, as (a) health and environment, (b) exposure conditions,

, and (0 hazards to workmen during application and re- (e) application requirements, and (d) economics.
moral; Research has been cumpleted with partial accomplish-

. Tbe concept of this research was to develop and eval- meat of objectives, Tentative guidelines for selection of
- uate additives to be used with existing traffic paints, Re- new coating systems have been developed but additional

search began with lab tests of candidate additives o£ four field testing is needed for verification.
i
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Copiesoftheagencyreport weredistrihuted to program and (8) quality control (especially the control of "holi-
sponsors and will not be pubBshed in tile regular NCHR.P days"). Identify and evaluate candidate coating materials,
report series. Loan copies are available or microfiche of and determine the feasibility of applying the coatings
the report may be purchased (see final page of this section through direct contact with strand and coating manutac-
for ordering information), lurers and coating applicators. Based oil the research

done, report un lilt: technical and ccon0mic feasibility of

Project 4-15 FY 'g2 a nonmetallic coating system for strands.
Task 4, Prepare final report documenting all research.

Corrosion Protection of Prestressing Systems The Task I agency interim report has been submitted,
In Concrete Bridges reviewed, and distributed to all NCHRP sponsors. It is

Research Agency: Wiss, Janney, Elstner Associates, available to others on a loan basis or for purchase of
Inc. Xerox copies (see final page of this section for ordering

Principal Invest.: William F, Perenehio information).
Effective Date: July 1, 1982 Based on recommendations from the Task 1 interim
Completion Date: November 30, 1985 report, an updated research plan was submitted and ap-
Funds: $250,000 proved for accomplishing the remaining tasks, Under

The objectives of this research are (1) to prepare a Task 2, tests for mechanical behavior and corrosion re-
summary report ofavaBable technology for the corrosion sistance in posttensioning applications include various

protection of prestressing steel, (2) to develop and dem- combinations of plastic, galvanized metal, epoxy coated
onstrate a coaling or duct system of corrosion protection metal, and bare metal ducts; uncoated and epoxy-coated

for bonded post-tensionlng steel, and (3) to identify a anchorage hardware and 7-wire strands; and corrosion
feasible system for corrosion protectioa of pretensioning inhibiting admixtures for grouts. The testing procedures
strands. Attainment of the project objectives necessitates for Task 2 have not changed dramatically from those
the following tasks, originally proposed; however, those under Task 3 have.

Task 3 was originally conceived as a feasibility study
Task L ldendfy those techniques that have been used for epoxy coating 7-wire stared most likely to be used in

specifically to protect pretensioning and poslqensionlng pretensioning applications. Since the original conception
steel, ducts, and anchorages from corrosion; evaluate their of the project, an epoxy-coated 7-wire strand is now cam-
effectiveness based on available research and field expe- merclaBy available and is being used in some limited
rience; and forecast their long-term (50 to 100 years) applications. Consequently, work under the updated re-
performance. Write a report summarizing the resuIts and search plan for Task 3 no longer focuses on feasibility,
identify[ng promising corrosion protection systems. $pe- but on actual tests for mechanical behavior and corrosion
ciflcaBy recommend a system for the corrosion protection resistance.

of post-tensioning ',vires, strands, and bars to be further The research project is complete. After experiencingevaluated under Task 2,
extreme delays in analyzing and documenting the re-

Task 2, Perform mechanical and other tests to dem- search, Ihe agency has submitted a revised final report
onstrate the practical use of the selected post-tensioning which is now in the publication process.
corrosion protecting system in situations encountered in
the field, particularly in segmental bridge applications,
Such testing should include, bul not be limited to: (1) Project 4-16 FY '84
friction, (2) bond, (3) mechanical ahrat=ion and damage,
(4) continuity of protection at anchors, (5) compatibility Cost and Service Lifo of Pavement Markings
with the portland cement concrete and grout environ- Research Agency: Pennsylvania State University
meat, and (6) effectiveness of the system in protecting the Principal Invest.: Dr. John J, Henry
prestressing steel from corrosion. Based on tile test results, Effective Date: October I, 1984
write a recommended practice for tile design and con- Completion Date: September 30, 1988

Funds: $340,327
struction of a corrosion protection system for post-

tensioning. A wide variety of materials is available for the marking
Task 3. Determine performance requirements for non- ofstreets and highways, Traffic paints have been the main.

metallic coating of 7-wire strands used for pretensioaing, stay of marking materials for the past 60 years, but the
including but not limited to the following: (1) chemical recognition that such paints have severely limited ser-
and physical compatibility with base metal, (2) effective- viceability in locations of high traffic volumes and/or

ness in controlling corrosion, (3) bond with steel and with extreme climate has led in the past 20 years to the in-
concrete, (4) resistance to injury during handling, (5) creasing use of "durable" marking materials,
problems associated with coiling and flexure of the strand, Traffic paints are either latex-based or solvent-based

(6) effects of anchorage devices, (7) strain compatibility, comprised of alkyd, chlorinated rubber, or epoxy resins,
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In severe service conditions such materials may provide municipal highway agc_lcies, and personal follow-ul_
6 months or less useful life, Durable marking materlal._ where approprlatc,

generally are solvetltless syslems and can be epoxy, 2, Critically anlllyze the data to develop compiiratiw
polyester, or eitllcr hydrocarbon or alkyd lhermop]astic estimales of _he serv[c_ li_ of t_mc paint and durable

materials. Their service li_ w_en properly applied c_ln marking materials within the r_l_g_s u_ c_t_r_al _ctors,
approac|_ 3 or mo_ years. Tra_c paints tradilional]y _lave such as ¢lim_Lte, traffic volume, traffic mix, ]llghway g_-
been applied by stale and municipal forces, whereas du- om_try, and lyp_lnd condltiQn or pav_mcn_ and previous

_b]e marking materials are g_ne_lly applied by priw_e m_rklngs, D_ve[op estinlatcd installed costs per root for
firms under contract, each ma_riaI type,

At present, applied traffic paints _an cost from $0.025 3, |_repar_ an interim report with a delai]ed test plan
ta $0.06 per lineal _c_t (4-inch line), while durable mark- for T_Lsk4, Prepare a priority listing or a_ lests needed
ings can cost from $0.055 to $1,25 per lineal foot. Cost to I_rovid_il_rmatiot_ cowring the full ran_ ofma_erlals
disparities also exis_ for special markings, such as cross- and conditions. From this list, select specific: materials
walks, turn arrows, and other in-lane markings. A hi_her and conditions for field testil_g within the limited fiznd_
initial cost may b_ justified if Ihe efl'cctive service li_ of of this project.
the durable material exceeds that of tram_ paint in the 4, COnduct _ests according to Ihe approved test plan.
same location. Higher costs may also be justified by Ihe S, l_repar_ guidelines for selection or t_ appropriate
more in|angible b_nefits of continuous, year-round delln- pavement marking materials identifying the effects of ma-
eaLion and reduced exposure of striping personnel and jor exlernal _c_ors. The inteiit of lhes_ _uidelines is to

_h_ public to _a_tdous striping operalio_s, Such benefits allo_ users to del_rn_it_eli_-cyc|¢ costs _or wrio_s mark°
are particularly important for special markings, In some ing materials.
cases, environmental restrictions may dictate the selection The final report is being prepared,
af marking malerials.

The judgment of whether the cost of a material is ProIaot 4-17 FY '_5

_asonable for a p_lr_icular sel Qf circumstances (cllm_te, Environmental Monitorll_g aflc_ Evaluation Of
traffic volume, ¢ondltlon ofl_rcvious markings, pawmen_ Oa[clum Magnealum Aootat_ (CMA)
_ype, highway geometry, etc,) s_lould be made on fl_ basis
ofits probable servic_ li_. However, _c_ual data on which R_a_ _gellcy.' Uniwr_ity of Washlag_on
to base suc_l judgments are scarce, Some general infor- Pril_c_a; _'t,s_.* Dr. Ricl_ard R, Hornet
matlon is available _c_m field tests and operational us_ of E_,cl_ Dat_ January 7, 1985
various types of p_vement marking materlals, but there Co_np/et_; Date.' October 31, 1987
has be_n little to no specific treatment of the problem af
hc_w to select a cost-e_otiw marking material for a par- l_ecause of the envlronmental d_ficlencies of ¢onve1_-
ticular set ¢*fcircumstances, In addition, the influence of lional deicers, sodium and calcium chloride, the Federal

width (4, 6, and 8 inches) on the effective service life o_ Highway Administration (FHWA) initiated re_earch Lo
t_ffic lines has not been established. Tllis lack of com- find a stli_able alternative. As a _sult, calcium magnesium

p_hensiw data is disturbing in light of s_dngent budgets, acetate (CMA) had been idea_ified as a possible alternatiw
The o_ectivc ofthis research is to detc_ine the typical deicing chemical.

"on-road" servic_ life and cost of various types or paw- To determlne polentlally undesirable environmental
ment nlarking materials and to quantify how m_or _x- impacts, a cl_emica][y pure CMA had been evaluated,
terna! _ctors affect service li_. In addlt[on, the effect of Laboratory inws_igations by Calt_ns included in,pacts
tram¢ line widtll on service li_ will be determined. Max- to ter_strial wgetation, impi_cts to aqualic ecosystems,
imum use will be matte of e_i_tlng information from field leaching cha_cteristics in the soil, potential atmospherlc
tests and ol_e_tional installations, and a limited amount effects, o_cupafiona] _xposu_, impacts to ground and
or new field testing will be oonductcd, Guidelines will be surface walcr supplies, and public l_ealth implications.

developed for the _lseof commercially available pavement Results Qf this prelin_ina_ laboratory research indicaLed
marking materials, including _e]ection criteria afl'e_tlng thal pure CMA has no significan_ detrimenlal e_ts |o
the optimum balance between cost and service |i_c, The the environment. However, the manu_c_ur_ of pure

materials to be evaluated include: paint, _poxy, epoxy CMA was an expensive process, Efforts Io develop a more
paint, alkyd and hydm_arboa thermopl_lstics, polyester e_onomical method for production of CMA were under-
paints, epoxy thermoplastic, and preformed materials. A way,
list of the research tasks follows: Research ¢ond_leted by $R! International had identified

|. Compil_ ¢omp_ratiw da_a on _h_ p_rformance and a process to manufacture CMA in large quantities by

_ total cost installed of ¢_mmercially available traffi_ paint _rlnentation of corn grain sugars wi_h bacterium, Clos-
and durable marking materials through a critical review triditlt_ Ihe_noac_l_n. Based on thi_ pr_rred process,

_ ot" published resulls, a surwy af selected sta_e and large an FHWA research conI_ct Io develop a mutant bacterlal
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strain for large scale production of CMA was conducted accidents. Traffic characteristic data from more than
at the University of Georgia. However, the product of 400,000 picture frames were transferred to punched cards
this research was not chemically pureCMA. Its calcium and analyzed by an electroniccomputer. Information was i
and magnesium content and its purity varied from filet obtained on lane use, variation of placement and velocity,
previously,,tested in dle laboratory, Consequently, the headway distributions, vehicleclustering by type, and use
environmental impaels of CMA produced by this method of tile on-ramp, Evaluations of day and uight accident
for economical, large scaleproduction may not ]lave been data and traffic volume data have been marie.
comparable to the resultsof/be previous laboratory stud- The project report has been published as: NCHRP
ies done by Caltrans, Report 60, "Effects of Illumination on Operating Cfiar-

Research was neededona regional and geographic basis aeteristics of Freeways."
to determine any long-term (multiyear) environmental
impacts of CMA producedby tbe preferred process. Ad-
ditional laboratory, as well as control plot, studies were
necessary to address the environmental aspects of this

new material. Field studies to investigate the transport Prelect 5-2(2) FY '63
and environmental fateof CMA as a highway deicer were
needed to identify and document field effects. Effects of Illumination on Operating Charac.

The objective of thisstudy was toevaluate the transport teristlcs of Freeways--DriverResponse,
and environmental fate of CMA as a highway deicing Visibility, and Visual Discomfort

chemical, Research iscomplete; the results of laboratory Research Agency; The Ohio State University
and controlled field plot studies are documented in Principal htw,st.: Dr. Thomas H. Rockwell
NCHRP Report 305, "Environmental Monitoring and Dr, H. Richard Blackwell
EvaluatlonofCalciumMagnesiumAcetate(CMA).'This Effectire Date: February 15, 1963
published report also contains recommended procedures Conlpletion Date; August 31, 1965
for field monitoring that can be performed by potential Fumls: $81,187

users of CMA, The objectives of this research supplemented Project
5-2(I), the acceut in this contract being on the charac-
teristics of driver response, visibility, and visual discom-
fort.

AREA 5: ILLUMINATION AND The results presented in the project report bave been
VISIBILITY combined with the results of Project 5-2(1) and havebeen

published as: NCHRP Report 60, "Effects of Inumination
Project 5-2(1) FY '63 on Operating Characteristics of Freeways,"

Effects of Illumination on Operating Charac-
teristics of Freeways--Traffic Flow,
Driver Behavior, and Accidents

Research Agency; Yale University,
Bureau of Highway Traffic Project 5-2(3) FY '63

Principal Invest.: Fred W. Hurd
Effective Date: Feb. 15, 1963 Feb. 1, 1967 Effects of Illumination on Operating Charac.
Completion Date: May 31, 1966 July 31, 1967 terlatlcs of Freeways_Drlver Discomfort

Funds: $124,319 $21,530 Research Agency: The Institute for Research at
Because of insufficientinformation ontile requirements State College, Pennsylvania

in freeway illumination, thorough research needs to be Principal Invest,: Dr. Paul M, Hurst
performed, A scientificbasis for warrants and design cd- Effective Date; February 20, 1963

Completion Date: February 28, 1966
teda for use in installingcontinuous and localized lighting Funds; $37,460
on freeways is needed,as is evaluation in terms of benefits
and costs. As with Project 5-2(2y this researchcomplemented that

A 5-mile segment of the Connecticut Turnpike in tbe of Project 5-2(1). This study was concerned with only
Bridgeport area was selected for the study site. The light one aspect, that of driver comfort as related to anxiety
intensity was changed to reflect illumination at both the as measured under various lighting conditions.
0,2 and 0.6 average horizontal footcandle levels,The same The results presented in the project report have been
study area has been used for Projects 5-2(2) and 5-2(3), combined with tile results of Project 5.2(1) and have been

Yale University has evaluated the day and night op- published as: NCHRP Report 60, "Effects of Illumination
crating characteristles of traffic flow,driver behavior, and on Operating Characteristics of Freeways."
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Project 5-3 FY '64 that emerged from the initial researcheffort. The project

Visual Information Needed by the Driver at report on the field phaseof tile researcbhasbeenpub.
Night ]ished as: NCHRP Report 85, "Dt!velopmentof Formed-in-Place Wet Reflective Markers."

Research tlgency: The Ohio State University In addition to the final report, a motion picture film,
Principal htvest.: Dr. Thomas H. Rockwell "Pavement Marking Materials," was produced describing

Dr. Resold L Ernst file results of the research, Loan eopies of tbe film are
Effective Date: September I, 1964 available from tbe TRB Audlo-Visual Library (see final
Completion Date: March 31, 1967 page of tbis section for ordering information}.Funds: 5100,940

This research was designed to determine minimum in.
formation necessary to maintain control stability ant
identify the information which is normally used.

Tile project report has been publisbed as: NCFIRF Project 5-5A FY '71
Report 99, "Visual Information Needed by the Driver al
Night." Development of Optimum Specifications for

Glass Beads In Pavement Markings

Research tlgency: The PennsylvaniaState University
Principal Divest.: Dr. Luke M. Shuler
£ffeetive Date: May. 1, 1971

Project 5-4 FY '64 Completion Date: June 30, 1973
Funds: $99,350

Economic Study of Roadway Lighting
t This study was a continuation of recommended re-

Research elgency: The Franklin Institute search based on the findings of Project 5-5 as reported
Principal lnvest,: Arno Cassel in NCHRP Report 45.
Effective Date: July 20, 1964 Specific objectives were to:Completion Date: August 31, 1965
Funds: $19,412 I. Review and analyze world-wide research and prec.

The purpose of this project was to determine capital tices involving the use and manufacture or traffic marking
cost ranges and operating costs for prevailing light sources beads,
in relation to type of lum[naire distribution system and 2, Identify those variables that markedly influence tbe
light intensity on the pavement, effective utilization of glass beads in pavement markings.

The project report has been publisbed as: NCHRP Evaluate these variables by laboratory and field tests as
Report 20, "Economic Study of Roadway Ligbting," required in order to rate them in terms of their influence

on the effectivenessand serviceabilityofdelineation under
actual trat_c conditions. Field tests are to include mea-
surements of wet-nighttime refi_'etivity.

3, Determine the capability nnd economics ofproduc-
Project 5.5 FY '65 ingglass beads ofspecified gradation,composition, shape,
Nighttime USe Of Highway Pavement Dellne- flow properties,color,etc.

atlon Materials 4. Develop practical specificationsand criteria for the
selection and use of beads for refleetorlzing traffic paint

Research Agency: Southwest Res_arob Institute markings,
Principal Invest,: Jobn M, Dale
Effective Date: Mar, I, 1965 July 15, 1967 5, Evaluate foroneor morestatestheprobablebenefits
Completion Date: Dec, 31, 1966 Sept. 15, 1969 tbat would accrue should tbe proposed specifications he
Funds: $50,000 $100,fi00 adopted in place of current specifications,

In this study, ways of improving delineation of road- Tbe researcb included a survey ofcurrent practice and
ways under wet and dry conditions by either improving field applications of test lines usinga variety of paint film
teebniques utilizing existing materials or developing new thicknesses and glass bead samples, A quantitative study
materials and techniques were investigated, was also undertaken of the retrorefiectivecharacteristics

The project report on the laboratory phase of the re- of glass beads in horizontal markings by calculations
search has been published as=NCHRP Reporl 45. "De- based on general mathematical optical theory.
velopment of Improved Pavement Marking Materials-- The final report was not published hi the NCHRP
Laboratory Phase." report series; however, microfiche of the report may be

The purpose of the continuation phase was to further purchased (see final page of fide section for ordering
develop, optimize, and field test the new marking system information},



108

Project 5.5B FY '72 Project 5-6A FY '70

Pavemont Marking Systems for Improved Highway Fog

Wet-Night Visibility Where Snowplowing Research ,lgency: Sperry Rand Corporation
Is Prevalent Principal 1re'est.: James O, Dyal

Research ,fgency; Texas A & M University Richard T. Brown
Research Foundation William H. Heiss

Principallnvest,: Dr. William M, Moore Effective Date,. September 1, 1970
l_ffeetive Date: September 1, 1971 Completion Date: May 31, 1973
Completion Date; December 31, 1974 Ftttld_: 593,S40

Funds: $200,000 This research was a continuation of NCHRP researeh

The objectives of this research were: in tile general area of highway fog, Tile major objectives
of the research were to:

I. Develop one or more innovative concepts for pave-
ment marking systems that are practical, economical, and 1. Analyze the highway fog problem and determine

effective under nighttime wet-pavement conditions and the day and night fog levels (standards of visibility) that
compatible with snowplowing, produce significant detrimental effects on driver perform-

2. Conduct a laboratory and controlled field evaluation ance and trame operations.

of the system(s) developed in objective 1 and demonstrate 2. Explore the feasibility of active and passive guidance
its (their) practical and economic feasibility, systems for freeways and expressways that will inform

Interim reports submitted in September 1972 and Oc- and warn the motorist or prevailing roadway fog and
tober I973 described the development and testing of tile traffic conditions ahead, and guide and emttrol traffic
"first generation" markers and the development of tile more safely and conveniently through the log area,

"second generation" markers modified in accordance with The research was addressed principally to the first ob-
the findings from the first winter field tests, The second jective and developed a measurable fog visibility index
generation marking systems were tested at sites in Col- and related this index to potential actions that can be
erode, New York, Pennsylvania, Virginia, and Texas, taken to eliminate or minimize the detrimental effects of

The research has been completed, and the final report fog.

will not he published; however, microfiche of the report Tile research has been completed, and the final report

may be purchased (see final page of this section for or- has been published as: NCHRP Report 171, "Highway
doting information). Fog--Visibility Measures and Guidance Systems,"

Project 5-6 IcY '68

Highway Fog Project 5-7 FY '69

Research Agency: Cornell Aeronautical Laboratory Roadway Delineation Systems
Principal Invest.: W, C. Kocmond Research ,Igeney: The Pennsylvania State University

K, Perchonok Principal lttvest.,. Dr, J, I. Taylor
Effective Date: October 2, 1967 Effective Date: October 1, 1968
Completion Date: April 30, 1969 Completion Date: June 30, 1971
Funds: $99,955 Funds: $469,526

The objectives of this research were: (1) to review past Tile objectives of this research were: (1) to review past

and current research of warm and cold fog as it affects and current research pertaining to roadway delineation;
highway operation; (2) to prepare a state-of-the-art sum- (2) to prepare a state.of-the-art sumnmry of the review;
mary of the review to include, hut not be limited to, fog (3) to determine the driver's delineation requirements dur-

abatement, guidance systems, measures of visibility, and ing various conditions, such as tra[lie, weather, highway
effect on traffic operations; (3) to determine the day and geometry, and illumination; (4) to establish rational tech-
night fog levels (standards of visibility) that produce sig- nique(s) for determining the effectiveness and any detri-

nfficant detrimental effects on driver performance and mental side effects of delineation treatments and, using
traffic operations; (4) to explore the feasibility of warm the technique(s) established, evaluate existing and pro-
and cold fog abatement and vehicular guidance systems posed delineation systems; (5) to test the more promising

under highway conditions; and (5) to suggest ways and de nea on sys eros; (6) to develop practical criteria for
means of obtaining maximum effectiveness of systems to the selection Of delineation treatments, including factors
combat reduced visibility due to fog, of cost effectiveness and maintenance problems; and (7)

The research has been completed, and the final report to compare the physical characteristics and performance
has been published as: NCHRP Report 95, "Highway of colored pavements with those of conventional asphalt
Fog," and portland cement pavements.
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The research bas been completed, and the final report ing relative to no lighting and to complete lighting of
has becn published as: NCHRP Report 130, '*Roadway interchanges. The methodology is based on measures of
Delineation Syslems." visibility (e.g.. illumination, roadway luminance, and a

visibility index), and Irnffie characteristics (e.g., ramp
Project 5-8 FY '70 speed, acceleration, and erratic maneuvers). The dual

Warrants for Highway Lighting fimctionIhat lighting serves in alerting drivers to an up-
coming situation and in providingadequate visibility to

Research _lgency: Texas A & M University execute tbe required driver mnneuvers was investigated.
Research Foundation The boundary conditions for roadway and traffic char-

Principal Invest,: Neilon J. Rowan aeteristics for which no lighting, partial lighting, or corn-Ned Walton
EffeetiveDate: March 16, 1970 pleteliglltingisapproprialeweredeterminedthrough fidd
Completion Date: February 15, 1973 studies at freeway interchanges. A small pilot study Io
Funds: $198,875 test the fielddata collection was completed followed by

the main field study at a site on the Baltimore Beltway.
The specific objectives of this project were to: The project report has been published as: NCHRP
I. Review andanalyze world.wide research and prao- Report 256, "Partial Lighting of Interchanges,"

flee in roadway lighting. Prepare a state.of-the-art sum-
mary of tile review, Project 5-10 FY '88

2, Develop requirements for a suitable visual environ- A MobileSystemfor Measuring Retroreflec-
ment to be obtained by fixed roadway lighdng for safe tance of Traffic Signs

and efficient traffic operations. Provide guidelines for the Research _lgency EKTRON Applied Imaging
design of fixed roadway lighting to obtain this environ- Principalbtvest.: John Lumia
ment. Effective Date: September 7, I987

3. Evaluate the possible benefits derived when a suil- Completion Date; March 7, 1989
able visual environment is provided by fixed roadway Funds: $I99,094
lighting,

4, Determine warrants (the minimum conditions) for Traffic signs are very important components of streets
where fixed roadwaylighting systems should be installed and highways. Ideally, they help motorists find their way
for continuous lighting andat specific locations including, in a safe manner by providing for the orderly and pro-
but not limited to, interchanges and intersections, dictable movement of traffic. In order for signs to as-

S. Analyze the role of'cost-effectivenessand other oval- compllsh their intended purposes, they must be visible to
uation techniques in (a) establishing the need for fixed the motorists at all times, While sign visibility isgenerally
roadway lighting, (b) setting priorities for fixed lighting not a problem during daylight, at night signs with in-
projects, and (e) evaluatlngalternativedesigns of lighting, adequate retrorefieetance may not be sufficiently visible

' 6, Recomme.d a method of setting priorities for the and can contribute to accidents.
installation of fixed lighting, Most signs arc made from retroreflective materials that

7. Provide typical example(s) of where lighting is war- tend to deteriorate over time leading to ineffective per-
ranted and demonstrate the practical application of ob- formanee at night, Consequently, there is a serious need
jeetives I through 6, to establish requirements for sign visibility and to devise

a practical system for evaluating the eonditlon of existing
The research has been completed, and the final report signsand providing data for decisions on sign replacement

hits been published as: NCHRP Report 152, "Warrants orrefurbisllment. At the present time, therearelnboratory
for Highway Lighting," methodsand portable instruments available for measuring

retrorefiectance, but easy-to-use mobile systems are not
Project 5-9 FY '81 available, Practical, safe, and cost-effective methods to
Partial Lighting of Interchanges measure tile retrorefiective characteristics of in.situ signs

Research _lgeacy: KETRON, Inc, from a mobile highway unit need to be investigated. Tile
Principal lnvest.: Michael S, JanolT research requested in this proposal will determine the
Effective Date; December 1, 1980 feasibility of developing such a system,
Completion Date: January 31, 1983 The objectivesof this project are (I) to develop a system
Funds: $199,999 concept for the rapid assessment of retrorefiective effec-

tiveness of signs, and (2) to demonstrate the feasibility of
The objective of this research was to determine the the system concept by devising and testing a proof-of-

effectiveness of partial lighting of interchanges and to concept model.
develop recommendationsfor its use. A methodology was The system is In be useful in determining the need for

!! developed for evaluating the effectiveness of partial light- sign replacement or refurbishing, The system is to be
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capable of measuring the retrorefiectance of sign legends • Statement or work including the tasks to be per-
and backgrounds irrespective of color, size, and place, formed.
mont. For safety and economic reasons, it is preferable • Proposed budget.
that the system be operational during dayligbt from a • A list of required system performance specifications.
moving vehicle. • Esdmate of Ihefinal (production) systemcapital and

To accomplish the objectives, the following tasks will operating cost,
be cnnducted: Task 6--Prepare a Final Report

Task /--Review the literature dealing witb re:rote. Tasks I tbrough 3 have been completed, and work is
fiective signs used on streets and highways. This review underway on Task4, The projectpanel met to review tile
shall investigate tile various types of retrorefleet[ve ma. interim reportand bas approvedadditional funds to eval-
terials used, the range of sizes of the various signs, as uatc a laser range finder at the breadboardstage.
well as their locations relative to the roadway. Also, past
and current research on the measurement of retroreflec- Project 5-11 FY '89

tahoe and instrumentation used for such measuremeats Implementation Strategies for Signshall be included.
Retroreflectlvlty Standards

Task 2--Develop a concept for a system of equipment
and procedures for the rapidassessment of retroreflective Research Agency:
effectiveness of signs. The system concept should aceom- Principal Invest,: In developmentalstage
modato the impact of changes in daylight, speed, and Effective Dare: (27 months)

Completion Date:
geometries during in-motion measurements. Funds: $200,000

The system shall be designed to: Traffe signs are very imporlant components of stmels
• Produce sign retroreflectance readings at a low unit and bighways. Ideally, they help motorists find their waycost (capital and operating), per sign,
• Evaluate signs of various sizes, colors, and position- in a safe manner by providing for file orderly and pre-

ing, dictable movement oftraffc, For signs toaeeomplish :belt
• Operate ill a manner that does not posea danger to intended purposes, :bey must be visible to the motorists.

the operator or the passing motorist, Although sign visibility is generally not a problem during
• Be sufficiently reliable to allow highway agencies to dayfighl, signs whh inadequate retrorelIectlv/ty may not

comply with existing and/or pending reflectance be sufficiently visible at night and can contribule m ac-
regulation, cidents. In tile context of ibis research, retroreflectivity

• Produee retrorefiectancc output in units of candelas is intended to encompass the characteristics of legibility,
per foot-candle per square foot. visibility,and conspieuity,

• Be capable of being operated by highway main:e- On April 26, 1965, :be Federal Highway Admlnistra-
nonce technicians during daylight witb a minimum lion published an Advance Notice of Proposed Amend-
amount of calibration needed, men: to the Man:tel ott Uniform Traffic Control Devices

as the initial step in developing performance standards
Prepare and submit for approval an interim report de- for in-service, retrorefiecfive, traffic-control devices. Since

scribing the conceptual system design and a plan for the tben, research has been initiated to determine minimum
laboratory to he used in Task 3, The interim report shall visibility requirements for traffic signs that will satisfy
be submitted within 4 months after the research begins, the needsof:be nighttime driving population. In addition,

Task 3--Select a suitable system components and de- research is underway to develop field measurement tools
sign a system, including required computer software for to determine whether a specific in-service traffic sign
data collection and reduction. Build a breadboard model meets given retrorefieetivity levels.
for proof-of-concept testing. However, before retroreflectivitystandards can be im-

Task 4--Conduct laboratory tests to evaluate :be sys- plemented, their potential economic impact must be as-
tom's performance and capabilities, modifying the system sessed. Further, any adverse effects of such standards
design and model as necessary. Perform measurements should be mitigated. The results of this project will pro-
on representative signs under day and nigbt conditions vide alternative strategies foreconomical ways to improve
at varying distances and orientations. Compare tbese men- tbe effectiveness of signs within available resources.
surements with those obtained using conventional me:h- The objective of this project is to determine the eco-
ods (Federal Test Method Standard 370, ASTM E-810, nomlc consequences of alternative standards for retro.
FP.85), reflective traffic signs, Accomplishment of the objective

Task 5--Develop an implementation plan for produc- will involve collection of retrorefiectivity data on repro-
ing an operational prototype system capable of measuring seato:ire traffic signs in diversegeographic regions Study
retrorefiectance of in-situ signs from a moving vebide areas will include both urban and rural roadways and
during daylight, This plan shall include: will he large enough to adequately represent a range of
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maintenance conditions and classes of roadways. This ;qtsk 9, Recommend several options for system-wide
study shall not include construction and maintenance implementation that:
signs. (a) Provide guiddines for phasing in the implemen-

To accomplish tbe objectives,the following tasks shall ration of retrorefiectivity standards.
be conducted: (b) Indicate tile expected economic consequencesof

adoption of these standards,
Task 1. Evaluate the literature and other informational

sources pertaining to retroreflectivityof traffic signs. The Task 10. Prepare the final report.
various types ofsign inventorysystems in use and current Research should be initiated in early 1989.
maintenance practices shall be investigated.

Task 2. Review the references noted below and sum-

marizeinformation pertinent toestahlishingthe feasibillty AREA 6: SNOW AND IC t_ CONTROL
of retrorefleetlvity standards.

Task 3. Use, where appropriate, the latest results and Project 6-1 FY '63
findings from the following research projects:

Development of Economical and Effective
(a) NCHRP Project 5-10, "A Mobile System for Chemical Deicing Agents to Minimize In-

Measuring Retrorenectance of Traffic Signs." Jury to Highway Structures and Vehicles

(b) FHWA Contract No. DTFH61-g7-R-00_0g, Research Agency: liT Research Institute
"Minimum Visibility Requirements for Traffic Control Principal htvest.," D.B. Boles
Devices," Effective Dare: February IS, 1963

(c) FHWA Contract No, DTFH61.gS.R.00060, Completion Date: September 30, 1964
"Service Life of Retrorelleetive Traffic Signs," Funds: $40,000

Task 4, Develop a data collection plan to include, as Research was directed to the development of ¢hemleal
a minimum, the following;

agents that are not only eeonomlcal and effective when
(a) Identffythestudyareasandthesignandroadway used as deicing agents but also have minimal harmful

categories to be sampled, effects on metals and concrete. Consideration was given
CO)Select the locations for sampling. These should to the relationship of laboratory tests to field conditions.

be diverse not only by region, but also by governmental Tile project report has been published as: NCHRP
level (e.g., federal, state, city, county) and maintenance Report I9, "Economical and Effective Deicing Agents
policy, The sample size should be sufficient to allow sta- for Use on Highway Structures,"
tistically valid estimates of the retroreflective conditions
and the distribution of signs by class of roadways, Project 6-2 FY '63

(c) Prepare a detailed data collection plan, Nonchemlcal Methods for Preventing or Re-
Task 5. Submit an Interim report to include the results moving Snow and Ice Accumulations on

of Tasks 1 to 4 and meet with NCHRP Project Panel for Highway Structures
approval of tile data collection plan.

Research Agency: Roy Jorgensen and Associates
Task 6. Collect existing data on in-service sign retro. Principal Invest.: R.E. Jorgensen

refieetivity, replacement costs (e,g, labor and material), R, D, Johnson
and other information utilized by sign management pro- Effective Dare: Feburary IS, 1963
grams. Completion Date: February 29, 1964

Task Z Analyze the data: Funds: $25,000

(a) For different categories of signs, develop rein- This study was primarily one of searching the literature
tionships that indicate how various retrorefleetivity start- and appraising the current status of knowledge of the
dards would affect,nationally and at stateand local levels: subject. In addition to a literature survey, contacts were
(i) the number ofsigns to be replaced, (ii) the replacement made with highway departments and other agencies that
costs, and (ill) any other economic or management con- have beenconfronted with the problem, Designsforstrue-
siderations, turnheating systems as used in tile U,S, and other coun-

Co)Describe the modeling techniques used and seg- tries have been evaluated, as have other nonchemical
regate data so they can be applied readily to any juris- methods, The researchers have included in their studies
diction's sign replaeement and maintenance programs, the effectiveness of nonehemical methods and economic

Task 8, Develop economic-based implementation losses due to structure deterioration.
strategies for alternative sign.retroreflectivity standards The project report has been published as: NCHRP
across different categories of signs, roadways, and jarls- Report 4, "Non-Chemical Methods of Snow and lee Con-
dictions, trol on Highway Structures,"
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Project 6-3 FY '63 ical air-entrainedconcretes. Large- and smart-scale spec-

Development and Evaluation of Protective linens were cast, and effectsof periodand time of
Coatings to Prevent Deterioration of Con. finishing,envlronmema]conditions,and additionsof

waterduring finishing were evahmted using surface seal-
crete Structures by Deicing Agents ing teals,surfacetensilestrengthtests,andmicroscopical

Research dgenc2: Battelle Memorial Institute determination of surfilce alr-void parameters.
Principal Invest: M, J, Snyder This project hits been completed, and tile report has
Effective Date: March 1, 1963 beenpublished as: NCHRP Report 27, "Physical Factors
Completion Date: February 28, 1965 Influencing Resistance of Concrete to Deicing Agents."Funds: $5g,557

Investigations on this project were oriented toward

developing new and evaluating existing materials to be Project 6-6 FY '63
applied to concrete surfaces to inhibit concrete deterio-
rations from deicing agents, Consideration was given to To Evaluate Existing Methods and/or Develop
fresh us well as hardened concrete. Improved Methods for the Measurement

The project report has beenpublished as:NCHRP of Certain Properties of Concrete

Report 16, "Prc_tectiveCoatings to Prevent Deterioration ,qesearchAgency: The Ohio State University
of Concrete by Deicing Chemicals." Principalbzvest.: Prof. R., W, Bletzaeker

Effi,ctiveDate: March I, 1963
Project 6-4 FY '63 Completion Date: February 28, 1966
Evaluation and Development of Methods for Funds: $69,393

Reducing Corrosion and Reinforcing In orderto insure that finishedconcretewill conform
Steel to those specifications selected to produce adequate re-

Research Agency: Battelle Memorial Institute sistanceto deicing agents, this study was initiated to eval-
Principal lnveat,: A, B, Triplet, Jr, ante and/or develop medlods for securing pertinent
£ffective Date: March I, 1963 quality control information at the earliest desirable or
Completion Date: April 30, 1965 feasible age in order that any necessary corrective men-
Funds: $39,330 sures can be applied to the work in progress.Specifically,

Research investigations for this project related to an tile study concerned tile factors of (I) air content and
appraisal of existing methods for inhibiting corrosion of uniformity of distribution, (2) cement content and uni-
reinforcing steel in concrete, Consideration was given to formity of distribution, (3) water content and uniformity
such methods as (1) coatings on reinforcing bars, (2) of distribution, and (4)ddckness of cover over reinforce-
inhibitors in concrete mixtures, (3) inhibitors in deicing ment.
chemicals, and (4) cathodic protection. The project report was not pablisbed in the regular

The project report has been published as: NCHRP NCHRP report series; however, microfiche of the report
Report 23, "Methods for Reducing Corrosion o( Rein- may be purchased (see final pageof this section for or-
forcing Steel," dering information).

Project g-5 FY '63

Study of Physical Factors Influencing Resist- Project6-7 FY '63
anoe of Concrete to Deleing Agents Estimation of Disintegration In Concrete

ResearchAgency: Universityof Illinois Structures
Principal Invest,: Prof, C, E. Kesler Research_fgency: Oeotechnics
Effective Date: March 1, 19fi3 Prh_cipalhzvest,: Floyd O, Slate
Completion Date: August 31, 1965 Effective Date: March 1, 1963
Funds: $72,500 CompletionDate: August 31, 1964

Funds: $8,547
This research concerned the relationships betweenthe

physical characteristics of concrete and the susceptibility This study involved the development of instruments
of concrete to damage from freezing and thawing in the and method(s) for field use to detect and determine the
presence offree moisture and deicing agents, Studieswere extent of disintegration of structural concrete. The
made of the effects of varying concrete production meth- method(s) should be able to delineate area and depth
ods on potentially durable concrete. Variations in the within an accuracy of approximately 10 percent.
surface porosity, strength, and air-void system produced The contrast ',,,'asterminated with no project report.
by differing finishing techniques were evaluated fortyp. Research was resumed under Project 6.7A.
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Project 6.7A FY '63 were conducted on replicas of actual bridge-deck slabs.

Estimation of Disintegration In Concrete Loading and environmental condltlons in these tests sire-
Structures ulated those encountered in the field.

The final reporl has been published as: NCHRP Report
Research ,lgency: liT Research Institute 101, "Effect of Stress on Freeze-Thaw Durability of Con.
Principal Invest,: Dr. W. J, MeGonnngle crete Bridge Decks."
Effective Date: February 1, 1965
Completion Date: July 31, 1966
Funds: $44,614 Project 6-10 FY '68 and FY '69

This research study involved the development of in- Develop Improved Snow Removal and Ice
struments and method(s) for field use to detect and de- Control Techniques at Interchanges

termine the extent of disintegration ofstructural concrete. Research Agency: fiert ram D. Tallamy Associates
The meth0d(s) should be able to delineate area and depth Principal hn,est,: L.G. Byrd
within an accuracy of approximately 10 percent. Effective Date: September I, 1967

The project report was not published in the regular Completion Date: September 30, 1970

NCHRP report series; however, microfiche oftile report Funds: $95,000

may be purchased (see final page of this section for or- Tile purpose ofthis study was to identify and evaluate
daring information), the speelfic problems associated whh snow removal and

Project 6.8 FY '63 ice control operations at interchanges and to recommend
methods For alleviating the problems. The investigation

Evaluation of Methods of Replacement of De- has been completed, and both physical and operational
torloratod Concrete In Structures factors that influence winter maintenance operations at

i Research Agency: nertram D. Tallamy Associates interchanges have been listed in the project report, Design
! Prhtcipal blvest.: Dr. B, D. Tallamy considerations and operational procedures aimed at el-
' Effective Date; February 15, 1963 leviatlng the problem have been described in a manual
i Completion Date: February 29, 1964 submitted as part of the final report,

Funds: $25,000 The project report has been published as: NCHRP

i This study was directed toward a search of available Report I27, "Snow Removal and Ice Control Techniques

i literature end a canvass of agencies that have been known at Interchanges."to employ methods of repair of structural concrete. The

i researchers attempted an evaluation of the economics and Project 6-11 FY '71
adequacy of the various methods to accomplish the job. Ecofiomlc Evaluation of the Effact8 of los end
Recommendations were made of areas requiring further Frost on Bridge Decks

I study,The project report has been published as_ NCHRP Research tlgency: Midwest Research Institute
Report 1, "Evaluation of Methods of Replacement of Principal Invest.: Robert R. Blackburn
Deteriorated Concrete in Structures." Effective Date: Sept. 1, 1970 Sept. 12, 1972

Completion Date: Nov. 30, 1971 Sept. II, 1974

Project 6.9 FY '64 Funds: $50,000 S50,000

Potential Accelerating Effects of Chemical Ice or frost on bridge decks while the approach pave-
Deicing Damage by Traffic and Other En- ments remain ice- or frost-free is a known safety hazard.
vlrofimental-lnduced Stresses In Con- Although little hard evidence has been presented to in-

crate Bridge Decks dicate the extent of the problem, maintenance practice
and research on various preventive or remedial techniques

Research _fgency., University of Illinois often assumes it to be significant, This project was un-
Principal hlvest.: ProP. Clyde E, Kesler dertaken to fill a need to quantify the problem as a basis
Effective Date; January 1, 1965 for rational decisions concerning the economics of design
Completion Date: June IS, 1968
Funds: $200,000 and maintenance practices.

Phase I of the project consisted eta literature search,

The objectives of this research were to establish by a survey of selected State highway departments, the for-
laboratory studies the relationships between performance mulation of a cost.benefit methodology, a preliminary
and displacement in bridge-deck slabs, Air-entrained rein- model parametric analysis, the collection of cost data on

forced concrete deck slabs with restraints similar to those preventive nnd remedial techniques in current use, the
experienced by slabs on structural steel and reinforced development of a subsidiary net east model, the formu-

concrete beam-type bridges were investigated, and tests latlon and evaluation of a bridge classification model, and
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the ,computation of illustrative examp/es of tbe cost-ben- Patteros for Hospitals, Universities, Office Buildings, and
efit methodology. Capitols." This report presents trip characteristics for four

The application of the methodology developed in Phase spacific uses of land. Tile travel information on hospitals
l to sample eases identified data that were lacking. Fur- has been derived from the study of data for 77 hospitals

thermoro, the resulting nludels wore found not to be in located in 16 different metropolitan areas, The findings
a convenient farm for ready implementation. Phase II of for college and university Iravel were developed from 38
tim project was designed to overcome the deficimlcies, institutions located in 16 metropolitan areas, Travel pat-
The continued research was directed at evaluating and terns for six State capitol complexes are presented. Tile

implementing the methodology developed so that it could trip characteristics for 20 office buildings located in 9
be used more readily by a highway administrator to de- cities comprise the fourth type of land use studied and
lorraine the added design or extra maintenance cost jus- reported in the continuation research phase.

tiffed to prevunt or remedy ice or frost on bridge decks,
The cost-benefit methodology developed consists of a cost

model and a benefit model, A bridge characterization Prelect 7-2 FY '64 and FY '65
model was also developed for predicting the annual num-
ber of ice and snowaccidents to be expected on a bridge, Traffic Attraction of Rural Outdoor Reerea-
given various characteristics of the bridge. The use of tile tlonal Areas
methodology and bridge model appears promising; how. Research tlgeney: liT Research Institute
ever, anyone wishing to apply the process will need to Principal Invest,: Andrew Ungar
develop a more precise accident data base with regard to Effective Date: Feb. 1, 1964 May I, 19fi5
bridge and road surface conditions (frost, localized ice, Completion Date: Mar. 15, 1965 May 31, 1966
eta.) for the particular area of interest beyond that now Funds: 524,652 $24,844

being collected, Tile data base can be generated using Tbis research was concerned with determining the
data collection procedures developed in the study, traffic attraction and generation of rural outdoor recre-

Research has been completed, and the final report has ational areas, such as those created in many places by
been published as;NCHRP Report 152, "Economic Eval- tile creation of artifical lakes. Knowledge of Ihe traffic

uadon of Ice and Frost on Bridge Decks." patterns generated by such recreational areas would en-
able rational planning of highway access and parking
facilities.

AREA 7: TRAFFIC PLANNING The final report evaluates the attractiveness character-
istics and location of18 Indiana state parks and compares

Project 7.1 FY '64 and FY '65 the results to a similar study of reservoir recreational
areas in Kansas. A predictive model suitable for appli-

The Influenea of Land Use on Urban Travel cation to tile planning of new recreational areas is de.
Patterns scribed utilizing trip distribution, a socio-economlc

Research .4gency; Louis E, Keefer activity index of the contributing area, and an estimate
Principal loves/,: Louis E. Keefer of the attractiveness based on the facilities to be provided.

David K, Witheford Tile project report has been published as: NCHRP
Effective Date: Feb. 1, 1964 Apr, I, 1966 Report 44, "Traffic Attraction of Rural Outdoor gee-
Completion Date: Jan, 31, 1966 Sept, 30, 1967 reational Areas."
Funds: $62,674 $66,894

This project sought to determine tile criteria or values
concerning traval patterns created by major tnkffic gen- Project 7-3 FY '64 and FY '65

erators. Such information is useful in forecasting the effect Welgtllng Vehicles In Motion
of various Imld uses on street networks and in providing
a better basis for facility design, as well as for tile control Research dgency: The Franklin Institute

of various land uses, The nature of relationship between Principal Invest,: R. Cyde Herrlek
travel patterns and irifiuencing factors (i.e., travel time, Effective Date: Feburary I, 1964
frame generatorcharacterlstiessueh aslocation, size, type Completion Date: August 31, 1967

Funds: $73,39 I
and intensity of land use, modes of travel, =and other
pertinent variablus) were evaluated. The purpose of this research was to develop uew or

A report on the initial research has been published as: improved methodology for weighing vehicles in motion

NCHRP Report 24, "Urban Travel Panerns for Airports, with review and study of existing or new equipment. Tilt=
Shopping Centers, and Industrial Plants." ultimate aim was to obtain load magnitudes automatically

A report on the continuing phase of the research has in a way similar to obtaining traffic volumes by traffic

been publishud as: NCHRP Report 62, "Urban Travel counters.
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Franklin lnstitute's approach to Ibis problem served to Tile results of the continuation phase of tile project
complement the studies performed by others rather titan have been published as: NCHRP Report 89, "Factors,

to duplicate existing research. The data processing system Trends, and Guidelines Related to Trip Length."
in block form only was developed on the project, It was
planned that no full-scale or field testing would be per-
formed under this contract. Study was primarily given to Project 7-5 FY '64 and FY '65

methods that will allow static weights of the axle to bc Predicted Traffic Usage of a Major Highway
calculated from a limited number of dynamic load ob- Facility Versus Actual Usage
servations.

The methods for estimating the static axle weight from Research Agency: Yale University,

sampled force studied include averaging, dynamic models, Bureau of Highway Traffic
the interlacing polynomials, and regression analysis, A Principal Invest.: M, J. HuberH, B. Boutwell

preliminary system for the detection and the analysis of Effective Date: Feburary I, 1964
weighing vehicles in motion was synthesized, Completion Date: November 30, 1966

The project report has been published as: NCHRP Funds: $99,675
Report 71, "Analytical Study of Weighing Methods for
Highway Vehicles in Motion," This project involved the development of better meth-

ods for forecasting and assignment of traffic, Various

methods in current use were investigated. Methods were
developed to determine the effects a new facility has on

Project 7-4 FY '64, FY '65, and FY '67 the traffic pattern of existing facilities. A major emphasis
of the research was to determine the accuracy of the

Factors and Trends In Trip Lengths predicted useas compared to tile actual use of highway

Research Agency: Alan M, Voorhees & Associates facility.
Principal htvest,: Alan M, Voorhees The project report describes various electronic com-

Salvatore Befiomo puter traffic assignment methods wJlh test results corn-

Effective,Date: Feb. l, 1964 Oct. 23, 1967 pared to actual survey data obtained along the
Completion Date: Oct. 31, 1966 Jan, 10, 1969 ConnecticutRivcr, PittsburghAreaTransportationStudy
Funds: $89,250 $61,730 data and network assignments were obtained to study

This research involved the establishment of the char- several forecasts made in the late 1940s. A computer

actedstics of trends in trip lengths. Knowledge of such program '.','as assembled to assign traffic to a network
trends is needed to determine future urban travel de- using tour different capacity restraint methods. An anal-

rnands, It was expected that characteristics of trip lengths ysis of statistical inferences from different network load-
will he Influenced by factors such as trip purpose, level ings was conducted,
of service, size and spatial characteristics of urban areas, The project report has been published as: NCHRP
socioeconomic characteristics, and trip-generating activ- Report 58, "Comparative Analysis of Traffic Assignment

ity location. Techniques with Actual Highway Use,"
The results of the first two years of this research have

been published as_ NQHRP Report 48, "Factors and
Trends in Trip Lensth." This report provides empirical Project 7.6 FY '66

and theoretical analyses from data collected from several MultipleUse of Lands Within Highway Rights-
transportation studies, Trip length guidelines have been of.Way
developed to provide transportation planners with tests
of reasonableness for travel forecasts. Research .4genc.v: Barton-Aschman Associates

The project was continued to enable the study of trip Principal Invest,: Harvey R. Joyner
Effective Date: February I, 1966

length in subareas within metropolitan areas, The objee- Completion Date: February 28, 1967
fives of the second phase were to establish various rein- Funds: $24,220
tionships to assist planners in minimizing trip length on
a subarea basis and to provide guidelines for checking Controlled-access highways in urban and rural areas
metropolitan trip length forecasts, include land which was necessarily acquired to provide

The final report provides results of hypotheses for- space for the present and future safe design and operation
mulated and tested to state the relationship over time of the facility but which is not now used. This project

between trip length and influencing factors. Simulation assembled information that illustrates what has been and
studies are reported of home-based work-trip analyses for what might be accomplished with these plots of land in
certain hypothetical urban forms and transportation sys- the interest of both the highway user and the adjacent
terns, community,
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The project report has been published as: NCHRP Project 7-9 FY'73

Report 53, "MuBiple Use of Lands Within Highway Development of Models for Predicting Week-
Rights-of-Way." end RecreationalTraffic

Re, catch ,Igcney: Midwest Rese,arch Institute
Project 7-7 FY '6fi Principal Invest.: Walter R. Benson
Motorists' Needs and Services on Interstate Effective Date: September l, 1972

Highways Completion Date; Mtly 15, 1974
Fttnds: $74,983

Research tlgency: Airborne Instruments Laboratory
Principal Invest.: Martin A, Warskow The objective of this research was to develop techniques
Effective Date: January 1, 1966 for tile prediction of weekend recreational traffic capable
CampletionDate: December 31, 1967 of responding to changes in recreation demand, recreation
Funds: $99,267 supply, and transportatiml supply.

The principal development was a computer program
This project was concerned with the needs and desires RTPM (Recreational Trame Prediction Model). RTPM

of motorists traveling on the Interstate Highway System, operates in conjunction with the Urban Planning Battery
how these needs and desires are being satisfied, and what in a three-stage process as follows:
additional service provisions should be made, Legal and
financial implications for providing various services were 1. Urban Planning Battery programs are employed to
studied, create a highway network representing the primary roads

The project report bas been published as: NCHRP in an area selected forstudyand to determiae travel times
Report 64, "Motorists' Needs and Services on Interstate between all zones in the network.
Highways." 2, RTPM generates a trip file consisting of all origin-

destination weekend recreational travel for which either
the origin or the destination point is within the area

Project 7-0 FY '6g selected.

User Cost and Related Consequences of AI- 3, These trips, witldn a user-specified time-of-weekend

tsrnatlvo Levels of Highway Service period, are loaded onto tile highway network by Urban

Research Agency: Stanford Research Institute Planning Battery programs to provide estimates of traffic
Principal 1avast,: David A. Curry on any one or more individual highway segments,
Effective Date: September 1, 1970 The project report was not published in the NCHRP
Completion Date: April 15, 1972 report series; however, microfiche of the report may be
Funds: $99,070 purchased (see final page of this section for ordering

information).
The objectives of this project were to evaluate data

related to user costs on various highway facilities under
different levels of service, volumes, and other conditions, Project 7.t0 FY '74 and IcY '7_

and to develop a methodology that will relate these vat- Peak-Period Traffic Congestion
iables to user costs. Through the means of sensitivity
analyses, highway design and situation variables were Research Agetwy: Remak-Rosenbtoom
identified that have major impact on output variables that Principal 1avast.: Sandrn Rosenblaom

can be of use to highway decision-makers, Robertn Remak
Motor vehicle running cost data were compiled and Effective Date: April I, 1974

Completion Date: March 31, 1975
updated for use in calculating relative road user costs at Funds: $49,624
different levels of highway service and as affected by

• details of geometric design and traffic performance. By The objectives of this project were to (1) conduct a
use of Appendix A of the tligh_vay Capacity Manual, state-of-the-art survey to identify methods currently used
relationships were derived for peak-hour volume per lane or envisioned to alleviate the problem, (2) evaluate math-
in conjunction with AADT per lane pair. Queuing was ads to ameliorate peak-period traffic congestion and to
analyzed based on the shock-wave method for uninter- combine promising mutually supportive approaches into

rupted flow and the deterministic method for interrupted packages, and (3) develop research problem statements
flow, A methodology for estimating vehicle emissions was in tile areas of institutional, energy, nnd social impacts
developed based on a "typical" vehicle configuration, associated with potentially effective congestion reduction

The research has been cgmpleted, and the projent report packages.

has been published as: NCHRP Report 133, "Procedures Techniques to ameliorate peak-period traffic congestion
for Estimating Highway User Costs, Air Pollution, and were classified as social, socioeconomic, sociotechnical,
Noise Effects." nnd technical. They have been summarized in a state-of-
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the-art report, Experience with each technique has been Tile research has been completed, and tbe project report

described under tile following categories: concepts, costs, has been published as: NCHRP Report 208, "lmple-
time frame, funding source, political feaslbilily, and ira- menting Packages of Congestion-Redueing Techniques--
pact, Strategies for Dealing ',villi Inslitutional Problems of Co.

Mutually supportive techniques and incompatible teeh- operative Programs," The report discusses tire major

niques were identified. As a result, eight recommended problems fur each group nnd recommends strategies to
packages of techniques to ameliorate peak-perlod traffic overcome opposition and enlist cooperation, Guidance is

congestion were developed, These packages carry tile fol- given, where approprlale, for federal, state, and local Icy-
lowing titles: (1) Work Hour Changes, (2) Pricing Tech- els of government.
niques, (3) Restricting Access, (4) Changing Land Uses, Joint implementation, requiring agency coordinnfion,

(5) Prearranged Ride Sberlng, (6) Communications Sub. was found to generate institutional problems independent
stitutes for Travel, (7) Traffic Engineering Techniques, of tbe particular techniques involved in the congestion-
and (8) Transit Treatments. reduction progran't. The research leads to the conclusion

To highlight existing deficiencies and knowledge, ten that metropolitan planning organizations (MPO) must

problem statements were developed, integrate local and areawide transportation needs, resolve
Two reports describe the findings from tbis project, conflicts in plans of individual agencies, and at tile same

Volume 1, entitled "Peak-Period Traffic Congestion: State time ensure tbat federal and state program requirements
of the Art and Recommended Research," is available are met. Strategies are recommended to assist an MPO

either on loan from the NCHRP or in microfiche (see orothereentralauthoritytoeffect necessarycoordinatlon.
final page of this section for ordering information). Vol. The important institutional factors determined by the

ume 2, entitled "Peak-Perlod Traffic Congestion--Up- charamer oftbeeommunltyaretheunofficialpowerstrue-
tions for Current Programs." has been published as: turn, special.interest organizations, and community atti-

NCHRP Report 169,"Peak-Perlod Traffic Congestion I tudes, Because these factors will be unique ill each
Options for Current Programs." community, only broad strategies were reeomme.ded.

Research was ¢ontlnued under NCHRP Project 7-

10(2). Project 7-11 FY '81

Project 7.t0(2) FY '75 Low-Cost TSM ProJects_Slmpllflod Proce-
dure for Evaluation and Setting Priorities

The Institutional Aspects of Implementing
Congestion.Reducing Techniques Research elgency; Multiplications, lnc.

Research Agency: Remak-Rosenbloom Principal Inl'est.: J. H, Batchelder, H. S, Levinson,M, Golenberg
Principal bluest.: Roberta Remak Effi, eti_,eDate." April 6, 1981

Sandra Rosenbloom Completion Date: November 30, 1983
Effective Date: April I, 1975 Fundr: $199,988
Completion Date: November 30, 197g
Funds: $74,703 The general objective of this research was to improve

The general objective of l:'rojeet 7-10(2) was to develop the capability of transportation agencies to estimate
quickly the impacts of. and to determine priorities for,

strategies for assuring that congestion-reduetlon packages proposed low-cost transportation actions so tlmt pro-are considered rationally wffidn today's institutional
framework, gramming decisions can be made on better information,

The researcb conducted under this project has defined
The research found that institutional problems can best a rational, structured framework for planning and pro-

be anticipated by recognizing that they derive from tbree gramming TSM actions, TSM is treated as a me,ms of
sources, Some are inherent in the individual techniques solving near-term, identifiable problems or well-definedselected. Others result from needs to coordinate activities

policy objectives through the implementation of low-cost,
ofseveral essentially independent institutions, Still others workable and publicly acceptable projects. Tile key Pea-
derive from the character of the community in which the

program is being carried out, turns of the process are:
Tile congestion-reducing techniques recommended in • A consistent assessment of problems and understand-

NCHRP Project 7-10 were grouped according to common ing their causes,

institutional problems they presented and strategies that . Tile establishment of realistic objectives for TSM
could be used to overcome them, These groups were: (1) actions designed to solve the problems.

traffic engineering techniques; (2) transit improvement • The setting of fiscal and other guidelines for design
techniques; (3) tech.lques for restricting automobile use; and development of actions.

(4) techniques for changing land use; and (5) techniques • The identifiearion of potential actions that are ap-
relying on employer initiative, propriate and feasible in tbe problem setting.

I
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• Tile systematic design of an implementable project to develop materials that will introduce Report 263 in a
that combines or "packages" actions as necessary In day, or less, to practitioners in small and medium-sized

meet the objectives established for problem sohltion, agencies. Additionally, self-trtlilting materials are needed

On the basis of the research restllts, a three part user's to supplement the introduction to serve those requiring
nnmnal was developed to assist practitioners, i_art 1 of btmds-on experience with tile manual Furthermore, in
the manual describes a slructured and responsive frame- support of TSM aetlon implementation, audiovisual ma-

terials need to be developed to increase awareness of TSM
work recommended for planning and programming TSM
actions. Part 11 of the manual is a Reference Htmdbook action effectiveness alnong appointed and elected deei-

designed to support transportation agencies in planning, sion-makers.
The first objective of this project ',','as to disseminate

evaluation, and programming of low-cost transportation aud promote the use of material in NCIIRP Report 263
actions, Part III of tile manmd contains example appli- primarily to tecbnlcal staffs of states, Mf'Os, and local
cations that illustrate use of: (I) the TSM pIalmlng from,2- governments by developing modular audiovisual (A/V)

work, and (2) the reference handbook materhd to support and computer disks to fihlsmlte use of the Report. The
the planning and programming of TSM solutions, second objective was to describe for decision-making TSM

The manual has been published as: NCHRP P.eport actions and their benefits as tllternatives to major capital

263, "Procedures for Evaluating Low-Cost TSM Proj- improvements by developing 35-ram slide presentations.
eels--User's Manual." The project research report, how- Progress to December 31, 1985 included development
ever, has not been published but n limited number of of the following products to meet the needs of the two
copies are available at a cost of $6.00 each or mlcroflehe objectives. For objective 1, tile products are:
may be purchased (see final page of this section for or-
derlng information). 1. Tbe Programmed Learning Text inlended In present

Additional efforts to facilitate the wkler application of in a simplified manner the detailed technical guidelines
NCHRP Report 263 are explained in tile 7-11A project for the implementation of TSM.

description, 2. Computer-aided instruction modules:
1. Tutorial

11. TSM Screening Aids

Project 7-11A FY "81 IIL Impact Estimation and Analysis Aids

Low-Cost TSM Projects--Simplified Proce- IV. AccidentReductionFactors
durosfor Evaluation,Phase II V. CostIndices

3. Audio.visual, slide-tape show developed in six rood-
Research dgency: Texas A&M University Research

Foundation ules to cover the content of Report 263.

Principal ha'est.: John M. Mason, Jr, For objective 2, two 35-nnn slide presentations have
Effective Date: March 4, 1985 been developed: (I) for medium to large tlrban areas and
Completion Date: August 3, 1986 (2) for urban areas under 250,000 population. Both are

Fttnds; S150,000 accompanied by written scripts and audio lapes. The proj-

Transportation agencies have been implementing low- eel report has been published as NCHRP Report 283,
cost TSM actions in order to obtain maximum benefit:, "Training Aid for Applying NCHRP Report 263, Sire-

from the Iransportatlon dollar. To assist in implemen- pllfied Procedures for Evalutlting Low-Cost TSM Proj-
ration, NCIlRP Report 263, "Simpfified Procedures for eels."
Evaluating Low-Cost TSM ProjectsIUser's Manual,"

provides a procedure to identify appropriate TSM actions Project 7-12 FY '89

and to identify techniques to estimate Iheir wtrious ira- Microcomputer Evaluation of Highway
pacts. Furthermore, the manual provides guidance on User Benefit
combining TSM actions to provide cost-effective pack-

ages. Inasmuch as NCIIRP Report 263 represents a corn- Research Agency." In developmental st_lge
prehensive compihltion of tile best available technology Principal 1hi'est.:

Effective Date: (24 moltths)
for phmning and implementing TSM actions, it is highly Completion Date:
desirable to increase its use by practitioners, FHWA has lqtnds: $200,(}00
programmed funds for the developnlent of arterial phm-

nlng veorkshop materials, based on NCIIRP Report 263 Tile objective of this study is to develop a comprehen-
and other reports, for the National Highway Institute to sire, user-friendly, portable microcomputer program ca-
sponsor workshops throughout FHWA regions. These pable of using new and updatable support data and tile
workshops served In introduce the mantud only to a lira- best practiced procedures I'or conducting highway user
fled audience from rues( agencies. For tile critical masses benefit-cost analysis and related noise and air pollution

wilhin agencies to gala use of the mantnd, a need exists emission analyses.
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Benefit.cost analysis can be used over a broad spectrum Task Z Validate the software using the validation plan

of pr_ects and at different levels of detail Tbe scope of identified in Task 4, The purpose of the validation plan
this study should cover highway p_ccts ranging from is to ensure that all calculations are performed correctly
individual inte_ection imp_vements and Transportation witb adequate checklng of data, panlmeter values, and

Systems Management (TSM) pr_ects to mzuor mad up- ranges, Prepare a program validation report that: _) de-
gradings and eonstructlon of new roads connecting to the scribes the methodology used in develnping the validatiorl
interstate or other m_or facilities, Comprehensive life- plan, (b) provides a description of the test data sets used
cycle cost evaluation techniques should also be included, to validate the computer pmgnlm, and (e) documents the

The focus of the effort will be directed to analyses at the results obtained by "hand" and by the computer program.
proiect level and its immediate area impacts rather than Task & Prepare a user's manual, a program docu.
at a highway system level, mentatlon report, and a brief, applications.oriented

Task I. Review the literature for procedures used ill primer on beneftt-cost ailalysis and eco0omie cwduation

highway user beneflt-cost and related noise and air pol- of higbway user benefits.
lution emission analyses and identify sources of support Task g Provide to five states selected by tbe NCHRP
data for use in the determination o[' vehicle operating copies of the soBware, documentation developed in Tasks
costs, accident reduction benefits, travel-time values, and 7 and g, and all other necessary materials to test the

any other appropriate _tctors. implementation capabilities of the software. Thee states

Task 2, Assess the support data and procedures iden- will critique the nmterlals provided and transmit written
tiffed in Task 1 and select for inclusion in the computer evaluations to the contractor who will make neeessa_

program those most appropriate in terms of tlleir cur- modi_cations to the program and documentation,
rency, completeness, general use, and ease of updating. 7"ask 1_ Prepare a final report documenting the re-
In addition, provide a comparative analysis of the selected search effort. It should contain the modified applications-
procedures with those found in the 1977 AASHTO,_n- oriented primer; a description of the computer program

ualon _nqfitAnalys_o/High,_andBusTrans# and its application, including examples; the user's mnn ual;
h_rovent_lts, and the program documentation report including the ex-

Task 3, Develop procedures for updating support data ecutable program and its source code.
to the current analysis year, and propose default values
where appropriate,

Task 4, Develop a preliminary design for rite micro- AREA 8: FORECASTING
computer program that accurately reflects the anticipated
context and degreeof user friendliness.The design should
address at least the following: screen layouts, menus, input Project 8-1 FY '64

requirements and procedures from the user and from Social and Economic Factors Affecting Travel
support data sources, modular structure, process Now
diagrams, and output formats and compatibility, In ad- Research Agency: Vogt, Ivers and Associates
dition, develop a preliminary design for a program vali- Principal IItvesr.: Robert S. Vogt

dation phm, a user's manual, and program documentation Effective Date: February I. 1964
Completion Date: September 23, 1966

report. Funds: $94.558
Task 3, Prepare and submit to NCHRP an interim

report on Tasks 1 through 4, NCHRP approval is required The purpose of this research was to develop means of
before subsequent tasks are initiated, estimating intereity travel using known traffic volumes

Task 6. Develop the comprehensive user friendly soft- and available economic and social data between selected

ware, adapting the selected techniques to microcomputer cities and testing it by application to other pairs of cities
use. The program should contain at least the following between which travel is also known.
features: Knowledge gained by this research is useful to trans-

a. Capability to conduct life-cycle cost analysis, portation phmners and design engineers. Extensive use of
b. Both default values and user-provided data input electronic computers and existing computer programs to

capability, extract and classify summarized pertinent origin-desti-
c. Procedures for updating support data and parameter nation data from existing studies has been accomplished.

values to the analysis year, A nationwide network has been produced for trip distri-
d. Informative error messages, butlon purposes. More than 3,000 centroids representing
e. Capability to operate oil a fully IBM-compatible each county or county equivalent with basic population,

microcomputer at a reasonable speed, in a portable employment, income, bank deposit, and other social-eco-
and commonly awdlable language that does not re- nomic information have been assigned. Tile eentroids are

quire additional end user hardware or software ae- connected by links representing the highway system. Ex-
quisition, ternal O-D data were acquired and processed for 22 cities
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in Tenne.ssee, Wisconsin, and Missouri, From these data, The final report was not published; however, microfiche
regression analyses were run to test various equadon of the report may be purchased (see final page of this
forms and tile correlation between variables, combination section for ordering information).

of variables, and tr_nsform:_tion of :,ariables for total trips
and for trips by purpose. The trips predicted from the
regression equations have been compared to actual survey Project 8-4 F¥ '65

trips, Criteria for Evaluating Alternative Transpor-
The project report has been published as: NCEIRP ration Plans

Report 70, "Social and Economic Factors Affecting Research Agency; Northwestern University
Travel." Principal Ire'est.: Dr. Edwin N. Thomas

Or. Joseph L. Sehofer
Project 8-2 FY '04 and FY '65 Effective Date: February 1. 1965

Completion Date: August 1, 1967
Factors Influencing Modal Trip Assignment Funds: $89.900

Research Agency: lIT Research Institute This project was intended to identify and evlduate tile
Principal htvest.: Dr. F. (2. Book
Effective Date: February I, 1964 broad array of factors which shou:d be considered in
Completion Date: August 31, 1966 making an intelligent cllolce among alternative transpor-
Fttttds; $298,033 radon plans. A system for using these factors should be

devised.

The intent of this research was to improve methods of The multi-volume report consists of a section in three
assigning urban area traffic to tile various modes of travel, parts entitled "Strategies for the Evaluation of AIternative

It involved the identifying of factors underlying choice Transportation l)hms." and a section entitled "Evaluation

of travel mode, tile determination of tile relationships of of Engineering Projects Using Perceptions of and Pref-
these factors, and also the development of a method of creases for Frojeet Characteristics."

analysis and forecasting. Methods were tested and found In response to comments of the project panel, some
to be practicable for use under real-life conditions. Such additional material was found to be desirable to be added

methods would be applicable in making better trip as- to tbe final report. Certain modillcatlons were deemed

signments in urban transportation systems, necessary to relate the findings of tile research more
The project report contains a survey of existing modal closely to tbe immediate needs of transportatlon planners.

split models, and analysis of five metropolitan areas bay- A continuation contract was executed under NCHRP

ing rail rapid transit, a study of factors influencing choice Project 8-4A for the purpose of modifying the final report
in travel mode, and prediction models for modal choice for publication.
based on dlscriminant functions with a comparison of
reported trips and computed paths.

Tile project report lids been publisbed as: NCHRP Project8-4A FY '68

Report 57, "Factors Influencing Modal Trip Assign- Criteria for Evaluating Alternative Transpor.
meat." tation Plans

Project 8-3 FY '64 l_esearch Agency: University of Illinois
Principal htvest.: Dr. Joseph L. Schofer

Individual Preferences for Various Means of Effi'ctive Date: October 14, 1968
Tronaportatlon Completion Date: January 10, 1969

Research Agency: University of Pennsylvania Futtds: $5,000

Principal blvest.: Dr. Russell L, Ackoff See Project 8-4 for objective of the research.
Effective Date: February I) 1964 To improve the flow ofideas throughout tile document,
Completion Date; March 31, 1965 die finaI report of Project 8-4 was modified. In addition,Funds: $63,282

more extensive descriptions of strategies for treating

Tlds project was designed to probe individuals' trans- streams oPcost and effeetiw'ness indicators were prepared
portation preferences as contrasted to the more objective and integrated into the text. Also. several illustrative ex-
studies that Project 8-2 is concerned with. It was expected amples of the application of cost-effectiveness analysis to

that the research would develop additional knowledge as transportatlon-plan evaluation were prepared to demon-
to why and under what conditions persons will use or strste the use of the metbodology, as well as to support
shift from one form of transportation to another. Better some of the broader concepts described in the final report.
information and estimating bases are needed in order to Tile project report has been published as: NCHR.P
obtain broad community agreement on plans for transit Report 96, "Strategies for the Evaluation of Alternative

and highway improvement. Transportation Plans."
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Project 8-5 FY '65 and FY '68 belulvior whicb will have the c_lpabilhy of denling with
both the mobility and choice processes as components of

Transportation Aspects of Land-Use Controls residential changes,

Research Agency: Victor Gruen Associates The project report has been published as: NCHRP
Principal lnvest,: Harold Marks i¢.eport 8 I, "Moving IJebavior and I_.esidential Cl_oice--
Effective Date: April 1, 1965 Aug. 7, 1967 A National Survey."
Completion Dare: May 31, 1966 Jan, 15, 1970
Ftotds; $25,967 $99,571 Project 8-7 FY '69

Tbe objective of this research was to provide a better Evaluation of Data Requirements and CoIlec-
understanding of the effectiveness of existing land.use tlon Techniques for Transportation Plan-
controls on tile continuing utility of transportation sys- nlng

terns. Research Agency: Creigbton-Hamburg
A first tecbnieal report bas been published as: NCHRI" Pri/tcipal Divest." Roger L, Creighton

Report 31."A ReviewofTransportationAspectsofLand- Effectfi,eDate: September 13, 1968
Use Control." Cotnpletion Dare; August 28, 1970

This project was continued to establish principles or Fttnds: $190,000
guidelines for developing land-use controls and otber
techniques that will be stable and effective ill the protec- Tile purpose of the research project was to see what
tlon ofhighway utility. The researcb effort was conceptual data were needed, first, for the basic transportation plan-

in nature and presented a variety of ideas and proposals ning process such as was required to be undertaken for
by which tbe bigbway investment can be protected. Some melropolitan areas by tbe Highway Act of 1962, and,
of tbe guidelines were developed in considerable detail, second, for new kinds of transportation planning that are

These can be incorporated into the procedures and prac- developing. A very limited number of transporlation stud-
flees of land-use and highway administrators, Other prin- ies w_re selected for carefid and detailed data analysis to
clples were developed as a base from which more detailed establisb recommendations on guidelines for data require-
analyses can be undertaken, ments and collection techniques, "Phi"project defined data

! The project report discusses basic interrelationships be- requirements for botb basic and continuing urban trans-
tween transportation facilities and land use and how sucb portation studies with regard to travel, transportation
relationships can cause transportation facility break, facility, hind-use, and socioeconomic data, Sensitivity
downs. Tile effects of changing land-use controls on the analysis was performed to examine variations o[lhe trans-

utility of Idgbways are discussed, with special attention portation data for assessing the impact that d_ml errors
being given to large frame generators located near freeway haw on tile oulput of tbe transportation planning process.
interchanges. The research included a comprehensive sludy of the

:' The continuation research has been completed, and the transportation planning process in five cities to determine

project report has been published as: NCHRP Report dala collected, bow they were used for planning and re-

121, "Protection of Hlgbway Utilify." search, and their times and costs. Sensitivity tests of thesedata were conducted. Studies of data needs for new types

l Project _-6 FY '66 of transportation-phmn[ng processes and allernate meansof collecting data were also underlaken, Research was
Individual Preferences for Alternative Dwell- conducted on data needs of related planning processes.

Ing Types and Environments such as TOPICS Plannhlg and Transit 1_hmning,

Research Agency: University of North Carolina The project report bns been publisbed as: NCHRP
Principal htvest.: F. Stuart Chapin, Jr. Report 120, "Data Requirements for Metropolitan Trans.
EA_ective Dare: February 14, 1966 portation Phmning?'
Completion Date: March 13, 1968

i Funds: $99,897 Project 8.7A FY '71
In predicting the future demand for transportation, it

is imperative that future densities of residential areas be Data Requirements and Transportation Plan*
projected. In order tbat this may be done with confidence, nlng Procedures In Small Urban Areas
a better understanding must be acquired for the prefer- Research Agency: University of Tennessee
ences of various housing types and environments. Principal b_vest.: Dr. William L. Greece

The project report deals with a summary of findings Effective Date: June 1, 1973
on housing choice ofthe bousdlolds interviewed; LIn anal- Completion Date; June 14. 1975

ysis of the residential mobility process; an analysis of Ihe Funds: $98.005
housing-choice process; and, drawing on these analyses. The initial focus of tbis research was to develop a
a discussion oftbe elements needed for a model of moving simplified transportation phmning process for sm*dl urban
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areas of less titan 250,000 population tbat is sldticienfly has focused .ttention on the need for improving httegra-
flexible so that rowel forecasts can be based on u small- lion of tile hJgbway with the community.
sample borne-interview survey or simulatiort. It was found The scope of this project was to develop an independent
that the existing standardlzed procedures were intern- study design to be used as the research plan for the sceond-
patible with the possible variations in tile nature of the phase work. The study design Wits completed, and the
problems, available resources, and expectations of the report received but not published.
parlicipants, Tile digest or responses from the small urban Refer to Project 8-8(3) for descrlpdon of the over-all
areas examined typifies tile dimculty Paced wben attempt- project objectives and details of tile second phase of this
ing to adapt the planning problem to the phmning process, study,
ratber thnn fitting the process to the specific problem.

The need for a customization oPphmning procedures was Project 8-8(2) FY '69
established, and Ibe current organizational framework

The Impact of Highways upon Environmental
and technical practices in both hind-use and transporta-
tion planning were evaluated from that stmldpoint+ Values (Study Design)

Land-use planning in small communities was found to Research Agency: Daniel Mann, Johnson & Menden-
be highly standardized in format and content, but not in Indl

procedures, which varied significantly in terms of so- PrincipalInvest.: S.R. Sludikoff
phistlcation. It was found to be appropriate for planners Effecth'e Date: September 9, 1968
to forego elaborate procedures in favor of various hand Completion Date: March 7, 19fi9
methods tbat are heavily depetldent on the planner's Ftmds: $28,950

knowledge of tile community nnd the exercise of profes- The increased emphasis on social and esthetic values
sional judgment in an ad hoe, or opportunistic, lesbian, bas focused attention on tile need for improving integm-
The transportation planning procedures appeared to be Plan of the highway with tile community,

relatively more standardized. The scope of this project was to develop an independent
The research identified and presented four types of studydesigntobeusedastheresearchplanfor thesecond-

transportation planning techniques for application in phase work, The study design was completed, and tile
small urban areas: (a) network simulation based on syn- report received but not published.
thetic models and a small-sample household survey, (b) Refer to Project 8-8(3) for deseriptlon of the over-MI

eonsumer-orlented transit planning procedure, (e) simple project objectives and details of the second phase of this
techniques for corridor analysis, and (d) hand-eomputa- study.
flea-oriented procedure for estimating localized impacts

of major tralflc generators, Existing techniques were re- Project 8-8(3) FY '69
viewed and tested (to varying levels) within each category.
Examples include cross-classification and synthetle The Impact of Highways upon Environmental
models, corridor.growth traffic-forecasting models, use of Values

work-trlp data from employers to update continuing Research Agency: Massachusetts Institute of Technol-
transportation studies, development of a consumer-art- ogy
anted approach to determining local transit needs and Pringipal Invest.: Dr. Marvin L. Manheim
providing activity-center traffic estimates to assist in us- Effective Date: September 15, 1969
sassing the localized impact of land-use changes on tile Completiotl Date: July 31, 1974
transportation system. Ftttlds: $470,000

Research has been completed, and tile project has been Tile increasing emphasis on social and environmental
published as: NCHRP Report 167, "Transportation Phm- wdues has focused attention on tile need for improving

nine for Sntall Urban Areas." integration of a transportation facility wltb both tile nat-
lira] and the humltn environment, To acldeve desirable

Project 0-8(1) FY "69 levels of integratiolh research was programmed by

The Impact of Highways upon Environmental AASHTO to (a) develop a practical metbod for evaluating

Values (StudyDesign) the immediate and long-term effects of highways on the
social and environmental considerations of communities

Research Agency: Massachusetts Institute of Tecbnol- and (b) test, evaluate, and refine the method by applying
ogy it to specific cases covering a range of situations. Because

Principal Dryest.: Dr. Marvin L. Manheim the design process must maximize the probability that

Effective Date: September 16, 1968 significant community values will be considered, even if
Completion Date: March 14, 1969 the state of tbe art does not allow ;lit of these values to

1_lttld$: $29,654 be measured quantitatively or precisely, the research era-

The increased emphasis on social and esthetic values pbasizes development of an approach in the context of
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{ ABSTRACT

I
The Federal Highway Administration,s (FHWA) Federal Highway

Program Manual Volume 7, Chapter 7, Sectlon 3 (FHPM 7-7-3) Procedures for

Abatement of Hl@hway Traffic Noise and Constructlpn Noise, require that the

New Jersey Department o[ Transportation (NJDOT) Bureau of Environmental

Analysls (SEA) analyze expe0ted noise impacts and abatement measures for

undeveloped lands for whlch .,development is _lanned t deei@ned and pro-

_rammed.

In order to satlsfy Federal requirements to evaluate undeveloped

land_ oh which develo_ent Is planned to occur t while also minimizing

disruptions Io the roadway deslgs prooesst a procedure was initiated to

maintain thorough, early and perlodlo coordina tlon wlth affected

municipalities during the noise study process. This procedure includes the

identlflcmtlon of proposed residential developments during the preparation

of the Plnal Noise Study (FNS) and prior to completion of roadway

. cooatructlon. Generally S early deteatlon of proposed resldentlal

developments eliminate problems for NJbOT-Deslgn Units and the NJDOT-SEA

Noise Group caused by the recommendatlo_ of barriers for previously unknoWn

housing developments after approval of the FNS. Detection of proposed

residential develo_ents late in the design study phase could possibly lead

to delays In £he approval of the FNS or a significant redeslgo of the

proJeC6.



MUNICIPAL APPROVAL OF DEVELOPMENT PROCESS

1 2 3
PREAPPLICATION -] _ PRELIMINARY I m,. FINAL PLAT I

SKETCH PLAT .) v " PLAT STAGE I " STAGE

-Survey of the site -All information -All previous
required at information

- Significant preapplioation
hor ticu I tural stage - Block/lot
or pllysical numbers
site characteristics -All proposed

s et backs - M u nicipal
-Existing & proposed boundaries

vehicular & pedestrian -Freezes general
circulation, systems terms for a 3 -No changes

year period in zoning for
-Topography of site 2 years

-Location & use of
existing structures



TABLE I

ROUTE NJ 92 CORRIDOR MUNICIPAL SgRVEY

Municipal Approval Process for a Typical Subdlvislon/Site Plan

Preap. Plat to Prelim, Apprv,to Final Approval Breap. to

Municipality Prelim. Approval Final Approval to Construction Construction

i Crsnbury Twp. 2-3 ms. 3-6 ms. 6 wks-2 ms. approx, i yr.
i

j So. Brueswlck Twp. 1-3 ms. 4-6 ms. 3-4 ms. approx. I yr.

i East Windsor Twp. 1-6 ms, 1-3 ms. 3 moo approx. 1 yr.

Franklin Twp. 3 ms. 3-4 ms. 3-4 ms° approx. 1 yr.

Jamesburg Sots. 1 ms. .5 ms. .5 ms. 2 ms,

Monroe Twp. N/A 6-9 ms. 3-6 ms. 9-15 ms.

Flslnsboro Twp. 2-3 ms, 3 ms. 3-4 ms. 8-10 ms.

West Windsor TWp. 4 ms, 6 wks,-2 ms. 2 ms. B mo.-i yr.

Princeton TWp. N/A 1.5 ms,-3 ms. 2-3 ms. 6-9 ms,

Montgomery TWp. 1 ms. 6 ms. 4 ms. approx. 1 yr.

Sourcs_ Municipal Planning Boards

11
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PROCEDURES TO EVALUATE PLANNED DEVELOPMENTS

DEVELOPMENT STAGE OF THE FINAL NOISE STUDY
I I, 2 . -93
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: I

Fl_llk NOISE STUDY IS COMPLETED POST FINAL NOISE STUDY/PRE-PLANS SPECIFICATIONS ANO ESTIMATE APPROVAL

4F - 9 Is
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FIGURE 2
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Open forum U,S,Depart_or_liof Commerce

6e_IOIItSand Costl of TgchnologyT_arlsfor.Dean Bofgmon,
1 1 6 TL_osdc_y,2:00p,m,, St',o¢ohom McDo_'lollDougtosHollcopto¢Company

EliEO_RONICREVOLUTIONIN GOODSOISTR_U_IONS_ST_MS
JoeTsaJ,OntatloMInslrfofTran:portaflon,Canopa, 119 Tuo:day. 2:OOp,m,.9_otehomPUSLIC/PRIVATECOOPERAIIONIN FINALIOING
S_o _'_g AUIOMAIE_ TRAflSI_

red L_yComrnlttoeon Fr_/OhtTran_portat/on SamyE.G. Elias,FAIInc,.pf(_ing
_ar_g and Ma_oftlg ancI cornm/tteo on Nov/ Sponsoroc/by TaskForce ot_Moist Activity Cc,nfQr
itanspottot/on _toms and Technology C/(_allOn Syxt_z

ElectronicR_volullo_InInt_rnallonalTrotting,Marshall UsingValueEohancomTm|to FInanoe,P_pl_ MOb/oct
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Canada D.C,
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SmithBarney:_hetdonRolkotf,MetropolllanTransll

IIAuthority I._;INFORMALSESSIONWI1HI NI EENATiON_ J.'_.1__,_l_:_,,;
.;;K_marosC,-,_ho'p_duo UrWofe_yp,_O=lcl_,i_._

NEI_/CRKEQUIUISRlUMAND SUPERCOMPUIINO ,I_,?'Z_,_^_ : ' _:i_',_._(_i'.f!;"_!_,_:,1_.
, 'lhl_ llo_eon_,_JllPtovIcloa_ Oppo_gi_y/iJ?._'_=¢_t(_

JossetspansoractPotl,byUnN°rsltYcommRlooorMawland,onTronsportQRonPr°Sldlng_upply :_exchange OfIdoa_rOmo_'1_lntoi__Ito_ Lqll_._._111_._._j'_
Anatysl_ T:and t rnn._or/allorYptofomon,_lli_lb,_._j_,L_._:

theImpactOfElgnalContlolonLondsldeTiastoPatloms _':prooramlofCudS',_opl_'¢dun_Bo|[_r4oI_i_i_I_I'_I_[I¢J,_J_i_'y._
al lho OallaPEl.WodhInferno!lanaiAlrpad 880375 ' !re n_ngan_ OoINIBoIvAthlnTRg;_,_!_'_._
GanG.LonChorlg, UnlvotdtvofToxas,Arlr,iGtOn:Doboto .., .._,,X_._._:_,._,
Kanaboio, U_vofsltyof Texas,Adlngton

SendBvi_Analy*l,fo_a SlmuIlaneousTtans_rlallon 122 T_osday.8:_ p.m.._emtonEquillbflumModel,K, NabllSatwai,TexasA&M Unlvofdty FLEXIBLEPAVEMENTDESIGNAHDEVALUATION
System;Mohamad K, Hosan,TexasA&M Unlvetslty FACTORS
System GeOrgeg, Cochtano,Mlnnoso|a Dopaflmont of

Guldollno_and ComputaBonalRelultstot Vo¢Ior Transpottaflon.pmdc_ng
PtocesdnGofNetworkA_dgnmentCodol on Sponsoredby Comrnltte_ on Roxlbla pavement Design
Suporcamputate8806}5 Ky_lacosC, _ouskos,Un_votd'n/
of Taxes.Austin;Hanl $, Mahmassanl.Unlvor_Ityof Texas, EvaluallngRRucturalDamage at RexlbloPavemantl UdnG
Austin Cracklngand FWDDale 883231PolarSobaaly,

Coda Optimizationtota Transpc=datlonNetwork ponnsylvanlaTransportationl_stlluto_Harlot
EquilibriumModal, DavidE, fioyce, Un_vorsByof IllJnols, Tobatabaoo. Pom_sylvar_nTransportationJ_stJJute,'
Uibon_.Ch_m!c,OlGn:HuBy-Ku_Chart, gr._/ols_U/o1 Roman Bonoo,ulst,EodorolHighwayAdmlr_=tratlon:
llllnols.Uibana-Cbampalgn Dovld A. Anderson,Po_SytvanloTronspoftallonIn_fltuse

An ExportSupporlSystemfor Modlflcollanof Car SoP_lco Analysisof FuB-DoplhAsphoRConcretePavementsUdng
Rules880138RoyLPolelkofsky,/Usoclatlonof Amoflcnn ShakedownTheory880469LuiflRoad,UniverslJyof
Railroads Alaska: DlotatWolchOft, RuhlUnlvo/Mt_tBochum, West

Golmony:All Holbar,Am0dconUnlvar_tYof Sol!uS.

:121Tuesday,2,,_0P.m.. _oroham LebanonNEWgIRECTIONIN TRANSPORTATION:AIR ESacso Transverseglshlbullonof Heavy V0hlclol Onthe
QUAUWPLANNINGANDRESEARCH ThlcknossDnSIGnoffull-gOplhAsphaltPavomont_

SusannepolJy,$pllzot,tv'_nne|otClPollutlo_ConiferAgency, _8_004R. Bullet,A. C, van Eck,W, M, H. Cation!earl. H.
providing van r_j,Mlnistwof Transportand PubticWalks,

,Sponsoredby Commll_oo on Transpottatlananct AJr N_lhotlands
Quality A fatlgug Model to As=o_PavementDamage 880578

ShokarGovlnd, UnlvorsByor Texas.Austin:C. Mlehaol
Compliance Porlpgcllvolon TranspoRallonControl Walton.Ur_vorslWorTexas,Austin

Mealur¢l: A Caso Study8_73 RanclQIIGuen._lor. FaHguoand Rutof Compacted AsphaRConcrole Mixes
Co(Ii'o_a A_ RO_Ou_CG_Boolcl 880497GIIbod Y.BalaaLMichiGan_tolo Un_vordly
Discussant:JohnSuhtblet,Cambridge Systomatlcs,!nc,

TtanspottallanIn Iho SoulhCoastAll Qu¢lllyFla_: Growlh 123 Tuesday,8:00p.m,. _eratonManaGemen| and Job/HousingEalan¢oKayElements, INNOVATIONSIN AGGREGATE(ESTING
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Govommentl prodding

Development at an Advanced AirQuaIByModal for Sponsoredby Committee on M_nc_o_Aggregates
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EnvRonmonhR,J, Yamartlno,SigmaResearch LaboratoryEvaluallonof Shape and Bufface Textureof
Colpotaflon FInoAggrogalofat AsphaltConcrete880256W,R, Molo_,
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lho Art of FJIImallngAlrpoll AI_Pollutants88G674RogerL Aggregate TestingforCon=RucRonof Arrestorfled 880320

Wayson, VandO_blltUnlvet_lyjW1_lamSowlby,Vonderb_t M, C. Wang. Ponn_,IvanlaStateU_vordW
U_vet_fy DotgrminlnGGloryMineralsIn [lalalt AGgrogaloI 880019
Dlscu_ant: Ro_orlckD, Moo, TexasDepartment or Tom_ymonlak, PavementServices,_nc.:TadVlnson,
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Sdol Co/!,..lienSon Ral_orch MonRadno Evaluallonand 8_0249Coil RCrumpton,Topeka,Kan_l; BalbOrOJ,
InformoUonDl_eminalloo Noo_s EltZobolhOoakln. Smith,KamasOaDartmontof Transpodotion;G. P.
Urgver_Jlyof Cni orn o. Be!Relay Joynprakadl,T_onspodoBonR_|oorchBoarcl
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TRANSPORTATIONFACILtTJ_S.PARTI Douglas.Lnc.;T_othy J. Lat_ax.TexasA&M Unfvors/ty
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chalrman, W0_:t_escioy.9_0 a,m,. SUlte_.
AIED2(1) SubcOmmUteoon CampusTranspOHaEon, Om1"_snolohamHotelPaIRPost,chaltman, Monday, 8:00p.m.,

Councl_Room. IDmnlE_lorehamHOI_4 AIR_2(6) Subcomm_ilooon EnvironmentalRonnlngand MEllgotlon.Charles B.Adamm.chaitman,
AIr._3 COmrt*dMoeon k_Iolmoda_TransferFaclIE_os, Wednesday, 9:0__,m,, 9,._e 6_3,Omnl

John D,Pavlovfoh,chapman, Wednesday, St'_leham Holol9;00a.m,, Councli Room,OmnlS_ofoham
Hoto_ AIF03 commllfoo onTransportationand AirQuality,Susannapo_ySp_tzohcho_imao,

AIE04 cornmlffoo on RollTron_IISydoms, ReDedJ, Wednesday,9;[_ o,m,, CablnetRoom,Omnl
Londgtaf,chairman, Tuesday,R_Op,m,, Shoroi_ornHotel
SU_IO6/,_3,0i_ Shot_hom Hotol CommltlOOonTIenspottallon.ileloled flolso

AIE04(2) Subcommittee on UghtRalfTransttSystems, aj_L.V_blo_o_rMas Hatanq ,.c_b._mon,
David Mlnlstor.chaltman.Mon"_ay,0:00p.m., /K,1onday. 9;00a,m,, ForumRoom.Omnl_
Sona|l_Iloon%Omi_ _hofGhamHoto_ _L_ol_am Hotel -AIED5 Commlltoo on TtamltMano0emonl and
Performance, NlgotH. M. W_Ison.chalrman, AIFOS comm111oo On$oc_t, _cor_rt£c andEnvl_onmonlolFactorsof TronsportaSon,
Monday. 2;00p,m,. Sulfa2_3.Omnl HowardH, Nowlon.J_,,¢holiman, Monday.
_o_oham Hoto_ 2:00p.m,, Sulle863.Omn__l_otoho_HaterATE06 Comml_Iooon Pubic Ttanspottal(on
Motketingand Faro poBcy.W_IEamR. AIFOS(I_ Subcommitteeon HLSlodcpreservation.HowardNo_on, Jr,, chairmen. Monday, 9:00
Lo_._on,chaEman, Tuelda,/,9_ o,m,._le aim., Suite363,Omnl _:1oloham_ote_463,OmnJSnorehamHotel

A IE07 Committee on CommuterRa_ ATPC,S(R_ Subcomml(tooon Social EconomicImpacts.Mary Klhl,chairman,Wednesday, 2:3Qp.m..Tlat,,spofIO_Ion,Do_ald O, E_s_e.cP_hman,
Wednesday. 2:30p,m,. CouncflRoom,Omr_ Sulto363, omn_Shotehom_1otel
ShofehamHotel

SECTIONG--SPECIALIZEDAND RURALTRANSPORIAIION

SECTIONP--ENVIRONMENTALQUAUWANDTHE SERVICES

CONSERVATIONOFRESOURCES AIG00 ',_eclotLzedand RuralTransportation
So.cos Section,Robert T.GO_O.ct_,kmon.

A Ira _ com_lltoe on EnergyConloWaUonand Wednesday,7:30a,m. (breakfast),
Ttompottallon Demand, DaVidUoyd prosldontialRoom,Omrd ShCCohamHotel
G_o_no.cba(tmon. Tuotday.RaGo,m,,
Cabinet Room,Omnl ,_lorohomHater AlGOl Commlttoo onRuralPublloTtor_pc_Q_on,pareWo_cl,chaffmon, Tuo|day.E:00p.m,,

AIF01(T) Subcccllmltteoon AJtomaEvoFuoil t_' Calvert Room,Omnl SnorohamHotel
Tionspo_ol'_n.Oan_o_Sp_t_g,ch_I_m_n.
Wednesday, 2:30 p,m,, _JItO463, Omnl AIG02 Committooon 'ffanspottallonlot TheT_onspott_t_onO_so,_var_tQ00d, [3ovidL,
._olohom Helot Lo_s,challmon. Monc_ay,9;00a,m,,

AIF02 C_ml_oo on Env_onmontolAno_y__ EmbassyRoom,Omnl _._olohomHaterTronspottaEon,LoullF,Coht%chairman,
Wocfnosc_oy.2:30 p.m., SonataRoom, Omnl AIGOR(2) SubcommlJloo_ IP,t oiP,_lo_ ElderlyandHandicapped Issues,WilliamSoil,chairman,
_oroham Hotel Tuesday,8:_0p.m., CommIlfoo ROOm.Omnl

A I,_]2(l) Subcomr_ttooon EnvEonmontoIPincer, _ot ohorTI_o1¢_FrankWintorl, cllalrman, Monday, 9:00 a,m,,
Sult_463, Omnl _otohom Hotel AIGO3 Cc_m_ttee onPoraltanslt,_an_aRosonbIoom,Ohallmon,Tuesday,2_0 p,m.,

AIF02(2) S_bcomm_ttooon HOl_dou| Wasto,Wayne SuRe363,Omnl S_'lotohamHotel
K. Kobor,¢haEmon, Monday. 9;00a ."n,,Suite
663.Omnl _o_am Hotel AIG_ Cornm_Hoec_ _doshallna, L_'r_ noe JesseGlaZo_,chairman.Wecinesbay.2;30p,m,,

A_F02(3) _._baomm_ttoo on W_|o__Jo_P/, B'_onN. Caucui Room,Omnl _orohom Hote_
Lord.¢haSmon,Tuolcfay,8:00p.m., _1o
363,Omnl Sl1_ohamHotel AIGDS Commlttooon _o_c_WBu_T(ampodotJon,FredarlcD, FrOVeLchalrman, Wodno_oy.

A ffGR(4) $uboommlttoo on En'_onmontel Mediation 9,00a,m. Suite76S.Omnl 5_orehamHoteland Communlcallofl, Rob0ttS,DoSanto,
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AIC06 CommRtooon InlotcffyRollPassongor A IJ04 Comm/ttoeon AL_portLondstdoOporaffon$,
Syslon:ls.GOOrgOHalkolt.I.chairman, GlaIR W. Hatvoy,chollman, Tuosday.5:00
Monday. 2,00p.m,. Count! Room.OmnJ p,m.. r_._to263.Omnl 5r.orehamHotol
$homhamHotel AIJ05 Commlffooon Altlloldand Alrspaco

CopocIW and 0slay. C[yc_OW.Paco. ,It.,
chaffrnon,WeQ'lesdoy.5_0 p,m,. Suits763.

/ A1J87 Commitloo onAircraft/AirportCompatibility. )

•_¢C_IONH--StAT_YlDEMODALPLANNING ( BarryB. Myofl. chairman.Wodrrosdoy..._._,"
p.m,, Suite86_D[_'_ot_m-Hot e_

AIH01 COmmlffoeon Stoto_do Muftlmodal
TlanSpodollonRannlng, Mlchaol D, Moy_r.
chaltman, Monday, 8:0013,m,,Caucus STEERINGCOMMITTEE
Room.OmnlS_ol_ham Ho_'oI

AIH03 Cofilmlltooon _Idto l_oloIn RollTransport. A_T54 C,o¢_Lt_oo totq Cor_Iotoncoon Long-
WafmrlD. Wobo;_ohoJrmon,MoncJoy,8_0 Range TtOndSaridRoqultomontsfor tho
P,m,,Cabinot Room,Omnl ,_omham HoIo_ Nat[oP,'sHI_hwQyan¢l PublicTronsltSystems.

A1H04 Committooon Patti and Wotorwoys. TheodoreC. Lut'z,clloJlman,Monday, 2;00
Nolman B.Wolf. chalrman.Tuolday. 9;00 p,m.. Suite463,OmnlSho_ohomHater
a,m,. ErnbaW Room,OmPJ5notoham Hotol

AIH05 Commlffeo OhTfaf_poHatlonF/ogtamm_ng,
Planning,ohd SytJomsEvo_uotlc_n,ThomasF. GROU.° 2--DESIGNAND CONErRI,'CITONOF
Humphrey,chairman,Wodnesdcly,9;00a,m.. TRANSPORTATIONFACILmE$
8uRo263, Omnl5hotohamHotol

A2000 'Group 2 Councll,RaymondA, Fot_yJh.
ohalrman. _unday. 7_30p,n1,,W/scon_
Room(TmlNngfor CommlttooChoftmon);

SEC_JONJ--AVIAtION Thursday.12;00_oon(Tunch).C_N_ff ROOm.
SheratonWasHngtonHotel

AIJD0 "A',lotJonSo¢flon.Wll[otd G. Ronfl,chairman.
Tuolday, 12:00noon {_ul_ch),Committee SECTIONA--GENERALDI:_IGNRoan1.Omhl StlototlorhHater

A1JOl COmmlHaoon _ntetoov_nmon a Retotlonc ._ A2AO0 "GonoralOoslgnSottiSh,Jorvl_0. Mlohlo.InAviation.KontohR. Hoepor.chairman. .
Monday,5._0p,m., Su_to663.Omn_ Chal|man,Wodfiesaoy,7:30a,nl. Coteak_a|t).
• lorohom Hotol _JIlO2022._tlolatonWo_hotan Hotel

AIJ02 CaP.If/DO O/IAvlotJO_Economlol an(l A2ADI CommIffooon Photogrammottyand Aoflol
FOfooo_tlno,John W,Rsohot,chaffman, SUNOyI.Thorns|E.Carlson,choltman,
Monday, 5:00p,m,, E.Jto 7_3.O_n{ Tuosday.2:00p,rn. T_umanRoo_, 8t_otatc_
ShorohamHotol Wo_lngton Halo]

At J03 CommlHooonUDht Commorclat and A2A02 CommlHooon GeomettJoDOUgh.John C,
GOrlorolAviation.Karl_. Zaosko.chairman. G_orlnon.Chairman.Weclnoldoy,2:30 p.m..
Tuosdoy,_:00p.m.. Suits 163.Omr_ Waffon Room,_ototon Wolhlnl_tonHotel
Shoro_amHotol A2A03 Commltloe OhHyd_olooy.HydtoUllCland

A1J03_1) Subo_rnmlffo_on CMI Helicopter Aviation. Worst Quol_ly,J.Stotl_ Jono_,choW'man,
WglJamF,Tlllot,chob-man,Tuesday,9.430a,m., Weohosdoy,9:C0a,m. EHor_owotRoom.
SL_to163,Ony.J,_1orohamHotol _otaton Wa_ngton Hotol

A1._)3(2) subcomrnIMooon Bu_lno_Aviation,Ronola A2A04 Commlfloe on Rood_o SafotyFootmen.
L. b'wc_o, chaltmay1.Monday. 9._Oa.m. W_llomW, Hunlot,choJ_l'nah,Wodnolday,
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AIFO4 Committee Mestlng Mes Hatano, Chrm AIF04
Transportation Belated Noise & Vibration CA DOT, TransLab
Monday, January 24, 1989 5900 Folsom Blvd.
9_00 AM- Shoreham Hotel Sacramento, CA 95819
Forum Room (916) 739-2476

AGENDA

I Call to Order

II Welcome and introduction of members and guests /

III statements by Campbeil Gracub, TRB Staff Liaison _"
Carmen Difiglio, Section Chairmen C/_6U_}

Iv Reviewof_inu_ee_=mm _enuary11,1988Meeting- _4._
_n Lindemann>

VI Reports---

_. Summer 1988 Meeting - Has Hatano _c_ _ _q _
/B. 1989 Activities & Sessions - Mas Hatano __P _¢_c_ i
_. Highway Noise Update - Bill Sewlby & Others __-w_,,_4,_, i
_. Aviation Noise Update - Joe Pulaski & Others
_. Rail/Hess Transit Noise Update - Eric Stusnick & others

VII Presentations---

Railroad Noise Research in the U.S., Eric Stusnick
Parallel Barrier Project (Duties), Gary'Elemming

VIII Discussions ' . As--- ^_-_

• A1204 Summer Meeting (1989) - Charl'io _a_/l_'ll/_7 _ "I_

-_. committeeA_ards- _oePulaek_ -2Z__
Research Needs - Mes Hetano

¢_a •

IX Announcements

A. AIF04 Awards Dinner - Cherlie Adams _,B. Other
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thelocationprocess.Ahhougb dlescopeencompassesall IHghway Program Mamta/, Itisstructuredto assistin

typesofldgbways,rilestudyfindingsareapplicabletoall the revisionand implemematlonof Action Phms, Tire
types of transportation facilities, many other public works overview discussion of the ten elements is roughly anal-
projects, and all phases of planning, ogons in scope and level of detaiI to the FHWA Process

In the initial phase, funded in 1969, MIT prepared it Guidelines, The remaining sections of the r_purt corre-
study design that served as the working plan to develop spond in numy ways [o dm eontem of an Amion Phm.
a pragmatic approach to the problem. The conc]uslon to
the first phase was an unpublished draft report, "Cam- Project 8.9 FY '72

munity Values in Highway Location and Design: A Pro- (.'preparative Economic Analysis of Alterna-
cedural Guide." tive Multlmodal Passenger Transportation

The second and final phase included (l) working with Systems
selemed Statehighway departments to implement the pro-

posed approach and adapt it to specific situations; (2) Research Agency: Creighton-Hamburg
extending tile approach for use in metropolitan area and Principal Infest.: F.F. Frye
state',vide muldmodal, systems.level planning; (3) exlend- Effective Date: Seplember 1, 1971
ing, testing, and refining the techniques set forth in tile Completion Date: January 31, 1973
draft Procedural Guide; and (4) revising tile Procedural Funds: Sl0O,000

Guide to reflect the additional knowledge. The objective of this research was to develop improve-
Tile approach developed recognizes and considers ten ments and expansion of existing processes that evaluate

elements basic to theconsideration of environmental and ahernative multlmodal transportation system pkms,
social values in transportation planning, They are: These improvements were sought on the basis of increas-

ing tire number of relevant criteria used in die evaluation

(1) Differential effects, framework and ensuring that the measuring teclmiques
(2) Community values, (economic ewduation criteria) developed represented as-

(3) Community interaction, curately the impacts of alternative transportation plans.

(4) Evaluation and reporting, Research has been camp{sled, and the project report
(5) Consideration of alternatives, has been published as= NCHRP Report 146, "Alternative
(6) Identification of impacts and affected interests. Multimodal Passenger Transportation Systems--Cam-
(7) Process management.

(8) Interrelation of system and process planning, paratlve Economic Analysis."

(9) Institutional arrangements and decision making, Prelect8-10 F_a' '72
(10) Implementation of the approach.

These elements are described in an overview and disetlssed Planning and Design Gulglellns$ for Efficient

individually in detail, To assist in incorporating these BUS Utilization of Highway Facilities
elements into the transportation planning process, specific Research Agency: Wilbur Smith and Associates
immediately implementable techniques tbar can be used Principal Invest.; Herbert S. Levinson
by transportation agencies are described. Most of the Effective Date." September 1, 1971

techniques can he adopted individually without difficulty. Completion Date,. July 31, 1973
(They are intended for use in developing and evaluating Fu#d_" 5149,907

alternative transpormtlon plans with the participation of This research was designed to develop a single reference
other state and federal agencies and local citizens and source of bus priority measures to increase the person-
officials.) Some of these techniques are already current carrying capacity of urban highways.
practice in some agencies. Several have been tried in other The interim report, "flus Use of Highways--State oP

professions', others have been recommended in the pub- the Art," published as NCIIRP Report 143, contains a
Hshed literature or were suggesled in discussions whh literalure search and correlative amfiysis of more than
federal and State highway officials. Many more stemmed 200 bus priority treatments througbout the world.

from direct observation of the problems mmsportation The final report, "Bus Use of Highways--Phnming and
agencies are facing. Design Guidelines," published us NCHRP Report 155, i

Researdl has been completed, and tile project report contains planning and design guidelines for efficient bus i
has been published as: NCHRP Report 156, "Transpor- use of highways based on the experience gained from the i
tation Decision-Making--A Guide to Social and Envi- literature search and state,of-the-art survey. It identifies

ronmental Considerations." significant policy implications, contains relevant planning
Tile report is closely related to tire requirements of the criteria and warrants for various bus priority treatments, :"

Process Guidelines for tile development of Envlro/lmental suggests measures of effeefiveness, presents bus design
Action Plans as specified in Volume 7, Chapter 1, Section parameters, and sets forth detailed planning and design

1 of the Federal Highway Administration's Federal-Aid guidelines for both freeway-related and arterial-related
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bns priority treatments and for terminals, For measuring Research has been completed, and the project report
effectiveness, it was fotmd tbat the variance of bus times has been published in V,vo votumes, as follo',vs: NCHRP

is an important descriptor of bus reliability, Report 216, "The No-Actlon Alternative: Research Re-
To aid the designer, velficle design and performance port," Idghlights the findings of the research and doeu-

characteristics are given, together widl b0s capacity con- meats the researc}l activities, including stlmmary reports

siderntions. Tbeseincludequeue behnvior parameters, bus of case studies, surveys, and pilot program activities un-
unloading and loading times, and bus capacity ranges, dcrtaken with nine state agencies,

Bus priority treatments should be coinplemented by NCHRP Report 217, "The No-Action Alternative: Ira-
appropriate policies that encourage and reinforce transit pact Assessment Guidelines," details Ilow tile research

use, such as low bus filres, downtown commuter parking findhlgs may be applied and provides recommended policy
supply and rate adjustments, and strict enforcement of" and procedurgl changes to strengthen both assessment
bus priority treatments. Within this policy framework, and evaluation of all alternatives, presents the retain-
that recognizes public transport as mt essential comntu- mended approach for the definition and use of the no-
nity service, various types of bus preferential treatments action alternative, and includes methods for assessing 13

can be applied to specific urban situations, categories ofimpacts and evahmtlng the results. Although
tile recommendations may require adjustment and "tai-
loring" by each user agency, the net effect oPthe Guide-

Project 0-1t FY '73, FY '76, nnd FY '77 lines should be to encourage standardization of practice

Social, Economic, Envlronmeetal Cones- and more effective use of the no-action alternative,

quencas of Not Constructing a Transpor-
tationFacility Project 8-12 FY '75

Reseat'ohAgency: DACP, Inc, Travel Estimation Procedures for Quick Re-
Principol Inves/.: Jonathan S. Lane sponse to Urban Policy Issues

Lance R. Orenzebach
Effecttve Dare: September 16, 1974 Research Aget opt Metropolitan Washington Council
Completion Date: November 30, 1979 of"Governments
Funds: $364,363 Principal Invest.: George V, Wickstrom

Arthur B. Sosslau

This project had as its general objective the strength- Effective Date; September 3, 1974
ening of transportation impact assessment and evaluation Completion Date: December 31, 1975
procedures; tile mechanism for this was rite no-action Funds: $39,895

: alternative. The research wits to define the no-aetlott al- Most techniques for estimating tlrban travel demlmd
ternative, determine its role in project evaluation and were developed to evaluate alternative transportation sys-
impact assessment, and review techniques available for terns for an entire region, Application of these compre-
assessing the impacts of no.action and other project al- hensive techniques to provide timely ansr,'ers to current
ternadves, policy questions has proven very difficult. This research

It was found that existing agency procedures regarding effort was initiated to assemble and modify existing tech-
tile no,action alternative were inconsistent and confusing, niques, as well as to develop new approaches, for use by
Definitions and role of tile no-action alternative varied transportation phmners faced vdth tile need to be more
widely, Reports on a plethora oflmpact assessment nleth- responsive to current issues.

ads were scattered throughout tile literature. From these Research has been completed, and the major findings

findings came the strong recommendation that the no- have been incorporated into the research report ematmting
action alternative be defined as the maintenance of exist- from Project 8-12A .and published as: NCHRP Report
ing facilities and services in file study corridor and region 186, "Travel Estinmtion Procedures for Quick Response
and that the role of the no-action alternative be that of. to Urban Policy Issues."
a benchmark against which all other ahernatives be eval-
uated and assessed.

A December 1975 two-volume interim report is avail- Project fl-12A FY '75 and FY '76

able in microfiche and covers tile then existing state of Travel Estimation Procedures for Quick Re-
tile art: (n) illustrations of alternative definitions; (b) ex- sponse to Urban Policy Issues
pnnded discussion and illustration of alternative methods

Research Age/icy: Comsis Corporation
of plan evaluation and of techniques in current use for Prt'nctpa[ Divest.: Arthur B. Sosslau
social, economic, and environmental impact assessment; George V, Wickstrom
and(e) reportingofthe fourcasestudiesoffileilitieswllere Effective Date: November 1, 1975
no-bufid decisions had been made (see final page oPthis Completion Date: October 31, 197g

; section for ordering information). Flttlds: $239,331
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This continuation of Project 8-12 has provided a user's Models were developed in Phase I using Pittsburgh and
guide of travel estimation techniques having quick re- Minneapolis/St. Paul data bases. Binary [ogit models
sponse capabilities, The techniques are applicable for use were estimated for (I) the mode choice for work, (2) tile
by transportation and land-use planners, giving emphasis mode choice for shopping, (3) the desthlation choice for

to the impacts of land-use changes on mmsportadnn el- shopping, and (4) the trip frequency choice for shoffi_ing.
ternntivesnnd Ih_magnilud_ofurhanactivilieseonsistent A report, "DisaggreRate Travel Demand Models: Pllase

with differing levels of transportation service. Problems I Report," presents Ihe major findings and is awdlable ill

of scale are addressed; e.g., Ihe applicability ofleehniques microfiche {'see final page of this seetinn for ordering

to regions, subregions, and corridors, information). In the report, the models are appraised in
Detailed deseriptlons of manual techniques for use in terms of their advantages in travel demand analysis, their

each aspect of travel demand estimation (i.e., trip gen- low data collection costs, their transferability, and their
eration, trip distribution, modal choice, auto occupancy, flexibility in application, Several hypothetical nppliealions
time-of-day distribution, traffic assignment, capacity anal- are provided.
ysis, and development density versus highway spacing Research was continued as Project 8-13(2).
relationships) were developed in this research. Numerous

charts, tales, and nomographs were prepared to simplify Project 8-13(2) FY '77
:_ each analysis step, Data requirements were also reduced
"7 by making maximum use of transferable parameters de- Disaggregate Travel Demand Models

veloped from other studies and urban areas, Three see- Research Agency," Charles River Associates, Ins,
_.i herin applications of the manual techniques were Principal lnvest.: William B. Tye
._; conducted to illustrate tile potential usefulness ofthe ear- Effective Dare: May 1, 1976

ious analysis techniques. The presentation of the proce- Completion Dare; December 31, 1980
dures in the final report is structured to allow their l_ttltds.' $200,000

;_ utilization by transportation planners with various levels This project was a continuation of Project 8-13, Tile

of experience, overall objective of tile research was to develop opera-
:_ Instructional materials for use in training sessions or lionel travel demand forecasting models consistent with
:t workshops were developed based on the manual lech- travel choice behavior and with coefficients estimated by
::" niques described in the user's guide. These materials in- use of data at the level of households or individual trav-
,:_ elude more than 400 slides, 50 transparencies, an e{ers.
-_ instructor's notebook, and u student's notebook, The
_._ Phase II extended the Project 8-]3 research program:
_ training package is available from NCHRP on 10an upon

:,_ (I) to Conduct one or more demonstrations of the dis-
written requse t or may be purchased. Requesls,' should be

,., aggregate models applied to policy issues at a state or__ directed to NCHRP.
local phmnlng agency; and (2) to determine an approach

: _ Tits research report and user's guide have been pub-
_, to be used in solvhlg problems that will be incurred in

lished, respectively, as: NCHRP Report 186, "Travel Es-
•_• application (such as applicatiml of disnggregate models

• ! timation Procedures for Quick Response to Urban Policy to aggregate data and aggregate forecasting). A worktrip
:'_i Issues," and NCHRP Report 187, "Qulck-Resp0nse Ur- mode-choice model, developed with Pittsburgh, Pa., data
? ban Travel Estimation Techniques and Transferable Pa-
_'::i rameters--User's Guide." was used to predict tile share of trips attraeled to a new
': _ park-and-express.ride bus service in Baltimore. The pre-
:: dieted ridership was approximately one-half of tile ob-

,: Project 8-13 FY '75 served trips. The applleation uncovered potential pitfalls

:"3 Dlsaggrsgate Travel Demand Models in tile application of disaggregate models, particularly
" when using aggregate data, that provided valuable infof
. Reseai'ch Agency: Charles River Associates motion for the preparation of recommendations in the

:_ Principal Invest.: William B. Tye final report. To meet Objective 2, a market segmentation
Effective Dare: September 15, 1974

';i Completion Date: January 3 I, 1976 approach was developed to overcome bias problems, when
:; Fiords: $100,000 aggregating from households to a subregion and when
'_ using aggregate time and cost variables• The Phase I1

The over-all objective of this research was to develop, report is available on microfiche (see Ihud page of this
. in separately funded phases extending over several years, section for ordering information).
'_ operational travel demand forecasting models consistent Tile project was concluded in a third phase in which

;:.i with travel choice behavior and with coellicients e_timated disaggregate models were developed for the work trip
by use of data at the level of households or individual using tile Baltimore Disaggregate Data Set. Guidance on

'.' i travelers. It was anticipated that such models will form the tnmsferability of these models together with those

i the basis of improved travel demand estimatloa proce- developed previously using Pittsburgh and Twin Cities
: : dures, (MN) data sets is provided in a final report in/ended as

:]
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an "entrypoinP'fortransportationplannersinterestedin The followingunpublisiled,workingpaperswerewrit-

applying disaggregate models. In addition to mansfera- ten and are available on a In;in basis upon written request
billty, guidance is given on other impediments to the to the NCHRP:
implementation of disaggregate models such as how to
aggregate tile results for a corridor or urban area and 1. Classification and Ewduation uf goci_d Solstice and

Transportation Issues; Marc Fried and Johll Ha-
how to overcome problems in using the multinomlal Iogit veus.

form of models. _ Preliminary Dimensions for Classification and Eval-
The report is in two parts. Part I is oriented to the "'

technologist with a familiarity of travel demand fore- uation; Mare Fried and John Havens.
casting techniques who desires to apply disaggregate 3. Toward a Mathematical FrameworkforModelllngUr-

models, Part 11, Appendixes to Part I, is directed to the ban Travel Behavior; Jobn Havens.
expert who already has some knowledge of some major 4. Issues in the Analysis of Attitudes (Attitude Theory);
issues in the field. Marc Fried,

The project report has been published as: NCHRP 5. Attitudes toward Transportation; Marc Fried.
Report253,"ApplicatlonofDisaggregateTravelDemand 6. The Theory of Decision Dilemmas and Directions;
Models." John Havens.

7. Residential Mobility, Residential Locadon and Travel
Behavior; Matthew Tfiall.

Project 8-14 FY '7fi 8. Spatial Cognition and Transportation; Deana D.

New Approaches to Understanding Travel Be- Rhodeside.
havlor 9. A Review of Temporal Cognition; Daniel Rogan.

Research Agency: Boston College Research was continued as Project 8-14A, It is incor-
Principal ha'est,: Mare A. Fried portlting key elements oftfie synthesized theory into pres-

John Havens eat tr=wel demand forecast methods.

Effective Date: January I, 1975
Completion Date: April 30, 1977
2uods: $144,135

Project g-14A FY '77
The over-nil objective of this research was to develop,

test, and operationafize a behavioral theory of travel based New Approaches to Understanding Travel Be-
on needs and constraints, system availability, and activity havior; Phase II

site accessibility of potential travelers. This theory will Research Agency: Charles River Associates
be responsive to today's policy questions and hold poten- Principal Invest.; Peter Allaman
tial for being responsive to future policy questions. F.ffective Date: January 1, 1978

A careful review and evaluation was made of the trans- Completion Date; June 30, 1982
portation planning, economies, sociology, geography, and Funds; $221,250

psychology literature to identify thet,,'etical elements re- NCHRP Project 8-14 initiated development of a new

lated to individual travel. This work was synthesized into approach to understanding mwcl behavior, concentrating
n travel bchavi0r theory comprised of two components-- on social and psychological relationships between indi.

a microtheory nnd a macrotheory. The microtheory con- viduals and their households as they exist in spatial lay-
ccpt proposes that individuals in similar social status outs. The rese_lreb carefuUy reviewed sociology and
positions, in similar life stages, living in similar environ- psyebology literature as well as rehlted fields that pertain
ments, ',viii adapt in similar and partially predictable ways. to travel behavior. From this, a number of elements were

Important to this theory are role pL_.tterns and attitude identified that ','could assist in development of a theory,
structures, Tile macrotheory is concerned with how the or theories, of travel behavior. Because of the complexity
existence of activity opportunities and constraints rood- and extensiveness of the elements proposed, it was further
ifies or reinforces behaviors specified in the microtheory, determined tlmt researcb (Phase 11) would concentrate
The microtheory deals widt tile individual's demand for on testing three key elements relatlng to individual and
activity opportunities; the macrotileory, whh the gener- household behavior and incorporating those elements into

orion of the activity opportunity sels (i.e., transportation operational travel forecasting procedures, such as the Ur-
supply), ban Transportation Planning System.

Microfiche of the project report, "Travel Behavior: A The key elements (or concepts) tested included tbe
Synthesized Theory," is available (see final page of tbis
section for ordering information). Tile Summary from the following:

project report has been published in Appendix G of 1. Activity and travel patterns can be related to de-
NCHRP Report 250, "New Approaches to Understand- mographic descriptors such as social class, ethnieity, life

ing Travel Beha;'ior," cycle, and fifestyte,



127

2. Interveningfilctorsbetweenactivityand travelpat- Tileidentificationofsocial,economic,environmental,
terns include social roles and rcsottrce constraints, aud energy impact measHrcmeat techniques for rise by

3, Houselmid aclivily ciloicc, dtmati0n,schedtdiag, and stateand regional transportation ageacies was undertaken
locationdctcrnfinetravel, inNCHRP Project8-15."Stalea_d Rcs_u_mlTranspor-

F-xplicitlyexchldedfrom consJderatiollwere pmcnfi_d h_iiorlImpactIdendficalionand Measurement."Thisfirst
phase of a two-phaseprojectresuJlcdillallexteasJvo

models developedfrom theoriesof adaptiveprocesses, summary of'existingimpam measurementtechniquesand
Ahhough thisisa validsubjectforfutureresearch,the idcati_cda widerangeofrelatedresearchneeds,
timcliness of useful travel forecasting lechniques coming, Tileobjective of tile second plisse, NCHRP Project
Prom besttheoriesw_s questunable, g-15A,was m demonstralethe usefulnessof available

The imcrim report, entitled "Bebaviond Science Con- lechniques Ihm estimate the impact of alternativ_ trans.
cepts for Trausportatlon Planners," is available on mi-
crolicbe (see grad page of this section for ordering porl policies and/orprograntsoneconomieactivities,_nd

to document tile tecbniques in tile Form of operating
information), guidelines and demonstration results. The scale ofznalysis

Tile project report Ires been published as: NCHRP was m the storewide and/or economic region levels rather

Repori: 250, "New Approaches to Underslanding Travel than urban, nnd the techrdques selected for demonslration
Behavior." included regional input-output analysis and econometric

simulation models,

Project 8-15 FY '75 The final report conlalns a set of gulddlnes to permit
state and/or regional agencies to apply the techniques to

State anti Regional Transporlatfofl Impact policyand/or programahernatives. Two handbooks ;vere
Identification and Measurement prepared: (1) basic iaput-oulpul analysis, and (2) fore-

Research Agency: Bigelow-Crain Assochltcs eastirlg and policy simulalion.
Priacipal blvest.: Charles D. Bigelew The final reporl and handbooks were not published;
Effective Date: September I, 1974 however, loan copies are available upon written request

: Completion Date; May 3 l. 1976 to tile NCHRP or microfiche may be purchased (sec final
Fifties: Sfi0.000 page of this section for ordering information).

Tile general objective of this research was to develop Two compater programs are also available from the
an improved underslanding of specific, and operatloaal, NCIIRP. The input-outpat model, including two corn-
impact identification and measurement tcehnlques, for ase pmer tapes, may be purchased for $60 ifNCHRP provides

by transportation agencies in conlributinfi Io a variely of the tapes or 520 if tile requester provides blank tapes,
State and regional transportation decisions. To achieve Tile forecastirlg and policy simulation model may be pup
the stated objective, tbe research was eorlducted in two chased for $30on NCHRP'slapeor$10on the requester's

phases, rope.
Phase [ documented specific identificlttion and mea-

surement techniques in contrast to issues of impact eval- Project 8-16 FY '76

uation. Tile invesggation considered tile direct and Guidelines for PubllcTransportatlon Levels of
indirect impetus of economic development; hind use and
bousing; air, noise, and water quality; energy utilization; Ser'glce and Evaluation

llatural resources and ecosystems; lind socilll and corn- Research ,.Ire/It),: University of Tennessee
reunify structure. Prhleipal htl'est.: Ray A. Mundy

The Phase I reporl, "State and Regiomd Tr_msportatiou Kenneth W. 14eaOdngton

Impact ldentifiealion and Measurement," w_ts not pub- Effecth,e Date; January 1, 1976
" Iished. Loan copies are available upon wriaca request to Completion Dat_:' December 31, 1980

tbe NCHRP or microfiche may be purchased (see final Funds; $489,952

page of this section for ordering information). Project 8-16 was initialed in order to develop a method
i?;j thal would be used by planners Io provide public omeials

; Project 8-15A FY '75 '.villi the desired information and direction for local pub-
_'_ lie-transportation actions. Tile initial 12-month period of

Economic Impacts of State Transportation tile project was spent conducting an in-depth analysis of

I:i Polloles and Programs present procedures and practices of the urban mass transit

Research Agency." Regional Science Research Institute industry. Included in this effort were research team visits
Prhtcipalhtrest." Dr. Benjamin H. Stevens to 18 urban areas within lhe United States. From this
£ffecti_,e Date: October I, 1977 research process, a descriptive, comprehenslv_, planning
Completion #9ate: March 31, 1980 model was developed depicting the necessary information

Ftitlds: $117,852 and procedural steps required for tile application of mar-

i
I

¢:
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ketopportunityanalysis ffrom Iheprivatebnsitlcss world) for Slmrt-I_.ange Public Transpornnioll Phnudng--
to the planning of short-hinge public transportation. As "Goals and Policy Development, lnsl[lmlonal Con-
depicted in the model, the applienfion of m_rket oppor- straints, and Alternative Organizational Arrangements,"
lunity analysis requires both direction from policy deci- presents discussions of the ralionale and procedural sleps
sion areas and data from an engineering data base. Whell necessary m develop wozk_ble goals for urhzn public
applied, tbe market segments are identilied, the trans- transportation. Without such direction, little guidance is
portation rleeds arc determined, a transportation system given to tfie decision.maker as to wh_tI nlarkets to con-

is developed to meet the needs, and the system is tested, cent rate on and how to measure systemwide performance.
The model was tested hi a neighb0rbood of Jacksonville, Tile report addresses tile task of determining goals nnd
Florida, andlsconsideredappfieabletocit[esintbe 50,000 policies, _ls well Its the issues involved ill preparing a

to 500,000 poptfiatlon range, goal/pollcy statement, for public tnulsportatlon in an
Research was completed, and the project report pub- urban community. The information developed should

lished in five volumes, as follows: NCHRP Report 208, serve as a guide for planners resptmsible for coordinating
"Market Opportunity Analysis for Short-Rnnge Public goal/policy development activities in an urban comma-
Transportation Phmning--Procedures for Evaluating AI- nlty.
ternative Service Concepts," presents a suggested genend Also addressed are the cridcal insfitutlnnal issues that
procedure to match desirable service attributes resuldllg transportation planner and declslon-makers must ff_ce

from a market segmentation study with alternative service when attempting to provide new or intproved public Iralls-
concepts to determine which alternative services are ap° portatinn services. Various federal, slale, and local reg-
propriate for a local area. Alternative service concepts ulatory and institutional patterns have developed for the
were classified ns to vehicle type, degree of rigbt-of-way provision of urban public transportation services, A thor-
control, and operational strategy (routing, scheduling, ough understanding of tbese issues is necessary in order
and stop location), Also presented arc generalized break- to involve both public and private opennors in the pro-
even curves for conventional bus, express bus, demand vision of public transporladon services. The prospective
responsive, and ridesharing services, Because various in- opportunities for new private and minority firms to beght

stitutional factors (e,g., work rules, public vs. private pro- public transportation services bare been developed as an
video can greatly alrect costs, il is recommended that the integral part of this report.
planner first complete a rough fe_lslbility analysis to limit Tbe report also provides information from which policy
therzmgeofallernatives andthcn perYorma"customlzed" decisions can be mLLderegarding appropriate organlza-
cost analysis, It is proposed that many institutional bar- tional arntngements for providing public transportation

tiers can be overcome if a viable cost-dfecllve concept services. This material should be of use to two major
can be identified, groups: (it) agencies baying the responsibility for devel-

NCHRP Report 209, "Market Opportunity Analysis oping and implementing the organizational structure for

for Short-Range Public Transportation Phmning--Trans- plan|llng and providing public transportation and services
portatlon Services for the Tmnsportalion Disadvan- atthelocnllevel, and(b)ngeneieshavingthercsponsibillty
taged," addresses issues arising from the provisions of for plmtnlnfi, designlng, implementlng, andoperadngpub-

recent leg[slatlon and rcgulatlons, Social nnd economic lie transporlation services at the local level. It is stressed
impacts are substanthll. Recommendations are developed ht this report that with a nn_rket-oriented public trans-
on the premise that existing legislation and regulations portation system m_magement zlppronch the organiza-
are susceptible to change, Through an elucidation of tile tional structure musl be tailored to the needs of the local

issues and alternative courses of action, this report should area's needs and political environment,
help in future selection of more efficient, economical, and NCIIRP Report 212, "Market Opportunity Analysis

socially acceptable npproacbes, for Sbort-Range Public "rratlsp0rtafion Planning--
NCHRP Report 210, "Market Opportunity Analysis Method _nd Demonstration," adds substantially to the

for Short Range Public "l'ransportation Plannlng--Eco- body of knowledge concerning abort-range public trans-
nomlc, Energy, and Envlmnmental Impacts," contains portation planning for cities in the 50,000 to 500,000
the recommendation that impact analyses be based on popuhltion range, A descriptive comprehensive planning
expected market utilization instead of theoretical system model was developed depicting tile necessary information

capacities. Information is provided bodt for the Engi- and procedural steps required for the application of mar-
neering Data l_ase and the Service Design sections of tile ket opportunity analysis (from tile private business world)
model, The findings described in the report will assist the to public transportation planning, As depicted in the

analyst [n structuring information to permit an analysis model the application of m_rket opportunity analysis re-
of various public transportation service alternatives in quires bodl direction from policy decision areas attd data

meeting specified objectives even though tile objectives from an engineering data base. When applied, tile market
may be in conflict, needs are determined, a transportation system is devel-

NCHRP Report 211, "Market Opportunity Analysis oped to meet tile needs, and the system is tested. The
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model was tested ill a neighborhood of Jacksonville, Flor- Specific tusks completed in Phase II were to:

ida, at n cost of approximately $100,000. The report con- 1. Prepare a manual dcscrlhing in detail appropriate
eludes that furtlter demonstration of the pguming model tcclndqucs for the assembly and understanding of existillg

_. tvifi be r,'qtdred to delerminc whedler tbc benefits from freigbt d,_ta and the collcctfon and understanding r_fsuch
application outweigh the costs of data collection. If the additional dam as may be required by st_tewldc trans-

entire process were duplicated in anotber test city, the portadoll systems pbmning.
costs would be expected to be 50 to 60 perccnt of the "_ Provide illustrative, rc_distie examples of how toinitial effort. "'

applyfllesetechniquesto typicalproblemsencountered
Each reportisalinedat one specificsegmentof tbe in stalewidetransportationsystemsphmning.

overallconceptmodel;togethertheyprovidecompreben-
sivcguidclfoesforpublictransportationomciIllscovering Researchhasbeencompleted,andfiletwo.volumeproj-
the threeprimaryactivitiesdescribedfo the model-- ectreporthas beenpubllsiledas:NCHRP Report 177,

policy,marketing,and engineering. "FreigbtData RequirementsforStatew[deTransporta-
tionSystemsPlannfog--ResearehReport;"and NCHRP
Report 178,"FreightDam ReqtfiremcntsforStatewide
Transportation Systems Plamlhlg--User's ManuaL"

Project 8-17 FY '76
Project 8-18 FY '76

Freight Data Requirements for Statewlde
Transportation Systems Planning Techniques for Evaluating Options In State-

wide Transportation Planning/Program-
Research Agency: Roger Creighton Associates, Inc. ming
Principal htl,est.. Frederick W. Memmott

Richard B. Blackwcll Research tlgeno,: Planning Environment Interna-
Effective Dare: July 15, 1975 tional, A Division of Alan M.
Completion Date: February 15, 1977 Voorbees & Associates
Fttnds; $231,I47 Principal htl,est.,. Dr. Sulvatore J. Bellomo

Dr. Joseph R. Stowers
The general objective of this research was, first, to EffectiL'o Date: September 1, 1975

determine the type, amount, and relative importance of Completion Date: June 30, 1978
freight dam required to develop stamwidc transportation Flttttls; 5300,393
system plans; and, second, to design and develop leek-

, niques, methods, and procedures for assembling these The general objective of tiffs research was to provide
dala, transportation planning methodologies that .are policy-

This research was conducted in two phases. Specific sensitive, allowing the testing and ewduatlon of options
t tasks completed in Ph+lse I were to: to produce timely results for deelslon-making, Tlds re-

search addressed reasonable-cost, sketch-plannlng-type

.. 1, Identify the types of freight data necessary for state- techniques having an application to issues of statewide
wide transportation systems plamdng purposes, Recom- transportation planning as part ofthe programming pros.
mend what type of data and the sc;lle of detail tbat will ess. This research was conducted in two pllases.
be required in view of the eurreut and proposed planning Phase I has been completed, _nld the final report has

methodologies, been published as: NCHRP Report 179, "Evaluating Op-
2, Rank these data requirements in terms of their tel- lions in Statewide Trnnsport,tion r'lannlng/Program.

alive importance to statewidc transporlation systems mlng--lssues, Techniques, and Their Reladonshlps." A
planning, comprehensive classification oftransportafion issues, data

3. Given die data requirements, catalogue and deter- requirements, and existing techniques is included.

mine the existence of available data in reference to tile Phase II, consisting of test applications in Maryland
planning data requirements determined in Task 1, lnves- (priority programming system--PPS), Georgia (energy
dgate the institutional problems and constraints fo tile conserwltion forecasting techniques), and Kentucky
use of freight data (e.g., disclosure restrictions, proprie- (higbway user revenue modeI--HURM, and short-range

tary nature of shipper and carrier data, and joint use ,nd capital resource availability model--SCRAM), has also
reciprocity agreements among private and public parties), been completed, and the final report has been published

4, ldentifydeflcienciesin existing frelghtdatanndcval- as: NCHRP Report 199, "Evaluating Options in State-

uate the criticality ofsucb degeiencles to statewide trans- ',vide Transportation I Innning/l rognunming--Tech-
pormtfon systems planning, nlques and Applications." Tile computer programs for

5. Develop lind evaluate alternative strategies for re- PPS, HURM, and SCRAM may be purclmsed upon writ-
solving such deficleneies, ten request to tbe NCHRP.
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Project 8-19 FY '77 t;dned ill this project for bolh test fi_cilides. Altllougll this

The Relationship of Changes In Urban High- _ct in i_s_lfdid lint invalidate eilher m_deling nppronch,
Way SUpply to Vehicle-Miles of Travel it did suBges_that areawide modeEsare severely [imited

in their potendt_[ iL_efidness b_ca_lsethey rid[ to col_sider
l_eseareh tlgeney: Cambridge Systematles, Ine, differences in t$,pesof highwtly supply changes.
Pr_le[pulhl_'est.: Ear[ {_..Ruiter Although VMT incre_sed for one _est _lcillt_,, _nd
._._¢ti_,e Date: December l, [976 slightly decreasedfor the other, VMT-related impacls for
Comple_iotl Dare: November 30, 197_ bolh c_sesgenerally improved when studied _lt the urban
Funds.' $199,f)54 areal level. Measures or"urban mobHily, quality of"travel

The o_ecliw of this project was to determin_ whether service, air qo_flity (with the exceptioii of the relatively
a relationship exists b_tween measures dcscribhlg urban less crltieal level of NO, pollutants), _uel consumption,
highway supply and vehlcle-miles of tr_vel (VMT) nnd, and travel safety _11were improved.
if so, t(_quanti_y _herelationship _r pr_Lctislngplanners Two t_e_sures, directly rela_h_g VMT and highway
through preparation of appropriate graphs and hOmO* supply, were recommended. Tllese were the fraction el"
graphs, new c_p_clty "used" (_ VMT/_, VMC) _lndthe el_stlcity

The research approach hypothesized that VMT c_m or VMT with respect _o vehicle-miles of ¢llpacity (E
on|)' b_ expressed and predicted in terms oP it_ compo- [VMT/VMC]),
n_nts--vehiele trips and vehlc|_ trip lengths--lf it is to Microfich_ of the _lgency fi_ti_ldraft report is nva_lable
be validly predicted. These c_m_onents, in tt_rn, were and the res_ll[sare summarized in Research Results Di-
predicted us{rig L_structural model systemNone which gest 127 (see final page of this section _or orderLng in-
employs both travel demand _nd supply models in _ form_li(_n),
_mework which opproxlm_tes network eqtdllbr{um. The
recognition el" trips, _nd not VMT, _s tile npproprh_te Pro]_ct 8-20 FY "/8

• unit for measuring demand was the _ey to the rese_rch Improved Methods '[or Veh|cle Counting and
_ppro_ch, Determining Veh|cle°MIles of Travel

The research results indicate that VMT changes do
occur as hiBhway supply changes, but t[ic changes _lre ._esenrch ._gen:2: Jo}ln }-|_mbur_ & Associates

Prineil_! _'_t.: C|_._rlesC, Fr_ncls, Jr,
sm_|l (e._., _ percent in the peak hour for a new urban EJ_eeti_'e_at_" January 2, 1978
_re_w_y) and the rel_tionshlp is a complex one, To quan° Completinn Date: July 31, 1£)80

; ti_ the relationship, th_ _o[[owing variables must be con- Funds: $200,000
_id_red_ trip ffcquel_cy, trip distance, auto occupancy, and
mode split. Different results m_y h_anticipated depending Th_ objective of this research was to develop improved
upon (1) the typ_ el'highway supply change, (2) the scal_ c_st-effcclive procedures for conducting highway vehlcl_
of th_ highway supply change, (3) the e_nt_x_ within counling progr_lms _nd determining vehiele-miles of
which the supply ch_ng_ takes place, and (4) the time: travel (VMT), Research addressed th_ collection of frame
scale. The comple:_ity of the relationship has two impor° counts, processing of such counts, and production _nd
rant conseclu_nces;t]r_t the direction el" VMT change _or u_e of tr,_meinformalion. Although tile prhnary thrus_.
a given highway supply--change can vary; second, [here of the rese_trehwas directed toward stale-level programs,
_re many variables that affect bo_h the direction and the the findings includ_ _ppropri_te app|leations _t sub-state,
magnltud_ ot"VMT _hanges. rural, _kndurban jurisdictional levels.

Because the mod_l system w_s applied _o only _wo A Ihree-voltLme fin_ll reporl was prepared_ (I) State (_f
highway supp|y cases,it w_s not possible to develop the the Ar_, (2) Traffic Coun_i_lg ProBram Deslgn, and (3)
graphs nnd homographs needed to quantify the relation- Idealized TraMc Volume ln_onnatLon System. Loan cop-
ship, N_v_rtheless, shor_-rt_ng(:¢csults for two urbttl_ ra- i_s _r_ avai]ab]_ or microt]che of dlt_ report may b_ put-

") sd_alffeew_ycases(l)neweonstruetionand(_)c×panLon chased (see final p_ge o_"rids seetlon for order{ng
were obtained, For the new freeway case,VMT increased information),

as highway supply increased, both in peak and olT-peak ProJecl: 8.21 FY '79
periods. In the freewayexpansion case.peak°perLodVMT
increases were offsetby off-peak decreases to produce _ Guidelines `for Use of Varipools ancl Carpools
slight, overall decreasein VMT. The most important con;° as a Trartsportat[on System Management
ponents of VMT changes for both _lcilities wer_ Iota| Technique

person Ir_ps, which increased; _nd average trip distance, Research _lge_tcy: George Washington Universit.y
which decreased. L_ss important (by _n order of mag- Principal l_lv_t.: Mari_n Misch
nitude) were the _Lu_omode split and aura occupancy Joseph Margolin
components, Ej_eetiv_ Date; M_rch I, 1979

None of the existing, _Bgr_g_te,ar_awlde VMT models Completion Date: ._une 30, 1981
was successful in m_lching the model system restdts ob- _ntds: $26_,486
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The general objective oF this research was to identify The general objective of dds research was to determine
effective policies and their impacts to encourage van- the impacts ofenergy conservation policies attd proposals
pooling and earpoollng use bated on an understandhlg of on state transportation financing. A methodology was
individual and household preferences and behavior. Spe- developed to enabl_ States to assess the impact oPexlsting
ciflcally, the research analyzed individual and hmlsehold and proposed energy conservation policies on travel and

attitudes, preferences, attd behaviors related to rideshar- fuel consumption and to determine user and non-user
ing. Tile goal was to use the analysis resuhs to develop impacts on the various reventie sources currently used to

a mnnual for transportation practitioners and poficy-mak- finance highway construcfion, operation, and mainte-
ers for selectlng techniques titat are compatible with other nonce.
TSM strategies and were likely to result in significant Tile research identified possible modifications el"exist-
increases in ridcsfiarlng over Ihe short term (2 1o 8 years), ing State-level revenue sources _lnd/or proposed new

The manual is designed to assist both existing and new sources which would lend themselves to creating some
ridesharing agencies in their continuing development as stability and reasonable growth in future over-all highway
successful, community-oriented service organizations, h transportation funding.

integrates the results of literature search, contacts with The researchers reviewed procedures used at the ha-
local ridesharing agencies, and findings from decision tional and state levels to estimate vehicle-miles of travel

analysis panels and surveys conducted in four metropol- and fuel consumpllon. Tile procedures included trend-

itan areas of lhe United States. The manual provides based methods, econometric models, and less complex
guidelines for the several stages that any local ridesharlng techniques. Also, revenue sources for each state were
agency will experience in setting up a community ride- summarized, A catalog and description of applicable
altering program; it also details these stages, which are methodologies and supporting state and national baseline

briefly described as follows: data that arc available to the states to predict highway

• Understanding the goals and nature of ridesharlng travel and filel consumption in their jurisdictions under
and of ridesharers, existing and proposed energy conservation policies were

• Understanding the community conditions and char- developed.
aeteristies that affect ridesbaring programs, Research has been completed, and the findings have

• Adopting program design guidelines or policies been published as: NCHKP Report 231, "State Trans-
suited to the community and its commuters, portation Finance Within the Context of Energy Con-

* Planning tile ridesharing program, straints."
• hnplemenfing the progrmn.
• Operating the program while encouraging and/or Project 8-23 FY '79

responding to indirect incentives, such as high occupancy Fuel Supply Limitations and Passenger Travel
vehicle lanes.

Research Ageno v Charles River Assoc., Inc.
• Evaluating and improving the program, Principal hlvest.: Timothy Tardiff
Research has been completed and the manual has been Effective Date: April 2, 1979

published as: NCHRP Report 241, "Guidelines for Using Completion Date; September 1, 1980
Vanpools and Carpools as a TSM Technique." Appendix Funds: S l 10,000

D of the project report summarizes the researcb findings The research project symhesized planning methods,
on which the manual is based. Detailed findings and sur- appropriate for use by professional planners, to evaluate
vey data are documented in the agency's final report, policy alternatives for likely future energy shortfall sce-

"Using Vanpools and Carpools as a Transportation Sys- narios. These methods were applied to four energy-defi-
tern Management Technique: Research Report." The eient scenarios and the resulting changes in travel
agency research report may be purchased for $I 1.50. Mi- estimated. Tile four scenarios were based on a literature

crofiehe is also available. See final page of this section for review and evaluation oP current events during the course
ordering information, of the research, These scenarios considered magnitude,

frequency, and duration of shortfall, gasoline price, and

Project 0-22 FY '79 government actions to conserve gasoline (odd/even pur-
chasing, gasoline rationing, ete.). Methods chosen were

Tranaportatlon Flnanclnlt Within the Context incremental legit models for work trips and linear equa-
of Energy Constraints tion models for nonwork trips. For tile four scenarios,

Research Agency: System Design Concepts, Inc. policy alternatives were evaluated in terms of modal
Pelncipal lnvest.: Dr, Joseph R. Stowers shares, VMT, bus miles of travel, private vehicle fuel
Effective Date: March 26, 1979 consumption anti transit fuel cnnsnmprinn. A comparison
Camp/eliot; Date: February 27, 1981 oP scenario testing results with tile selected models pro-
Funds: $100,000 vided an indication oP the relative effects of price, con-
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tingcncy actions, and sticker plan on fuel consumption, and reported on a portion ofdds problem area, specifically
Contingencyactionsincludedfreetoilsforcarpools,bus lhepreparationnfaggregateforecastsforsub-slateareas,
priority treatment at intersections and trall_c signals, ex- It examined the sensitivity offfie process (and parlieuh_rly

elusive eontrafiow bus lanes on Idgbways, increases in hs first step, trip generation) to differences (or errors) in
parking fees, and reductions in on-street parking. Driving input. However, no analysis of the senshlvlty of the proc-

restriction imposed by the sticker plan led to the bighest css to disaggregation--or variation in aggregation--was
reduction in private vehicle filel consumption. Thesecoad performed. This continuation project investigates tile
highest reduction resulted from higber gasoline prices in availability and utility of methods to produce forecasts
tile range of $2.00 to $3,00 per gallon, for units of sub-county levels of geography, typically

Research has been completed, and the project report traffic zones, either by downward allocatlo_' of sub-state
has been published as: NCHRP Report 229, "Fuel Supply forecasts or by direct means.
Limitations and Passenger Travel," A problem tbat frequently arises is that the various

techniques used to forecast socioeconomic variables pro-

Project 8-24 FY 'g0 duee significantly dilrerent results. Some forecasting tech-
niques produce data that are incomplete or lack sufficient

Forecasting the Basic Inputs to Transpcrta- detail for travel estimates and impact assessments.
lion Planning Recent demognlphie trends have demonstrated that

Research Agency: Jolm Hamburg & Associates, Inc. extraordinary changes in the relatlonsblps between pop-
Principal Invest.: Dr, George T. Lathrop ulation, households, and labor force are not effectively
Effective Date: January 21, 1980 treated in many existing forecasting procedures, Many
Completion Date: April 30, 1982 jurisdictions are encountering more volatile growth pat-
Funds: $81,000 terns that demand Itgreat sensitivity in forecasting metli-

Tbe research has produced a concise reference for ads. Moreover, cbanging demands on tile planning

transportation plamters concerned with using projected process, including more project-oriented activities, and a
socioeconomic and demographic characteristics in rams- frequent need for quick response bavc changed forecasting

portation planning. Guidance is provided on the accuracy requirements.
and usefulness of various projection teebnlques for various Planning agencies face three types of circumstances in
levels of aggregation and periods of time. forecasting for sub-county areas: (I) top-down allocation

mandated by the slate in cooperation with tbe localities;
Two general areas of research were pursued: (2) competing forecasts for localities, which must be rec-
1. Tbe sensitivity of the transportation planning proc- oneiled; and (3) a lack of available forecasts from outside

ess, particularly trip generation, to variation in input authorities. State and local planners need assistance in

socioeconomic and demograpbic variables, clloosing techniques to respond to these problems,
2, Review and evaluation of methodology for produc- Research is needed to document techniques that: (1)

ing study area level projections either on tbebasis of other have been usefully applied by planning agencies, (2) are
projections or independently, applicable at any sub-county level of aggregation, (3) are

Research has been completed and results have been accurate for intended purposes, (4) are responsive to cur-

published in NCHRP Report 266, "Forecasting Inputs rent planning needs, (5) have ;veil-defined areas of ap-
to Transportation Planning." plication, and (6) can be implemented and updated by

users who do not possess a sopbisticated demographic,

Proleet8-24A FY '83 economic, or statistical background.

Forecasting tha Basic Inputs to Traneporta- Tile objective of this researcb is to extend the work
documented in NCHRP Report 266 to describe and eval-

tlon Planning at the Zonal Level uate techniques for dctermlning and forecasting the input
Research Agency: COMSIS Corporation wLriables critical for estimating transportation demand at
Principal Invest: Arthur B. Sossbn! tile sub-county geographic level. To accomplisb tbls ob-
Effective Date: April 1, 1987 jeetive, the following tasks will be performed:

Completion Date: June I, 1989 Task /--Representative metbods for allocating or
Funds: $200,000 otherwise forecasting socioeconomic variables at the zonal

Transportation planners forecast travel demand on tbd level for large and small urban areas will be selected. At
basis of anticipated changes in socioeconomic variables least, the following variables will be considered: popula-

such as population, employment, vehicle availability, in- tlon, bouseholds, employment by place of residence,
come, and household size. Errors in the forecasts of these workers by place of work, automobiles, and income,
variables can lead to substantial errors in information Agency sources, such as state DOTs and Mt Os, will be

provided to decision-makers in the evaluation of trans- used as well as traditional literature sources. The effec-
portntion alternatives. NCHRP Project 8-24 investigated tlveness of tile selected methods will be bdefiy described
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relative to extent of use, cost, simplichy, documenlalion, Tasks I through 4 have been completed and work is
and software availability, underway on Task 5 sensitivity Icstiag. The project corn-

Task 2--The evaluation criteria to be used in 'I'Lisk4 pletion date was extended 6 momhs because of problems
for each of tbe techniques to be considered will be iden- encountered in the selection, arranging, and scheduling
tiffed, of the sensitivity tests.

Task 3--An interim report presenting the findings of
the first two tasks will be prepared. This report will pro.
vide the basis for panel determination as to whether or Project 8-25 FY '80

not to proceed with tbe remainder of tile researclt. Interclty Bus Transportation Planning
Task 4--This evaluation task will expand on tile find-

ings of Tasks 1 and 2: Research .4gcno,: Peat, Marwick, Mitchell & Co,
Subtask 4.l--Applleableproceduresand tecbniqlles for Principal Invest.: John F. DiRenzo

allocation or other forecasting procedures coneemlng Effective Dare; April I, 1980
population,jobs, households, vehieleownershipandavail- Cmnpletion Date.. January 31, 1982

Fund_;' S200,000
ability, employment characteristics, income, and such
other variables as are necessary for applications in tams- The objective of this research was to investigate in.

portation planning at the sub-county geographic level will tercity travel requirements, including those of small urban
be described and characterized, The descriptions and and rural areas, and to evaluate the role and potential
characteriz_ltions will clarify differences among and up- of intercity bus services in meeting those requirements.

proprinteness of each procedure identified. Constralntsor Procedures were developed to determine appropriate
conditions under which each procedure is applied will be level-of-service requirements for intercity bus services.
listed and described. Tile procedures are designed for use by state and local

Subtask 4,2--For each of the procedures described in transportation pkmners as a means of identifying the rel-
Subtask 4.1, discuss conditions of applicability, i.e., wffere ' alive needs el' communities or sets of communities for

and under what circumstances can such procedures be intercity bus transportation, alld ns a tool for prioritizing
!.

applied, and how universal or limited is the application, the potential recipients of public assistance for the pro-
Subtask 4.3--For each of tile procedures deserlbed, vision of such services.

discuss the types and level or skill necessary to apply the Alternative bus service designs were developed that
forecasting techniques in transportation planning situn- utilize tbe potential resources of intercity bus carriers to

1: tions, In addition, effectiveness of performance of these satisfy the public transportation requirements. The alter-

techniques (for example, the adequacy of forecasts for the native service options include using smaller size vehicles,
desired levels of application) will be addressed, employing student or part-llme drivers, truncating or ex-

Subtask 4,4--Concise numerical examples filuslnlting tending a route, changing service frequencies, using local

how each method is applied will be provided. Tile ex- or regional operators, adding new stops, ahering sehed-
amples will clearly show data inputs and sources, step- ules, and coordinating service wltb local rural transit
by-step procedures ofapplication, and output and its for- operations. The feasibility of these options was tested

mat. The data sources will be completely described and through case study applications in selected interoity col
serve as guides to application by local planners (e.g., riders in California, Michigan, Minnesota, Pennsylvania,
census data, local surveys, other sources). Where corn- nnd South Carolina.

purer application is involved, software references will be Actions state and local agencies can take to help the
provided, interelty bus operators meet the intercity service require-

Subtask 4.5--The advantages and disadvantages of meats were also Identified. These actions include financial

each technique will be discussed. Tile discussion will in- assistance such as fuel tax relief, registration fee redue-
elude but not be limited to data needs, required skills, tlons, and direct terminal equipment and operating grants;
ease of application, output products, and costs, technical assistance such as distribution of intereity bus

Task 5--Research on zonal disaggregation prohlems information, marketing, providing input to terminal Io-
will be addressed. The researcher will examine the sen- cation decisions, and coordination with other modes; and
sitlvlty of final estimates or travel demand, i.e., link and removal of regulatory and other barriers to intercity bus
line volumes, to changes in values, definitions, and di- travel, as well as initiation of positive incentives to en-

mensions of sodo-input variables at the zonal level, courage greater utilization of services.
Task 6--A final report will be prepared documenting Research Ires been completed, The agency report has

the research findings. To the extent practical the report been distributed to the Program sponsors and other in-

will be prepared in a forntat suitable for use as a mamml forested persons. It will not be published in the regular
of practice for state and local transportation plan,ors, NCHRP report series but is available on a loan basis or

specifically showing tile individual steps to be taken in microfiche of the report may he purchased (see final page
applying each method, of this section for ordering information),
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Project 8-26 FY '81 The research conducted under NCHRP Project 8-27

Development of Highway Traffic Data for hasresultedinthepublicatlonoftwodocuments:NCttRP
Project Planning and Design In Report 251, "Cost-Effectiveness of Transportation Ser-
Urbanized Areaa vices for Handicapped Persons--Research Report," and

NCHRP Report 262, "P!:mning Transportation Services
Research/fgeney: JHK & Associates for Handicapped Persons--User's Guide." NCHRP Re-
Principal Invest.: Nell J. Pedersen port 261 documents the results of a study of tile cost-
Effective Date: May 15, 1981 effectiveness of alternative transportation services far
Completion Date: December 31, 1982 handicapped persons. The companion document

Funds., $100,O00 (NCItRP Report 262) provides planners and decision-
The objectives or this research were to (1) identify, makers with guidelines on how to evaluate alternative

review, and evaluate typical procedures currently being trmlsportation services for handicapped persons and to
used to develop highway traffic data for project planning identify the most cost.effective solutions for their corn-
and design in urbanized areas; and (2) using existing munitles.
techniques to the maximum extent possible, develop a
user-oriented manual containing procedures for the full Prelect 6-26 FY '87

range of planning and design needs together with illus- Strategic Planfllng and Management fortratlve ease studies,

Procedures and analysis techniques that Imve been Transportation Agencies
proven reasonably successful were grouped and critiqued Research Agency: Ernst & Whinney

in terms of criteria including required degree of precision, Principal Invest,: Gone Tyndall
resource requirements, ability to replicate the effort, and Effective Date: June 1, 1987
rationale, In addition, input data requirements such as Croup/erich Date: September 30, 1988

system-level assignments, historical traffic count data, Funds; $180,000

land-use information, and other factors were addressed. Unlike the period from the end of World War 11
A user.oriented manual was developed describing roe- through the mid-1960's, which was generally character-

ommended procedures, Each procedure includes a corn- izcd by stable economic growth and social and puhlic
mentary describing file benefits, shortcomings, and the policy environments, the 1970's and 1980's have been
circumstances that may require alternative steps, Design affected by an accelerating pace of change in economic,

project "cases" with appropriate traffic estimating steps social, technological, and public policy factors. These loc-
ate described. Cases were selected to ensure coverage of tors interact hi ways that require new efforts to properly
the full range of applications and include: (1) use of re- position organizations in future operating environments.

finement procedures for upgrading of a limited access Institutions must develop mechanisms to assure adapta-
highway, (2) use of windowing procedures for evaluating tion to the ever-changing eevironment,
an arterial improvement, and (3) application of proce- The need for new management systems incorporating
dures to highway design, more effective means of identifying new directions for

Research has been completed, and the fired report has organizations and shifts in allocation of resources to ira-
been published as: NCHRP Report 255, "Highway Traffic plement change was first recognized by the private sector,
Data for Urbanized Area r'roject Planning aad Design." Strategic planning was initiated by large U.S. corporations

in the late 1960's and early 1976's. Because of dissatis.

Project 6-27 FY '80 faction whh tile results of strategic planning when it was
conceived and applied only as a planningfitnction, many

Cost*Effectiveness of Transportation corporations are expanding their approach to strategic
Services for Handicapped Persona management. In applying strategic management, tile skill

Resea¥ch Agency: Transportation Center of strategic planning is practiced at all levels of the or-
University of Tennessee ganization and is integrated into all other management

Principal Invest.: Kenneth W. Headlington systems to assure the "fit" of strategy to an organization.

Frederick L Wegmann The expected result is a major improvement in organi-
Effective Date: September 1, 1981 zational effeetlveness.

Completion Date: April 30, 1983 By the late lg70's strategic approaches had begun to
l_ttds: $199,543 be applied in a few public transportation agencies. Re-

The objectives of tbis research were to determine the search is now needed to determine the status of strategic
cost effectiveness or'alternative transportation services for planning and management in public sector transportation

handicapped persons and to develop guidelines for state agencies, to develop an understanding of which ap-
and local planners, transportation providers, and deeislon- preaches are applicable and effective in puhlle agencies,
makers on determining the most cost-effective way of and to identify potential pitfalls. The results of the re-
meeting the transportation needs of handicapped people, search should provide transportation agencies with guide-
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lines to support the successful application of strategic Project 9-2 FY '65
management.

The objectives of this research are to: (I) assessthe Asphalt Durability and Its Relation to
applicability of strategic management approaches, and (2) Pavement Performance--Adhesion
provide prineiple¢ ni_d g ddnnce (including relationships Research ..lge,,.'..y: ._t!ontana Co!lege of Miners] Science
with other innovative management techniques) for ira- and Technology
plementatlon by publicly funded transportation agencies. Principal [tlvest.: D.W. McGlasfian
Accomplishment of these objectives will require at least Effective Date; January I, 1965
tim foIIowlng tasks: Completion Date: October 31, 1967

Task 1--Seek out and evaluate work being done in Ftlnds: $101,903

strategic planning and management with a view to as- This researcb was concerned with asplmltic concrete
sassing applicability to transportation agencies in the pub- pav=ment performance, particularly with regard to the
lic sector. Specific attention should be given to assessing influence of asphalt-aggregate adhesion. The research ap-
reasons for success or failure, proacfi was based on tile principle that intcrfacial activity

Task 2--1dentify and describe important principles in occurring at the boundary between an asphah cement and
strategic management processes for publicly graded trans- an aggregate is influenced by tile characteristics of tire
portation agencies (including relationships with other particular aspfiah and aggregate and that this activity,
management processes), measured in electrical quandties, provides n comparative

Task 3--Compare tire relative merits of various ap- assessment of tile adhesion between the asphalt and tire
preaches tostrategic management, considering tile needs, aggregate.

responsibilities, and operational procedures of a range of A data acquisition system was developed for making
state and local transportation agencies. Given the appfi- electrokinefic measurements of interracial activity when
cability and principles of strategic management and asphalt cements were forced through porous plugs under

ranges of organizational types, prepare guidelines for tile controlled temperature and pressure conditions. The po-
implementa[ionofstrategicmanagement instateandlocal rous plugs contained aggregates that were being tested
transportation agencies, for adhesion. Data were collected and analyzed using 15

Task 4--Prepare final report, asphalt cements and a number of different aggregate types
Tile agency preliminary draft final report has been sub- to demonstrate tile ability of the procedure for assessing

mitred and is now under review, die adhesion of an asphah-aggregnte mixture,

Tile project report was not published in the NCHRP
report series; however, microfiche of the report may be
purchased (see final page of this section for ordering in-
formation),

AREA 9: BITUMINOUS MATERIALS Project9-3 FY '65

Project 9-1 FY '64 and FY '65 Evaluation of Pavement Joint and Crack
SealingMaterialsandPractices

Asphalt Durability and Its Relation to I¢.esearchAgency: Renssehler Polytechnic Institute
Pavement Performance Pritlcipal Invest.: Dr. John P. Cook

Research Agency: American Oil Company Effective Date: June 1, 1965
Principal hwest.: Dr, A, W, Sisko Completion Date: June 30, 1966

L. C,Brunstrum Funds: $24,996

Effective Dates: Feb, I, 1964 Nov. 1, 1965 The objectives of this research were to (1) prepare a
Completion Dates; July 31, 1965 Apr. 30, 1967
Funds: $50,000 $50,000 slate-of-knowledge report on joint and crack sealing ma-

terials, joint design, specifications, test methods, and con-
The general propertieswith which this over-all problem struction practice; (2) make a critical mmlysls of the

was concerned involved rheological, chemical, and pfiy- information and define needs to improve performance;
sip-chemical properties or the asphalt alone and as infiu- and (3) recommend a feasible research program. Bitu-
enced by its interracial relationship widl aggregates. These ruinous and nonbituminous materials were included, and

i properties and their values in the original asphalt and the due consideration was given to such factors as economics
retention of these values over a period of time in service and practicalities of usage.
are of importance, Research has been completed, and the project report

Research has been completed, and the project report has been published as: NCHRP Report 38, "Evaluation

has been published as: NCHRP Report 67, "Relation of of Pavement Joint and Crack Sealing Materials and Prac-
Asphalt Rheologlcal Properties to Pavement Durability," tices."
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Project 9-4 FY '72 Research has been completed, and tile project report
has been published as: NCHRP Report 213, "Bayeshn

Minimizing Premature Cracking of Asphaltic Methodology for Verifying Recommendations to Mini-
Concrete Pavements mize Asphalt Pavement Distress."

_$dtifch Agelicy: Materials Research & Development
Principal laves/.: F, N. Finn

Keshavan Nair Project 9-5 FY '80

Effective Dale; November 1, 1971 Design of Emulsified Asphalt Paving Mixtures
Completion Date; June 30, 1973
Func&: $99,560 Research e|ge/Icy: Tile Aspbalt Institute

Principal Invest,; V.P. Puzinauskas
The objective of this project was the determination of B.F. Kallas

suitable materials specifications, paving mix design eri- Effective Date: April 1, 1980
teria, and construction requirements that will result in Completion Date: June 30, 1984
tile ability to design and eonstrnet asphaltic concrete Funds: $I50,172

pavements to carry design frame with a minimum of The objective of this research was to verify and/or

premature cracking, modify the Asphalt Institute and University of IllinoisResearch has been completed, and the project report

has been published as: NCHRP Report 195, "Minimizing asphalt emulsion mix design methods described in Federal
Highway Administration Reports No. FHWA-IP-79-1,

Premature Cracking in Asphaltic Concrete r'avement." "A Basic Asphalt Emulsion Manual," and No. FHWA-
RD-78-113, "Mix Design Methods for Base and Surface

Proleot9-4A FY '76 Courses Using Emulsified Asphalt."

Bayesian Analysis Methodologyfor Verifying Research has beencompleted with partial accomplish-
Recommendations to Minimize Asphalt ment of objectives, It was found that neither of the two
Pavement Distress mix design methods is totally satisfactory for determining

optimum asphalt emulsion and water contents and that
Research tlgency: Woodward-Clyde Consultants there is a lack of compatibility between tile methods.
Principal lnvest,: F.N. Finn

W. S. Smith Modifications to the methods arc recommended. The field

Effective Date: September 15, 1975 studies indicate that construction practices and field ac-
Completion Date: November I, 1978 tivhies influence performance of emulsified asphah pave-
Funds: $204,194 ments to a greater extent than laboratory mix design

The project report has been published as: NCHRP
NCHRP Project 9.4 findings contain recommendations Report 259, "Design of Emulsified Asphalt Paving Mix-

intended to reduce possibility of premature cracking of tures."
asphaltic concrete pavements and a proposed verifieatlon

program. The generally accepted approach to verification
has been to mc._hor performance using statistical analysis Project9-6A FY "85

for evaluation of the variables. All alternate approach has Development of Asphalt-Aggregate Mixtures
been to verify an analytical model using a small expert- Analysis System: Phase I
mental program and case histories of in-service pave-
ments. One of the findings of NCHRP Project 9-4 Research Agency: ARE lne,
indicates tbat these two approaches are not realistic for Prhlcipal hlvest,: F, N. Finn

verification of the project recommendations because the Effective Date: June 2, 1986
Completion Dat_;' October 2, 1986

cost, time, and scope required for such a program to reach Funds: S25.000
definitive conclusions would be excessive.

In the same report, the Bayesian approach is suggested Improved asphalt concrete mix design methods should
as an alternate for verification and updating of project optimize the selection of asphalt binders and aggregate
recommendations, It uses the past experience of engineers materials to produce pavements uniformly resistant to all

in a meaningful stafistical format combined with exper- forms of distress such as rutting, fatigue cracking and
imental data and experience gained from observation of moisture damage. The Asphalt Advisory Committee of
field performance of new construction, the Strategic Highway Research Program (SHRP) has

The objectives of this project were {1) development of recognized that currently used asphalt concrete mix de-

a procedure based on Bayesian statistical concepts for sign methods are not adequate for the laboratory evalu-
verifying recommendations to minimize pavement distress atinn of improved or new asphalt binders that are to be

and (2) pilot implementation of the verification procedure developed under SHRP and that any improved binders
for the specific distress mode of cracking from repetitive should be evaluated within the context of an improved
tralne loading, asphalt-aggregate mixture analysis system.
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Tile overall objeelivc of Project 9-fi research was to The b_gh',vay community recognizes Ibe need for ira-
develop an asphalt-aggregale mixture analysis system for proved procedures and analysts systems for tile design of
tile laboratory ewduation ofasphalt binders and aggregate aspbahic conerem pavement mixtures tbnt will be resist-
malerbds witb regard to resistance to all forms ofdistress, ant to heavy truck loads, the use of bigber tire pressures,
both !cads and environment ass_3c.iated, f/ben u_e,.I ill tile aud tile wide extremes of climate. Sucb systems should

construction of asphah ¢oncrme pavements. The evalu- optimize lhe selection, proporIion[nfi, and processing of
at[on included such elements as the preparation of test asphalt binders and aggregate materials to produce pave-
speeinaens, conditionlngofthespecimens, testhlgthespec- meats resimant to all forms of distress.
linens, and criteria for acceptance. The Strategic Higbway Researeb Program (SHRP)

This project was graded from a portion of tbe plans to develop improved asphall and/or new binders,
$1,000,000 included in the FY '85 program for researcb Iests and specifications for these binders, and perform-
on properties of aspbalt cements with the provision that once-related specilieations for asphaltic concrete paving
the researcb be coordineled with the strategic 11igbway materials. [reproved procedures and anaIysls systems
Research Program actlv[ties on aspbalt research, could he used for evaluation of the improved and/or new

The objective of Phase I of the research was Io develop binders and for the design of tbe paving mixtures for test
a concept for tbe design of an aspfialt-aggregate mixture sections of the SHRP to obtain tbe necessary pavement

analysis system (AAMAS) and a researcb plan for tbe performance information to develop performance-related
conduct of Phase 11. This was one o1"three Phase I con- specifications.

tracts, Research is needed to develop and refine _n asphah-
Researeb has been completed, and tile report bas been aggregate mixture analysis system (AAMAS) for design

reviewed in connection wJlh the seleetim_ of an agency of optimum paving m}xtures based on performance-re.
for conduct ofPfiase ll. Thereport willnnt be published Isled criteria. Tbese erimria would encompass a wide

in the NCHRP report series, variely of failure modes, e.g., fafig,e cracking, thermal
cracking, permanent deformation, moisture damage, age

ProInct 9-6B FY '85 hardening, etc. Tile AAMAS should be capable of ac-

Development of Asphalt-AggregateMixtures commodating conventional asphalt binders, modified as-
Analysis System:Phase I pbalts, mixture modifiers, and tile range of aggregate

materials used in the United States. It sbould also he

Research tlgeneyt Brent Rauhut Engineering Inc. capable of evaluating the mixtures under conditions anal-

Prhtcipal Invests.: C S. Hughes ogous to those found in service, including a wide range
H. L. Van Qtlintus of climate, traffic, and age factors.

Effective Date: June 2, 1986 The objective of Ihis research is to develop an asphab-
Completion Date: October 2, 1986
Fund_: $25,000 aggregate mixture analysis system (AAMAS) for the lab-

oraIory ewduation of asphaltic concrete mixtures, The

See Project 9-6A for project description and status, system sball be based on specimens dmt as nearly ns
possible duplicate tbe charaeleristies of tile mixtures in

Project 9-6C FY '85 the field. Its applicntian sball be limited to bet-mixed
Development of Asphalt-Aggregate Mixtures asphaltic concrete, excluding open-graded friction courses

Analysis System: Phase I and drainage layers; and shall acct3mmodate mixture var-

Research Agency: University of Maryland tables, such as modified binders, aggregates, and fillers,
Principal Invests.; Dr. M, W. Witezak used in the construction of asphaltic concrete pavements

V, P, Puzinauskas and shall provide for resislance to all forms of distress
Effective Date: June 2, 1986 associated witb borg load and environment, The evalu-
Completion Date: October 2, 1986 atinn system shall [nelude such elements as tbc preps-
Funds: $24,879 ration of test spechnens, eonditioning of tbe specimens,

testing the specimens, and criteria for mixture sdeefion,

See Project 9-6A for project description and status, Research is being eoordlnated witb other SHRP research

Project 9-6(1) FY '85 in the asphalt area,
The objectives of Phase 1I of the research are to (1)

Development of Asphalt.Aggregate Mixtures develop the AAMAS in accordance with file concepts
Analysis System: Phase II and plans prepared during Phase I, (2) conduct a Iaho-

Research Agency: Brent Rauhut Engineering, Inc, ratory evaluation oftbe system, and (3) prepare guidelines
Principal ltwests.: L, Van Quintus for its use. Major emphasis during development of tile
Effective Date: January 5, 1987 AAMAS will be on preparation, conditioning, testing,
Completion Date; November 4, 1988 and analysis of aspball-aggregate laboratory specimens
l:unds: $425,G00 that duplicate as nearly as possible the construction, en-

k
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vironmentahandtrafficconditionstowhichthepavement Project 10-2 FY '64

is likely to be subjected, Evaluation of Construction Control
Asphaltconcreteconstructionprojectswereselectedin Procedures

Colorado, Michigan, Tex.-.s,Virginin,nncl Wynm ng for
participation in Phase II of tile project.Field construction Research tlgency: Mfiler-Warden Associates
procedures were documented, coresof newly compacled Principallnve_t.: S. 1].Hudson
asphalt concrete obtained, samples of asphalt-aggregate Effective Date: November 4, 1963
mixtures actually used in the construction obtained, along Completion Date: February 1, 1966
with samples of the aggregates andasphalt binders. Lab- Fundr: $59,750
oratory specimens were prepared by several different This research was initiated to obtain needed basic in-
methods to compare with the fieldcores. Tile laboratory formation for the formulation of standards for evaluation
specimens were subjected to various conditioning pro- and acceptance of work, materials, and highway con-
eedures and tests mrnlmds to identify techniques for pro- struction, Its objectives included a study to determine
dieting traffic loadingand environmicnt_lforms ofdistress, variations inherent to measurement metbods, testing tech-

Research has been completed, Tkicfinal report has been niques, and sampling methods and procedures, The scope
submitted and is being reviewed, of this study was confined to the exarnhlation and inves-

tigation of gradation of aggregates. It includes a review
of measurement and test procedures to determmlnethose
not including precision statements and a study involving
statistical techniques for ewduating gradation test pro-
cedures, sampling methods, and variations inherent in
aggregate gradations.

Initial phase research has been completed, and the proj-
ect report has been published as: NCHRP Report 34,
"Evaluation of Construction Control Proeedures--ln-

AREA10: SPECIFICATIONS, _erimReport,"PROCEDURES,ANDPRACTICES
Project 10-1 FY '64

Development of Guidelines for Practical and
Realistic Construction Specifications Project 10-2A FY '65

Research Agency: Miller-Warden Associates Evaluation of Construction Control
Principal breast.: W.B. Warden Procedures

£ffectiw, Date: November 15,1963 Research Agency: Materials Research and Develop-
Completion Date: November 14,1964 rnern
Funds: $25,000 Principal Invest,: S.B. Hudson

It is recognized that many existing specifications do Effective Date: July 15, 1966
not properly consider variations in work and materials Completion Date: November 14, 1967
which are inevitable and characteristic of the best con- Futlds: $70,945

struetion possible today, In a development of guidelines The continuation phaseof Project 10-2specifically con-
for adequate specifications, this project included such sidered (I) the variations in gradation of aggregates, in-
areas as surface smoothness [.orsubgrades, bases, and eluding fineaggregates, drawn from Ifie bills of'operating
pavemicnts; thickness measurements for bases and pave- hm-rnix plants, with sampling error, short- and long-term
ments; gradation and other requirements [.oraggregates variations, and the effect of cold-feed variations to be
and aggregate mixtures: and a summary of selected cur- included; (2) a statistically designed experiment to deter-
rent specifications pertinent to the areas of study. Con- mine the effect of variation in gradation of coarse aggre.
sideration was given to the validity of specifications with gate, witbin tile range [.rnmdto be inherent under existing
respect to need in the accomplishment of purpose, eco- controls, on tile strength and workability of laboratory.
nomie impact inherent in specifieatlons,natural variations prepared concrete; (3) the effect of increment size with
inherent in work and material, and variations inherent in respect to maximum particle size and accuntcy of the
micthodsof measurement and control test procedures, results of surnpling to provide additional information as

The final report [.orthis project has been published as: to the slmpe and minimum capacity of tools to be used
NCHRP Report 17, "Development o[. Guidelines [.or for sampling coarse aggregates; and (4) further study of
Practical and Realistic Construction Specifications." the basic pattern of variation of gradation.



139

Research has been completed, and the project report Work in Ore initial phase of this project consisted of a
has been published as: NCHRF Report 69, "Ewllnation survey of the state oF the art in the development, need,
of Construction Control Procedures--Aggregate Gra- and use of rapid test methods for field control of con-
darien Variations and Effects." struction.

During the cotlthulatioii phase, emphasis was placed

Project 10-3 FY '64 and FY "65 on further development and evaluation of improved test
procedures in the areas of asphalt content of bituminous

Effects of Different Methods of Stockpiling paving mixtures, density of aggregme base courses and
and Handling Aggregates bituminous layers, gradation of aggregates, and soil corn-

Research dgency: Miller-Warden Associates paction.
Principal Invest.: S, B, Hudson Research has been completed, and the project report
Effective Date: Oct. 22, 1963 Oct, 15, 1964 has been published as: NCHRP Report 103, "Rapid Test
Completion Date: Apt. 30, 1964 Oct. 16, 1965 Methods for Field Control of Highway Construction,"
Flttld$; $25,000 530,000

The dill_culties associated with producing aggregates

and providing them at the job site wlthin desirable spec-

ification limits have been recognized for many years. To Project 10-5 FY '64 and FY '65
provide further knowledge for a possible solution to these
difficulties, the over-all objectives of this researchwereto Density and Moisture Content Measurements
(1) find the effects of stockpiling and handling on the by Nuclear Methods

properties of an aggregate, including segregation and dec- Research Agency: Research Triangle Institute
radation, and (2) establish suggested procedures forbetter Principal htl'est.; Dr, R. P. Gardner
practices in stoekpifing and handling, Effective Date: Jan. 15, 1964 Apr, 1, 1965

Initial research was directed principally to the aspects Completion Date: Jan. 31, 1965 Oct. 7, 1966
of stockpiling, and the results have been published as: Funds: $28,801 $59,835
NCHRP Report 5, "Effects of Different Methnds of

For the past several years, investigators have studied
Stockpiling Aggregates,"

Continuation of the initial research was authorized to the application of nuclear devices for determining reels-

expand the scope to include, in addition to further stock- ture content and density of subgrade, subbases, and base
piling investigations, the effects on aggregate properties components. Some of the researchers have indicated such
of several routine methods for handling, spreading, and devices are applicable for field control, while others are

compacting bases, This work has been completed, and still evaluating the technique, lf these nuclear devlees are
the project report has been published as: NCHRP P.eport capable of accurate and reliable determinations, there is
46, "Effects of Different Methods of Stockpiling and Hart- a possibility that considerable economy may result in

I dling Aggregates." construction and control procedures. The objectives of

the initial research were (I) to review the literature and

other available data to determine what has been done by
Prelect 10-4 FY '64 and FY '65 tubers in the evaluation and correlation of nuclear equip-

Rapid Test Methods for Field Control of meat, (2) to evaluate and analyze assembled data consld.
Construction ering such factors as accuracy and precision, and (3) to

make recommendations for the development of needed
Research dgency: Clemson University equipment.

Principal Divest.: Dr. A, E, Schwartz Research on the initial phase has been completed, and
Effective Date: Feb. 1, 1964 May l, 1965 the project report for this phase has been published as;
Completion Date; Feb, 28, 1965 Feb. 28, 1967 NCHRI ) Report 14, "Density and/Vlolsture Content Mea-

Fttnd$; $30,000 $69,320 surements by Nuclear Methods--Interim Report."
It has been recognized that there is a need for improved The objective of the continuation phase was to inves-

methods of sampling and testing to keep pace wth ac- ligate, in depth, the promising findings fi'om the initial

celerated production rates and increased volumes of ms- researeh, Theoretioalinvestigationsweresupplemented by
terials being used in highway construction. In an effort field experiments to establish a technique for calibrating
to fulfill this need, this research project proposed to seek nuclear gauges to provide improved accuracy in the men-

out areas in which rapid test needs are mast eritleal and surement of sell moisture content and density. In the
to explore and summarize existing knowledge in these pursuit of these ol_jectives, calibration standards were de-
areas with the ultimate aim of accelerating the develop- ycleped which are applicable to nuclear gauges currently
meat of new methods of meeting these needs, in use.
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Research on the continuation phase has been cam- Research has been completed, and file project report
pleted, and the project report for this phase has been has been published as:NCHRP Report52,"Measurement
published as: NCHRl) Report43,"DensilyandMoisture of I)avement Thickness by Rapid and Nondestructive
Content Measurements by Nuclear Methods." Methods."

Proloct 10-5A FY '68
Prolect 10-7 FY '64

Optimization of Nuclear Density and Moisture
Content Measurement Methods Potential Uses of Sonic and Ultrasonic

Devices In Highway Construction
Research Age/toy: Norlh Carolina Stale University
Principal hwest,: Dr. R. P. Gardner Research Agency: The Ohio State University
Effective Date: February 1, 1968 Principal Invest.: Dr. F. MoavenzadehDr, R. C. McMaster
Completion Date: January 31, 1970 Effective Date: February I, 1964
Funds: $51,214 Completion Date: March 31, 1965

The essential objective of this sludy was to optimize Funds: $24,310

nuclear gauge calibration methods and thus improve op- Tile use of sonic and ultrasonic devices is well known
erational performance of the gauges for control of reels- in some fields, Present practical application of sonic and
ture and density during construction of highway ultrasonic frequencies and the results of recent experi-
subgrade, suhbase, and base components. The objectives ments indicate a wide range of potential uses of such
of the research have been met. Procedures have been devices in highway construction. It is felt that possible
developed for optimization of nuclear backscaner-type
density gauge calibration, a quantity factor approacb has uses may include pile driving, mixing and compaction ofmaterials, sampling of materials, drilling, cutting, and
been developed for evaluating the over-all performance many other applications, In an effort to evaluate potentialof density gauges, and a tentative model is available for uses, this research study was initiated with the objectives
improved calibration of nuclear moisture gauges. The of studying available information on present uses of high-
research has also provided a basis fordesign ofeven better frequency vibrations and making a feasibility study of
nuclear hackseatter-type density gauges, possible applications to highway construction.

Research has been completed, and the project report This research has been completed, and the project re-
has heen published as: NCHRP Report 125, "Optimi- porthasbeenpublishedas:NCHRPReport 25,"Potential
zation of Density and Moisture Content Measurements Uses of Sonic and Ultrasonic Devices in Highway Con-
by Nuclear Methods." struction."

Project 10-8 FY '64 and FY '65

Measurementof PavementThicknessesby Project 10-8 FY '70
Rapid and Nondestructive Methods Evaluating Procedures for Determining

Research _4gency: liT Research Institute Concrete Pavement Thickness and
Principal Dryest,: K. E, Feith Reinforcement Position

Dr, S, D. Hawkins Research _fgency: Pennsylvania Dept. of Transporta-
Effective Date: February 1, 1964 tion
Completion Date; October 31, 1966 Principal Invest.: W.G. Weber
Fttnds; $108,821 R.L. Grey

Present methods of measuring the tblcknesses of high- Effective Date: March 2, 1970
Completion Date: July 31, 1973

way pavements are time consuming and generally do not Funds: $151,982
provide data early enough for the contractor to alter
operations so as to comply, II is recognized that a non- The objective of this research was limited to the field
destructive technique would be advantageous, both cost- evaluation of available nondestructive systems of inspee-
and tlme-wise, in comparison to present methods. In in- tion testing for determining pavement thickness and rein-
itiating this research, four objectives were outlined. They forcingsteel positlon at the construction site, either before
included: (1) a study of all past and present methods of or soon after the concrete has hardened, to permit the
measuring thicknesses of highway pavements to deter- elimination of, or substantial reduction in, the coring of
mine if any existing method may be suitable; (2} a fee- pavements.
sibility study of proposed methods now under Research has been completed, and the project report
development; (3) proposals for other feasible mefllods; has been published as: NCHRP Report 168, "Rapid Mea-
and (4) recommendations for promising methods for de- surement of Concrete Thickness and Reinforcement Lo-
velopment of instrumentation, cation--Field Evaluation of Nondestructive Systems,"

t
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Project 10-9 FY '70 mounted brldge deck jolnt-seafing systems designed for a

Criteria for Need of Seal Coats for Bituminous totalhorizontalmovement of 4 inchesor less,
:. Pavements Research has been completed, and tile final report has

been published as: NCHRP Report 204, "Bridge Deck
Research tlgenc.w University or Mfimesota Joint.Senlin_ Systems--Evaluation and Performance
P/_'twipal lni,est,: E. L, Skok Specification,"
Effective Date." November 1, 1969

) Completion Date: February 28, I974 Project 10-12 FY '77
: Funds: $50,000.?.

Acceptance of Aggregates Used in Bitumi-
i Tile objectives of this project were to develop, and aOUa Paving Mixtures
; evaluate in the field, guidelines for Ibe programming ofs_

._ seal coats on bituminous pavements. Research elgeney: Texas A & M University
_ Research Foundation

! The essen0ul findings of tbe study ]lave been published Principal htvest.: Dr. R. L. Lytton
as NCHRP Reseamh Results Digest 48, The agency re- Effective Date." September 1, 1977

,:i port has been distributed to the Program sponsors and Completion Date; June 30, 1981
other interested persons, and microfiche of the report may Funds: 5174_411
be purchased (see final page of Ihis seetlon for ordering
information), The objective of this study was to evaluate currently

used methods for tile aceeplance or rejeetlon of aggregates
used in bituminous paving mixtures.

Project 10-10 FY '74 Tile research was conducted in two phases, Under

Acceptance Criteria for Electroslag Pbase I, four overall scbemes for evaluating tile quality
Weldm0nta in Bridges of aggregates to be used in bituminmls paving mixtures

•,,,.ereformulated, based primarily orl various combinations
Research Agency: United States Steel Corporation
Principal Ira,est,: W, P, lIenter, Jr. of current state highway department practices. Tile four

J C. G+ Schilling schemes were evaluated for their relative usefulness (util-
Effective Date: May I, 1974 ity) using a utility decision analysis computer program

'._i Completion Date: September 30, 1978 developed by the researebers, The schemes showing the
:'i Funds: $300,000 most utility were comprised of convetttional pbysleal and
:'.: chemical tests of aggregate samples.

The over-all objective of this projecf was to develop Consequently, Phase 2 was designed to evaluate various
i:i and verify acceptance criteria for tbe use of eleetroslag tests on aggregate samples for their ability to predict
!i butt welds in bridges, Researeb was eonducled in two bituminous pavement performance, A decision was also
¢ phases, "/lie specific objective or Phase I was to define-I made to include some bituminous mixture tests and sub-

_i necessary acceptance specifications based on the most jeetive petrographic ratings and to consider climate or
• complete study, using laboratory specimens from full-size geograpbie regions,
L:q welds, tbat current knowledge and letting equipment Tile research bas been completed and the agency final

could provide within tile allotted funds. Tile specific oh- report distributed to all NCHRP sponsors. A limited
:_ jective of Phase II was to verify the findings of Phase I number ofextracopiesofthe finalreport are alsoavailable

by conducting dynamic tests of full-size bridge girders, to NCHRP sponsors. Copies ofan agency interim report
i_ Research has been completed, and tile project report documenting Phase I and the agency final report, whicb
t_ has been published as: NCHRP Report 201, "Acceptance,,_ concentrates on Pbase 2, are also available for loan upon

H Criteria for Eleelroslag Weldments in Bridges?' written request to the NCHRP. In addition, microfiche
_ of both reports may be purebased (see final page of this

i _' Project 10-1"1 FY '77 section for ordering information).
i:f

!i Development of a Performance Specification Projectt0-13 FY '79 and FY '82/: For Bridge Deck Joint.Sealing Systems
;:_ Ultrasonic Measurementof Weld FlawSize
_' Research Agency; Howard Needles Tammen & l]er-

geodofl" Research Agency," The Welding lnslitute (England)
Principal hmest, t Arthur Linfante Principal hlvest.: Timothy J. Jessop Peter J. Mudge

,; Effective Date: December i, 1976 Effective Date: July I, 1979 October I, 1982
Completion Date: April 30, 1978 Completion Date: October 31, 1981 August 31, 1985
Fttnds: $29,996 Ftt#td.s7 $126,000 $250,000

Theobjectiveofthisresearchwaslodevdopaneffeetive The overall objective of this study was to identify or

performance specification for prefabricated, surface- develop, and to validate, ultrasonle testing procedures for
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accurate measurement of flaw dimensions tbat will allow incl_es thick. Another objective was Ihe identification or
fracture-mecbanics analysis, development of a data processing technique suitable for

This study was addressed primarily to evaluation of use with the equipment tbat can be operated by field
complete joint penetration groove welds eonrnining personnel and Ifiat will provide information on the pa-
planar-type flaws such as cracks or incomplele fusion, rameters of voids beneath pavements. It was further de-

In the first phase of researcb, laboratory tests on in- sired that the voids beneath pavements be defined with
mntionafly flawed specimens were used to determine the an accuracy of at least ± _: inch in depth and + fi incites
applicability and limitations oP AWS DI.I-80 ultrasonic in horizontal dimension.
testing procedures for measuring tile dimensions of flaws Research has been completed with reasonable accom-

in welds. Phase I also included an evaluation of proce- plishment of objectives. Theoretical modeling of signal

dures that extend available ultrasonic techniques and have returns from voids led to suitable tecbniques for locating
a potential for accurate measurement of flaws typically and sizing voids beneath pavements. Very short pulse
found in structural weldments, Tile accuracy, precision, radar was connected to a microcomputer to provide real-
reliability, and reproduceability of the time-of-fllght and time processing of the radar signal return, Measurements

probe movement techniques were investigated, made inside a laboratory-controlled environment verified
The final report on Phase I bas been publlsbed as: tile procedure, Additional measurements were made on

NCHRP Report 242, "Ultrasonic Measurement of Weld specially constructed outdoor pavement sections at 100 F,
Flaw Size," 70 F, and 32 F, At temperatures of 70 F and below, the

The specific objectives of Pbase I1, designated NCIIR.P measurements provided excellent estimates of void Iota-
Project 10-13/1, were (I) to develop recommendations tion and size, but at ]00 F the measurements were not
for applications of tandem-probe techniques for tile char- as successful.

acterization of vertical, planar defects and (2) to refine Tile project report has been published as: NCHR.I'
the time-of-flight system for sizing through.tbiekness flaw P_eport 237, "Locating Voids Beneath Pavement Using

dimensions, Pulsed Electromagnetic Wave Techniques."
The research in this second phase included a review of

all relevant literature and test data in order to develop a Project '10.15 FY 'g0

more realistic means of assessing vertical planar defects Structural Strength Evaluatlofl of Existing
within the framework of the currently used AWS DI.I Reinforced Concrete Bridges
code, Time.of-flight equipment was designed and assem-

bled and subsequently evaluated in the laboratory in order Research Agency: Engineering Computer Corporation
to establish the accuracy of the equipment in measuring Principal Invest,: Roy A. Imbsen
through-thickness dimensions for a variety of weld de- Effective Date; April 1, 1980 April 1, 1984

Completion Date: Sept. 30, 1982 April 30, 1986
Pacts. Finally, a field evaluation of the equipment was Funds; $125,000 S100,000
performed in order to establish its accuracy and appli-
cability, as well as to provide recommended procedures The objective of this project was to develop improved
['or use. mmhodology for evaluating the structural capacity of ex-

The research has been completed, and the final report isting reinforced concrete bridge superstructures and to
was submitted at the end of 1988, A decision on publl- present it in a specification format suitable for eonsid-

cation of the final report will be made in early 1989, eration by AASHTO.
Tile final report on the first Phase I of the research

Project 10-14 FY "79 included findings and recommendations rehlted to meth-
ods of predicting structural capacity for load-rating con-

Locating Voids Beneath Pavement Using crete highway bridges, Tile limit-state approach to bridge

Pulsed ElectromagneticWave evaluation recommended in this report appeared to be
Techniques promising; however, some of the factors included in the

Research Agency: Georgia Wecb Research Corpora- report are not well documented, and die recommended
tion approach is not yet ready for widespread application.

Principalhlvest.: Dr. J, D, Eehard TbePhasel flnalreport willnot bepublished, but copies
Dr. W. J. Steinway of the agency's draft final report were distributed to

Effective Date." April 2, 1979 NCHILP sponsors early in 1983. Copies are available on
Completion Date: May I, 1981 microfiche (see final page of this document for ordering
.Funds: $99,850 infornmtion),

The primary objective of this project was to determine Phase It of die research had as its objective filrther
the practicality of pulsed electromagnetic wave teehnol- development oP Ibe limlt-state approach to evaluate the

CRYfor locating voids beneath reinforced and nonreln- structural capacity of reinforced concrete bridge super-
forced portland cement concrete pavements up to Ig structures, The research in tbe second phase included a



143

statistical analysis ofinformation from tile FI-IWA's corn- develop new or improved methods that may prove effee-
puterized national bridge inventory system in order to tire in arresting deterioration below tile waier surface and

identify typical reinforced concrete superstructure types in tile splash zone; this effort was limited to the following

tbat were applicable to this study, A sensitivity analysis elements and problem areas:

was conducted to determine tile effects of modifications • Bridge elements--concrete piers and footings, pre-
to tbe load aud resistance Patrols iu Ihe llmit-stale ap- stressed concrete piles, lind reinforced concrete piles,
preach to evaluation. The factors to be used ill the limit- • Problem areas--deterioration due to corrosiou,
state approach were identified and evaluated, and a cal-

ibration of the proposed method was performed using freezing and tbawing, ebemical attack, and abrasion.
available test data. Finally, the results of the proposed Research has been completed, and the final report bas

metbod were compared with results from tbe currently been published as: NCHRP Report 251, "Assessment of
used metbods. Degeiencles and Preservation of Bridge Substructures Be-

The project report has been published as NCHRP Re- low the Walerline."
port 292, "Strengtb Evaluation of Existing Reinforced

Concrete Bridges." Prelect 10-17 FY '81 and FY '83
The reeemmendations and guidelines developed in the

second phases of Project 10-15 were incorporated into Use of Antistripplng Additives In Asphaltic
the comprehensive evaluation guidelines developed in Concrete Mixtures
Project 12-28(1). Refer to Project 12-28(I) writeup for Research tlgency: David O, Tumdcliff
further diseusslon. Principal btvest: David G. Tunnielifl"

Eflbctive Date: March I, 1981

Project 10-16 FY '81 Completion Date: Jaly I, 1989
Funds: $500,000

Assessment of Deficiencies and Preservation

of Bridge Substructures Below the There is an increasing awareness of asphaltic concrete
Waterline pavement failures caused by stripping of aspbalt cements

from tbe aggregates. Consequently. more highway agen-

Research Agency: Byrd, Tallamy, MacDonald & eies are requiring tile use of antistripping additives. If an
Lewis additive is used when it is not needed, the added cost is

Prhwipal Invest: Martin Rissel an economic waste, If an additive is used ineffectively,
Effective Date: February 16, 1981 tile pavement may require early and costly maintenance

Completion Date: December 1, 1982 and/or rehabilitation. Highway agencies need informa-
Funds: $150,000 lion on tbe selection, effectiveness, and use ofantistripping

This study was intended to use and extend earlier re- additives.

search reported in NCHRP Synthesis of Higbway Prac- The long-term general objective of this research is to
dee 88, "Underwater Inspection and Repair of Bridge provide information on the selection and use of anti-
Substructures." stripping additives (materials used to improve tile asphalt-

The objectives of Project 10-16 were; (1) to develop aggregate adhesion in asphahie concretes). The specific

improved methodology for evaluathlgtheeffectsofbelow- objective of tile initial phase was to develop guidelines

the-waterline deficiencies on the structural capacity of the for tbe incorporation of antistripping additives in as-
substructure, and (2) to develop solutions to specific de- phallic concrete paving mixtures considering the influence
terioration problems that are found in bridge substrue- ofsucb filctorsas(I)storageand handlingoftheaddltives,
lures below the water surface and in the splash zone. and (2)stability and effectiveness el'additives during mix-

Accomplishment of these objectives involved: (1) address- ing and storage of asphaltic concrete.
ing the deficiencies cited in tile previously mentioned syn- P,esearch has been completed on the initial phase witb
thesis report, (a) review and summarize the present state accomplishment of the objectives. The test mefllod for

of the art of structural strength evaluation techniques for measuring the potential for moisture damage in asphalt
bridge substructures below the water surface, ;vith par- concrete pavements described in NCIIRP Report 246 was
titular emphasis on quantifying tbe consequences of the modified to reduce test time and control the degree of
deficiencies on tile structural integrity of the bridge, and saturation, Tile modified test method was used to evaluate

(h) for tbese deficiencies, develop guidelines for assessing effects of storage and handling of aspbalt aggregate mix-

the seriousness of the problem, a rating system to identify tares on antistripping additives. The project report for
the urgency for corrective action, and practical methods the initial phase has been puhlisbed as: NCHRP Report
to predict structural capacity. (2) Addressing tba second 274, "Use of Antistripping Additives in Asphaltic Con-
part of the objective, (a) based on available information, crete Mixtures," Tile report contains a state of the art in
identify and evaluate methods used to arrest deterioration use of antistripping additives in asphaltic concrete paving
below the water surface and in tile splash zone, and (b) mixtures and guidelines for use of such additives.
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Research on tbe field evaluation phase is in progress, now in use, Or particular concern was tile dust collected
A precision study has been completed for the test method in baghouses.

developed in the initial phase. That test method and pre- Research has been completed, and tile final report has
cislon study have been approved by ASTM Committee been published as: NCHRP Report 252, "Adding Dust

D-4 and should appear in the 1989 Book of ASTM Stan- Collector Fines to Asphalt Paving Mixlures."
dards as Designation D 4867, "Test Method for Effect

of Moisture on Asphalt Concrete Paving Mixtures."

Project 10-20 FY '81, FY '83, and FY '85

Project 10-18 FY'81 Elastomerlc Bearings Design, Construction,
and Materials

Specifying and Obtaining Entrained Air in
Concrete Research Agency: University of Wasbhlgton

Principal hwest: Dr, C, W. Roeder
2_esearch Agency: Construction Technology Labora- Dr. J. F. Stanton

tories/PCA Effectiee Date: 2/I/81 6/1/83 6/I/86
Principal Invest: David C. Stark Completion Date: 6/30/82 11/30/86 5/31/89

Dr. David Whiting Funds: $74,715 $I50,000 $I50,000
Effective Date." May 4, 1981
Completion Date: June 1, 1983 Tile objective of the first phase of research was to
Funds: $73,585 develop specifications for unconfined, phfin and reinforced

ehlstomerie bridge bearings.
The objeetlve of this research was to develop practical The findings ofPhase I of Project 10-20 were publisbed

guidelines for specifying and obtaining the optimum as: NCHRP Report 248, "filastomerlc Bearings Design,
amount of entrained air in concrete, Consideration was Construction, and Materials," and included recommen-

given to interations between typleal concrete ingredients dations for improved speeilicafions for unconfined, plain
and various admixtures, and reinforced elastomerie bridge bearings. These tee-

Research has been completed and the project objective ommendations were based on currently existing infor-

aeeomplisfied in tile form of guidelines for field control motion. In 1985, AASHTO adopted many of the
of air-entrained concrete. A state.of-the-art report on air- recommendations of the Phase I research, substantially
entrained concrete was also prepared and copies printed revising the provisions for elastomeric bearings in tile

for distribution to program sponsors. Loan copies are Standards Specifications for Highway Bridges.
available (see final page of this sectlon for ordering in- The objective of tbe second phase of research was to
formation), develop a more sophisticated specification for special ap-

The final report ineluding the guidelines has been pub- plieations and to improve tile simplified provisions rec-
lished as= NCHRP Report 258, "Control of Air Content ommended in Phase I. The Pbase I1 research included

in Concrete." testing and evaluation of bearing compression, rotation,
shear, stability, fatigue, and low temperature behavior.

Recommendations for a more rational bearing specifica-
tion are included in the project report and have been
made to the AASHTO Bridge Committee,

Project lfi.19 FY'81 Tile findings of Phase 1I of Project 10-20 were published

Adding Dust Collector Fines to Asphalt Paving as NCHRP Report 29fi, "Performance of Elastomerie
Mixtures Bearings."

Tile objectives of the third phase of research are to (1)
Research Agency; The Pennsylvania State University resolve design procedures for special applications of un-
Principal lnvest: Dr, David A, Anderson confined elastomerlc bearings and (2) provide a critleal

Effective Date: March 1, 1981 state-of-the-art review of design and construction pro-
Completion Date: November 30, 1982 cedures for confined elastomeric bearings. The Phase 111
Funds: $49,926 research includes the following tasks:

The objectives el" this project were: (1) to conduct a
state-of-the-art survey of studies dealing with the effect Uncotlfined Elastomeric Bearings
of dust collector fines on asphalt concrete and current 1. Further experimental verification of low tempera-

practices for specifying and handling these fines, and (2) ture behavior including effects on heating and cooling
to characterize by generic type those dust collector fines rates and shear stiffness ofelastomers at low temperatures,
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2. Developgniddines forrecommendedlnanufaemring (4) the disparities between domestic and foreign design
procedures and tolerances, procedures and materials applications.

3. Develop recommended test procedures m prequalit_v There it also inadequate informatinn avaihdde re file
the elastomerie tmlterial and also for acceptance of the brkige engineer providing concise guidance on the selee-
finished beariJ_gs, tion of an appropriate bearing for a specific design situ-

4. Preparation of a final report including revisions to alien. Therefore. a selection guide is needed which will
the more sophisticated specification developed iu Phase inform bridge engineers of tile relative performance fea-
II. lures for HLMR and conventional bearings used in new

Pot Bearings and Slide Sitrfaees bridge designs in the United States.
I. Gather data relevant to pot bearings from the lit- The objectives of this research are to develop (I) a

erature and from interviews whh mmtufacturers lind en- bearing selection guide for nil bearings eurremly used in

gineers, new hridge designs in the United States and (2) specifi-
2. Gather data relevant to PTFE sliding surfaces, cations for bigh-load multi-rotational bearings that can

3. Synthesize the information gathered in Tasks I and he recommended to AASHTO for consideration for adop-
2, lion. Base-isolation bearings are not intended to be in-

4, Prepare a final report that includes a summary of eluded in this research. PTFE slide units associated with
the state-of-the-ttrt in pot bearing design and use. includ- ]figh-load multi-rotational bearings shall be considered.
ing recommendations for Further research, The research ',viii include tile following tasks:

Through December 31, 1988, research on tile third Task I. Review current domestic and foreign codes of
phase has fallen slightly behind schedule. The draft pot practice, researclt findings, and performance data on all
bearing state-of-tfie.art report was submitted in mid-1988 bridge bearings within the scope of tile bearings selection

and was reviewed by tile NCHRP project panel Technical guide flint will be developed under Task 2. Tile emphasis
revisions were suggested for the report, which will be of this survey, however, should be placed on the HLMR

incorporated in the final report to be submitted by the bearings that ;rill be covered under tile speclfieation to
agency in early 1989, Tile low tempenlture dastomer tests be developed in Task 3.

have also fallen somewhat beldnd schedule, but should Task 2, Develop a draft bearing selection guide for all
be completed by April 1989. bearings currently used in new bridge designs in the

United States, with the exception of base-isolation bear-

Project 10-2OA FY '88 ings,

High-Load, Multi.Rotatlonal Bridge Bearings: Task 3, Develop draft specifications for the design.
Design, Materials, and Construction materials, and construction of HLMR bearings in a for-

mitt suitable for consideration by AASHTO.

Research Agency: In developmental stage Task 4. Prepare an interim report which includes the
Princt_al hwesr.: fallowing: (I) a summary of the findings from Task I; (2)
Effective Date;
Completion Dare: (30 months) the draft selection guide and draft specifications; (3) it
Ftttlds: $250,000 prioritized list of laboratory tests, possibly supplemented

by field observations, that may be required to complete
In recent years, speeialty bearings have been introduced rite selection guide and specifications; and (4) a recom-

for use in highway bridge construction. Prominent among mended test program of tile hi#lest priority research
these are tile highdoad multi-rotational (HLMR) types needs tbat can be accomplished within a funding level of
of bearings. $150,000.

Current specifications for HLMR bearings have been Task £ Perform laboratory tests, As a minimum, these
developed from industry standards and vary widely tests shall examine the moment-rotation characterimies

throughout the United States. There is a need for a broad and lateral load capacity for nil types of HLMR bearings,

range, generic specification that reflects the best ofcurrent and sealing requirements and internal lubrication for pot
practice and will ensure long life, high quality, reliable bearings.
bearings.

Although there is a proliferarion of HLMR bearing Task 6 Revise the draft selection guide to incorporate
specifications, many basic questions remain unansv,'ered, the findings from Task 5.
These include questions related to: (I) the performance Task Z Revisethedraft speeificarions for HLMgbear-
characteristics of su¢ll bearings subjected to induced ec- ings to incorporate the findings fi'mn Task 5,
centric loading while under rotation; (2) tbe apparent loss Task 8. Submit a final report documenting all research

of full performance capabilities; (3) the long-term dura- and presenting the recommended bearing selection guide
bility of certain materials and bearing configurations; and and specifications,
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Project 10.21 FY '81 on the fact that no convincing evidence was found in this

Performenoe of Bridge Deck Concrete study to indicate Ihat the p_rformanee of concrete bridge
Subjected to Traffic-induced Vibrations decks is degraded by traffic-induced vibrations during
Daring Placement placement. The unused portion ($225,000) oftile allocated

funds has been returned to the AASHTD Research Cam-

Research Agency: Transportation Research Board mittee for realloeation to other NCHRP projects_
Principal hlvest.: Dr. Paul E. lrlck

Mr, T. L, Copes Project 10-22 FY '82
Effective Date: February 1, 1980
Completion Date: September30, 1981 The Performance of Weathering Steel in
Funds: $25,000 Bridges

Tile objective of this study was to delermine tile effects Research Agency: Sheladia Associates, Inc.

oftraflic-inducedvibrationsonconcreteforvariousbridge Principal Invest,: Dr. Pedro Albrecht
deck repair and widening procedures and to indentify Effective Date: April 1, 1982 July 23, 1984

Completion Date: February 29, 1984 August 31, 1987
criteria for materials, design, construction, and traffic con- Futl¢_'; $74,g51 $120.699
trol procedures to alleviate any negative effects. The re-
search included consideration of the following filctors Tile objectives of the first phase of research were (I)
associated with bridge deck concrete used in overlays, full to Llssemble a systematic body of information on the per-

and partial-depth restoration, and widening: (I) bonding formance of weathering steel, and (2) to document and
to substrate and adjacent concrete: (2) bonding to rein- evaluate the current state of practice.
forcing steel; (3) differential consolidation; (4) interaetlon The first phase of research has been completed, and

between concrete properties and differential consollda- the final report published as: NCHRP Report 272, "Per-
tion; (5) differential deflections; (6) frequency of vibration formance of Weathering Steel in Bridges."
(traffic induced); (7) porous planes of weakness; (8) traffic The second phase of research has as its specific objee-
control criteria; (9) design criteria (including bridge type); lives (1) to filtlgue test 8-year weathered Asg8 transverse
(10) construction practice (including deck preparation); stiffener specimens under constant loading in air and
(11) crack development from all sources; and (12) mix aqueous environments, and (2) to develop practical guide-
design effects, lines for design, con_muction, maintenance, and rebabil-

Tile study included the following tasks: itation of weathering steel bridges.
Research on the second phase is complete, Tile agency's

• 1, Identification of relevant research and field investi, revised final report is now under review for possible pub-

gations, lication in the NCHRP report series.
? 2. A survey of current practice and attitudes on main.

raining traffic during bridge deck restoration or widening. Project 10-23 FY '82
3. Follow.up contact with a number of highway agen-

cies to gather more detailed information on the field per. Removal of Lead.Based Bridge Paints
formance ofbrldge decks that have been restored, patched Research Agency: Midwest Research Institute
or widened in the presence of traffic induced vibrations, Principal lnvest.: Michael K. Snyder

4, A recommendation for additional research to be Effective Date; July 1, 1982
directed toward determining the causes and possible so- Completion Date: June 30, 1983
lutions for any negatlve e8"ects determined to be assoeiated Funds: $g1,118
v.'ith such vibrations.

Tile objectives of this research were to: (1) identify the
NCHRP Project Panel DI0-21 decided that a prelim- • severity of pollution related to bridge cleaning and

inary study should be carried out under NCHRP Project (2) recommend improved techniques for removal and re-
20-5, "Synthesis of Information Related to Highway eovery of lead-based bridge paints. Euvironmental pal-
Problems," and $25,000 of the 5250,000 that was origi- ludon and toxicity information associated with lead paint

nelly allocated for this study were realloeated for this removal and disposal, environmental regulations perlain-
purpose. Research has been completed, and the final re- ing to lend pnint removal, and environmental test methods

II port has been published as: NCHRP Synthesis of High- for lead paint residues were reviewed and commented on.
i way Practice 86, "Effects of Traffic-lndueed Vibrations Remow_.l and recovery methods were summarized and

on Bridge-Deck Repairs." evaluated. Concepts for improving existing technology
i Thedraftfinalreportincludednnevaluationofresearch and comments on new techniques under development

needs with recommendations for specific work to meet were generated.

! these needs, The project panel accepted the synthesis topic Research has been completed, and tile project report
consultant's recommendation to not carry out additional published as: NCHRP Report 265, "Removal of Lead-
research on this subject. This recommendation was based Based Bridge Paints?'

!

?
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Project 10-24 PY '82 cement content;and (g)CERL/K-V, but plateand mi-

Rapid Replacement of PCC Pavement crowave oven for the determination of waler content,
Researcb iscomplete. The final report has been pub-

Segments lisbed as NCHRP Report 284, "Evaluation of Procedures
_esearc]l Ardency: AR_ inc. Used 1o Measure Cement and Water Content ]n l_resh
Principal Invest.: Dr. A. H, Meyer Concrete."

R, F. Carmiclmel II1

Effective Date; March 15, 1982 Project10-25A FY '85
Completion Date: March 14, 1988
Fl/nds: $240,000 Instantaneous Determination of Water-

Cement Ratio In Fresh Concrete
The objective of this research was to identify, describe,

and evaluate methods that had been and were being used Research Agency: Wiss, Janney, Elstner Associates,

for rapid replacement of lane-wJdtb segments of both Inc.
continuously reinforced and jointed PCC pavemenls tel- Principal bin, st.: William G. Hime

Effective Date: June 1, 1985
advetocosts, placement condltions, trafficeharacterlstlcs, Completion Date: December 31, 1988
performance and expected service lives. Field sites in six Funds: $300,000
States: California, Illinois, Minnesota, Michigan, Texas,

and Virginia were identified and monitored over several The objeelive of this research project is to develop a
years, The field sites represented a variety of environ- method of measuring tbe water-cement relic ill concrete

mental regions and PCC pavement types (i.e., joinled tbat could form the basis of an acceptance test at tbe job
plain, reinforced, and continuously reinforced concrete site. Tbe desirable characteristics of such a method are:
pavements). (1) rapidity--results should be obtainable within 2 rain-

Findings indicated little variety in materials being used, utes or less, (2) accuracy--measurement of water-cement
hut design and replacement techniques vary, Troublesome ratio to within 0.02, (3) cost--tbe equipment sbould be
issues are determining the limits of se3ments needing of such price (under S5,000) that a testing agency might

replacement and determining the number and size of re- reasonably be expected to acquire several items, (4) con-
placement segments before a major reconstruction is rec- venlence--the method should consist of a probe to be
ommended, inserted directly into a central or truck mixer, (5) vet-

Research is complete; a summary of findings will be sadlhy--the test sbould be capable of being performed

published in Research Results Digest 169, "Rapid Re- at any time from first mixing up to the maximum delivery
placement uP PCC Pavement Segments," Copies of the time allowable (approximately 90 minutes at a concrete
agency final report were distributed to all state highway temperature of 70"F), and (6) simplicity--the probe

departments and are available to others for loan or pur- should be easily calibrated so that the effects ofchanging
chase. (See final page of this document for ordering in- concrete material and temperature may be aecommo-
formation.) dated. It is anticipated that a method based on a direct

determination of the water-cement ratio is most likely to
satisfy all of the above requirements, but an approach

Project t0-25 FY '83 that measures cement and water contents separately can
be pursued if justified, Some methods that may be ap-

Measurement of Cement and Water Content propriate are measurement of dissolved ions, radioactive
of Fresh Concrete detection of soluble or insoluble species, and cbromato-

2?esearch Agency: U.S, Army Corps of Engineers grapbic analysis of volatile compounds. The following
Waterways Experiment Station tbree tasks sball be addressed to achieve the project ob-

PYhlcipal bzvest.: Richard L. Stowe, Alan D. Buck, jeetive.
Tony B. Husbands, Joe (3. Tom Task/--Evaluate and demonstrate hi the laboratory

Effective ]9ate: October 13, 1983 the feasibility of using an element(s) or compound(s) nat-
Completion Date: September 5, 1986 urally occurring in cement that can be instrumentally
l_uttds. . 8149,995 measured to define tile water-cement ratio of a concrete

The objective of this research was to establish the appli- mixture. The element(s) or compound(s) identified should
cahility and accuracy of test methods for the demrmi- not occur in typical concrete admixtures or co_terete ag-
nation of cement and water content of freshly mixed gregates in sufficient quantity or form to have a significant

concrete, The following test metbods were investigated: effect on instrumental (probe) analysis.
(1) US Army Construction Engineering Research Lnbo- Task 2--1nvestigate candidate materials to be added

ratory/Kdly-Vail (CERL/K-V), Rapid Analysls Me- to cement during its manufacture tlmt can be readily
chine (RAM), FHWA nuclear device, a centrifuge test, measured and whose concentration will suitably reflect
and an x-ray emission spectrometer for determination of Ihe water-cement ratio of concrete. Tile selection of a
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material(s) must consider: (a) the cost of the basic pro- speeificationsresolted. Guidonee for fntureendeavorsw_s
totyp¢ material, and of tile procedures and equipment given,
which could be used to add tile material to tile cement; Research is complete; copies of tile agency final report,
(b) the potential availability of attalytical equipment of "Data B_ses for Performance-Related Specifications for
adequate accuracy of discrimination; and (¢) the inter- HigllwayCnn_truedon,"weredistributedtoal|statehigli.
tbrence from usual concrete htfiredients itlcluding admix- way departments, Copies are available to others for loan

tures, The first step hi thls task is to id_ntlfy candidate or purchase. (See final page of this document for ordering
materials and measurement schemes. Based on estimates information.)
of cost and feasibility of additions, one or more materials

should be usedin the laboratory to demonstrate perform- Project 10-26A FY 'fi4

once in a high pll envirnnment and to determine if mea- Performance-Related Specifications for Hot-
surements can be made with tim required accuracy, Mix Asphaltic Concrete

Task 3--Having selected the most promising ele-

ment(s) or compound(s) whose concentration is to be Research zfgelwy: Tile Pennsylvania State University
measured, demonstrate the feasibility of pcrlbrming melt- Prhwipal hlvesL: Dr. David A. Anderson

and Dr. David R. Lubr

snrentents quickly in the field. The demonstration may l£ffectire Date: Jatmary 6, I986
consist of using a commercially available probe, if such Completion Date: June 6, 1988
exists, or developing a prototype probe for each element Funds: $250,000
or compound to the point where it is apparent tbat a

small rugged commercial model is possible, Performance-related specifications are those that re-

Research had initially concentrated on the feasibility quire tests or olher control measures on materials and

of a single eleelronie probe for directly measuring tile construction, the results of which correlate to a known
water-cement ratio of fresh concrete, Experiments were degree with performance of the completed highway ill-
conducted to detect the dispersion of various elements in oilily. It can be argued that using control measures that

cement paste, As a result, the sensitieily of the technique cannot be related to performance wastes staff time and
to measure the water-cement ratio in a concrete matrix, increases costs wilhont benefit. The need to use staf_ el-

given its variability, has been questioned, fectivety and to reduce sampling and testing costs bas

Although the finure of a probe is likely, current tech- required a comlnuing examination of specifications by the

nology is too limiting. The agency sufigested pursuing states and the Federal Highway Administration, These
other methods such as: a colormetric procedure for iden- examinations ha;.e convinced many of the need to identify
tifying soluble silica in concrete to determine cement con- effective performance predictors and their variability lira-

tent; and a trained ion-specific electrode, microwave oven ils, to develop specifications based on these predictors,
technique, and an infrared method to determine water and to apply eost-effeetlve sampling and testing plans to
content, assure compliance,

One of several ways of establishing performance pro-
Research is complete; the agency preliminary draft fimll dlctors is to correlate the results of condition surveys on

report is now under review, pavements directly with original materhds and construc.
tlon test data. ]-lowevet', previous research has demon-

Project 10-28 FY '83 strafed the dimculty of establishing Ibese direct

rdationshlps, especially v,'hen they are attempted nation-
Data Bases for Performance-Related ',vide with existing data from in-place fitcilides. A more

Specification for Highway Construction promising approach may be to recognize the establish-

Research ,Igenn.v: ARE, Inc, ment of design factors as predictors of ultimate perform-
Prhteipal hlvest,: Dr, W. Resold tludson, Dr, Alvin anne and then to use materials end construction testing

H. Meyer as a means to ensure tldeq uate compliance with or achieve-
Effective .Date.. June 15, 1983 meat of the design factors. As an example, for asphaltic
Completion Dale: September I4, 1984 concrete construcdon, stiffness (elastic modulus) and ten-
Funds: $60,000 silo strain would be possible design factors, while asphalt

The objective of this study was to establish the state content and percent air voids would be possible materials
of test records on cmastruelion and materials neutral for and constrnefion test data.

pavement structures and foundations, The primary aim Although the rehnionshlps among materials and con-
was to establish which, if any, of the available records stntction tests, design factors, and performance are of
were useful for development of performance-rdated spot. primary interest, the relative impact of other factors can-
ifieations, nat be ignored. Factors such as quality of construction,

Assessments of various sources of data and statistical environment, and reliability of testing techniques are

techniques for use in developing performance-related among many that can have significant effects.
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Establishing or verifying tile causal relationships arid E_'ctive Date; Seplember 17, 1984
the senshivily of dlese relalionships among performnnce, Completion Date; August 31, 1989
design ffietors, nnd tesl data requires first tile development Fit/iris; $450,0P/O

of nn overcdl conceptual nlodel or framework. This coil- An increasing rcsponalbifity of highway and transpor-
ceptua] model should make use of established relation- tatlon agencies is the maintenance, rehabilitation, lind
sbips already identified in the literature, Once the concept munt_gement of highways that Imve been built, Portion-
has been formulated, the variables zmd data needs must larly with regard to asplmltie concrete pavemeots, this

be identified. Existing, suitable darn shonld be used to tile requires the use of efficient and economical medlods for
extent posslble; however, h is unlikely such dtJta wfil be determining the structural properties of existing ptwe-
available or meet the needs of all dale requirements, meats. Use of nondestructive testing (NDT) data with

Therefore, laboratory and field experiments will have to associated analysis mmhods tlppears to have potential for
be defined to gerlerate supplemental dat_l. With lhe idea- determlniag these pavemenl structural propertles, Sevend

tifieafion or generation of dale, previously established or types of NDT equipment and aaatysls procedures ,_re
conceptual relationships can be verified and farther ann- currently available for providing tile desired information.
]yzed for the predictive sensitivity or each vtlriable and Analysis procedures utilizing NDT data vary sobsttin-
its rdinbility. Tile uhlmnte purpose wifi be Io develop tially in complexhy, accuracy, and availabilhy--making

materitds and construction specifications that relale to the the selection of appropriate equipment and analysis moth-
actual performance of the fileilhy, This process will be ods for an individual agency's pavement management
an iteratlve one, but careful phmnlng will produce mean- needs difficult,

ingfuI results promptly and ;vhh minimum waste. Up-to.date infiormution on tile application and limi-
Tolimlt the problem Io a manageable undennking, and tntioJls of available analysis procedures for determildag

tO mesh with ongoing and upeomlng research by the asphaltic concrete pttvemem structural properties using
! Federal Highway Administration, the scope of NCI-IRP NDT data is urgently needed.

Projecl 10-26A is confined to performance-related spee- The objeetiv.:s of this research are: (1) to provide meth-
ifieations for hol.mix asphaltic concrete, ods and guidelines for c_lleulafing the struclural properties

The objective of Ibis study is In identify the relation- ol'asphahle eonerele pavements, using nondeslrucdve test
ships betv,,een materials =and construction test dam and data, for use in pavement analysis, design, rehabilhalion,

_j the performance of hnt-mix asphaltic concrete. Causal lind olher pavement rnanllgement activities; and (2) IO
relationships among performance, design factors, and test develop detailed procedures to verify the methods and to

_i data should be verified or established with the ultimate ildjnst the results for local conditions.
aim oft'ormulating specifications that dlrectly (or through Research nears completion. Computer programs have
identifi_lble indirect means) relate, within acceptable tel- been developed and demonstnned to use NDT/defiection
erances, to the performance ePhor.mix asphaltic couerete basin) data for analyzing up to 4 hlyers of the existing

_: in a pavement cross-sectlon. In some case_, t'bis will re- asphaltic concrete pavement structure lind for designing
quire establishing design factors that rehlte to perform- resurfacing layers. Verification of these programs is being
ante end then establishing the materials and eonstruelion provided wilh field evaluation of in-service pavement see-

tests that will control those design factors, It is holed that lions selected nnd instrumented for this purpose. Five
all existing materials or construction tests may not be seetionsarein Texasandthmearein Minnesota. Asphalt
related to performance, and, cooversely, the present study concrete thicknesses lind base types tire varied. Core sam-

may Identify the need for tests not currently in use, pies of the different pavement layers have been obtained
Research has been completed. A conceptual rranlc to determine actual material characteristics, Deflection

work for performance-related specifications for hot-mix data are being collected using various NDT devices.

asphaltie concrete was deve]oped, and Ihe laboratory It is anticipated tile computer progrlnn and risers guide
study providing data to models which indicated reln0on- will be distributed in early 1989 and tile project final
ships between materi[ds and eonslruetion variables and report will be available soon thereafter.
pavement performenee has been conchlded. The project
final report has been submitted and is being reviewed.

Project 10-20 FY '85

A Method to Determine Deteriorated Areas in

Project 10-27 FY '84 Portland Cement Concrete Pavement

Determination of Asphaltic Concrete Research Agency; Gulf Applied Research

PavementStructural Properties by Principal htvest.; Lucien C, Burner
Waller F, Horne

NondestructiveTesting £J]bctive Date: November l, 1985
Research ,4gone.P; Texas A & M Research Foundation Cotnpletion Date: December 31, 1987
Principalba'est,," Dr, Robert Lytton Funds: $199,784
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The need For mnintenance and repair of portland co- Effectiw, Date: October 1, 1986
ment concrete pavements [Ins increased over the years as Completion Date: September 30, 1991
these fi¢ilities have deteriorated from the effects of age Fttnds: $490,000
and accumulated Iraffic lollds. Tids has produced a need

for a method to accurately and rapidly determine Ibe The AASHTO Standard Specifications for Highway
location and extent of deteriorated concrete, Bridges do not provide adequate guidance for designing

An accurate method would enhance tim preparation of reinforcement for tendon anchorage zones of post-ten-

project plans for needed repairs by permitting more pro- sinned concrete girders and slabs. Current designs can
else calculations of quantities and boundary conditions, resuh in excessive cracking or congested reinforcing de-

And, a rapid method would be desirable for surveying tails. The wide variation of design practices currently [n
long lengths of pavements minimizing tile interference use suggests tile need for research in this area.
with traffic on heavily tnweled roads, To fitrther increase Recent investigations at the University of Texns at Aus-
its utility, the method should be suilaffie for reinforced tin have developed design procedures for single tendons

and nonreinforced concrete pavements with and whhout anchored in the webs of girders, However, additional
overlays, information is needed for multiple tendons and other

Various technologies, such as radar, sorties, infrared, problems such as: int]uence of additional shear in support

and others, have demonstrated to some degree the fca- regions, bearing stresses for different types of anchorage
sibillty of rapid and accurate detection of deteriorated systems, and die influence of diaphragms. Design criteria

areas; but, data reduction and interpretation are slow and are needed for reinforcement delails for inclined, sharply
require expertise not generally avaibtble in most state curved, and/or highly eccentric tendons, and for inter-

highway agencies. Furthermore, the data may not always mediate anchorages and coupling joints of tendons.
he sufficient for determining quantities and exact locations The objective of this research is to develop design pro-

and boundaries of the needed repairs at the project level, eedurcs for end and intermediale anchorage zones for
Recognizing that existingteehnologiesshowed promise, post-tensloned concrete girders and slabs. The research

the NCHRP solicited research proposals to improve no- will include the foltowlng tasks:

curacy and speed of operation in one or more technologies Task l--l%view of relevant domestic and foreign
of the proposer's choosing and to produce results more research findings, awt[lable performance dala, current do-
simply displayed and underslnndable, As a consequence, mestic and foreign practice, and tendon-supplier recom-
improvements to the application of ground penetrating mendations. This information would be assembled from

radar and high resolution video to detect deteriorated technical literature, unpublished experiences of'engineers

areas of porthmd cement concrete pavements were re- nnd tendon suppliers, insurance company records, and
searched, Developments ill radar technology and tile surveys of bridge and containment vessel owners, fitbrl.
interpretation of radar signals were studied as a means colors and designers, This review would include but not
of detecting subsurface deterioration, while studies on be limited to:
video imaging were intended to provide a method for
recording and cataloging surface deterioration or distress, a, Procedures used for selecting and designing the diP-

Advances in both technologies have made it possible to ferent types of tendon anchorage systems and the factors
apply them as practical tools for sampling purposes. The affecting the reliability of these systems.
research also provides a basis for further study to enhance b, Procedures used for determining the placement and
the capabilities of both teehnologles and make them more alignment of'tendons, for proportioning the reinforcement
suitable Par project level decisions, surrounding the tendon anchornge, and for considering

Research is complete, and the agency final report has interaction effects for multiple tendons,

been published as NCHRP Report 304, "Determining c, Procedures adopted for matching reinforcement re.
Deteriorated Areas in Portland Cement Concrete Pave- quirements for anchorage zones with reinforcement re-
meats Using Radar and Video Imaging," quirements for shear, torsion, and continuity.

d. Procedures adopted for considering bearing effect
and tendon curvature at anchorages,

e. Procedures to consider effects from factors such as

highly skewed structures, diaphragms, and end blocks,
f, Procedures to determine serviceability and failure

: Project 10-29 FY '86 and FY '87 behavior,

AnchorageZone Reinforcementfor Post-Ten- Task 2--On the basis of the information assembled

sinned Concrete Girders in Task 1, evaluate tile available design concepts for pro-
Research Agency: University ofTexas at Austin portioning end and intermediate anchorage zone rein-

Principal Invest,: Dr, John E. Breen forcement. Identify tile limitations to existing knowledge
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and design concepts. Determine factors in need of detailed Project 10-30(t ) FY '86

evaluation. Conduct preliminary analytical studies Io Nondestructive Methods for Field Inspection
evaluate the relative importance of these factors and to of Embedded or Encased High Strength
assist in the development of a delailed researcb plan. Steel Rods and Cables
inclnd_n_]nhnrl_nry91_r_!In_l_,tic2]studie.%needed to

accomplish tbe project objective. Research .4gency: University or Manchester Institute
Task 3--Within 12 mombs of contract initiation, of Science and Technology

submit the proposed research plan for NCHRP approval Prilwipal Invest,: Prof, F, M. Burdekin andDr. D, G. John
in the form of an interim report. EJfi.ctire Dal_:" January 6. 1986

2hsk 4.4_Afier NCHRP review, modification, and Completion Dater September 29, 1986
approval of tile detailed researcb plan developed under Funds: $25,000

Task 2, conduct the laboratory tests and analytical stud- During review of proposals for Project 10-30, two agon-
ies. ties were selected to conduct It Phase I study. After cam-

Task 4B--The analytical approacbes will be ex- plot[on of Phase 1 remaining funds from Project I0-30
tended to include some nonlinear finite element modeling and funds from Project 12.88(9) would be combined to
which will track tbe possible cracking of anchorage zones pursue an experimemal Pbase II study, subsequently de-
and study the effect of nonlinear compression constitutive scribed under l reject 10 30(3). The l*hase l research un-
relations, The applications to be studied include: multiple der Project 10-30(I) is described below,
anchorages along slab edges; end anchors; end anchorages Tile objective of this Phase I project was to select the
in wider dlapbragm type applications; and imermedime

most promising NDI methods for determining corrosion
anchorages, activity and structural integrity of high strength steel rods

Task 3.4--011 tile basis of the available information, and cables embedded in concrete or encased in ducts. Tile

experimental data, and analytical results, develop pro- agency submitted a report m support the selection and
cedures to determine end and intermediate anchorage pursuit of ultrasonic and ucousdc emissions. To enhance
zone reinforcement for post-tensioned concrete girders, the lecbnique, tile agency suggested the development of

Task 5B--The criteria wifi be extended to develop remote transducers to excite the steel of interest widmul
analysis and proportioning criteria for: anchorages in din- direct physical contact. Copies of the agency's report on
phragms and for the effects of local concentrated loads Phase I are available for loan upon written request to the
and reactions; distribution of load transfer relnforcemem NCHRP. In addition, mlcroliehe may be purchased (see

in front of and behind intermediate anchorages; and for final page of this section for ordering information).
intermediate anchorage zones such as slab, flange, and
corner blisters including out-of-plane deviation effects. Project 10-30(2) FY '86

Task 6--Prepare specification provisions to reflect Nondestructive Methods for Field Inspection
accomplishment of the objectives in a format suitable for of Embedded or Encased High Strength
consideration for adoption by AASHTO. Tbc recom- Steel Rods and Cables
mended specifications shall be accompanied by _ derailed
commentary and design examples intended to filcilitate Research .4gency: Southwest Researcb Institute
their understanding and use, Principal bsvest.: Dr. R. E. Beissaer

Effective Date: January 20, 1986
Task 7--1denfify areas in need of furtber invesd- Compledon Date: October 3. 1986

cation. Recommend priorities and estimate time and costs l:ultds; $25.000
for needed research,

Task 8--Prepare a final report eontainlng tile re- During review of proposals for Project 10-30. two agen-
search findings and proposed design procedures, cies were selected to conduct a Phase 1 study. After cam-

The research has validated the effectiveness of the use pletion of Phase I remaining funds from Project I0-30

of strut-and-tie models. On the basis of that validation, and funds from Project 12-28(9) would be combined to

Tasks 48 and 58 were added to the research plan in mid- pursue an experimental Phase I1 study, subsequently de-
I988 to extend the applicability of the criteria developed scribed under Project 10-30(3). The Phase I research un-
in the project, der Project I0-30(I) is described below.

Throush December 31. 1988. research has been cam- Tile objective of this project was to select tile most

pleted on Tasks 1 thrmtgh 4, and is progressing on soiled- promising NDI methods for determining corrosion acdv-
ule on Tasks 4A. 4B. fiA and 511. A detailed progress [ry and structural integrity ofbigh strength steel rods and
report is expected to be submitted in late 1989 providing cables embedded in concrete or encased in duets. The

an update on the resulls of tbe tes_ program and analytical agency submitted a report to support the use of magnetic
studies, field disturbance technology and a,c. magnelometry. The
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magnetic field disturbance equipment would be used to Research is focusing on the development of uhrasonie
• detect defects in embedded steel and a,c, magnetometry techniques to interrogate the condition of prestressing

for determining corrosion rates, Copies of the agency's steel in coucrete, A prototype device is expected with
report on Phase I are available for loan upon written actual field demonstrations performed. Investigations of
request to tile NCHRP. In addition, micro,qch_2may b_ tdtrasonie techniques for evaluating cables in suspension
purchased (see final page of this section for ordering in- and cable stayed bridges are now intended to be confined
formation), to tile laboratory.

Project 10-30(3) FY '86

Nondestructive Methods for Field Inspection Project 10-31 FY '86
of Embedded or Encased High Strength
Steel Rods and Cables Acceptance Criteria for Steel Bridge Welds

Research Agency: University oF Manchester Research Ageno,: Materials Research Laboratory,
Principal Invest,: Gareth John and Inc,

F. M. Burdekin Principalhtvest.: Dr. P, B. Crosley
Effectil'e Date: July 1, 1987 Dr. E. J, Ripping
Completion Date: September 30, 1989 Effective Dare; January 1, 1986
Funds: $400,000 Completion Date: December 31, 1989

Funds: $348,350
There is growing concern about corrosion,deteriora-

tion, and structural integrity of steel components used in Useof innceurate methods of nondestructive evaluation
cable-stayed bridges and segmentally constructed con- and empirieM acceptance crlteri;i for bridge welds has
crete bridges when these components are placed in ducts resulted in unnecessary repair of welds and has permitted
or embedded in concrete and thereby not accessible for unmund welds to be incorporated in some bridges. Failure
visual inspection and evaluation. To make informed de- to apply accurate bridge weld quality acceptance criteria
cisions on maintemmce and rebabfiitation ofbrldge mum- can significantly increase construction and maintenance
burs, engineers need to know tile rate at which costs or can lead to structural failures. Unnecessary weld
deterioration or distress is oceurrlng aud the extent of repairs can /_enerate harmful residual stresses and dis-
damage that has Mready taken place, Various hondo- Portion and can often create new and more serious dis-
struetive inspection (NDI) methods that could be used continuities.
toevaluateriteconditionoPtbesesteelcomponentsshould Current empirical radiographic and ultrasonic weld
be assessed, and one or more practical systems Par on- quality acceptance standards bad theirorigin in the boiler
site inspection and evaluation of steel components in and pressure vessel industry. Use of these empirical stnn-
bridge members should be developed for field use. durds has been justified by the inherent inaccuracy of

After reviewing the results oPProjects 10-301I)and 10- nondestructive test methods, With improvements in the
30(2), the University oP Manchester Institute of Science ability of nondestructive tests to accurately measure and
andTechnology'sproposed plan foraPhnseIIwaschosen characterize weld flaws, it is timely and appropriate to
by the NCHRP. Accordingly, the objective of Phase I1 develop better wehl quality acceptance criteria. The de-
is to experimentally evaluate the chosen methods using velopment of new criteria based on appropriate analytical
realistic bridge components. The Phase II objective will methods and verificationprocedures willproduce realistic
be accomplished as follows: bases for designand inspection decisions. New weldqual-

Task lIAssemble laboratory NDI equipment con- ity criteria will produce safer bridge weldswhile reducing
sisting basically of readily available components and con- unnecessary repairs,
duct sufficient laboratory tests to establish a data base for The objective of this research is Io develop improved
determining optimum design concepts for prototype in- acceptance criteria for bridge welds,
spection systems, Tile NDI methods included in the in- The research will inchlde the Pofiowlngtasks:
spectlon systems should be capable of determining section Task/--Revlew relevant current domestic and for-
loss, defects, and corrosion activity of steel components eign codes of practice, performance data, and research
embedded in concrete or encased in duets. The test spee- findings.This information shall be assembled from both
linens shall include lengths of rods and of cables encased technical literature and unpublished experience of de-
in ducts or embedded in concrete. Specimenstaken from signers, fabricators, and owners oP steelbridges.
bridges shall be included, Task 2IBaSed on currently available information

Task2Iprepare a final report documenting the find- and the application of appropriate analytical techniques,
ings oi"tile research, including recommendations for the develop rational, practlcld acceptance criteria for welds
development of systems for the on-site inspection and in steel bridges.

c evaluation of steel components used in cable stayed Task 3--Present the findings of Tasks 1and 2 in an
bridges and segmentally constructed concrete bridges, interim report to be submitted not Inter titan 12 months
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after the initiation of the study. The interim report shall Research indicates that these admixtures may affect
present the criteria developed under Task 2 nnd tile ra- entrained air void systems. Air void spacing factors below

tionMe for these criteria along with examples ilIustrafing 0.008 in. seem to correlate with expected satlsfilctury lab-
i their appllcatkm. The report shall also include eonlpltr- oratory "freeze-lhmv °' resistance. However, higher spac-

isons between results produced by existing and proposed ing factors often found in the concrete containing high-
criteria. Finally, a detailed work plan for Task 4 shall be range water-reducing admixtures may or may not result
proposed in the interim report. NCHRP authorization in poor durability based on laboratory tests. Because the
will be required before commencing Task 4. correlation between air void characteristics and durability

Task 4--Conduct additional analytical studies and as measured in Ibe laboratory under freeze-allOW eondi-
laboratory tests for tile purpose of further development tions has not been well defined for concretes containing

and validation of proposed acceptance criteria for bridge high.range water-reducing admixtures, further study is
welds, needed, There is also a perception tbat regardless of hlb-

Task3--Revisetheaeceptanceeriteria, asnecessary, oratory freeze-thaw testing, good field performance can
based on the NCHRP review of the interim report and be expected, Therefore, field performance sbould be stud-
in consideration of additional insight gained from the led to evaluate the relevance of the relationship betv,'eeu

findings of Task 4. in-place durability and air void characteristics,

" Task 6--Present the acceptance criteria in a format The objective of this research was to assess tile rein-
: suitable for consideration by appropriate code-wrldng an- tionship between tile durability and tbe air void charae-
!_ teristics of concrete placed with high-range water-
_, Ihorities, The recommended criteria shall be aeeompanied reducing admixtures. Existing structures subjected In
_ by a detailed commentary and examples of specific ap- freezing and thawing were used for this assessment.

pllcations intended to facilitate understanding nnd use of

! Research is complete; the final report has been pub-tile eriterhl.
lished Its: NCHRP Report 296, "Durability of In.Place

Task 7--Identify areas in need of further investi- Concrete Containing Higb-Range Water-Reducing Ad-
gation, Recommend priorities and estimate the time and mixtures."
costs for the additional research.

Task 8Iprepare a final report.

Through December 31, 1988, research on the project
is progressing on schedule. Tasks I through 3 have been Project 10-32A FY 'fi7

completed, and work is progressing sadsfaetorily on Tasks Durability Testing Of High-Strength Concrete
4 through 7. Task 4 was modified by the panel and the Containing High-Range Water-Reducing
research team to include an investigation of the fatigue Admixtures
behavior of sharp cracks as well as the fatigue behavior
of naturally occurring discontinuities, Research dgenc2: Utah State University

Principal 1avast,: J. Derie Tborpe
Effective Date: October, 1, 1987
Completion Date: March 31, 1990
FUtldS: $249,238

Project 10.32 FY '86 Interest in the use of high-range water-reducing

Durability of In-Place Concrote Containing (HRWR)admixtures, also known as superplastieizers, forconcrete is increasing, These admixtures can markedly
High-Range Water-Reducing Admixtures improve the workability of concrete mixtures, They also

Research .4geney: Construction Technology Labora. have the potential for producing very high strength, du-
tories rable portland cement concrete by reducing the amount

Principal Invest.: Dr. David Whiting of water used while still allowing conventional placement
Effective Date: January 6, 1986 methods.

Completion Date: July 5, 1987 Research indicates that these admixtures may affect
Fttnds: $99,811 entrained.air void systems, Air void spacing factors below

High-range water-reducing admixtures for conerete, 0.008 hi. seem to correlate with expected satisPaelory
also known as superplasticizers, were first introduced in "freeze-thaw" resistance as predicted by laboratory tests,

Japan and West Germany in the 196fi's, and more recently However, higher spacing factors often found in concrete
the)' were introduced in the United States. These admix- placed using HRWR admixtures may or may not produce
tares can markedly increase the workability of concrete laboratory results predicting poor durability, Because of

mixtures. They also have the potential for producing very the poor correlation between air void characteristics of
high strength, durable portland cement concrete by re- concretes eontainiu 8 HRWR admixtures and laboratory
ducing the amount of water used while still allowing durability test results, a question arises concerning the

convendmtal placement methods, relationship of air void characteristics and durability.
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There are als0 concerns about the influence of other con- Project 10-33 FY '86
crete properlies on durability and the ability of current
freeze-thaw testing procedures to adequately measure du- Potential Benefits of Geosynthetlcs In Flexible
rability in the laboratory as a predictor of field perform- Pavement Systems
ancc. Research Agency: Georgia Tcch Research Corpora.

Therefore, research sbould be conducted to improve lion
laboratory lesfing procedures for cvaluafing freeze-thaw Principal bll'est.: Dr. Richard D. Barksdale

durability and to better understand the parameters that Effective Date." January 6, 1986
influence the durability of concretes containing HRWR Completion Date: December 15, 1988
admixtures. The major concern is the testing of concretes Funds; 5100,000

with low water.cement ratios containing HRWR admix- Test results indicate that the tensile forces that can be

tures so that the benefits of high strength and decreased developed in geotextiles and otber geosyntheties, such ns
permeability can be reaflzed,

The objectives of this research are tot (I) investigate geomembranes and geogrids, hereinafter referred to col-
the significance of various concrete properties, such as lectively as geosyntheties, will increase tile slructural

capacity and improve the performance potential of ag-
air-void characteristics, on the durability of high strength gregate-surfaeed roads pl_eed over very weak subgrades
concretes (compressive strength greater than 4,000 psi)
containing high-range water-reducing (HRWR) admix- (i.e., CBR less than 2). Techniques have been demon-
lures, and (2) compare and assess the variability of du- strated whereby geosynthefics can be tensioned either by

rability factors calculated from various metbods arresting prestretcblng the geosynthetJc or by loading and devel-oping ruts in the geosyntbetie-aggregate system, before

concretes for freezing and tbawing durability. To steam, placing additional (leveling) aggregate base.
plish these objectives, the following tasks shall be per-
formed: Tile applicability of geasynthetics to higher type pave-

meat systems incorporating unbound granular pavement
Task/--Conduct a survey of state highway agency layer(s} with an asphalt surface (flexible pavement sys-

practices for performing and applying the results of lab- terns) needs to be studied to determine whether the strut-
oratory Preeze-fimw tests, rural capacity and performance potential can be

Task 2--Design a partial factorial testing program improved. Although geosyntbetics have been used to some
to compare and evaluate laboratory methods of freeze- extent in the unbound granular layers of higher type

thaw testing considering the effects of various character- pavements, tbeir bebavior and influence on pavement per-
istics of the concretes. The test program shall include formance are not well understood. Consequently, a hum-

procedures defined in ASTM C671, ASTM C666 Pro- her of questions must be answered before tile feasibility
cedur¢ A (2 br/cycle), and ASTM Cfi66 Procedure A (5 of widespread use of geosynthetics in flexible pavement
hr/cycle),andthemost common procedure used bystates systems can be determined, for example: (I) What types

based on Task I. Details of the measurements and the of geosynthetics should be used and what properties of
analyses to be performed on specimens shall be included, these geosyntbefies must be specified? (2) ls prestressing
Specimens shafi be cured as prescribed by the ASTM geosynthetics necessary anti practical? (3) Under what
procedures except that one set of specimens in each test conditions do geosyntheties influence flexible pavement

group shall be tested after 2 =tdditional weeks of air drying, systems? (4) Can the benefits of geosynthetics be docu-
The concrete mixtures sball include 3 generic types of merited?

HRWR admixtures, multiple cement fimtors, and a range The objective of this study is to determine tile feasibility
of air void characteristics, (Tile recommended testing pro- of including geosynthetics on tbe subgrade or in the un-
grain must be submitted to the NCHRP for approval bound layers to improve the performance offlexible pave-
prior to conducting subsequent tasks, Two months are meat systems or to provide alternative desi=_ns for equal

expected to be required for review by the NCHRP,) performance, To accomplish this objective, tile following
Task 3--Conduct test program as approved in tasks are required:

Task 2, Task/--Select and/or develop analytical models or
Task 4--Analyze the data and develop relationships, procedures to evaluate the behavior of flexible pavement

Task $--Prepare the final report including conclu- systems incorporating geosyntheties.

sions and recommendations on factors that affect the du- Task 2--Analyze and identify the parameters that
rability of concretes containing HRWR admixtures, influence the behavior oPtile flexible pavement systems
appropriate laboratory testing procedures that produce incorporating geosyntheties, The parameters to be ex-

realistic results, and acceptable air void characteristics of stained should include but not be limited to: (a) properties
high-strength concrete, of the geosyntbeties, (b) location of the geosyntheties in

Tasks I and 2 are complete, Testing has begun under the flexible pavement system, (c) installation methods for
Task 3, geosynthetics including prestressing and the removal of
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wrinkles, (d) properties of the ltggregate, (el chnraeter- terns, or peripheral fiardware provide a direct path fi_r
istics of Ihe subgrade, (0 environmental effects such as tbe conduction of disruptive and damaghlg dectrica[ tran-
moisture and temperature, and (g) load magnitude and sients From externally generated electrical noise. Light-
fi'equeney. Appropriate ranges ['or sifinificaltt parameters ning, swhchlng transients, and other electromagnetic
should he identified and tile relalive importance of these interference (EMIl, inchlding radio frequency interFer-
parameters established u_ing th=orctical models or pro- once (RFI), may fie. cc*nducted on electrical and signal
cedures recommended by tile investigators, lilies connected to traffic control equipment. Some dis-

Task 3--Usiag a htboralory testing progranh vail- ruptive noise may even originate from companion equip-
date the model(s) and the appropriateness of tile selected ment located within the traffic control cabinet.
parameters, The labnralory testing program should be The problem ofelectrleal transient damage to electronic
such that tile geosynthetlcs and aggregate materials can control eqtdpnlel|t may be minimized and ill most cases

be placed in a manner simlklr to normal roadway con- eliminated by proper application of existing technology,
struetion. It is antMpated that the validation testing will i.e., currently available devices may be able to provide
be doue using an appropriate range of the most significant sufficient protection againsl equipment ntalFuncdoll and

parameters. Relevant properties of each material incof deter damage. However, Ifiere are iio widely accepted
porated in the laboratory test program should be deter- speeifieatlons or procedures For application of such de-
mined using tests selected by the investigators and vices to the control equipment cabinet, terminal blocks,
performed as part of this project, and associated wiring. There is a need to develop such

Task 4--Establish the engineering Feasibility ofusing specifications and procedures and to make them available
geosynthetics in flexible pavement systems based on the Io operating agencies to oblain maximum benefit from
findings from Tasks 1, 2, and 3, Properties of geosyn- the protection devices.
thallus necessary For installation as well as long-term per- The objeclives of this research are to: (1) review current
formanee must be considered when establishing this practice and develop recommended procedures For tbe

feasibility, Potential benefits to be realized by [neorpo- transient protection, grounding, shielding, and filtering of
rating 8eosyntheties in flexible pavement systems, such power and signal conductors, cabinets, and equipment
as improved performance or possible tradeoffs among associated with trllmc control to assure tile proper op.
componems of flexible pavement systems, should be pre- eratlon and extended life of the electronic equipment; (2)
seined, develop recommended performance specifications and test

methods for protective devices; and (3) develop a user's
Task 5--Develop a framework For the design, im-

plementation, and evaluation appropriate for Full-scale harldbook mid it vldeo-trafiling tape. To aeldeve these
field tests to validate the feasibility established in Task 4. objectives, tile following tasks will be accomplished:

Task/--Review all available research and tecbnlcal

Research is complete; tile agency final report is under literature to characterize the magnitude and waveform of
review. Research was successfully performed, but indi- transiems on all input and output lines of equipment
cotes that the use of geosynthetics in the mlbound layers cabinets and to obtain related information For use in sub.
of high type flexible pavement systems is not economically

justified at the present time. Given these circumstances, sequent tasks.
the most appropriate distribution of the final report is Task 2--1dentify and summarize current practice
being evaluated. (performance specifieatlons, test methods, and installation

and maintenance procedures) of the traffic signal cam-

Project 10-34 FY '86 inanity.

Transient Protection, Grounding, and Shield- Task 3--Develop preliminary draft procedures For
Ino of Electronic Traffic Control Equip- providing transient protection ofelectronic tntfiic control
m0nt equipment.

Research Agency: Georgia Teeh Research Corp. The procedures will address:
Prhwipal Invest.: Hugh W. Denny a. Ground rods and grounding networks.
Effective Date; March I, 1986 b. Bonding and sbielding of cabinets, equipment, wlr-

Completion Date: January 31, 1989 ing, and conduit,
Funds: $179,992 e, Protection of cabinet power and signal circuits, in-

Electronic traffic control equipment is higfity suseep- eluding dress and respective location of all wires and
tibia to disrupted operation arid even permanent damage hartlesses.
caused by electrical noise and transients (voltafie spikes d. Fuses and circuit breakers.

and surges) associated with connected service and signal e. EMI/RFI filters.
lines. Lines providing electrical power and cables inter- £ Transient protection devices.
connecting equipment to sensors, communications sys- g, Test metllods and procedures to verify tile above.
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Describe how the procedures can be applied to both splice configurations has never been adequately deter-
new and existing installations. Also describe how they mined.
carl be used to mitigate llne transients from direct, near, AASHTO specifications are available for consideration
and distant lightning strikes and from conducted and of fatigue strength in the design of welded details in
radiated EMI and RFI, structural steel members, Similar guidelines are not avail-

Task 4--Prepare and submit an interim report pre- able for welded details in reinforcing steel. The American
seating the findings from Tasks 1 through 3 and also Welding Society's AWS-DI.4 provides standards for lab-
include a preliminary table ornaments for the final report ricating welded reinlbrcing splices, but provides no in-
and user's handbook, formation on their fatigue performance, AdditionMly. tbe

Task 5--Prepare final recommended procedures, AASHTO Standard Specification for Highway Bridges
performance specifications, test methods, and estimated limits the stress range for reinforcing steel, bnt provides
hardware costs for transient protective devices for AC no guidance on tbe allowable stresses in welded or me-
service anti signal conductors, detector inputs, and cam- chaaical spllees.
munication lines (AC and DC). Some fatigue testing of reinforcing steel splices has been

Task g--Prepare a final report and a user's band- performed. Many of these tests were performed for tile
nuclear power industry and concentrated on low cycle/

book documenting tile recommendations and speeifiea- high stress range tests on large diameter bars. The results
lions developed in Task 5. Include in the final report from these tests may be applicable to the development of
discussion of the rationale and implications of each rec- guidelines for the design of bridge components subject to
ommendation along with applicable cantions. Describe in seismic Ioadings. It is uncertain, however, whether data
the user's handbook representative components, materials exist for the fatigue bebavior of reinforcing steel splices

and assemblies, specifications, and procedures, under high cycle/low stress range effects.
Task 7--Prepare a reproducible video-training tape Research is needed to assess the fatigue behavior of

in _:-incfi VHS format in 30-minute segments keyed to welded and mechanical reinforcing steel splices. On the
the sections of the user's handbook. Prepare an instruc- basis of this assessment, guidelines will be formulated for

tor's guide to supplement the user's handbook and train- use by tile designer involved in the rehabilitation and
ing tapes, design of highway bridges. Better understanding of the

Tasks 1through 6 have been completed and the project fatlgae behavior of welded and mechanical splices in rein-

I panel has reviewed the draft final Tile research forcing steel will provide for more cost-effective design,
report,

agency is revising tile final report and completing work preventive maintenance, and assurance of public safety.
on the Task 7 videotapes. Tile completion date was ex- Tile objective of this research is to evaluate tile fi_tlgue
tended to October 30, 1988 and may have to be extended behavior of, and develop practical fatigue design guide-
into early 1989 in order to complete all remaining work. lines for, welded and mechanical splices for reinforcing

steel in bridges.
Tile research will inclnde tllc following tasks:

Task /--Review relevant current domestic and for-

Project 10.35 FY '87 eign practice, performance data, and research findings.

Fatigue gehavlor of Welded and Mechanical Tlds information shall be assembled from both technical
Splices in Reinforcing Steel literature and unpublished experiences of engineers, con-

sultants, and owners of concrete structures.
Research dgeno': Wiss, Janney, Elsmer Assoc,, Inn,
Principal bn,est.: Conrad Paulson and John M. Finn- Task 2--Summarlze and evaluate the information

sen generated in Task I on the design, application, and fatigue
• t_ffeetive Date: November 1, 1987 behavior of welded and mechanical splices in reinforcing

Completion Date: April 30, 1990 steel.
Futlds: $300,000 Task 3--f'resent the findings of Tasks I and 2 in an

Many existing bridges cannot accommodate the in- interim report to be submitted not later than 8 months
creasing traffic volumes and loads that are required for after initiation of tbe study. The tntedm report sball con-
new bridge designs; therefore, highway agencies are tain a detailed research plan for Task 4 and a framework
spending large sums ofmnney in rehabilitating, widening, for the design guidelines to be developed under Task 6.
and repairing these structures. Designs in some cases rely Task 4--Conduct laboratory tests in accordance

on theeapacltyofweldedand mechanical reinforningsteel with the detailed research plan presented in the interim
splices to transfer loads from the new steel reinforcement report. The testing shall consist of constant amplitude
to the existing reinforcement. It is often necessary to place fatigue tests in stress ranges realistic for highway strut-

these splices in regions of high stress range. Tile behavior lures.
under cyclic stress conditions of many currently used Task 3"--Analyze and evaluate all relevant fatigue
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test results from Tasks 2 and ,I, and summarize the find- ultrasonic tesdng. However, the presence ofthe fused steel
ings, backing compromises the accuracy of such tests, Addi-

Task 6--Develop recommended design guidelines in tionldJy, precise measurements of the effective weld throat
a format suitable for consideradon by the AASHTO Sub- are often impossible, These problems may be alleviated
committee on Bridges and Strnetnres, The recommended by rile use of other backing matvrials and designs. How.

guidelines shal[beaceompanied byadetailedcommentary ever, little information is available for the designer, lab.
and examples of specili¢ bridge applications intended to rJcator, and inspector o. the performance of such
facilitate understanding and use of dm guidelines, afternadve backing materials in steel brklge applications,

Task 7--Prepare and submit a final report comahdng Research is needed to identify suitable alternative backing
the research findings, proposed guidelines, and recom- materials and designs appropriate for brldgeapplications.
mendadons for furtller research. The objective of rids research is to develop a better

Through December 31, 1988, research has fallen about understanding of the performance characteristics of fused
4 months behind schedule. The interim report was sub- steel bars and aIlernative we)d backing materials, and to
mitted in mid.October and reviewed by tile project panel determine their potential benefils and limftadons in bridge

late in the year, The Task 4 htboratory tests were just design and fabrication.

starting at the end of 1988. Tile research will include tile following tasks:

Task/--Review relevant current domestic and foreign

Project 10-36 FY '88 codes of practice, performance data, and research findings

_'= Evaluation of WeldmentsIncorporatingBacR- related to typical bridge framing connections using fused
steel backing bars. This information shall be assembled

IngMaterials from both technical literature and unpublished experience
Research .4gency: Fleet Tecbnology Limited of designers, filbricators, inspectors, and owners of steel

_ Principal Invest.: Michael J. Pates bridges.

." Effective Date; May 2, 1988 Task 2--From tbe Task I findings, develop a user's
Completion Date: May 1, 1991
Fltttd$: $259,503 guide for designers, fabricators, and inspectors providing

specific recommendations for the use of fused steel baek.
In current steel bridge fabrication the material most ing bars, The guide should identify critical details and

commonly used as a backing for groove welds consists of provide appropriate cautions and limitations.

_ a continuous steel bar placed against the backside of tile Task 3--Review relevant current domestic and foreign
, groove. This permits complete joint penetration groove codes ofpramice, performance data, and research findings
; welding from one side only, Codes require the weld moral relaled to the use of nonmetallie, nonfused backing me-

to be thoroughly fused with the steel backing. This feb- terials. Materials such as carbon, whlcb may adversely

rication technique is widely accepted, particularly when interact with molten metal or the weldblg arc should not
, access to the far side of the joint being fabricated is be considered.

restricted, Typical applications where access may be re- Task 4--Select a limited number of nonmetallic, non-

stricted are in welded box girders and columns. In some fused backing materials that may be appropriate for steel
cases, the backing bar is removed after the groove weld bridge applications, Determine if the details of welded
has been completed. However, tills is not always passible joints shown in Chapter 2 of tile AWS DI,I Structural

or necessary, Welding Code--Steel, are appropriate for use with these
Fused weld backing becomes an integral part of the selected backing materials. (Tile selected backing mate-

structure and must be continuous, otherwise sharp, lo-
rials will be used in laboratory studies to be conducted

callzed discontinuities will concentrate stresses and cause in Tasks 6 through 9,)
weld cracking. Additlonally, the orientation of the back-

ing relative to the direction of tile applied stress is crit-. Task 5--Present the findings of tile first four tasks in
ioally important. While careful adherence to existing an interim report to be submitted not later than 9 months
codes regarding design, assembly, welding procedure, after initiation of this study, Tile interim report shall

workmanship, and testing should lead to acceptable per- present a detailed research plan for the remainder of the
fortunate, the essentials of good practice are not widely study. NCHRF' approval of the detailed research plan
understood. Guidance is required for bridge designers, will be required before commencing Task 6.
fabricators, and inspectors on the proper detailing and Task 6--Conduct laboratory tests on weldments made

fabrication procedures for complete joint penetration withtheselectednonmetallie, nonfusedbaekingmaterials.

groove welds incorporating fused steel backing bars. Tests should include metal chemistry, metallurgical stud-
The geometry or restricted access, complete joint pen- ies, and mechanical tests to ensure that there are no

etratian groove welds precludes the use of through-thick- adverse effects on the weld or base material.
ness nondestructive evaluation procedures other than Task 7--Fabricate representativeT-,corner-,and butt-
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type complete joint penetration groove welds using filsed Tile final report has been publlshed as: NCHRP Report
metal backing bars and the selected nonfused backing 104, "Rules of Compensability and Valuation Evidence

materials, During the fabrication process, methods shall for Highway Land Acquisition."
be used to induce acceptable m_d rejectable diseondmddes
defined by Paragraph 9,25 in AWS DI.I. Perform and Project 11-1(1) FY '68

re_ort on ultrasonic indicaiions as required by Chapters Eliminating Enhancement or Diminution Ef-
6 and 9 of AWS DI.I. recta on Right-of-Way Valuation

Task 8iVerify and characterize the existence of rep-
resentative ultrasonic test indications in the welds pro- Research Agency; Real Estate Research Corporation
dated in Task 7, Prhteipal lnvest.: Stanley F. Miller

Morris A. Lieberman

Task 9--Conduct performance tests on weldments feb- Effective Date: September 2, 1968
ricated with the selected nonfused backing materials. The Colnp/etion Date: February 28, 1969
purpose of these tests will be to identify the advantages Fltttds: $5,000
and disadvantages of their use in steel bridge applications.

Task 10--Prepare a final report documenting all re- Tile objectives of the research were to assemble and
analyze whalever statutory and case law now exists on

search, The final report shall include recommendations dds subject. Valuation problems involved were also stud-
for areas in need of further investigation, led.

Through December 31, 1988, research on Tasks 1 and Tile research included a study of the general prlnelples
3 have progressed on schedule. A number of references and techniques (both valuation and legal) that cause en-
have been collected and evaluated for applicability, haneement or diminution [n the value of surrounding

properties or those being taken by eminent domain as a
result of the date of vaIuati0n or announcement thereof.

AREA 11: LAW Slatutory laws of each of tile 50 States were examined.
The final report covers a general discussion of valuation

PROJECT 11-1 FY '65 principles, including identification of factors which cause

RAID8 Of Conlponaabillty and Valuation In enhancement or diminution of value. The impact of date
of valuation is discussed, and ease studies of the effect of

Highway Land Acquisition time are presented. There is also a general discussion of
Research Agency: University of Wisconsin tile legal aspects and practices,

Principal lnvest,: Dr. Richard U, Rateliff Tile final report has been published as: NCHRP Report
i, Effective Date; January 1, 1965 114, "Effects of Proposed Highway Improvements on

Completion Date: April 30, 1967 Property Values,"
ffltnd£' $84,840

This project analyzed current legal rules and appraisal Project 11-1(2) Ft' '68

practices and suggests methods to eliminate ineonsist. Recognition of Benefit8 to Remainder Prop-
encies, ambiguities, and inequities based on constitutional orty in Highway Valuation
mandates, sound judicial analysis, and appraisal theory
and practice. Researcil Agetley: Joseph M. Montana & Assoc,

The research was to express the parameters of in- Principalhtvest: Joseph M, Montane
demnity representing the ideal based upon logical and Effeet&e Date; October I, 1968

Completion Date; March 31, 1969
acceptable criteria, identify deviations from tile ideal bmle Ftlllds; $5,000
principles found in statutes, operating rules, and court
decisions, analyze the motivation for these deviations, and Tile subject of benefits is often discussed and casually

suggest a workable compromise between the ideal and considered, largely because it is a mandatory finding in
the practicalities in the application of the power of era- many States, but rarely pursued wbh enthusiasm. Because
inent domain, of the need for more equhabletreatement of the public

The report contains information relative to the present interest, the practitioner, bath legal and appraisal, needs
law of evidence in eminent domain proceedings. Diver. to be more fully informed of the potential involved,

geneies which appear in the law from State to State are Actually there is a rather large and surprisiugly liberal
identified and analyzed. The cause and extent of diversity body of case law allowing a variety of benefits to offset
are determined, and the connection between evidentlary or mitigate the amount of compensation that must be

law and the legal rules and standards of compensability paid, These were collected, analyzed, and grouped, with
and valuation is examined, The reasons the courts give emphasls an the most recem cases to ascertain trends,

as a basis for their decisions to admit or exclude various The desired end product was a trial memorandum that

types of evidence are set forth and described, can be used by tile practicing trial lawyer and appraised
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on a day-to-day basis. The researd_ explored different the present state of the btw of tbese issues and to measure
approaches, both legal and appraisal, that would lead to the trend, if any.
greater recognition of benefits to offset or mitigate tile The researeb examined some outstanding cases con.
amount of compensation which must be paid. cerning additb, es to market vaIue in highway condem.

The final r_purt gives a shut L arid concise, but com- nation cases and delved hltu recent ieglslatiuJt malcfi_dly
prehensive, statement of what appellate courts have said affecting the law of eminent domain as it relates to just

I about the trial aspects of'benefits. It further contains an compensation.: inventory oPtbeseappellate decisions, as well as a llst of Tile final report was not published in the NCItRP
annotations, treatises, and legal periodicals, Moreover, tile report series; however, microfiche or the report may be
report gives some suggestions and ideas about what should purchased (see final page of this section for ordering in-
be done and how to prove that benefits have resulted by formation).

i virtue of the construction of public improvements.
I The project report has been published as: NCHRP
: Report 88, "Recognition of Benefits to Remainder Prop-

erty in Highway Valuation Cases."
Project 11-1(5) icY '68

Rules of Discovery and Disclosure in Highway
Condemnation Proceedings

Project 11-1(3) FY '68
Research ..tgency: Long, Mikkelborg, Wells & Fryer

Taxation Aspects of Right-of-Way Acquisition Principal Invest.: Jeremiah Long
Research Agenov University of Tulsa Effeeti_,e Date; September 15, 1968
Principal Invest,: Dr. E. Dale Searcy Completion Date: April 14, 1969
Effective 22ate: September 16, 1968 Fands: $2,500

Completion Date: April 30, 1969 A significantly large body of statute and case law is
Funds: $2,250 developing concerning the applicability oP State and Fed-

The objective of this research was to identify, analyze, eral rules of discovery to eminent domain actions and the
and explain, with appropriate examples, the many ele- rights of the parties to compel disclosure of the opposl-

meats of the taxation aspects of right-of-way acquisition, flea's valuation and other testimony. Depending on the
It included the Federal income and capital-gains tax ele- way such disclosure is permitted, advance possession of
meats, but also treated these elements from a state income the other party's valuation evidence, which is largely opin-
and ad valorem tax point of view for purposes of illus, ion, and the reasons therefor, may materially affect cross

tration, examination, The highway legal practitioner should be
The research distinguished, for taxation purposes, be- aware of the state of the law in this field.

tween all of the different compensation elements involved Divergent conclusions and opinions relating to value

(i.e,, relocation payments, partial takes, etc.). It included are not based on the existence of differing filets but on
these and other elements involved in the various interests individual interpretation of those facts in the expert's
or awards (negotiations vs, condemnation, etc.) and types valuation of the property before and after acquisition, No

of properties (residential, business, agricultural, invest- amount of independent pre-trlal effort on the part of
ment properties, etc.), opposing counsel or his client will reveal the conclusions

A final report was not submitted; therefore tbe contract and opinions of the opposing experts. Add to the uncer-
was terminated, tainties of preparation for cross-examination and rebuttal

the primary importance of expert testimony in condem-
nation actions and the wide divergence in the contents of

such opinion, and it is not surprising that the field of
Project 11-1(4) FY '68 eminent domain has produced the most activity and tile

Compensation In the Nature of Additives to greatest diversity of legal opinion in the area of pre-trial
Market Value discovery of the opinions and conclusions of value experts

retained for negotiation and in anticipation of fitigution,
Research ._gency: Univ. of Oklahoma Research last, The final project report discusses the existing Federal
Principal lnvest,: J. Dwain Schmidt nnd State eases on the subject, the statutes, and rules

Effective Date: December 1, 1968 adopted in various jurisdictions to resolve the uncertain-
Completion Date: May 31, 1969 ties attending discovery of expert opinion.
Funds: S2,500 The project report has been published as: NCHRP

I
I The objective of this study was to analyze statutes and Report 87, "Rules of Discovery and Disclosure in High-
i cases on a Federal and State-by-State basis to ascertain way Condemnation Proceedings."

\

I
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Project 11-1(6) FY '68 The decided cases in this limited area were singled out

Valuation and Condemnation Problems of Se- and examined, withcareful analysisgiven to tile valuation

leoted Special Purpose Properties and legalcompensabilityproblems,The power to take privale property for a public purpose
! Research dgency: Edward E. Level by eminent domain is a basic right of government. How-

Principal h_veet.: F-dward E, Level ever, in the United States, private property shall not be
Effective Date: September 2, 1968 so taken witltout the payment of just compensation. The

i Completion Date: November 28, 1969 question researched in this project was whether highway-
Fttnds: $7,500 produced noise, air, and water pollution--and other sire-

Properties put to speeial uses are frequently required, ilar environmental factors--are the type of injuries for
in whole or in part, for bighway right-of-way purposes, wlfich compensation must be paid.
The rules of compensation and methods of valuation of The final report was not published in the NCHRP
such properties are inconsistent in their practical appli- report series; however, mlerofiche of the report may be
cation, often with incongruous and varying results from purchased (see final page of this section for ordering in-
State to State. formation).

Research is neededto clarify the special-purpose-prop-
erty field illustrated by the taking of cemeteries, parks, Project 11-1(8) FY '68

schools, and churches, or portions thereof. Tile research Remainder Damages Caused by Drainage,
was to assemble and analyze the case law applicable to Runoff, Blasting, and Slides
this class of propertyand the present state of appraisal
practice in the fieldinvolving these special-use properties Research ilgency: Harrison Lewis
and to provide a clear exposition of the correct theory Principal Invest: Harrison Lewis
and practice in terms of a seriesafalternatives applicable Effective Date: October 15, 1968

Completion Date: January 15, 1970to such properties.
Schools, churches, cemeteries, parks, utilities, and sim- Funds: $7,500

ilarproperties, duetothelachofsalesdata, cannot readily During highway construction, or shortly thereafter,
be valued by the usual appraisal methods or legally al- there are special types of damages relating to drainage,
lowable proof, The project report considers what special runoff, blasting, slides, etc., which sometimes result, Gen-
appraisal techniques and legal rules are applied in valuing erally speaking, all damages whlcb are the natural and
such properties, probable result of involuntary takings are to be included

Cases and appraisalmethods are discussed as to just and assessed in the condemnation proceedings, but the
compensation, elemcntsofthespeeial-purpose properties, law and Ihe appraisal practice relating to such special
appraisal evidence and evidence allowed, and the corn- situations, litigated and negotiated, is far from clear and
peteney of witnesses in trials concerning special-purpose is not understood by many appraisers.
properties, Specific discussions of appraisal techniques The purpose or'tile research was to identify and clarify
and legal rules applicableto cemeleries, churches, parks, these elements, The research included an assembly and
schools, and other special properties are discussed, analysis of case law from a majority of jurisdictions ap-

The project report has been published as: NCHRP pllcable to each of these special situations; an assembly
Report 92, "Valuation and Condemnation of Special Put- and analysis of the best and prevailing appraisal principles
pose Properties," applicable thereto;and a statement of the logical alter-

native methods of dealing with the valuation and damage
problems involved, including tbe pros and cons of each

Project 11-1(71 FY '68 such legal alternative.
Valuation and Compansoblllty of Noise, Pol- The project report has been published as: NCHRP

lutlon, and Other Environmental Factors Report 134, *'Damages Due to Drainage, Runoff, Blast-

Research Agency: Univ. of Oklahoma Research Inst. ing, and Slides."
Principal Invest.: J, Dwain Sehmidt
t£ffectiveDate: October l, 1968 Project 11-1(fl) FY '68
Completion Date: March 31, 1969 Valuation and Condemnation Problems In-
Funds: S2,500 volvlng Trade Fixtures

Highway departments today are confronted with some Research rtgency: Edward L, Snitzer
complicated takings, particularly in urban areas, wherein Principal hlw,st,: Edward L, Snitzer
allegations are madeclaiming damages which arise from £ffective Date: March 15, 1969
highway-oriented noise,air, andwaterpollutionandother Completion Date: December 1, 1969
similar environmental factors. Funds: $5,000
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Thcobjeetiveoftheresearchwastoreviewallappellate The project report has been published as: NCHRP
cases in the trade fixture area and to cite and compare Report 107, "New Approaches to Compensation for Res-
these with selected typical landlord-tenant and monga- idential Takings."
got-mortgagee eases to illustrate the different rules of law

applicable, Appropriate jury insituctlun_, ba_d all tile Project 11-1(11) FY '68

decided cases, were developed as to the acquisition and Valuation Elements of dolnt Development
valuation criteria that have been judicially prescribed. Projects, Including Air Rights
Comments were made on the valuation techniques in-
volved, particularly as to how they may differ, if they do, Research dgeney: Real Estate Research Corp.

Principal Divest.: John M, Bohllng
from conventional methods of fixture valuation. Existing Effective Date: February 24, 1969
legal and appraisal literature was reviewed and cited, Completion Date: August 25, 1969
particularly law review artleles, ALR annotations, and Funds: $5,000
Tile Appraisal doltrnal.

The project report has been published as: NCHRP This study briefiy reviewed the legal factors covering
Report 94, "Valuation and Condenmation Problems In- the valuation of air rights and of joint development proj-
volving Trade Fixtures," eels. An exploration was made of known appraisal con-

cepts and valuation principles and tbeir application to tile
valuation of multiple-use projects. The findings of this
study will provide guidance for appraisal practitioners

Project 11-1(10) FY '68 and public oflieials concerned with the valuation of joint
development projects.

Compensability and Valuation Aspects of Res- The study found that the current appraisal technique,
Identlal Displacement In Highway Pro- as presented by tbe Keuhnle and White formulas, appears
grams to present tile best potential for the valuation of mulfiple-

Research Agency: Ross, Hardies, O'Keefe, Babcock, use projects, particularly as they apply to rlghts-of-way,
MeDugald & Parsons These formulas present tile value of the property interest

Prindpal htvest.: Fred P, gosselman to be disposed of (tile air rights or tunnel easement) in
Effective Date: March 15, 1969 order to approximate the difference between the value of
Completion Date: September 15, 1969 the fee property before and after tile specific property
Funds: $5,000 interest is conveyed. These formulas take into consider-

Serious practical problems arise when highway con- ation other costs or benefits, such as (a) economic value
struetion unavoidably necessitates substantial displace- loss because of reduction in functional utility due to con-
meat of residential units both in urban and rural areas, struction, (b) added costs of constructing improvements

Relocation of displaced residents is, in varying degrees, in a different fashion than if erected on surface fee, (c)
becoming a responsibility of public ageneles. However, additional interest expense wl|ieh would be incurred, (d)

r' up to the present time, alternative means and procedures savings in excavation costs, (e) tenant relocation, (f) dere-
k; for performing this responsibility have been limited, and olition.

it is evident that new and greater efforts in this activity The final report was not published in the NCHRP
must be made, Significant legal and valuation problems report series; however, microfiche of tile report may be
must he solved if legislators and administrators are to purchased (see final page of this section for ordering in-

have guidelines for development of new methods of im- formation).

proving relocation assistance and for decisions between Project 11-2 FY '65
alternatives in specific situatlm|s,

The research report contains discussions of the con- Theory and Practice In Inverse Condemnation
stitutlonal requirements and limitations and how the basic Research Agency: Regional and Urban Planning Ira-
standards for the payment of compensation to persons plementation
whose property is taken for public use are derived from Prhtcipal In*'est,: Mrs, Barbara Hering
such sources, The need for new compensation techniques Effective Date: February 1, 1965
is discussed and analyzed. Traditionally, "consequential Completion Date; June 30, 1966

damages" resulting from the taking of a man's property Funds: $15,000

have been considered part of tile burden of citizenship. This project was intended to review case law covering
The rapid increase of residential takings has caused great inverse condemnation, review techniques to litigate in-

pressure on government to compensate more of these verse condemnation claims and defenses, analyze admin-
consequential damages. The various monetary and non- istrative techniques used in handling such claims, and

., monetary effects are outlined to indicate the wide range comparejudiclal treatment and alternative statutory pro-
of losses that may result when residences are taken, posals applicable to State highway department problems,
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An intensive review of legal cases has been conducted local programs on such matters and require valuation and
for five States having a substantial volume of such cases, legal studies.
Questionnaires supplemented by personal contact studied Based on the assumption that compensation must be

legal and administrative practice, paid for tile elimination of those signs erected before
The project report has been published as: October ]96g dmt must be removed, the legal research
NCHRP Repnrl 72, "Tbeory and Practice in Inverse included a review of all the decided cases discussing all

Condemnation for Five Representative States." the various elernenls of compensation and, in particular,

the taking from the owner of the sign, display, or device
of all right, title, leasehold, and interest in such sign,

Project I 1-3 FY '67 display, or device and the taking from the owner of the

Valuation and Legal Implications of Scenic, real property on "which the sign, display, or device is
Conservation,andRoadside Easements located, the right to erect and dlereafter mairnain such

Research Agency: Donald T, Suite, Jr,, and Assoc, signs, displays, and devices thereon.
Principal btvest.: Domdd T. Sutte, Jr. The valuation research included a general discussion

Prof, Roger A. Cunningham of all applicable valuation principles and concepts con-
Effective Date: November I, 1966 siderlng the special-purpose nature ofoutdoor advertising
Completion Date: December 15, 1967 signs; gave consideration to the explanation of the alter-
Funds: $25,000 native methods of estimating compensation for all ele-

This project relatestotheidentification and application ments; gave separate treatment to the methods of
measuring business losses; and recognized and separately

of legal and valuation principles for the acquisition of treated the different types of ouldoor advertising signs.
scenic, conservation, and roadside easements; ouldoor ad- Actual illustrations and case studies were utilized.

vertising and junkyard activities; scenic enhancement in- The project report has been published as: NCHRP
terests; and the like. Report 119, "Control of Highway Advertising Signs--

All the available information was assembled pertaining Some Legal Problems."
to past experience in the use of scenic roadside easements
and similar property interests in programs for scenic en-
hancement, An annotated bibliography of tbe relevant Project 11-3(2) FY '68

legal and appraisal lherature has been prepared, andState Public Control of Junkyards for Highway
and Federal highway agencies that bare been active in Beautification

r acquisition of scenic easements were interviewed, The
material was analyzed w[th regard to tile statutory bases, Research Age/toy: Real Estate Research Corp.
the character of the easement, and the administrative and Principal Invest,: Stanley F. Miller

Morris A, Lieberman

acquisition practices developed. Effective Date: September 2, 1968
The researchers studied the steps for acquiring scenic Completion Date: February 28, 1970

easements, the advanU|ges and disadvantages of scenic Funds: $13,300
easements, and similar less-than-fee property interests.
Model legislation was developed Io deal with the legal Based on tile assumption tbat compensation must be

problems identified, paid for tile relocation, removal, or disposal ofjunkyards
The project report has been published as: NCHRP specified [n the Highway Beautification Act of 1965, the

Report g6, "Seenle Easements--Legal, Administrative, legal research included an investigation of decided eases
and Valuation Problems and Procedures." ill five representative States. Furthermore, the statutory

laws of the 50 States were exmnined as they pertained to

the problem and the research objective.
Project 11-3(1) FY '68 The research included a general examination of col-

Public Control of Roadside Advertising Signs uation principles and concepts applicable to the valuation
for Highway Beautification of junkyards. Careful and objective consideration was

given to alternative methods of estimating eompensalion

Research ilgency: Donald T, Sutte, Jr,, and Assoc, for all elements. The studies recognized and separately
Principal htvest.; Donald T, Sutte, Jr. treated the different types ofjunkyard establishments.

Prof. Roger A. Cunningham The project report covers the basic principles of market

Effective Date: October I, 1968 value and compensation, Valuation praetlces and prone-
Completion Date: December 31, 1969 dures are discussed, and factors that cause enhancement
Funds: $20,000 or diminution of value are identified, Case studies are

The Highway Beautification Act of 1965 made several included in the report to show examples of the effect of

majorehanges in Federal policy regarding control ofroad- time on value and to show examples of remainder and
side advertising, which changes have affected State and specific parcels.
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The project report has been published as: NCHRP prlmaryemphasis was on developing applicablevaluation
Report 112, "Junkyard Valuation--Salvage IndustryAp. theory and criteria.
praisal Principles Applicable to Higllway lleautification," The research included an inventory and review of be-

fore-and-after case-study material where air space had
been bought, sold, or leased, An analysis was made in

Project 11-4 FY '68 terms of factors common to all casesand ofspeeial factors
Elimination of Wide Divergence In Right-of- relevant to various uses of air space and various types of

Way Valuation highway structures.
The research also evaluated the adequacy of existing

Research Agency: Amer, Inst. of Real EstateApprais- legislation and nnalyzed and reported on legal ramiflca-ere

Prittcipal I/IvegL: Frances Hokanson lions that influence the valuation process, taking into
Effective Date: Jnly 1, 1969 consideration legal constraints peculiar to air-space val-
Completion Date: February 28, 1971 uation, A basic theory for the ewduadon of'air rights was
Funds: $24,959 developed,

The variables and factors that influence alr-space ac-
Wide variations in valuation have been reported in quisition and the wduation processes were identified and

many States. These have most frequently occurred in analyzed. Matrices were developed to provide a compre-
instances (a) where two or more appraisers are so diver- hensive collection of relevant valuation fitctors, including
gent that their testimony has little merit and (b) where economic feasibility analysis. The primary aim was to
appraisal of severance damage is shown by subsequent provide a clear and precise presentation of all factors
experience to bewlmlly unrealistic. Continued occurrence considered in the valuation process and a basis for
oPsueh instances results in unnecessarily Idgh awardsand selecting the most desirable use.
raises questions regarding validity of current valuation The project report has been published as: NCHRP
methods. Report 142, "Valuation of Air Space,"

This research reviews, analyzes, and evaluates actual
cases in which divergences existed. Tile reasons or bases
for such divergencesare identified, Tile research includes Project 11-6 FY '74
analyses of how divergencies relate to type of taking, type Valuation and Compensability of Noise Pol-
of use, level of government that acquires, and other foe- lutlon

tars. It also covers the extent to which uppndsal diver- Research Agency: Jack Faueett Associates
gencies reflect inadequacies in the appraisal process and Principal Divest.: Dr. E. J. Mosbaek
techniques such as (a) misunderstanding of the facts of Effective Date: April I, 1974
a particular appraisal, (b) lack of training and experience Completion Date: July 31, 1975
of appraisers, (c) conflicting legal and engineering prem- Funds: $94,744
ises, and (d) problems of severance damages. Alternative
solutions are suggested to eliminate or diminish such di- The objective of this research was to identify and de-
vergences, The alternative solutions explored include pos- velop fair and equitable valuation methods and com-
sible changes in the law, presentation and admissibility pensability criteria for the effecton adjacent areas of noise
of valuation evidence, changes of appraisal concept, or anticipated to beproduced by trafficon proposedhighway
methods oPadministration, improvements. To accomplish these objectives, the

The project report has been published Its: NCHRP research inchtded the following tasks:
Report I26, "Divergencies in Right-of-Way Valuation." 1. Review and summarize recent literature, including

court decisions, pertaining to elements of damages arising
from noise, and theories of compensation therefor, in-

Project 11-5 FY '71 eluding methods of measurement and valuation of such

Valuation of Air Space damage,
2. Define measures and scales for quantifying the ex-

Research Agency: Daniel, Mann, Johnson, & tent of potentially compensable damages resulting from
Mendenhall exposure to highway traffic noise. Variables to be quan-

Principal lnvest,: Daniel J. MeNiehol tiffed should include such factors as impact on property
Effective Date: October 1, 1970 values and interference with human activities.
Completion Date: May 31, 1972 3. Develop a compensation model or models that relateFlt/lds: $49,800

levels of compensation to varying levelsof noiseexposure
Tile objective of"this *,tudywas to provide guidelines, and different land uses,

procedures, anddoeumentation for theright-of-wayagent 4. Apply and evaluate tile use of tile compensation
and lawyer in valuation, legal, and administrative prob- models against a set of representative highway environ-
lems as applied to air-space acquisition and planning.The meats to assess the economic effectsof noise compensation

/
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and revise the compensation models on tile basis of tile the various types of floor systems used in bridges. The
evaluation, major emphasis was on short- and medium.span bridges

5. Prepare a guide for determining rates _f compen- witP,_ut skew, Included were floor slabs supported by

sation far damages resulting from exposure to highway sleel, reinforced concrete, and prestressed concrete, as
traffic noise for practical application in planning and well Its floor systems produced by adjacent box beams,
design af highways. The final report has been published as: NCHRP Report

Researcll has been completed, and copies ,at"the agen- 83, "Distrlbutlot_ ofWheel Loads on Higt,.way Bridges,"
ey's final report have been distributed to NCHRP spon-
sors. Mit_rofiehe of tlle agency's final report may be Project 12-3 FY '66

purchased (see final page of rids section for ordering in- Development o1 Waterproof Roadway JOints
formation), for Bridges

Research Agency; Soutbwest Research Institute
AREA 12: BRIDGES Principal hlvest,: Dr, E, W. Kiesling

J,E, Minor

Project 12-1 IcY '65 Effective Date." December 15, 1965

Deformation of Steel Beams Related to Per- Completion Date: March 14, 1969

mired Highway Bridge Overloads Fnnds,, $149,895

Research Agency: University of Missouri The research was directed toward the development of
: Prineipallnvest,: Dr. Adrian Pauw designs for economically feaslble waterproof bridge ex-

Dr. J. W, Baldwin, Jr, pansion joints that adequately provide for thermal ex-
gffeetiveDat_;" February I, 1965 panslon and contraction and r_main serviceable wben
Cotnpleliml Dalo: June 30, 1967 installed normal or skewed to the line of traffic. Reo-

Funds: 550,000 ommendadons were made for die design, installation, and

This research was initiated to study the magnitude and maintellaace of die joints.

effect of permanent deformations in slmplc-span cam- The research has been completed. Tbe essential findings
posit# and noncomposite steal-stringer bighway bridges, l'rom the study have been reported in NCHRP Research
Included in the work was a study of the causes and Resuhs Digest 14 (Oct. 1969). Because it contains pro-
magnitudes of stress wbich, in addition to normal load prietarylnformatlon, the final report will not be published !
stresses, lead to yielding of the steel stringer at load in the NCJIRF report series and is available only to the !I
stresses with ealculaled magnitudes lower fimn the yield sponsors or the Program.

paint of the material. Such factors as residual stress dis- !
tribution due to rolling and welding, effects of thermal Project 12-4 FY '66

gradients, and the effects of creep and shrinkagt_ of the Thermal Characteristics of Highway Bridges
slab on the stress in Ihe steel were considered.

Tbe final report has been included in the report for Research Agency: Southwest Research Institute
r Project 12-6, which was not published in the NCHRP Principalbtvest.: Dr. Thein Wah

report seriesl however, microfiche of the reporl may be "Effective Dat_;' December 15, 1965
Completion Dare: March 31, 1968

purchased (see final page of this section for ordering in-
formation), Funds: $102,400

This study sought 1o determine the magnitude and

Project "12-2 FY '66 signiflcallce of thermal gradients ill girder-supported high-

Distribution of Wheel Loads on Highway way bridles and to develop an analytical method for
Bridges predicting tile resulting fizermal stresses. Field tests were

conducted to attempt to validate the analytical method,
Research Agency: Iowa State University Tbe final report was not published in tile NCHRP
Principal lnvest,: Dr, W, W. Sanders, Jr. report series; bowever, microfiche of the report may be

£ffectlve Date; June 1, 1966 purchased (see final page of this section for ordering in-
Completion Date: December 31, 1968
Funds: $79,512 format ion),

The current AASHO specifications for the distribution Project 12.5 FY '67
of wheel loads to highway bridge floor systems are in-
adequate, This study correlated and evaluated the large Protection of Steel In Prestressed Concrete
amount of research conducted on this problem to date Bridges
and made suitable recommendations for changes in tits Research dgene.v: University of Denver
specifications covering wheel-land dlstribntlon filclors for Principal Invest.: Dr. W, C. l-/ageI
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Effective Date: Seplember 15, i966 determination of the efFecl of the cambering methods
Completion Date: November 15, 1968 investigated ot_ residual stresses; (5) the determination of
l;_ttlds: $173,255 permanent deformations in rolled beams without added

_i This pr_ecl sought to determine environmental coil- camber when subjucted to repeated loads at various leveis
dltions under which spechl protection is required and to with loads lower tllan those causing computed yiold-poim
develop effective protectlvc systems under botll pre- and stresses _this does not presume to be fatigue loading, but

_; post-tensioning configurations. Specifically, th_ objectives the number ofeycles _lpplied would be equal to six-months
_i were (I) to conduct a tllornllglz survey of available do- service life of a bridge); (fi) the determination of per-

mastic and foreign data oil corrosion and prevention of manent deformations in rolled beams cambered by the
l corroslon of prestressing steel in bridges, buildings, pave- methods investigated when subjected to repeated loads ati'i

merits, and other structures; (2) to review pr¢_ent practice various Ievels o1"loadlng lower than tbose causing com-
te evaluate the effectiveness of prevention of corrosion puted yield-point stresses, die number of cycles applied

i and mechanical damage during manufacturing, shipping, being equal to six-months service life of a bridge; and (7)
_ and placing; (3) to identify the mechanisms of corrosion tile formulation of a mathematical model (after the de-
i: which attack prestressing tendons under wtrious condi- termination of objectives 5 and 6) for predicting the per-

finns, possibly including, but not limited to, the influence manent camber.
of concrete and grout composition, tile presence of free The final report, which includes the findings of Project
water, electrolysis, and tbe presence or absence of crack- 12-1. was not published in the NCHRP report series;

i': ing; (4) to devise an appropriate accelerated corrosion test however, microfiche of the report may be purchased (see
,_: or tests simu]afing the various service conditions sur- final page of this section for ordering information).
_:: rounding prestressing tendons; (5) to evaluate various
: possible protective systems for prestresslng tendons, in-
;_: cluding, but not limited to, metallic, plastic, or inhibitive
._J coatings, grout substitutes or admixtures, cathodic pro-

,_I tection, etc.; (6) to perform field and laboratory experi- Project 12-7 FY '67

_i merits to demrmlne the e_ctiveness of present grouting Effects of Weldmeats on Fatigue Strength of
i,!_: methods for post-tensioned work and to suggest improve- Steel Beams
!! ments in methods and/or materials; and (7) to evaluate

Research tlgency: Lehigh University_ the e_cdven_ss of concrete cover over tendons.
_i The final report has been published as: NCHRP Report _il_c_al Ire'est.: Dr. John W, Fisher

90, "Promction ofgtcel in Prestressed Concrete Bridges." Effective Date: Oct. I, 1966 July I, 1970
_i Completion Date." Jan, 31, 1970 Dec, 31, 1972
,_ _nds: $199,023 $200,000

The principal objective of Ph,se I of this research was
. to developd_s_g_r_l_iol_hipst|_a_definethe basicbe-
i_ _ro_ 1_-_ FY _67 havior of _ve_ed coverp_ated beams under c_ns_ant_
i:i amplitude fatigue loading. The results el'the Phase I work

_! Prediction of PermanentCamber of Bridges have been reported in: NCHRP Report 102, "Effect of
Research Agency: University of Missouri Wetdments on the Fatigue Strength of Steel Beams,"
Principal hlvest,: Dr. JQmes W. Baldwin, Jr. The Phase II work had tile objective o£ extending the

Dr. Adrian Pauw basic knowledge obtained under Phase I into important
Effective Date: February I, 1967 design cons[deratlons, including stiffeners and/or lateral
Completion Date; April 30, 1972
Funds: $82,253 and transverse connections, Pllase II included a contln-

uing review of existing data and mathematical reladon-
The primary objective of this research was Io reeom- ships defining file fatigue behavior of various details under

mend a means of predietillg the permanent camber in constant-amplitude loading. It also included a statistically
roiled beams resulting from specific fabrication methods designed and controlled experiment that was intended m
and to include (I) a thorough survey of available data on provide new information for the development of suitable
residual stresses in rolled beams; (2) a survey of existing mathematical relationships that can predict the fatigue
methods of cambering beams and a classification of metb- bebavior of welded beams with stiffeners and/or lateral
ods into different categories, if possible, with cambering and transverse connections, Variables studied included
by both mechanical and tllermal means being studicd; (3) applied stresses, design details, and type of steel.
the determination of the magnitude and distribution of Phase II research has been completed, and the final
residual stresses in beams as rolled and delivered to the report has been published as: NCHRP Report 147, "Fa-
fabricator without camber, with the beams studied being dgue Strengfll of Steel Beams whh Welded Stiffeners and
of sizes representative of typical highway bridges; (4) the Attachments."
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Project 12-8 FY '66 Project 12-10 FY '70

Bridge Rail Service Requirements as a Basis Analysis and Design of Bridge Bents

for Design Criteria Research Agency: Pordand Cement Association
Research Agency." Texas A & M University Principal hlvest,: Dr. James E. Carpenter

Research Foundation Effective Datw January I, 1970

Principal htvest,: Dr. Robert M. Olson Completion Date: December 31, 1973
Effective Date: Milr. I, 1968 Jan, 2, 1970 Funds: $297,900
Completion Date: Feb, 28, 1969 June 30, 1971
Funds: $28,793 $69,753 The present strong emphasis on safe and aesthetic de-

sign of reinforced concrete highway bridges has resulted
The Phase 1 research effort had as its objective tile in substructure configurations that depart widely from

development of tentative service requirements, and tile tbu traditional footing-column-cap frame design. Aes-
results have been published as: NCHRP Report 86,"Ten- thetic considerations oBen dictate the concealment of

tative Service Requirements for Bridge Rail Systems." massive concrete caps and elimination of numerous vet-

The Phase I1 effort had as its objective the quantifi- tieal columns; however, design procedures ill current use
cation of the service requirements to produce design cri- are not applicable to these new configurations. There is
terla for bridge rail systems. This objective was to be a genend feeling that current procedures result in
pursued by further establishing tbe validity of a simple overdesigned structures containing much more steel than
mathematical model developed under Phase 1; by con- is necessary. Therefore, an urgent need exists for tile

ducting parameter studies using the mathematical model development of appropri_=te design procedures.
to evaluate simulated vehicle-barrler collisions; by devel- Although tbe ultimate need is to establish valid design
oping tables, curves, or nomographs for use by design procedures that are applicable to many configurations of
engineers; and by refining tbe limits of referable deed- bridge bents, this project was limited to investigation of

eratlon on the basis of more recent information, bent caps concealed in straight, continuous, reinforced
Phase II research has been completed, and tile final concrete bridges,

report has been published as: NCHRP Report 149, Design procedures were developed by (1) constructing
"Bridge Rail Design--Factors, Trends and Guidelines." and testing adequately sealed reinforced concrete models

of representative bents and (2) developing a mathematical
model to correlate with tbe experimental results. The

Project 12-9 FY '67 design procedures may be corroborated by data taken
from full-size bridges instrumented during construction

ElastomerlaBearing Research but not as a pllrt of this project.
Research Agellcd,: Battelle Memorial Institute Research was based on prototypes representative of
Principal htvesL: J.C. Minor popular box-girder designs, The accomplishment of the
Effective Date; September I, 1967 research included: (I) reviewing the technical literature;
Completion Date: January 31, 1970 (2) determining a design procedure for single- and mul-
Funds: $84,800 tiple-column bents; (3) determining the cap design width

This projecl contemplated research on elastomeric by defining the extent of superstructure participating in
bearings and bearing systems using materilds as defined supporting the cap loads; and (4) specifying cbanges re-
in tile AASHTO specifications for elastomerie bearing qnired in the AASHTO specifications to permit use of

pads. The major objectives of the project were to ewduate the recommended design procedures,
(1) effect ofge0metry on compressive strain, compressive To acbieve tile objectives of this researcb, a plan was
set, shear modulus, and rotational modulus for hardness developed that includes testing of _-scale models of two
between 50 and 70 durometer and sizes from 50 to 200 reinforced concrete box girder bridges. These tests pro-

sq in,, and the effect of lamination on these values; (2) vided information on distrlfiution of loads in the vicinity
relative performance of glued laminated pads compared of the integrated bent cap, Five nddhlonal tests on model

to fully vulcanized units, including an effective test ofthe bent specimens provided further information on the Io-
adhesion between layers; (3) relative performance of cation of critical sections and the effective width of the
molded pads versus pads sawed from larger sheets with bent cap, These _-scale specimens were intended to rep-

an evaluation 0r the sawing process and determination of resent a transverse strip of bridge superstructure that is
an acceptable cut surface; and (4) evaluation of the aging parallel to and includes the bent cap and columns, The
and low-temperature (to -40 F) characteristics of the reinforcement of the bent cap was varied in these models,

various pads. as well as column flare and the thickening of the deck
The research has been completed, and the final report slab. Analytical studies of load distribution in the entire

has been published as: NCHRP Iz.eport 109, "Elastomeric bridge and of stress distribution in the bent cap aecom-
Bearing Research," panied the experimental work,
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Research has heetl compleled, and tbe project report of small specimens simulating certain beam delails for
has beer= published as: NCHRP Report 163, "Design of the purpose of verifying the variable-amplltude load spec-
Bent Caps for Concrete Box Girder Bridges," ira selected and crack propagation tbreshold assumptions;

w_rlable-amplitude fatigue tests of relatlvely large beams
,,..p... ,.,11 F. ., nfv*rou_f.c_switbtvnlea bridgede ssin laro dee

tested ill NCHRP Project 12-7; and complete evaluation

Waterproof Membranes for Protection of Con- or file experimental results and development of methods
crete Bridge Decks of utilizing the results for design and specification pur-

Research Agency: Materials Research and poses.
Development Research has beel_ completed, and I]_efnal report has

Principal Invest,: C.J. Van Til C. J, Van Til been published as: NCHRP Report leg, "Fatigue of

B, J, Cart Welded Steel Bridge Members Under Variable-Amplitude
Effective Date: Aug. 1, 1970 July 15, 1973 Loadings."
Completion Date: Mar. 31, 1973 Sept. 30, 1978

Funds: $206,025 596,979 Project 12-13 FY '73

The objective of this research was to develop, or dis- Cathodic Protection for Reinforced Concrete

cover, one or more effective waterproofing membrane sys- Bridge Decks
terns for use on concrete bridge decks.

;:
Tile objective was approached in a Iwo-pbase study. Rt_earch tlgency: USS Engineers and Consuhants

! Phase I, now complete, was devoted to preliminary oval- Principal hlvest.: J. B, Vrable
uation of all available membranes, selection of the most E.ffectiL'e Date: October 1, 1972

promising for field evahmtion and developatent of a field Completion Date: July 31, 1974.

I evaluation plan. Phase II was tile field evaluation. Funds; $174,601
The results of Phase I have been reported in: NCHRP The objective of this research was to develop a tech-

I Report "Waterproof nically economically feasible catbodic protection sys-
1 65, Membranes for Protection of and

Concrete Bridge Decks--Laboratory Phase." tern(s) for reinforced concrete bridge decks.

Under I hose Ii, tile five systems selected as most prom- In this study, the two primary approaches to cathodic) •

ising were experimentally instalted on new decks at each protection--the impressed current system and tile sac-
of four bridge sites in 1974 and 1975. Semiannual obser- rifichd anode system--were investigated. Analog studies

rations of performance of the installed systems were in tbe laboratory and prototype model studies were main
made. Research iscompleted, and the agency's final report features of the invest[gallon. The feasibility of applying

)
has been distributed to the 1 rogram sponsors. Loan copies eitber approach to protecting bridge deck steel reinforce-
are available or microfiche of tile report may be purcbased nlellt against corrosion was demonstrated. A detailed

(see final page of this section for ordering information), work plan for a field evaluation of eatbodic protection,

applying Ihe results of the study, was developed,

Project 12-12 FY '71 Research has been completed, and the project report

Welded Steel Bridge Members Under Variable-' bas been published as; NCHRP Report 180, "CathodicProtection for Reinforced Concrete Bridge Decks--Lab-
Cycle Fatigue Loadlnge oratory Phase,"

Research Agency: United States Steel Corporation
Principal Dryest,: C, G. Schilling Project12-13A FY '73

K, H. Klippstein
Effective Date: October 1, 1970 Field Evaluation of Galvanic Cathodic Protec-
Cotrtpletlon Date: October 31, 1975 tlon for Reinforced Concrete Bridge
Funds: $310,000 Decks

The primary objective of this project was to develop Research Agency: r'ortland Cement Association
information on the properties ofwelded steel bridge mere- Principal h_vest.: Dr, David A. Whiting

bets under variable-cycle fatigue Ioadings and to develop Efft, ctive Date: August I, 1975
a hypothesis for the prediction of life expectancy from Completion Date," May 15, 1981
any spectrum of loading. Funds: $74,405

The agency pursued tile project objectives by: a study Research under a previous NCHRP study, Project 12-
of pertinent past work with particular emphasis on field 13, bad a primary objective ofdeveloping technically and
measurements of stresses in bridges under trallie; a the- economically feasible cathodic protection systems for tile

oretieal study to predict from existing bypotheses the uppermost reinforeing sleel in concrete bridge decks. The
fatigue behavior of small specimens and beams that were findings, published in NCHRP Report 180, "Cathodic
tested later in the study; varlable-amplitude fatigue tests I roteetion for l_.einforced Concrete l_ridge Decks--Lab
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oratory Phase,"demonstrated tile potenthd of eathodlc cent shear were determined in the temperature range be-
protecrion and recommended field demonstralJon pro- Iwccn -- ]fi0*F and room lemperalure by using standard
grams. These recommendations hleluded both forms of impact Charpy V-nomh specimens,
cathodic protection: ]lflpressed current cathodic protec- Researcil has been Conlpleled, and tbe project repnrl
lion attd galvanic cathodic protection, i,e, the use of sac- has been published as: NCHRP Report 181,"Suberitlcal
riticln! anodes, C._:k Grt_wth in Steel Bridge Members."

On compleliug Froject I2-13, the NCHRP elected to

pursue field evaluations of galvanic cathodic prolectk)n Project 12-15 FY '73
only. Impressed current eadlodlc protection was already

r receiving attention from several states. Detection and Repair of Fatigue Cracking in
i: The evaluationsand related research are now complete, Highway Bridges

Absolute judgments on galvanic cathodic protection of
Research tlgency: Lebigh University

reinforced concrete bridge decks were not possible. How- Principal Invest.: Dr. Jolm W. Fisiser
ever, the performance of two variations of proteetlve sys- Effbctive Date: Oelober I, 1972
terns, perforated zinc sheet anodes and closely spaced zinc Completion Dam: April 30, 1975
ribbon anodes, provides encouragement for further Ft/nd_': $100,000

research and field demonstrations of this relatively simple The objectives of the study were to: (I) compile a state-
method of cathodic prolecdon systems as a possible pres-

ervation technique for reinforced concrete bridge decks, of-the-art review of existing metimds of nondestructive
Research has been completed, and tbe project report inspection and evaluate their reliability and adaptability

has been published as: NCHRP Report 234, "Galvanic ill tile detection of fatigue cracks in welded highway
Catbodiu Proleedon for Reinforced Concrete Bridge bridges; (2) compile c slateoOf-ttle-art review of typical
Decks--Field Evaluation." existing and currently designed welded bridge details and

evaluate those most susceptible to fatigue crack growdl;
(3) review and evaluate methods for improving the fatigue

Project 12-14 FY '73 life and arresting the progress of fioigue damage that
SuherJtlcel Crack Growth In Steel Bridge Mum- occurs at the weld toes of severe notch-producing details

bl_rs where tbe probability of failure is greatest, The methods

Research Agency; United States Steel Corporation were evalualed by tests of "as welded" and of fatigue-
Principal Invest.: Dr. John M. llarsom damaged coverplate beam specimens of A36 steel. These
Effective Date: October I, 1972 tests were comparable to and correlated witil tllose con.
Completion Date: dune 30, 1974 dueled in NCHRP Project 12-7 and reported in NCHRi'

Ftlnds: $99,923 Reports 102 and 147. Tile experimental variables include
crack size at the time of treatment, metbods of improve.

Theleng-rangeobjectiveofthls researcb was todevelop taunt, stress range, and minimum stress; and (4) recom-

information that would lead to prevention of unstable mend methods for improving tile fi_rigue life of, and
crack growth in welded steel bridge members, This ob-

arresting tile progress of fatigue damage to, welded high-
jective included tile definition of material requirements way bridges,
and design spee[fieadons to avoid brittle fracture,

Research has been completed, and loan copies of tile
The main objectives of tbis project were: agency's final report are available from the NCHRP upon

I. To develop corrosion-fatigue data on bridge steels wrinen request, The findings have been combined with
in distilled water and 3 percent sodium chloride solution those from Project 12o15(2) and published as: NCHRP
under stress fluctuations such as occur in actual bridges, Report 206, "Detection and Repair of Fatigue Damage

2, To develop un analytical method for predimlng the ill Welded Highway Bridges."
cyclic life of bridge components in distilled water and 3

percent sodium chloride solution under stress fluctuations Project 12-15(2) FY '75
such as occur in actual bridges.

3, Todevelopmethodsofutilizingtheresults fordesign Retrofitting Procedures for Fatigue-Damaged
and specJficatiml_purposes. Full-Scale Welded Bridge Beams

The steels studied were A36, Aggg grades A and B, Research Agency: Lehigh University
and Ag 14 grades E and F. Tile test specimens were made Principal lnvest,: Dr. John W. Fisber

from base metal of l-in. plate material anti were I in. EJTbctive Date: June I, 1976
Completion Date: November 30, 1978

thick, Fttltds: $150,fi00 i
The Iongitudinul and transverse tensile properties at

room temperature were established for each grade ofsteel, This study built on research completed earlier under

Moreover, energy absorption, lateral expansion, and per- NCHRP Project 12-15, "Detection and Repair of Fatigue
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Cracking in Highway Bridges." Project 12-15 demon- Project 12-15(4) FY'79

strated that peening the weld toe =lad applying a gas Steel Bridge MembersUnder Varlable-Ampli-
tungsten arc remeh process were successfulin improving tude, Long-Life Fatigue Loading
fatigue strength in the laboratory. Tile currenl study in-
eluded further work oil these methods and was concerned Research/lgency: Lehigh University

with three major areas related to the retrofit or repair of Prilzcipal Invest.: Dr. John W. Fisher
fatlgue-damaged members. Effective Date: April I, 1980

Task I was intended as a pilot study to demonstrate Completion Date." September 30, 1983

the applicability of peening and gas tungsten are remelting Fttllds: S[ 50,000
in the field. The objective of this study was to provide additional

Task 2 was intended to provide supplemental infer- information on filtlgu¢ crack growth behavior of sled
motion on the low stress range behavior of full-size bridge bridge members under randomly applied, variable am-

" beams. Tlmse beams were retrofitted and forested after plitude Ioadings in the fatigue limit, extreme life region.

various levels of fatigue crack growth. Testing was carried out on center-crack specimens, eru-
Task 3 was intended to examine tile fatigue strength ciform specimens, and full-scale welded beams.

of beams, with cracks at the ends of transverse stiffeners, Tile currently available test data in this region of be-

that have subsequently been repaired by drilling holes at harlot are very sparse and do not provide an adequate
the crack tip. Five existing welded built-up beams were basis on which to assess this problem. The consequences
available for this study from an earlier test program, of triggering fatigue crack growth in existing bridges as

;. Research is completed, and the final report, including a result of increased loads could have a major impact on
findings from Project 12-15, has been published as: the llfe expectancy and safety of bridge on high volume
NCHRP Report 206, "Detection and Repair of Fatigue arteries where large numbers of random variable stress

;i Damage in Welded Highway Bridges." cycles are expected.
_! Research has been completed, and the final report has
;_! been published as: NCHRP Report 267, "Steel Bridge

Members Under Variable.Amplitude Long-Life Fatigue

Loading."
Project 12-15(3) FY '78

i_ Fatigue Behavior of Full-Scale Welded Bridge
Attachments Project 12-15(5) FY '82

;i Research _Igency: Lehigh University Fatigue Behavior of Variable Loaded Bridge
!l Principal Im'est,: Dr. John W. Fisher Details Near the Fatigue Limit
.; Effective Date: February l, I978 Research/Igency: Lddgh University
"' Completion Date; July 31, 1980 Principal bll,est,: Dr, John W. Fisher
!,i Funds: $125,000 Effective Date: September 1, 1983

iq Tile objective of this study was to examine the fatigue Completion Date: December 31, 1989
, _I strength ofbeams with web and flange lateral attachment l?tt/lds: 5399,999

_! plates. In addition to providing n more comprehensive Fatigue cracks have developed at the ends of cover-

i database for thistypeofdetail, theprogram was intended plates in beams that are only infrequently subjected to
to examine the influence of lateral bracing memhers on stress ranges exceeding the fatigue limit of AASHTO's

-,!" the nut-of-plane distortion of the lateral plate. Further Category E', For example, in one particular structure,
'_'i work was also undertaken during the experimental studies small cracks have been detected in several beams where
;' on the effectiveness of peening and gas tungsten arc re- only 0.1 percent of tile measured stress cycles exceeded

melting the fatigue-damaged connections and on tile abil- the estimated filtigue limit. This observed field behavior

ity of drilled holes to arrest crack growth, suggests that more severe fatigue problems could result

A total of 18 beams, each with three welded gusset ifbridges are subjected to heavier loads in the future, and
plate details, were tested in fatigue with stress ranges of the consequences el' occasional overloads from permits
6 to 15 ksi. The results of these tests were used to assess and other sources may be more critical than previously
the adequacy of applicable provisions of the AASHTO assumed.

Specification, In addition, the influence of lateral bracing The objective of this study is to extend the findings of
on the fatigue performance of the attachments was oval- Project 12-15(4) by providing additional information on
uated, fatigue crack growth behavior of steel bridge members

Research has been completed, and tile 8nal report has under randomly applied, variable-amplitude loadings in
been published as: NCHRP Report 227, "Fatigue Be- tile fatigue limit, extreme life region. Testing will be car-
havior of Full-Scale Welded Bridge Attachments." ried out on eight ftfll-seale welded girders.

iF

\

. ,-- . ..... .
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The currently available test data in tbls region of be- Project 12-17 FY '77

havior are very sparseand do not provlde an adequate Evaluation of Repair Techniques for Damaged
basis on which to assess this problem. The consequences
Uf triggel'hlg fatigue clack gtuwth ia existing bridges as Steel Bridge Members
a result of increasedloads could have u mujor itnpuct on Re_eatrch Age/Icy: Battelle Ccdumbus Laboratories
the lie expectancyandsafetyof bridgeson high volume Principal invest,: H. W, Mish]er
arteries where large numbers of random variable-stress Effective Date: November 15, 1976
cycles are expected, Completion Date: April 30, 1978

In addition to the test program directed at the primary Fztltd$: $49,974
objective, a small portion of the total effort was expended The over-all objective of this project was to provide
on a reassessment of the fatigue specifications in the guidance for the assessment of accidental damage to steel
AASHTO Standard Specificationsfor Highway _ridges. bridge members and to identify, develop, and evaluate
Minor revisions to tilefatigue design provisions were rec- tile effectiveness of repair teelmlques. Tile specific objec-
ommended to, and adopted by, the AASHTO Subcom- tlve of Phase I was to syntbesize available information
mittee on Bridges and Structures. The evahlation and on tbe subject and to identify areas in need of investi-
recommended specifications were publisbed in: NCHRP gatlon. The specific objective of Phase II is to evaluate
Report 286, "Evaluation of Fatigue Test Data and Design the effect of the damage and tbe repair techniques idea-
Criteria on Welded Details." tiffed in Phase I on the behavior of the structure, deter-

The fatigue testing has eonthlued through December ndne potential detrimental effects, and define the limits
3 I, 1988. One pair of girders was tested for 107million within which these repair techniques can be used.
cycles with fatigue failures noted in two connection plate Research under Phase I has been completed. The proj-
details and three webattachments. A second pair of glr- eet final report Ires been distributed to state highway
ders has received over 50 million fatigue cycles to date, agencies, and copies may be obtained on a loan basisupon
with no sign of cracking at any detail. Testing on the written request to the NCHR.P, A limited number of
remaining two pairs of girders was initiated in late De- copies is available to NCHRP sponsors for permanent
eember 1988. retention, and others may purchase microficheof the

report (see final p;ige of this section For ordering infor-
mation).

Project 12-17A FY '79

Guidelines for Evaluation and Repair of Dam-
aged Steel Bridge Members

Project 12-16 FY '75 Research Agency: George O, ShanaPeh and Willis 13,
Horn

Influence of Bridge Deck Repairs on Corro- Principal Invest.: W. 13.Horn, G. O. $hanafelt
alan of Reinforcing Steel Effective Dote: October 1, 1981

Research Agency: Battelle Columbus Laboratories Completion Date: May 31, 1984
Principal lnvest.: Walter K. 13oyd Funds: $99,950
Effectg'e Date: September I, 1974 The overall objective of this two-phase project was to
Completion Date: November 30, 1977 provide guidance for the assessment ofaccldental damage
Funds; $214,912 of steel bridge members and to identify, develop, and

This study was concerned with the problem of carte- evaluatethe effectiveness of repair technlques. Thespeclfic
sien of reinforcing steel caused by chloride ions in bridge objective of Phase I (Project 12-17) was to synthesize
deck concrete. The over-all objectiveof this research was available information on the subject and to identify areas
to determine the relativeeffectivenessoFthe various repair in need of investigation. The speuificobjective of the see-
methods in arresting corrosion of the reinforcing steel, end phase of research (Project 12-17A) was to extend the
both within and oulside the repaired areas, and whether effort carried out under Project 12-17 and to develop a
some of these methodsactually aggravate the corrosion manual of recommended practice.
problem, Research under Phase II produced a detailed procedure

Research has been completed. Copies el* the agency of assessment and evaluation of damage. Reeommenda-
report may be obtained on a loan basis upon written tions of repair techniques and the effects of those repairs
request to the NQHRP. A limited number of copies is were detailed to tile extent possibleusing currently avail-
available to NCHRP sponsors for permanent retention, able information. These results were presented in a user's
and others may purchase microfiche of the report (see manual recommending procedures and specifications for
final page of this section for ordering information), steel bridge repair,



171

Research lies been completed, and die final report has Because of the limited success of Project 12-15, an
been published as: NCHRP Report 271, "Guidelines for independent assessment of Ibe status of the integrated
Evaluation and Repair of Damaged Steel Bridge Mere- bridge design sysIem was made. This study included an

bets," evaluation of tile computer code developed in Project I2-
18 in order to determine if it cotild be used in rutut=

Project 12-16 FY '77 progran'=s, and a determination of tile options availablefor additional research,

Developmentof an Integrated Bridge Design . Tile project has been completed, The final report pro.
System vided the following conclusions:

Research Agency: Mtdtisystems Inc, 1. In rite developmem work of NCHRP Project I2-18
Principal Invest.: Dr. gem P. S. Virk for tile integrated software system, too much emphasis
Effective Date: September 6. 1977 was pieced on the computer system aspect and not enougb
Completion Date: December 31, 1982 on the end-user needs.

Funds: $224,985 2. The geometry module works well nnd is quite useful.

The objective of tbis research was to initiate tile de- 3. The superstructure module does not work properly.
velopment of an integrated, modular bridge design system 4. AASHTO had initiated development of its own

encompassing current bridge design specifieationsand el- bridge design program (BDS) rendering Project 12-18
lowing the engineer a ',vide range of interaction with the obsolete.

computer in performing his design functions. Such a sys- The agency final report wifi not be published in the
tern should be able to accommodate a variety of typical regular NCHRP report series. It has been distributed to

bridges, Program Sponsors only.
The project consisted of two phases. Phase I included

a preliminary investigation v,'itb the most important prod.
uets being an inventory of currently used bridge design
software and the definition of a framework for nn into. Project 12-19 FY '78

grated bridge design system, ']'be actual development of Cathodic Protection of Concrete Bridge Struc-
the system and its functional modules occurred in the tures

second phase of research.

i Research has been completed. Tile objective of this Research Agelwy: CorrosiOnCo.Engineering & Research
_i research was not fully accomplished. A limited, follow- Principal Ire'est.: William J, Ellis
i'i up study was carried out under NCHRP Project 12-1gA Effective Date: January I, 1978
,_ to evuluate the current status attd provide information Completion Date." December 31, 1980
:; for future activity in this area, Futtds: $250,000

_! The primary objective of this study was to develop and
_!! Project 12-10A FY '51 evaluate one or more cathodic protection systems to eon-
;_ trol corrosion of steel in chloride.contaminated structural
,, AssessmentOfan IntegratedBridgeDesign
;,CI System members (excluding top reinforcement in decks and steel
_ in members below water or soil).

:ju Research Agency: Engineering Computer Corporation Tile catbodic protection system developed reflects con-

,..:] Prhtcipallneest: Roy A. Imbsen sideratlon of: economic feasibility, including design,
?.'i Effective Date: February 1, 1984 installation, operating, and maintenance costs; eompati-
• I: Completion Date: January 3, 1986 bility with the structure, including repaired areas; poten-

_:_ Fttltd$: $15,000 tial safety hazards; life expectancy; and resistance to
!::'_ The objective of Project 12-18 was to initiate tile de- various environments, such as freeze-thaw and marine

.i' velopment of an integrated, modular bridge design system conditions.

::_! encompassing current bridge design specifications and al- A secondary objective was to prepare a state-of-the-art

lowing the engineer a wide range of interactlon with tbe report based on u thorough survey of methods, materials,
.,.:; computer in performing Ids design functions. Suelt a sys- and criteria that have been used to control corrosion in
_'"_ tern should be able to accommodate a variety of typical concrete bridge members other than tile top portion of
!_ bridges, decks, The report describes both successful and unsuc-

Project 12-18 did not reach its objective. A module for cessful experiences.

2. : computation of bridge geometry was demonstrated to Research has been completed, The state-of-the-art te-

l operate within the integrated system, but, for undeter- port and tile final report have been distributed to state
:' mined reasons, tile superstructure.design module did not highway agencies, Copies are available for loan upon writ-
k;i function properly as part of the system, ten request to tbe NCI-IRP or microfiche of tbe report



172

may he purchased (se_ final pnfie of this section for or- minlstration's Turner-Fairbank Highway Research Cen-
dering information), ter and to an actual bridge pier in cooperation with the

Illinois DOT.
Project t2-19A FY '79 Researchhas beencompleted,and theproject report

published as: NCHRP Report278, "Cathodic Protection
Concrete Sealers for Protection of Bridge

Structures of Concrete Br dge S bs rue ares."

Research Agency: Wiss, Janney, Elstner Assoc., lnc. Project 12-20 FY '78 and FY '80
Principal Invest,: Donald W, PfelPer
Effective Date: August I, 1979 Bridges on Secondary Highways and Local
CompletionDate: December1, 1981 Roads: Rehabilitation and Replacement

Funds: $99,190 ResearcllAgency: University of Virginia
The objective of this study was to establish the elfieacy Principal htvest.: Henry L, Kinnier

of sealers used to protect reinforced concrete bridges ex- Effective Date: March I, 1978 June I, 1980
posed to chloride contamination and to provide guidance Completion Date: Feb. 29, 1980 Nov. 30, I981
for their use on bddge members concentrating on strut- Funds: $119,923 $49,955
turaI elements other than the top surface of the deck. Tile objective of the first phase of this project was to
Accordingly, a variety of testing procedures were devel- develop (1) procedures for accomplishing repair and
aped and several candidate sealers were evaluated. The strengthening operations for bridges on secondary hifih-
proprietary labelling 0f the sealers tested has only been ways and local roads, (2)standard replacement structures
made available to NCHRP sponsors. Of widespread in- and components that could be mass produced, and (3)
terest, however, should be tile testing procedures used, an economic process for determining tile most enst-effec-

The research has beencompleted, and the project report tire alternative available in a given situation.
has been published as: NCHRP Report 244, "Concrete Phase 1 has been completed, and the final report was
Sealers for Protection of Bridge Structures." published as: NCHRP Report 222, "Bridges on Second-

ary Highways and Local Roads--Rehabilitation and Re-
Project 12-19B FY '81 placement," The primary content of this report consists

Cathoello ProtooUon of Concrete Bridge Struc- of a maraud of recommended practice comprising 34 re-
pair procedures for common bridge deficiencies and 27

turoa bridgerephleement systems available foruse in the United
Reseaeeh .4geney: Wiss, Jnnney, Elstner Assoc. hie, States.
Principal Invest.: William F, Perenchio The objective of the second phase of research was to

J. Robert Lnndgren expand the elTort carried out under Phase 1. Additional
Effective Date; November 1, 1982 procedures for repair of tile following types of bridge
Completion Dare: April 30, 1985 damage were studied: fittigue of steel members, scour,
Funds; $138,900 deck deterioration, fire, seismic, and accidental impact,

Although the NCHRP project panel was generally Replacement systems based on the following concepts
pleased with the contents and presentation of the final were considered: short-span segmental construction, see-
report for Project 12.19, they agreed that tile findings tlonalprestressing, rnodulareonstructionandprecasteon-
were cotreadyforwidespreadnpplieation, Consequently, crete box culverts. These repair procedures and
a decision was made to pursue further the Project 12-19 replacement systems were prepared in tbe format used in
objective of developing and evaluating one or more ca- the manual developed in Phase 1, Innovative concepts for
thodie protection systemsto control corrosion of steel in bridge rehabfiitadon and replacement were also studied,
chloride contaminated structural elements (excluding top Phase 1I has been completed, and the final report has
reinforcement in decksand steel in members below water been published as: NCHRP Report 243, "Rehabilitation
or soil), Specificafiy Project 12.19B included: (1) lobe- and Replacement of Brldges on Secondary Highways and
rotary investigations aimed at further development and Local Roads."
evaluation of caBmdie protection systems using conduc-

tive coatings as secondaryanodes, and (2) fieldevaluations Project 12-21 FY '79 and FY '82
based on actual applications and monitoring.

Laboratory testswereperformedon threeconductive Evaluation of Damage and Methods of Repair
coatings. Afteroptimizingthetestresultsfortheprimary for Prestressed Concrete Bridge Mem-
requirements of conductivity and durability, one coating ber8
was selected for furtherwork. A cathodic protection sys- Research Agency: George O. Shanafelt and Willis B,
tern using the selected coating was applied to n laboratory- Horn
size concrete slab located at the Federal Highway Ad- Principal lnvesh: W.B. Horn, G. O. 8hanafelt
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Effective Date: April 15, 1979 May 15, 1982 Project 12-23 FY '89
Completion Dote: Sept, 14, 1980 Jul. 8, 1985
Funds: $58,520 $129,934 Recommended Revisions to ttte AASHTO

Manual for Maintenance Inspection of
The over-all objective of this study was to provide Bridges

guidance lbr tile assessment ofaccidental damage to pre-
stressed concrete bridge members and to identify, develop, Research AgetlO:' A. G, Lichtensteln & Associates,

lnc+

and evaluate tile ell_cttveness of repair ;rod replacement Pri/l¢ipal ]/ll,¢:st: Abba G. Lichtcnstein
techniques. The research was carried out in two phases. E/fi,ctive Dat_;' Jmlnar_' 3, 1989

The specific objective of Phase I was to synthesize Completion Date: January 2+ 1991
available information on tbe subject and to identify are,s Funds: $200,000

in need of investigation, Tile specific objective of Phase Tile AASHTO Manttalfor gIahttenallee htspectio/t of
II was to develop and evahlate improved repair proce- Bridges is intended as a guide In provide uniformity in

dures for damaged prestressed concrete bridge members the inspection procedures and evaluation techniques for
and to prepare a rnanusl of recommended practice, =all bridges on publlc roads, Tile Manual was initially

Phase II included an eva]uatlon of the ell'eelof damage adopted by AASHTO in 1970, and since that time only
and tbe positive and negative aspects of selected rep;dr minor chaages and additions have been made, Many sub-

techniques on the behavior o1"the structure and of Ibe sequent adwmces in amdytleal and practical techniques
limits within which these repair techniques can be used. are being used in bridge design, construction, and eval-
This was being accomplished through application of se. untied, but have not been reflected in tile Manual,

letted techniques to damaged members nnd subsequent Research is needed In update the exlst[ng Manual. A
laboratory testing. A detailed procedure for assessment thorough review and revision of the inspection and eval-

++' and evaluation of damage was produced. I_.ecommenda-
: uation criteria, on the basis of current technology and
.:! finns ofrepair techniques and effects ofthose repairs were recently compleled and on-going reseurch, will result in

detailed, These results are presented in a user's manual better assessmenl of the condition and load capacity of
:t recommending procedures and specifications I'or pre- existing bridges.

:: stressed concrete bridge repair, Repair rnetbnds include: Tile objective of this report is to develop a revised
the metal sleeve (see NCHRP Report 226, Nos, 3 and Manual for Mahltenaace btspeetion of Bridges that can

i'i S). the internal splice (Nos. 7 and 8), ,,,d the extermd
be recommended to AASHTO forconsideration for adop-

post-tensioning system (No, 2).
. _ tion.

Research is complete and project reports l'or Phase 1 In developing tile revised Manual, consideration shall
!.: and Phase I1 have been published as: NCHRP Report
_') be given to current practice, recently completed and on-
', 226, "Damage Evaluation and Repair Me/beds for F're.

! going researcb, and appropriate AASHTO committee and
; stressed Concrete Bridge Members," and NCHRP Report FHWA activities to provide: (I) guidance for inspection,

280, "Guidelines for Eva)uation and Repair of Dlmlaged evaluation, and load capacity rating of existing bridges;
Prestressed Concrete Bridge Members."

_i (2) a recommended method for load capacity rating along
.+ with acceptable alternate methods; (3) approprlale coa-l

li_ sideration of inspection requirements and preparation ofinspection reports; (4) a methodology for assessing the

• ,_r:" Project 12-22 FY '8I safe load capacity from load tests; and (8) consideration
.,, of fatigue and other serviceability requirements, The re-

- _ Thermal Effects In Concrete Bridge Super- vised manual shall also include consideratioa of factors
: structure such _s scour, redundancy, and detail criticality and eval-

Research elgency: Engineering Computer Corporation uation procedures that are applicable to bridge manage-
Prhtcipal Invest.: Roy A.. lsabsen meat systems.
Effective Date: October I, 1981 Tile revised Mnnual shall be preparecl in a flexible for-
Completion Date; January 31, 1984 mat thai allows for future revisions, and a commentary

.. Funds." $100,000 shall also be provided.

The objective of Ibis researcb was to develop recom- The project will include tile following tasks:

mended specification+,+ and design procedures for eonsld- Ta.rk 1, Review relevant literature and current do.
erntion of thermally induced stresses and movernenls in mestie alld foreign procedures and specifications for in-
concrete bridge superstruclures, spection, e','alnatlorl, and load capacity rating of existing

The research has been completed. The report and rec- bridges and other structures.
crnmended specifications have been published as NCHRP 7"ask 2, After ewduating the information developed in
Report 276, "Thermal Effects ill Concrele Bridge Super- Tusk I, prepare n comprebensive list of, and rationale for,
struetores." ruconlnlended revisions to tile existing Manna1.
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Task3, PrepareadetailedomHneforarevisedManual, Fracture Evaluation for Rating Riveted Bridges." The

As a minimum, the outline sbal] include chapter and report includes recommendations for revisions to tile re-
topical headings along whh a description of tile intent of tigue and fracture provisions in tile AASHTO Manual
each topic, for Maintenance Inspection of Bridges. It is expected that

Task 4. Presenl 01e finding_ of Tasks I, 2; nnd 3 in an die AAS;ITt3 Higbway Suhcnmmittee on Bridges and

interim report to be submitted not later |ban 8 months Structures will consider the recommendations in this re-
after initiation of tile study, NCHRP approval of tbe port for possible adoption in tile near future.
interim report will be required before commencing Task
5,

7"ask 5, Prepare a revised Manual and commentary in Project 12-26 FY '85 and FY '89
a format suitable for consideration by the AASHTO

Highway Subcommittee on Bridges and Struclures. Barb Distribution of Wheel Loads on Highway
shall be prepared in a format that can be easily updated Bridges
in the future. Research Agency." lmbsen & Associates, Ine,

Task 6. Prepare a final report, Principal law, st,: Roy A. Imbsen
F_ffectiL'eDate: April 15, 1985 August 22, 1988
Colnp/etiotl Date: December 15, 1987 May 21, 1990

Project 12-24 FY '83 Fttmls: $300,000 5200,000

Design of Multi-Seam Precast Bridge Super- Tile objective of tbis researcb is to develop campre-
structures hensive specification provisions for distribution of wheel

loads ill bigbway bridges,
Research Agency: University of Michigan Researcb under NCHRP Project 12-26 should consider
Principal btvest.: Dr, A. H. Mattock

Dr, J. F. Stanton all variables affecting tile distribution of wheel loads, 'File

Effective Date." August 1, 1983 recommended provisions shall apply to barb tl_e Service
Completion Date: May 31, 1986 Load and the Strengtb Design Methods as well as to
lZunds, ' 5149,879 structural evaluation of existing bridges.

Load distribution criteria developed in tbis study are
The objectives of tbls research were to develop criteria expected to include: (I) simplified methods of analysis

for design of connections between adjacent preeast de- including code formuhls and (2) analytical models that

ments in multi-beam bridge superstructures, and to de- are more comprehensive and exact and are intended for

velop specification provisions for tbe lateral distribution computer-based application.
of wheel loads in preeast multi-beam bridge superstruc- Tile first phase of file project focused on steel and
tures of single-, double-, and multiple-stem tee girders, concrete beam-and-slab bridges and multl-cell concrete

The research has been completed. The report and fee- box girder bridges, Tbe formulas tbat were developed in
ommended specifications)lave been published as NCHRP Phase 1 produced accurate and reliable results for me-
Report 287, "Load Distribution and Connection Design meat and sbear wbeel load distributions. Correction fee-

for Preeast Stemmed Muhibeam Bridge Superstructures." tars for skew and continuity were also developed and
presented in tbe format of an AASHTO specification.

TIle Phase [ final report will not be published, but copies
Prelect 12-25 FY '83 of tbe agency draft report were distributed to NCHRP

Fatigue and Fracture Evaluation for Rating sponsorsin mid-198g. Copies are available on loan or
Riveted Steel Bridges mieroficbe (see final page of this document for ordering

information).
Research _tgency: Lehigh University Tile second phase of the project will concentrate on
Principal]nvest,: Dr, Julia W, Fisber concrete slab bridges, pretest concrete multigirder

Effective Date: Seplember I, 1984 bridges, and spread box beam bridges. The results of both
Completion Date: September 30, 1987 the first and second phases of the project will be combined
Funds: $199,957 into one eomprebensive report and recommended speci-

The objective of this study was to develop a rational fication at the end of tbe second phase.
rating plan for riveted bridges based on available infer- Tbrougb December 31, 1988, research on Pbase II of

marion on the fatigue and fracture resistance of such the project is proceeding an schedule. Simple formulas
bridges and eomponems, Tbe research included analytical are being developed for longitudinal moment distribution

studies of existing riveted steel fatigue and fracture data in concrete slab, pretest concrete multigirder, and spread
and laboratory tests on riveted girders and components, box beam bridges. Work has also progressed well on the

Research has been completed and the final report bas development of correction factors for support skew in
been published as: NCHB.P Report 302, "Fatigue and sueb bridges.
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Project 12-27 FY '84 manner based on the effort expended on inspection, main-

Welded Repairof Cracks in Steel Bridge tenance, and ewduation. This system should take into
Members account the states of deletion=liOn lind distress of tile

brid_,e Imd permit tile owner In make informed decisions

Reseorch elgcney: The Welding Institute about the pay-off in terms of higher load rntblgs resulting
Principal Invest.; Mr. E. N. Gregory from such measures Its additional load control, inspection,
Efft, ct&e DatA;' October 15, 1984 mid calcuh_tion effort,

Completion Dare: Februllry 28, 1989 The higher level approach should combine prob==bility
Funds: $374,575 theory and engineering judgment to account for uncer-

Tile objective of this research was to identify and ewd- tainties in load effects and resistances, The loud and re-

uate welding methods for repair of cracked steel bridge slstanee factors incorporated in this approach should be
members to restore their load carrying capachy and fa- determined by a procedure that would permit future hn-
tigue life. The research included a synthesis of existing provemel_ts in knowledge to be incorporated conveni-

information on welding repair procedures including an ently. The cm|cepls of operating and inventory ratings

identification or tile problems and solutions for repair are unsuitable as the only method of bridge evaluation,
welding of members while under trallie loading. Lobe- but could be retained as a screening process for tile ap-
rarefy and fidd tests were performed In evaluate tile pro- plicadon of the higher level rating system.
posed guidelines for welded repair of cracked steel NCItlH _ Report 292,"Strengdl Evaluation of Existing

members, and a manu_li of recommended practice was Reinforced Concrete Bridges," docamellts tile findings of
developed, NCHRP Project 10.15. Project 10-15 developed a limit-

Research Ires been completed. Tile final report was state approach for the evaluation of the structural capacity

reviewed and approved by tile NCHRP project panel. It of reinforced concrete bridge superstructures.
is expected dult tile report will be publisbed ill the regular Tile objective of Project 12-28(1) was to extend tile
NCHRP report series in early 1989. application of the limil-state approach to load capacity

evaluation of other common bridge types, including steel
Project 12-2fi(1) FY '85 and prestressed eoncrele bridge superstructures.

Load Capacity Evaluation of Existing Brldges The first phase of this research Was completed in late
1987. Tile research provided recommendations for revi-

Research _lgency: Case Western Reserve University sinus to the AASHTO ManualforMahltenanre Inspection
Principal Invest.: Or. Fred Mose_ oJ'Bridges. Evahlation procedures were developed for steel
Effect&e Date," September 1, 1985 bridges of different types and for prestressed concrete

Completion Date: August 31, 1989 spans. The proposed guidelines allow flexibility by pro-
Flltld$: $302,000 vidlng a r_mgc of ratings depending on site conditions

Tb0 elements fundamental to the process of esthnatiug and the degree to which the evaluation uses available
tile load c_Lpaeilyof existing structures are disthlet from information on tralfic, bridge performance, and bridge
design elements that have been geot:ralized for ;Ippliea- maintetnmce.

bility to a wide nmge of structure types and service coil- A second phase of the project wits initiated in August,
ditions. This generalization, when extended to the 19g7. Theobjectivesoftldsplmseareto:(1)integralethe
evaluation of existing bridges, often resuhs in overly con- recommended specifications from Project I0-15 and 12-

servative estimates of load capacity and may restlll HI 28(1) into one comprehensive code documenl and prepare
unjustified acfiotls such as the reph=eement of adequate a commentary; (2) work with several states so that the
strtletures. Refinements ill assumptions concerning load- recommended procedures can be verified and relined, as

ing and resJslance can be justified because the cost of necessary; and (3) develop a workshop and tnlining man-
evaluation is only a fraction of the bridge replacemem uals for implementmion of the procedures (111it state-wide
cost. A more detailed and flexible methodology for the basis,

evaluation of the load capacity of existing bridges is re- The report from tbe first phase of work was published
quffed, as NCHRP R.eport 301, "Load Capacity Evaluation of

The load capacity of existing bridges can be determined Existing Bridges."
most reliably and economically through a mulllievel pro. Under the second pbase, Ihe evaluation recommenda-

cedure, A large number of existing bridges is clearly ca- lions presented in the report were combined with the
pable of accommodating modern highway loads, and evaluation recommendations presented in P,eport 292 to
changes in tile present rating procedures are nm required create a recommended comprehensive evaluation spool-
in these ease:i, llowever, bridges found 1o be deficient flcation covering the majority of bridges in service. Tile

under the present rating procedures should be reevaluated A.ASHTO Highway Subcommittee on Bridges and Struc-
using higber level methods, This Idgher level raling sys- lures adopted the recommended specifications as a Guide
tern should permit selection of safety levels in a rational Specification in 1988.
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Work has progressed on schedule on the remaining • Definition of tile required communications between
tasks of the second phase, modules.

• Complete documentation of each module including
flowcharts, algorithms, and rationale.

• Submission of an interim report.
ProJect "12-2fi(a) FY '85 and 'g7 • Dcvdopmenl of a complete microcomputer-based

Bridge ManagementSystems operalional system.

Research Agency: ARE Inc, • Validation with live bridge data.
PrincipalInvest,: Dr. W. Ronald Hudson • Submission of a final report documenting all Phase
Effective Date: June 24, 1985 November 2, 1987 II work.
Completion Date; June 23, 1987 November 1, 1989 Through December 31, 1988, research on Phase 11 of

Funds: $225,000 $250,000 tile project is progressing on schedule. Tile interim report

The objective of this research is to develop a model was submitted by the research agency and reviewed by
form of effective fiddge management at tile network level, the NCHRP project panel. Work has started on pro-
At a minimum it will include: gramming tile microcomputer-based system.

1. Methods to assess present and future needs of ex-
isting bridges (inventory, inspection, capacity, restate- Project 12-28(3) FY 'g5

nance, rehabilitat[on, replacement, and funding). Fatigue Evaluation Procedures for Steel
2. Guidellnes fordetermining cost-effective alternatives Bridges

both with and without financial constraints.

3. Priority treatment of needs through the use of gen- Research ,lgency: Case Western Reserve University
eralized work activities (ranging from posting through Principal h_vest.: Dr. Fred Moses

Mr. Charles G, Schilling
preventive maintenance through replaeemenl). Effective Date: July I, 1985

4. Flexibility to accommodate a variety of policy ap- Completion Date: September 30, 1987
proaehes, Funds: $200,000

5. Flexibility to accommodate future expansion to the

project level. The objective of this study was to develop practical
6. Methods to ascertain standards of data reliability, procedures that more accurately reflect the actual fatigue

conditions in steel bridges, and that can be applied for
The frst phase of research resulted in the conceptual evaluation of existing bridges or design of new bridges.

development of tile modular elements required for a Tile procedures were intended to permh determination
model bridge management system (BMS), The elements offltdgue-load ratings and estimation of remaining fatigue
identified for inclusion in tile model BMS are: the BMS life for existing bridges.

data base module; the network level maintenance, reha- Research has been completed and the final report pub-
bilitation, and replacement selection module; a mahlte- llshed as: NCHRP Report 299, "Fatigue Evaluation Pro-
nanee module that will =ssign maintenance prognlms in cedures for Steel Bridges." Tile report provides
a rational and continuing way within the system; the recommended revisions to the fatigue evaluation require-
historical data analysis module; a project level interface ments in the AASHTO Manual for Mahttenance b_spec-

module; and the reporting module. Tile final report from Ban of Bridges, and to the design requirements in the
the first phase research has been published as NCHRP AASHTO Standard Speeifieatiottsfor Highway Bridges.

Report 300, "Bridge Management Systems," The recommended design provisions were adopted by
A second phase of research was initiated in November the AASHTO Highway Subcommittee on Bridges and

1987, Tile second phase ban as its objective the further Structures as a Guide Specification in 1988. In addition,

development and refinement of the model BMS. This the fatigue evaluation and remaining life guidelines were
phase will result in completion of the engineering concept added as a reference in the AASHTO Manual for Main-

development for a network level BMS, programming the tenance Inspection of Bridges by tile Subcommittee in
system on a microcomputer, and validation of the system 1988,
and engineering concepts with actual bridge inventory
data obtained from several transportation agencies.

Project 12-28(4) FY '85

The second phasescope of work will consist of tbe Methods of Strengthening Existing Highway
following: Bridges

• Design and construction of each module (i.e., the Research slgency: Iowa State University
required input and output and the operations within each Prhwipal 1ripest.: Dr. F. Wayne Klaiber
module), Effective Date: July 1, 1985
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Completion Date: July 31, 1987 be avafiable for structures witb more severe damage. The
1:rinds: $164,985 current, federally mandated biennial inspections are ex-

About one-hall" of the approximately 600,000 highway pemed to be adequate for the majnrily of structures; how-
bridges in the United States were built before 1940, and ever, refinements and additional guidance would improve

many have not been adequately maintained. Most of these the uniformity of inspection and reporting. Structures
bridges were designed for lower traffic volumes, smaller where the initial inspection and available data indicate a
vehicles, slower speeds, and fighter loads than are corn- reduced load capacity also should be reinspected using
men today. In addition, deterioration caused by environ- procedures that provide a higher level and quality of data
mental factors is a growing problem, As a resuh, a high of the structure's properties.

,: percentage of the nation's bridges are classified as deficient Consequently a research project was needed that would

! and in need of rehabilitation or replacement. Many of provide a framework for surveying und reporting the con-
these bridges are deficient because their load carrying dition of reinforced and prestressed concrete structures,

ii capacity is inadequate to carry today's traffic, Strength- The framework would have to include more than one
ening can often be 0sed as a cost-effective alternative to inspection level to improve tbe reliability of data when

'i replacement or posting, Therefore, the research objectives conditions warrant.
were to evaluate tile feasibility and cost-effectiveness of The objective of this research was to prepare a manual

•i present strengthening methods as applied to varioltS types for conducting inspections of reinforced and prestressed
:i of bridges and to identify cost.effective innovative metb- concrete bridges to assess their condition and obtain ms-
i:, ods, terial and cross-sectionaI properties needed to determine
:_ load ratings. The manual should provide guidance to
i'_ Research is complete;) tile ,,final. report has been pub-

lishedasNCHRl Report 293, MethodsofStrengthening enable field inspectors to recognize various types of dis-
!i. Existing Highway Bridges." The report details various tress and to assess their significance on capacity. Tech-

i_ methods of strengthening highway bridges, An extensive nlques would also be included 1o evaluate the strength
. and other physical properties ofcomponent malerials. The

_i overview of all applicable metllods is presented. 'Pile types
,: ofstructuresmostsu[tableforstrengtheningareidentffied, manual woutd describe tile techniques used in routine '

and the effectiveness of the various methods is discussed biennial inspections, and the nondestructh'e and destruc- i

_,_ for these structures, A major part of tile study ;vas the tire testing techniques required to obtain more detailed i
:..1 development of a strengthening manual (Chapter 3) for information,
_'!,_ Research is comply're. The final report will be published
_'i use by practicing engineers, 'this manual describes tile
,., most effective techniques and indicates how they may be as NCHRP Report 312, "Condition surveys of Concrete

;'_i_ used in various types of structures to increase or restore Bridge Components--User's Manual."
their load carrying capacity,

?i:

¢?i Project 12-20(5) FY '85 Project 12-28(6) FY '85

Standard Methodology for Conducting Distortion-Induced Fatigue Cracking In Steel

i_" Condition Surveys of Concrete Bridge Bridges
.:, Components

Research Agency; Lehigh Univershy

i II, lCesearch Agency: New Mexico State University Principal Invest.; Or. John W, Fisher
?i 1Jrincipal Ittvest,: Dr, John Minor Effective Date: October 1, 1985
_ Effective Dare: August I, 1985 Completlot_ Date: June 30, 1989
_ Completion Date., August 31, 1987 Funds.. $250,000

!j Ftttlds: $98,338 Forces in various steel bridge members, such as cross
it
:-! Although concrete structures have generally demon- bracing, can cause lateral (out-of-plane) distortions in

;i', strafed good resistance to loss of load capacity and have webs and gusset plates that can eventually result in fatigue
._:_ only rarely been removed from service for this reason, cracking, Such cracking is most likely to occur if the

_ determinations of bridge load capacities are often nee- distortions must be accommodated in a short length of
: essary to fully evaluate tile effects of deterioration, Cur- the web or gusset plate, for example, in the gap between

rently, work is progressing to develop methods to permit the end of a stiffener and the flange. In fact, most of the

more accurate load capacity analysis; however, inspection fittigue cracks Ihat have been observed in existing bridges
and reporting methods need to be enhanced or relined have resulted from this cause, The distortions Ilmt con-
and then standardized to help support this work. tribute to this type of fatigue cracking are not calculated

In addition, more than one level of inspection should in normal design and rating procedures, Therefore, the
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usual AASI-ITO filtigue provisions can not be applied to Project t2-2fi(7) FY 'g6
this type of cracklng. Instead, existing or proposed bridge

designs must be systematleally reviewed to identify and Guidelines for Evaluating Corrosion Effects in
evaluate potential fatigue problems that might result from Existing Steel Bridges
out-of-plane distortions, Alfllnngh some preliminary Rescarch tlgency," Modje_ki and Maslers

guidelines have been developed (AISC Bridge Fatigue Principal 1crest.: Dr. J. M. Kulicki
Guide--Deslgn and Details) Io assist in this type of re- Effective Date: May 5, 1986
view, more comprehensive guidelines and more detailed Completiott Date: July 31, 1989
criteria are needed, Fttltds: $298.644

The objectives of this research are: (1) to categorize Engineers normally assess the detrimental effects of
the kinds of filtigue cracks tirol have occurred because of corrosion on steel bridge components in terms of the
out-ofiplune distortions; (2) to develop comprehensive increased static and hiltigue stresses caused by the reduc-

guidelines, including quantitative criteria, if possible, Ihat tion in cross.sectional area of tile components. Limited
define the conditions that are likely to cause fndgne crack- studies have shown that stress concentrations caused by
ing related to out-of-plane distortions; and (3) to evaluate corrosion in steel bridge members can result in fatigue

possible retrofitting techniques, such as drilling holes at behavior equivalent to AASHTO Category E details or
the ends of tbe cracks, modifying attachment details to worse. However. corrosion can produce other severe el'*
mhdmlze lateral distortions, and increasing tile gap be- Poets such as (1) the "freezing" of pinned joints causing
tween restraints. Laboratory fatigue tests of selected de- unintended bending moments; (2) the freezing ofbearingn
tails that appear to be particularly susceptlbleto lifts type causing unanticipated forces in piers, abutments, and
of fatigue cracking will be needed to accomplish tbese bridge members; and (3) the build up of corrosion prod-
objectives. This testing should be correlated with an ucts causing local forces and distortions unually perpen-
FHWA Regional Pooled Funds Study to be conducted dicular to the plane of a plate element. Some of these

at the University of Missouri and also with relevant pros- detrimental effects ;Ire produced by nonuniform patterns
eat and planned hield studies on aelual bridges, of corrosion, Guidelines do not exist for bridge engineers

NCHRP Project 12-28(6) is intended to dove-tail with to adequately identify and evaluate these effects of cur-
the Penn DOT-sponsored HP&R study entitled, "Tile roslon on critical details of steel bridges.

Causes of Deformation Induced Cracking in Steel Bridges The objective of this research is to develop practical
and Methods to Retrofit the Dam_ge," The two studie_ guidelines that can be used to assess the effects of cur.
are expected to be carried out concurrently and the re- fusion on structnral details in steel highway bridges, The

search plans must be complementary. It is intended that guidelines shall apply to all of the steps involved in eval-
: the final report on NCHRP Project 12-28(6) should be eating tile effects of corrosion on the performnnce of
, self-sufficient, existing bridges, and shall be suitable for incorporation

By way of expanding on the scope of the Penn DOT- into AASIITO's Manual for Maintenance Inspection of
sponsored study, the following items will be considered Bridges,
under NCHRP Project 12-28(6). The research will include the following tasks;

• Fatigue cracking caused by live Ioad-lnduced see- Task/--Review relevant current domestic and for-

ondary stresses, bulb in-plane and out-of-plane, eign practice, perfnrmanee data, and research findings,
; • Common structural details col frequently encoun- This information shall be assembled from both tecbnical

lered in Pennsylvania and, there['ore, not included in
fiterature and unpublished experiences of bridge engi-

the Penn DOT research,

• Structural details in multl-stringer bridges, neers, consnhants, and turners of steel bridges.
• Interaction between roadway-support stringers and Task 2--Analyze and use the information generated

underlying main structural members, in Task I to establish a framework for the development

' ,, Design guidelines for structural details tbat are less ofproeedures to evaluule corrosion effects in steel bridges.
susceptible to distortion-induced fatigue cracking Task 3--Present the findings of Tasks I and 2 in an
(e,g., NY DOT details for connection plates at cross interim report to be submitted not later than g months
frames), after the initiation of the study, The interim report shall

• Guidance on retrofit and repair for use on a nation- contain a detailed research plan for Task 4 and n frame-
wide basis, work for the guidelines to be developed under Task 5, It

Through December 31, 1988. research on tile project shall also include examples illustrating application of the
has progressed on schedule, The laboratory test pro- anticipated guidelines,
gram is nearing completion, and work has slatted on Task 4--Conduct laboratory tests, field investiga-

the preparation of specification provlsiom; that can be tions, and analytical studies in accordance with Ih¢ de-
recommended to AASHTO for consideration ['oradop- t_dled plan presented in the interim report. The purpose
tion. of rids task is to provide insight for use in developing
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guidelines for evaluating the erects of corrosion on the Project 12-28(9) FY '86

structural behavior of steel bridges. Methodsof FlawDetectionInConcreteBridge
Task 5--Develop the detailed guidelines in a format Components

suitable for consideration by the AASIITO Subcommittee

on Brklges and Structures, The recunnnended guldelines This project overlapped with another FY '86 NCHRP
shall be accompanied by a detailed commentary and ex- project, Project 10-30, "Nondestructive Medlods for Field
ampIes of specific applications intencled to fi=cilltate un- Inspection of Embedded or Encased High Strength Steel
derstanding and use of tile guidelines, Rods and Cables." Tbe financial resources originally as-

Task 6--Prepare and submit a final report contain- signed lids project have been combined with those of
ing the research findings and proposed guidelines. Further Project 10-30.
research necessary for understanding the causes of the
corrosion process on steel bridges and improving the abil-
ity to ¢vaIuate fileir effects should be identified and prior-
itized along with estimated costs, Project 12o28(10) FY '86

Research is in progress. An interim report was sub- Guidelines for Determining Redundancy in
mitted and reviewed, and approved alter revision. A meet- Steel Bridges
ing of the project panel was held in mid-1988 to review

Research Agency: Lehigh University
progress and provide direction to the research agency. A Principal Invest.: Dr, J, t-tartley Daniels
draft corrosion inspection procedure bas been reviewed Effective Date: March l, 1986
by the panel, and work is now proceeding on the com- Completion Date: January 31. 1989
pletion of Ble inspection and evaluation guidelines and Funds: $299.99fi

manual. Rcdmldancy in a bridge hits been generally defined as

the absence of critical components whose fitfiure wmdd
cause collapse of the structure. To minimize the risk of
collapse, fracture-critical members (FCMs) in existing

'J bridges fieneraIly require more frequent and thorough
i! inspections Brim other members, and, in new bridges,

_ Project 12-20(8) FY '86 special design, fabrication, and material requ[renlents ap-
i ply to FCMs. However, there are considerable differences

!i Improving BridgeLoad CapacityEstimatesby of oplnion about ',vh[dl types of steelbridgescan be safely, CorrelationwithTest Data,, classified as redundant.

_! Research Agency; University of Tennessee. Transpor. Current AASFITO specifications define an FCM as a
tation Center nonredundant tension member or oilier component whose

_'_ Prhlcipal Invest.: Dr, E, G. Burdette, failure would be expected to cause collapse of tile bridge
Dr, D. W. Goodpaslure because a suitable alternative load padl is not present.

_i Effective Date: February 1, 1986 Nevertheless, specific criteria are not available to ade-
I Completion Date: February 19, 1988 quatelydefineredundancy. Experiencesuggestsdmt many
i_ Funds: $199,994 bridge types bare vhtbIe alternative load patbs tbat are

The objective of this study was to assemble domestic not easily identified. For example, longitudinal continuity,
,r, and foreign bridge test data in order to identify, quantify, bracing, flour systems, and certain olher structural con.
t_ and report on significant aspects of observed behavior ditiorts might have significant effects. Other considerations
:;_ that are now not considered during bridge evaluation and include the effects of failure of various individual com-

'i rating. More than 50 years of bridge test data were col- ponents of built-up riveted girders and possible Vierendeel
!i lected and evaluated in an attempt to isolate specific mech- action due to partial joint fixity when diagonal members
.t anisms through which bridges resist loads in ways other fracture in truss bridges.

_ than those assumed during typical bridge design or eval- Therefore, engineers need a better understanding of

uation, alternative load paths and specific criteria for redundancy.
,_ Research has been completed and the final report pub- Furthermore, a classification of various types of steel

I fished as: NCHRP Report 308, "Correlation of Bridge bridges by degree of redundancy would be very useful [n
Load Capacity Estimates with Test Data." Several po- establishing bridge inspection and replacement priorities
tential sources of unaccounted for load capacity are idea- as well as in design of safe and economical bridges for
tiffed and discussed in detail in the report. In order to new construction.

quantify the effects ofthesesources, recommendations are The objectives of this research are: (l) to develop a

i provided on the need to perform additional analytical better understanding and definition of redundancy in raf-
t work or bridge toad testing, ious types of steel bridges; (2) to establish specific criteria
l
t
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for redundancy in such bridges, attd (3) to develop gtdde- Project 12.28(11) FY '87

lines for eslabiishing redundancy classifications for vat'- Development of Site-Specific Load Models for
]ous types of steel bridges.

The research will include tile following tasks'. Bridge Rating
Row,arch Age_I¢),; [mbsen & Assoclalcs, Inc.

Task/--Review relevant current domestic and for- Princ/pal ha'est,: W. David Liu nnd
sign practice, performance data, and research findings. C, Altin Cornell
This information shall be assembled from both technical Effective Date: February 9, 1987
literature and unpublished experiences ofbddge engineers Completion Date: February 8, 1989
and owners of steel bridges. Emphasis shall be placed on Fund_: $200,000

the performance ofsteel bridges in which failures of FCMs Tbrnufihout tile United States bridges are evalualed for

were observed, tbeir capacity using standard design loads and truck coo-
Task 2--Analyze and evaluate the information gen- figurofions. In some eases bridges are judged to be strue-

crated in Task I and establish _ general definition of rurally deficient for tile current deslgn landings and

redundancy in steel bridges. Consideration shall be given therefore require load posting, The public pays a bJgh
to load levels. New and innovative ideas as well as es. price wben bridges are posted, either in increased travel
tablished practice shall be considered, time or in costs associaled with bridge rehabilitation and

Task 3--Using tbe definition adopted in Task 2, replacement, Bridge design loads and design load fro-

develop a metbodology for applying specific criteria for quencies are typically used as inputs to tbe rating process.
redundancy to various types of steel bridges. However, Ihe bridge location dmermhms the actual loads,

Task 4--Present the findings of Tasks 1, 2, and 3 load frequeneles, and truck configurations that an existing

in on interim report to be submitted not later than 12 bridge will experlenee. These factors may differ substan-
montbsuftertheinitiadonofftmstudy. Theinterlmreport lially B'om the current design Iondhlgs for which the
shall contain a detailed, updated working plan for Task bridge is presently rated, Data on truck traffic show con- !

5 and shaft describe the framework for the guidelines to siderabh_ variation with respect Io the functional highway
be developed under Task 6, 'File reporl shah include ex- classifications and locations on which they bad been eel- t

i
staples illustrating the application of the methodology leered. More realistic evaluations of bridges may be pus- I
developed in Task 3 and comparisons between resuhs sible by developing site-specific loading models. I
produced by existing and proposed methods. NCHRP Tile bridge rating process must give due consideration

approval of tile interim report will be required before to both safety and serviceabilily, and it should be highly
commencing tile remaining tasks, dependent on the site-specific landings, An estimate of

Task 3--Verify tbe methodology developed in Task tile. maximum bridge loading is needed to evaluate the

3 for selected types of steel bridges such as two.girder, safe upper limit strength. Loading histograms are required
simple- and continuous-span bridges, and other types of to determine a bridge's susceptibility to fatigue and for
bridges that would be classified as nonredundant by tile estimates of remalning llfe, Realistic loading data would

present AASHTO erlteria, Implementation of dds task allow the rating engineer re make a better assessment of
may include analytical and experimental methods, a bridge. Such data would result in improved strategies

for bridge posting, rehabilitation, replacement, and man-
Task 6--Devdop guidelines for establishing redun- agement,

daney classifications for various types of steel bridges. Resettrch is needed to enable enfiineers to take advan-
These guidelines should be particularly useful in estab- tags of the variations in bridge loadings that can be related

llshlng bridge inspection and replacement prlorilies as to bridge site eharacterislicS, Substantial improvements
well as in the design of safe and economical bridges for in bridge rating and associated economic benefits could
new eonstrnetlon. The recommended guidelines shag be be realized by using site-specific load dala.
in a format suitable for eonsideratioa by the AASHTO The objeclive oftbis research is to develop rational site-

Subcommittee on Bridges and Structures. Tbese guide- specific live-load models for bridge rating that accurately
lines shall be accompanied by a detailed commentary and reflect bridge site characteristics,
examples of specific applications intended to facilitate the In developing these models tile following factors, as a
understanding and use of the methodology, minimum, should be considered: location of bridge, time-

Task 7--Prepare a final report, tional classification of Itlghway system, expected vehicle

The agency's prelindnary draft final report ilas been types and configurations, multiple presence of vebieles,
submitted and is now being reviewed by the NCHRP. peak load spectra, and degree ofenforcement of legal load
The research results are based on detailed evaluations of limits,

2-girder type bridges. However, methods used to evaluate The research will include the following tasks:
redundant load paths and shared loading can be translated Task l--Review relevant domestic and foreign prae-
to the extent possible to other bridge types, tiee and research findings. This information shall be as-
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sembledfrom both technicalliteratureand unpublished aBsticestimatesof load.carryingcapacityandmight re-
experienceof bridgeownersand consultants.Thls infer- duce the numberof bridgesc]asslfiedas structurally
mation shall includeboLhloading Idstogramsand load deficient.More realisticevaluationof steelbridgesmight
models that have been andare presentlybeing developed, be possible by taking inelastic flexural behavior into nc-

Task 2--Analyze andevaluate the Task I data and connt.
determine its applicability. Identify and evaluate tile Proceduresincorporalinginelastieltexuralbehaviorare
shortcomings of using current design landings for bridge used to design buildings and bridges, However, these de-
rating, Assess the opportunities for,and the benefits from, sign procedures can not always be applied directly to the
the use of a site-specific load model in bridge rating, evaluation of existing bridges, Thls may be because of

Task 3--Define the specific factors that must be constraints such as higb slenderness ratios or inadequate
considered and their anticipated effects on the develop- lateral support. Additionally, present procedures do not
ment of the loading models, account for changes in lateral load distribation when

Task 4--Prepare an interim report presenting the stresses are in the inelastic range.
findings of the first three tasks and proposing a detailed For continuous bridges, the application of such pro-

cedures may permit a higher rating without structural
working plan for the remainder of the study. The interim modification, On tile other hand, by providing minor
report shall be submitted within 8 months after the re- modifieatlons and applying inelastic rating procedures,
search begins. Research on the remaining tasks shall not some steel bridge ratings may be further improved. The
he initiated until the proposed working plan has been load-carrying capacity of a continuous bridge may be

_i approved by the NCHRP. further increased if the unsupported length of tile
i Task 3--Develop tile loading models that account compression flange at intermediate supports is reduced

for bridge site characteristics, hy the addition of intermediate diaphragms. The Ioad-
.:_; Task 6"--Demonstrate the validity of the modelsde- carrying capacity of multl-span bridges with simply sup-
_ ycleped in Task 5 byapplying them to n number oftypical ported spans or with suspendedspans may be increased

:! bridges and sites, Define tile limitations for application by modifications which provide partial or fullcontinuity.

ii of the live-load models. A reallstlc assessment ¢ffthebenefits of such modificationsTask 7--Prepare a final report documenting the re- can be made byuse of'practical inelastic radng techniques.
•,'/ search findings. Research is needed to enable engineers to take advan-
+_ Research on the project is nearing completion. Tile tage of inelastic behavior in rating the structural capacity
:_'I draft final report was expected near tile end of December. of typical fully or partially continuous steel beam and
,", A decision on the publication of the report will be made girder bridges.

:i I

....+ after the project panel review has been completed in early The overall objective oi` this research is to develop
_;f 1989, practical methodologies for rating existing steel bridges
.:i based on inctastic analysis, The specific objective of lfie
i::J Project 12.20{12) FY 'g7 firstphase of research is to determine whetherthose mesh-
:':; ads that account for inelastic action can be applied toI InelasticRating Proceduresfor SteelBeam!.+ improve the rating of steel bridges.
,_i and Girder Bridges In the development of inelastic rating procedures the
+'_ Research dgency: University of Minnesota following factors, as n minimnm, should be considered:

Principal Invest,: Dr, Theodore V. Galambos plastic-moment and shear capacity erlteri_; permissible
_r'._ Effective Date: September l, 1987 permanent deflections; and serviceability of the bridge,

Completion Date: November 30, 1999 Conditions for use of the procedures shall be defined in
'i,i Funds: $199,ggg terms of the frequency and form of inspections, material

In the United States there are a large number of older cbaracteristics, state of deterioration, and oilier relevant
<_ steel beam and girder bddges. Many of them have been factors.

' evaluated by elastic analytical methods and judged to be Tile research will include the following tasks:
,:t structurally deficient for current traffic, In some cases Task/--Review relevnnt domestic and foreign prsc-
:! these bridgeswere not designed forcurrent legallandings, tiee and research findings.This information shall b_ as-
: In other cases deterioration has reduced their load.car, sembled from both technical literature and unpublished

i:, tying capacity. The public pays a high price for deficient experience or bridge owners and consultants. Recent un-
'; bridges both in increased travel time required when published data on the inelastic behavior of beams and

bridges are posted and in the cost of bridge rehabilitation girders are available from the American Iron and Steel
and replacement, Full-scale tests show that bridges some, Institute.
times possess considerably greater load-carrying capacity Task 2--Analyze and evaluate the Task 1 results to

i than predicted by current evaluation methods. Improved identifyopportunities forbeneficial applicationof inelastic

i. methods of" structural evaluation can produce more re- methods to steel bridge rating.
!!
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Task 3--Identify bridge types, conditions, and an- or removal of adequate structures, Substantial benefits
alytical concepts that show promise for inelastic rating would be realized if bridges could be evaluated through

procedures, nondestructive load testing, Nondestructive load testing

Task 4--Prepare an interim report presenting the of bridges might be used as an alternative bridge evalu-
findiags el' tile first tilree tasks and proposing a delaiied arian prc,ccdure, and it lilay reduce tile degree of uncer-
working phm for the remainder of the study, (The interim lainty by validatitlg assumptions inherent in analytical
report shall be submitted within 9 months after tbe re- rating processes.

search begins. Research on tile second phase shall not be Bridge testing is used as a researcb tool and, to a limited

initiated until the proposed Phase II working plan has extent, for determining Ioad.earryingcapachy. These tests
been approved by the NCHRP.) require costly equlpnlent and expertise normally not avail.

Task $--Using available test results, develop ana- able to bridge owners. There is evidence that many struc-
lytlcal procedures to account for inelastic action in eval- lures possess greater load-carrying eapacily than can be
uating the structurM capacity of steel bridges, predicted by eonventiomd analytical load rating proee-

Task 6--Develop methods for modifying existing dures. Load testing methods that can be used reliably by
structures to take advantage of the analytical procedures agencies not specialized in physical bridge testhlg will
developed in Task 5. improve the rating process. The primary use of such meth-

ods would be for structures that are found to require
Task 7--Apply the developed procedures to selected posting based on analysis. It is conceivable that load test-

examples of various steel bridge types and compare the ing methods can be developed which permit estimates of
results with those from current raring methods, load capacity at lower cost than analytlcal procedures.

Task 8--Present the proposed methodology, its ra- Therearenoelearcut guidelines that helpbrldgeowners
tionale, and the justification for its adoption at the regional to determine when load testing is an appropriate method
meetings of the AASHTO Subcommittee on Bridges and for use in tbe bridge rating process. An analysis must be
Structures. made of the possible benefits, risks, and costs that would

Task 9--1dentify needed research to extend the ap- be involved in dec[dlng to load test a bridge. The appli-
plieation of the proposed methodology, cation of a load produces responses in bridges including

Task 10--Prepare a final report documenting the strains, deflections, dynamic effects, fatigue crack growth,
research findings and prescntlng the recommendations hi and load distribution. The extent and nature of the testing
a format suitable for adoption by AASI-ITO. needed are dependent on the responses which control the

load capacity of the bridge.

Through December 31, 1988, research on the project Research is needed so that bridge owners can take
is progressing on schedule, The interim report was sub- advantage of tile benefits that may be obtained by per-
mitted izz mid-1988 and reviewed at a meeting of tbe forming nondestructive load testing on hlgbway bridges,
project panel in September 1988. Since then, work has The objective of this project is to develop guidelines
progressed on the development oP analytical models and for nondestruelive load testing of highway bridges that

procedures under Task 5, may augment or enhance tile analytical rating process.
The research will include the following tn_k_:

• Task I--Revlew domestic and foreign practice and
Project 12-28(13) FY '87 research findings on pbysical testing for tile purpose oi

Nondegtruc;ilv0 Load Tasting for Bridge tev_ll- establishing Ioad-earrying capacity. This information
uatlon and Rating shall be assembled from both technical literature and

unpublished experience ofbrldge and building owners and
Research ,4gencyt Raths, Raths & Johnson, Inc,, consultants.
Principal htvest.: Dr. Suresh G. Pinjarkar
Effective Date: October 4, 1987 Task 2--ldentlfy typical nondestructive tests that
Completion Dare: April 3, 1989 elm be performed on the structure as a whole and on
Funds; Slfi0,000 individual bridge components. Identify the limits of ap-

plicability of these tests, In particular, distinguish between

In recent years, bridge engineers have been faced with tests that are diagnostic (e.g., producing input to tbe usual
an increasing need to reevaluate a growing number of analytleal rating techniques) and tests that are eompre-
older, sometimes deteriorated, bridges. These bridges are hensive (e,g., used in lien of usual analytical rating ruth-
expected to carry higher volumes and heavier traffic than niques).
anticipated when Ihey were originally designed. In the
evaluation of these bridges, attempts are made to com- Task 3--Identify bridge types and structural con-
pensate for uncertainties by using conservative analysis ditions that are unsuitable for physical testing of load
techniques and idealized mathematical models to assess capacity.

Ioad-carrylng capncfiy. This approach results in posting Task 4--Develop a strategy for load rating through
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physical testing. In _he development of this strategy, con- and expansion of this concept to longer spans and wider

sideration shall be given to cost and risk assessment. Risk girder spacings.
assessment shall include, as a minimum, considerations One of tile major unccrlalnties in the design of' tllese
of damaging n structure, salty ofp_rsonnel, lass orcqulp- structures is the prediction of the positive and negative
ment, and acceptance ol'an nnsafo structure, moments at th_ cast-lit-place connections at the piers,

Task 5--Present tile findings of Tasks I through 4 This uncertainly is due to tile diffm'ent loading and con-
in an interim report to be submitted not later than 8 struction stages, time-dependent effects, and the details

months after initiation ofthe study, NCHRP approval of used to make the connections, Because of these uncer.
the interim report will be required before commencing taintles and the lack of guidance in the AASHTO spee-
the remainlng tasks, ifiuatlon, widespread differences exist in applying tile

Task 6--Develop detailed and specific testing pro. results of the PCA procedure for seleetlng tile actual
eednres, Each procedure shall include, but not be limited continuity moments used for tbe connections at the piers,

to, erheria for estahlisillng test load levels, type and Io- Research is needed to resolve these uncertainties and to
cation of monitoring, IoiIding methods, types of equip- develop guidelines for more rational design and to take

merit required for munhc_rlng and loading, and critcrla advantage ofopportunitles for more economical construe-
for evaluation of test results, tion,

Task 7--Identify the technical mid nontechnical fac- Tile objectives of this research are: (l) to investigate
the behavior of precast prestressed bridge girders made

tots that must be considered when screening candidate continuous by connectlons uslug cast-in-place slabs and

bridges, Provide examplesto show how field testing would diaphragms al file piers, and (2) to develop design pro-
b_ beneficial to the rating process, cedures and guide specifications that call be used to corn-

Task 8--Developguiddines for uondestrucdveload pate dastle, inelastic, time-dependent, and ultimate
testing of bridges, moments commensurate with Ibe degree of continuity

Task 9--Prepare a final report documenting the re- developed by the connections al die piers.
search findings and presenting the recommended guide- The research will include the following tasks:

lines, Task/--Review relevant current practice, p_rform-

Through December 31, 1988, researcb on th_ project ante data, and research findings. This information shall
be assembled from both technical llterature and unpub-

is progressing on schedule, The intedm report was re-
viewed and approved during a meeting of the project panel lished espcriences of designers and owners of structures
at the end of October 1988, It appears that there can be of this type,
substantial benefits that can be gained from tile successful Task 2--Based on available information and the up-

completion of this project, plication of analytlcal techniques, develop improved pro°
cedures to determine the degree of comlnuhy and the
moments resulting front dead loads, five loads, and time-

Project 12-29 FY '85 dependeet effects,

Design of Simple.SpanPrscaet Prestressed Task 3--Based on available informalion and tile ap-
Bridge Girders MadeContinuous plication of analytical techniques, develop improved pro.

_esearch Agetmy; Construction Technology Corpora. cedures to predict the inelastic redistribution oPmomcnls
tion and the uhlmatc strength of the structure at all critical

Principal Invest.: R.G. Oesterle stages.
Effective Date: August 26, 1985 Task 4--Based on available information and the up.
Completion Date: May 31, 1988 pfication of analytical techniques_ develop improved pro.
artlltds; $24},993 cedures to determine the strength and serviceability

The design and construction of bridges composed of requirements for the positive and negative moment con-
simple-span, pro-tensioned girders made continuous for neetions at the piers, allowing for tile use of either mild
composite dead loads and for live loads has become wide- steel or prestressing steel for positive moment and mild
spread. In general, tile design of tilese structures has been steel for negative moment. The consequences oPproviding
based on the procedure outlined in "Design of Continuous up positive moment connection shall also be investigated.

)
Highway Bridges with Preeast, I restressed Concrete Olr- Task 5--The analytical portion of this study shall

ders," published by the Portland Cement Association in be verified by correlation with available experimental data
1969, Although existing bridges designed by this prose- that are relevant.

dupe are generally performing well, it is believed that this Task 6--Present tb¢ findings of Tasks I through 5
method may not accurately predict the true bebavlor of in an interim report to be submitted not later than 18
these structures in light ofnew knowledge regarding ma- months after the initiation ofthesludy. The interim report

terial properties and behavior, new methods of analysis, shall outline the framework of tile specifications to be
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developed under Task 7 and shall include examples il- Task 1, Review performance history and data, cur-
lustrating the application of the recommended prate- rent domestic and foreign codes of practice, and research

dures. Tile report shall also include comparisons between findings. This information shall be assembled from hath
results produced by existing and proposed methods, technical literature and unpublished experiences of de-
NCHRP approval of the interim report will be required signers and owners ofcable-stayed bridges. Although this
before commencing Task 7. review shall emphasize fatigue behavior in cables of cable-

Ta_k 7--Prepare detailed specifications in a format stayed bridges, care should be taken to include all relevant
suitable for consideration by tbe AASHTO Subcommittee aspects of' fittigue in other structural systems.
on Bridges and Structures. Tile recommended specified- Task 2. Analyze and evaluate the information gen-
tians shall be accompanied by a detailed commentary and crated in Task I to establish rationales for alternative

selected design examples intended to fitcilitate their un- approaches to the development of design criteria and test-
derstanding and use. ing requirements for fittigue effects in cables. This oval-

Task 8--1dentify areas in need of further investi- untied will include consideration of tile following: (I)
gation. Recommend priorities and estimate the time and intensity and frequency of fatigue loading; (2) number
costs for tile additional research, and position of lime landings including their relationship

Ta_k 9--Prepare a final report, to tile number and location of stay planes; (3) multiple
lane reduction factors; (4) spacing of gable stays; (5) local

Research has been completed. The draft final report stresses in stay cables at saddles and ancborages; (6) as-
was submitted and approved by the project panel near sessment of fatigue strength of cables from tests on short
the end of 1988. The report inchlded recommendations lengthsoflndlviduaiwlresor strands;(7)length similitude

for changes to the design requirements in the AASHTO filctors to reJate tests of short cable specimens to full-
Standard Specifications for llighway Bridges. which will length cables; and (8) quality control and quality assur-
likely be considered by the AASHTO Highway Suhcom- once of wire and strand to maximize fatigue resistance.

mlttee on Bridges and Structures in 1989. It is expected Task 3. Present the findings ef Tasks 1 and 2 in an
that the report will be published in the regular NCHRI ) interim report to he submitted not later than 12 months

report _eries in early 1989. after initiation or"the study. The interim report shall in-
elude design examples illustrating the alternative ap-
proaches. NCHRP approval of the interim report will be

ProJact 12-30 FY '86 required before commencing Task 4. !

Fatigue of Cnblea In Cable-Stayed Bridges Task 4, Prepare cable fatigue design provisions in a

Research Agency: ACER/Freeman Fox format suitable for consideration by tile AASI-ITO Sub-
Principal bwest,: Jolyon A, Gill committee on Bridges and Structures. The recommended
Effeet&e Date: January 13. 1986 provisions shall he accompanied by a commentary and
Completion Date; February 12, 1989 design examples intended to facilitate their understanding
Ftlttds: $124,975 and use.

Cable-stayed bridges have become an advantageous and Task 5. Prepare materials and testing requirements
economical type of structure for medium- and long-span to supplement existing provisions in a format suitable for
crossings in tile United States. As of 1985, five cable- consideration by appropriate authorities.
stayed bridges arein service, seven are under construction, Task 6, Identify additional research tbat is needed
and seven are in the design stage, Tile cable stays are vital for farther development and refinement of the reeom-

components, and, because they are subjected to repeated mended design criteria and materials requirements. Rec-

loads, fatigue is an important design consideration, ommendprioritiesandestintatetimeandcostsfortheneeded
AASHTO Bridge Specifications do not include design or research,
material requirements for cable stays; criteria and guide- Task 7, Prepare a final report.
lines are needed, Information on fatigue design criteria Research has been completed. The draft final report
for cable-stayed bridges is available in certain foreign was submitted at the end of 1988, and is being reviewed

codes, such as the German Specifications DIN.1073 and by the project panel for acceptability, If the report is
subsequent revisions, Those foreign codes presentlyin use, approved, it will be published in the regular NCHRP

together with data available in the United States, should report series probably in mid-1989.
serve as a basis to develop design criteria and material

requirements suited to American practice. Project 12-31 FY '86
The objectives of this project are (1) to develop criteria

and guidelines for fatigue design of cable stays and (2) to Notch ToughnessVariability in Bridge Steel
develop practical guidelines for material requirements and Plates
for testing wires, strands, and cable-stays, Research Agency: University of Texas at Austin

The project will include tile following tasks: Principal Invest,: Dr. Karl H. Frank
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EffectiveDare: SeptemberI, 1987 plate.As a minimum,nine locutionsper plate shall be
Completion Dare: February 28, 1990 studied.

Funds: $355,000 Task 6--Perform chemical anulyses and tensile tests
In 1979, the Amefic.n Iron and Steel Institute (AISI) for each plate. Three Iougitudhlal CVN specimens shall

published a report of u test progrum that demonstrated be maehlned from the plate blnnk at each location and
the variability in the impact properties within steel plates impact tested at + 10*F, i.e,, the AASHTO Zone 3 test
based on tests of plates up to 1_ inches in thickness, lemperature. In addition, full transition curves shall be
These data, plusa concernabout variability in Ihiek plates obtained for Imlghudinal CVN specimens al 3 locations.
of Asg8 steel, promptedAASHTO to publishan interim Specific requirements regarding the Charpy V-Notch im-
specification flint resulted in more conservative uotcb pact testing shall be as follows:
toughness requirements for steel plates that were to be a. The position of tile test specimens within the sam-
used in Fracture CriticalMembers (FCM's). fiecause file piing locations shall be at tile _ thickness as de-
toughness requirements in these interim specifications scribed in ASTM A673 (AAfiHTO T243).
were not based on any test results, AISI began a second b, The mamriul blanks at each location shall be large
study to develop dataon plates of larger thicknesses and enough to providemalarial forretests or tensile tests,
of grades commonly used as bridge steels, if necessary. All test specimens shall be at least I

,. The second study was recently completed trodthe re- thickness away from any flamecut edge.
i; suits were presented to the AASHTO Subcommittee on c. Only full-size test specimens shall bc used (I0 mm

Bridges and Structures, Tile recommendation from the X 10 ram),
'i! study was to replace the AASHTO inlerim specification d. Tests are to be conducted aeeordlng to ASTM A370!:
_:_ requirements with tilepreviousspecification requirements (AASHTO T244).
!i for temperature Zones I and 2 (P-frequency testing with e, Absorbed energy in foot.pounds, lateral expansion
:', removal of the 20"F temperature shift), but to leave the in mils, and percent shear shallbe reported for each
;i interim Zone 3 requirement as is, because not enough individual test specimen,
,2
': Zoue 3 test data weregenerated to enable a ._oundcon- Task 7--Arlalyze the test results rising tile medl-ar

; elusion to be drawn. Accordingly, removal of tile interim odology developed in Task 3. Only values which are tile
f : AASFITO notch toughness requirements for Zones I and average of three specimens shall be analyzed. Variability

2 was approved in 1986. within each plate sbafi be determined and compared with
'= The objective of this project is to establish the vari- tbe average results from the mill report and compared
_,' ability of CVN impact notch toughness within plates of witb the 1978 AASHTO Guide Specification require-
_:_ A572 Grade 50 and ASfiSsteels for plate thicknesses up taunts,
,_;_ to 4 inches meeting AASHTO Zone 3 fracture notch Task 8--Should there be any unusually low notch

: toufihness requirements,The research will include tile,_i toughness values at any location, an investigation shall
i:_ following tasks: be made to establish the reason,
_;_ Task/--Review relevant research findings and per- Task 9--1"repute a final reportdocumenting the find-
_, formanee data in the literature on notch toughness var- ings of tile research including recommendations for
_:_ iabfilty within steel plates, In particular, meet with needed specification revisions.

_!:1_i,: representatives of AISI ,o review the information ,level-aped by AISI on such variability of steel plates meeting Through December 31, 1988, research is progressing
Zones 1 and 2 notch toughness requirements, on schedule on tile project. The interim report was sub-

Task 2--Review the various methods available for mitted in October 1988,A meeting of the project panel
:, will be held in early 1989 to review the reporl and approve
;,: analyzing variability innotch toughness data within steel
_,l file recommended laboratory test program.
'_I plates, i

_i Task 3--Based on fileresults ofTasks I and 2, select Project 12-32 FY '86
ii a method of analysis of test results and develop u system i
_! for reporting test resultsthat will be useful to bridge Evaluation of Bridge Deck Protective Strat-
a, egles
_i engineers. Present the findingsof Tasks I, 2, and 3 in an

_ interim report to be submittednot later than 9 months Research .4gency." University of Washington :after initiation of the study. Principal htvesL; Dr. N. M, Hawkins
_i Task 4--Concurrenfiy with Task I, obtain plates of Mr, K. Babaei
" A572 Grade 50 and ASgg to meet AASHTO Zone 3 Effective Dare: April I, 1986
_ii toughness requirements, us specified in the 1978 Completion Date: May 15, I987

AASHTO Guide Specificationsfor Fracture CriticalNon- Funds: $92,515
! Redundant Steel Bridge Members, Duri g the I960 s nd early 1970's,corrosion of steel
_" Task ,5--Develop a specific test matrix to study tile reinforcement embedded in concrete contamiuated by I

i;' variability of CVN impact notch touglmess within each chloride deicing chemicals was determined to be a major il

, !
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cause of concrete bridge deck deterioration. As a result, In response to a high level of Jmerest among state bridge
various bridge deck prolectlve strategies were developed engineers, the AASI-ITO Subcommittee on Bridges and
such as epoxy-coated steel reinforcement, latex-modified Structures requested Ih_ NCHRP to conduct a study to
concrele overlays, high density concrete overlays, inter- recommend _m outline for an updated AASHTO bridge
layer membranes, and thicker concrete cover over steel specification, The scope of the study required an idemi-
reinforcement, Lubm_dory _,tudies and early experience fication of the gaps and inconsistencies in the present

indicate flint these strategies are effective in improving specifications and an assgssment ofthe feaslbilityofbasing
the performance of bridge decks, floweret, because of rite revised specifications on a probabilistie load and re-
the large national investment in bridges and tbeir ira- sistanee factor design (LRFD) philosophy.

portance in the efficient operation of hlghways, it is ap- The study has been compleled. It identified many areas
propriute to examine the performance of these bridge deck where current bridge design technology and design prac-
protection strategies to see if original expecmdons are lice are not reflected in the existing AASItTO specifi-
beingattained and to determinewhether unforeseen prob- cations. Additionally, it recommended that new

lems may occur, specifications be developed based on LRFD concepts. The
Tile specific objectives of this project were [o compile study also recommended that a eompreheusiv_ compare-

information on currently used bridge deck protectlve ion commentary be developed.
strategies and evaluate the performance of bridge decks NCHRP Project 12-33 was initiated in m}d-1988 whh
with more commonly used protective strategies, the objective of developing recommended LRFD-based

The research is complete. The final report has been bridge design specifications and commemary {'or consid-
published as NCHRP Report 207, "r.valunfion of Bridge eration by the AASHTO Subcommittee on Bridges and
Deck Protective Strategies." Structures, The new specificationsare expected to draw

heavily from recent developments in bridgedesign prac-
tice throughout tile world as well as from recently cam-

Project 12-33 FY '88 and FY '89 plated and current bridge research.

Development Of a Comprehensive Bridge It is estimated that a comp)etely new LRFD-based
bridge specification will be developed in 42 months at a

Specification and Commentary east ofapproximately $1,6 million.
Research ,Igetlcy; Modjeski and Masters Thirteen task groups will be responsible for developing
Prineipallnvest.: Dr. Jobn M, Kulieki the recnmmendedspecificatlons. Thetaskgroups are:gen-

i . Effective Date: July I, 1988 eral features; loads; analysis and evaluation; deck systems;
ColtlplPl[otl l_ate: December 31, 1991 concrete structures; metal structures; timber structures;
Funds: $295,0(30 joints, bearings, and accessories; foundations; soil-strue-

Since initial adoption more than 50 years ago, tile lure interaction systems; moveable bridges; bridge rail;
AASHTO Standard Specificatiolls far llighway Bridges and specification calibration,
have been modified annually by tile AASHTO Subeom- Througb December 31, 1988, work on the project is
mittee on Bridges and Structures, These specifications are proceeding on schedule. A number of contractors and
relied on by engineers in state highway agencies, con- consultants have been hired to work with the Principal
suiting firms, and other organizations responsible for de- Investigator and overall project mamlger, Dr, John Ku-
sign, construction, and maintenance of" bridges. Because lieki of Modjeski and Masters, on the development of tile

ofthepiecemealdevvlopmentoftfieeurrent specifications, specification philosophy and draft "strawman" speeifi-
extra care is required to avoid inconsistencies, frogmen- cation, It is expected that a first draft of the complete
tartan, and internal conflicts as individual sections of the specification will be avnihlble for review by AASHTO in
specifications are revised each year, This problem is cam- mid- 1990.
pounded by the fact that a comprehensive eomntentary To date, $396,000 has been obligated on the project.

is not available to clarify the intent and record the origin Included in this amount is $280,000 for Projects 12-33,
of key provision, Some of the specifieation's sfiortconl- 12-38A, and 12-33B. The remainder of tile obligated
mings were corrected by compIele editorial revisiml of amount covers consultant fees and expenses.
the specification in 1984.

The AASHTO Subcommittee on Bridges and Strue- Project12-33A FY '88 and '89
lures recognizes the need for clear, practical specifications
based on the best current teclmology, and state bridge Development of a Comprellenslva Bridge
engineers and others devote a substantial amount uftlme Specification and Commentery_Tlmber
and attention to this end. In recent years, some bridge Structures and Code Calibration
engineers have called attention to tile potential advantages Research Agenedv Sensei Engineers
of developing a conlplelely new comlwehensive _pecifi- Principal Divest,: Dr, Andrzej Nowak
cation and an accompanying commentary. Effective Date: September 16, 1988
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Completion Date: December 31, 1991 important role in bridge design and construction. These
Ftlnds: $20,000 sections, along with additional guide and nlaterial spec-

NCHRF' Project 12-33 was initiated in mid-198g with ifications, aid public agencies in the preparation and use

the objeetlve ofdeveloping specifications for bridge design of their standard specifications and contract documents.
based on the load nnd resilience filelor design plfltn_nphy It is imperative that both sections reflect the latest state
that can be recommended to AASHTO for consideration of tile art in proven bridge design and construction proo-

fer adoption, (gee Project 12-33 writeup for nlore detail.) rices. As tecbaology changes, it is important to Ilave these
A number of agencies and individuals will be employed changes reflected ill the specifications, Although Division
during tile course of tile project for various tasks and 1 has been periodically updated, changes that have oc-

responsibilities, tarred in Division 11 have been made on a piecemeal basis
The agency employed on Project 12-33A will act under and do not reflect current practice in bridge construction.

the direction of the Principal Investigator on Project 12- Therefore, the content of Division 11 is incomplete and
33, Dr. John Kulicki. Sensei Engineers will be responsible the format is inconsistent. As a result, less than one-h;dP

for coordinating the activifies ofthe task groups on timber of the states presently use the current Division 11 speci-
design and specification calibration, fleation.

The current Division ll--Construetion speeifieatlon is

in need of revision and updating. Research should be
undertaken to provide the basis for such a revision fop

Project 12.338 FY '88 and '89 lowed by tile preparation of a revised Division ll--Con.

Development of a Comprehensive Brldge struction specification.
SpeclfleaUon and Commentary--Con- The objective of this project is to revise the Division
crete Structures lI--Construetion speeiflcado, to reflect current practice

in highway bridge construction, This will then provide a
Research Agency: lmbsen & Assnclates, Inc. more useful document to public agencies.
Principal Invest.: Mr, Robert C, Cassano
Effective Date: September 16, 1988 The project will include the following tasks:
Completion Date: December 31, 1991 Task 1, Review current domestic and foreign con.
Funds: $20,000 slruction practices and specifications for Iligllway bridges

and similar structures, At a mhlimum, this should include
NCHRP Project 12-33 was initiated in mid-1988 wilh representative AASHTO and state construction docu-

the objective of developing specifications for bridge design meats.
based on the load and resistance factor design philosophy
that can be recommended to AASHTO for consideration Task 2, Develop a strategy for evaluating Ihe infer

for adoption. (See Project 12-33 writeup for more detail,) marion developed in Task I in order to identify the fol-
lowing: articles no longer needed in the current Division

A number of tlgeneles and individuals will be employed II specification; articles requiring revision; and new at-
during the course of the project for various tasks and tides which should be added.
responsibilities,

The agency employed on Project 12-33B wilI act under Task 3. Using tile strategy developed in Task 2.
)

the direction of the Principal Investigator on I reject 12- prepare a comprehensive llst of, and tile reasons for, rec-
33, Dr. John Kulieki. Imbsen & Associates, Inc., will be ommended deletions, modifications, and additions to the
responsible for coordinating the activities of the task current Division ll--Construedon specification.

group on concrete structures design. Task 4. Present the findings of Tasks 1, 2, and 3 in
an interim report to be submitted not later than 6 months
after initiation of the study. The interim report shall also

Project 12.34 FY 'gg and FY '89 include a suggested format for dm recommended revisions

Update of AASHTO Standard SpeciflcaUons and new additions, NCHRP approval of tile interim re-
for HJfll3way Bridges: Dtvlslon II_Con. part will be required before commencing Task 5,
structlon Task 5. Prepare a revised Division It--Construction

specification and comprebensive comp.nion commentary
Research tlgeney: Imbsen & Associates, Inc, in a format suitable for consideration by tile AASHTO
Principal rarest.: Robert C. Cassano
Effective Date: October 19, 1987 Subcommittee on Bridges and Structures.

Completion Date: October 18, 1989 Task 6. Prepare a final report.Funds: $200,000 Through December 31. 1988, research on the project
is progressing on schedule, The interim report was re-

f The .IASIITO Standard Specifications for Highway viewed and approved by the project pallet ill September

i Division and 1988. Work is underway the completion of the ree-Bridges consists of two sections: l--Design, on

Division ll--Construcdon, Both sections should play an ommended speeificatlon and commentary.
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Project t2-35 FY '88 interim report will be required before commencing tile

Recommended Specifications for the Design remaining tasks,
of Foundations, Retaining Walls_ and Sub- Task 4. Prepare recommended revisions to the spec-
structured prjalfications fur bighway bridge foundations, retaining

walls, and snbstnmntres in _1_rmnt _uitnble _r eonsid-

Research tlgency: D'Appolonia oration by the AASHTO Subcommittee on Bridges lind
Principal havest.: Dr, James L, Withiam Structures. The recommended specifications shall be as-
Effective Date: January 4, 1988 companied by a detailed commentary.
Camp/el/on Date: July 3, 1989 Task 5. Identify and comment on otiler sections of
Funds: $I00,000 the,4tlSHTO Standard Speeifieationsfor Highn'ay Bridges

tiler may be affected by the proposed revisions,
The AASHTO Standard Specifications for Highn,ay

Bridges are used for the design of highway bridges by Task 6, Prepare a final report documenting all re-
many public and private agencies in the United States search findingsand containing the recommended speci-
and abroad, Sections 4, 5, and 7 of Division l--Design, fication revisions and commentary.
provide guidance for the design of highway bridge faun- Through December 31, 1988, research on the project
datlons, retaining walls, and substuctures, is proceeding on schedule. The interim report was re-

It is imperative that tbeseseetlonsbebasedouthestate viewed trod approved in late 1988. Work on Tasks 4
of the art ofproven bridgefoundation and retaining struc- through g is now underway.
ture design practice, Advances in technology should he
reflected by revisions to thespeeifieatlons, Although much
of Division I has been perlodieally updated, the revisions
to Sections 4, 5, and 7 el' the specifications have been AREA 13: EQUIPMENT
minimal, Therefore, the specificationsdo not reflectcur-
rent practice and the content uPthese sections is ineom- Project 13-1 FY '65
plete. Equipment Rental Rates

Research is needed to develop recommendations for Research _lgencdv Ernst & Ernst
reorganizationand revisionto Sections 4, 5, and 7 of the Principal Invest.: T, S. Dudick
AASHTO Standard Speeifieatfonsfor Highway Bridges. Effective Dare: February 1, 1965

The objective of this projectis to developrecommended Completion Date: January 31, 1966
revisions to Sections 4, 5,and 7 of the tldSflTO Standard Funds: $22,800
Specifications for Highway Bridges to reflect tile current
practice and state of theart in geoteeimicaI engineering This research dealt with the development of uniform
and substructure design, methods and procedures for establishing construction

The research proposed should address the design of equipment rental rates, It included the establishment of
foundations for highway bridges including, but not limited the purposes for which rental ratesare used; the feasibility
to, spread footings, piles,and drilled shafts, as well as of determining equipment rental rates by type, use, and
the design of conventional and alternate retaining strue- region; v.formula for equitable renlal rates; and recom-
lures. Revised specificationsshould also include subsur- mended procedures for obtaining and evaluating all in-
face investigation, performance predictions, p_rformanee formation required for the various factors in the formula.
criteria including tolerable movements and allowable This research hasbeen completed and theproject report
stresses, and soil-structure interaction elTects, has been published as: NCHRP Report 26, "Development

The research will includethe following tasks: of Uniform Procedures for Establishing Construction
Task 1,Review relevantcurrent domestic and foreign Equipment Rental Rates."

practice and research findings.This information shall be
assembled from the technical literature and the unpub-

lished experiences of bridgeand geotechnlcal engineers, AREA 14: MAINTENANCE OF WAY
consultants, and owne_ ofldghway structures, AND STRUCTURES

Task 2. Analyze and evaluate the information ob-
tained in Task 1, On tile basisof this evaluation, develop Project 14-1 FY '6fi
a comprehensive outline for the recommended specifica-
tions. Discuss the significanceof eachtopic in the pro- Upgrading of Urlit Maintenance Cost Index
posedoutline, and Development of Interstate Malnte.

Task 3. Present the findingsof Tasks I and 2 in an nanse Requirements
interim report to be submitted not later than 10months Research ¢lgency: Bertram D, Tallamy Associates
after initiation of the rese_lrch.NCHRP approval of the Prhwipal lnvest,: Dr. Bertram D, Tallamy

i
I
J
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Effective Date: March 1, 1965 Project 14-3 FY '73
Completion Date: March 31, 1967
Futtds; $205,128 Improved Pavement.Shoulder Joint Design

This research involvedan intensivestudy into typical Research Agctto:" Georgia Institute of TechnologyPrincipal laves/,: Dr. R. D. Bnrksdale
maintenance operafions on 28 Interstate test sections in Effective Date; Septenffier 15, 1972
several States for the purpose ofsntisfying the urgent need Completion Date: March 15, 1976
for a definitive system of determining maintenance re- Fund_: $100,838
quirements on a quantitative basiswith due consideration
being given to the requirements in terms of type, rang- Ahhough tile construction and maintenance of corn.
allude, and frequency. This system is applicable to In- pletdy watertlgbt pavement/shoulder joints rnr the life
terstate highways within individual States and to of tile pavement is generally conceded to be impossible,
comparable activities on the State highways. Attempts it is believed that an effort should be made to minimize
have been made to develop means for relating utilization the passtlgeof surface water through the joint, Therefore,
of men, equipment, and material to production and main- some water is likely to enter through tile joint at some
tenance operations and, further, to optimize effieiency in time during tile pavement life, and provisions should be
maintenance operations. The standards which were de- made for subsurface drainage and/or treating the pave-
ycleped have been tested on a sample of maintenance ment layers to minimize the effects of the water, Con-

operations on Interslate highways, and a unit mainte- sequently, there is need to develop reasonably adequate
nonce cost index suitable for periodic updating wits de- sealing systems forthe joint and to identity suitable design
veloped, and construction techniques, including subsud'ace drain-

Research has beencompleted, and the project report age, that will mhdmize the effects of the presence of some
has been published as: NCHRP Report 42, "Interstate water.
Highway Maintenance Requirements and Unit Mainte- Project objectives were accomplished v,'ith the devel.
nonce Expenditure Index," opment of a series of recommendations for pavement

shoulder joint design and construction, sealant specifi-
Project 14-'_ FY '71 cations, shoulder design, attd underdrainage facilities

intended to improve the pedbrmanue of shoulders ira-
Teehnlquoe for Reducing Roadway Occu- mediately adjacent to pa','ements.Guidelines are offered

paney During Routine Maintenance Actlv- for a test program to evaluate several promising jointRise
design and seallmt systems developed by the project.

Research Agency: Byrd, Tallamy, MacDonald, Research has been completed, and the project report
and Lewis has been publishedas: NCHRP Report 202, "Improved

Principal Invest.: L.G. Byrd Pavement-Shoulder Joint Design."
Effective Date: October I, 1970

Completion Date: March 31, 1973 Project 14-4 FY '74Funds: $200,SO'J

The objectives ofthis project were to identify and eval- Reconditioning Heavy.Duly Freeways In
uate techniques that will significantly reduce the time of Urbsn Areas
occupancy of the highway travel way and shoulders by Researcll Agency; Texas A & M University Research
maintenance forces forat least thefollowing specific rou- Foundation
line maintenance activities: Principal hwest.; Dr. William B, Ledbetter

Dr. Alvin H. Meyer
(a) Bridge deck repairing. Effective Date: April 15, 1974
(h) Travel way patebing. Complet&n Date: March 24, I976
(c) Crack and joint sealing. Funds: $99,665

(d) Mudjaeking and subsealing. The over-all objective of tbls project was development
Techniques for accomplishmentof maintenance aetiv- of a new technology for reconstituting and/or replacing

ities were intended to encompass tile entire operation, allot partofthepavement structureona heavily traveled
including the necessarymanpower, equipment, and ms- urban freeway so that the finished product has a design
terials, However, development ofnew materials or equip- service life equal to or greater than that of the original
ment was not considered to be within the scope o1"this pavement, including restoration of riding and nonskid
study, characteristics. The capabilities of producing substantial

Research has been completed, and the project report lengths of new or reconstituted pavement during off-peak
has been published as: NCHR.I Report 161, Techniques hours, minimal interference with traffic during construe.
for Reducing Roadway Occupancy During Routine tion, and full reopening during tile hours of maximum
Maintenance Activities," tnlffie flow were required characteristics, Tile methods
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and procedures wereevaluated in termsof economic fen- A computer program p_ckage, including a user'sman-
sibility for tile rehabilitation of substantial segments of ua] for the computer program is available on a loan basis,
urban expressways. Lowest first cost per unit of repair or or may be purchased for $6,00, plus $1.00 for postage
replacement is not a necessary limitation, and handling, by writhlg to tile NCHRP, and supplying

Research has been completed, and the project report an EBCDIC 9-track rope, or equivalent, with a density
has been published as: NCHRP Report 196, "Recondi- of 1600 BPI,
tioning Heavy-Duty Freeways in Urban Areas." The final report has been published as: NCHRP Report

223, "Maintenance Levels-of-Service Guidelines".
Research has been continued as Project 14-5(2).

Project 14.5 FY '78
Project 14-5(2) FV 'fil

Maintenance Level-of-Service GuRJelines Maintenance Levels-of-Service Guiclclines

Research Agency: Woodward-Clyde Consultants, Inc, Research Agency: Woodward-Clyde ConsultantsPrincipal Invest.: Ram B, Kulkarni
Effective Date: January 1, 1978 Principal Divest.: Ram B, Kulkarni
Completion Date: April 30, 1980 Effective Date: September 15, 1981
Funds: $204,200 Completion Date: August 31, 1984

Funds: $107,950

To optimize the expenditure of maintenance resources, The primary objective of this study was to develop a
there has been a need to develop a systematic and objective user's manual that can be used by transportation agencies
method to estabfish maintenance levels of service guide- in establishing maintenance levels-of-service. The manual

lines for all maintetlance dements of the highway (such is comprehensive, i.e,, it describes all the steps involved
as pavement surface, shoulder, vegetation, signs, strue- in implementing the methodology; it is self.sufficient, i.e,,

turn, drainage ditches). Such u method, based on decision transportation agencies are able to use the methodology
analysis theory, was suceessfidly developed and demon- without consultant assistance; and the mamml is tested,

strated in two states for pavement edge drop-off and veg- i.e, 3 state Departments of Transportation have imple.elation control, Usem of the method find it useful in the
merited the methodology for 11 to 57 malntenanee con-

following ways: ditlons. Experience with the software indicated that
1, Tile method assists in determining a set of levels of maintenance conditions should be limited to 25 or less,

service that maximizes highway user benefits subject to Consequently those maintenance conditions on which a
the constraints of available resources (dollars, personnel, very small percentage of the budget is expended should
etc,). This will assure the most efficient allocation of llm. be excluded from the system.

ited resources, The manual is published as NCHRP Report 273,
2, The method allows levels of service to be system- "Manual for the Selection of Optimal Maintenance Levels

atieally adjusted for changes in available resources. The of Service,"
method also allows differing levels of service to be estab-

lished for various road classifications, Project 14-6 FY 'fi2

3. The policy decisions to implement various levels of Evaluating Deferred Maintenance Strategiesservice will be defensible because the rationale can be well
documented. Research Agency: ARE Inc.

4. The method provides a mechanism for combining Princlpallnvest,: Bertell C. Butler
effects of alternative levels of service on multiple consid- Fred N, Finn
erations (e.g., safety, user comfort, protection of invest- Efft, etive Date: June I, 1982
meat, and aesthetics) in a logical and theoretically smmd Completion Date: December 31, 1985

manner. Tile procedures will allow the agency to establish Funds: $325,000
acceptable tradeoffs between different considerations Thegeneralobjecdveofthisstudywastodeveloppro.
based on collective inputs from n group of people tlmt cedures, guide]ines, and criteria forstatehighwayagencies
may include maintenance engineers, field supervisors, leg- to use in determining alternative maintenance strategies
islators, and highway users. (involving timing and practice) for highway facilities. The

S. The method allows the decision-maker to establish results should have application by highway agencies to
explicit levels of service that clearly communicate to field (I) budget preparation and financial planning, (2) legis-
personnel when maintenance of different highway ele- lative discussions and discussions with local governments,

meats should be scheduled. The explicit levels of service (3) maintemmce work program preparation and use in
will also permit an objective evaluation of whether the maintenance management systems, and (4) work priori-
intended levels of service are, in fact, being achieved in tization and assignment.
the field. Research was completed. To the extent that tile effee-
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tiveness of various maintenance treatments are known, Project 14-8 FY 'g7
maintenance managers have a powerful tool to assess the
economic consequencesof deferring pavement mainte- Chip Seal Coats for High-Traffic-Volume
nonce. Researchon the consequencesof deferring bridge Asphalt Concrete Pavements
maintenane_ wa_ only partially StlCC_fu], I-Ts_ of the Re,Parch _lgeltcy: In_crmounlain Research Founds-
results awaits further research and consensus on what are lion, Inc. (University of New

the bridge-maintainable elements and the effectiveness of Mexico)
various maintenance treatments. Prilacipal Invest.," Dr. T. S, Shuler

The project report has been published as: NCHRP E.ffective Date: July 6, I987
Report 285, "Evaluating Alternalive Maintenance S(rat- Completion Date: October 5, 1990

Fund_: $240,000
egies."

Chip seal coats, usually applied to low-volume roads,
are used to extend pavement service life by reducing water
infiltration and improving skid resistance. The use of chip

Project 14-7 FY '87 seal coats on high-traffic-volume roads has had limited
application because of unknown cost effectiveness, pomp-

Interactive MicrocomputerNetwork for Ipno- dal windshield damage, unsatisfactory resultsbecauseof
votive Maintenance Operations lack of adherence to sound engineering principles, and

Research Agency: Woodward-Clyde Consultants, Inc, traffic disruption during construction. However, chip seal
Principal .rarest,: Fred Reid coats may be suitable on roads with relatively high vol-
Effective Date: September I, I987 umes, in the vicinity of 20,000 vehicles per day on four-

Completion Date: February I, 1989 lane roads, thereby postponing the need for overlays. Re-
Funds: $75,000 search is needed to investigate Ihe causes and provide

Imtovat[ons in areas of materials, equipment, and meth- solutions to the problems that discourage tile use of chip
ods arc continuously being developed by maintenance seal coals on bigh-volume roads.

operations personnel. These innovations are rarely com- The objective of this research is to develop a workable
municated beyond organlzatioual boundaries, Today up- system fur applying chip seal coats to high-traffic-volume
erational-level personnel often are not aware that their asphalt concrete pavements as a cost-effective alternative
innovations could solve problems in other organizalions to asphah concrete overlays. For purposes of this project

and they do not have a comfortable way for transferring high traffic volumes are those in excess of 7,500 vehicles
this information, Consequently, other operations person- per day in one direction on a four-lane highway.
nel do not have access to knowledge that could increase Research is in progress, Literature review has been
productivity. A data base identifying these innovations, completed, and an annotated bibliography has been pre-
and shared within and between states, is needed that pared. Initial contacts with state highway personnel in-
would be available to tile "man in the field," dicate there s a cons derab ere ue ante o perm use of

The objective of this project is to develop a system chip seal coats ell major highways because of possible
design for a cost-effective microcomputer-oriented net- legal consequences from windshield damage, On the other
work to creole and to access a dynamic data base of hand, such treatments are used extensively in countries

innovations in highway maintenance operations. The other than tile United States. It may be dig]cult to obtain
users art: intended Io be the opera6onal-level maintenance approval for the desired fieId test projects, Possibilities
personnel in highway agencies for first and second level for test projects in various localities are being investigated.
supervisors. Equipment and operator personnel have been located to

Key characteristics of the system are that it be menu- construct all field test projects so that these variables can
driven for data-base entry and retrieval and mher ease- be controlled, A questionnaire has been developed to poll
elated functions, It is to be networked using a modum or experienced personnel to (1) determine the extent of use
other cost-effective communication link. As a starting of chip seals on high volume pavements, (2) determine

point it is planned that the menu he structured with materials, design methods, procedures, performance, etc.,
maintenance elements as described in NCHRP Report wherechip seals are used,and (3) understand and quantffy
273, "Maintenance Levels of Service Guidelines," and tile effects of various factors on chip seal performance,
that it include equipment as a major category.

Key dellverables of the project will be a report describ- Project 14-9 FY 'g9
ing the system design and a plan for a prototype instal-
lation to evaluate the feasibility and practicality of the Workshopon Research Needs In the Manage-
system, ment of Highway Maintenance

Research has been completed and the final draft report Research Agency: Transportation Research Board
is being reviewed. Principal Invest.: --
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Effective Date: June 12, 1988 and tllereby improve performance of the state highway
Completion Dare: June 15, 1988 agency, Some potenthd improvements include, bat are
Funds: $42,000 not limited to, the use of portable or hand-held computers,

In Seplember 1987, Ihe AASHTO SeIecl (now Stand- the ability to accept data from Iocafional and navigational

ing) Committee on Research (SCOR) directed tbe mall' ..,.,cms, zn_ .1,. a..o,l._,a ,ono, au.oma,zc u..an_cmca-
of the National Conpemtivc Highway Research Program sating and recording devices or other direct data acqui-

(NCHRP) to convene a workshop lbr tile purpose of sition systems such as voice recognition or bar coding
identifying high prinrity research needs in highway main- techniques.
tenance. Accordingly, a workshop on improving the man- Tile objective of this research is to identify and evaluate
agement of ldgh;vay maintenance was held on June 13- the latest technological means to effectively and efficiently
15, 1988, at the Beckman Center, National Academies of acquire, record, field-verify, transmit, and receive field-

Sciences and Engineering, Irvine, California, Tile work- related data for maintenance management systems, Em-

shop participants, most representing government and pri- phasis shall be placed on addressing tile informational
rate organizations, developed 15 higb priority highway needs of first-level maintenance field managers. Examples
maintenance research problem statements. The problem of field-related data include location information, work

statements will be considered by SCOR for separate fired- needed and accomplished, resources needed and used,
ing in subsequent NCI.IRP programs, equipment management information, and features inven-

tory updates. Accomplishment of the objective will re-

quire, as a minimum, the following tasks:

Prolect 14.10 FY '89 Task L Identify data gathering and transmission re.

Improvements In Date .Adjustment 'l"echnol. quirements ofeurrent maintenance management systems,

ogy for Malntonance Management Sys- Based on these requirements, develop criteria for evalu-
terns ating the feasibility of applicable technologies.

Research Agency; Task Z Identify and evaluate available technologies
Principal Invest.: In developmental stage and devices that will meet tile criteria developed in Task

1. Recommend ways in whlelz existing maintenance man-

Effective Date: (12 months) agement systems can be enhanced by these technologiesCompletion Dat_:
]Tullds; $100,000 and devices. Consideration sball be given to modular, but

integrated, components to provide for incremental ira-
Accurate and thndy data acquisition and reporting are provements and flexibility that may be necessary in meet-

key components to an efficient maintenance management ing the needs of existing management systems.

system. These systems can provide quality information Task 3. Submit a final report that documents the
that is essential to field managers for allocating limited findings of this research and catalogues the technologies

resources, improving crew performance, and developing and devices. Tile report shall recommend tile more rod-
cost.effective methods for highway, bridge, and equip- versally atlaptable technological applications to tile va-
ment maintenance, Presently, tile methods for entering riety of maintenance management systems now in place.

data into maintenance management systems are laborious, Guidance must be provided to assist state highway agen-
requiring, in many cases, the field manager to record work ties in tile implementation of these applications and first-
aceomplishments using field books or a variety of forms, level maintenance field mam_gers in tbeir use,
The information must be checked for obvious errors and

entered into n computer by a time keeper or computer
technician. "One-time, quick and easy" data acquisition, Project 14-11 FY '89

entry, and verification systems ',viii permit direct input Effective Motivation of Highway Maintenance
into maintenance management system computer files. Personnel
This will reduce work lo_ds and improve and encourage
tile accurate entry of data. Research Agency:

Most maintenance management systems generate a va- Pr#lcipal hlvest.: In developmental stage

riety of reports that indicate such information as men- Effective Date; (27 months}
surements of produefivtty, cost of performing individual Completiatt Date:
_ctivities, and expenditures for given periods. The field Funds: $200,000
manager must be _hle to extract this information from The objective of this research is to develop a training
the system in a timely filshion to correct particular prob- program, with associated materials, for highway main-

lent areas or make effective maintenance decisions, tenance managers and supervisors at all levels which will
Therefore. more efficient and accurate mechanisms For enable them to effectively motivate themselves and their

acquiring and transmitting field data need to be adopted subordinates. The goal of this program is to provide man-
to assist the maintenancelield mnnagerinjobpetformance agers and supervisors with the skills necessary to assess



193

personal and organizational needs, and to identify suhable adjust the training program materials, as necessary, to
motivational tools that can enhance employee satisfi_ction, maximize their effecllveness.

work quality, eMc[ency, and tuber aspects of performance. Task Z Prepare a final report documenting the re-
Accomplishment of this o'_iecgve',viii require at least search, including the instructor's handbook, maintenance

the following tasks: manager's and supervlsor's handbook, and testing ran-

Task L Use an extensive literature search, interview._ ' terials. It should also hlclude a discussion on the expected

with knowledgeable individuals, and other appropriate benefits to an agency using tbe training program, Ten
survey techniques to identify, from a broad spectrum of reproducible copies of all visual aids ;viii also be required.
private and public organizations, those personal and or-
ganizat[nnal attrlbums and needs that are associated with
employee motivation. Emphasis should be placed on in- AREA 15: GENERAL DESIGN
formation relevant to a state highway agency environ-
ment. Project15-1 FY '66

Y
;_ Task 2. Based un the results from Task 1, develop a Guardra[I Design

! practical method that can be used at all levels from tile Research Agency: Cornell Aeronautical Laboratory
,'., first-loyal supervisor to the top maintenance manager to Principal hlvesn: Raymond R, McHenry
' recognize and assess those personal and organizational EffecriveDate: December 15, 1965

! attributes and needs that can affect employee behavior Completion Date: June 14, 1966
: and performance. This method should be applicable to Funds: S19,723

i'_ highway maintenance organizations at the state, city, or Phase I of the project was directed toward the search
county level, anti evaluation of existing data on design and warfares,

Task 3, Identify and develop motivational tools that a critical analysis of past and current research, and de-
._, can be used in a highway agency environment to address fining additional needed research.

personal and organizational needs and, thereby, produce Research has been completed, and the project report
desirable changes, Document the conditions under which has been published as: NCHRP Report 36, "Highway

:! the motivational tools should and should not be used, Guardrails--A Review of Current Practice."

:'.i and tile expected end results, In addition, identify and
"., evaluate available training materials, visual aids and re- Project 15-1(2) FY '66 and FY '70

_:'i source materials that illustrate the application of these Guararall Performance and Design
: _: motivational tools.

;! Research _lgency." Sombwest Research Institute
Task 4, Develop a comprehensive training program 1o Principal Invest.; J.D. Miehie

,_ instruct maintenance managers and supervisors in tile tlse
f:_ Effi'ctil'eDate: July 1, 1967 May 1. 1970

ofthc method developed in Task 2. and the motivational Completion Date: Aug. el, 1970 Dec. 31, 1971
::.i tools identified or developed in Task 3, In addition, de- Funds; $2g0,000 $100,000
'_.i velop criteria for evaluating the effectiveness of tim train-

I:._ ing program on a short-term and long-term basis, At a The objectives of tile Phase I research were: (1) to
minimum, this task should produce visual aids, testing erltieally analyze existing data on guardrail performance

.;'_ r materials, program evaluation criteria, an instructor's and identify additional needed research; (2) to conduct
handbook properly referenced with the visual aids, and additional full-scale performance tests; and (3) to evaluate

_' i' a handbook for maintenance managers and supervisors, performance of various guardrafi systems considering re-
, hicle response and damage as a measure of accident so-

:. ? Task L Prepare an interim report documenting the verity and rail repair,

: i research completed in Tasks 1 through 4. Submit tile The Phase I findings have been published as NCHRP
:.:i interim report for review by the NCHRP project panel. Report 54, "Location, Selection, and Maintenance of

Soon after distribution of the interim report, a meeting Highway GuardraiIs and Median Barriers, and NCIIRP

between tile research team and the NCHRP project panel Report 115, "Guardrail Performance and Design." A 10-
i, will fie held for the purpose of prc_v[ding panel members_ _ mln sound film of the same title summarizes the Phase I
• with a "walk through" of the training program and the; _ research and is available on a loan basis from tile TRB

_: opportunity to discuss the contents of the interim report. Audio-Visual Library for the cast of mailing and han-
_. NCHRP approval of the interim report will be required,:_ dling,

before proceeding with Task 6. The Phase 11 work consisted of four major tasks. Tire

!ii Task 6, Conduct a pilot presentation of the training first task was to prepare a revision to NCHRP Report
•, program in a highway maintenance organization to be 54 that incorporates pertinent findings from tile Phase I
'; selected by NCHRP, Using the short-term evaluation research and the findings from research conducted by

_i_ criteria developed in Task 4, evaluate tile pilot effort and others. Task 2 of the Phase II work was the preparation

i
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ofadoeument to dellneatewarrants, servicerequirements, Lined Channels," may be purchased for $4,00 (see final
design criteria,arid designproceduresfor aft trafficbarrier pageof this section for ordering information),
systems, For this purpose, traffic barrier systems were
definedas includingguardrail, medianbarrier,bridge rail, Project 15.3 FY '6g
and energyattenuation devices. Task 3 included the for.

Rational Structural Analysis and Design ofmulation of new concepts for improved end treatments
for longitudinal traffic barriers with some work devoted Pipe Culverts
to improvedtransitions, Task 4 included the full-scale Research _lgency: Northwestern Universityi

i crash test evaluation of those promising concepts pro. PrincipalInvest,: Dr, R. J, Krizek
} duced underTask 3, Dr. R, A, Parmelee
* The resultsof Phase 1ITasks I and 2 have been pub- Effective Dare., October 1, 1967

i lisbed NCHRP 1 Selection Completion Dare: December 31, 1968
to Report 18, "Location, and

, Maintenance of Highway Traffic Barriers." The results Fltndsr $49,937
I of Phase llTasks 3 and 4have beenpublished asNCHRP The objective of tbis study was to evaluate previous
i Report 129, "Guardrnil Crash Test Evaluatlon--New research and current practice for the purpose of devel-

Concepts and End Designs." aping rational design methods for botb rigid and flexible
For administrative reasons,additional related researcb pipe culverts.

has been placed under Area 22, "Vehicle Barrier Sys- Research has been completed, and a project report has
terns," Details will fie found under that heading, been received containing an extensive bibliography and

synthesis of current knowledge on the design and instal-
Project 15.2 FY '6fi lation of pipeculverts. It is apparent that information is

Doslgfl to Control Erosion In Roadside Drain. not availableat this time to develop ncompletely ratiomd
structural design procedure, due largely to lack of a gra-

nge Channels erallyaccepteddefinition of pipe failure, However, several
Research Agency: University of Minnesota specificfaclors, such ns installation practices, construction
Principal Invest.: Dr, Alvin G. Anderson techniques, soil type, and safety factor, can fie given
Effective Date: July 1, 1966 greater consideration in design criteria,
CompletionDare: June 30, 1974 The project report has been published as: NCHRP
Funds: $97,300 Report 116, "Structural Analysis and Design of PipeCul-

The highway drainage engineer is required to provide verts."
designs to control erosion in roadside drainage channels
over a wide range of conditions. Acceptable procedures Project 15-4 FY '68

have beer developed for the design of channels for con- Estimating Runoff Rates from Small Rural
ditlons where easily established grass cover will suffice Watersheds
and forconditions where paved linings are required,The
objectivesof this study were to estahfisb criteria and ex- ResearchAgency." The Travelers Research Center
tend existingprocedures for conditions intermediate be- Principalh)vest: Dr. Paul Beck
tween thesetwo, The major emphasis of the research was lsadore Enger
placed on developing a procedure for the design of at- Effective Date: September I, 1967

CompletionDate: March 16, 1970
meted channels with investigations into the critical trnc- Fltnds: $299,902
tire force of gravel and crushed stone.

Researchhas been completed, and the project report Many State highway departments and other agencies
covering development of design procedures for armored are participating with tbe U.S. Geological Survey in pro-
channels has been published as: NCHRP Report 108, grams to collect runoff information from small rural wa-
"Tentative Design Proceduure for R.iprap-Lined Chan- tersheds that is intended to provide abetter understanding
rials." of the generation of runoff, With this background, it ap-

During an extension of the project, a limited field- prated possffileto develop improved procedures for as-
evaluation of the tentative design procedure was under- timafing the magnitude and frequency of peak flows for
taken, The performance of four channels, designed and small rural watersheds (approximatdy 20 sq mi or less),
built in accordance with the procedures, was observed. The objective of this project was to develop such prate-
Two of the four channels have been subjected to dis- dures that (I) require only data readily obtainable by
charges approaching the design discharge and appear to designers, (2) use parameters that are logically justified,
be stable after the floods. (3) take cognizance of differences due to geographic char-

The agency'sfinal report for this latter phase was not acteristics, and (4) present the results in readily usable
published in the NCHRI report series; however, a copy form,
of the report, "Tentative Design Procedure for Riprnp- The objectives have been partially met in that methods
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forestimating themagnitude and fmqaencyof runofffrom Conventional luminairesupport polesare, of necessity,
small rural ungaged watersheds have beendeveloped,TILe mounted close to the traveled roadway.In these locations,
question ofwhethertheyprovidebctterestimatesofrunoff they constitute a severe roadside bazard and are fre-
than currently used methods for a given watershed is apt quemly struck by vellicles tbat are out of control, with
easily answered. Indications are that they may provide attendant severe vehicle damage and injury or death to
better c.qtimatesin some c_ses. Of prnbahlygreater sig- occupants.
nificance is the compilation of information for 493 rural Tile purpose of this study was tile development of lu,
watersheds with an area of 25 square milesor less and minaire support design criteria to minimize the hazard
at least 12 years of surface runoff data that can be used described. Consideration was given to the hazard pre-
by others to develop better methods of prediction for a seated to both the striking vehicleand to nearby tramc,
particular locality, Tbe researcii has been completed, and the final report

Tile research has been completed, andtheproject report has been publishedas: NCHRP Report77, "'Development
has been published as: NCHRP Report 136,"Estimating of Design Criteriafor Safer Luminalte Supports." A 20.

q Peak Runoff Rates from Ungaged Small Rural Wa. minute film, "Lights Out," is available on a loan basis
tcrsheds." from tile TRB Audio-Visual Library(see final page of

[ this section for ordering information).

Project 15-5 FY '68 Project 15-7 FY 'fi0

Dynamic Characteristics of Heavy Highway Flow Modifications by Storage Loss Through
Vehicles Flood Plain Encroachment

Research Agency: General Motors Corporation Research Agency." Dames & Moore:
Principal Invest.: D.E. Pollack Principal Invest.: Dr. Donald L. Chery, Jr.
Effective Date: August 15, 1967 Effectiee Dare: May I, 1980
Completion Date: January 10, 1969 Cotapletion Date: January 31, 1982
Funds: $135,000 Funds: $99,730

The dynamic loading of bridges and pavements by The objectiveof this project was to puovide simple and
heavy highway vehicles influences the life expectancy of reliable procedures to compute the changes in flow and
these highway structures by an unknown amount. In- water surfaces affected by entrenchments on flood plains.
creasing permissiblEvehlcleloadsandspeedsntay increase Hydrologic information outside the affected reach, such
the dynamic loading and shorten tile life of tllese strut, as input hydrograplts and inflows, was assumed to be
turns, available to the user. The products of this investigation

Dynamic pavement loading is influencedby the pave- were intended for use in general assessment and prelim-
meat roughness characteristics and by certain character- inary planning rather than for detailed design.
istica of the vehicle. It is necessary to consider tbese Research is complete. The agency has submitted a final
factors in order to predictthe loads that willbeproduced, report with an appended user's manual. Both reports are

With the foregoing in mind, information was gathered available on a loan basis or mierofielteof tile report may
on those vehicles characteristics that make a significant be purchased (see final page of lids section for ordering
contrihutlon to the dynamic forces. Equipment for men- information),
suring these characteristics was constructed,and the char-

acteristics of representative types of heavy vehicles were Project 15-fl FY '82
determined,

The research has been completed, and thefinal report Parameters Affecting Stopping Sight Distance
has been published as: NCHRP Report 105, "Dynamic and Vehicle Acceleration/Deceleration
Pavement Loads of Heavy Highway Vehicles." Characteristics

Research Agency: University of Miohigan Transpor-
tation Research Institute

15-6 FY '68 Principal Invest.: Dr. Paul L, Olson
Development of Criteria for Safer Lumlnalre Effective Dare: May I, 1982

Supports Completion Date: May 31, 1984
Funds: $274,482

Research Agency: Texas A & M University
Research Foundation The primary objective of this researchwas to evaluate

Principal Invest,: Dr. T. C. Edwards those parameters affectingstopping sight distance includ.
Effective Date: September 1, 1967 ing:(I) perception and reaction time;(2) driver eye height;
Catnpletion Date: August 31, 1968 (3) height of an object in the rotidway; and (4) braking
Funds: $147,254 distance as affected by tire performance, brake system

!
:
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performance, pavement skid resistance, and grades. A roadbedstakingintoaccountsueh fnctorsaspipelocndon.
second objective of this research was to update vehicle construction methods, available cover, corrosion preen-
acceleration anddeceleration rates to be representative of tial. and an assessmentof the consequencesof failure.
the current vehicle fleet.

Tile final report has been published as: NCHRP Report
270, "Parameters Affecting Stopping Sight Distance." Project 1S-10 FY '85

Development of a Design/Graphics Interface
Project 15.9 FY '85 System

Encasement of Pipelines Through Highway ResearchAgency: C,W. Beilfuss& Associates,Inc.
Roadbeds Principal Invest.: Charles W. Beilfuss

Research Agency: Byrd, Tallamy, MacDonald, and Roy R. Guess
Lewis Effecth,e Date: August 1, 1985

Principal lnvest,: R. A. Koenig, Jr, Completion Date: November 30, 1988
Effective Date: October 1, 1986 Funds: $500,000

Completion Date: June 30, 1988 Transportation organizations are currently faced with
Funds: $30,000 the problem of handlingan accelerated design workload

Many states and railroads, to varying degrees, require caused in part hy tile recent increase in federal ftmding
the encasement of pipelines through their roadbeds. This levels to upgrade tile nation's transportation network.
policy is predicated on tile premises that the pipeline is Most of these organizations use computer-aided design
protected from tile associated loading, that the pipeline systems, such as the Roadway Design System, COGO-
can be removed and reinstalled from the casing in the ROADS, and adler systems developed by individual
event of failure,and that liquids would be discharged out states. These designsystems, whfieproviding productivity
the ends of the casing in tile event of rupture, thereby gains, make limited useof the latest technology awdlable
protecting the integrity of the roadbeds,The pipeline own- in computer-aided grapblcs.
ers contend that the pipe designs and strengths available A number of proprietary interactive graphics drafting
today can accept loadings without casing, that welds on systems have been developed that provide drafting pro-
road crossings are x-rayed, that the casing may interfere ductivity increases from3:1 to 6:1.Some of the interactive
with cathodic protection systems, and that easing instal- roadway design systems use features from proprietary
lotion/maintenance is costly and unnecessary, Existing interactive graphicsdrafting systems.These systems have
policies are extremely varied in that requirements for shown productivity gains to the designer on the same or
casing may be based on soil type, method of instafintion, higher order than thoseobtained in tile drafting field,Tile
products being transported, and/or operating pressures interaetivegraphics roadway deslgn systems useonly rain.
of the system, In many eases the validity of current policy imal features of the drafting software, However, they must

i is unknown leading to excessive or insufficient protection rely on expensive terminals and support computers that
as the case may be. A study under NCHRP 20-7, Task are required for the drafting functions, but are not nee-
22 entitled "Enensement of Pipelines Through Highway essary for design.
Roadbeds," completed a review of the present state of Consequently, there is a need to develop an hlterface
the art of pipeline eneasement on a national basis. Re- system that will afi0w interactive compatibility between
search findings show that states have developed and main- existing design systemsand graphics systems having vary-
tained their own utility accommodation policy within ing degrees of complexity and costs. Such an interface
AASHTO policyand Federal Pipeline Safety Regulations. system will provide flexibility ill tile types of hardware
Pipeline operators, utility companies, and railroads have and software used andat the same time provide a stand-
developed tlmirown guidelines and policies; however, no ardization for computerized communication within, and
comprehensive national standards exist for the encase- between, state highway departments and consultants in
meats or for conditions warranting encasement or non. the design of highwayfacilities. This interface system will
encasement, permit tile designersanddraftpersons to interact inmuch

The objectives of this project were to (1) assess the the same way traditional, manual highway design is
consequences of the failure and maintenance costs ofvar- handled,
ious types of pipeline protection through higbway Tile objective of the project is to provide a nonpro-
roadbeds and (2) develop guidelines for pipeline protec- prietary interface between highway facilities design sys-
lion, Research has been completed and the project final terns and generally accepted graphics systems, The
report has been published as: NCHRP Report 309, "Pro- interface shall include all requirements to allow transfer
tection of Pipelines through Highway Roadbeds," The of the highway filcilifiesdesign graphics files to and from
report contains guidelines to assist in the selecfion of a standard gnlphlcs filethat can be processed byavailable
appropriate protection of pipelines through highway graphics systems.Additlonally, theinterfnceshouldnllow
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fortheinherentperformancecharacteristicsof theinter- in thedesignof hlgfiwaybridgesor in determiningtile
faced graphics devices to be used, effects oflongltudlnal entrenchments. For example, some

Research is complete; the agency's preliminary draft existing models apply only to long stream reaches; others
final report is under review. The final report contains are not detailed enough for bridge openings and do not
recommended specifications for staadard interfiteing pips predict hlteral erosion of streamsl and many are not user-

that will facilitate the exchange of roadway design and friendly.
graphic data between various computerized systems. The The objective of this research project is to develop and
report also contains the preliminary documentation for test a practical computer model that is based on sound

selected transfer programs to demonstrate the utility of physical prinelples of flow and sediment interaction and

'_! interfacing files. The AASHTO Administration Subcom- is designed to estimate water-surface profiles, aggradation,
mittee on Computer Technology will be kept informed degradation, scour, and bank widening due to bridges and
of the project results for possible use in the activity oPits longitudinal encrouehments located on mobile bomldary

Joint Development Task Force. streams. The cstlmates are to be used to aid in the design
• of highway crossings or mher encroachments of streams.

Project 15-11 FY '87 To accomplish the objective the following tasks will be

Computer.Aldsd Analysis of Highway performed:
Encroachmentsoll Mobile Boundary Task /--Finalize basic concepts, algorithms, flow
Streams charts, rationale for the stream classification system of

Research Agency: Simons and Associates, Inc. Task 2, and program structure for the computer model.
Principal Invest.: D.B. Simons and A. Molinas Task 2--Develop a system to classify streams by
Effective Date: July 1, 1987 size, bed and bank material stability, planform geometry,
Completion Date: March 31, 1990 and other hydrological and morphological features, as

Funds: $249,360 needed to optimally select specific algorithms for use in

More than 85 percent of the 571,000 bridges in the an analysis. Submil all interim report containing the pro-
National Bridge Inventory are constructed over water- posed algorithms, logic, and tile classltication system
ways that are subject to various degrees of scour and developed under Tasks I and 2,

'_ lateral stream migration (erosion) during floods, In ad- Task 3--Develop a computer model timt provides
dition, many miles of highways are built along and ca- the necessary information for use in the design of highway
crunch on streams. Although there are no accurate stream crossings and encroachmenm, and contains the

statistics, a great deal of damage to bridges and highways fofinwfilg features:

is caused each year by degradation, aggradation, and n, Computes changes il) width and bed elevations hi
scour. Conversely, in an attempt to avoid these problems, streams associated wlth general degradation and aggra-
some highways and bridges may be designed too con. dation, contraction scour, and local scour.

servatively. For example, some bridge foundations may b. Predicts the scour, fill and water-surface profile re-
be deeper than necessary, whleh increases costs, suiting from the construction of highway embankments,

Engineers realize that streams can degrade, aggrade, bridges, longitudinal entrenchments, and protective inca-
and change location within flood plaias and that the actual sures that may be used in the vicinity of a stream crossing
construction of a bridge or highway may initiate addi- also taking into account effects caused by other man-

tional morphologlcalchanges in tllebehavlor of a stream, made changes upslream and downslream, sncb ns
However, existing design procedures for highway struc- strenmfied mining, cbannel realignment, storage reser-
tures assume forIhe most part that streams have fixed voirs, and augmented stream flow.
boundaries, Although state-of-the-art analyses are avail-
able for the mobile boundary stream condition, they are c. Predicts the short and long term effects of relatively
seldom used, and if assessments are accomplisbed at all steady or unsteady flows.

they are based primarily on tbe designer's judgment and d. Accommodates irregular channel cross sections nnd
experience, muldchannel systems.

The principal reason for the current situation is that e. Includes procedures to isolate and superimpose the
available analytical procedures are difficult to use and varlonscomponentsofscoarand fill toarrlveat composite

have not been adapted to highway applications. After a estimates of stream widths and bed elevations for design
thorough review of existing computer models to aid in of foundation depths and determination of water-surface
analyzing mobile boundary streams, a conclusion was profiles.
reached, during a session of the Transportation Research f. Incorporates an automated classification of stream

Board's Second Bridge Engineering Conference at Min- processes and seleetlon of appropriate algorithms based
neapulis in September 1984, that none of the existing on physical description of a stream with provisions for
computer models would be totally suitable to aid eltber user intervention.
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g. Operates on a tufty IBM-compatible microcomputer associated costs (l,e., traffic accident and roadway con-
at a reasonable speed and with a manageable amount of Mracdon, renovation, and maintenance). Prepare and dis-
input data. tribute to the NCHRD Project Panel an interim report

h. Is written in user-friendly terms for use by a highway describing the resuhs of tiffs task.

hydraulics engineer. Task 3. Implement the plan developed in T.sk ?

L Includes an option Ihat accepls user-provided sedi- Task 4. Based on the analysis of information obtained
meat and hydraulic resistance functions, in previous tasks, develop an engineering analysis pro-

Task 4--Make sensitivity analyses and develop cedure for delermlning roadway width for roadways with
guidelines for callbradng Ihe model widl emphasis on file an ADT of less than 2,000. This procedure shall incor-
most important data needs Par calibraliml, porate an opdmizallon of rile costs and safety benefits for

Task £--'l'est and demonstrate tire adequacy of fine various roadway widths. Using the engineering analysis
model by comparlng the predicted rcsulls to measured procedure, develop recommended roadway widths related
field data. to site condhions, h is anticipated that the traffic volume

variable will require a minimum of tilree categories below

Task 6--Conduct a 2-day critique workshop for 10 2.000 ADT. Prepareand distribute to the NCHRP Project
highway hydraulic engineers, Panel an imefim report describing the results of lifts task,

Task 7--Prepare Ihe final report documenting the Task £ Apply Ihe recommended roadway widths
research affort_ including a user's manual and a program developed in Task 4 and the current width criteria found
documenlation manual, in the Greenbook to low traffic volume roadways con-

Tasks 1 and 2 are comlete. Work on the computer structed or reconstructed in three states and two counties

program progresses under Task 3. To accomplish Tasks during die last 5 years. The states and counlies will be
4 and fi, the agency is also in search of case studies and selected by NCHRP. Based on this analysis, determine
field data, file number of addigional miles of roadway that could

have been constructed or reconstructed in these 5 juris-

ProJoct 15-12 FY '88 dlclions using the recommended roadway wldtlns. ]n ad-
dition, delermine theassociated safety impact of applying

Roadway Wldtlls for Low Traffic Volume the recommended roadway widths,

Roads Task _ Prepare a final report documenting tile re-
Research Agency: In developmental singe suits of Task I through Task 5.
Principal Invest,:
Effective Date: (30 months)
Completion Date: AREA 16. ROADSIDE DEVELOPMENT
Funds: $250,000

PrsJoct lfi-1 FY '66
The objactives of this research are to develop an en-

gineering analysis procedure for determining roadway Effects of Deleing Compounds off Vegetation
• width for the construction and reconstructionof low vol- and Water Supplies

ume roadways (less than 2,000 ADT) and, based on this Research Agency: Virginia Polytechnic Institute
analysis, to develop "minimum width oPtraveled way and Principal low, st.: Dr, R. E. Blaser
shoulder" recommendations far consldcrmion by the Effective Date: March 1, 1966

Geometric Design Task Force of the AASHTO Highway Conlplet_on Date: April 30. 1972
Subcommittee on Design for inclusion in filtare edidons Fttllds: $217,300

of the Greettboog The objectives of this study were to identify the dot-
This project will consist of at least six tasks as follows: rlmeata] effects of deicing salts on roadside vegetation

Task 1. Conduct a critical review of all pertinent and water supplies and to seek means far counteracting
literature dealing with safety, operations, attd geometries these detrimental effects.

of low volume roads as they pertain to and impact on The first phase of the study was an extensive fiteratur_
roadway width, review and survey of experience with regard to deicing

Task 2, Based on the results of Task I, develop a salt useon roadwaysand theeffectsofthisuseon roadside
data collection and analysis plan for acquiring the ad- vegetation, water, and wildlife. It also included identifi-
ditional data needed to accomplish the project objectives, cation of research needs in this problem area. This was
Variables to be included in this analysis shall include but followed by an experimental program covering the actual
not be limited to traffic volume, vehicle speed, percent effects of deicing salts on specific types and ,species of

trucks, geometries, roadway functional classification (at- vegetation and on soils along highways. Efibrts were made
terial, collector, and local), level of service (Reference: to evaluate methods ofcounteracting certain detrimental
Greenboo£; Table lI-fi, p. 96), traffic accident data, and effects.
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Research has been completed, and the results of the niques, devices, and materiMs to control erosion during
first phase of the study have been published as: NCHRP construction activities, This need was documented in

Report 91, "Effects of Deicing Salts on Water Quality NCHRP Synthesis 18, "Erosion Control on Highway
and Biota--Literature Review and Recommended Re- Construction."

search," The syulhesls shldy, widle focusing attention on tile
The results of the experimental phase have been pub- need for a major research efforl, also uncovered a large

fished as= NCHRP Report 170, "Effects of Deicing Salts quantity of information, often fragmented or undereval-
on Plant Biota and Soils--Experimental Phase," uated, on known erosion control measures likely to have

application in highway construction, Because of the ex-
Project 16-2 FY '68 istence of this information, the urgency of the problem,

and research funding limitations, a logical first step in
Evaluation of Research on Roadside Bevel- tile eventual solution of the tolal problem was the de-

opmsnt vdopment of recommendations for an interim set of spe-
Research tlgenc2: Western States Landscape Assoei- c[fic guidelines for erosion control based on existing

utica information.

Principal Divest.: Wayne O. Earley Research has been completed, and project objectives

Effective Date: October l, 1967 have been accomplished. The Universal Soil Loss Bqua.
Completion Date; March 3 I, 1969 tion was used as the basis for estimating soil loss. Existing
Funds: $100,000 maps that divide the country into areas of varying soil

The objective of this project was to review, interpret, erosion potential were updated for use in application of

and evaluale past and present research on roadside de- the equation, An experintental program was planned and
veIopment, describe areas where additional or continued conducted for verifying the applicability of the equation
research is needed, and recommend procedures for re- for estimating soil loss from a construction site and for
solving these needs, The study included, but was not limited testing of erosion control products, An erosion
limited to, consideration of the relationship of roadside control manual has been prepared for use by highway
development and (1) highway location and design; (2) and transportation agencies and others for estimating sell

.. vegetation (planning, establishment, and management by loss from a specific construction site and assessing tile
plant growth zones is consideration of erosion control effectiveness of erosion control procedures.
and roadside plantings); (3)resource conservation; (4)rest The project report has been published in 2 volumes
areas, scenic turnouts, and overlooks; (5) safety; and as: NCHRP Report 220, "Erosion Control During High-

(6) right-of-way, scenic areas, and adjacent land use. Rec- way Construction--Research Report"; and NCHRP
ognition was given to research under way or accomplished Report 22 l, "Erosion Control During Highway Construe-

in legal authority, but it was not evaluated in this project, lion--Manual on Principles and Practices."
The research has been completed, and tile project report

has been published as: NCHRP Report 137, "Evahlation

of Research on Roadside Development." AREA 17: SAFETY

Project 16.3 FY '73 Project 17-1 FY '6fi

Erosion Control During Highway Construction Development of improved Methods for
Reduction of Traffic Accidents

Research *lgency: Utah State University
Principal Invest,: Dr. Calvin {3. Clyde Research Agency: Cornell Aeronautical Laboratory

Dr. C. Earl Israelsen Principal Invest,: John W. Garrett
Paul E. Packer Effective Date: February 1, 1966

Effective Date: Nov, 1. 1973 Mar, 1, 1978 Completion Date; May 31. 1968
Completion Date: June 30, 1976 Nov. 30, 1979 Funds: $247,847

Ftlttd$: $179,224 $70.776 The objective of this research was to develop motor
Uncontrolled water and wind erosion resulting from vehicle accident investigation procedures, records, and

construction activities causes significant damage to tile statistics, which will more accurately reveal accident onus-
environment. The sediment produced pollutes surface ation than the current accident record system. An exten-
water, restricts drainage, fills reservoirs, damages adjacent sire review of the state of the art revealed that the current

land. and destroys the natural ecology of lakes and dataeollectionformsandproceduresdonotmeetreseareh
streams. Besides harming the environment, soil erosion requirements; few statlsitcally trained personnel are era-

during construction increases costs and causes extensive ployed for data analysis. Also, safety findings are assim-
delays and repairs, ibtted slowly by the agencies responsible for the design,

Research is needed to develop more effective tech- maintenance, andoperatiouofthehighwaysystem. Long-

,J
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term recommendations included an improved cemrafized Completion Date; July 31, 1974

accident record system in which accident data were in- Funds: $98,403

tegrated with appropriate nonaecident data. Also pro- The objective of the research was to provide a detailed
posed was a multilevel accident reporting scheme technique in the form el,guidelines from wbieh calcula-
providing minimum data on all accidents, intensive in- tionq can be made that will allow officials to judge the
vestigative data on a small percentage of accidents, and effectiveness of highway improvements in lerms, not only
special study data collected for a statistical sample of of reduced accidents, but also of cost.benefit of such ira-
accidents. Improved cooperation between operating agen- provements.
ties with similar objectives was regarded as essential, Tile researcb has been completed, and the final report

Short-term recommendations included increased dissem- has been published as: NCHRP Report 162, "Methods
ination and utilization of current safety knowledge; uti- for Evaluating Highway Safety Improvements,"
lization of modern technology at all levels of die system
through the initiation of continuing education semfilurs

and a safety review board; use of trained statistical per-
sonnel and tecfiniques for better uHlizatlon oP data; and Project 17-3 FY '78
use of accurate accident location methods. Location meth-
ods were reviewed and evaluated for guidance. Demon- Application of Traffic Conflicts Analysis at

stration studies were performed to illustrate the feasibility Intersections
of the proposed system and the techniques required, Tile Research tlgeney: Midwest Research Institute
study demonstrated the use of police to gather ['actual Principal Invest.: Dr, William D. Glauz

data in a study where they were provided with special Effective Date: December 15, 1977
report forms, written instructions, special training, and Completion Date: October 31, 1979

equipment. Utilization of intensive accident investigafiml Funds: $190,000

procedures and the use oPboth accident and nonaccident Tile objective of this research was to develop a pro-
data in a study also were demonstrated, cedure for collecting and using traffic conflicts data In

The project report has been published as: NCHRP diagnose safety and operational deficiencies and to oval-
Report 79, "Development of Improved Methods far Re- uate the effectiveness of improvements at intersections.

due[ion of Traffic Accidents," This objective was acldeved through an examination of

present use of traffic conflicts analysis, development of
Project 17-2 FY '72 new procedures, and field testing.

Methods for EvaluatingHighway Safety The fired report waspublished as:NCHRP Report 219,
improvements '*Application of Traffic Conflict Analysis at Intersec-

tions," Examples that illustrate the methods of data col-
Research Agency: Operations Research Incorporated lectinn, data analysis, and application of the traffic
Principal Invest.: Harry Denning conflicts technique are presented,
Effective Date: January 10, 1972
Completion Date: June 20, 1972
Fllnd$: $29,973

The objective of the research was to provide a detailed Project 17-4 FY 'Tfi

technique in the form of guidelines Prom which caIcula- Evaluation of Traffic Controls for Street and

tions could be made that would allow officials to judge Highway Work Zones
the effectiveness of highway improvements in terms, not
only of reduced accidents, but also of cost-benefit of such Research Agency: BioTechnology, Inc.

improvements. Principal bwest.: Dr. Hugh W. McGee
Activities prior te the contract's termination included Effective Date: January 2, 1978

Completion Date: June 30, 1979
detailed planning for the project and preparation of a t:unds: $200,000
detailed working plan. This research was resumed under
17-2A, The objective of this project was to determine the ef-

fectiveness of selected work-zone traffic control devices

17-2A FY '72 and to determine how these devices should be designed
and used. The research was restricted to stalionary work

Methods for Evaluating Highway Safety zones and did not consider moving operations,

Improwemanta Research has been completed; the findings were cam-

Research dgency: Ray Jorgensen Associates Dined with the results ef NCHRP Project 17-4(2) and
Pr#tcipal lnvest.: John C, Laughland published as: NCHRF Report 236, *'Evaluation of Traffic
Effective Date: February I, 1973 Controls for High',vay Work Zones,"
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Project17-4(2) FY '80 hasbeenpublishedas:NCHRP Report247,"Effective-

Evaluation of Traffic Cones and Tubes for hessof'ClearRecoveryZones,"

Street and Highway Work Zones
Project 17-6 FY '80 and FY '83

Research tlgency: BioTechnology, inc,
Principallnw_vt,: Dr. Richard F, Pain ServiceVehicleLightingandTrafficControl
EffectiveDate: April23,1980 SystemsforShort-TermandMovingWork
Completion Date: September 30, 1981 Zones--Phase I

Funds: $125,000 Research ttgency: l]ioTechnology, Inc.

Tile first phase of this research (NCHRP Project 17- Principal Invest.: Dr. Richard F, Pain
4) investigated the effectiveness of selected traffic chan- Effecth,e Date: November 1, 1982

nelizing devices and device markings in stimulating driver Completion Date: July 24, 1984
awareness of work-zone situations. Because of limited ffutlds: $85,069

funding, Phase I did not cover the full range of device The objective of this project was to develop guidelines
types and applications. Therefore, additional research was for warning systems on service vehicles and for traffic
needed to extend the evaluation to other device types and eonlrol in short-term, inlermittent moving, and conlin-
applications and to determine the usefulness of each type uously moving work zones. In addition to considering the

under various work zone situations, basle traffic and safety requirements, the guidelines will
The objective of this continuation phase was to evaluate also place emphasis on tile operational efficiency and cost-

various types of cones and tubes and to determine tile effectiveness of each treatment.

effects of size, spacing, refiectorlzation, and illumination The state oftfie art was determined through a literature
on driver performance. The research was restricted to review and a review ofcurrent practice. Existing literature
stationary zones and did not consider moving operations, was reviewed to identify currently recommended stan.

Research has been completed, and the combined find- dnrds, actual practice, and potential improvements, The
ings from Projects 17-4 and 17-4(2) have been published MUTCD, tile FHWA utilities handbook, ITE puhllea-
as= NCHRP Report 236, "Evaluation of Traffic Controls tions, SAE Handbook, representative state and local man-

, for Highway Work Zones." uals, utilities operating practices, and research reports
_',i related to vehicle signal lighting and traffic control sys-

tems were reviewed. Selected organizations were con-
ProJsct 17-5 FY '80 taeted to obtain more detailed information on the most

Effectiveness of Clear Recovery Zones promising techniques, problems with current practice,
and the feasibility and desirability of developing stan-

Research ,Igency: Midwest Research Institute dards.

Principal hlvest.: Jerry L, Graham Typical situations were identified for which service re-
Effective Date: April 1, 1980 hide warning and traffic control systems are needed, and
Completion Date: April 30, 1982
Funds: $200,060 those situations having similar traffic control require.

.i meats were combined to reduce tile number of alternative
Tile objective of this research was to investigate and treatments to be developed. Short-term, intermittent may-

quantify the efihctiveness of clear recovery zones of diP- ing, and continuous moving activities were included.
ferieg slopes and widths in reducing the number and Some of the variables considered included: type of facillty;

i! severity of run-off-the-road accidents. The frequency and roadway width, number of lanes, shoulder characteristics;

,_ severity of run-off-the-road accidents were compared on urban or rural; traffic volume and speed; physical sight

!i highways with and without clear zones, Highway sections restriction; adverse visibility; activity period (e.g., day or
_.! in Missouri, Illinois, and Minnesota served as the primary night, peak or off.peak); duration of activity; length of

data base, supplemented with data collected previously work zones; extent of lane encroachment; lane blockage;
by MRI for a skid-reduction study, Highway sections and speed of operation.
compared had similar characteristics, (e,g., traffic volume Service vehicle warning and traffic control systems were
and composition, functional classification, and align- developed for each work-type situation. For signal light-
meat). Included in the sample were freeways and non- ing, consideration was given to the effects of color, flash
freeways and both left- (including median) and right-side characteristics, number, size, and intensity, as well as tile
encroaehments. Excluded from the study were Iow-vol- environment in which the vehicle is operating. Other ve-
ume roadways (less than 750 ADT), intersections, inter- hide warning devices such as arrow boards, flags, and

changes, and urban facilities, vehicle paint schemes were also considered. The trafiie
Research has been completed. The final report, includ- control systems include the use, as appropriate, of flag-

ing illustrative examples describing potential applications men, vehicles (e,g., barrier, shadow), and traffic control

' of the clear area safety relationships in design practice, devices (e.g., sigas, channelizing devices, arrow panels).
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Spacingandsizeofdevice,aswellnsthepl_cementand EffectiveDate: December16,1985
numberofallelements,areincluded.Indevelopmentof Cott_t/onDate: December16,1988
thealternatives,considerationw_sgiventotheinfer- Funds: $200,000

marionneedsof themotorist,equipmentavailability,Studiesoflow-vohuneintersectionshaveconcluded
characteristicsofservlcevehlc!e_.,_.o_t.effcctlvcness,port- tilatcontroltypehasno appreciablee_cton_iccident
ability,frameoperations,andmotoristandworkersafety experience.ThesestudiesindicateYIELD controlismore
(includingtheaddedhazardduetotheplacementand economicalthanSTOP controlbecauseofthereduced
removalofdevices), delayandroadusercosts.Forhighertramcvolumein-
The aboveactivitiescompletethePhaseIe_ort,Be- tersections,however,insumcientaccidentdatalmvebeen

e_useols[a/Tchangesattheresearcilagency,tillscontract co]leeredtodemonstratethere]afiresaltyofSTOP ver-
h_d tobeterminatedatthispoint.PhaseIIisbeing susYIELD control.
conductedundera new contractas NCHRP Project Theobjectivesofthisresearchare(1)todetermlnethe
17-6A,The researchfindingsfrombothpbaseswillbe accidentexperiencewhenSTOP-controlledintersections
publishedtogetherattheendofProject17-6A, areconvertedtoYIELD control,and(2)todevelopguide-

PrOject17-6A FY '80andFY '83 linesforconvertingSTOP controltoYIELD control,
Inordertomeettheseobjectives,the£ollowlngtasks

Service Vohlcte Lighting and Traffic Control will beperformed:
Systems for Short.Term and Moving Work
Zones (Phase II) Task /--Determine tile current Iraffieengineering

practiceand safetyexperienceatSTOP-and YIELD-
Research Agency; Transportation Research Corp, controlled intersections througha reviewofthe technical
Principal lnvest,: Fred R, Hanseom literature and contacis with St;Itsand local highwayagen-
Effective Date; October 15, 1984 ties.
Completion Date: May 16. 1988
Funds: $252,277 Task 2--Prepare a study design to determine the

safety consequences of converting STOP control to
The objective of this project is to develop guidelines YIELD control for the fufi r_ngeof applicable volumes,

for warning systems on service vddcles and for traffic Submit an interim report on the findings of Task I and
control in short-term, intermittent moving, =andeonrin- the study design developed in Task 2.uously moving work zones, In addition to considering tile
basic traffic and safety requirements, the guldel[nes will Task 3--Collect existing accident data and/or con-
also place emphasis on tile oper_ttionalefficiency and cost- duct new field studies.
effectiveness of each treatment. Task 4--Relate the accident findings to intersection

Tills research consists of'two phases--Project 17-6 and and operntlng characteristics, Interpret the results to ex-
Project 17-6A,Please refer to the Project 17-6description plain the meanings associated withthe statistical findings,
for details regarding Phase l. Task 5--Obtain tile resultsfrom previous studies of

; In Phase It, indoor laboratory studies were conducted user costs and benefitsrelated to STOP and YIELD con-
to evaluate and optimize the vehicle warning and traffic trol, lntegrnte the safety resultsobtained from this project
control systems, Closed field studies were cmlducted in and develop criteria for converting from STOP control
Maryland to further test the most promising systems, to YIELD control Develop improvedwarrants for STOP
Field tests will be conducted in early 1986, under actual and YIELD control.
highway conditions, using real or simulated work activ. Task 6--Prepare n final report including the guide-
ities, in New York and Louisiana as a final validation of Ihles for converting STOP control to YIELD control nnd
each system, suggested wording for improved STOP and YIELD con.

A final report and an operations guide have been pre- trol warrants for potential hlehlsionin the MUTCD,
pared describing recommended vehicle warning and
traffic control systems developed under this project. This Tasks I through 5 have been completed and the final
guide is designed to facilitate direct incorporation into report is being prepared,
state and local manuals used byservicepersonnel in short-
term and moving work zones. Project 17-8 FY '88

The final draft report is currently being reviewed. Traffic Barrier and Control Treatments for Re.

Project 17-7 FY '86 strlcted Work Zones

Guidelines for Converting STOP to YIELD Research Agency: Texas A&M Research Foundation
Control at Intersections Principal hives/.: Dr. HayesE Ross,Jr,

Effective Date: June I,1988
Research Agency: Bellomo-MeGee, hie, Completion Date: May 31, 1991
Principal htvest,: Dr. Hugh W. McGee Funds: S450,000
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Many construction projects require the use of traffic Phase 11,including recommendations forthe development
barriers to adequately protect the motoring public and and ev;duation of the proposed barrier terminal treat-
construelion workers.Geometric and operational restrie, ments fllrongh analysis and crash tests.
tlons in these work zones frequently preclude the use of
the same design standards for these barriers and terminals _itase 11
that normally apply to permanent systems, Task 6--Develop detailed designs for barrier terminal

One common example involves two-lane, two.way treatments.

bridges where one.half of tile bridge is repaired while Task 7--Evaluate the terminal treatments developed
maintaining alternating one-way traffic in the remaining in Task fi tbrougb full-scale crasb tests.
lane (usually with temporary traffic control signals), The Task 8--Develop a user's manual including detailed
most common method of traffic control is to install a design drawings for recommended barrier terminal treat-
concrete barrier on the bridge approaches and across the ments and special tralliecontrol plans, and guidelines for
bridge to protect tile motorists and workers. While tbis their use. This manual will be in sufficient detail and in
practice normally provides nn acceptable measure of a format suitable for consideration by AASHTO for in-
safety for motorists and workers, problems occur when corporation into its design criteria.
an intersecting highwayor driveway that cannot be closed
exists near the end of the bridge. In this example, and in Task 9--Prepare final research report.
other restricted situations, there is often inadequate room
to install either file barrier runout at the specified flare Tasks 1and 2 bave been completed.
rate, an impact attenuator, or other terminal treatments
meeting the performance standards for permanent barrier
systems,

The objective of dffs research is to develop improved AREA 18: CONCRETE MATERIALS
and treatments for temporary traffic barriers, trafficcon-
trol plans, and user guidelines for restricted work-zone Project 18-1 FY '68
situations, The following tasks will be conducted: Revlbratlon of Retarded Concrete for Contln-

Phase 1 uoue Bridge Decks
; Taskl--ldentifytypesofexistingwork.zonesituations ResearchAgency: University of Illinois

where standard barrier terminal treatments and traffic Principalblvest.: Dr, H, K, Hitsdorf
control plans cannot be installed because of restricted Effective Date: September 1, 1967
condltions. Examplesineludebridgeendsnearanadjacent Completion Date: December 1, 1969
intersecting street, temporary traffic barriers with road- Funds: $I03,895
way/driveway openings, end treatments for barriers on This research had file objectives of (1) conducting a
narrow medians, and locations having restricted space for survey to determine the extent to which either delayed
barrier deflection, Selected highway agencies, manufae- vibration or revibration has been used in placing bridge
turers, and other organizations are to be surveyed to deck concrete, includhlg the purpose, conditions, and re-
determine common problem situations and current treat- suits; (2) determining by laboratory and/or field tests if
meats, transverse and longitudinal cracking can be significantly

Task 2--Classify the specific situations identified in reduced by revibration after retarded concrete has been
Task 1 into groups having similar cbaraeteristics. Factors placed over the entire deck of a continuous bridge or a
that should be considered include traffic parameters, site complete segment of several spans supported by a con-
features (highway geometries, terrain), and anticipated tinuous girder system; (3) determining the effect of re-
frequency of the problem situations, vibration and subsequent finishing on the durability of

Task 3--Develop conceptual designs for barrier ter- bridge deck surfaces exposed to deicing chemicals; and
minal and traffic control treatments for the groups idea- (4) determining tbe most effective and practical means of
tiffed in Task 2. Factors to consider include: design revibration in the field.
vehicle, approach speed, barrier flare rate, safety, and The research has been completed, and the final report
roadway geometries. Sloped terminals for concrete bar- has been publishedas: NCHRP Report 106,"Revibradon
tiers under low approach speed conditions will fie in- of Retarded Concrete for Continuous Bridge Decks."
eluded as one of the end treatments.

Project 18-2 FY '73
Task 4--Evaluate tile proposed treatments for typical

situations,Evaluationcriteria includesafety, traffic ca- Use of Polymers In Highway Concrete

paeity, user delay, costs, and ease of implementation. Research Hgency: Lebigb University
Task 5--Prepare a report on the findings of the above Principal hlvest.: Dr. John A. Mansun

tasks, This report will contain a detailed work plan for Effective Date: October 1, 1972
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Completion Date; September 30, 1975 high-temperature drying process whose effects on the du-
Funds: $300,000 rabilityand structural integrity of the deck concrete are

The over.all objective of this project was to develop not now understood. It has been noted that die process
the technology for the economical use of polymers to causes fine cracks to appear in Ibe concrete, but little else
improve the serviceability of concrete in highways, The is knuwu. The authut_ of NCHRP Report 190concluded
immediate goalconcerned economically feasible methods that research is needed to (I) measure the extent of tlds
for polymer impregnation of concrete bridge decks in problem and provide a solution if required; (2) provide
place, additional information on the long-term effectiveness of

The program was conducted jointly by Lehigh Uni- the impregnatimt process in preventing or arresting cor-
versity and The Pennsylvania State University, rosion: and (3) determine the economics of the use of

Tile study included a state-of-the-art survey, laboratory polymer impregnation. Determination of long-term effec-
development of engineerfilgdata on the penetration of tiveness and economics will require consideration of the
candidate materials, testing of drying techniques and pro. relative merits of various processes for impregnation as
totype impregnation equipment, durability studies, and well as other methods of prevention and repair of bridge
experimental impregnations of two bridge decks. Final deck corrosion problems. Research is also needed to de-
work centered on the use of methyl methaerylate and termine whether corrosion in a contaminated deck can
trimethylolpropane trimetfiacrylate (MMA/TMPTMA) be controlled by sealing with a sballow polymer impreg-
as the monomersystem. Twomethods of drying (propane. nation, or complete encapsulation of the top reinforce-
fired infrared andpropane torch units), two methods of ment is necessary.
monomer application (soaking and pressure), and two NCHRP Project I8-2(2) was not intended to provide
methods of polymerization (hot water and steam) were answers to all of these specific questions, Its objective was
used, Polymer penetration to depths of more tban 4 in, more general: to eladfy the state ofknowledge with regard
was achieved. Extreme drynesswas found to be the key to polymer concrete in bridge decks. It did not involve
to deep penetration, This was obtained with temperatures extensive investigations to develop new research findings
of about 250 F at 4-in. depths, The first successful pen- but was intended to outline what is already known, what
etrations of a bridge deck were achieved with equipment additional information is needed, and what new research
eovedng areas of only a few square feet, Field equipment needs tobeundertaken. The final report providesguldanee
was enlarged and up-graded, and successful impregna- for decisions on future research in this area.

Research has been completed. Copies of tile agency'slions were achieved over several 36-sq ft areas on two
bridge decks--onea test-track deck and the other a deck report may be obtained on a loan basis upon written
in regular service. A field manual describing the tech- request to the NCHRP. A limited number of copies are
niques that weredeveloped and including suggested safety available to NCHRP sponsors for permanent retention,
precautions and acceptance criteria is included in the final and others may purclmse microfiche of the report (see
report, final page of this section for ordering information),

Research has been completed, and the final report has
been publishedas: NCHRP Report 190, "Use of Polymers
in Highway Concrete." Project 18-2(3) FY '75

Long.Term Rehabilitation of Salt-Contaml-

Project 10-2(2) FY '78 nated Bridge Decks
Research Agency: Lehigh University

Polymer Concrete In Highway Bridge Decks Principal bwest.: Dr. JohnA. Manson
Research tlgeney; Lehigh University Effective Date: May 1, 1950
Principal Invest,: Dr, John A. Manson Completion Date: April 29, 1983
Effective Date: January I, 1975 Fllnds: $199,900

Completion Date; March 15, 1979 A critical review and experimental work were con-
Funds: $30,00_ dueled on methods for the rehabilitation of salt-eontam-

NCHRP Project 18-2 demonstrated the feasibility of inated bridge decks, Emphasis was given to improving
polymer impregnation of salt-contaminated, but strue- techniques for the impregnation of concrete with
rurally sound, bridgedecks to depths sufficient to encase poly(methyl methaerylate) and to the concept of scarifi.
the upper layer of steel reinforcement (about 4 in,) as a cation to remove the top layer of concrete, followed by
possible means of arresting or preventing corrosion. It impregnation with a polymer or corrosion inhibitor, and
was concluded that additional research and development overlayfitgwith a low-permeability concrete, Exploratory
work will be needed to refine the method and to extend research with electrochemical removal of salt was also
its applicability beyond the range of variables of the cam- conducted.
pleted investigation. Polymer impregnation includes a Resistance to Freezing and thawing and to corrosion



2O5

was determined for several combinations of substrate State highway budgetary systems to be instituted. Doe-
treatment and overlay {latex-modified concrete, low- umented recommendations were developed for devising
slump dense concrete, and polymer concrete) after scar- a concise universal State highway budgeting system with
ifieation was simulated. Treatments of tile concrete witb detailed aids for implementing appropriate policies and
methyl methacrylate consislently gave superior perform- procedures.
ante with respect to durability and corrosion resistance Research has been completed. The project report will
provided theconcrete was dry prior to impregnation.Two not be published in the regular NCHRP report series, but
impregnated inhibitors (calcium nitrite nnda commercial the essential findings from the report have been published
rust inhibitor) and a hydrophobic silanc improved cop in NQHRP Research Results Digest 20.
rosion resistance, but durability under freezingand thaw-
ing conditions was decreased, Sulfur gavevariable or poor

results. A new technique for impregnation was also de- Project 19-2(1) FY '69
ycleped, based on deeply grooving tile concrete to facil-
itate drying and tile impregnation process, Develop Performance Budgeting System to

Researchhasbeencompleted,and the final reporthas Serve Highway Maintenance Management

been published as: NCHRP Report 257, "Long.Term Research tlgency: Eooz • Allen & Hamilton
Rehabilitation of Salt.Contaminated lIridgeDecks." Tile Principal Invest.: H.L. Wilsey
published report contains an appendix detailing the deep Effective Date: September 2, 1968
grooving technique as a means to facilitatedeep polymer Completion Date: October 31, 1968
impregnation, i.e., impregnation to a depth to include tile Funds: $6,000
encapsulation of the top reinforcing steel in bridge decks.
An agency "Supplement to NCHRP 257"containing sev- With highway maintenance expenditures rapidly in-
eral additional appendixes was distributed to NCHRP creasing due to completion el'the Interstate System, rising
sponsors only, It is available to others on a loan basis or trafficvolumes, trends toward higher standards of phys-

r
_- a purchase basis for tile cost of reproduction (see final teal maintenance, and more traffic services, it becomes

page of this section for ordering information). The ap- increasingly important that maintenance operations be
pendixes in the supplemental report detnfithe laboratory based on reasonable and effective maintenance budgets.
investigations and present the development and use of an The scope oPthis project was to develop independent
economic model ['or comparing cost-effectivenessof var- work plans to be used as the research plan for the second-
ious alternatives, phase work, The work plan has been received but wiU

! not be published. Refer to Project 19-2(4) for description
of the over-all project objectives and details of Phase II
of this study.

_ AREA 19: FINANCE
Project 19-2(2) FY '69

: Project 19-1 FY '68
?, Develop Performance Budgeting System to

Budgeting for State Highway Departments Serve Highway Maintenance Management

Research Agency: Ernst & Ernst Research Agency: Ernst & Ernst
Principal Invest.: F. W, Hinck, Jr. Principal lnvest.: F.W. Hinck, Jr,
Effective Date." September 5, 1967 Effective Date: September 2, 1968
Completion Date; September 4, 1968 Completion Date: October 31, 1968
Fttttd$: S45,000 Fllltds: $6,(XJO

Although budget plans of varying effectiveness now With highway maintenance expenditures rapidly in-
exist in the several State highway departments, there is creasingdue tocompletionofthe InterstateSystem, rising

il no indication that highwayadministrationrecognizes and traffic volumes, trends toward higher standards of phys-
:l utilizes the budget process to its full potential, teal maintenance, and more traffic services, it becomes

Research is needed with the long-range objective of increasingly important that maintenance operations be
devising a conciselydefined framework ffi'budgetsystems, based bn reasonable and effective maintenance budgets.
together with detailed documentation ['or implementing The scope of this project was to develop independent
policies and procedures, To meet this need, tile research- work plans to be used as the researcb plan for the second-
ers analyzed the organization plans and ['undingarrange- phase work, The work plan has been received but will
ments controlling State highway departments. They not be published.Refer to project 19-2(4) for description
determined in detail the prerequisiteswhich must be sat- of the over-all project objectives and details of Phase II
isfled and the problems requiring resolution for effective of this study,
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Project 19-2(3) FY '69 Compledon Date: June 14, 1972
Fands: $96,728

Develop Performance Budgeting System to
Serve Highway Maintenance Management Tile objectives or this research were; (1) to crit]caBy

Re,_earch Agenew Roy Jorgensen & Associates review past and current research and methodologies re-
Principal Invest.: J. L, Garner ]alh_g to tll_ cotlsequeuces of possible changes in legal
Effecti_,e Date., September 2, 1968 vehicle weighl; (2) to evaluale methodologies and pro-
Completion Date: October 31, 1968 cedures idenlffied in the review as to their rellability.
Funds: $6,000 adequacy, ease of application, and other attributes; (3) to

assemble from existing knowledge a recommended meth-
With high'.vay maintenance expenditures rapidty in- odology or methodologies identifying all decision points

creasing due to completion of the Interstate System, rising involved in reaching a conclusion regarding costs and
traffic volumes, trends toward higher standards of phys- benefits associated with changes in legal weights and di-
ical maintenance, and more tralgc services, it becomes menslon limits for vehicles; and (4) to recommend ad-
increasingly important flint maintenance operations be ditional research and development as may be found

based on reasonable and effective maintenance budgets, necessary to fill gaps in present knowledge.
The scope of this project was to develop independent The research has been completed, and the project report

workplanstobeusedastheresearchplanforthesecond, has been published as: NCHRP Report 141, "Changes

phase work. The work plan has been received but will in Legal Vehicle Weights and Dimenslons--Some Eco-
not be published. Refer to Project 19-2(4) for description nomlc Effects on Highways,"
of the over-all project objectives and details of Phase II
of tills study.

AREA 20: SPECIAL PROJECTS
Project 19-2(4) FY '69

Develop Psrformance Budgeting System to Project 20-1 FY '65, FY 'fi6, and FY '67
Serve Highway Maintenance Management Highway Reserch Information Service

Research Agency: Roy Jorgensen & Associates Research Agency: Highway Research Bourd
Principal Invest.: Roy E. Jorgensen Prhlcipal htvest.: Dr. Paul E. Irick

J, L. Garner Effi,ctive Date: March 16. 1964
Efft, cti_e Date: February 1, 1969 Completion Date: October 31, 1967
Cotnpletion Date: November 30, 1971 Fends: $455,0(30
Futlds: $220,000

The objectives of the Highway Research Information

Tile objectives of this project were to develop a model Service were: (1) to select and store input information
highway maintenance performance budgeting system and from current and past highway research that will be of
to pilot test the installation of the system in a State high- value to users of highway information. (2) to disseminate
way department, current information to users, and (3) to retrieve relevant

The objectives have boca accomplished in terms of the information on request,

development of a model system that can be adapted for All storage and retrieval procedures are now opera-
use by a State highway department to make most effective tional, Tile service, available to anyone interested, in-
use of available maintenance funds and to assist in the eludes abstracts of publications, new reports on research

process of highway budget and management planning, in progress, and the updating of previously stored reports
Pilot installation of the model system in cooperation with for ongoing research.
the State Highway Department of Georgia indicates that

implementation is feasible. Project 20-2 FY "fi6

Theresearchhasbeencompleted, andtheproject report Research Needs In Highway Transportation
has been published as; NCHRP Report 131. "Perform-
once Budgeting System for Highway Maintenance Man- Research Agency: Bertram D. Tallamy Associates
agement." Wilbur Smith and Associates

Principal hlvest.: Lloyd G. Byrd
Paul E. Conrad

Project 19-3 FY '71 Effective Date: April I, 1966

Economic Effects of Changes In Legal Vehleie Completion Date." December 31, 1967

Weights and Dimensions on Highways Fends: $98,760

Research Agency: Wilbur Smith and Associates Tbis project developed a coordinated framework of
Principal Invest.: R.E. Whiteside needed short- and long-range research in the field of high-
Efft, etive Date: September 15. 1970 way transportation. Major areas of needed research were
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identified and arranged in the general framework. Teeh- and a preliminary design for a more extensive driver-

nieal priorities of needand an estimate of the appropriate communication system to include tile surface streets
level of funding for each are intruded. The framework within the corridor. The project report for the 1968 work,
was designed in such a manner as to permit updating "A Freeway Corridor Surveillance, Information, and

with mhfimal effort. Control System," was accepted hut not published. A sum-
The project report gives method or concept for struc- mary of the work has been provided in ffie report prepared

turing research as developed by tile research, which in- under Project 20-3C.
eludes a method for assigning priorities and costs to At the end of 1968 the research agency requested, due
proposed research. The methods developed under this to extensive other research commitmenls, to be relieved

research were applied to 900 proposed research project of further work. A continuation proposal was requested
statements considered in tile study to formulate an ex- from the University of Michigan. Tile research was con-
ample research program, tinued under Project 20-3A.

The final report has been published as: NCHRP Report
55, "Research Needs ill Highway Transportation."

Project20-3A FY '69 and FY '70

Project 20-3 FY '67 and FY'68 Optimizing Freeway Corridor Operation

Optimizing Freeway Corridor Operation Through Traffic Surveillance, Communl-
Through Traffic Surveillance, Communl- cation, and Control

cation, and Control Research Age/toy: University of Michigan
Research Agency: Texas A & M University Principal Invest.: Dr, Donald E. Cleveland

Research Foundation Efft'ctive Date: Nov. 20, 1968 Jan. 1, 1969
Principal lnvest.: Dr. J. A. Wattleworth Completion Date: May 31, 1971 Dec, 31, 1969

Kenneth G. Courage Funds,. $505,631 $20,000t

Effective Date: Dee. 15, 1966 Jan. 1, 1967 This project was a continuation of the 1967 and 1968
Completion Date: Jan, 31, 1969 Dee. 31, 1968
Funds: $394,016 $200,540* research conducted by the Texas Transportation Institute

under Project 20-3,

To meet present nod future traffic demands, the com. The basic tasks and their respective components of the
bined freeway and surface street system must operate 1969 research work were designed to develop information
more efficiently. Practical measures for increasing oper- required for theultlmntesyntheslsofatraffic surveillance,

ational efficiency by judicious application of traffic sue. driver information, and control system capable of real-
veifionce, communication, and control were studied for time control of traffic throughout an entire network of
the heavily traveled corridor of the John C, Lodge Free- arterial streets and freeways, The topics included (1) de-

way in Detroit. tection of eapaeity-reduclng incidents, (2) improved ramp

The initial research program included an evaluation of control techniques and environmental effects, (3) pilot
the effectiveness of the existing National Proving Ground studies of freeway-frontage road informational system, (4)
surveillance, communication, and control system, and its an experiment in trafiie routing within the freeway cor-
individual components. Methods were determined for in. ridor, and (5) observation of freeway operations. Draft

creasing the effectiveness of the freeway and surface street reports on the topics of the 1969 research work have been
system, and equipment configurations were recommended accepted by the project committee,
to improve the system based on a cost-effectiveness study, The 1970 research had the general objective of im-

A technical report, "An Evaluation of Two Types of proving the combined level-of-service on the Freeway and
Freeway Control Systems," covering the 1967 research the supporting street network, Tile work was divided into
work was submitted and accepted, The report includes four principal tasks, all of which were completed: (1)
an evaluation of the initial NPG television and advisory improvement oframp meteringand freewaycorridor flow;
speed and lane-control signs and a description and oval- (2) improvement of Davison-Lodge interchange opera-
nation of the ramp-metering system. Six additional reports tlon; (3) determination of the effect of weather on freeway

were prepared covering the 1967 research work. corridor operations; and (4) long-term motorist response
The major work items proposed for completion in 1968 to the information system.

were a pilot study of a freeway-frontage road driver in. Draft final reports on the results from the work under

formation system, further freeway operations studies us- the tasks were accepted and are available on a loan basis
ing improved detection and refined control techniques, upon written request to the NCHRP, They, along with
environmental effects studies, pilot equipment studies for the 1969 reports, have not been published, but are sum-

traffic-responsive signal control throughout the corridor, marized in the report prepared under Project 20-3C,

• NCIIRP fttndl obli_alcd un_ler Ih= $314,340 four-way a_r_menl among tile r NCIIRP fund_ obliitated unt_¢r Ih= $7O,0(X)five,way agreement amou_ the Na-
NRliOnal Academy of Sci©nc©_,Mieh_l_n Department of Stale [[igll_lyl, W_yne dnn=l Academy nf S¢.i¢nc_ _,tiehig_n Department of $1ale I lil[hwayl, Wayne
COUnty, and Ih¢ Cily of Delroi[. Coun m the City of Detroit, arid hi© Univeriily of MiehiJIan.
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Project 20.3B FY '70 FreewayinDetroit.The historical researchhasbeencorn-

Optimizing Freeway Corridor Operation pieted,and a report hasbeen submitted,h coversthe
Through Traffic Surveillance, Communl- objectives,organization,anddata, as wefias the results,conclusions, and recommendations associated witil each
cation, and Control--Summary Reporting _a_c of the traffic researchstuaies.Referencesto all

Research tlgeney: Patrick J. Athol published and unpublished reports as :veil as file docu-
PrhwipM Do'ext: Patrlek J. Athol ments pertinent to tile background of the studies have
Effective Date: July I, 1972 beenappropriately identified.
Termhtation Date: September 27. 1974 The agency's final report has been distributed to the
Funds: $31,1t 6 sponsoring agencies; microfiche of the report may be pur-

Because a substantial body of knowledge relative to chased (see final page of lids section for ordering infer-
more efficientoperation of systems made up of freeways madon).
and adjacent streets has been acquiredthrough NCHRP
Projects20-3,20-3A, andstudiesunderotherprograms, Project 20-3D FY '70
Project 20.31]was established with the following objec-
tives: Summary of All Freeway Surveillance, Cam-

munlcatlon and Control Experience

I. Preparafionera reportsummarizingthe main find- Research .'tgency: Alan M. Voorhees & Associates
ings of freewaysurveillance and control on the John C. Prhlclpal htve._t,t Dr. Donald G. Capefie
Lodge Freewayin Detroit. The end product of tbis syn- Effective Date: May 15, 1977
thesis was Io ]lave been one report that summarized all Completion Date: December 31, 1978
historic and technical activities of the research conducted Funds: $40,000
by the StateofMichigan and under the NPG and NCHRP
Projects 20-3 and 20-3A. The major emphasis was to be This project complements Project 20-312.It was estab-
placed on reporting on usable results that havebeen found lished to prepare a summary reporl ofafi experience with
to be practicalon the Lodge project, the surveillance, communleations, and trafficcontrol as-

2, Preparation of a report in the vein of"Getting the peers of freeway operations, Published reports and other
Most Servicefrom Freeways," using published research experience available from relevant research projects were
reports and the experience available from past and on- reviewed. The final report provides a synthesis of past
going freewaytraffic operations projects, and present practices to aid highway administrators in

decisions related to freeway operation problems.
Objective 1was advanced only to the point oPa pre- Research has been completed, Because the final report

llminaryrepartthat wassubmitted totheNCHRPproject is of a nontechnical nature and is directed to top-level
panel for an acceptance review, Based on this review, administrators, it was published as a special publication
ex ensive revvifionswere required They were begun but rather than in the regular NCHRP series. The report,
were never completed; therefore, a revised report was "Freeway TrafficManagement," is availablefor $5.00 (see
never submitted.Some work was carried out to_','ardOb- final page of this section for ordering information).
jeetive 2, hut, although the original eompledon date had

been overrun by a year, it was not substantial and never Project 20-4 FY '68
progressed to thepoint of a preliminary report. Still an-
other extensionwas imminent; however, the contractor Public Preference far Future Individual Tress-
chose 1oquit without fulfilling the objectives set fortll in portatlon

his proposal, By mutual agreement, the project was ter- Research Agency: Chilton Research Services (CRS)
minated. This research ',','asresumed under Project 20- National Analysts (NA)
3C. Prhtcipal Divest,: Robert K. MeMillan

James M, Marshall
Project 20.3C FY '70 Effective Date: May 2, 1967

Co/tip/el[on Date: January 21, 1969 (CRFI)
Summery of the Lodge Freeway Research January2, 1968(NA)
Research dgency: Asriel Taragln Funds: $279,171
Principal Divest,: Asriel Taragin The objective of this research was to determine the
Effective Date: November 15, 1975 attitudes and behavior of the public related to transpor-Completion Date: July 15, 1976
Funds: S I0,183 tation and identify the factors that influence suchattitude

and behavior,
This project was initiated to prepare a summary report A first-phase report was published in 1968as: NCHRP

outlining the mainfindings from a long series of freeway Report 49, "National Survey of Transportation Attitudes
surveillance and control studies on the John C. Lodge and l]ehvior--Phase 1 Summary Report." This report
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presents a prdiminary analysis of the nationwide survey For each topic tile objectives are:

data. It includesa comparison of house]told and indlvld- I, To locateand ussembledocumentedinformation.

ualcharaeteristicsforbotbsurveysampIesmtdaquestion- 2. To learn wbat enfiineedng practice bas been tlSed
by-question attolysis of the total sample, for soh, infi or alleviating tile problem,

A second-pbase report lilts been publisbed as; NCHRP 3. To identify oil ongoing research.
Report 82, "Notional Survey of Transportmion Attitudes 4. To learn wbat problems remain largely unsolved.
and Behavlor--Pbase It Analysis Report," Tbis report 5. To organize, evaluate, synthesize, and document tile
presents results era more advanced statistical analysis of useful information that is acquired.
the data. This ttnntysis is multi-variant in nature; that is, 6, To evaluate the effectiveness of the syntbesis after

it considers many variables simultaneously to obtain a it has been in tbe hands of its users for a period of time,
comprehensive view of transportation attitudes, their re-
lation to behavior and demographic eharaeterlstics, and Tile 143 publisbed syntheses of highway practice that
profiles of people Imlding these views, have been prepared under tbls project are listed in Table

The report includes I6 charts that indicate attitudes, 6. Additional information on the project may be found

according to eigbt demograpblc variables, toward spend- in Researcb Results Digest 168.
ing for roadways and highways and public transportation.
The report deals comprehensively with data by describing
tile methodology, statistical methods used, and tbe de- Project 20-6 FY '69 and continuing

tailed findings. Legal ProblemsArising out of Highway
Programs

Research Agency: Transportation Research Board
Principal btl'est,: Robert W. Cunliffe

Project 20-5 FY '68 and continuing Effective Date: November I, 1968

Synthesis of Information Related to Highway Completion Date: Continuing
Problems Funds:

$200,000 FY '69 $100,1300 Ann. FY '78-'79
Resee, rch Agency: Transportation Research Board $125,000 FY '72 $150,000 Ann. FY '80-'fil
Principal hlvest,: T.L. Copas $50,000 FY '73 $100,(300 FY 'S2

H. A. Pennock $185,000 FY '74 $150,0(]0 FY 'g3
Effective Date: December 15, 1967 $125,000 FY '75 $200,000 FY '84
Completion Date., Continuing $S5,000 FY '76 $280,000 FY '85
_ttnds., $100,000 annually, FY "fig-'71 $75,000 FY '77 $200,000 FY '86 & '88

$200,000 annually, FY '72-'75 $100,(300 FY 'g9
$300,000 annually, FY "76.'77
$330,0_0 FY '78 A major and continuing need of State highway de-
$360,000 annually, FY '79-'83 partments involves the assembly, analysis, and evaluation
$380,000 FY 'S4 of operating practices and tile legal elements of special
$650,000 FY '85 problems involving right-of-way acquisition and control
$600,000 FY 'fi6 and higbway law in general. Individual State experiences

$600,000 FY 'S7 need to be compared and made avnilahle for possible
$650,000 FY '88
$5S0,000 FY '89 application nationally. Need exists with respect to both

immediate and longer-range right-of-way and legal prob-

Administrators, practicing engineers, and researchers Ictus,
are continually faced with highway problems on which In spite of this critical need, there has been no present
much information exists, either in documented form or mechanism that is capable of responding in time to be of

in terms of undocumented experience and practice. Un- practical assistance to State highway departments. The
fortunately this information is often fragmented, scat- Right-of-Way and Legal Affairs Committee of the Amer-
tered, and unevaluated. As a consequence, full icon Association of State Highway Officials bus tried all
information on what has been learned about a problem of tbe known channels in an effort to initiate such re-

is frequently not brought to bear on its solution. Costly seardl, but the response has been negative for one reason
research findings may be unused, valuable experience may or another,
be overlooked, and due consideration may not be given Accordingly, State highway officials have agreed that

to recommended practices for solving or allevblting the an appropriate mechanism be initiated under which
problem, needed research of the type suggested can be undertaken

In this project, particular highway problems, or sets of and with dispatch. Prototypes uf such a device may be
closely related problems, will be designated as topics for found in the various AASHO and HRB road-test projects

information synlbesis, flint have been undertaken and, perhaps more closely
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related, in the 1956-60 special HRB Highway Laws Study No. 17--Liability of State Highway Departments
Project. ['or Design, Construction, and Mainte-

NCHRP Project 20-6 has been established to meet the nonce Defects (Research Results Digest
aforementioned need and is a continuing effort involving No, 80)**
research on a priority listing of topics selected by the Study No, 23-- Exclusion of Valuation Changes Result-
cognizant NCItRP project committee. Tile topics of con- ing from Influence or Public Improve-
eern to date are: ment: A Study of the Provisions of 42

U.S,C, 4651 (8) (Research Results Di-
StudyNo. I--Relocation Assistance Under Chapter gest No. 45)

Five of the 1968 Federal-Aid Highway Study No, 24-- Eminent Domain: An Overview*
Act (Research Results Digest No. 3) Study No. 25-- Where Does Police Power End and Era-

Study No, 2-- Standing to Sue for Purposes of Securing inent Domaln Begln?*
Judicial Review of Exercise of Adm[n- Study No. 26-- Just Compensation and the Doctrine of
istration Discretion in Route Location Damnum Absque Injurla*
of Federal.Aid Highways (Research Re- Study No. 27-- The Meanhlg of Highway Purpose (Re-
suits Digest No. 6) search Results Digest No. 68)*

Study No, 3--Valuatlon Changes Resulting From In- Study No. 28-- Valuation of Outdoor Advertising
fluence of Public Improvements (Re- Rigbts*
search Results Digest No. 11) Study No, 30-- Liability for Drainage Damage*

Study No. 4-- Advance Acquisition Under tile 1968 Study No. 3 I-- Trial Strategy and Techniques Using the
Federal-Aid Highway Act (Research Income Approach to Valuation (Re-
Results Digest No. 19) search Results Digest No. 54)*

Study No. 5-- Valuation in Eminent Domain as Af- Study No. 32-- Trial Strategy and Techniques Using the
leered by Zoning (Research Results Di- Comparable Sales Approach to Valua-
gest No, 22) tion (Research Results Digest No. 47)*

Study No. 6-- Federal Environmental Legislation and Study No. 33-- Trial Strategy and Techniques Using the
Regulations as Affecting Highways (Re- Reproduction Cost Less Depreciation
search Results Digest No. 25) Approach to Valuation*

Study No. 7-- Changes in Existing State Law Required Study No. 34-- Trial Aids in Highway Condemnation
by the Uniform Relocation Assistance Cases* (Research Results Digest No.

and Real Property Acquisition Policies 111)
Act of 1970 (Research Results Digest Study No, 35-- Model Airspace Act: A Vehicle for Joint

No. 32) Development*
Study No. 8-- Proposed Legislation to Authorize Joint Study No. 36-- Formation of the Contract** (Research

Development of Highway Rights-of- Results Digest No. 109)
Ways (Research Results Digest No. 31) Study No. 37-- Effect of Mistakes in Bids. Plans and

; Study No. 9-- Legal Effect of Representations as to Specifications**
Subsurface Conditions (Research Re- Study No. 38-- Legal Problems Arising from Changes.

i suits Digest No. 39)** Change Clauses and Changed Condl-
Study No. I 1-- Personal Liability of State Highway De- tions**

partment Craters and Employees (Re- Study No. 39-- Contract Completion Time: Damages

serch Results Digest No. 79)** for Delay; Liquidated Damages; Work
Study No. 12--Tort Liability of Highway Departments Stoppage Under Court Order**

Arising Out of Skidding Accidents (Re- Sludy No. 40-- Administrative Settlement and Disposi-
search Results Digest Nos. 83 and 95)** tion of Claims**

Study No. 13--Appeal Bodies for Relocation Assistance Study No. 41--Trial Strategy and Techniques in Con-
(Research Results Digest No, 40) tract Litigation** (Research Results Di-

Study No. 15--Trial Strategy and Techniques to Ex- gest No. 108)
elude Noncompensable Damages and Study No, 42--Environmental Litigation: Rights and

Improper Valuation Methods in Emi- Remedies**
neat Domain Cases (Research Results Study No. 43--Trial Strategy and Techniques in Envi-
Digest No. 41) ronmental Litigation**

Study No. 16-- Supplemental Condemnation: A Discus- Study No. 44-- Legal Interrelationship of the Federal
ston of tile Pdnclples of Excess and Sub- and State Governments* *
stitute Condemnation (Research Results Study No. 45-- Review of the One-Offer System of

Digest No. 42) Right-of-Way Acquisition (Completed)
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Study No. 46-- Liability of Governmental Agencies for Topic No. 2-18--Update of "Supplemental Condemnn-
Improper Truftlc Control Devices, Signs, tion: A Discussion of the Princlples of

: and Pavement Markings** (Research Excess and Substitute Condemnation"*
Results Digest No. 110) Topic No. 2-19 --Update of"Liability for Delay in Cam-

Study No. 47--Supplem_'ntafinn of Studies 15, 31, 32 pletion of IEghwa:," C6,ishuution Con-
and 33, attd Project 1l-1(2) *)* tracts"t

Study No, rig--Supplementation of Studies, 3, 4, and Topic No. 2-21 --Legal Implications of Illgllway De-
L*** partment's Failure to Comply with

Study No. 49--Inverse Condemnation*** Design, Safety, or Maintenance Grade-
Study No, 50-- Payment of Attornny Fees and Other llnest? (Research Results Digest 129)

Costs in Condemnation and Environ. Topic No. 2-22--Update of "Legal Problems Arising

mental Litigation **) (Research Results from Changes, Changed Conditions, and
Digest No. 103) Disputes Clauses in Highway Construe-

Study No. 51--AppraisM of Property Damages Due to lion Contracts" t
Highway Noise*** (Research Results Topic No. 2-23--Update of"Where Does Police Power
Digest No, 99) End arid Eminent Domain Begin"t

Study No. fi4_ Outdoor Advertising Control and Ae- Topic No. 2-24--Update of "The Meaning of Highway

quisition (Completed) Purpose"*
Study No. 57-- Legal Aspects of Access Control on Un- Topic No. 2-25--Update of "Liability of tile State for

limited-Access Highways*** (Research Highway Traffic Noise"t

Results Digest No. 112) Topic No. 2-26--Update of"Right of Compensation in
Study No. 60-- Relocation of Public Utilitlesl"(Research Eminent Domain for Abrogation of Re-

Results Digest No. liP) strictive Covenants"'i"
Study No, 61_ Right to Compensation in Eminent Do- Topic No, 2-27--Update of "Liability for Highway

main for Abrogation of Restrlctlve Coy- Drainage Damage"*
enants*** (Research Results Digest No. Topic No, 2-28 --Update of "Valuation nd Condemna-
112) tion Problems Involving Trade Fixtures

Topic No, 2-03--Condemnation Blight* (Research Re- (Completed)tJ"
suits Digest 119) Topic No. 2-29--Update of "Valuation and Condom-

Topic No, 2.04--Legal Aspects of Historic Preservation nation of Advertising Signs and Related

in Highway Programs** (Research Re- Property Interests Under the Highway
suits Digest 138) Beautifcation Act" (Completed)t*

Topic No. 2-05--Local Land-Use Regulations in Rela- Topic No. 2-30--Update of"Payment of Attorney Fees
tlon to Highway Programs (Cam- in Eminent Domain and Environmental

pleted)tt Litigation" (Completed) t?
Topic No. 2-0S--"State Highway Programs Versus the Topic No. 2-31 --Update of '+Rules of Discover)' and

Spending Powers of Congress"** (Re- Disclosure in Highway Condemnation
search Results Digest 136) Proceedings" (Completed)**

Topic No, 2-09--Procedural Aspects of Inverse Con- Topic No. 2-32--Update of"Legal Implications oPCon-
• detonation Actions (Completed)tt trol of Access to Uncontrolled-Across

Topic No. 2-10 --The Effect of Federal and State Public Higbways" (Completed)'["["
Information Acts on Highway and Topic NO. 2-33--Liability of tile State for Iojury Pro-
Transportation Department Activitiestt ducing Defects in Highway Surfacet'_"

(Research Results Digest 137) (Research Results Digest 135)
Topic No. 2-13--Update of Five Tort Liability Papers Topic No. 2-36--Liabillty of State Highway Depart-

in Chapter Vlll, SSHL* meats for Defects in Design, Construo-

Topic No. 2-14--Update of"Legal Effect of Represeo- lion, and Maintenance of Bridges'H"
talons as to Subsurface Conditions"* (Research Results Digest 141)

Topic No, 2-15--Update of "Valuation and Condem- Topic No, 2-37--Liability of liighwcy Agencies for

nation of Special Purpose Properties" Failure to Remove Obstructions In or
(Completed) l"*

Topic No. 2-16--Update of "Environmental Litigation:

Rigllts and Remedies" (Completed)t* n'ubli_h,,iinge/ectdStudirlla//i#._y Lo.; V.U,I ..it ...*llluhlidled ill Sekeh,d Studies in Ili_hH_y La_; VoL _.

Topic No, 2-17 --Update of +'Dumnum Absque Injuria *'*l'_*bli_hedin firilatld_ndmnto,S$11L

and the Concept of Just Compensation 'H'*lhlished ill s,.'eond add¢ndum to SSIILf tPuhlidled ia Ihird addendum to $SIIL.

in Eminent Domain" t fttnublUh_d in fourth add_adum It_SSlIL.
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Near the Highway (Completed)ttt (Re- ment Markings" (Completed; was 3-
search Results Digest 151) 22)ttt

Topic No. 2-37A--Liability of the State for Injuries Topic No. 4-08--Legal Techniques for Reserving Right-
Caused by Obstruction on Defects in of-Way for Future Projects including
Highway Shoulder or Berm (Com- Corridor Protection (Research Results
pleted)_ftt (Researeb gesuhs Digest Digest 16S)tt?
153) Topic No. 4-0g--Flooding and Water Problems Involv-

Topic No. 3-01--Disposition of Minerals on Higbway ing liighways (Completcd)ttt
Rigbts-of-Way (Researeb Results Digest Topic No. 4-10--Land Use Laws and Effect on Higbway
147)'['tt Construction, Including Police Power

Topic No. 3-02--Legal and Procedural Issues Related 'raking by Zoning, Freezing, Dedication,
to Relocation Assistance (Researcb Re- etc, (Completed)ttl"
suits Digest 158)ttt Topic No. 4-11 --Beautification (Update of Study No. 54

Topic No. 3-04--First Amendment Aspects of Control "Outdoor Advertising Control Under th¢
of Outdoor Advertising (Research Re- IEgbway Beautification Act of 1965")
suits Digest 145)tt'[" (Completed)_'['t

Topic No. 3-05--Liability of a Public Agency for Plan- Topic No. 4-12--Legal Implications of Penalty and Bo-
ning Blight: The "De Facto" Taking nus Provisions For Qtlality Control and
(Completed)_t_ (Research Resulls Di- tile Use of Incentive-Disincentive
gest 150) Clauses in Construction Contracts (Corn-

Topic No. 3-06--Exaction of Right-of-Way by tbe Ex- pleted)ttt
ercise of Police Power (Completed)tit Topic No. 4-13--Tbe Use of Ahemative Design Speci-
(P.esearoh Results Digest 149) fieatlons and Value Engineering Clauses

Topic No. 3-07--Trial Strategy and Techniques in Hun- in tlighway Contracts (Pending)
filing Tort Claims Arising Out of High- Topic No. 4-14--Liability to Abutting Property Owner
way Operations (Completed) for Loss or Impairment of Access Due

Topic No. 3-09--Trial Strategies and Techniques in Es- to Conversion of Conventional Road Into
tablishing Violations of Size and Weight Limited Access Highway (Research Re-
Laws (Completed)'['_t (Research Results suits Digest 164)ttt

Digest 154) Topic No. 4-15--Update of Five Papers in Contract
Topic No. 3.10--Enforceability or the Requirement of Law (In Progress; was 3-20) (I) Licensing

Notice in Highway Construction Con- and Qualifications or Bidders (Research
tracts (Completed)tit (Research Results Results Digest 157)tt_'; (2) Competitive
Digest 152) Bidding and Award of Higbway Con-

Topic No. 3-1g--Minority Business or Enterprise Re- struction Contracts (Researeb Results
quirements in Public Contracts (Re- Digest I63)ttt; (3) Indemnification and
search Results Digest 146)ttt Suretysbip In Highway Construction

Topic No, 4-02--Liability of Highway Agencies for Contracts (Completed)'['t_'; (4) Labor
Failure to Provide or Maintain Highway Standards in Federal-Aid Construction
Barriers, Guardrails and Similar Devices Contracts (In progress); (5) Control or

(Incorporated into Topic 4-07) Conflicts of Interest in Higbway Admin-

Topic No. 4-03--Liability of Public Agencies Arising istration (Pending)
Out of Rejection of Low Bids and Mis- Topic No. 4-17--Acquisition of Uneconomic Remnants
award or Contracts (In progress; was 3- Under 23 U,S,C, 109f (Research Resuhs
13) Digest 160)tft

Tople No. 4-04--UseofOt|aranteeor Warranty Chmses Topic No. 4-1g--Liability for Delay in Completion of
in Highway Construction Contracts Highway Construction Contracts (Com.

(Completed; was 3-14) pleted)tt*
Topic No. 4-06--Updateof"PaymentloPublic Utilities Topic No. 4-19--Wetlands and Floodplain Protection

for Relocation of Facilities in Highway and the Federal-Aid Higbway Program
Right-of-Way" (Completed; was 3- (In progress)

2t)ttt Topic No, 4-20--What Constitutes the Administrative
Topic No. 4-07--Update of"Liability of State and Local Record in Highway Cases (In progress)

G0vemments for Negligence Arising Out Topic No. 4-21 --Effect of Clean Air Act Requirements
0f the Installation and Maintenance or on Reglomd Transportation Planning
Warning Signs, Traffic Lights, and Pave- (Pending)
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Topic No. 4-22--Suspension and Debarment of High- Topic No. 5-15--Supplement to "Liability for Wet-
way Construction Contractors (P_nding) Weatber Skidding Accidents and Legal

Topio No. 4-23--Public/Private Partnerships for Fi- Implications of Regulations Directed to
nancins Highway Improvements (Com- Reducing Such Accidents on Highways"
pieled) (Research Results Digest 16])tl"y (Pending)

il Topic No. 4-24--UpdateofChapterlnSSHLon"Legal Topic No. 5-16--Supplement to "Valuation Changes
Aspects of Historic Preservation in High- Resulting from Influence of Public lm-

i way Tt*msporlation Programs (Pending) provements" (Pending)
:: Topic No. 4-25 --Impect of Civil Rights Act on De- Topic No. 5-17--Supplement to "Planning attd Precon-

partments. Programs and Officials (In demnation Activities as Constituting a

,_ progress) Taking Under Inverse Law" (Pending)
Topic No, 4-26--Legal Aspects of Hazardous Waste Topic No. 5-18--Supplement to '*Minority and Disad-

Containments in Highway Programs vantagcd Business Enterprise Require-
(Pending) ments in Public Contracting" (Pending)

Topic No, 5-01 --Impact of Discretionary Exemption of
Tort Liability (In Progress)

Topic No. 5-02--Condemnation Blight and Project En- Studies completed under this project have been pub-
haneement (Pending) lished as NCHRP Researrit Results Digests (see Table

Topic No. 5-03--Appl[eatlon of National Environ. 7). The most recant of which have also been included in

_ mental Policy Act to Highway Planning tile text, Selecled Studies itl llighway Law. Volumes 1

!i and Highway Programs (Pending) and 2, dealing primarily with the law of eminent domain,
Topic No, 5-04--Public Duty Defense to Tort Liability were published in 1976, and Volume 3, dealing whh con-

(Pendins) tracts, torts, environment;d and other areas of highway
:_ Topic No. 5-05 iLegal Obligation of States to Permit law, was published in early 1978, All three volumes have
.:_ Highway Occupancy or New Technolo- been distributed on a limited basis to selected state and

gies (e.g. Fibre Optics and CATV) (Pond- federal offices. Information on obtaining copies of this
), ins) text may be found in the newly created NCHRP Legal

_._: Topic No, 5.0f--State Highway Liability for and Abil- Research Digest I (see Table 8) or by contacting the

ii ity to Recover Attorney Fees and Costs Transportation Research Board Publications Office,
, (Pending) Tile first addendum to Selected Studies in Highway

i,, Topic No. 5-07--Obligation of State Highway Depart- Law, consisting of five new papers and supplements to
meats in Coastal Zones (Pending) eight existing papers, was issued during 1979, A second

_ Topic No. 5-fig--Update Paper in SStlL on "Liability addendum with two new papers and 15 supplements was
_; of tile State for Highway Traffic Noise" distributed early in 1981. A third addendum consisting

_! (Pending) of eight new papers, seven supplements, and an expand-i

Topic No, 5.09--Racketeer Influenced and Corrupt Or- able binder for Volume 4 wa_,distributed during tile first
_"_ ganizatinns Act--RICO Cases (Civil) in hMf of 1983.
_'i,_ the Highway Program (Pending) A fourth addendum, consisting of 14 new papers, 8

,! Topic No, 5-1B--The Use, Implementation, and En- supplements, and an index was published in June 1988.

i:i forcement of Liquidated Damage Provi. Tile four volumes now total about 3,000 pages comprising
*i sions in High',,,'ay Construction Contracts 67 papers, 38 of which have been supplemented over the

(Pending) years, All four volumes have been distributed on a limited

Topic No. 5-11 --Supplement to "Legal Implications of basis to selected state and federal offices.
Highway Departments Failure to Cam- Through December 31, I988, research continues on
ply with Design, Safety, or Maintenance topics listed as being "In Progress," and preparations are
Ouidelines" (Pending) underway to proceed whh studies on additional topics,

Topic No, 5-12--Supplement to "Liability of the State Future work in this contimdng project will include re-
for Injury Producing Defects in Highway search on new topics ofcurrent interest in the legal field,
Surface" (Pending) Updating and supplementing the text book will continue

Topic No. 5-13--Supplement to "Liability of State

Highway Departments for Defects in De-
sign, Construction, and Maintenance of

Bridges" (Pending) .., I_tlhIi_hed in Seh'ctl'd Studies lit Iltgh_y Lan. Vol_. I a_ld ..[ ublit hod in S¢1 '¢ted Studwx in Ili£huay Lain _ol. 3.

Topic No. 5-14 --Supplement to "Liability of State and "_'*P,bli_hedin tint ,ddelldttmtoSSttl.
Local Governments for SIIDWand Ice _Pubti_hed in **econd addendum to SSIIL

ttl ,blidted in alird ad_lendnrt_ to $SIIL.

Control" (Pending) tttih*hlilhed in toanh addendum to 5_IIL.
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to include tbe preparation of a new Volume 5 in Selected Results Digest 77. The sludy was exploratory hl nature,
Studies ill Ilighway LaL_IThe primary purpose of Volume and further research is recommended.

5 will be to address new areas, not previously covered, Task 4, "Lateral Accelerations and Lateral Tire-Pave-
ment Forces in a Vehicle Traversing Curves Relative to
Available Pavement Skid-Resistance Measures (TTI), Tile

Pro]eel 20-7 FY'ri9 and continuing gnal report has been completed and accepted by tile

Research for AASHTO Standing Committee AASItTO Standing Committee, NCHRP Reseamh Re-
on Highways suits Digest 55 summarizes the results of tile study. The

study found that, although more needs to beknown about
Research Agency:
Pritteipal Invest,; Open tile limitations of Ihe existing AASHTO curve design
Effective Dare: December 2, 1968 policy, tile present policy will in most instances provide
Completiotl Dare: Continuing safe, conservative designs for highway curves.
Funds: $100,000 annutdly, FY '69-'S5 TaskS,"EffectofCurbOeometryandLocation"(TTl),

$56,000 FY '86 Research Ilas been completed, and the task report pub-

$150,000 annually, FY 'ST-'S8 lished as NCHRP Report l50, "Effect of Carb Geometry
$125,000 FY '89 and Location on Vehicle Behavior." The study provides

The American Association of State Iilghway and reeommendadonsregardingcurbconfiguratlon and place-
Transportation Officials (AASHTO) Standing Committee meat.
on Highways is called on continually to rtde on engi- Task 6, **Development of Impact Attenuators Utilizing

neering and operations policies as a guide for State high- Waste Materials" (TI'I). Various used-tire configurations
way and transportation departments to follow. The and a fiberized aluminum product were examined in tile
Committee desires to obtain guidance on a reasonably laboratory and analytically, and by full-scale field lesting

prompt scbcdule through a continuing research program in some instances, to determine feasibility and to develop
geared to the needs and wishes of the Committee in tile design information regarding tile use of these materials

for vehicle impact attenuation. Research has been eom-
development of guides, standards, policies, and other pleted, and tile task report published as NCHRP Report
AASHTO activities. In earlier years, objectives of the 157, "Crash Cushions of Waste Materials." Designs are

Committee were attained through the establishment of a proposed for attenuators using two different eonflgura-
continuing research capability at tile Texas Transporta-
tion Institute (TTI) of Texas A&M University. In June lions of scrap tires.

1973, the Committee stipulated that accomplishment of Task 7, "Safety at Narrow Bridge Sites" (TTI). Re-
search has been completed. A bridge haralrd index is

task research could be througb any agency deemed by proposed for assessing tile degree of hazard of narrow

the NCHRP to possess tile necessary expertise, provided bridges. Guidelines are offered for remedial treatments at
tile research could be initiated quickly, narrow bridges. The essential findings have been published

Tlae project includes a series of tasks specified by the in NCHRP Research Results Digest 98, Tile revised

Committee to obtain data required by lbe Committee to agency report has been published as NCHRP Report 203,
fulfill its responsibilities. "Safety at Narrow Bridge Sites."

The status ofeach ofthe tasks undertaken in 01is project Task 8, "Energy and Transportation Systems" (Call-is as follows:
fornla Department of Transportation), Thls study was

Task I, "Development of a Cost-Effectiveness Ap- designed to establish "energy factors" for the various
preach to tile Programming of Roadside Safety Improve- elements of energy use in constructing, mainlalning, and

meats" (TTI). Research finsbeen completed, and the task operating transportation systems; to develop procedures
report published as NCHRP Report 148, "Roadside forevaluatingtheenergyusebysuchsystemsbyapplylng

Safety Improvement Programs on Freeways--A Cost- tile established energy factors; and to develop a rational
Effectiveness Priority Approach," The report describes a method for reporting the results. Research has been com-
bazard model that can be used to evaluate the effectiveness pleted, and copies of the agency report have been dls-

) •of a roadside safety improvement program, tributed to the I rogram sponsors. Microfiche of the report

Task 2, "The Rehltion of Side Slope Design to Highway may be purchased (see final page of this section for or-
Safety" (TTI), Research has been completed, and the task dering information).
report publlsfied as NCHRP Report 158, "Selection of Task 9, "Review of Highway Management Studies Co-

Safe Roadside Cross Sections." Tentative criteria for the Sponsored by AASHTO and /-IUFSAM" (Management '
selection of safe side slopes and safe slope and ditch corn- and Transportation Associates, Inc.) This was an evalu-
binations are proposed, allen of tbe Higbway and Transportation Management

Task 3, "Development of an Effective EarthJ]erm Ve- Institute and the National Highway and Transportation
bicle Deflector" ('I"1'I). The final report has been corn- Management Conference that Imve been offered annually
pleted, and the results summarized in NCHRP Research over the past several years to improve the management
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skills of highway department personnel The sludy fed- Task ]4, "A Policy on Geometric Design of Highways
iags indicate that there is a continuing need witldn high- and Streets*' (John F. Holman & Co., Inc.). The objective

wayand transportationagencies for managemenl Iraining, of [his task was the preparation of an edited version of
but it is becoming increasingly difficult to justify the a new AASHTO pnblicadon being compiled by the Task
travel, time, and expenses required by the courses cur- Force on Geometric Design of lhe AASHTO Subcom-
really being scheduled. As an ahernalive, the report roe- miHee on Design. The new pub}ication will replace the
ommends development of a two-week course to be ¢urrenl AASHTO publications, A Policy on Geometric
presented once each year in each of the four AASHTD Design of Rural High.,ays--1965 (Blue Book) and ..I

regions. Research has been completed, and copies of the Polieyon De_ignofUrbantlighwnysandArteriaiStreets--
agency report distributed to the Program sponsors, 1973 (Red Book). Researcb has been completed, and the

Task 10, "Review of Veklele Weight/Horsepower Ra- new book, el Policy on Geometric D_ign ofllighways and

tie as Related Io Passing-Lane Design Criteria" (The Streets, has been publisbed by AASHTO.
Pennsylvania State University). The current AASHTO Task 15, "Development era Simplified Pavement Man-
publications on highway geomelrlcs use a loaded truck agement System" (ARE, Inc.). Tile objectives of this task

I with weight/horsepower ratio of 409:1 as the design ve- are 1o (I) prepare a synthesis report on pavement man-
hide in determining the need for passing lanes on hills, agement system (PMS) research and development and (2)
Tile objective of this task was to evaluate tile currently develop a simplified PMS suitable Per assisting highway

used design vehlele, Research has been completed. A agencies in rehabilitation programming of existing pave-
recommendation is made that a truck with a weight/ men/s. Tile synthesis report has been completed and the
ilorsepower ratio of 3(30:1 be used where truck traffic is report published as NCHRP Report 215, "Pavement
the controlling t_,letor. An automobile pulling a travel Management System Development,"

trailer with a combined weight/horsepower nltio of 60:1 A simplified PMS has been developed as accomplish-
is recommended as tile design vehicle on seelions of idgh- moat of item 2. Research ires been completed and copies

way not subjected to truck traffic but heavily used by of the agency report have been distributed to the program
recreation vehicles. Research has been completed, and sponsors,
copies of the agency report have been distributed to the Tusk 16, "Regulation of Movement of Hazardous Car-

Program sponsors, goes" (D. M. Baldwin). Mr, Baldwin was retained as a
Task I 1, "Longitudinal Occupancy of Freeways by eoltsullant to prepare a report on tile current stale of the

Utilities" (Byrd, Tallamy, MacDonald and Lewis). The art on the task subject and to suggest specilio objectives

objective of this task was to delermine the over-all fen- for further study. Research has been completed, and eop-
sibili W and practicality of joint occupancy of freeway ies of Ihe consultant's report have been distributed to tile
ROW by trunk-line and transmission-type utility l_aeili- Program Sponsors,

ties, Research has beel_ completed, Interviews have been Task 17, "Evaluating AASHO Road Test Satellite and
conducted with highway and utility personnel. Existing Environmental Studies" (Texas A&M University), The
joint occupancy sites have been studied for idenlifieatlon objectives of this task were to (I) compile available data
of potential problems. Possible benefits to Ihe general and information from satellite road tests and from sections

public have been assessed. Copies of tile agency report of tile AASHO Road Test subsequent to the completion
have been dlstfibuled to the Program sponsors, or the road test and (2) determine the feasibility of using

Task 12, "Guidelines for Cilizen Participation in Trans- the information lo propose revisions to the "AASHO
portatinn Planning" (Knthleen Stein Hudson). The lnlerimOuideforDesignofPavementStructures. 1972."
AASHTO Standing Committee on Planning has compiled Research has been completed on the initial phase and a

material for preparation of guidelines for citizen partic- report submitted indicating little feasibility of using sat-
ipatlon in transportation plamdng. The objective uP this ellite road test data to revise tile pavement design guides
task was to prepare draft guidelines from lhe materials developed from Ike AASHO Road Test data. However,
that have been compiled, The project report has been it was found that overlay design procedures could be

published by AASHTO as: "Guidelines on Citizen Par- developed from satellite road test data on a elimatle regton
ticipatlon in Transportation Phmoing." basis. Additional funding was provided for a second phase

Task 13, "Ouidelines for Safety Criteria for Low-Vol- of the study to develop sucb overlay design procedures

ume Roads" (John C, Olennon). The objective of this for at least two climatic regions. Research has been com-

taskwastoevaluateand suggestmodificaHons forexisthlg pleted, end copies of the agency report have been dis-
safety criteria with regard to their applicability and tributed to Program Sponsors,
relevancy for roads carrying less than 400 vehicles per Task lg, "Standard Specifications for Highway
day at normal and reduced speeds. Research has been Bridges" (Howard Needles Tammen & Bergendog), The

completed, attd the report has been published as NCHRP objective of this task is the preparallon of a completely
Report 214, "'Design and Tral_c Control Guidelines for reorganized and edited version of Standard Specifications
Low.Volume Rural Roads." Per Highway Bridges and Structures for publieatlon by
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AASHTO, Research has been completed, and the rear- /ures--1972 (Chapter 11I Revised 1981). In the interest
ganized and edited version, Standard Specifications for of expediting this work, tile entire project was conducted

Highway Bridges, has been published by AASHTO, as Task 24 of Project 20-7. Research has been completed,
Task 19, "The Engineering Aspects of Highway Traffic copies of the proposed new AdSIITO Guide for Design

Safety in an Age of Limited Resources" (TRB). A con- of Pavement Structures bare been distributed to program

ference on the above subject was joindy spuasmed by sponsors, and the document h_s been published hy
AASHTO, FHWA, and otbers and was held in St, Louis, AASHTO,
Me,, November 2-5, 1981. Tbe AASHTO funding support Task 25, "STRS Support Task" (Various consultants).
in the amount ofi $25,000 was allocated from Project 20. The purpose of this task was to respond to the desires of
7, Tile TRB was responsible for tile planning and conduct the Executive Committee of AASHTO to obtain prelim-
ortheconference. Proceedingsoftheconferencebavebeen inary study designs far the six research areas identified
dlstdbuted to the conference sponsors, in the Strategic Transportation Research Study (STRS)

Task 20, "Vehicle Acceleration and Deceleration Char- report. Nine consu]tants were retained by NCHRP to
acteristics" (University of Michigan), The objective oftbis assist in preparation of tile study designs, Work has been
task is to evaluate the influence afebanges in vehieI¢ size, completed and tbe report distributed to the STRS Task
weight, power, and brake systems on accderation and Force trod program sponsors.
deceleration capability. The results will be used during Task 26, "Researcb and Development Needs in Con.
future revisions of highway geometric design. The task struction Engineering Management" (Bergstralh-Shaw.

was being combined with Project 15-8, "Parameters At'- Newman, Inc,). Tbe objective of rids task was to update
Peering Stopping Sight Distance and Vehicle Aecelera- the researcll and development program for bighway con-
don/Deceleration Characteristics," Research bas been struction engineering recommended in the FIIIVA Report

completed, and the findings included in NCHRI' Report No, FHIVA-HO.79-1, assess tbe accomplishments since
270, "Parameters Affecting Stopping Sight Distance." publication of the report, and evaluate the need for ad-

Task 21, "Need for Pavement Markings on Low-Vol- ditlonal recommendations. Research has been completed,
ume Roads" (John C Glennon). Tbe objective ofi this and copies of the agency report have been distributed to
task was to verify or modil_ tbe suggested warrants for program sponsors.
centerline and no.passing markings of low-volume roads Task 27. "Relationships Between Vebicle Configura-
as described in NCHRP Report 214, Research bas been tions and Highway Design" (Transportation Research

completed, and copies of the agency report have been Board). The overall objective of research on this problem
distributed to Program Sponsors, is to develop recommendations for coordination of heavy

Task 22, "Encasement of Pipelines Through ltighway vehicle configurations and pavement, bridge, and highway
and Railroad Roadbeds" (Byrd, Tallamy. MacDonald geometric design to produce the most practical and efii.
and Lewis). The objective of tbis task is to develop pro- cleat transportation of goods and services over the high-

eedures for determining the need for pipeline encnsement way system. The objective of the initial phase of tbe
based on (1) a review of literature oa underground pipe- research (NCHRP Project 20-7/27) was intended to (1)
line design and performance, (2) a limited stress analysis collect, review, and evaluate available information per-

of underground pipelines, and (3) an evaluation of field raining to tile problem, (2) conduct a pilot analytical study
experience by highway, railroad, mtd utility agencies of involvi.g the more significant factors and sample data,
encased and uneneased pipelines under roadbeds. R.e- and (3) assess the feasibility and practieallty of further

search has been completed, and copies of tbe agency development of an optimum solution, Research has beeu
report have been distributed to Program sponsors, completed with the finding that it appears feasible and

Task 23, "Contracting Policies and Payment Prate- practical to produce both short-term improvements in

dures" (Bergstralh-Shaw-Newman, Inc.). Tbe objectives interactions of heavy vebieles witb tile existing highway
of this task were to evaluate current contracting practices system and long-term optimization of heavy vehicle-high.
and methods of determining pay-quantities for highway way design interaction. Recommended research will be

construction work in the United States and to suggest conducted under NCHRP Project 2-16. Tile agency re-
any appropriate improvements. Research has been earn- port bas been distributed to program sponsors.
pleted, and copies of tile agency report have been dis- Task 28. "AASHTO Guide for Design of Pavement

tributed to program sponsors. Structures-Training Program" (Dr. Frank MeCullough
Task 24, "AASHTO Pavement Design Guide" (Dr. and Mr. Fred Finn), The objective of this task was to

Frank McCulluugh--Mr. Fred Finn). NCHRP Project develop and conduct a training program for users of tbe

1-24 is funded from the FY '84 program in tbe amount AASLtTO Guide for Design of Pavement Structures to
of $500,000 with the objective being the preparation of a encourage early implementation of the new publication.
revised and expanded pavement design guide for consid- Research has been completed including tbe development
eratiou by AASHTO to replace tbe current publication, of a computer program tbr tbe "AASHTO Guide for

A.4StlTO lnterim GuMe for Design of Paw,meat Struc- Design of Pavement Structures," Tile computer program
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is available from AASHTO, 444 North Capltol Street, Task 35) "Review of Traffic Signal Intensity Stan-
N.W., Suite 225, Washington, D.C. 20001. dnrds." This rusk was requested by the AASHTO Sub-

Task 29,"Pavement Roughness and Rideabilhy--Field committee on Trafiic Engineering. The objectives are to
Evaluation" (JMJ Research). Research on Projem 1-23(2) review existing trallie signal intensity standards and to
was accelerated by initial contracting with available funds prepare a report which can serve as a basis for the Institute
from Projecl 20-7. See Project 1-23(2) for project status, of Transportation Engineers (ITE) to update and/or re-

Task 30, "Manual on Subsurface Investigations" vise their slandards on Vehicle Control Signal Heads to
(Adrian Pelzner), The objectives of this task are to prepare better meet in-service performance requirements, The

the draft document developed under Project 24-1 for pub- Manual all Uniform Traffic Control DeWces (MUTCD)
lieatlon by AASHTO and to prepare a draft AASHTO incorporates the intensity, light distribution, and color
standard for conduct of subsurfilee investigations, Re- standards by reference Io this ITE standard. This 12
search has been completed and tile revised document month task is in the developmental stage and is expected

delivered to AASHTO for publieatlon consideration, to start in January 1989.

Task3I,"DevelopmentofComprdtensiveBridgeSpec- Task 36, "Critical Assessment of Tire Pressure Re-

ifieations and Commentary" (Modjeski and Masters). The search." This task was requested by AASHTO Joint Task

objectives ofthls research are to develop a comprehensive Force on Pavements, Tile objectives are to develop a
outline for an updated AASHTO bridge specifications synopsis and critical evaluation of completed and on-

: that will provide a framework to ensure that future mud- going research efforts pertaining to high pressure truck

ifications and additions be done in a cohernnt manner tires and to identify future research required to fill in-
and to determine the feasibility of introducing the limit- formation gaps in this area• This 8 month task is in tile
states philosophy into the AASHTO bridge specifications, developmental stage and is expected to stun in December
Research has fieen completed and tbe agency report was 1988 or January 1989,

distributed lathe program sponsors• NCHRP Project 12- Task 37, "Development of An Asphalt Paving Hand-
33 was initiated based on tbe recommendations in the book" (TRI] Division B), This task was requested b'e
report, AASHTO Subcommittee on Construction and the Sub-

Task 32, "Design and Construction Specifications for commitlee on Materhds. Tbe objective is to develop an

Segmental Concrete Bridges" (Post.Tensloning Institute). aspbalt paving manual geared to the needs of public
Tile objective of this research is to develop design and agency field personnel and contractors involved in high-
construction speelfieations for segmental concrete bridges, way and airport construction. This effort is being jointly
Researcb has been completed and the agency report was funded by the National Asphalt Pavement Association

distributed to file program sponsors, q'he AASHTO High- (NAFA). AASHTO, FHWA, US Army Corps of Engi-
way Subcommittee on Bridges and Structures adopted the nears, and the Federal Aviation Administration (FAA),
specification provisions as a guide specification during Tile completion date for this project is October I5. 1989,
1988. AASHTO will publish the document in I989,

Task 33, "Study ofFHWA Researdl Progrml' (L, G. Task 38, "AASHTO Guidelines for Pavement Man-
Byrd), It was suggested that operation of tile FHWA agement Systems." This task was requested by AASHTO

Turner-Fairbank Highway Research Center be carried Task Force on r'avemtmt Management, The objective is
out by contract with a non-federal agency. The AASHTO to completely revise and expand the AASHTO Guidelines

_: Standing Comminee on Higfiways (SCOH) recommended on Pavement Managenmnt (1985), incorporating the latest

_I that the Select Committee on Research (SCOR) conduct theory and practices, The new guide will give effective
,.' a study of this privatization suggestion to determine its guidance to states that are in the early phase of Pavement

_!, impact on the member departments of AASHTO and tbe Management Systems (PMS) development, guide states

_) nation's highway research program. The final report, "As- with existing systems toward state-of-the-art practices,
• sessment of National Programs of Highway Research." identify and encourage areas ofuoifnrmity of certain prac-

i was approved and distributed to program sponsors, tiees and data, and assist states in providing guidance to
: Task 34, "AASHTO/AWS Bridge Welding Code local transportation agencies. This 9 month project is in
' Commentary and Draft Fracture Control Plan" (Warren the developmental stage and is expected to start in De-

G. Alexander). In 1988. AASHTO and AWS jointly comber 1988 or January 1989.

adopted and published a new welding code for highway Task 39, "Revision of AASHTO Pavement Overlay

bridges. The objectives are todevelop a commentary that Design Procedures," This task was requested by
will explain tile background and proper use of the pro- AASHTO Joint Task Force on Pavements. The objective
visions of the new code, and to incorporate the welding is to revise Chapter 5 of Part Ill of the AASHTO Guide

related provisions of tbe 19"18AASHTO Guide Specifi- for Design of Pavement Strnctures so that pavement over-
cations for NonredutMant Fnlcture Critical Members into lay design procedures will yield valid and acceptable de-
the AASHTO/AW$ Bridge Welding Code. Research was signs, Chapter 5 addresses the subject of pavement design
initiated in late 1988. A draft of the commentary is ex- procedures for the rehabilitation nP existing pavements

petted to be completed by the end of April 1989. with overlays. This 12 month project is in the develop-
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mental stage and is expected to start in December 1988 happiness and satisfaction. Tile research was successful

or January 1989, in identifying ways in which the highway planning process
Task 40, "AASIITO Contribution to Support of the eould be improved by (1) increasing the planners ability

Highway Research Coordinating Council" (Mr. Lloyd G. to forecast file dislocation consequences of particular lo-

l:lyrd), The objectives of this study are to assist the High- cation and design decisions and (2) suggesting ledmiques
way Research Coordinating Council (I-IRCC) in analyz- for more adequately compensating persons adversely aP-
ing the research activities of the major institutions Peered by rlght-of-way acquisition. Very few reeommen-

involved in national highway research programs in the dations to modify existing legislation or regulations are
United States, to develop ways to display information for made because modifications in most instances were found

comparison of programs, to identify strategies for cstab- to be unnecessary. Rather, changes in the way regulations

llshing and operating an Industry-HRCC, and to tee- are admlnistcred were found to be more appropriate and
ommend improvements to the HRCC. This effort is being such changes are recommended under three categories:
jointly funded by AASHTO, FHWA, and the US Army (1) changes in compensation. (2) changes in relocation

Corps of Engineers. Tbc completion date for this project practice and (3) changes in the higbway planning process,
is August 31. I989, The agency's final draft report is a complete description

of theory related to the subject, the research plan, the
Projsot 20-0 FY '71 data obtained, data anlyses, findings, and recommends-

Interactive Graphic Systems for Highway De- tions. Ivlicroflehe of the report may be purchased (see
sign final page of this section for ordering information), A

condensation of the research results may be found in the
Research Agency: Control Data Corporation paper, "Residential Dislocation: Costs and Cease-
Principal Divest.: C.W. Beilfuss quences," published by the Transportation Research
Effective Date: September I, 1970 Board in Transportation Research Record 71fi. For this
Completion Date: July 31, 1971 paper, the author, Mr..Ion E. Burkbardt, received the
Funds: $49,672 1980 Pyke Johnson Award from the Transportation Re-

This project was a feasibility study to determine the search Board,
costs and benefits associated with the development of an The data are available in tape form to other investi-
Interactive Graphics Road Design System (IGRDS). The caters who may wish to pursue further data analysis.

agency determined that IGRDS is feasible and produced Inquiries should be made in writing to tile NCHRP. For
cost and benefit figures to support that finding. Tbe final a copy of the tape, a blank 9-track 1600 BPI tape should

report was not published in the NCHRP report series; be provided by the inquirer. Copies of the coding book
however, microfiche of the report may be purchased (see and data printouts can be made available for the cost of
final page of this section for ordering information), reproduction and handling.

Project20.0 FY '73 Project2fi-10 FY '73

Socioeconomic Consequences of Right-of- The Benefits of Separating Pedestrians and
Way Acquisition Induced Resident Dlslo- Vehicles
cation

Research Agency: Sumford Resereh Institute
Research Agency: RMC Research Corporation Principal 1re,est.: Ronald L. Braun
Principal law, st,: Jon E. Burkhardt Marc Roddin
Effective Date: August 1, 1972 Effective Date: August 26, 1974
Completion Date.. December 17, 1976 Cootpletion Date: April 30, 1976
Funds: $202,579 l_unds: $100,GO0

The objectives of the research were to (I) develop tech- The general objective of this research was to identify
niques to predict the dislocation consequences of alternate and quantify the benefits related to separation of pedes-
route and design proposals and (2) identify related leg- trians and vehicles and develop techniques for relating

islative or regulatory constraints and recommend modl- these benefitsto theevaluadon ofproposals forseparation.
fications to assume equity to the displacees. Four categories of direct and indirect benefits of sep-

Analyses of data collected before and after moving at orating pedestrians from roadway trafiie were identified.
six sites geographicully distributed throughout the United These were (I) transportation; (2) safety, health, envi-
States showed that the consequences of residential dis- ronment; (3) resldential/business; and (4) environmen-
location do not vary significantly among socioeconomic tal/instltutiunal. The beneficiaries of these benefits were

and demographic groups except for the elderly. Reloca- defined, A methodology was developed to weight the ben-
tion process characteristics, rather than socioeconomic efits identified according to values held by decision-rook-
characteristics, were shown In be related to measures of ers and/or filecommunity at large. Tile methodology was
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testedatfieldsitesinfieattle, Wash. (a highway overpass); ranted, depending on pedestrian traffic volume. For
Brooklyn, N. Y. (a mall); and Ottawa, Ont. (a mall), weighted scores of -500 or less, only live pedestrians per

Results of the research were published as: NCHRP hour are necessary Is warrant separation, Potential users

Report 189: "Quantifying the Benefits of Separating Pc- should note with caution that this proposed warrant has
destrians and Vehicles," )lot been field tested.

Research was continued under l)rojeet 20-10(2), The project report has been published as: NCHRI )
Report 240: "A Manual to Determine Benefits of Sepa-

Project 20-10(2) FY '78 rating Pedestrians and Vehicles." Tile slide show and
videotape are available on a loan basis (see final page of

The Benefits of Separating Pedestrians and this section for ordering information). Borrowers may
Vehicles

copy the audiovisual materials to retain sets.

Research Agency: SRI International
Principal Invest,: Ronald L, Braun Project 20-11 FY "73

Mare F, Roddin

Effective Date: September 1, 1978 Toward Environmental Benefit/Cost Analy-
Completion Date: July 31, 1981 sis--Measurement Methodology
Funds: $100,¢g_0 Research Agency: Polytechnic Institute of New York

A comprehensive method for evaluating the transpor- Principal Invest.: Dr. Edmund J. Cantilli
tation, safety/environment/health, and residential/busi- Effective Date: September I, 1972

Completion Dare: May 31, 1974
ness benefits of proposals for facilities separating Funds: SlO0,O00
pedestrians and vehicles was developed and demonstrated
during the course of NCHRP Project 20-10, and described The basic objective of tbis project was to develop meth-

in NCHRP Report 189. Theobjeetiveofthlscontlnuation ads that are readily understood by the public for the

research was to update, refine, and extend the usefulness qualitative evaluation ofenvironmental values. Moreover,
of the previously developed techniques for quantifying all the methods should be practical and immediately imple-
of the significant direct and indirect benefits associated mentable by responsible agencies.
with the separation of pedestrians and vebieles. Tile specific research objectives were to:

This objeetlve was met by the simplilication of the I, Identify and categorize environmental elements that
method and the preparation of audiovisu,l materials to are affected by the provision and operation of transpor-
supplement a technical user guide. The method was sire- ration filcilities. These elements may be positive and/or

plified by reducing the number of variables from 36 to negative, local and/or regional, long- and/or slmrt-term.
27, without loss of precision or detail. Scoring for some 2. Determine the significant elements and the relation-

of the variables was simplified also. The technical user ships among these elements that may be altered by trans-
guide was revised and simplified, portation facilities,Audiovisual materials consisted of a slide show and a

3. D_velop quantitative scales for measuring quality
videotape. The slide show, with accompanying music, levels of those environmental elements or categories, as
narration, and sound elreets, was prepared for use by thos_ appropriate, that Imve been identified as significant in
interested in evaluating pedestrian facilities (such as Item 2,

elected officials, merchants, and the general public) but 4. Develop a method to identify threshold level(s) of
who would not be involved with details of the method, adverse and beneficial effects on the quality scales defined
For those who would personally use the method, avid- in Item 3 for selected environmental elements and/or

serape has been prepared that illustrates an application calegories as appropriate.
to problems encountered by suburban railroad commuters
walking to and from the train station. The scope and direction of this project were modified

During this project, the feasibility of applying the eval- to restrict the definition of "environment" to ecological
uation method for use in pedestrian traffic warrants was and physical considerations. In addition, an energy con-

evaluated, The purpose was to quantify pedestrian con- cept was pursued by the research team, and attempts were
ditions to the extem that requirements for specific separate made to develop it for use. This concept is a numerical
pedestrian facilities could be established, Seven existing means of calculating the energy lost by an ecosystem when

pedestrian warrant systems were studied and classified, a facility destroys part or all of given system. The energy
It was found that a subset of the evaluation method, using approach also permits comparisons to be made on various
only ten variables, can be used for warrant purposes, levels--such as nationwide, regional, storewide, and Is-

Scores for these variables are computed, multiplied by an eel--between energy lost, energy used in building the
appropriate set of weights, and combined to obtain a score facility, and energy to be used in operating the facility,
ranging between - 1000 and + 100_, For scores of + 300 The procedure allows for a comparison of the eeologleal

or lower, pedestrian separation from vehicles may be war- impacts for transportation alternatives. The concept was
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applied to the Oyster Bay Bridge (New York) and U.S. findings of NCHRP Project 20-11A and other related

Route 29 (Kansas). research efforts. Tile mamlal is designed for direct use in
The research was completed. The final report was not project development and system analysis for the move-

published, but tile agency's unedited final draft may be meat of people and goods and emphasizes simplified teeD-
obtained on a loan basis upon written request to the nJques not requiring eomntlter appliea inn II hmlndes:
NCHRP. Microfiche of the report may be purchased (see
final page of ibis section for ordering information). I. A step-by-step description of tile procedure for en-

ergy-flow analyses.
2. A cbecklist and brief discussion of specific param-

Project 20.11A FY '74 eters (e.g., productivity rates) for whlcb data are required.

Toward Environmental Benefit/Cost Analy- 3. Methods for obtaining needed data, including a list
sis--Measurement Methodology of sources for data that do not require direct field col-

lection,

Research Agency: Cornell University 4. Case studies tbat demonstrate thestep-by-step metb-
Principal Invest,: Dr. Arnim H. Meyburg odo]ogy as it applies to transportation problems,MitebelI J. Lavine
Effective Dale: September I, 1975 5. An explanation of the relationship between the step-
Completion Date: November 30, 1976 by-step procedure contained in the manual and accepted
Fttnds: $27212 theories of energy flow.

6. A discussion of the application and the limitations
The general objective of this research was to identify of the methodology to the planning, construction, oper-

and describe programs of research being undertaken or alien, maintenance, and regulation of transportation re-
completed that use the energy-flow concept to measure cilities and services,
impacts oPman-made cbanges in ecosystems. Speciflcafiy,

the following tasks were completed: Research bas been completed. The agency's draft final
report will not be published but is available on a loan

1, The identification and description of relevant re- basis upon written request from the NCIfRP. Microfiche

search programs, including a literature search, a descrlp- of the report may be purchased (see final page of this
lion of each of the research programs, and a description section for ordering information). A summary of tbe re-

0f supportive research information, search findings is provided in NCHRP Research Results
2, Evalnation of potential applications to transporta- Digest 1I4.

lion facilities planning.

3, The formulation of recommendations identifying Project 20-11C FY '74
particularly promising programs or findings and recom-
mendations necessary for further development and ira- Toward Environmental Benefit/Cost Meth-
plementationofanenergy-flowanalysismethodologyfur etiology--Energy-Flow Analysis (Study
transportation-facilitles planning. Design)

Research on this project has been completed, resulting Research Agency: The Cannon Group
in initiation of Projects 20-11B and 20-11C. Mieroficfie Principal Divest,: W.E. Kirksey
0fthe agency's draft final report, "Toward Environmental d. C, Kraft

Benefit/Cost Analysis: Measurement Methodology," is Effective Date: April I, 1977
available (see final page of this section for ordering in- Completion Date: March 31, 1978
formation). Funds: $ I4,786

A start has been made in developing a usable moth-

Project 20-118 PY '74 odology for assessing environmental impacts of trans-

Toward Environmental Benefit/Coot Analy- portation facilities using the energy-flow concept,
als--Enorgy-Flow Analysis (Manual) including an evaluation of tbeoretieal energy-flow con-

cepts. It is now necessary to explore in some considerable
Research .4geno,: CornelI University detail tile application of such concepts to transportation
Principal lnvest,: Dr. Arnim H. Meyburg planning. Tbe required exploration involves pnletieal ap-

Mitchell L Lavine plication in (a) measuring and interpreting transportation-
Effective Date: January 24, 1977 related impacts and (b) assessing sensitivity to the varietyCompletion Date: May 4, 1979
Fttnd$: $140,450 of situations encountered in tile planning of'transportation

facilities and services,

The general objective of this research was to develop In view of the complex nature of these research re-
t=user-orlented manual to assist any state or local trans- quirements and the apparent broad application of encrgy-

portation agency i, conducting environmental analyses flow analysis to transportation systems and project pkln-
using the energy-flow concept. This work builds on tile ning, further specific research on the application of the
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methodology required careful preparation of study de- 1, Improvedemergencyambulance, fire, and policeser.
signs, vices.

The objective of this project was to develop study de- 2. Movement of goods and services.
signs for a program of research that will provide evalu- 3, Influence on hind-use planning.
ations of the application of the energy-flow methofiologp 4 Inflt,m_ee on _,etmomic growth.
to tile planning of transportation facilities and services. 5. Accessibility to recreational and other activities.
Particular attention to the soclal-culturM and esthetic 6. Pollution control.

considerations that have not been adequately accounted 7, Energy utilization.
.= for in preceding studies is provided in the study designs. 8. Effects on plants and wildlife.

The final report will not be published; copies of the

study designs are available on a loan basis (see final page A matrix approach was used to catalogue and classifybeneficial environmental effects. Literature reviews and

:' of this section for ordering information), surveys conducted by a multi-disciplinary team were car-
ried out to develop the required information for the ms-

: Project 20-12 FY '74 trix.

Effects of Air Pollution Regulationson High- The project report has been published as: NCHRP

way Construction and Maintenance Report 193, "Beneficial Effects Assocbtted with Freeway

_: Research Agency: Howard, Needles, Tammen and Construction--Environmental, Social, and Economic."
, Bnrgendoff

Principal hlvest.: Orrin Riley Project 20-14 FY '77
Effective Date: April 1, 1974

! Completion Date: July 31, 1975 Monitoring Carbon MonoxideConcentrations
; Funds: $80,446 In Urban Areas

'!:i This research evaluated the e,ffect of air pollution reg- Research Agency: Technology Service Corporation
--_ ulations for fugitive particulates and hydrocarbons on tile Principal Invest.: William S. Meisel
ii highway construction and maintenance industry. Re- Yuji Horie

search was limited to the on-site construction process Effective Date: October I, 1976
rather than off-site materials processing. Completion Date: March 31, 1978

',r Research has been completed, and the report has been Funds: $99,973!:1

• : published as: NCHRP Report 191, "Effect of Air Pol- The general objective was to develop a methodology
;._ lution Regulations on Highway Construction and Main- (I) to estimate urban background CO concentrations from

tenance." incomplete mouitoring data sets for three types of areas

i (a) where urban background monitoring stations already
Project 20.13 FY '75 exist, (b) where source-affected monitoring stations exist,

Beneficial Environmental Effects Associated and (c) where there are no existing stations; and (2) to

with FreewayConstruction determine the precision of the estimates,
The first step in tile development of such a methodology

Research Agency: The Pennsylvania State University was preparation of a high-qualhy data base for cities
Principal Invest,: Hays B, Gamble representing a wide geograpaical distribution throughout

Dr, Thomas B, Davinroy the U.$, Once the data base was established, the inter-
Effective Date: September 3, 1974 relationships among the CO concentrations at the target
Completion Date,. August 2, 1975 site, tile (20 concentrations at tile auxiliary stations, and
Funds: $49,965 meteorological data were explored. The preliminary re-

It is necessary to discuss both positive and negative ]ationsbips determined were then refined to determhle

environmental aspects of a project during preparation of methods for extrapolating tile CO concentrations at the
the environmental impact statement, The positive aspects target site to estimate the two critical annual statistics:
have not previously been documented to any degree, This the annual second 8-hour maximum and the annual see-
study provides an evaluation of environmental improve- ond l-hour maximum, From the analysis of CO concen-
meats attributable to freeways in order to place present trations, it was found that the 8.hour running average
and future freeways in proper perspective, vlo]ated the air quality standard when the second-idghest-

The objective of this project was to determine the long- readlng-of-thc-year standard was violated. This finding
attd short-range positive aspects of freeway construction, allowed research to concentrate on tile extrapolating of

These were differentiated, where necessary, for urban and 8-1tour running averages.
rural freeways. The literature was searched, analyzed, and The main result of this study was the following: As
evaluated. The investigators were concerned with studies long as it is possible to monitor during a part of the CO

": such as: season (October to January, possibly February), the two

ii
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statisticsmentionedcanbeaccuratelyestimatedfromone EnvironmentalProtectionAgency(EPA) for tilecaseof
month of sampling.Restrictionof monitoringto the CO a slng]emonitorhavebeenbroadenedforapplicationto
seasonrepresenteda changefrom practicein 197g.The regionwideconditions.Tile approachwastouseavailable
most accurate Of the methods tested was tile simplest- data to estimate numbersofexceedances anddesign values
usethehighestg-houraverageobservedduringtheperiod for points d)rnu_h_tu )he region of interest, Initially,
of monitoring at tile highway site as the estimate of the points are very widely spaced in order to provide an
annual second maximum, It must be verified that the ovendl picture ofthe distribution of these two parameters
monitoring period contained enough meterologically ad. in the area. The points for which estimates are obtained
verse days to make the estimate valid, Such adverse days are then more densely spaced in those areas where the
must be determined using an existing monitoring station highest design values and the greatest numbers of ex-
nearby which has been operating for at least a year, by ¢eedanees have been estimated, In this way it has been
a meteorological index, or, less persuasively, by typical possible to estimate the maximum numbers of exceed-
rates of occurrence of adverse days for tile months on- ances and the highest design values oecurrlng in tile area
compassed by the monitoring period, and the region in wldeh they are found, These values

An approach based on using an estimated statistical satisfy the definitions of expected number of exceedanees
distribution to estimate the annual statistics from limited and design value that were derived for o network, Corn-
measurements was less accurate than the observed-max- purer programs have been written for processing data to
imum approach, obtain the estimates discussed above. These computer

The degree to which the error in tile estimationprocess programs and the directions for tbelr use are among the
creates uncertainty in the estimate was quantified.Means major products of this study,
for assessing confidence intervals were recommended. The deterministic approacb to the estimation of re-

The project report has been published as: NCHRP gionaldesign values and expemed numbers ofexceedanees
Report 200, "Monitoring Carbon Monoxide Concentra- described above served as the basis for a probabillstic
tions in Urban Areas," approach, which used the day.to-day estimates for each

Research was oontinued as Project 20-14A. grid point of values generated by the deterministic method
as a basis for developing conditional probability distri.

Project 20-14A FY '79 bntions of ozone concentration. Monte Carlo simulations

Statistical Analysis of Ozone Data for Trana- were used to generate daily estimates of peak-hour ozone
i portatlon/Air Quality Planning concentrations at key locations (those areaswhere higher

design values and greater numbers of exceedanees were
Research Agency: SKI International Inc. expected and which had no nearby monitors), based on
Principal htw'st,: Frank Ludvig observed data. This probabfiistic method provides a mea-
£ffectlve Date: September 15, 1979 sure of the uncertainty and variability in the deterministic
Completion Date: December lg, 1981 approach. The computer program, and dlreetions for its
Futtds: $193,907 use to obtain the probabilistic estimates of design value

Federal and state regulations mandate air qualitystud- and expected numbers of exeeedances are included in the
ies to develop strategies for achieving compliance with final report.
ozone standards. These air quality studies must frequently The methods that have been developed here not only
include monitoring programs to determine ozone con- provide estimates of design value and expected numbers
eentrations and the degree of compliance with the air ofexceedanees for the region, but also identify those days
quality standards. However, use of historical data,whet- when the highest concentrations occurred, which, in turn,
ever possible, is a more efficient and practical means to allows tile analyst to determine the meteorological con-
quantify ozone problems and minimize requirements for ditions associated with high ozone concentrations in the
special monitoring, The major objective oftlds study was region. The air quality data aud meteorological infer-
to develop the methods needed to analyze existingdata motion for the high-ozone days can be examined and used
and obtain as much information as possible from those to estimate the transported background-ozone conceutra-
data, Corollary objectives were to provide information finns entering the region, The estimation methods are
about additional data needs and ways in which thoseneeds fully described in the report, The determination of the-
can be met with the least additional monitoring, and to origins of the precursors to the transported ozone through
develop methods that provide information necessary for air trajectory analysis is also discussed.
developing effective control strategies. No procedures The methods described above were applied to data from
were developed for designing control strategies, which is four urban regions: Houston, St. Louis, Philadelphia, and
a major topic where further research will be fruitful. Los Angeles, Each of these areas had relatively dense

All the objectives of the study were met. The rather ozone-monitoring networks that had been operated for at
specialized definitions of "design value" and '*expected least a few months, With the availability of data from
number of exeeedances" that were developed by the U,S. these unusually dense monitoring networks, the method
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could beappfiedto determine the sensitivity of the results lands--Research Report." NCHRP Report 21gB, "Eta-
to the numberof stations in the monitoring network, A logical Eft'netsof Highway Fills on Wetlands--User's
nelwork of about 10 sites was found to be adequate, if Manual."
the sites are properly located. There is a tendency to
underestimate the expected number of exeeedanees when Project 20-16 FY '77

the numberof monitoringsitesis reduced.However,tbe State Laws and Regulations on Truck Size,
design-value estimates are generally widdn tile range of Weight, and Speedestimates fora single site,as derived from different EPA-
recommendedmethods, Research Agency: R. J, Hansen Associates, Inc.

Studies have shown that a complete monitoring net- Prittcipal Invest,: Ralph D. Johnson
work need not be operated throughout the year. There is John C. Laughland
a close relationship between peak-ozone value and max- Effective Date: October 11. 1976
imum temperature; ifdata are collected for all days when Completion Date: September 1, 1978
the maximum temperature in the region exceeds aboul Fu/lds: $281,975
20* C, then the estimates of design value and expected The objectivesof the research were to:
numbers of exeeedanees will be accurate, It appears that
the most efficient way to collect adequate ozone-moni- 1, Identify and describe the effectsof current statesize,
taring data In an urban region is to operate about five weight, and speed laws, regulations, and interstate agree-
fixed stations;one in the central part of the city and four meats on trucks and the bighway systems they use.
in different directions a few tens of kilometers outside the 2. Investigate the potential benefits and disadvantages
highly urbanized region, This fixed network should be of increased uniformity in truck size, weight, and speed
supplemented by mobile monitors operated during warm limits among states,
weather to fill-in the area between the central monitor 3, List and evaluatetheavailable alternatives fornitro-
and the peripheral monitors in the downwind direction, inating or minimizing the differences intruck size, weight,

The projectreport was published as: NCHRP Report and speed limits among states.
238, "Estimating Exceedances and Design Values From The research was originally envisioned in two phases,
Urban Ozone Monitoring Network Data." The computer This first phase was intended to synthesize the present
tape contalninfiall programsdeveloped during the course system of state regulation of truck size, weight, and speed
of the projectmay be obtained by request to the NCHRP; and to describe its effects, Dependent on the findings of
a 9-inch diameter (or greater) ASCII 9-track tape (or Phase I, a second phase was planned to identify and
equivalent) with a density of 800 BPI must be supplied, evaluate alternatives to eliminate or minimize the adverse

effectsof states' nonuniformities of truck size, weififit,and
Project 20.16 FY '77 speed limits.

After completion of part of Phase I, the research agency
Ecological Effects of Highway Fills on

proposed and the project panelapproved a plan to merge
Wet/ands both phases of tile research.

Research ttgency: University of Massachusetts Research has been completed, and tile final report has
Principal hu'est,: Dr, Paul W. Shuldiner been published as: NCHRP Report 198, "State Lawsand

Prof, Carl A. Carlozzi Regulations on Truck Size and Weight."
Effective Date: December I, 1976

Completion Date: December 31, 1979 Project 20-17 FY '79
, Funds: $152,085

Statewlde Freight Demand Forecasting Pro-
The over.all objective of this project was to determine cedures

the ecologicaleffects of placinghighway fillson wetlands
and associated flood plains and to develop initial guide- Research ,4geney: Cambridge Systematics, Inc,
lines as a management toolfor the decision-making pron- Prhtcipal lnvest.: Dr, Paul O. Roberts
ess regarding routes, fills, bridges, and other design Dr, Brian C. Kullman
alternatives. Effective Date: April I, 1979

Research has been completed, Based on a thorough Completion Date: July 31, 1980Funds; $73,151
literature reviewand the experience of the researchers, a
state-of-the-art report on the ecological effectsof highway NCHRP Project 8-17, "Freight Data Requirements for
fills on wetlands has been prepared and distributed to Statewide Transportation Systems Planning," identified
state highway and transportation agencies. The final re- many current state planning issuesrelated to freight trans-
port, including manual on the assessment of ecological portation, described existing analysis techniques dmt ad-
effects, is scheduled to be published as: NCHRP Report dress those issues, and catalogued a wide variety of
218A, "Ecological Effects of Highway Fills on Wet- available data sources and collection procedures to sup-
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port those techniques. Projects 20-i7 and 20-17A exmnd rides a step-by-step set of procedures for state agencies
this preliminary effort to provide operational freight fore- to follow in obtaining data attd techniques, modifying

casting techniques for use ill policy, system, and project them if necessary, and applying them to yield appropriate
planning at the state level, freight forecasts. The user's manual describes (1) tbe level

The objective of Phase I (20-17) was to propose ai_- of u*udy_i_ to be ca.du_:l_d (i.e., system, network, cor-

propriate, cost-effectlve, policy sensifive, multiregional rldor, etc,);(2)thctimeframelnvolved(i.e,,tbebaseyear
and state freight demand forecasting techniques that uti- and forecast years); (3) the modes included; (4-)the com-
lize available information and data, while recognizing the modifies to he considered; (5) the specificity of origins

issues states face in freight planning, and destinations to be developed (e,g., county-to.county);
In Phase I, the uses of freight demand forecasts in (6) the output of the techniques to be appfied; (7) the

statewide planning, the freight forecasting procedures usefulness of the techniques for variousanalysls problems;
available, the population and economic acgvity infor- and (8) the role of available demographic and economic
motion necessary as input to freight forecasting proce- forecasts.
dures, the extent to which tile existing procedures meet Case studies have been completed describing the anal-

statewlde planning needs, and the types of new procedures ysis of commodity flow changes on the New York State
required to meet these needs were addressed. The most Barge Canal System, of grain movements in Montana,
appropriate techniques to provide the needed levels of and ofthe teehnique's appI[eability in forecasting changes

forecast detail were determined, and preliminary speei- in truck travel. The final report (user's manual) has been
flcations for statewlde freight demand forecasting pro- completed and published as: NCHRP Report 260, "Ap-
cedures were prepared, plicadon of Statew[de Freight Demand Forecasting Tech-

Loan copies of the agency's final report on Phase I are niques."
available (see final page of this section for ordering in-
formation).

ProJo'_t 20.17A FY 'el ProJact 20-18 FY '79

Application of Statewlda Fral(lht Damand Evaluation of Highway Air Pollution Diaper-
Forocaatln0 Tachnlquas aion Modola

Research Agency: Roger Creighton Associates, Inc. Research Agency: SRI International
Principal _nvest.: Frederick W. Memmott Principal lnvesL; W.F. Dabberdt
Effective Dare: June 1, 1981 Effective Dare." March 15, 1979
Completion Date; January 31, 1984 Completion Dare: February 28, 1982
Funds: $193,500 Funds: $207,509

The first phaseofthis research (Project 20-17) identified Tile general objective of the research was to develop
freight transportation issues that need to be addressed by methods for evaluating the performance of highway air
demand forecasting techniques and proposed a eompre- pollution dispersion models, assemble and document a
hensive research approach to develop a spectrum of such data base to be used to assess model performance, and
techniques. However, because of limited funding, exten- perform a preliminary evaluation of selected models to
sire development work is not possible in this continuation demonstrate the applieation of the mmbodology.
phase, All of the study objectives were met. The evaluation

The objective of Project 20-17A was to demonstrate methodology comprises botb statistical analysis and sen-

theapplieahilityofa freight demand foreeastlng technique sitivity analysis. A comprehensive data base was assem-
for direct use by state agencies. The technique has been bled, whicb includes data from (I) at-grade, elevated, and

designed to develop freight flows by highway, rail, and depressed roadways; and (2) five data sets provided by
water for the current year; forecast the likely annual SRI Internatimml, Texas A&M University, New York

freight volumes and shifts among the modes over the short State Department of Environmental Conservation, Cali-
term (5 years or less); and provide origins and destinations fornia Department of Transportation, and General Mo-

by commodity within a corridor or region at the sub- tors Corporation. The application of the evaluation
state, state, or multi-state level. The technique uses gen- methodology was demonstrafed by performing a prelim-
erally available data and methods to facilitate application inary assessment of the performance of six selected
to specific problems (e.g., deregulation and rate changes), models, four Gaussian and two numerical

A user's manual has been developed setting forth how The final report has been published as: NCHRP Report
to apply the technique to problems such as tlle effects of 245, "Methodology for Evaluating Highway Air Pollution

deregulation, energy availability, industry shifts, infra- Dispersion Models." The computer tape containing the
structure development and maintenance, or financing model evaluation method and the comprehensive data
availability on modal competition, The user's manual pro. base may be obtained by request to the NCHRP; a 12



225

inch diameter and an 8 incb diameter ASCII 9-track tape o Alternative Sohttions: a description of new and in-
(or equivalent) with a density of 1600 BPI must be sup- novative approaches to problems ill pedestrian circulation

plied, systems,

Task 5--Develop guiding principles and design

Project 20-19 FY '85 considerations that will assist planning and design pro-

Pedostrlan Convenience and Safety on fessionals to provide coherent pedestriancirculation. For.
Suburban and Rural Highways mulate these principles and considerations into a planning

Research Agone2: JHK & Associates and implementation methodology,
Principal Invest.: Sloven A, Smith Tile finM two-part report has been published as
Effective Dare: May 1, 1985 NCHRP Report 294A (Research Report) and NCHRP
Completion Date: December 31, 1986 Report 2941] (State-of-the-Art Report).
Ftt tlds: $160,0OO

2

The general objective of this research was to develop
a planning and implementation methodology to assist ProJeot20-19(2) FY '86

planners, designers, decision-makers, arid tile public in Pedestrian Safety and Convenience on Sub-
providing convenient and safe pedestrian movement for urban and Rural Hlghwsys--lrnplemen-
suburban areas having a heavy traffic corridor with ad- lotion Phase

jacent pedestrian magnets, and ill rural areas thai are in, Research Ageno': JHK and Associates
or likely to be in, transition to suburban areas. The plan- Principal l/tvest.: Sloven A. Smith
nine nlethodology should haw' application to the creation Effective Dare: September I, 1987
of coherent (usable, understandable, continuous) pedes- Completion Dare: March 31, 1989

:_ trian circulation for high activity subareas with the po- Fit/iris: $125,000
', tential for connection to eommunfiywide systems, but not

!,p dependent on their presence. Tile following tasks were The objective of NCHRP Project 20-19 was file de-performed: velopment of planning and implementation metfiodolo-

Task /--Structure the pedestrian problem for sub- $ies and principles. Tbe objective of this continuation
urban and rural areas and conduct a literature review of phase, project 20-19(2), is on the implementation of the

solutions that provide convenient and safe movement of findings of the first phase. As stated in the 20-19 findings,
many of the deficiencies noted are due to flaws in the

pedestrians, implementation process. Tile continuation phase is en-
Task 2--Define success and failure of existing pe- visioned primarily as an effort to support tile imptemen-

destrian circulation systems, Identify and document ex- ration process. Accomplishing tile objective will require
arnples of success and I'Mlure in providing coherent tile following tasks:
pedestrian eireulatlon. Documentation should cover site-

specific conditions, including instltmional arrangements Task 1--Develop Teaching Modules. Task I will de-
velop teaching modules that can be integrated into high-

(public and private sector roles and responsibilities, and way and planning courses at universities and colleges, at
citizen participation) associated with success and failure, other training courses for planners and engineers, and

Task 3--Based on an analysis of pedestrian needs, even at professional meetings where this topic is appro-
identify possible solutions which have not been discovered prime. The modules will consist of ahernative course seg-

r. in the literature or in field studies but which may be ments of olle, two or four hours in length.
feasible in tile current context. Evaluate their effective-

Task 2--Develop an "Other Markets" Publication. The

:;! ness. "other markets" publication will be developed as B con-
Task 4--Symhesize and evaluate the state of the art densed and more focussed version of the final report from

i! and state of practice from tile knowledge gained in Tasks tile initial phase, to be oriented primarily toward the
I, 2, and 3. Prepare a synthesis report contafidng tile planningand development eommunity. Theemphasls will
following major components: be on Ibe planning and implementation process, witb ease

• Literature RevieB:' critical evaluation of research re- study material interwoven to filustrates points.

fated to pedestrian circulation systems in suburban and Task 3--Prepare etdvocac2 tlr/icles. Eight articles for

rural areas, publication in trade journals or periodicals on topics re-
= State.of.the-Art; deserlption of guidelines and pro- lating to pedestrian planning, design and implementation

eedures currently used in planning for pedestrian systems, will be prepared. The articles will serve to bring pedestrian
• Slate.of.the-Practice: results of Ihe case study and needs lind plamfing solutions to tile attention of readers

dam collection elTort. A review of successful and unsuc- of the publications and to elTeetively advocate the inte-
cessful systems, specifically the applicability of various gration of pedestrian planning into other phases of plan-

potential solutions to tile various de','elopment settings, ning and engineering practice. Tentafive article titles are:
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I. Pedestrian Planning--An Inlegral Part of the Local developed to provide the institutional requirements
Phmnin 8 Process, needed [o organize, administert and coordinate tile re-

2, Improving Suburban Pedestrian Mobility Througlt search program. Second,detailed research planswere pre-
Medians and Refuge Islands. pared and coordinated for each of the six research areas

3. Pcdestrian-Scnsilive Zoning and Subdivision Rcg- identified in the STRS report. Third, the institutional
uladons, arrangements and research plans were implemented.

4. Site Planning. Traffic Circulation and the Pedes- In addition to the primary contract with AASHTO,
trian, tile following NCHRP projects were conducled between

5. On Planning, Building and Maintaining Sidewalks. March 15, 1985 and May 31, 1986:
6. Accommodating the Pedestrian in Highway Design.
7. Tile Hazards of Walking in Suburbia: What Can Project: 20-2fi(2)

You Do About It? Title: Overview and Integration Planning,

8. Practical Ideas for Improving Pedestrian Mobility SHRP
and Safely, Research Agency; Universily of Maryland

Task 4--Develop "Think Pedestrian" Video. A video Prhlcipal hwest.: Lowell K. Bridwell--Ftmds: $90,000

tape will be prepared, between 15 and 20 minutes in Project: 20-20(3)

length. The video will be suitable for a variety of audi- Title." Detailed Planning for Research on
ences, ranging from citizens who want to know more Aspbalt Properties
about good pedestrian planning and design practices to Research ¢lgeney: ARE Inc.
planning and engineering professionals who may not deal Principal hives/.: Fred N. Finn--Funds.. $115.000
with pedestrians every day but yet require a basic knowl-
edge of planning and design practices. Project: 20-20(5)

Task 5--Prepare Practitioners Manual. This will be a Title: Delailed Planning for Research on
resource document to the training material prepared in Maintenance Effectiveness
Task 1, but will also be a stand-alone document which Research Agency: Texas Research & Development

can be used by planning and engineering practitioners. It Foundation
will consist of a collection of planning and design ideas Prhwipal Invest.: fiertel[ C. Butler, Jr.--lullds: $9fi,000

that have been used by various agencies or in various P_oject: 20-20(6)
development projects. Tit/e: Detailed Planning for P,esearch on

Research is nearing completion on all tasks, A time Bridge Component Proleetion
extension of approximately 5 months will be processed Research Hgency: David G. Manning

while the project panel reviews the substantial number of Principal hlvest.: Dr. David G, Manning--Funds:
written and audio-visual products which have been de- $80,000

ycleped. Project: 20-20(7)

' Project 20-20 FY '83 Title," Detailed Planning for Research on
Cement and Concrete

STRS Pro-Implementation Research Research elgeney: Construction Technology Labora-

Research Agency: AASItTO tories
Principal Invest.: L, Gary Byrd Principal Invest.: Paul Klieger--Funds: $75,000

EffectiveDate: October I,1984 Project: 20-2fi(8)
Completion Date: September 30, 1986 Title:" Detailed Planning for Research on
Funds: $500,000 Snow and Ice

The Strategic Transportation Research Study (STRS) Research Agency: U.S, Army Cold Regions Research
conducted by die Transportation Research Board and and Engineering Laboratory
published in TRB Special Report 202, "America's High- Principal Invest.: David Minsk--Funds: $7.1,781
ways--Accelerating the Search for Innovation," detailed

a concerted research effort needed to produce major in- In addition to the above six NCHRP contracts, the
aerations for increasing tile productivity and safety of FHWA funded and conducted Project 20-20(4}, "De-
the nation's blghway system. The American Association tailed Planning for Research on Pavement Performance."

of State Highway and Transportation Officials The objective of each project was to develop a detailed
(AASHTO), under NCHRP Project 20-20, has overall research plan to provide the basis for a major research
responsibility for conducting a pre-knplementadon effort effort to be conducted following the pre.implementafion

that will produce a plan for carrying out the research project. The detailed research plans were guided by the
identified as, "The Stralegic Highway Research Program budget and schedule shown for the subject research area
(SHRP)." in Special Report 202. The plans include a det_tiled de-

Three major tasks were undertaken. First, a plan was serlption of each individual research project including the
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tasks, level of effort, required resources, scbedule, and Research is complete; tbe final report has been pub-

budget, The research plans show the interreIationsbips of lished as NCHRP Report 295, "Automated Field Survey
the projects, tbe timing and sequencing of eacb, and the Data Collection System."

assumptions or dependent qonditions for each project.
Each study was guided by tile NCIIRP Project Panel

SP20-20 and the SHRP Interim Director, as well as by Project20-22 FY 'g7
hq)ut from advisory committees and other resources.
Each agency was responsible also for obtaining input from Factors to be Considered by Highway Agen-
a wide spectrum of tile highway community including cles in the Identification and Remedlatlon
public, private, domestic, and foreign organizations, of Hazardous Waste Sites

This project has been completed and tile final report, Research Agency: HMM Associates
"Strategic Highway Research Program--Research Principal Inl'est.: David J. Friend; Jan L, Connery
Plans," is available from the TRB Publications Office, Effective Date." November I, 1986
This report served as the basis for the SHRP program Date: July I, 1988
initiated in FY '87, Funds: $148,015

Many state highway agencies are beginning to encoun-

ter problems caused by tbe discovery of hazardous waste
Project 2fi.21 FY '86 on existing or soon to be acquired rights-of-way, These

Development of an Automated Fluid Survey problems affect highway agencies in many ways. En-

Data Collection System vironmental specialists, right-of-way officials, project
development engineers, construction contract administra-

Research Agency: ARE Inc./Cooper Technology tors and engineers, and legal counsels can all be involved,
Principal hlvest,: Hubert Henry depending on tile agency's organizational structure and

Frank F, Cooper tile particular point at which the problems associated with
Effective Date: February 3, 1986 hazardous waste are encountered.
Completion Date: May 5, 1987
Futzds: $200,000 Improper disposal and management of hazardous

wastes, hazardous substances, and toxic chemicals have

In the past, few transportation agencies performed corn- created substantial problems for state highway and trans.
prehensive analyses of survey operations within tbeir or- portation agencies in tile planning, design, construction,

ganizations. However, with a diversity of high-tecb "total and operation of hlgbway facilities, For example, parcels
stations" and "data collectors," and various software sys- purebased or considered for purchase by state highway
terns now available, many agencies are faced witb prob. agencies are sometimes contaminated by bazardous waste,

lems ofintegrating these components into their surveying Such sites, in addition to having been used as dumps,
operations, Unfortunately, there is uncertainty as to bow frequently reflect improper management of hazardous ma-
te best accomplish this integration. In addition, field sur- terials by former businesses. Federal and state regulations

vey data must be suitable for fast, efficient transfer to and require tbat state highway agencies develop and imple-
from otber engineering syseems, such as computer-aided meat plans for resolving these problems. Hazardous waste

design and drafting programs. Tbese issues, coupled witb problems and their solutions bare far reaching impacts
an increase in transportation construction projects ha- on highway programs by increasing costs, creating time
tionwide, and an increased need for more accessible sur- delays, and providing greater opportunities for litigation,
vey data, create pressure on agencies to provide "quick Problems associated with hazardous wastes are critical,

tix" purchases and approaches, This, in turn, results in yet fairly new for many highway agencies, Tile presence
possible wasted time and duplicated effort, as similar, but or suspected presence of hazardous waste sites creates a
incompatible, systems are developed and tested, multitude of problems. Sohalons to these concerns involve

Because of tbe demand for field survey information in an intricate array of regulations, and require interactions
varying formats and accuracies for projects and records, with otber agencies and individuals as well as with the
there is a need to integrate tbe different phases in handfing general public. Tberefore, the objective of tbe research

survey information and to automate as many tasks as was to compile the principal, relevant information de-
possible. An initial step in dealing with this problem is scribing the administrative, technical, and legal eonsid-
to develop an automated field survey data collection sys- erations that highway agency officials must be sensitive

tern that includes preprocessing and storage of tbe data to wben developing andimplementing highway programs,
in a standard file for subsequent electronic transfer to The information provided is a useful resource in tbe thai-
engineering design systems leaning, complex process of dealing with hazardous waste

The objective of this research project was to define, sites,

develop, and demonstrate an automated system for col. Research is complete; the final report has been pub-
lectlng, preproeessing, and storing field survey data in a tished as NCHRP Report 310, "Dealing with Hazardous

standard tile format, Waste Sites, A Compendium for Highway Agencies,"
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Project 20-23 FY '88 ifor resultsfor horizontalpositioning,The benefitsof this

Kinematic Differential GPS Satellite Surveying procedurecould greatlyreducesurveyingcostsfor pho-togrammetricmapping.More work is necessaryif .state
ResearchAgency: GPS ServicesInc./National Gee- DOTs are to realize thesebenefitsas soon as possible.

detic Survey Consequently,the objectiveof this researchwill he to
Principalhlvest.: Dr. Gerald L. Mader determineappropriate algorithms and developopera-
HffectiveDate; September15, 1988 tionalsoftwarefor kinematicdifferentialGPSpositioning
CompleffonDate: September14,1990 at the I-cm to 2-eraaccuracylevel.
Funds: S298,793 Researcilis underway.

Although theNavlgatlonSatelliteTimingand Ranging
system (NAVSTAR), also known as the Global Posi-
tioningSystem(GPS), is a satellitesystembeing developed
by the Departmentof Defense underAir Force manage- Project 20-24 FY '8g

mcnt, somecivilianappIicationsareallowed. Presently, Research Program Design--Administration of
sixsate]litesprovidingpositioninginformationare in or- Highway and Transportation Agencies
bit. This six-satelllte constellation can be used for mea-
surements only during a limited time each day. An Research Agency: Apogee Research Ine,
eighteen-satellite constellation providing 24-hour cover- Principal Invest.: Richard R. MudgeJohn A, Cfoments
age is expected to be fully operationld between 1990 and EffeetiveDate: May II, 1987
1992;this will then provide very precise three-dimenslonal CompletfonDate: September 30, 1988
information on a continuous basis, Punch: $125,000

Equipment presently on the market can provide coarse-
point-positions (positioning with a single receiver) in real- At a special sessionheld during the 1986Annual Meet-
time with accuracies ranging from an estimated 10 to 30 ing of the Transportation Research Board fI'RB), a num-
meters, Improvements in coarse GPS real-time point-po- bet of Chief Administrative Officers(CAO's) from state
sitioning are expected to evolve within private industry departments of transportation identified areas of concern
because of the potential for widespread commercial up- in the management of transportation agencies. Economic
plications. Coarse.point.positioning data can he used by considerations and management of financial resources
DOTs with a geographic information system (GIS) for were judged to be the most important areas. Others in-
such activities ashighway inventories, accident locations, eluded the management of people, information systems,
and maintenance operations, Because systems that may public affairs, and technology transfer. In each area dis-
provide levels of accuracy aceeplable for some of these cussed, problems were identified that are in need of re-
activities already exist or are expected soon, no research search, At the same Annual Meeting, members of the
is proposed in dfis area, However, opportunities do exist academic community reported the findings of the NSF
in the area of precise relative positioning using GPS, seminar on "Transportation Research: Tile State of the

Use of the present satellite constellation has shown that Art and Research Opportunities." Although their fee-
relative positioning measurements with accuracies of a ommendatfons call for more fundamental research, some
few parts per million are possible in 30 minutes or less of the problems identifiedare verysimilar to those listed
of data acquisition. Preliminary work involving the use by theCAO's. Concurrently, TRB committees concerned
of GPS for rapid dig'erential (kinematic) positioning of with the planning and administration of transportation
ground-based survey points has indicated the feasibility systems developed their views on needed research in their
of greatly reducing the time required to accomplish the areas of expertise,
equivalent of geodetic traversing. This process uses the Additional work is required to develop a research pro-
differential GP$ measurement mode where the time gram, specifically directed to the management, adminis-
needed for static data collecting over each point is men- tration, and policy planning needs of highway agencies.
sured in seconds instead of'minutes or hours. The benefits The objectives of NCHRP Project 20-24 are to identify
of such a process are great when considering the amount the most critical problemsfaced by top management of.
of geodetle traverses befog conducted by the DOTs. ficials in state highway and transportation agencies and

Another application of kinematic differential GPS is to design a well-defined, comprehensive research program
the positioning ofmoving sensors, such as aerial mapping to address those problems.
cameras. A prime potential benefit of this application is The initial step of the research effort was to award a
that of greatly reducing the need for establishing and contract for Task 1 with the following scope of work:
targeting ground control points for photogrammetrfo Task/--Determine the most critical management, ad-
mapping. Preliminary altimetry experiments have sub. ministration, and policy planning problems of common
stantiated GPS.determined vertical positions to 10-cm concern to the CAO's and other top managers in state
accuracy. Current experiments are expected to show sire- highway and transportation agencies and identify those
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that can be addressed through research, Because of the Project 20-24(1) FY '89

anticipated broad range and diverse nature of tile prob- Using Market Research to Improve the Man-
lems to be identified, similar types will be classified into
groups that individually or in combination would provide agement of Transportation Systems
alogical base forstructuringacoherent research program. Research tfgettcy: Apogee Researcfi, Inc,

Some of the identified problems will require new re- Prhtcipal Invest.; Dr. Richard R. Mudge
search, but others may be best treated through the better Effectb'e Date: Oclober 1, 19811
use of existing methods from within tile transportation Completion Date; September 30, 1989Funds: $200,000
community and from other public and private organi-
zations. Although the detailed analysis of existing tech- Transportation programs must survive in an increas-
niques will be accomplished in Task 2, as part of Task I ingly competitive world of public policy, where tough
a preliminary assessment will fie conducted of the extent choices must be made among public works, social pro-
to which information is currently available to address grams, tax cuts, and a variety of other public functions.
specific problems, Budget pressures are merely the most obvious outward

Submit a report presenting one or more preliminary sign of these political and financial battles.
concepts for a research program to address the high prior- Developing a political consensus for the funding of
ity areas. The concept(s) should identify (I) recommended transportation programs requires both an in-deptfi knowl-
research areas including priorities, (2) specificmajor prod- edge of ;vfiat the public knows about transportation and
uets of the proposed program, (3) relative roles of new what their attitudes are about the transportation problems
research and synthesis-type efforts, and (4) preliminary they faceevery day. Modern market research techniques,
cast estimates, including public opinion surveys and focus groups, may

, It is anticipated that the following tasks ,,viii be con- offera systematic way to belpprovideCAOs with answers
_: dueled subsequently: to these questions.

;_ Task 2--Review state-of-the-art techniques used in' Private firms make considerable efforts to identify their
governmental and private agencies and assess potentially customers' general likesand dislikes as well as to identify

,_ useful techniques emerging from current research to de- specific needs. Based on this information, firms design a
i'i termine their applicability to the problems identified in product or service to meet the potential customer's per-

i:[ Task 1,Evaluate tile more promisingtechniques for trans- eeived needsand then work to convince them to purchaseferabifity and wider application, these products or services,As with other areas of modernllfe, marketing has become more sophisticated and tech-
, Task 3--Design a research program to develop or nically advanced, How can these advances beadapted to
_i adapt techniques that are needed to address the more fielp solve the problems of state DOTs?
i_ critical problems identified in Task 1. The program plan Wbfie the focus of recent efforts in market research has

will include primary emphasis areas (e,g., financial man- been on surveys of public feelingsin general, some of the
agement) and, within each area, a list of specific research same techniques could be used to survey and as:less the
projects (e.g,, development of a cash flow model), needs and understanding of firms or groups with a direct

Task 4--Develop a detailed scope statement for each interest in transportation. Most such information is now
project, Identify the highest priority projects for all pro- presented to DOTs by trade groups, but use of the ideas
posed projects, discussed here might make it possible ta obtain infor-

mation from the public at large,
Research on Task 1 was completed, and the following Tile object of this research is to help the CAOs of state

research areas were identified far further attention: (I) DOTs to add modern market research techniques to their
Finance Resource Development, (2) Financial Manage- program development and evaluation methods. Five inter-
ment, (3) Decision Support, (4) Long-Term Policy De- related tasks are called for:
velopment, (5) Implementation, (fi) Understanding of
Industry, and (7) Public/Pofitical Interactions. NCHRP Ta_k I, Review and summarize existing transportation
Panel SP20-24 selected the first three areas for primary public opinion research surveys and results.
emphasis in the remaining work. Task 2. Review modern market research techniques

All research is now complete, and the agency prelim- used by private and public agencies.

inary draft final report has been submitted and is under Task 3. Design and conduct a national public opinion
review. The draft report presents a program of projects survey.
and recommended means for accomplishing those proj-
ects. A meeting of NCHRP Panel SP20.24 is scheduled Task 4, Prepare policy guidance document on how
to decide on future actions for conducting research in the these methods and information could be used most ef-
management and administration cfhighway agencies. The fectively to develop and implement transportation policy,
final report will then be modified accordingly. T_tsk5, f'repare a handbook that summarizes the de-
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sign and implementation of past transportation opinion/ NOTE: Funds are earmarked for a research project to
market research and current efforts under way, follow in this area to develop a comprehensive

training program that will lead to nationally ac-
cepted certification based on tile results of this

Project 20-25 FY '89 Ia°jeeL

Training Needs for Highway Construction Per- Prolect 20-26 FY 'g9
sonnel

Bond and Insurance Coverages for Highway
Research Agency; Construction Contractors
Principal _avcst.: In developmental stage

Research Agency:
Effective Date: 02 months) PrhzcipalInvest,: Ill developmental stageCompletion Date:

Funds: $75,000 Effective Date: (16 months)Completion Date:
There is a continuing need to improve the management Funds; $100,000

of the quality of highway construction and to reduce life
cycle costs, Budgetrestrictions, loss of skilled personnel, Highway construction contractors lypically needto ob-
increased responsibility placed on quality assurance per- taln bid, performance, and payment bonds, as well as
sonnel, changing role of the contractor in the area ol" insurance coverages in order to undertake public highway
quality control, and demands to COllStructprojects faster construction contracts. In recent years,a number of con-
have all affected the highway construction process in the tractors have complained that the cost of insurance has
United States. risen dramatically or the needed insurance coverages are

An approach formeeting this need is improved training not available. The cost and availability of surety bonds
programs for field mid oSiee personnel at the highway are also mentioned as problems for small, lessexperienced
construction site. Current training programs for these contractors and especially for Disadvantaged Business
personnel are not comprehensive, are localized in their Enterprises (DEE) that are attempting to break into pub-
application, and lack national acceptance. A national lie construction, In turn, there is concern that these prob-
training program for highway agency, consultant, and lems may have reduced competition and increased costs
contractor personnel will respond to this need. for highway construction,

The ultimate goal of this research is tile development It is not clear to what extent various factors influence
of a nationally acceptable training program that specifl- the east and availability of bonds and insurance. Someof
tally supports certification for agency, consultant, and these factors may fall into such categories as:.highway
contractor personnel involved in highway construction, agency design and construction praclices; cyclical nature
The objective of this project is to provide a needs assess- of he nsurance ndustyy_sh f s in the ypeofeonstruc on
meat and design a framework for a training programto toward rehabilitation and reconstruction; social issues;
improve the quality of highway construction, legal climates; envlromnental issues;OSHA requirements;

Accomplishment of this objective will require, as a changes in range and types of insurance coverage; size
minimum, the following tasks: and number of projects; quality contrail state and federal

Task L Review existing listings of job-related tasks laws, rules, and regulations; risk management; safetypro-
(work elements) that have been prepared for highway grams; and loss prevention techniques.

Research is needed to enable the industry to deal with
construction personnel and develop a nationally appli- the primary short- and long-term factors that affectbond
cable listing ofjob taskdescriptions for personnel involved and insurance costs and create availability problems for
in the highway construction process, contractors that need such coverages,

Task 2, Survey existing training attd certification pro- The objective of this research is to identify, analyze,
grams for the job-rdated tasks (work elements) defined and piioritize the factors that affect the cost and avail-
in Task 1. ability of bonds and insurance on public highway con-

Task 3, Establish criteria for determining the cute- structian contracts, At a minimum, it is anticipated that
tiveness of the training and certification programssur- the research will itlclude the following tasks:
veyed under Task 2, Provide an assessment of existing Task I, Survey the highway and utility contracting
training and certification programs, including areas of industries including prime contractors, subcontractors,
weakness and deficiencies. DBEs, State contracting agencies, and contractor and

Task 4, Based on the results of Tasks 2 and 3, design construction associations to determine the actual extent
a framework fora national training program that supports and cause of problems related to cost and availability of
certification for highwayconstruction personnel, bonds and hlsuranee, Solicit from these firms, agencies,

Task 5, Prepare a final report on the total research and associations, suggestions for ways to increase the
effort, availability or reduce the cost of bonds and insurance.
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Task 2, Survey bond and insurance companies and The objectives of this project were to design, build
associations to obtain the resultsof their experience with prototype models, and conduct laboratory verification
highway contractors, This survey should address, as a programs for one or more sensors capable of measuring
minimum, the cost and avafiabilhyof bonds and insur- moisture in granular and soft materials that would be
once, the impact of business failures within the bond and suitable lbr highway needs, During the initial phase of
insurance industry, and arty industry plans, suggestions, the study, nucleal uiaSJ_tIc rds_nancc (NMR) and mi-
or potential changes that wmdd influence the industry urowaveabsorption approaches were investigated inde-
and serve to increase the availability or reduce the east pendently. In general, satisfactory performance was
of bonds and insurance, achieved using the NMR approach, but considerable dif-

Task 3. Based on the resultsel'Tasks I and 2, provide fiuulty was encountered with the microwave teclmique.
an analysis and a prioritization of the primary factors As a result, the experimental verification phase was lira-
that affect cost and availability of bonds and insurance, ited to the NMR sensor,

Task 4. Submit an interim report within 9 months alter Researchhas been completed, and an NMR sensor has
the start of research. The interim report shall summarize been developed for measurement of moisture in fine-
the results of Tasks I through 3 and include an outline grained soils, The prototype model has undergone tuba-
foraccomplishment of Task fi, NCHRP approval will he rotary testing and is considered suitable for further de-
required before commencing Task 5. velopment and field evaluation,

The technology or*which the prototype sensor is based
Task 5. Develop recommendationsfor actions to solve is described in a paper by Gardner & Matzkaoin, pub-

the problems associated widl the factors prioritized in llshed in TRB Record 532. Information contained in the
Task 3. Develop research plans for those factors that project report is included in the Project 21-2(3) report. !
require additional research. Provide an estimate of cost

and duration for accomplishingeacb rescamh plan. Project 21-2(2) FY '72
Task 6. Submit a finalreportdocumenting all research

findings. Instrumentation for Moisture Measurement_
Bases, Subgrades) and Earth Materials

AREA 21: TESTING AND (Sensor Development)
INSTRUMENTATION Research Agency: State U. of New York at Buffalo

Principallnvest.: Dr. E. T. Sellg
Project 21-1 FY '70 Effecti),e Date: April 1, 1972

Completion Date: September 30, 1973
Instrumentation for Measurement of Moisture Funds: $29,953

Research Agency: Research Triangle Institute Tile objectives of this project were to design, build a
Principal Itwest,: Dr, L. F, Ballard prototype model, and conduct a laboratory verification
Effective Date: August 25, 1969 program for a sensor capable of measuring moisture in
Completion Date: February 24, 1971 granular and soil materials that would be suitable for
Funds: $35,027 highway needs.

The objective of this project was to evaluate, on the Research has been completed, and a sensor has been
basis of a comprehensive literature review, the suitability developed based on the use of electrical capacitance as a
of existing instrumentation and techniques to measure tile measureof soil moisture. The prototype model has under-
amount and state of water in highway components such gone laboratory testing and isconsidered suitable for fur-
asembankments, subgrades,basecourses, and structures, ther development and fieldevaluation,

The research has been completed,and the project report The technology on width the prototype sensor is based
has been published as: NCHRI) Report 13g, "Instru- is described in a paper by Selig, Wobschall, Mansukhani,
mentation for Measurement of Moisture--Literature Re- and Motiwala publishea in TP.B Record 532, Information
view and Recommended Research," contained in the project report is included in the Project

21-2(3) report.
Project 21-2 FY '71

Instrumentation for Moisture Measurement-- Project 21-2(3) FY '75
Bases, Subgrados) and Earth Materials Instrumentation for Moisture Measuroment--
(Sensor Developmsnt) Bases, Subgradas, ann Earth Materials

Research Agency: Southwest Research Institute (Sensor Evaluation)
1 Principal Invest.: Dr. C, G, Gardner Researcll Agency: Southwest Research Institute

EJ_bctiveDate: February 1, 1972 Principal btvest.: George A, Matzkaniu
i Completion Date: January 31, 1974 E.T. Selig (SUNY)

Funds: $64,976 Effective Date: September 3, 1974
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Completion Date: December 31, 1979 over any 200-millisec period; having reasonably low first
Funds: $154,452 cost and pleasing appearance; and min[mizing vehicle

Theobjectiveoffiltsproject was further refinement and damage. Tile design was analyzed and technical infer-
field evaluation of the two prototype moisttire sensors marion was presented to demonstrate the degree of
developed under Projects 21.2 and 21-2(2). Tbis included achievement of tile foregoing, Working drawings suitable
fabrication of the sensors and readout instrumentation, for fabrication and installation of a prnlnlype were pro-

their installation in file subgrade portions of pavements pared for each barrier system,
in Arizona and Pennsylvania, and evaluation oPdata col- The final report was not published in tile NCHRP
leered at tile field sites, report series; however, microfiche of the report may be

Research has been completed, with accomplishment of purchased (see final page of this section for ordering in-
the intended tasks, Although neither sensor meets all of formation),
the desired criteria, the research indicates that each has
some potential for practical applicaton to the soil moisture
measurement problem. Operational problems encoun-

tered duringthe fieldevaluationshouldberesolveddurinfi Project 22-1A FY '73
the development of production models. A production
model of the dielectric sensor is available from Ecotec TeeUng and Evaluation of Brldge Rail Con-

Corp., Needham Heights, Mass. cepts
The essential findings of the study have been published Research ,lgency: Texas A & M University

as NCHR.p Research Results Digest 121. The agency Research Foundation
report has been distributed to tile Program sponsors and Principal Invest.: T.J. Hirsch
other interested persons. It will not be published in the Effecti*'e Dare: March I, 1974
regular NCHRP report series but is available on a loan Completion Dare: May 30, 1975

basis (see final page of this section for ordering infer- Fmlds: $40,000

marion}, Tile objectives of NCHRP Project 22-1, "Concepts for

Improved Traffic Barrier Systems," were accomplished
by tile development of a traffic barrier system that was
analyzed using the Barrier IV computer program, The

results of this analysis indicate that the proposed system
AREA 22: VEHICLE BARRIER meetsthedesiredcriteria.

SYSTEMS Tile objective of Project 22-1A was to evaluate the

Project 22.1 FY '69 prototype of tile proposed barrier by full-scale impact
tests.

Concepts for Improved Traffic Barrier Sys- The accomplishment of this objective included the fol.
tema lowing tasks:

Research dgencfl: Walter W, White 1. Fabrication and construction of the barrier system

Prlncipalbtvesr.: Walter W, White shown in Figure 6 of the final report on Project 22-1
Marvin A. $hulman (Pages 148 to 173 NCHRPSmnmaryofProgr_ss Through

Effective Date: October 1, 1970 1972).
Completion Date: December 31, 1971

2. Testing and evaluation of the system tinder the fol-
Fundsr $25,000 lowing impact conditions:

The objective of the research was to produce one or
more traffic barrier system designs, described with (a) A passenger veldcleimpacting the bridge railat 60
sketches and narrative to the degree necessary to convey mph and 2fi',

understanding, that offer promise of: preventing penetra- (b) A passenger vehicle impacting the bridge roll at 60
mph and 7',

tion by a standard-size U.S. automobile weighing 4,000
to 5,000 Ib and impacting at 25* and 65 mph; smoothly (c) A passenger vehicle impacting the approach railing-
redirecting errant vehicles relatively parallel to traffic bridge rail transition at 60 mph and 25°.

flow; providing a range of controlled dynmnie deflections Research has been completed, and the essential findings
by varying desifin parameters; retaining longitudinal con- have been summarized in NCHRP Research Results Di-

tinuity following a collision; permitting adequate visibil- fiest 81, "Crash Testing and Evaluation of Attenuating
ity; being capable of quick and easy repair; performing Bridge Railing System,"
satisfactorily in various foundation conditions; limiting Microfiche of the agency's final report may be pur-
decelerations at the center of gravity of the vehicle to 5g chased (see final page of this section for ordering infer-
lateral, 10g longitudinal, and a total of 12g when averaged marion),

;. , ....... ..... ,
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Project 22-2 FY '69, FY '72 and FY '73 procedures. Research has been completed on this tusk,

Traffic Barrier Performance and Design and tile final report hasbeenpublishedas:NCHRP Re-
port 153, "gecommended Procedures for Vehlcle Crash

Research Agency: Southwest Research Institute Testing of Highway Appurtenances."
Principal hu,est,,. M, E, Bronstad

J. D. Michie
Effective Date; Jan. 1, 1972 Oct, 1, 1973
Completion Date: Sept, 30, 1973 Mar, 31, 1975
FIttld$: $125,000 $80,000

Prelect fi2.2(2) FY '73

Amongthemostimportantofcurrentneedsintbearea Multiple Service Level Highway Bridge Rail-
of vehicle barriersystems is a safer terminal design. The Ings--Performanoe and Design Criteria
work of Project 22-2 was structured to emphasize the
systematic experimental development of terminal treat- Research ,lgeney: Southwest Research Institute
meats to fulfillthis need. Terminal treatments for a hum- Principal l/west.: M, E. Bronstad
bar of selected guardrall systems were investigated. This Effective Date." August 1, 1976

Completion Date: April 30, 1979
study built on earlier preliminary NCHRP efforts tbat Funds: $195,000
are described in NCHRP Reports 118 (1971) and 129
(1972). The initial objective of this project was to identify and

The initial task in Phase I included a review of terntinal doeumem realistic performance criteria and correlated
concepts previouslydeveloped under Project 15-1(2). the design criteria for bridge railing systems on roadways
development of several new concepts, and an examination providing various (at least three--normal, higher, and
of concepts developed outside the NCHRP. More than lower) levels of service. The major objective was to de.

.: 20 of these conceptshave come under consideration. This velop at least one design based on criteria for the lower
work was covered in an interim report. Although the service level and to validate this system using analytical

_i report will not bepublished, it is available on a loan basis, and full-scale testing metbods.
Based on the interim report, the project panel selected The research included the following tasks:

_i designs and establishedpriorities forfull-scale testing of
:_ several terminalsystems. The experimental program con- I, Identify traffic and other parameters for use in de-

fining appropriate categories of roadway service levels.sisted of some 26 full-scale crash tests. Interest in this
testing was concentrated on a breakaway cable terminal 2. Estahfisbreasonable performance criteria for bridge

'! (BCT) in combination with the W-beam guardrafl and rafiings to be employed in each category.
:ii median barriersystems most often used. Ten crash tests 3. Propose bridge railing design criteria for each cat-

were carried out on the BCT with the flared W-beam egory.
i_ guardrafl. The second part of the experimental program, 4. Developand validate,through analytical simulation
!_ comprising some 16 tests, was concentrated on the de- and full-scale testing (in accordance with the relevant
!_= velopment of a crash-cushioning terminal for use with provisions in NCHRP Report 153), at least one lower

median barriers, Microfiche of the agency'sPhase I report service levelbridge railing design witb first cost and main-
_! may be purchased(see final page of this section for or- tenneco advantages overnormalservicelevel systems. Tile
i,I daring information), railing will be designed according to the criteria proposed
! Phase II research has been completed, Task 1 led to in Task 3, togive performance consistent with tile criteriadeveloped in Task 2. Bridge railing designs considered in; _ the refinement of BCT designs to pfovide more safety to

smaller cars and to improve economy relativeto the first this task may include some already in use.
east, maintenance, and repair. Findings from Ihe Phase 5. Through analytical simulation, evaluate the per-

formance of this rafting when struck by a 25,000.1h
II research werereported in NCHRP Research Results (11,340 kg) school-type bus under various impact con-
Digest 84 (March 197fi). Microfiche nf the agency's fired ditions.
report on Phase 1I may also be purchased (see final page
of this section for ordering information). 6. Compare the developed bridge railing design with

Subsequently, the Federal Higbway Administration the present AASHTO static.elastic bridge railing designrequirements.
sponsored additional tests on the median barrier BCT, 7, Recommended appropriate modifications to current
NCHRP Research Results Digest 102 summarized the bridge railing design practice based on this study.
findings of these and previous tests and clarified recom-
mended details for both guardrafl and median barrier Research has been completed, and loan copies of the
terminals with either steel or timber posts, final reports on Phase I (Tasks 1-3)and Phase II (Tasks

A separate task of Phase lI, funded at $20,000, was 4-7) may be obtained front the NCHRP upon written
intended to develop uniform barrier testing criteria and request.
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Project 22-2(3) Fy '7g search agencies, a number of questions arose that were

Multiple Service Level Highway Bridge Rail- not addressed.
Ings--Selectlon Procedures Under NCHRP Project 22-2,SwRI addressedthese

questions and developed NCHRP Report 153, "Recom-
Research Agenej:' Southwest Research Institute mended Proceduresfor Vehicle CrashTestingofHighway
Principal hwest, MmiriePE, Bronstod Appurle.ances" (1974), which provided testing and re-
Effective Date; January I, 1979 search agencies with recommended procedures to vehicle
Completion Date: May 31. 1981 crash test highway appurtenances. The procedure pep-
Funds: $200,000 resented technical input from more than 70 individuals

The concept of multiple service level bridge railings and agencies and the results of extensive deliberation of
was developed in NCHRP Project 22-2(2), The objective a special ad hoe panel, It was recognized then that several
of Project 22-2(3) was to further refine these procedures parts of tile procedures were based on inadequate expe-
to make them more usable and accurate with respect to rience or research. It was decided, however, to retain
the needs of the highway community. Certain improve- coverage of these areas in order to provide a more com-
ments had already been indicated from comments re- plete testing procedure.
eeived on the initial studies. These procedures have gained wide acceptance since

Severalaspects ofthe Multiple Service LevelApproach their publication in 1974. It was recognized at that time
(MSLA) were conlroversial and more comprehensive in- that periodic updating would be needed, and, in January
vestigations were needed.The followingsteps werecarried 1976,TRR Committee A2A04 accepted the responsibility
out in this program: of maintaining the efficacy of the procedures, Question-

naires were submitted to committee members in late 1976
1, Perform a sensitivityanalysis and refine MSLA pro- to ascertain areas of the document that needed revision.

cedures accordingly, Tile responsesgenerally fell into two categories:(1) minor
2. Develop bridgerailing systems for a number of ser- changes that would require expanded discussions of cer-vice leve)s,
3. Determine total costs of bridge railing systems ['or rain provisions and problem areas and the addition ofmore detailed guidelines; and (2) major changes that

a number of service levels, would require broadening the scope to include testing
4. Rased on cost, determine number of service levels with trucks and buses,reevaluating the criteria for impact

needed, severity, and treating special highway appurtenances such
:i 5, Develop an upgradingstrategy using MSLA. asconstruction barriers. The committee agreed to address

6, Prepare a users'manual for practicing engineers, the minor changes through special committee action; this
7, Assess the legal implication of MSLA and make was done, and Trausportation Research C/rctdar No, 191

modifications as indicated, is the product of TRB Committee A2A04, For the major
Research has beencompleted, and the final report pub- changes, the committee felt that tile task was beyond its

fished as; NCHRP Report 239, "Muhiple-Service-Level resource and requested TRR/NCHRP to investigale the
Highway Bridge Railings Selection Procedures." The possibility of having the work performed under a funded
findings of a small side study on the breakaway cable research contract. Project 22-2(4) was intended to address
terminal have been published as Research Results Digest these major changes. Its objective was to review, revise,
124, and expand the scopeof Transportation Research Circular

No, 191 to reflect current technology, This study per-
mitted research on points needing more in-depth analysis

Project 22-2(4) FY "79 than could be provided by tile TRB Committee.

Procedures for Testing Highway Appurte. Researchhasbeencompleted,and die final report hasbeen published as: NCHRP Report 230, "Recommended
nonces Procedures for Safety Performance Evaluation of High-

Research Agency: Southwest Research Institute way Appurtenances."
Principal Invest,: Jarvis D. Michie
Effective Date: May 1, 1979
Completion Date: February 28, 1981 Project 22-3 FY '73

Funds: $30,000 Field Evaluation of Vehicle Barrier Systems

In 1962, the first proceduresforfull-scale vehicle crash Research Agency: CalspanCorporation
testing of guardrafis werepublished in Highway Research Principalhtvest.: J.W. Garretl
CorrelationServices Circular482,The one-pagedocument N, J. DeLeys
delineated vehicle mass,impact speed, and approach an- Effective Date: January 1, 1974
gle. Although Circular 482 did bring some some order Completion Date: February 15, 1975
to tratl_cbarrier research being performed at several re- l_tttlds," $25.000
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Theobjeefiveofthisproject wastodeterminethedegree Completion DelL,," July 15, 1987
to whicb accident data currently being aeeumulatd by Funds: $503,954

various agencies meet tile needs of those concerned with Existing crash test performance of longitudinal barrier
tbe effectiveness of vehicle barrier systems and, to the systems was reviewed for compliance with NCHRP Re-

extent warranted, to recommend new approaches Ihat port 230. Based on lids review a matrix of five guardrail,
may better serve those needs, two median harrier, and four bridge systems was evalu-

Research has been completed, and the essential findlngs ated with full-scale crash tests for occupant risk with

from the final report have been summarized in NCHRP 1,800-Ib sedans. The results were evaluated using tbe
Research Results Digest 76, "Field Evaluation of Vddcle recommendefi values of NCHRP Report 230 to which all
Barrier Systems." Microfiche of the agency's final report systems were essentially in compliance,
may be purchased (see final page of this section for or- In addition, evaluation of fiveguardrailand one median

dering information), barrier systems was performed with an 1,800-1b sedan
impacting at 60 mph and a 20-dee angle (test SI3 of

Project 22-fiA FY '73 NCHRP Report 230). The purpose of these tests was to
provide further insight into the performance of the barrier

Field Evaluation of Vehicle Barrier Systems systems, Six insight tests using vans to determine barrier

Research ,lgetlcy: Arthur L, Elliott performance thresholds for this type of vehicle were per-
Principal b_vest.: Arthur L. Elliott formed. Seven transition tests were performed as follows:
Effective Dater July 1, 1974 three guardrail/bridge rail transitions, two guardrail/
Completion Date: December 31, 1974 guardrail transitions; and two median barrier/median
Funds: $10,000 barrier transitions. Finally, two additional insight tests

The relative in-service performance of most guardrail were performed. The first was a van impacting a G 1 cable
systems is unknown, Although over-all performance of guardrail system mounted at a 24-in. height. The second
guardrail installations, in general, might be determined test evaluated a blocked-ore W-beam system with round

from state and national efforts in accident investigations, wood posts.
limitations in tile data preclude the analysis of specific The final report, published as NCHRP Report 289,
guurdrall systems in terms ofsafety and cost. Accordingly, includes the crash test results, design drawings for the
tile relative merits of two or more systems must be oval- systems tested in this research as well as for systems tested

uated on tile basis of idealized laboratory experiments in other studies, and recommended changes to the test
(including full-scale crash tests) and gross accounting pro- criteria.
cedures, The use of accident data to evaluate the field

performance of barrier systems would be very desirable, Project 22-5 FY '84
The use of formal accident reports had been investigated
under NCHRP Project 22-3. Develop Performance Standards and

At the same time, Project 22-3A was concerned with Hardware for Low Service Level
an investigation era less formal approach to barrier oval- Guardrall Syetema

uation. This approach consisted of personal interviews Research Agency: Southwest Research Institute
with highway agency maintenance, safety, and traffic up- Principal h)),est.: L.R. Calcote and K, Hancock
orations personnel to obtain any data tlley may have had Effective Dale: May 1, 1985
and to solicit their subjective opinions on the performance Completion Date: January 31, 1989
of various barriers. Five representative states were visited Funds: $200,000

for this purpose. Currently operational guardrafi systems have been de-
Researell has been completed, and tile essential findings ycleped for 80-mph, 25-degree impacts with 4,500qb ve-

from the final report have been summarized in NCHRP hieles. The use of design criteria based on this severe test

Research Results Digest 78, "Field Evahmtion of Vehicle condhion has resulted in relatively expensive installations
Ilarrier Systems," Mieroliehe of Ihe agency's final report (e.g., high-cost terminal ancllorage systems). For low ser-
may be pureitased (see final page of this section for or- vice level roads, there is a need to determine the conditions

define information), under which less stringent guardrail requirements are

warranted in order to reduce costs while providing safety

Project 22.4 FY '83 performance based on demonstrated =teed,
The objectives of this project are: (1) to examine the

Performance of Longitudinal Traffic Barriers need for guardrails on low service level roads and develop

Research Agency: Southwest Research Institute performance standards for guardrails, transitions, and tot-
Principal lm_st.: J, D. Michie, M. E, Bronstad minals and (2) to design, test, and develop low-cost guard-
Effective Date: July I, 1983 rail systems based on these performance standards,
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This project consists of two phases: ous for smaller vehicles; however, little is known about
the performance of current hardware and roadside safety

Phase I features with vehicles smaller than 1,800 lb,
Task/--Review, evaluate, and document available The objectives of this project are (1) to assess the per-

data in order to establish performance standards for low formance of selected existing higllway salety appurm-
service level gnardrail systems including tnlnsitions and nonces and roadside features with passenger vehicles
terminals, Establish and, if necessary, develop general below 1,800 lb and (2) to project the limits of vefiicle
warranting criteria for use of such systems, characteristics that can be safely accommodated through

Task 2--Uslng the performance standards from improvements[neurrent hardwareandroadsidefeatures,
Task 1,develop conceptual and preliminary designs with This research includes the following tasks:
working drawings of the guardrails, terminals, and tran-
sitions using structural analysis, computer simulation, or Phase 1:
other techniques, Existing fiardwareand systems in wide- Task 1--Revlew, evaluate, and document foreign
spread use with demonstrated effective field performance and domestic information on the performance of safety
will be fully considered. Make estimates of initial and appurtenances and roadside features with passenger ve-
maintenance (lifecycle) costs for these guardrail systems, hicles weighing 1,800 Ib and less.

Task 3--Prepare a letter report on the findings of Task 2--Identify all types of 4-wfieel sedans below
Tasks 1 and 2 for review by the NCHRP, This report 1,800 Ib that may constitute a significant portion of the
will also contain a detailed work plan for Phase 11 in- veldele fleet in tile United States within the next 10years.
eluding recommendations for further development of the For tile vehicle types identified, acquire, measure, or,
guardrail system(s), where necessary, estimate the dynamic properties and

other characteristics required for the computerized sire-
Phase [[ ulation of their reactions with safety hardware and road-

: Task 4--Test and develop the guardrall systems se- side features.
leered by NCHRP using the approved performance stan- Task 3--Select specific appurtenances for study in
dards, this project, The following items will he included:a rigid

Task.S--Prepare a final report including the follow- longitudinal barrier; a flexible longitudinal barrier; a
ing: breakaway support; a base-bending suppr_rt; an impact

attenuator; and a guardrail terminal.

a, Low service guardrail perPormance standards. Task 4--Select specific roadside features for study
b. Documentation of the design and development of to identify performance limits when traversed by small

low service levelguardrail systems, cars. As a minimum, these features will include slopes,
c, Recommended low service level guardrail drawings ditefies, and curbs.

and specifications, Task 5--Using availabledata from crash tests with
d. Estimated llfe cycle costs of the guardrail systems, the fightestvehicles tested, calibrate selectedexisting com-
e, General warrantsfor useof low service levelguard- puter programs for simulation of impact performance,

rail, and use tile calibrated programs to simulate occupant-
risk tests for tile selected hardware and roadside features

Research has beencompleted, and the draft final report with a 1,500-1hsedan.

is being reviewed. Task 6_Prepare an interim report on the findings
of Tasks I through 5, Tfiis report will contain a detailed

Project 22.8 FY '85 working plan for the remainder of the study.

Roaclelas Safety Design for Small Vehicles

Researcl1.4gettcy: Texas A & M Research Foundation Phase 11
Principal lnvest,: Dr. Hayes E. Ross, Jr, Task 7--Conduct full-scalecrash testsusingvehicles
Effective Date: June 1, 1985 in the 1,200 to 1,500-1brange to reealibrate the model
Completion Date: June 30, 1988 and to demonstrate tile validity of the computerized sim-
Funds: $350,000 ulation to be carried out concurrently in Task 8,

Most current roadside safety appurtenances were de- Task 8--Using existing simulalion models for a on.
signed and tested with passenger vehicles ranging from riety of appurtenances and roadside features (including
4,500 down to 2,25filb, Research is currently in progress potential improvements), vehicle types (including projec-
to investigate tile performanceof hardware and roadside tions down to the lowest eoncelvable weight range), and
features with vehiclesin the 1,800-1brange. Under some crash test conditions, delineate the limiting values ofpar-
conditions, barrier impacts become increasingly hazard- ticular vehicle efiaracteristies for which feasible designs



237

are capable of providing satisfactory performance ac- vestigators shall prepare a revised interim report to reflect

cording to the guidelines in NCtlRP Report 230, When tile outcome of tile meeting and distribute it to the project
these evaluation criteria are not satisfied, determine the panel members,
changes in impact conditlon_ thai would be required to

achieve compliance. Phase II

Task 9--1dentify design modifications to hardware Task 4. Using the information generated in Phase I.
and roadside features to improve performance forvehicles prepare a first draft of tile final report and document.
at tile low end of the weight spectrum. Such modifications under separate cover, how each of the issues identified
will be supported by computerized simulation, was resolved. The investigators shall also prepare a pro-

Task 10.--Prepare a final report, posed list of reviewers from tile highway communiry-at-
large for approval by the panel A second meeting between

Research has been completed and tile final report is tile research team and the project panel will be planned
being revised, in preparation of its publication in early at tile completion of Task 4 to discuss the first draft of

rite final report, the list oflssues identified and how they
1989. were resolved, and the proposed list of reviewers. The

investigators shall prepare a second draft of tile final
report to reflect tbe outcome of tile second meeting and

: ProJoet 22-7 FY '89 distribute the revised document to tile project panel mere-
Update of "Recommended Procedures for burs and to the reviewers approved by the project panel

Safety Performance Evaluation of High. in tbis task.

way Appurtenances" TaskS. Evaluatethereviewers'commentsandprepare
brief discussion of tile comments and their disposition.

Research Agency: In developmental stage Based on the results of this effort, prepare a third draftPrincipal Invest.:

Effective Date: (31) months) of tile final report. A third meeting between the research-
Completion Date: ers and die NCHRP Project Panel will be scheduled at

Funds: $200,000 the completion of Task 5 to discuss the comments received

: The objective of this study is to update the recom- from the community-at-large, tile disposition of those
mended procedures for the safety performance evaluation comments, and the third draft of the final report,
of both temporary aud permanent highway appurtenances Task 6, A final report shall be prepared based on the
in such a manner as to reflect advances in teelmology and outcome of the third meeting between tile researchers and

to accommodate current and antleipated roadway and tbe NCHRP Project Panel.
vehicle characteristics.

i" This project will consist of two phases to be performed

consecutively, with a review required at the completion Project 22-8 FY '89
of Phase I on which authorization to proceed with Phase
II will be based, Evaluation of Performafica Level Selection

Criteria for Bridge Railings

Phase 1 Reseezrch _lge_wy."
Task 1, Develop a comprehensive list of topics to Principal lnvest,: In developmental stage

be examined in updating the recommended procedures, Effective Date: (21 months)
This list shall be based on a critical review of past and Completion Date:
on-going research, and input from knowledgeable indi- Funds: $200,000

viduals involved with and interested in the subject area. The objectives of lids research are (1) to determine the

Task 2. Evaluate tile relative importance or each of adequacy and validity of the performance levels and the
the topics cited in Task 1 and identify important issues performance-level selection procedures contained in the
within each topic. ,,GuideSpecifications," (2) to estlmate' tile impact of ira-

Task 3. Prepare an interim report documenting the plementiag the "Guide Specifications" on state and local
efforts completed in Tasks 1 and 2, The interim report agencies, (3) to recommend appropriate improvements to !
shall also include an annotated outline of the final report the "Guide Specifications," and (4) to evaluate the fen-

and a detailed work plan describing the activities required sibility of exteuding the multiple performance-level ap-
in Phase I1. Submit the interim report to tile NCHRP preach to all longitudinal barrier systems,

Project Panel for review and approval. A meeting between This research shall include four phases, Phase I cor-
the research team and the NCEIRP Project Panel will be responds to the first objective; Phase IT, to tile second I
planned at the completion of Task 3 to discuss the results and third objectives; and Phase 111,to tile fourth objective.

of Phase I and the work planned for Phase I1. The in- Phase IV encompasses tile preparation of the flnM report.
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Accomplishment of tile objectiveswill requireat least the plan for development of a roadslde-appurtennnce design
following tasks: guide, This plan shall include, but not be limited to, tile

identification of varlables involved, the methodologies for
• Phase/--Evaluate and Validate the "Guide Speci- accommodating these variables, and a strategy for vali-

fications" dating tile approacb.
Task 1, Review the literature for information on the

multipleperformance-levelconeept, barrler warrants, bar- * Phase/V--Prepare the Final Report
tier design, vehicle crash testing, car and truck aceldent Task 7. Prepare a final report documenting the results
studies Involving vehicle contact with bridge railings and of Tasks I through 6,
other longitudinal harrier systems, and any other related
subjects deemed appropriate by the researchers. In ad-
dition, identify accident data bases that can be used to AREA 23: SOILS PROPERTIES
validate the criteria used todevdnp the performance levels
identified in the "Guide Specifications." No projects

Task 2. Evaluate the information assembled in Task 1
and develop a working plan forevaluating and validating
the performance levels and performance-level selection AREA 24: SOIL MECHANICS AND
procedures contained in the "Guide SpecificatitAns/' Pre- FOUNDATIONS
pare and distribute to the NCHRP Project Panel a letter
report describing the results of Tasks I and 2. Project 24-1 FY '79

Task 3. Implement the workingplan developed in Task Manual on Subsurface Investigations
2, Also Identify potential modifications to the "Guide

Research Agency: Haley and Aldrich, Inc.
Specifications" along with the advantages and dlsadvan- PrincipalInvest.: Dr. A, W, Hatheway
rages of implementing each modification. Prepare and Effective Dart:" April 2, 1979
distribute to the NCHRP ProjectPanel an interim report Completion Date: December 31, 1980
describing the results of this task, Funds: S75,000

Tile over-all objective of this project was preparation
• Phase //--Assess Implementation of the *'Guide of a manual on subsurface investigations applicable to the

Specifications" general iransportation field that could be considered for
Task 4. Develop a detailed working phm for applying publication by AASHTO.

the performance-level selection procedures to a represen- Research has been completed, and the final report has
tative sample of state, county, and city roadways in a been published by AASHTO, Copies of the new manual,
minimum of 5 states, to be selected by NCHRP, for tile AASHTO Manual on Subsurface blvestigations, are avail-
purposes of: (a) estimating the impact of implementing able from AASHTO, 444 North Capitol Street, N,W.,
the *'Guide Specifications"; (b) assessing the effects of Suite 225, Washington, D,C. 20001,
implementing the potential modifications to the '*Guide
Specifications" identified in Task 3; and (c) evaluating the
sensitivity of the performance.level selection procedures Project 24-2 FY '83

to variations in actual roadway and trafficcharacteristics. Reinforcement of Earth Slopes and Embank-
Submit the working plan developed in this task to the ment8
NCHRP Project Panel I'orreviewand approval.Approval
of the working plan is required before initiation of Research Agency: Dames & Moore
Task 5. Principal Invest.: Dr. Willem C. B. Villet

Effective Date: August 22, 1983
Task5. Implement theworkingplan developedinTask Completiolt Date: May 21, 1987

4, Also develop recommended modifications to the Funds: $150,000
"Guide Specifications." Prepare and distribute to the
NCHRP Project Panel an interim report documenting The problem of economically constructing and main-
the findings of this task. taining stable slopes within limited right-of-way is a con-

tinuing concern. Where increasing traffic requires the
addition of lanes within the same rlght-of-way, earth re-

* Phase lll--Extend The Multiple Performance-Level taining structures are often necessary,Such structures are
Concept required also where existing or proposed slopes are unst-

Task 6. Evaluate the feasffifiityof extending the mul- able and flattening of the slope is not feasible,
Bple performance-level concept to all longitudinal bar- In recent years, some of the most noteworthy advances
tiers. Based on this evaluation, draft a detailed working in geotechnology have been in the area of earth reinforce-
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ment. Earth reinforcement systems are comprised of re- oratory studies will also assist in the design of future field
inforcementmaterial, backfillor in-placesoil, and lacing tests and the attalysisof results,
elements, Innovative techniques have been initiated and The overall objective of this study is to evaluate the
are being developedhere and abroad that have the po- load-deformationbehavior of piles installed in the labo-
tential for improving stability tit reasonable cost. Some rarefy with vlbratm'ydrivers. Specific objectivesinclude:
techniques are proprietary, and information on many of (1) a comparison of load deformation bebavior of piles
the innovativemethodologies has not been widely dis- installed with vibratory drivers and impact hammers; (2)
tributed. Therefore, aneed existed to eofieet, evaluate and tile identification of sell parameters that significantlydr-
disseminate the current state of the art to realize tile full feet load-deformation' behavior of piles installed with vi-
potential of their use and determine their applieabillty, bratory drivers; (3) a comparison of load-deformation

Research is complete, The final report for the project behavior of piles installed by vibratory drivers with and
provides a comprehensive compilation of information on without restriking using an impact hammer to evaluate
various earth reinforcement systems used to construct the effect of restriking; and (4) the development of a
embankments and stabilize existing slopes. The reporl recommended predictive method of determining bearing
includes an all-inclusive overview of earth reinforcement capacity for further field verification. The research will
and details oa specific earth reinforcement systems coy- include the following tasks:
ering their mechanisms, behavior, applications, designs, The agencypreliminary draft report has beensubmitted
and durability.The guiding objective in the preparation and revised. The agency will now respond to that review
of this documentwas to make it sufficiently complete to and furnish the revised final report in early 1989.
be o valuablehandbook-type reference source for the re-
searcher and the practicing engineer in considering ap- Project 24-4 FY '87
pfications of earth reinforcement, The final report has
been publishedas NCHRP Report 290, "Reinforcement Load Factor Design Criteria for Highway
of Earth Slopesand Embankments." Structure Foundations

Research Agency; Virginia Polytechnic Institute and
State University

Prolaet 24.3 FY '86 Principal Invest,: Richard M. Barker, James M. Dun-
can, Kamal B. Rojiani

Laboratory Evaluation of Plies Installed with EffectiveDate: September1, 1987
Vibratory Drivers Completion Date." May 31, 1990

Research Agency: University of Houston- Fullds; $375,000
University Park Until the early 1970's all transportation structure de-

Principal htvest.: Drs. Michael W. O'Neill and sign was performed using the working stress design
eumaraswamy Vipulanandan method. Then, in the mid-1970's, AASHTO adopted load

Effective Date; Sanuary 6, 1986 factor design into the AASHTO Standard Specifications
Completion Date: August 31, 1988 for Hlgh,,ad,Bridges as an approved design method forFunds: $200,000

those portions of the bridge structure above the foun-
State Departments of Transportation often are re- darien. Many states have adopted AASHTO'sload factor

questedbyeonlraetorslousevibratorydriversratherthan design criteria for bridge superstructures. As a result,
the more conventional impact hammers to install piles, engineers have been faced with the inconsistency of de-
Vibratory piledrivers can provide substautial savings by signing those portions of the structure above the foun-
reducing the amount of driving time to final penetration datlon by tile load factor method while still designing the
under certain soil conditions, l-lowever, the lack of a foundations by working stress.
reliable dynamic method of estimating bearing capacity This ineonslsteney in design format requires tile de-
limits their usefulness. Presently, the most common signer to perform considerable duplication in compiling
method to determine capacity is to restrike the pile with design forcesforthe highway structure and its foundation,
an impact bammer, but the validity of this mmhod is The development of suitable load factor design eriterla
unproven and the extra operation reduces the potential for highway structure foundations would eliminate this
savings, inconsistency, saving time and money, Additionally, this

Developing a reliable method for dynamically deter- would lead to a more uniform margin of safety for all
mining bearingcapacity of piles installed with vibratory the structund components in a highway structure and
drivers is a complex problem, To supplement current should result in a more consistent and efiicient use of
activity, laboratorystudies are needed to provide insight materials.
into the basicbehavior of piles installed with vibratory Research is needed so that designers ofldghway stme-
drivers compared to impact hammers and the influence lures may take advantage of the load factor design concept
of various soilparameters on the behavior of piles, Lab- for the design of highway structure foundations. The re-
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search needsIn considerbodt the loadingand tile resist- establishtheaccuracyor theproposedcriteria, to provide
ancesidesof thestrengtbdesignequation, a comparisonof die resultsobtainedby the load Factor

Tbe objective of this research is to develop load Factor and working slress designs, and to rationalize the differ-
design criteria Forhigbway slructurc foundations. The ences be[ween these results, This shall be done For as
da_ifin erberia shall be developed far, hut not necessarily many of Ihe loadand resistance criteria that were devel-
limited to, drilled piles and shafts, driven Frictionpiles, aped as is necessary to validate the criteria,
driven end-bearingpiles, spread footings on rock, spread Task 8ildendfy and comment on oilier sections of
footings on soil, and rigid retahdng willis. The landings the AASHTO Bridge Specifications tbat may be affected
to be considered slmll include vertical loads, horizontal by tbe proposed changes inthe foundation design criteria.
loads, moments, and combinations tbereof, Task 9iprepare and submit a final report containhtg

Tile research will include tile following tasks_ tile research findings and proposed load factor design
Task liRevlew relevant current domestic and foreign criteria. Define the limits of applicability of the criteria.

practice, performance data, and research findings. This Identify additional research that may be needed Forfuture
information shall be assembled from both technical lit- development and refinement of the proposed criteria.
erature and the unpublished experiences of bridge and Through December 31, 1988, research on the project
geoteehnical engineers, consultants, and owners of high- is proceeding on schedule. The interim report was re-
way structures, viewed and approved near the end of 1988. The scope of

Task 2--Analyze and evaluate the information gen- work was modified towards the development of a load
crated in Task 1 to establish a framework for the devel- and resistance factor design (LRFD) based specification.
opment of the load factor design concepl as it should be This will provide compatibility witb tile comprdtensive
applied to the design of highway structure Foundations. bridge specificationbeing developed under NCHRP Proj-
This shall include a description of the proposed meth- ect 12.33.
odology For tbe development of the load factor design
criteria.

Task 3--Develop a comprehensive outline o1"the an-
ticipated load factor design criteria for Idghway structure
Foundations.Discuss the significance of each topic in the Project 24.5 FY '88
proposed outline. Downdrafl on Bitumen.Coated Piles

Task 4--Present the findingsof Tasks 1 tbrough 3 in Research Agency: Texas A&M Research Foundation
an interim report to be submitted not later than 12months Principal bn,esl,; Dr, Jean-Louis Briaud
after initiation of the research, The interim report shall Ejfective Date: June 15, 1988
include a detailed research plan for Tasks fi through 9. Completion Date: June 14, I991
NCHRP approval of the interim report will be required Funds: $200,000

before commencing Tasks fi through 9. Foundation pilesare subject to downdrag forces when-
Task 5--Develop values for appropriate load and re- ever the soil surrounding them settles. The settlement of

sistanee factors and loading combinations for all faun- thick compressiblesoils under embankments can cause
delian types from the information obtained in tbe downdrag forces significantly larger tban the structural
preceding tasks, These factors should be based on the load tile pile must carry. Tbis additional load may result
reliability of load prediction, probability of load occur- in unacceptable settlements of the piles or even failure of
fence, soil or rock parameter characterization, bearing part of the pilegroup.
capacity, and deformation criteria. Serviceability criteda Downdrag forces have been reduced by coating the
considering the total structure shall be addressed, Specific piles with bitumen,Several approaches for predicting and
consideration should be given tosoil-structure interaction reducing downdrag forces have been published but little
and time-dependent soil behavior, verification of design methods and material properties is

Task 6--Develop detailed load Factor design criteria available.
For highway structure foundations in a format suitable Research is needed to verifyand improve the present
For consideration by the AASHTO Subcommittee on stateofthe art inboth design and construction techniques
Bridges and Structures. The recommended criteria shall for using bitumen-coated piles, This research is expected
be accompanied bya detailed commentary and examples to improve design and testing procedures for practical
of specific applications intended to facilitate understand- use and to provide a basis for design confidence.
ing and use of the criteria. The overall objective of this research is to develop

Task" 7--Perform appropriate calibrations of the crl- practical guidelines for use of bitumen-coated piles in-
terin developed in Task 6 against existing working stress chiding: (1) coating material specifications and tests, (2)
design procedures, The calibration will be performed to design techniques, and (3) construction practices, It is
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anticipated that accomplishmentof this objectivewill in- Project 25-1 FY '81

volve tile following tasks: Effects of Highway Runoff on Wetlands

Phase l Research Agency: Rexnord, Inc.
Task 1. Review tile currentprnefice and llternmre on Principal Invest,: Dr. Nicholas P. Kobrlger

methods of reducing downdrag forces in piles using bi- Effective Date: February 16, 1981
tuminous(andotherviscous)coatings, This reviewshould Completion Dare: March 16, 1984
analyze concepts, assumptions and limitations of each Ftlnds: $162,189
design and construction method. Prepare a background The objectives of this research were to identify the
summary and a complete bibliography, interactions between wetland systems andhighway runoff,

Task 2, Prepare a preliminaryDesign and Construction to identify the effectsof highway runoff on wetlands, and
Manual based on the present state of the art. This manual to develop guidelines for tbe practical management of
should contain but not be limited to: higbway runoff"on wetlands. Although no one situation

is exactly like another, tileresults of this research provide
a. Recognition of downdrag problems on uncoated excellent background for understanding the charaeteris-

piles and the justiacatlon for using bituminous coat- tics of wetlands, their functions, and the effectsof highway
lags, runoff, l"ractlcal guidance for tbe management of runoff

b. Methods of calculating downdrag forces, from higbways in close proximity to wetlands was de-
e, Mechanics of reducing downdrag with bituminous ycleped and should be of considerable interest and use.

materials, This guidance includes the management of runoff from
'" d, Information on consistencyand other relevant char- the highway to and in tile wetlands. A possibility also

acterlstles of bituminous materials, addressed is tile use or creation of wetlands to mitigate i
e. Evaluation of the soil.coating interaction on tile tbe effects of highway runoff.

magnitude of the downflrag force. Research has been completed, The project report is !
fi Methods of design and selection of appropriate bi- comprised of two documents: the main research report =.

tureen from types commonly available, and the guidelines. The research report titled, "Effects of
g.Methods of applying, measuring,and protecting bi- Itighway Runoffon Wetlands," was not published in tbe

.' luminous coatings, regular NCHRP series. However, a copy of the report
h. Recommended material and construction specifi- was distributed to all Program Sponsors, and the report

i; cations for bitumen-coatedconcrete, steel, and tim- is available to others on a loan basis or for purchase of
1,. ber piles. Xerox copies (see final page of this section for ordering
_:i Task 3. Identify the shortcomings, if any, in current information). This research report provides an excellent,
;. knowledge that inhibit the useof bitumen-coated piles, comprehensive resource document on the subject and re-
_ ' Task 4, Prepare a proposal for laboratory and field lated areas.
:1J testing programsto verify themethodsrecommended un- The guidelines emanating from Project 25-I were pub-

_,! der Task 2 and to resolve any shortcomings cited in Task lished as: NCHRP Report 264, "Guidelines for the Man-
.!! 3, agement of Highway Runoff on Wetlands." This report,

Plta;e 11 in addition to providing guidelines for the practicalman-
agement of highway runoff in wetlands, highlights tile

Task 5. Perform suitable laboratory and field tests to significant findings of tile research and includes an ex-
!i verifybitumen-coating designmethods identified in Phase tensive bibliographycategorized by tile following subject
, i I.
_i areas: processes and pathways, runoff constituents and
_..: Task 6. Finalize the Design and Construction manual, aquatic ecosystems, runoff"characteristics; state and fed-

Task 7, Prepare a report summarizing test results and eral regulations, wetland creation, wetland monitoring,
_ conclusions, assessing the interactions of highway runoffand wetlands,
_; Research has beeninitiated and reviewof literature and wetland vegetation and classification, and case studies.

current practice is underway.

, Project 25-2 FY '88
t_
_ AREA 25: IMPACT ANALYSIS Predicting Stop-and.Go Traffic Noise Levels

_l Research tfgeney: Vanderbilt University
•_ This area became effective January 1, 1979, and in- Principalhtvest.: Dr, William Eowlby

eludes only those projects beginning with the FY 1981 Effective Date: January 18, 1988
program. Refer to Areas 7,8, and20 forprevious projects Completion Date,. January 17, 1989
in the realm of Impact AIlaIysis. Funds: $64,999

_r
1
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STAMINA 2.0 has become tile standard computer- ensure effective implementation of this important ndti-
based noise prediction model to aid in tile assessment of gative alternative, transportation planners, designers, ca-

existing and future noise levels on bigbway projects. It vironmental staff, and other users must have tbis
has tbe versatility to use several ranges of factors (or data) information readily available. Therefore, there is a need

to predict noise levels for many types ofeonditions. How- to synthesize the present state of tile art and from this
ever, STAMINA deals with free flowing traffic traveling synthesis develop a recommended process for replacing
at least 30 miles per hour. It does act have the t:upnblfity wetlat_ds.

of dealing with stop-and-go conditions tbat are frequently The objective of this research is to develop a manual
encoualered ill urban areas and can be very different from conlaining a well-defined wetland replacement process,
normal free flow traffic conditions, including guidelines and techniques for locating, design-

Noise analysts using STAMINA have been attempting ing, constructing, monitoring, and maintaining wetland
to predict noise Ievels for stop-and-go conditions by using replacement sites. The guidelines and teelmiques shall be
various approximations and engineering judgments, such organized on a geographic or ecological basis as appro-
as varying average vehicle speeds and emission levels. Tile priate. This objective will be accomplished by completing

analyst who assesses existing and future noise levels for tile following tasks:
environmental impact statements (Elfi's) or environmen-
tal assessments (EA's) using STAMINA has no formally Task 1. Examine existhtg wetland replacement data.

recognized basis for adjusting the program to adequately Locate, assemble, and evaluate all available technical in-
reflect stop-and-go conditions. Consequently, the error formation and current researcb projects pertaining to tbe
resulting from the use of these approximations can he subject of wetland replacement,

significant. Researeh is needed to develop a standard pro. Task 2 lnterview personnel ha_,ing wetland replacement
eedure for accurately assessing stop-and-go noise levels experienee. Meet with personnel from transportation and
by adding additional emission level characteristics and natural resource agencies, environmental and engineering
other relevant factors to the STAMINA model. Tbere- consultants, and otber organizations, who have been or

fore, the objective of this project is to develop a procedure currently are involved in wetland replacement efforts.
for predicting stop-and-go traffic noise levels that can be These interviews sball determine the various wetland re-

input into the STAMINA 2.0 noise model. The agency placement processes; design and construction techalques;
preliminary draft final report has been submitted and is construction plans, specifications, and special provisions;
now under review, and cost information now being used to develop wetland

replacement areas. Problems, constraints, and special
monitoring and maintenance requirements associated

with these wetland replacement efforts are also to be
identified.

Project 25-3 FY '89 Task 3. Collect field data. A detailed plan sball be
developed to collect data to validate or supplement the

Guideline8 for the Development of information from Tasks I and 2. The plan must include
Wetland Replacement Areas a list of proposed types of data to be collected on existing

Research Agency: wetland replacement projects considered successful and
Principal htvest.: Contract Pending unsuccessful in terms of functions and values. A rationale

Effective Date: (27 months) for tbe data to be collected must also be provided. It is
Completion Date: beyond the scope of this study to perform comprehensive
Funds: $299,711 field sampling. The detailed plan shall be submitted to

Planning for highway projects frequently involves con- NCHRP for review and approval. Upon approval, the

sideration of several mitigative alternatives to address plan sball be implemented.
adverse impacts to wetland resources, One alternative Task 4. Develop wetland replacetnentp_cess manual,
often used requires the development of wetland replace- Using the information collected under Tasks 1 through

meat areas as compensation for wetlands lost due to higb- 3, develop a wetland replacement manual. The manual
way development projects. Althougb considerable will provide n detailed process for determining tbe steps
information is available on the subject of wetland repbtee- and factors that need to be considered in the location and

meat, both in documented form and undocumented ex- general design of wetland replacement areas to fulffil reg-
perienee or practice, much of this information is ulatory and policy needs, On an ecological or a geograph-
fragmented and dispersed throughout the country, or has ieal basis, as appropriate, the manual sball also provide
not been fully evaluated. Therefore, current information guidelines and teebniques for site seleetlon, analysis, and

cannot be easily used for locating, designing, constructing, design; construction plans, specifications, special provi-
or monitoring wetland replacement areas. However, to sions, and cost estimates; monitoring; and maintenance.
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Task 5. Preparationof final report, Prepare a final re- encountered in the location, design, constnmtion, moni-
port that documents the research effort. As a minimum, taring, and maintenance of wetland replacement areas;
the report shall include the following: (a) a description (c) recommendations for policychanges and additional
of the current state of the art on wetland replacement research; and (d')an assessment of tile feasibility for de-
techniques, their effectiveness and practicaiky, u_is,g _t vcloplng z "kno',;,ledge-basedexpert system" based on the
combination ofcnncise narrative, tables, and illustrations; Task 4 manual. The Task 4 manual shall be part of the

• (b) a discussion ofthe problemsand constraints frequently total final report package,

i
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HOW TO ORDER

Items _r _

1. NCHRPSeries Roporls, Synlheses, and Research Results Digests (see Tables 6, 7, and8 for
prices),

2, Researchagencies' final repoMs (sag pro act summaries for prices),
[I, M ctofiche $5.95 pot report. P_ce may change w thoutnot co, See atost Summary of Progress

for current cost,
4. OtherTRB publications.

A Checkor money order, payable to Transportallon Research Board, must accompany orderstotaling
$20,0g or less. Mall to:

Publicaltons Qtlice
Transportation Research Beard
2tOt Constilutlon Avenue, NW.
Washington, DC 20418

Items fat Loan

1, Someresearch agencies' final ieports, manuals, videotapes, etc., are identified in the pro_ject
summariesand are available on a Ioah basis upon written request to the NCHRP, 2107 Con*
stttullon Avenue, N.W., Washlnglon, DC 204 iS.

2. Loan requests for films and tapes ehoutd be directed to:

TRB Audio-Visual Library
Transportation Research Board
2tO1 Conslttutlon Avenue, N,W.
Washlnglon, DC 2041S

Mailing and handling charges may be assessed, especially where Ist.claes delivery ts requesle:l; an
invoice will_ccornpany the Ioanecl item,
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THE TRANSPORTATION RESEARCH BOARD is a unit of the National Research

Council, which Serves the National Academy of Sciences and the National Academy of En- i
ginccring, It evolved in 1974 From Ihe Highway Research Board which was established in 1920.

_ The TRB incorporates all Former IIRB actlvifics and also performs additional fimefions under

a broader scope involving all modes of transportation and the interaclions of Iransportarion 'i
with scciely. The ]|oard's purpose is to stimulate researchconcerning the halure and performance

_i of transportation systems,to disseminate informalion Ihal file research produces, and to en-
courage Ibe appficadon of appropdate research findings, The Board's program [s carried oul

by more than 270 commillecs, task forces, and panels composed of more than 3,300 admin-
_ istrators, engineers, social scientists, attorneys, oducalors, and others concen)ed with transpor-

tation; they serve wi[hou[ compensation, The program is supported by state transporlafion and

i,_1 highway deparlmenls, Ih¢ modal adminlslrations of Ibe U,$. Department of Transponallon,
the Associofion of American Railroads, the Nadonal Highway Tramc Safely Administration,

and ofiler organiZalions and individuals inleresled in tile development of IransDortatlon,

The NationalAcademy of Sciencesisa privale,nonprofit,self-pcrpetualingsocietyofd/s, "
+, tinguishcdscholarsengagedin scientificand engineeringresearch,dedicaledto thefunberance

of science and technology and zo their use for the general welfare, Upon the authority of the

t_i charter granled to it by Ihc Congress in 1863, rile Academy has a mandate that requires it In

advise the federal government on scienlific and technical realtors. Dr. Frank Press is president '
_., of the National Academy of Sciences. =;

_) The National Academy of Engineering was established in 1964, under the charier of the

_i National Academy of Sdenccs, as a parallel organizalion of oulstanding engineers. It is au-?, tonomous in its administration and in the selection of its members, sharing wilh the National
i

iA.:_ Academy of Sciences the responsibility for advising the federal government, The NationalAcademy of Engineering also sponsors engineering programs aimed at mecdng national needs,

'_'_i_ encourages education and research, and recognizes the superior achievements of engineers. Dr,
Ruben M, While is presidenl of tbe National Academy of Engineering.

_I The Institute of Medicine was edtablished in 1970 by the National Academy of Sciences to

secure the services of eminent members of appropriate professions in the examination of policy
mailers perlaining to lhe heahh of tile public. The Inslilule acls under lhe responsibilily given
IntheNationalAcademy ofSciencesby itscongressionalcharierInbean advisertotilefederal

;t government and, upon ils own iniliative, to idcnlify issues or medical care, research, and
J_ education. Dr, Samuel O. Thief is president of the lnsrimlc of Medichle.J_

_I The National Research Council was organized by Ihe Nadona[ Academy of Sciences in 1916

i!] to associate the broad community of science and with the
technology Academy's purpose of

furlhering knowledge and advising Ihe federal government, Functioning in accordance with

'!_[,, general policies determined by ll_e Academy, the Council has become Ihe principal operating

_:I agency of both Ibe Nadnnal Academy of Sciences and lhe National Academy of Engineeringin providing services to tile government, the public, and the scientific and engineering com-
:l muniries. Tile Councl[ is administered joinlly by both Academics and Ibe ]nslitule of Medicine,

Dr, Frank Press and Dr, Robert M, While are chairman and vice chairman, respectively, of
the National Research Council,
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