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EXECUTIVE SUMMARY

This report is the second of a st:ries nfeonslruction noise programs whose princi-
pal objuctlves are In develop and evaluate equipnmnt usage, operutional methtnls, or
physical means to attenuate the iioise of construction sites Io acceptable levels and to
describe quantitatively Ihe cost associated with these reductions. The first report,
Col/structiun Noise: Spee_lTcatloll, Control, Measllrement, a/td Mitigation, generally
described the problem, as well as a llunlher of accepted measurement techniques and
currelt| stale-of-tile-art initigative measures.

CollSlruelion noise reduction is generally expensive. New, quieter equipment will
COSl a emllractor lllore to pnrchase or rent, Mitigative measures are also costly.

becatlse Ihey increase equipfllenl installation costs (ill tile case of barriers) or slow the

¢onslruclion process and raise labor and operating costs,

"file objective of this phase of the continuing research was to obtain the cost/
benefit relationships associated with new, quieter equipment or constructitm process
modification,

Cost/benefit analysis is a li:asible estimaling IOOIIbr construction cost estimators,
but significant further investigation is required before definitive, non.site-specific
relationships are available, A significantly larger data base must be acquired that will
relate the cost to quieted equipment usage and construction processes Ibr broad con.
struclion areas and phases. It is desirable to provide Army construction estinmtors
wilh tables, nomograms, and equations that describe tbe cost/sound-level relation.

ships lbr construction phases: for example, ground clearing Ibr I'anlily housing or
landscaping Ibr barracks construction. Currently, data are not available to provide
this intbrmalion definitively.

:: To determine the feasibility of developing cost/benefit relationships, the Con.
struetion Engineering Research Laboratory (CEflL) designed a program to measure

: family housing construction noise levels, determine feasible construction equipment
_ noise reduction levels and associated costs, and study feasible construction prOCess
:_ modification and associated costs. The Fort Hood, Texas, 1O00-unit residential hous-

i ins construction site was chosen for this study; family housing was chosen because it
_: comprises most of the eonstrucfion performed by the mililary,

Constrnelion site noise models were compared with measured noise dala and used
to estimate the eflbct on of't-site noise of equlpmeut and process changes on-site.
Munul_lclurers of coustructinfl equipment used at Fort Hood were questioned about
present noise levels of their equipment, feasible future quieted noise levels, and
associated costs, Corps of Engineers representatives and Fort Hood construction con-

tractors provided details about the manpower, equipment, construction methods,
and costs for the Fort Hood residential housing construction.

The principal conclusions drawn lyon: tile results of this study are:

I. Construction sound levels can be reduced off.sile by using quieter construction

equipnlent or process noise control, sneh as barriers.

2. The cost at Fort Hood for quieter eqtdpmenl would be approximately $86'0 per

dccihel per piece of equipment. To achieve desirable levels at a particular location at
Furt HocKI during ground clearing, approximately $10,000 would have to have been
;ithled to equipment cost.

3
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FOREWORD

The U.S, Arnly CollSlrnction Engineering Research Laboratory (CERL) con-
ducted this study for the Directorate of Military ConstruetimL Ol'Iic¢ of the Chief of
Engineers, under Project 4A762720A896. "Polhltiun Cunlrol "/'¢ehnolugy"; Task 02,
"['nvironmcntal Quality Technology tbr Operation and Construction of Military

,.. ,t
F e I I ¢s W_lrk Unit 002, "Construction Site Noise: Specillcation and Control."

i

The OCE Technical Munitor was Mr. D. Spivcy. i

The report is the result ufa joint eflbrt by Dr. Fred Kessler of Dames and Moore. ,J
Dr. Robert Chnnaud of E_lginecring Dynamics Inc. and Dr. P. Schomer. Mr. B, !
Humans _nd Mr. J. McBryan of CERL. Dr. Kessler produced a m_jor portion of the

clralXand Dr. Sehomer performed most of tile coordination and editing, i

Dr. R. K. JzLinis Aetiiig Chief of the CERL Environmental Division (EN). and Dr. i
P. Schomer is Leader of the EN Acoustics Team.

COL M. D. Remus is Commander and DLrector of CERL. and Dr. L. R. Shaffer

;' is Del)uty Director.
2;
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COST EFFECTIVENESS OF ALTERNATIVE
NOISE REDUCTION METHODS FOR p(dluliem research co)acorns t'onstruetion noise and
CONSTRUCTION OF FAMILY HOUSING ils L'ontrol. Ch'RL 'l'echnic'al Report E-534 tells Dis.

IriclS ln_w h)limil consrtuctiun ilOiSe via specifiea.
lion, aIId inc[ndes ill[_rnlation on: 1) nicasllrcmen[s

1 INTRODUCTION _llich '.'_:ril_'enlnp]iance with cnnlr.'lct rcgulatiollS;
21methods m miligatc Iioise: and 3} background uf

Background various laws, regnlalions, and case Ifistories, One
lilclor Iltlt cnvcred ill E-53. however, is nleans oJ"

Noise prixluced hy the ctlnslruclion of various dt'lernlining IIle cost to the Corps o[ Engineers of Ihc
U.S. Army fizcil[lics hascaused prJvale conlplainls, varinus noise reducl[on programs.
and il C;Ul_)_ assulned that the nunlber of COn1o

plaints r¢ceieed is iudicative thai nlany other people. Purpose
I)nth on-post lind ofi;post, are annoyed by the noise.=

The purpose of this report is to quantity Ihe costs
']'he U.S, Environmental Protection Agency ass(_'iat_d _i111noise rcduclion at construction sites

(EPA) is investigating community noise, its sources, in order to crc;ue cost vs. benefit construction site
and responsesto it. Since equipment used in con- nnise conlrol. Tlds study is a [_rsl attempt al such a
strgction ]laS buun Jdentilled ;is a principal cam- tplanlil]cation gild. as such. concenlrates on the
Rigidly noisesource having the potential to degrade nl_lxinluill elenlen[ ctlrrelltly constructed by the mill.
the public heallh alld well'are,z,= the EPA has Initi- tary--family housing. Other areas to be stud[cd in
ated a program to develop regulations limiting noise the fillure include hospital addhions, new hospitals,
I'ronl cquipnlont klenlilied as a major nnisc source. _ln[I barracks construction, areas tgat are pro.

gr_nnnled tt_he major parts of nli[itary construclion
I_¢gulating ,2quipment noise at the equipnlcnCs over Ihe next 5years, Of'lower priority are such areas

initial point or sale is enle ofu I_w effective means It) as field shops, which usually are not located near
control conslruction site noise. Oilier methods in- ilOiSe-Sel|s[livcare;is.

elude modifying the construction process and
uctivily at tile site. and usinga curfew to restrict Ihe Approach
lime during which construction can be aeeom-

pushed. However, these nnfse control nlelhods may In presenting some of the cost/benefit relation-
result in an added expense Io the owner (in th is case, ships associated with construction equipment noise
the U.S. Arnly). The Curps of Engineers, as one of control, this report discusses in detail Ibasible
the world's largest cunstruetion contractors, is cJlarlgUS in construction processes and activities that

-_ interested in f_asible methods of construction site have high potentizd Ibr noise conlroL For these dis-
II{)iSC conlrol and associaled oasis. CUSSit)IIN, the cnnstruction site is considered to be a

noise source nlad¢ up of numerous individual con-
The Corps' Military Construction Division is rtib,lnrs to ¢ml_lruction sil_ noise. Constructlun

charged with supporHl_g the Districts and Divisions octiviHes may be grouped into four major care-
which act as Illc contracting hodies lbr the construe- gorics: s,6

_! llon at" permanent facilil[cs, To suppnrt these con,
slruct_ou ac0vities, the Corps of Engineers sponsors I. Residential
development research prngrams in tl_e area of poilu. 2. Nonresidential (omce and commercial)
lion preventhuh abatement, und control. Part of this 3. h)duslrial

4. Public works (including road buildi_lg),

At a given time during the construction proc¢ss,Ip. Scholil_:randU. tloma¢l_,CulJ_tractionNatal,:Spec_tica.
lit*_l.Cl.tltrld. Aleasurl._ttetlr.and Mitt#arian, T¢¢h.ieal Rep*lrt an individual activity or group oti activities called
I_.$3/ADAIX_08 tCtl,lslruclionEngineeringResearchLabora-
It_i3'[CI_RLI.Aprilt'_75L 'P, 5¢tmnlerand n, }tnmans,

Xlqlbrtllationon L*.La.I_qf E_wironm_.ntalN_*i_vRequisite m _Noi_eb_r Coastruclh_nEquip_n_nt and Operations.Build.
Pr_teclPubh_ tlealtk and W..llh_eWith ul_Adequate AfdrgOl_!f h_k'-_'quipmettt. and/tame Apldianeet, NTID 309,I (USEPA,
Sqlbt¥, 550/9.74.ti14 tU.S. EllVlnmnlentalPr(HtctiullAgency D,.',:¢mbt'r31, 19711,
IUSI_PAi.March 1974), lBuckgn_undDm'umentlbr PrOlapSedPortableAir Cumprestor

I"tdeatinenlitm or IZzoduclsof Major Sotlr*:¢ior Noi_e," Noi_e _tli._._n R_'gtttdlirmz.5_)/t)-74.01b tUSEPA. O¢1_)1]¢r
Fi,deralRegisler, Yol39. No. 121t/uric21. tq?4). Iq?4t.
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phasesmay be takin Gplace, These include: 3. Noise Control A cunstruelion site noise model

|. Dem(;)ition was udapled fur use and was evaluated by using
actual field noise data. The model required individ-2. Rough ground clearing

3. Utilities lud equipment sound levels and usage Ihetors to
4. Excavation compute site noise levels. Inlormatlon relating to
5. Foundation t'uturc equipment sound levels and processes was

used in the model to estilnate eonslruetion site noise

6. Ahovegrade rcdtlcticms, a benelit wilich was tbcn compared to
7. Landscaping. tilecost ol' achieving equipmen{ and process noise
Each o1" the above contains noise-produeing reduction.

elements. A discussion of the general construction
site noise control problem is very complex and 4. Cust-Benelit Aualysis. Site muse reductions

beyond the scope of ibis study, instead, residential resulflng from equipment noise and process noise
housing as an element of the total problem has been controls were quantifiod when pt)ssible and corn-
investigated and the restdts arc reported herin As pared with the costs of respective almtement teeh-

additional investigations (by tile U.S. Army. the niques.
Ibderal EPA. Iltc construction induslry, and others)
are conducted and results promulgated, the cost
benefit ofconstruetion noise eonlrol (in general)','.'ill FORT HOOD SOUND LEVEL DATA
become known, 2 ACQUISITION AND ANALYSIS

To keep wilhin budgetary and time constraints, The site selected I'_)r this cost/benefit analysis
residential housing at Fort Hood, Texas, was used study was Ihe ongoing construction of" I000 family
for the cost/benefit model Fort ]toDd was selected housiug units at Forl Hood, Texas, The construction

due to the large number of eonslruetion activities at this base is carried out ill five major phases which
being conducted simultaneously at this large site. are summarizod together with the equipment used in

Talde I. Sl)tlnd level nl_ilsnrements ;it Fort Hood

Five phases of construction ,+'ere in progress at _ere i_erlbrmed by tbe CERL acoustics staff. The
Fort Hood: clearing, excavation, foundation, IDeations Ihr tbcse nleasurements were chosen to
framing, and landscaping. Numerous types ol'con- ininhnize the number tff measurenlents required
struedon equipment, discussed in subsequenl while nlaxinlizing the inlbrmation ohtained. Each
sections, were being used. ineastlrenn-'flllocation was at tile bollndary of a work

area ill whicll a particular const rnelioll phase was in
The study consisted of Iour major segments, progress. Thus, tile couslraetion noise measured was

Ihat of a specific construction phase. Figure 1 pro-
I. Noise Survey. A site visit and noise survey were rides Ihe IDeations at wbich Sotlnd level measure-

conducted at tile Fort liood construclion site. Loca- menls _cru nladc. Table 2 sunlmarizeg the locations

lions simulating sit. hmmdary points (residential ;rod th,-' construction :Jcziviw relath'+g to e=eh.
neighbors) were selected. Noise levels were recorded

both manually and on tape and were later analyzed The energy e,.luivaleut sound level, Lcq, Ibr each
in a laboratory. The noise of individual construelion site houudary location was ealculaled from measure.
equipment was measured while it was being used, meats nlade either nlallulllly or by tape recording,
Usage factors and tlte fi+action ol+lime during which Appendix A describes die equipnlent used by CERL
equipment was noisiest were determined, personuel and speeili¢ delails for the construction

llu[se nleasurelnents.

2. Construction Process Noise Cnntrol. Methodof

ogy modifications were eonsidercd tbr the various Oala Acquisition Methods
construction phases, Each operation was studied
scparaleiy and ntethods were lt_hulated and com- Manlml Metlmd

pared. The cosl ot'eaeh operatioll or metilod and ils
estimated sound levels were oblained. Construction The Society of Anlotmllive I++'ngineers (SAE)
phases were considered in lerms of lluise level cost, i'e¢ontnteuded procedure lbr measurement of con-

noise rL:duction tecbnlques, and noise redueticm slruelion sitelmundarysound level (seeAppendix B)
costs, lU'twidus an eslhnate of tileequivalent sound level,
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TalJle ] Tublt 2

Phial of Conllruellon and l_ftulpmeaI Pre_nl iI Ihe Forl ttlmd I)rJcrlplhm nf _lellu_elneni t_'sllonl _l I_orlIIoad
t_Jmff#ttomlng CnnllrUeltonSlle ClJnll_elton $11e

Ph_e ur_nllmellnn I_llulpmcnl lxlealhin A_lhtl_

I. Fini'dlhlg. l{llad Flal ttldler I.I Inlcrhlr t:inhhhlg im Ihul_ei. t{_lllilig Ituadll_l in
t;r_p_rulill_ (Ihlalh Air Cllm lit ¢l_llr llrep;iralhln flit P_ing

I_lnd_e, llin_ Gr_llur 2.1 I_l_thlg llf Ihlusc'., t)ilch hlflFllrklifl
2,2 Rtmf_ng_rldShearhin_

2. Ereelilln ol I tllulc Cir_ular Sa_ 12} 2..1 I_re¢li_lilllf t ttlu_.eFramesalid ttllad Grading
Fr_rllt_..It ii;id SUpl)l)'"t'rllck(4_ Toni
Prep;Iraihm Air Cunlllr_l_r 2,4 I_rcctitvl ill t hlu_e__nd I)ig_in_

Ftlrklill 4.1 (;r;tllillg ;uld Sh_P_p_ ralhlrl
_¢khtl_ 121

Serupur .I.2 Fill anti Grade I_lr Ihltll_ Fllundatilln, _rading and
Gratl_r C,mll;t¢lknl ill'It ll;lll

Motlile Crane 5.1 ('lea ringand Iter_lllvahit Di_ lla k_n tll t.ocail._n4. I tI

3. t:lllilllliitllln Frtlnt I!nd t_lad_r_12)

It)drauli¢ II_nllner tII_ till;ll nu nlll_r ol' s_lnlpics ll{lled i)n tile data sh_'et
(N). The level (dB) correction is ten times the

4. E_.c_;stimi, Gradim_ CKmql_clt_r higarilhIll ol" Tile I'raclion n/N. Expres_.ed as an

D.r_lp "l'ruckl (2} t'qu:llillll:
_: Ilulldo#er_ (21

:; S_-'r_llcr correction (d[_} = 10 lxigl0 (nlN) IEq I]

!i ._. Cl_;irin_. hlili.I Ihdkl.#er_(4) AilernutJve]y, ,.me m_y use the correction t_blct_c;n;ilkm,Ulilhit'_ Ser_prr
_; Ill%l;dliltJOII It_¢klil_e _,hm_n I)tqtlw:

n/N Carret'lion dB
5! NOTE: Nunlb_r_ ill pur_nlhes_s denutt' Ih_ll nmr¢ttilm imt. t)i_ct.
I-_ I+l"lllb, _tltJilmlerll _,l_ lihservell.

' i_ 0,1 tt_(),2 - 7

_[.i Lec. This estlniale is obtained from the arithmelJc 0.2 ttl 0.3 - 5
_ average til'll s I ecilil grou o('tl e s pie I data. One 0.3 to 0.4 - 44.

IIItl_/I sample tile A-weigliled _.Olllld levd tbr a 10.see O.4 Io 0.5 -- 3

_. peri(Id each J0 see lind ilote (Figure 211he ziln_inmm 0,5 I. 0.fi - 2
" !.ound iet'el tlllll tlCcth's during Iilat time. Tile total O.{itil0.g - I

:: nluastiremenl perind may be 3(1 mirl in duration. 0.8 t,0.9 -0.5

Saiul)les witliln fi (Ilia of liie nlaximtllll nt_te(I value ().9 Ill 1.0 0

¢" are /lritilllli-_lically a'¢eraged. One wliuid prel_r

"ClICrI_" averaging all Sillnpies, i bill tills rllay pri)v_ 77i I i, R( cordTn#7 itlld ttlllll)_i$ M(ilho7

17 eunlher+tinle. It t'iln lie _illowll tillll the special

: averligintl technique provides a result within 1 dl] ur All alternale snund level meilsurelnent and analy.

tile "energy" average, si_ prllcedllre etlnsi_is of reeurdillg the sound on

illagneli¢ tlipe sinl Lilt ane(lusiy 'a'JtIi the acquisition oi"

A dtlrallonal ¢(irfeciion mull I1_u_ell tol)blahl Ih_ nlanulil dahi. The ,10,1nili sample of ¢o.slfliclJon

i:tlil_lril¢llnn sJll_ t:qilivlilClii slltln(I level, Lee, "rite sllllnd i_, ;icqliJrl:d hy tl_ing a I-ira {24 ram) ton-
i lirIll oli;1 ctlrrl_t_llllrl re tiles Io Ihc Iriiction ill" tinle delPl,Lr nlJcrllllhl)lll: wJlh winilsere_n, ii precision
dnrhlg which lhe site b, in ill iioi_iesl nloile. Tills slllllid level nleler ilsed ;is li linear pre-amplilier, and

17alrllon hl ohlaJiii:d b_ dividing the niinlber tll'dillll all hl!ilrtllllelll-qUallly lllagn¢li¢ lllpc recorder,

_iunlph:s (n) will, in 6 dBA tit' the lllaxJnluln i'aluc by I.al)tirlllory linal)'_;i:_ lit" till_ rl_,211i'dcdtllpl2 is _conl,
pli_,lied h_/ a sysleill contlJsiJng of an lnslrtlmClll-

i qualll)' lalie recordifr lind 11 ciinlplllef-conlroliedIt!llt, rl_#pl t'rlig¢ Ji tl_ihlftt il_* blll_io_ , it" _rl: IIl arC
II1_'hldllilliiiil _ilhl¢l Ill lilt Ill I1,¢aterag.:ll, illllll reihluliiin _i}'slezll (levelopl!d by EEIII., The
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analysis syslcm ¢oJli_lzl_ _zfl edit feature for deletion Discuszio ofR ,ssdts
of intrusive sounds which are not _har_cteristic of"
the constr.¢tion noise (people talking nearby, over- l'al_I_ 3 st_fTInl_trizcsIhe eqtziwllcnl solI,d level,
loads induced l'_ywl,li gusts). Figur_ 3 _;11o'_'stypi,:_zl L_,q, for _:aeh property line nl¢,a_;ur_lltent Io,cation,
analysis printout. The _nalysis ct.ltains .A.-w¢ighted o_taln_:_l from tile n_,_.ual and t;ip_-recorrled me_s-
sound lev,_l cun_tlI_tive distributions L. (the sou.d .rem_n_s. Ge,er_llly, t_le Leq v,al_zes olltaincd by
Icy'elexcecd¢'¢l 99 percerlt of the x, cas.ren_enl tin_e) both nletllods _lgr_e to within ±_ (lB. 'Fl_e discrepan-
to L0. AIst_ i_tc_ude_l are the stan_l_lrd _lcvi_z_ion, Ihe ci_:s bct,_'e,_, the equivalent sound Icvcls from the two

¢llcr_ equi_'_tlezzt sotlx_d lewl IL_), arz_l (_l_]_:r nlct_t_ds iire great_;t when the cr_nstruc'tion activity
_zr_n_cters relating to Ihe l_d_:r'al EPA day/ni,_ht is in_I)ulsi_'¢ ilt .ature, s,_h as h,arnmcrln_] _lnd sa,x.
equivalent sound level {Ld_). (Ldn i:_ ,q,.)t ,s_d fbr in,g. "rh¢ _lgrc,2nlcnt betw,:cn the: Le.q evaluated by
tl;is study,) the SAE pr_)ccdt_r_ _n_l the ¢on_putcr.controlled

an;tlysis |)rock(lures is I_¢st when t_;e co,struction

D.rillg fll_lsur_nl_xll _y th_ pr(_ecJtlres d¢._ct'_bed acli_'_lies prt_ltlce r_];itiwly ¢OrlSt;In| ..;otJlld |cvels,
abo'_e, all n_;intlfa_ttlrer s[_eci[ications f_lr t_1¢ such _ls gr;l_li,g or earth rcr.o'_aL
n_easuril_g ar_.l recor(ling equipment were f_)]](Iwe(l.
The tw(_ m_osuremellt systel_s ',_'er¢calil_ratetl using Apl_etl_lix A su_ltlll_triz_s _ll (I_lla obtained _lurix_g

¢_]ibr_tors st_p|llicd with t_le eqt_ipment. Mct¢oro. this p_,a:_: _f the: study. [l_,:ltl(le_l are tile data
"logical p_z'am_:lcrs '._'_rc_l[so holed, It' Iligh wind s;inl|)]_s _'_zct)rll¢l](hiring t]_e nll_llu,'l] inca_llr_mcn_:_

s_¢¢d (gre_tcr than ]0 kll_ts) or excessive relative ;it _z;_¢llIo¢'_ttionand the cumul_tlv_ distrlbution .arzd
ht_nlidity (great_:r tll_ln qO per_'ei_l_o_curr¢_f _[IJrif_ _q values ol_dncd f'r_l, t_le t_pe recording and
t]_ nlc_asur¢:ll_:tlt |_eriotl. t_le rcc_l_'llJl;gses_,il), was analysis iwlet_ll_(l.
|¢¢rt_{na_.¢(|,

Table3

Summaryof Equivalent_und L¢_el_Calculal¢_l
|_lm _|e_utcd Sound Data_t Repi'e_n_tl_ Site

Bo..dar/L_cat Io_t---Fo_1|[ood,T_z_

.O J _tmlb_rq_fhl_'ks s]dpp_d

ql1.141)O II _t_*.th, da_',hoarantinlin.te CALCULATEDLcq
10. C Samples per_c_).d F_m

120, lJ I:.ll scale _llll_l FromSAE Computet.C_nlml_ed
|_._tt[on P_ced,t_ Anl|_sll Ptooedu_'e

I). *_ N..l_r ol .vcr_¢aJc_'_nlp[¢• 2.2 72 07 ¸
2..1 72 t_) k

_._,"_'; L Lh .LI _l 70
5_.5%_ L L_ 4.2 70 70
47.]qll L LrL 5.1 73 73
.%,.117_ L I_lll

._,_X_ __ L. Construction S|te Noise Model
4_,(xx)il L I._

._l.l_xx_ I. L. It is d_:_iral)lc to ft)rl_ulat¢: _ln all_lyti¢_ll nlodcl o1"
_.(x_) L Lt0 c_llstrt_¢tiolt site n_is¢ to quickly and econol_l]¢ally
b?,t_;oo L L_ _'v_ltlate l_llltl_rtll_s_oNs_rtlctiof_ SCell_lt'iOS.'_it|l t]l_S

72.(_0(_0 L L._ zzlo_l¢l, t)l)¢ nl;l_ CStil_lt_ co_st f,ction sito noise d._
711,(_X_ L l._ I t_ cario.s ;trr,_ilgell_¢[_ts ol'(I) ])resent conSt_*llCtiOtl

77.(_(X_) L La _quipnl_:ll;, _tr](EI2) future qtlietcd construction

Figure3, 'Fyi_i_at statlsti_z_l an_llysis ol'tap_-r,:t:orded T_lt: i_lod_] us_(I in this stud_,' is sin_itar to oz_e

¢onslruction 5ound }t've|5. (l_:vcl_|)ed l_)r t_le f_d_ral E.viron._¢nt,al Prolection
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Agency (EPA]. 7 It is simple aftd re_lm_nably Ml*dc h The equipment is sttltitlnary but wnrks

zl¢ctnrate. U_t:of Ihc nlollel resells ill zul estimalicm cyclically; I_r ex_mtl)lu, _LI_zlcklll_e nla), !
_l'llfv cqlliv_fltml (energy ;iv_rage) _,_tfnd level. L¢q, geffcr_Lte m;ixinliJru _,otJnd _'hile trench-
clnitted I'rtllflIhe site ihtrhlg zln 8-hr dzl_,', ing bul ,,igtlilicafftly les., _,l_Lfndwhile

emllh)ylng Ihe bllckct, j
Tile mt_d¢[ba_;ically consists of tw(_ct_nlllcmcnlr,:

Ihe equipnl,2ffl nl_Lxinlunl* (A.weightcd) st_l]nd level M_ld,22: The eqttil_mtml ru_.,es Ihrougll_ttl Ille
and the l'rz_¢lit)fl_l" lirlle the equi_)munl is irl it_, site; llw ex;imllle, ;t l'r(ml.t_lfd ll);l(ler
I._b,iem ...I,_. }j.._t I."'_ p lilt)re'= ¢_ll'th frttnl ;111 eXelf_qllillfl Ill ,1 pile

, , t. ,t_.T_:_,P" }'J' tw Irllck.
eJ = ..,. uI# J

...... NLs MOde 3; All iiiler;llhm i_. ilerlill'tlle(I Sllorrdieally ,

i /___ ____ -- -- NL|̀kp I)t,_,sibly unly _lnceduring tile perind ill"

(Ibserv;llitUh (This IIIt_(leisII5peeilll eIISe

t= _T_z_._ t_f Mode I.)

_ -- -- NL_
Figllrc 5 illt_slrales the pl)ssihle time hisltlries

;ippli¢ilblc to each mode. The tltage l_¢tnr, U.F., is
Clllltptlted li'tllll the II'Itctinn ill'little tilt,,eqflil)lllenl iv*
in it,. nt_i_.iest mode.

TfMg I!qtfil)nlent tqleratiHg _t a site may not i_llerale ill
Figure4, Exl)iilll;tlitHI till _, Ihe aver;fee _,t)tlnd level if,, rmislest tttt)(le ¢lttltillLftlllsl)'. Ill I_lct, tile imrli,ln tff
!I'll bilekhtle ill its Ilt)ittiesl Itlt_de. lime ;In ilcttl t)l' et)ii_ilrllelil_n et]tlipntclll i_; ill il_;

t=tfi',ieslIlltldC Itltly bC quile slmrh Figure 5 illt=str;=tes
]_qltOlltld'ltl Sotlllll Zl't_('/,_ lilt.' Ihrue modes di_,cussed ;Lbtlve.

In the c_tirse nf a typical x_tlrk c),¢le, a tint! !if SlaliOrl;iry eqt£ipnzcnl 113_1},lltq he _perating. nlay
cqflil_nlent spt'rfds part t_f the cycle idling t_r pre. bc idling while olher prellar;tft_ry activJli¢_i are hi
p;trillg I¢)perli_rfu t_ lask. During _t)nte p_lrt tff its princess, t_r nmy be t_ller;lling ;_1full hind land maxi.
w¢_rk cycle, in vdfich tile IIitlchine perti_rms ;1 task1 IIItllll tltti_*e level). These i)per_llions tllay bc repeated

•. the nnisu it efll[15i_; higher tllafl it i_,al *lily other Ill'lelldurillg a typi¢;d ctmstructit)n d;ty. 'l'hi_. =tetivity
tinte. Combirling tile tllaxinltltll soLtfl(I le'.'el, Lp, i., "dllll_fl ill Figure S ;is M_*le I.
t2111iltcdby the machine _ith the fractiorl oJ1 Iot_ll

cycle time Ihgl Ibis maximum sound level occurs /'.hd_ilce_.ltlipnlelll may*q_er, te at ttlilxinltlm tlltise

Ilf't)vi(ies tit) eslinlllle of Ihe CtlUi'_tflelll (energy liver- Ic',cls l_lr_l_,ht)rl (Itfrzltion; lilt cxaltll)le, zl frlmt oIKI
;l!!u) _,_lr_tl I_:velemitted by the m;;chinc .:hiring it_ I_:_dcr while k_;zditlg. The ell!ill)me!it ifhe It_a¢ier)
t_lltll work c)'ele. The !I'Itetitltl or Icdal eyete time tllItt Itl_y Ir_l_el;t ct_nsiderahle (li!,l*ltleeto pl_tee lil[_iIliad.

tile cquipnlelll 1_hi its _lt_isiest nit)de is design;lied as AI _ receiver, sotlnd levels droll signifieatltly as the
tile usage I_leh_r(O.l:.). The u/s_lgeI_mlt_rllepel_ds (in Io;_der It;ires Ihc sCCtlCeven Illlltlgll tile s_itree noise

file lype tll'nlllChhlu and tht: lask if i_erlbrms, Gener. level hit', ilttl tlitllinislled. Mnde 2 _1' Figure 5 illurl-
%' Fort II01_l ct)nstl'llellOll e(ltliplllCllt emitted II'_lte_,Ihis ;wllvity.

Itttlse ill thr,_e Ihne-earying mn(les:

A siflgle c_rCtltiSilh/strrled Ily Mode 3 I_l'Figure 5.
t/htckgn., dD_n'ulm';.li_rProlms"dt_.rhtb .Air ComlJr..ti_r The Iotlll periled "]'zis _t:_*tlrllCdI(1I)e tile C(lll!*lrtit'! ion

NId_l. l'_mlr.tiottRi'gulatio_ls.5._f/q.74.ttl(_{USEPA, O¢ll_l_er
1*1741, duralit)n, perlmps ;in 8-hr tl;ly.

•MaximumitlUlltllevel.L , is tile a_er._ge_t)gndletel ill"lilt'
uqttipnleltlit=ii_*ll_lt_le_lnlt_(_d.T¢_llelierIlluztrateL.p,Figure4 *Hie etJtliVIllelll Sl)llttEI level liar a Ill_t(.'llille i11 its
•_llt_s a lYllie_l_tlrke)'cleflw ztbackhoe_l FiIrlfl¢:*xt.Nt.tis file _ t_rk cycle is t_V;lhltlted l'rolfll
Imiwlevel¢lurittgIfcgvhhlg;Inll i_tile nla_iJzl.m_¢ltJIl(Ilett_1111)}
liarIhe cycle.Nt-_i_tiletlt_iselevelt_¢urring'_hellthe tlIlCketis
tJ'.t.il.'lht_haselinell!ll_elevelt_:¢tJr_hiletheequlpm_ntiihllillg Leq:10la_gzolU.F, xl0 (Lp/10)) {Eq21
bet_ Celljllllg _tnd i_il _¢[y IKl_level _lmlp:tred Io I,_. Varklu_. irqn-
sit'lit', ill the level _lrwe tile n_erage rtl_t_illllllTi _t)tJrlfl levd thai *1'11¢ In;Ixllllllnl _t)lln(I levels lllld USllge _lClllrs itre

t-:¢0r Irmu llme hi time ere izldi¢llled it', INL), IlSf(I III u%';llllillt,, flit I-cq Jilt ellch ilcH1 ill' etluipnl¢_llh
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Thesd iTIdivilill;il Coutrib0liolls urL_ extrapululod _.'t'c iilllaillCd _'l'OnlnlalHifaelUrers or _r()nl tile liter-

from Ihe equillmenl work area to a ilr_p_rly line alure. "tile equivalent st_uml levels, Leq, ;it each
Incatiou and arc addod nn an energy hasis lU obtain nlcasoremcul h_catitm (|:igurc I) were conlputod

Ihc etluivalent sound level resulting frum Ihe simul- using Ihc nolsc inod¢l. T;ll_le 5 provides these re-

lal_eOus use of all construction equipmellt at the site. snhs, The c_lin_aled cquiv;llent suund levels ill "fable

Tahle 4 ilhlslralcs Ihis Icchnkluc, i)asod on data S may he compared with Ihc equivalelll sound levels

gatherctl ul (he Fort liond property lille measure, obl;lined I_om me;isurel_lents. The equipmelll maxi-

nlenl Iocatlnn 4.2. The construction activity nearesI ntuul sotlod levels, Lisagc faclors, and equivalent

Ihis location is Iill and grade I_lr huusing lbunda- _ouud levels lbr ;ill measurement locations are sum-

linns, roatl gradillg, and conlpactiun. Tahle 4 con- Inari/cd lit Apl_endix I].

laius the nl;l%hllulll _OLllld level, Lp, _ ft (IS m)
_1"OIIIeach piece or cquJpnicnt and lilt obseP/ed Table_

IlSUge I_¢toi'. Tile sound is extrapolatod to the SummaootEqul_alenlSnundLe'_eh, nlBoundl_Lhle

iJhCt_l_'er Ioealion. assilnling hemisplterical sound 6leLsul_nRnllAwallonlofForttloodConttvll_ltunSlle

i)ropag;it]lm Io e_tinlale Ihe contrih0tion at the
nbscn'er, hldb'idoal conlrihutions arc then added In

_onlpllle Ihelnl_i equivaleut sound level. Lcq. at the CALCULATEDL_qIdO)
nhseP,'er, Cmnpuler

Annlyllnof Construction
Tahk4 SAE T_pe-Recorded NoI_

I.ocnllon procedure Dita Model
Etllmaled Energy Equhtlent Sound Level Dnla

al Location4,2' of CEIII. Sune?--Fort I [[_d_T¢l I_ I.I 65 hb 66

__.'a,_ :.2 _2 *, 6,
Maximum t_,_ 4_P_ trace

Sound [_'_ _,_ LFrem Equlvaleal 2.,t 72 *q 71
L_vrl _,_. f__ _,d'l_qulpment SoundL_vel 4.2'41 h_hl 7()63 bSh3

(dgAxl_Ofl ,*- a. toObtener Leq(dO(dO) -_'4_--_"-'_70-- ........ 7tl.......... 7_)
Eqidpment ]tSm]) U,F:*' (fe_t) talOb_r_et_ _" 5,1 ...... 73 .... 73 " -:/2

('lmlpaen_r 82 ,_) 185 (_6 nl_ 70
tRail(r( The equivah3nl SOLJIld Ic_.'els calculated using the

model agree to within --.5 dB with the Leq values
, _ Grader t_2 ,_) 211) t64110 69 calculated i'rom man(laity observed dat_t aud wilhin

!! Grader 87 ,48 4(X)(122u10 6b _+2 (113 with the Leq calculated I_'onl computer-con.

t)o_r 62 I,(X) 400 (122 m_ b4 Irolled analysis,
'rr_chlr 63 ,_ 4(X)( 122 IItl 63

The data hase usod to confirm the model is un-

l)ttml_ 81, .30 4(K)l122nO b3 _t_rlunately smu_l, Whi]e t]l_ t.'(jllJpn_enl £Ollnd level_fruck
are Ihirly well documented, the usage factor infor.

matiml is sparse. It has been found that tl_e usage

_,t at .l_wn athm ira|lit tdlt} = 75 I;iclt)rs ohlaJnod during this study difl_r significantly

"Act _ ly--_ [;irltl grade t_'h,)u_ing bnndaliOll$, road grading I'rolll Illose I_lhtl[atcd ill the _:I)A puh]icatiofl refer-

allllt:tml]laCtkllh t_ueed hchIw, ! AS ;ill _xal]lple. the Usage |_lctor pre-
**_:ra¢lhnl tll"lillle if1nohiu_t tlllerltlillg nttxte--ha,_ed (in Ct!RL
n_ca_urcmcnl_.. SUllied hi Ihis publication for u bulldozer during the

cxeaealiotl phase of residentialconstruction is O,1.

E_timated Site Ih_unda O, Equivalent Sulmd Levels This valtlc differs signitlcanlly fi'om the usage factor

Ibr a bulldozer observod durillg the exeavatlon phase

Equipmenl [ue;ttiun and equipment operation at Fort Hood. The Port Hood observed usage factor

dart| were collected durhlg tile situ boundary sound is I.I). The usage factnr tbr a Iraetor loader, which at

, level nleasurenlent sessions. These datu were used to Furl ] laud was Ibund to be 0.6, b; ILsted at 0. I in the

erilinlalC usage fitcturs Ilceded |br tile construction F.PA (lata. "l'l_e tlsage I]lc[ors listed by EPA are based

nnise model. In uddithm, maxhnum equipment

SOUlld levels were _liso measurod, usually ill .50 ft (l_ oBiwkgnmndD_cumrm.lbrPeopluedPoelableAir Compre'ssoe
nil Where illaxinlonl _/oulld levels ¢.'ere not Noise Emi_hm Regulations, 550/9.74-016 {USEPA. OcloLcr

measured at the Fort Hood site,supplemental data 1,)741.
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on an average of numerous rusidentlal construction The use of barriers or enclosures on a construction
sites, The approach d_screpanuy between the EPA sltc to reduce noise endssion to noise.sensitive areas

data and Fort Hc_xl data must he rectified, since the appears to have merit. Depending on Ihe configurn-
construction site model depends not only on accurate tion el'the land and the specific construction teuh.
equipment maximum sound level data, but also on nique, signifi_anl noise rodnetilnl can be obtained.
valid estimates of tile usage factors. For t he situations where only small reductions occur,

dull small reduction can he n_ed IO supplement
other reducllons, suc]l as time controls or machinery

3 TECHNOLOGY AND COST (GENERAL) noise redaction.

General Site Noise Control Methods "Phcr_ are several siluatious wb_re effective
barriers can he installed and there are several where

CERL Report E.53 des'eribes means to lessen tile a barrier can do no good. In general, barriers are
noise ofeunstructinn sites, e good Ihr both stationary and moving equipmunl.

Fcuccs oll tile order el" I0 fi (3 nl) may be useful in
This study is concerned with the cost of various confined construction siteswhere source and receiver

operational.alternatives. To rids end. a large amount are close together. Burros. either in conjunction wilh
of basic data has been gathered and tabulated for a It:nee or not. material stockpiles, existing or newly
use in estimating costs of various noise reduction constructed btdldlugs or other equipment :nay he
alternatives. In Section 5 of ibis report these data are used as shields. Appendix D prtwides the costs of
used to develop various site-specific examples, such structures.

Basically, tbur general categories are considered Enclosures. either as a harrier, or a partial or
for operational noise reduction methods: conlplet¢ enclosure, are perhaps the most effective

site nois¢ control method fi)r stationary equipment
I, Shielding or almost stationary operations.
2. Time controls

3. Situmaskingnoise Within this group, the Ihllowlng are explicit
4. Fixed equipment height, nletht_ls:

Sldelding I. Fences 5. Enclosures
2. Eanhberms 6. Machinelocation

. One general method of controlling the noise emis- 3. Slnckpiles 7. Blankets
stun from a construction site is to block and redirect 4. Buildiligs 8. Unused equipment
Ihe sound in a direction which is less sensitive to

noise. Another alternative is to block and absorb the These methods are discussed in detail in Appen-
sound. Tile former might he called a "barrier." dix C.

willie the hiller may he called an "enclosure."

Appendix C discusses these methods specifically Time Ctmtrrds
with regard to the means of creating them.

The regulation of operations tinle by tile con-
Blocking a noise source can be a simple and effec- Iraclor can be u valuable tool in noise control. By

live means of reducing noise emissions if the specific knowing how long a given operation will take and Ibe
direction of the sound is known. Barriers can do Ihetorstbat will influence hs expected endssions. Ibe
many thhlgs on a construction sile to reduce noise contraL, Ior iS more ahle to regulate his scheduling
and do nol necessarily require additional building or and procedures to keep noise al low levels, Faclurs
conslruedon of units specifically for the purpose, iiHluenclng noise conlrol and time relations are dis-
Barriers or enelosurc.-_are not considered part of any cussed below,
specific piece of machinery, but rather part of the

construction site. Barriers can he any object whicb "Pbcre are several d'fectlve lime (or scheduling)
interferes with sound Iransmission. controls, particularly time of day and those which

ip. Schemerand B. tlomans. C, nstruetiua N,ise: Sra.c_lic,t. affect tile level vs duration curve. Data available to
ti, l,. Ctmmg Afrasurement,and Miligad(m. Tectulical Rel_rl (lille do not make it clear whether it is preferable
E-53/ADACO%(,8(CEttL,April I,)75l. from tile receiver's viewpoint to have blgh. shor_-
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dllration noise, or low, long-dur;Ition noise, Com- 3, Sloekpiles l l, Season
phdms are generally based till exposure to high-Iced 4. Buildings 12. Duration of operaS;on
sqlurcgs over a curtain time perlod, Since a maill con. 5. ]!llelilSUl'_'s 13. Multiple vs.single use

struction iudllstry criterion is work I(_be perf(_rmed n. Machhl¢ h)¢atiou 14. Operator eftieiency
ill Ihe sJilirlesl llm¢ periled, any atlempl to go towaRi 7. Ilhmkels 15. N;Htlral sOtlllds

l.w-level, [Ollg-dUl'aliorl operalious will be slrongly 8. [hlllhud eqUil)nlent 16. If eight
resisted. 9. Timcul'day 17. Ground.

tO. l);ly ill'week
Umil nlilr¢ positive criteria are developed, tile

advantage of time eomrols is not clear, This com. General and Specific Site Noise Control
nlent applies cluring the nornlal wl_rking hours; by Task
nlghtthne reslricfions ar.: dclinitely required.

"rile noise dtle to lilly SliCe;lie operation can be

Wilhiu this group of time controls, the following controlled by Ihe general methods listed i_1tile pre-
are explicit nlethods: vii)its :.¢clhm. I:_)r example, the noise of a backhoe

used Ibr clearing aild gr_Rlillg of trees alld brush call
I. Tiuleorday b¢ cniltrolled by I_nces. ¢arlhberms. enclosures.
2. Day¢d'week duration .f Olleratioa. tlperator efficiency, and
3. Seasou nanlril[ st)u[ld,

4. Duration of operatlon
5. Multiple vs. single operation Ihlr ;lily glven operation, a ilttlllJ}er of alleruatives

6. Oper;norcfllcleney. usually exist. Following is a list of opcralions I'or
wilich ;llteruati_e ntutilods, arid nlclhods of rloise

These are diseilssed in detail in Appendix C. c,ntrld lbr each alterllative are presented Isee

i] Appeildlx El.
Site Maskin._. N,ise C.

l, 13enlolhion

Noise fi'om the site can he masked by raking ;i. Ruadways
advantage of natural sounds enlaaafing from Ihe b. Buildings

Stll,rorllldlng _lreas, l:ly ercalillg all itlnbierit level on c. Ma(erJid removal
Ihc silo, noisy operalions call be masked and their
hllpael reduced. 2. Clearing and Gradblg

' <!: _ il. Trues and brush
Takillg advallUIge el'naturally occurring lll)is¢ Call b. R(;ck i'elllilv_lJ

be It l_asihle rloiseabalclllenl technique. Natural c. I:'arlh relnoviil
Sotlnds JlilVe tile dlsadvanlage or not always be;rig d. Gradiug

pl'edcternlinaJ)[¢. |lilt havl_ the advllrllage Of costing
,_piliilig. (S¢¢ Appemiix C.) 3. Utililies inslalhHi_nl

a. I_.geav;i[iOl]

Fixed Equilmwnt Height b. Drain;lie
C. Dlaeelneilt

Fixed ¢quipmenl can he shielded more easily thall d, Backlilling
nltlllile eqilipnll:'ilt, llill ill addition the elevation of e. Conlpaclliln
equipnlulil iilsil presenll ;l problenh Ileighl is the
onJ), explieh I:lilllril] in Ihhi groiip Iseu AppeuCiix C). 4. 14illllllalillll exeavaliilll lUld lilicklilling

a. I:.arlh i'¢nlliV;iJ
Itemized Noise Control Methods b. Ililuk renitival

c, BackIillhlg

Based Oil Ihe sp¢¢itic riols¢ redllclion Methods dis, d, C(llllpilctlilll
Cll_,+,l.'dhi till.' General Si1¢ Noise Conln)l Methods e. Addilillnal eiluipnlelll

seelion, lll_ Ihlhlldng list of fi:asilile geileral sile
lUli_i¢¢o1111'o]Inelhods is presellllXI, _, I:llluidalhlliiJilrlning and pllleillg

a, I:ilrliihig

I. Funl:us , 2. Earlhberms h, Piludrkhlg
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Tshle6

ItluslrafleeEllmple forSiteNoiseControlCleLrhqtmttdGmdinR--RockRemoeld

B.lld.tcr X X X X X X X X X

Rtw:kDrill
midlll_lill_ X X X X X X X X X X X
tt4_kDrill
antiSplitter, X X X X X X X X X X

Ripwr_ X X X X X X X X X

L_ud_r_ X X X X X X X X X

I)_mllVIru_k_ X X X X X X X X X

e. Cemcr_te!ttlpply Anolher weakness is Ille hick of data on opera-
(I. COllerete halldlirlg tJt_n;d linlu of these allernatlve nlethmbl in order to
e, Plaeingand linisbing dt2tL,rntine total equivalent noise level vs, cost, 'The

¢o_t data _ere based on Ihe bourly rates for the

6, Erection--framing and exterior-inlerior work rental of tile eqtlipnlenl used, which appears to be

It. Mat_rlal supply, tile nlulbod prd_rred by contractors themselves.
b. Material movement to building
c. Construetkm

d. Exterior _ork Equipment Noise Control
; e. [rlterior work

For construction activities in resldcnlial areas and

7, Landscaping in _treas sensitive to high noise levels, noise from colt.
'/ a. Groundsprcparatbm struetion activities is to be kept at as low a level *is

b. Roads pt;ssible. "l'hl_previous sections discussed tile reduc-
tion td'eonstruclitm slt¢ noise by emplt_ying alternate

Tahle 6 is ;lit example of data contained in cmlstructiolt nlclbods. "l'hi_ section presents various

Appendix _, liar ele;irhl_ and grading--rock re. ntd_e ctmtrlll leC}lldqlit!_;;ivalhll_h. I_r rPdlll,in_, elm.
moral (Item 2b). The various rock removal methods struelion eqtlipntunl noise, A summary of the cost of

are listed in the table, along whb appropriate noise tlUiuthlg constructkm equipment noise is presented
Colllrol alternatives, in Table 7.

Noise Levels and Cost by Specific Msthod EnchmJres

Earl1 specilie constructiotl site operation (as listed St)lind radiation can be reduced considerably by
ill tile previous section) and alternative metlmds Ibr either enclosing tile entire item of construction

accmuplishing them (as listed ill Appendix E) are equipment or its individual components, e.g.,
presented in Appendix D witb sound levelsand asso- etlgille. The pttblicalion reli2reneed below describes
cialed costs. These values were dil'fictt[I Io obtain, tile use and design of enclosures to reduce constrttc-

Ntl _ound levels eotlld be obtained fi_r many of the lion equipment noise, l° With a properly designed
alternative methods, which produces a weakness in
the Ihlal result, since what is desired is the trade-off

bellvcen SOtlnil [tnd grist, Further Sltldy is required to IoRegutathmt!tL'on_tn_rthmA¢livlt.vNoise. [IBN Report"2887
oht;lin the:,e data, (Bolt, lteralll_k,;rodNewman, Ntl¥¢lllher1974),
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T_,blr ?

EPA Bide Inh_rmation on Cenlt ruction Equipment I1974P

(.Iu[et Prod=¢'t= llcst Technolol3
Ptezml Level I Level 2

,Sound A_er.ge Sound A,_¢r=}(e Sound Average Unltl
Equipment Level Unit Lev,d U_lt Levd Unll Produced

3")p_ liz_ Price I,m) Pdc'e la) Pde¢ Per ¥¢ir Ib)

AirC.mpr,:.,_,.r ;_L $ 8,_X) 71 $ q..%[I 65 $ 12,0(FO 12,000
Ilackh_" 85 [8.1X}() 80 18.500 ?{) 19,800 I`S,0CO
{_lleret,_ Mix,:r 85 2,S.CXX) 83 28,40(I 7,S 27,._)0 7,000
Ctm_r_lc petal1 82 50,(}(X) 80 50.hSO 75 ,SS,(X}O G00
r..'ml,:rct¢ V_hranw 7h 2.(}(X) 7(I 2.(X_l b6 2,200 6,l?_10
Crar_e, Dcrri,:k _8 I [(t.lr)(}(I F,O I I1,0¢X} 7,_ 113,000 2,200
Cran¢_.Hi,bile 83 f_),(XX_ 80 51,0(X3 76 53,000 4,300
l)o,'cr 87 28,(}(Xt 83 2,S.800 78 30,8_O 18,000
rjctlcrat.r 78 1.003 71 t.10(I 65 1,400 70,(_)
Grader 8,S 22,o(}0 60 22,600 76 24,E0 7,000
$_¢khammcr (P,It.I 8_ F.H.) 80 850 75 950 (20,000)(¢)
L_ad,_r 84 , 20.1X)3 80 20,603 76 22,000 30,000
I_v,.'r _9 42bo(xl 80 43,0(}0 76 44,200 800
Pil,_Driv,:r I01 33,000 90 33.500 80 37,000 350
Pncu mall,: "l_x_t 85 300 75 32{) 68 4_) (100,000)
Pump 7t_ 430 71 450 _$ 580 50,000
I_L:ckDrill Or4 35.O(X} 0() 3{).0(}(I 80 39,tX}O (I,000)
[tL_llz:r 80 1I.IX}() 75 11,33{) 70 12,100 6,_
Sa_ 78 100 70 ill) 65 150 (_O.000t
`scraper t_N 71t,(SXl 83 ? 1,50() 78 75,000 5,0CO
Sh_w¢l 82 71.1}(k1 80 72,(}(}0 76 74,000 3,000
rl'rLwk 88 18.(X)O _3 18,23{) 78 19,500 75.0(_

;t, 5uu nil I_v_1r_rcrsh_average levelit urine _Fcr:nion _ndBA at _) fl (I$ m).
: _ h, I_ltxil_lCd I'r¢lrlll}_ll;IrIrll_:rzltit Con;ill _r¢_publi_hz:ddala and illd_ _lry_l}urc_ (_al¢_may inetudz_lher indl_Hr[_L

: ¢. t)arcnKh¢:_¢_¢l]chl_[:pr¢_]htlhla ry,:'_t[m_i_.

*Fr_m_R=_u/aZlml qf C._z._zrucz_m.4c_h'ity _l', lION t,_cp_rt2887 (_t_llt.[Icran_k, ;rodNewman, N_=vcmbar 1'_74),

encl_sure _znd vibration isolation _Sleln. eonslrue- with vihr;_ti_n isobuion eal_ provid_ approximalely a

linn cquipnlenl uois_ ,:an be rcducell Ily abo_l_ 2_ tO.dO reduction hi equipment noise.

dO. This cau be achieved hy: (1) rudllcing vibrations

al rcscmance I_equencics by usiz_g spcchd material M_(l_h'rs

such as iead ihii bond_'d to tneta[; (2) increasing
absorption hy eoverhtg the intser '_alls will= high For ezzrth.nmving eqnipmenl where the major

sound absorptive material such as mineral wool nnise sotlre_ is the diesel engine, s_eb as bulldozers

sheets or pnrous artificial foams; (3) isolating the aud scrapers, an imprnvcd mufl]er will he efl'_ctive

ench_sure I'riml equlpn_en( vibrations; and (4) avoid- in i'edlleing the eqLdl)lneilt rloi_e, Whh an optimal
inn ¢_penings or aeouslical leaks, muffler design at the engine exhaust and cool-air tn-

take, the construction equipment noise can be re-

duced by as much as IO dB.
Partial Enclosure

Altered C_oling S vst_,m
F(w C¢)llSIruction cquipnlent where the nse of

enclosures will interim're wilh the funelioning of its Fau ct_nling llt_ise is a major source of noise in

components, servici=_g. =_rair circulation, a partial ¢raclion vehicles. An improved cooling system can

enclosure can h_ used. Partlal enclosures can be con- r¢chlee the I_rl noise by about 10 dB. This can be

strueted t'¢oln h_ards, sheets of wood. or metal, and achievcd hy using thermatic t'ans and improved fan/

are efl_ctive in reducing excess sound emission in shroud assemhlies Io provide ell_cient air pumping

specific direcliol_s. A well.designed partial enclosure with attendant I_n speed reduction.
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]so[l#lor,_ Typical u:.;tLmatesfrnnl cquiplncnl m;innfactu£er._
indicate that a tnlise reduction of 4 to g dBA is con-

Noise radiatim_ due to the transmission of vibra- sidered lbaslble, at an increase in list price of ba-
tten to exterior surfaces can be reduced by resilient tween 3 and 5 percent. Table 9 is a summary of noise
isolators. When resilient isohRurs are used in place centred nlclhtxls indicated by manuL_cturers.
of rigid nttmqtings, a IO,dB red.ellen in vibration Table8
often is achieved.

summaff atSoundLate[ and C,ott Eitlmtltl

Damping FromAvanableData

Pn'sent AnncJpstod
A 5.dB reduction at the resonance frequency (or rdeaturtdLc_d Futut¢le_H

frequencies) can he achieved when viscoelastic or t.(daA}atSOtt UdeA)atSOft Inetta_ht
constrained-layer ¢oatblgs are applied to noise- Ecluipmem llSm) (lSml Cetttaeuy.%

radiating surfaces whicb are vibrating hi a resonant AI 81 73 5
mode. tStatkmary) (Stationary)

9[ 5
(Drke.By}

A TECHNOLOGY AND COST m t*7 81,oi b
:i't (FORT HOOD) ^.1 '_8 73tStationary) (Stalionary)

88 b
Eetlmatad Feasible Quieted Fort Hood (Dri_c,lb)
Equipment Sound Levels ^4 _x _2,3) b

AS 77 74 b

To estimate feasible site boundary sound level '% 82 82(3) b
reductions due to equipment noise control, future A7 _7 _2(.;#A8 84 t3} b
quieted equipment sound levels are required. One A,I n3 73 b
source for these sound levels is tile manufacturers. BI I_h 82 3
The nmnufacture_ of equipment used at the Fort B2 72 NmtcPlatlnod
Hood site were contacted by letter (Figure 6 is a cl 7_, No,c I'tatln_d
sample letter), and requested to indicate the present DI 7b 71 {Kit)$56.00

, sound levels emitted by tbeir equipment, achievable El 8¢, 8o 4
future equipment sound levels, and the cost to tile (SpecialOrder}
renter or buyer of this quieted equipment. For tint- Ft 75.85 MOdHDiscontinued--(ILsl.) NcmcAvailable
Ibrntby, it was requested tb_tt tile sound levels be 1:2 82.M? SpccialOrdcr In
those obtained in accordance with SAE J88 proce- tlli#tldte-- 4.8dfl

dJ2pcrid!*oB
dupes (Appendix B). A list of manufacturers con- engine}
tatted by letter is sbowtl in Figure 7. In some in- _-_ I-_du¢ll_n
stances, it was necessiiry (0 follow up tile letter con- tEngineloaded}
tact wlttl phone calls to the manufacturers. Where GI [_2 _;() 3G2 _1 _(t 3
estimates of quieted sound levels were not available G3 81 80 3
from manufachlrers, best estimates of future levels G4 n5 _l) 3

were based on sources such as EPA sttrveys or GS St, _) 3G6 8 f tell .t
gcnend manufacturers data. tt,tz In some instances, Ill K3.o 77 2,5
equipment sound levels were very low and no further H2 77,3 74,U 3.5
noise control WaSplanned by the manufacturer, 113 No_,mtndie_chiala,vailable--nnis¢

Table 8 Sllnltnarize_ the construction equipment in _uppres_iunkitcanbe retrottncd__*anl_:a_onothernlachi.¢_* $IgS,(_J
usa at the Fort Hood site, tbe present sound levels, }14 _).0 78.n 2.3
amicipated Ihture quieted sound levels, and tbe esti- It 73.5-77.0 NonePlanned
mated increase in list price due to ntdse control. _t 78

KI 82 7b Iql b
LI 7,5-77 73

BW.N. Fattcrso_andT. I:r_.'czc, Traction Vehich,s_Noiseulrd Ml
Co_tofAhalement, Report2bSSb(USEFA, 1974). M2

tz$1alcmcntby ]. B. Codlinof Fiat,Allisat USEPApublichear- NI 82 7q 5
tag, July8.c$.1971, el 74 h4 33
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February13, 1975

Mr. JohnW. Barnett,VicePresident
IngramManufacturingCompany
P. O. Box 2020
San Antonio,Texas78297

Dear Mr. Barnett:

Dames& Moore has beenretainedby the U.S.Army Corpsof Engineers
ConstructionEngineeringResearchLaboratory(CERL)to study thecost-benefit
of constructionequipmentnoisecontrolas it relatesto constructionsite
noise. We have developeda modelof constructionsitenoise whichutilizes
constructionequipmentsoundlevelsand usage factors. Our desire,at the
end of the study,is to obtaininformationon the costof reducingsite sound
levelsby

a) reducingequipmentsoundlevels,
b) changesin the constructionprocess.

We are directingour effortsto familyhousingconstructionbeingundertaken
at FortHood, Texas. Fieldmeasurementsare beingmade there andcompared
with engineering analysis.

The followingIngramequipmentis operatedat the FortHoodcon-
structionsite: Flat Roller(Metal);PneumaticRoller(Tires). We would
appreciateany informationyou could forwardus on presentsound levels

• (JB8),feasiblefuturequietedsound levels,and the estimatedaddedcost
to the purchaseror leaserof thisquietedequipment.

Your earliestassistancein thismatterwouldbe greatly
appreciated.

Very truly yours,

DAMES& MOORE

Frederick M. Kessler, Ph.D.
Associate

FMK/ht

cc Dr. P. Schomer- CERL

Figure6. SampleletterSenltom;inul'_lcttlrers,

27



I, F.M.C. Corporafit)n Treble9

2. hlgersolI-Rand Sumntlr_ofN_.t,eCon|xolMethod,IndkJledbrMinuf_rluren.1.I'_l_ill
4. t. t. Case
5. VibramazCorptlralitm.Divtsi_lncd'LI. Case
h. ClarkeEqutpm_ntCompany _lutpmrmT_pc Nol,eC_nlmlMe|hod

7. Waekc'rCorporalitln Ol*llth_ler'. Sidep_rl_bullll olh_r_ng[ncenc[o_tlr¢_.,i_1_.
fi. ]rlgranlManuf.1¢1_ringC_nlpafly Scrapcr'_ prll_¢ln_tlllt.:r_*,u_ctlrab_.tlrpt[v¢malerials,
tl.Ktlntoll*u.Anlcr[¢l_llCiirl_)r._liml I:rtlllt.elltih_ader_,h,ll_]_t)n faniIll_k_,vibralJ_mi_tl]al_on{ll"

10.JiihnDL"er¢&Company I_ackho¢-. cngln©mounls,noi_e.Sullpr¢_sh_nfan. bar.II. FimI.Altt_ [;rad¢._ tlc_inhydraulicsy_lem.
12.I_t_:llringCompany It_dlcr.¢_mlpacttlr_.I.I. Euclid.Inc.

14.C._tcrpitlarTracturCompany t)L*IIII) Iruck er_hl¢en_lo'_ttr_:,th_fnlali_I_lh15.Pt_erTcmlMallutaclurerstVaritlus)

Figure 7. List of nlanui_cturers contacted whose II_dlamp_r Add._m_il_ncerkilavail_blel'rtlmmanul_¢.t I}_; n¢'_.'t'qulpnle_lin_lulh:*_kit ;is_.tarid.
equipment is used at Forl Hood. ar_l.

It was fimnd that someequipmenl in use at Fort Y = X/(A + iX) [Eq 8l
Hood ineclsoperator noiselevel acceplability criteria
(OSHA). Some manufacturers arc not involved in "rim best "fit" is Y = A + BX. where X is the Ioga.
ongoing spectator (conlnllln_ty) noise c.,)n{rol efforts; rilhm oF h(iP_el)ower/l(g), and Y is the sound level
however, several oF these manul_cturers indicated (dg) at _) I't (15 m). Again it should he noled tbal
Ihat rileycould provide leehnlcal assistance for noise the data ba_e was sparse anti thai tllese relationships
control i_na "per piece" basis. It is estimated that should nnly be considered *'lreluls" until u sul'fl-
"Sl)eeiar' noise eonlrnl ell_rts eouhl reduce clenllylarge sampleis available lu provide improved
spuctalur sound levels _bnut 4 to 8 dBA, at an in- etllltiden(:e, A least squares "i)eM tit" through tile
crease in list price of belween 4 and IO percent, dala indieales that the pre_ent n_axhnum sound level

al 50 fi (15 m) fi)r eartbmnving equipment used at
Tile data in Table 8 are summarized in Figure 8, ):(wt ]{t}_)¢lmay be related to tlywheel horsepower by:

where: die maximum sound level (slationary opera-

tkm) is plotted against tlywheel horsepower, for Lpl (at 50 It [ 15 rail -- 82 + 7,0 Ingle (H P/10())
present t!arthmoving equipment and t_r future
quieted earthmoving equipment, Many numerical [Eq q]
lechniques are available which pruvide "trends" or

empirical relationships. Tbe eqnipment paranleters t_llere Lpl is tlzc present s(lund I_ve] hi dBA,
and noise levels pro_'ided by the eonstruelian equip-
nlcnt nlallUi_cturers do lint initially appear to be By ccHItr[ist, the,liHur_" lllflx]lnu[n SoLInd level tilt

related. A h,asr-sqzzares curve.fitting computer pro- tilt: same equipnlcnt aFter nuise control ell_)rls is re-
gram was used with the manuFacturer-suppLied ]alt:d to I]ywbee] horsepower by:
equ_pmellt hors(_power values az_d sound levels to

provide Ih_equations shown below. Six relationships Lp2 (al 50 I'1[15 nl]) = 77,6 + 6.3 h_g_0 {IIP/ 1_)
were evaluated by summing the square of differences

between these relationship estimates and the aclual [Eq I(]l
data. The relationships used are:

Y = A + BX [Eq 3) _here LI)2 is the quieted sound I_vel in dl]A.

Y =A Exp (BX) [Eq41
Cost of Equipment Noise Control

Y = AXB [Ec15]
Pr_._" t Eq I ( t C st to l]_

Y = A + (B/X) [Eq gl
Estimates of"cllsl tu buy*' (_1"preseut equipment

Y = I/(A + HX) JEq 71 w_e otl[ahled li'onl tile nutilul3cturers and I'_oln
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Figure 8. Equipment sound level (dBA at SOfi [iS In]) as a function of Ily',vheel horsepower for construction
equipmem at Fort Hood,

surveys of equipment vendors. Allhough equipment increase in fist price ol'quicted equipnzent ot'3.5 per.
costsvary throughuut the country and depend on the ccitt is indicated.
indivldual equipment dealer, the cost estimates
obtained are representative of the overall equipment Cost to Operate Present Equipment
cost to the contractor. Tile "cost to buy" ¢lf present

. machinery is plotted against flywheel horsepower in The operating cost (including maintenance) of
• ' Figure 9. A least squares "best fit" through Ihu data construction equipment varies throughout the conn-

indicales a linear relationship defined by try, depending on the availability of parts and
service. However, average overall maintenance costs

C== 452 x HP [Eq Ill have heen unmpihM from sources such as manufac-;
tureI_' handbooks tl,z4 and prcviotts _U_'_'CyS, II,li

where C t is present cost to buy in dollars.
The hourly cost to operate the construction

_, Future Quiewd Equipment "Cost to Buy" machinery includes: (I) fixed costs, such as d©pm-
ciation, insurance, interest, and taxes: and (2)

TheestimatcdinereaseinfistprieeshowninTable operating costs, such as fuel, lubricants, filters,
8 for equipment nois¢ control is combined with the tires, repairs and Izzbor.The operttling cost does not

!, present "cost to buy," and platted against horse, include the operator's wage.
power, as shown in Figure 9, A least squares "best
fit" throtzgh these dala indicates that the "cost to

il buy" future quieted equipment is also line!arly re- t_CaterpillarPer'jq*_rmuneeHandbook. Ed. 5 (CaterpitlAr
• lated to Ilywheel horsepower by: Corporation,lonuary 1975).I

ulBa#ie E_timaffn£,. Ed. 3 (Internal:oriel Hai_eSlCr Compxn r,

C2 =468 x HP JEq I2] t972).
ttEquipme_JI OwnerlMp and Opcrarin8 Expenae Manual (U.S.

where C 2 is future (quieted) cost to buy in dollars. Army Corps of Engineer, North Pacific Division, April 1974).
t*A Study tn Determine the Economic Impac# of Noise Emil-

_ilm Sland_rdJ in the ConJtruction Equipment InduJtry.-Perra.

i AS SCCUfrom these two curves, an average nvera]l hieAir CompressorReport (USEPA-ONAC,June 1974L
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Flllure 9. Purchase price as a [allCl_on (1_'nywheel h_rsepl_wer I'l_r ¢on_truetlon equipment used at Fort Hm_d.

Available data on the cost per hour Io operate the im heavier cquiplnellt or equipment required to run

Fort Hood construction eqtdpnlcnt are summarized harder dtle lo noise conlro[ accesr, ories, Alto, since

and plotted against Nywheel horsepower in Figure enclosures,hallles,and vibration isolatorsmay be

10. A leastsqnarcs "best fit" througll tilcsedata l_tbricatcd fronl nlatcrials whose efl]ciency is

indicatethat tirehourlycost to operate isrelated to degraded intime by tileharsh environment t_l'con-

the ilywheclhorsepower by: slrllctionsites,fi'CClucntreplacement could resultin

illcrcascd nlalntcnaiice costs,

CR 1: 0.096 x HP [Eq 13]

Tile tlllCcrlain[y of noise ColltroJ Oil operating

where CR l is presenlopuratia_Jcost rateilldoll;trs an(l/nr nl;lintcllatlcCcost [_ivesri_eto consldcrnble

per hour, varlation irl file estinla[es of tile cllsl hi' opcralJnn of

qlliCtcd COllslrnc[ioneqtllpfllenl.Ollu eS[illlatC,by =q

Conlparing the cost Io operate for I hour to the nlanlll'aCttlrcr of cardznlos'ing equipment, is Ihat

cost to bay present equlplllcnt indicates that tile noise controJ will increase the cost to operate by b

houri:,, operating cosl is, on tile average, 0.O21 per- percent tbr nmchincs in tile 100 to 200 horsepower

cent o1'the purchase price, range, and by 5 percent I`or larger nl_chines. Atler-

naliveJy,rcsaJlsof previous Stlrve)'son the _ostsof

Cost to Operate Future _uh'wd Equipment ah' cntllpressnr and diesel trllck noise control indi.

care a ncgligiJlle increase ill tile operating eostP
All adequate assesslllenl of tile Cosl to operate

l`oturc qoictcd equipment is hindered by lack of

available information on tile COlllinoJllg cost of con- tlllackgnmnd DocunrenllbrPmlm_ed potlable Air Compn.a.
slrtlttinn equipment noise Control, [llcrctlsed operat- sorN.is,'Emhd.n Rrg.tariom. 550/t1.74-016 (USEPA, Ocloller
ing costs could result t_'¢_mincreased power demands ItJ74t.
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Figure I0. Machine operating cost/hour as a thnction of'flywheel horsepower for construction equipment used
at Fort Hood,

5 COST/BENEFIT ANALYSIS

"1"o .ssess Ihe noise level reduction (benefit) represcntalive relalkmship, Tbe data, such as
achievable at Fort Hood, tour leehnology ap- change in sl)und h:vel as a ratio of intensities or
proaches are considered. Anulyses of feasible con- change in sound level as a I'unelion of flywheel horse-
struction site boundary noise reduction and associ. Imwer, were analyzed by computer, using various
uled costs were made Ibr equipment noise control curvefitling programs as discussed earlier, The
und process changes for nnise control, eqtlal[ons, representing linear, exponential, or other

rclatlonships, were compared on the basis of"best

Equipment Noise Control lit." In Figure I I, a decrease in operating sound
level (in dBA) is plotted against the change in list

Estitnate ql'Sound Level Reduction price fin dollars). It was Ibund that the relationship
_'s. "'Cost to Buy" S]lnwnin Figure II was valid Ibr machines such as

dozers, loaders, etc. Smaller construction maehln-
The estimated quieled equipment sound levels cry. stlcb as ilurtable air ct)mpressors 060 eu It/

and increases in "cost to btly'* stlppliutl by manufae- Inirl), tbrklifls, and flatbed Irneks, were considered
lurers (as seen in Table 8) were used to estimate a separulely as special noise control problems for
generalized relationship between change in operat- which the cusl ut' noise reduction was estimated In
ing Sotlnd level and cbange in equipnlem cnst. require approximately a i percent increase in list

price per decihel. The cost of reduction of radial
Numerous rdationsbips between equipment sound powersaw noisewItsestimated at 33 percent increase

and list price were investigated to locate the most tor a IO-dl] reduction.
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Figure II. Equipnlenl nuise re_tuction vs.¢nstfor manufacturer supplied Fort Ho_vJequipment and EPA data.

Silnilarcost I_._reons[rtlction eqtliptuen{ noisecon- 'l'hu rustles of the ¢;dculadt)ll_.Ltrestlnmlarized in

tnd dula were collected Ibr the I_der;d I:.PA." These "1aide I(I. which contains Iheequivalent sound levels
data aud a best fil rdationship are shnwn in Figure at each nleasurelnent JD_.'at_otlcalculated by IPdllg
I l. It is seen I_om this figure Ihat the: benefit to cost present and t'ulure quieted equipnlent sound levels.
rdafionslfip (2..2dFlA/$1000) repcwted i, the puhll- "l'll_.'ustinlated i.creases in present equipment cost
catioll relbr,-'nccd hdov,, is considerahly gre,'qer than I,.'.st tt_ hey) I_ achi,:'.,e litese reductions ar_ also
fi_r siruilar types of equil)nlent used at Port Hoc_l sh_wn i. this table. It can I_eseen ITom Table lO thai
((I,') diiA/$ IO00), IIle largest noise reductlnn (henefit} tbr tile least cosl

occurs ;ll k_calim_4. i, where a decrease in Leq o1"7
Co.strm.tion Site Cost.ltem:l_t dl] is cstimated with the acc_m_panying increase in

uqnipmuut cosl of 4,3 percent. "rile ,.'DnstrucHon
Estiulatcd equivalent _ou,d le'.'cls, L_:q, based on aclivity contributing most Io this location's nt_ise

f,t,re quieted equipment (Table g) were computed level is gradhlg a,d site preparation. _l=icll requires
lit h¢.{ndary locations. The property line sound levels carthmoving equipment such ;iS (h_zers and scrapers.
(quieted eqtllpmtnt) were computed nsing the model "fhe smallest ,:ost/huncfit relationshil_ occurs at
ll_scus_*e:dill Chapter 2. Usage l_ctors and distances IDeation 2. l, whcru the noise is a fl_:clcd hy roofing of

1o operating m;_ehineswere k_pl constaul willie the IlCULSc_and dilchhlg upcratinns. These tasks ruquJru
equlpnlent sound bevels wcr¢ reduced by an'_ounts smaller ntachhles such as Ihrklilis and backhoes.
eonsld_red feasible. Estimate_ of the increases in

"cost In Jlzly" the quieter uquipnlent were also nlade. Sit,. Nots,. Level Criterion vz, Cost
Theseustinlates werumade by conlparhlg the total
htcrensed list price (present ilst price idus percent Use or the ;di)rementio.ed cost/benetit relation.

coM illcrease, ill d(lllurs) for nil eqniplllelll at each sldps to esthnate the increase in equipment cost re.
conslr0ction site ID the total present value of all q.ired to reduce properly llne _;ound levels to a
ctlniJ)lUenl ;tt each site. Appendix D contains a desired criterion level is illustrated in the following

xanlplt' ctdenlation lind supl_lcnlcntai cost hll_rmu- eXalllplc Ibr Incusuremen[ location 5.1. The ph_lse of
li_m. activity at this It)cation is clearing and hdtial excava.

lion.

- 'rite ndninltlUl distance I'rom the observer to tileR,,g ta IInIJ/'_lmJl_c ,cA' 'vN _.. BIINReport2887
(Ihdl, II_ranek,and Nl:_lnan.Nl_wnlhcr19741. pre{Julllinanl work arell is 170 G:et (52 nil. The

32



! Treble10 I_'_ul_1+88 IlllA ;U lhe S[illie t]]slance. Eilch has _1

l]lllmale¢It{ilulvalenlSolantilx_etllndPei+g'enlIS eln¢l_ue li%_lgel_It:l(Ir el' (),IS. Af thls site, ihc (Iistancu I¢)
InLitt Priee,fQ,It¢cdF:qulpmeJltatSItel_oun_be)' ob%¢l"_'eris ;lllotil 170 t't (52 nit. Aher a I'¢w trial

l,orillo_Fort it+rodConslrucaoslSite
;IL+_llml)littll_,il L2;Illtit: e;deublted Ihal it"a_eh frl)nt
elld Ic);Ldereluilted 82 dl]A +it SO I'l (I5 mr. tbe site

EmltmataJ°,t. Lee _Ollld be reihlcecJIt) lib dEl. 'Fo achieve Ibis,
EsltmstedEqul*_enl Inerta_elln Lint Nt_. I nltt+, be redlleed 7 tit] v.')lile l.Jnlt No.

SoundLevd(dBI LIoIPrl_c,--- UlUStbe reduced t_dlt.
F+ulUreOUleled

Lag+Ilion Prt_Pnl FutlJl'eOutel_'d Equipmenl
IS¢¢I+'lgureII Eqtllpmenl Etlulpmrnl (everidl) Use or F],gllre I J Sh¢)X_'SIbal tltes¢ IlOise regu¢iitms

_+mld require an inerease,.I purchase price of $5._qO
I.I t_l_ (_ S.I ,all $43(_) I'L_rUnils No. ! ;=lz(INo. 2, respectively, or

.;,I l_l 5+_ 5,.t a Iot;ll or' $gg(X). 'l'be_,¢ data are summarized in
3+2 h7 t+7 ()
2..1 "_1 6q ,L_ 'J';it_l_:t t,

4.1 h8 <,l 4.3 Estimated Feasible Sound Level Reductions
4.., ",'s 7z .s+l by Process Changes
5,1 7Z h? 4,4

+rt+ cstimale i_:asible site boundary sound leeel
t.'¢ltlivalellt SOlln([ level estimated by the couSlrLiction reductions tluc Io changes ill the way a particular
n_t]senlodel I_lr present"etliJipment is 72 d[]. _l_er;llit+n is e(inthtcled, Iwt) exantple situations I'¢um

Ibu F_rl llnt)d cunstr;tctiotl site have been choscil.

A reveal lh)eLIrllent1¢ reeomnlentls permissible 'File Iirst exanlpl¢ is tbc rough grading operation
St)lln(I levels in residential ilreas near conslrllction ile:lr IoezttJoH4. I sbuwn i_1 Figure I. and tbe sgeOlld
sites+ CERL recummends that Ihe sound level during is a Ire_lchh]g _peraliun. Tbc I_rst operz_tion gains
the exeaval]on i)base c_f construction sbou[d not liltle t'r_)nl barrier alleuuatiog and thesecond gains a
e.xceell 57 dl] ill a resklcntial area 150 m i).om the signilieant amount. The costs associated with each

l)redonlinallt wnrk _lre[i, F_lr this example, where the change are also estimated so that the cost-bcnciit
wt_rk area is only S_ m I_'_mlthe resldcutial bound- artill_,'sisc;izl be made iu terms t_l"dollars/de.

;Iry, tile et]uh'alcnt SOUlld level at illeasurenlcnt lava-
lion 5.1 slluultl,¢_t ¢xcce(166 de. l]ut at Ioeatiou 5.] Example 1--Grading-Site Preparation
Ihe sotlnd level with present equipment is 72 dB,

'' in(licaling thai a rcduclinn of b dB is r_quired. Duriug Ihe portend ¢_t+observation at Fort Hex_d,
Ihc primary nuise sources contribuling to the levels

'l'_vn I_'ont Villi loaders are operating at I]liS site. tlleasltred ;it [¢)_2alitlns4.1 and 4.2 (see Figure I)
Uuit No. I Inis it maxinlun_ sound level of 89 dBA at _ere: (I) C;=se4_) bttlldt);cr; (2) Caterpillar D6 bldl-
50 I_ (15 ;_1)_]dle I bdt N,_. 2 bas a maximiln_ gnnn<l th+:,vr: (3) Alli_:-Chalmcrs 26()B scraper; and 141

C;=lcrl_illar Dqll bulldozer. Each or these vehicles

t+p.Sch_,nlcr;._ll it. Ih,nl;lllS+C_+_sln+cli_+nNt_is+.:+_'l_'C(li_'a" _xcreclosely tracked for one d;ly st) Ihat their position
li++_.C_Pxtr+_/.M+'_l+l_n'm+'nt+un,IMili_.ati+_n.Technicaltt¢lm+rt I_itll respvcl I_)bl_'alitm d.I and their noist_ oUlpUt
i!-S3 ,%tJAll(ffN_(_++I('t!RL. ,_llril 1_)75_. _ere kllO_Vll ;is a _tJil(?lionof time.

Tabl©II

Simple Computation(ForllI_d IA_'nllon,5.11

CHlerlaaPro_tt_ Line SoundL¢*e166dS tLeq)

PP*_nl Quleled Odll_Jl Ine_a=ed
Soundl._vel Souml/_e¢l L'mlIo Bur Coil toItu._ ln_

E+lulpm¢lll dePOrtits mi diLlSOells m_ $ $ o]_

}:r_,rllt/.<lh+_td_r• I 8q $2 SI,t_) 55_X) 10+S

t:r+tlillirld i _+,*_l¢r_t2 88 82 47.()1XI 4._XI q,I

-- Li,ql= 72de L_.+I_ 66d11 _S,IXMI _J_X) lO,o
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usage t_eturs, as wee as the sound levels caused by Leq = 10 Loglo U.F. n 1O
both mnvingand fixed noise sources. Tile bulldozers
nlovud only distances near 30 fl (9InJ and $o cotdd II_q 15l

: he considered +is fixed sources, while the scraper

traveled nearly 400(} Pt (1219 m) in one cycle, since it I:t=l"Ihe presenl example. L }alld r are kno_,n Ibr the
scraped dirt and carried it oft3fite, exacl silualion, sll all ell_:cl ve U.F. t_r operation

U.F.as
To measure die effect of each operalk)n, a e_lm-

purer program was written which accepted position iLwIn/IO
alld sound power data Ibr small increments of time E U.F. n I0

and for each noise source. Leq was then computed U.F, =n IEq IbJ
o','er some specified time greater than the longest (L_On/lO

cycle time of the equipment; distances thr Leq 55 _ It)
were determined; and contours of constant Leq were n
plotted, Three of the computer printtmts are shown
in Figures 12, 13, and 14. Figure 12 shows the Case eau i_e determined where Lwn is iulerl)reled as the

450 bulldozer (source I) and its associated Leq 65. m(iximum seared power of the nth source. Thai is,
Leq 55 contours. TIle maximum sound power level _F". is a c.mposite usage factor coutaining tile U.F.
I_, was 12OdB, Ihe effective radius of source nlotiun Ihr each st)Ulee and accounting Ibr sound powers
15 ft (5 m) compared with the radius of 675 ft (206 t_lher than rite nmxinlum for each of tile sources.

m) for the Leq 55 contour, so the source is acousti- The three eqaadems yield:
cally "compact" in that the ratio of the source mo-

tion radius to the Leq 55 radius is much less than U.F.
one. Figure 13, with a different scale, shows the Leq
contours for the sum of the Case 450 and the Cater- StnucL' I only .4h

pillar Dr bulldozers (Lw = 120 dB), The Leq 55 S,n,rt'es I +2 .82
contour is virtually _. circle, indicating that the StHU'C¢SI +2 +3 .72
source is still acoustically "compact," Figure 14

• shows the influence of adding source 3, the 260 B With these dala the change in radius of Lcq 55 can

scraper. The scraper spent considerable time (53 he estimated Ihrough II]e folh_wiug equation.

. percent) at low speed collecting dirt with an Lw = r_ (LV"n/l°l']120, and also at high speed (45 percent), deliveHng

the dirt c.n.'.itewith an Lw = 123, This is an example Leq = l0 Log1= l P_'--' 5- I0 /L r n J
of two maximum sound levels, each associated with a [Eq 17]
different speed and a very high usage factor. It is or

clear that the Iotal source is an longer acoustically r l

"compact," hut tile l_q 55 contour is still nearly /_" " '¢ 10(Lwn/lO) /
ot,0o,a, r°L J

The important result of the preliminary caleula- [Eq Ig]
lions is that the eonstrtlelion site can he treated as

;leoustieally"conlpact" if the Leq 55 eomour is con.
sitlered "rl_is has importanl hearing on the accuracy The results of using alternative equipmcnl Ibr tile
of rile equation given in the equipment sourid levees, jtd) are shown tn Taide 12. Ctlse I (Table 12a) applies

The actual eqtlatiou liar a sum of continuous noise to only one hlllhlozer operating, Case 11 (Tahle 12a)

sm_rces is ,-1 applies to tw_ hulldozers operating, and Case I11

I_ I(} (LwIn/I (Table 12h) applies to two bulldozers plus a scraper.

Operaling eosl data [br Caterpillar products were

Leq = liI L°gl° U'F'n _ j available,ahmg wilh i)erlhrmance dala antIesti-
mates or maxhnum sound pc_werlevel. Cost esli-

[Eq 14l mates must hi: based oa the amount of work per-
Itlrzned, rather tilall tile eosl per day or hour, SO (he

which I_r an acouslically compa¢l source beeonles reference work was set to 13,000 cu yd (9939 nP), the
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a'n|ounl of dirt thai can he moved Iry a DgI-| in all showsdin( Ihe hergerInaehines eatlse less total expo.
8-hr sldl'l with a _ it (I 5 m) dozing distance. "l'wu sure eveu though they are lower. The result for Case
s(gnifieanl resells _:¢¢ltr: (I) as Ihe I1)-.vheel horse* Ill isthal r,v_hwenu.zztql'eqltipolrn! bysnzlzlh.r, less
p¢_werdecreases. [he noi_iedeere_qses;IBd the co.l[ i11- iloi.D, (,_ll41pltlt.lll dfJd'silol proF_d4, h'$_ total noise
creases (such a job r_quires more thtm $40/dl] of eaTu._ure.
reduction or over $3.10 per 1000 cu yd for each
(Icuibel of reduction)t (2) associated with file imise Example 2--Trenching Operallon
reduction is tile increased time to aeconlplish tile
task. For the example given. ;=sixt_dd increase in The lidlowing descrihcs one ditddng operation
time i_irequired (7.8 dB) for a 5-dB reduction in Ihal _;=s=lot direcdy n=casured al the sites outed in
nuise, Thus. il'a measurement scale is used hi which FigLirc I. hi this *_perat ion. an excavat¢_r was digging

d=lratiun tlf exposure is weighled eqozdly with a utilil) trench acrc]ss c}pen grotlnd. Two process
intensity nf exposure, the larger machine is both eh;mges could he utilized; {l} the equipmenl eOllld

cheeper and causes h'ss total exposure. Because tile be nlade smaller and (2) harriers c{;uld he erected.
larger machines cause a larger radius Ibr tile Leq 55
contuor, more people wouhl be exposed m noise Table 13 presents data resLHthlg t_'unl the analysis.
tdmve this threshold. The lbllo_ving measurement Case I i'_ rcdllcliorl ill excavator size Ilsing duratiuB

scale eau be used. ;ind hfleusity of eXlmSUre equally as eHleria tot total
incise exp_sure: in this case. tile hlerease in time re,

"I'D (rrrz Asite) quired m r.¢rl'_rm a t=lsk is ol't_et by tile redaclion in
Peq--Days = hi09× l0 s [Eq 19I Ul;lellinL. noise. Bcea0se (llese nl;ichincs ;Ire large.

tile cusl per decibd of redue|ion is high--heing in

where Peq is the population expused over I_q 55 tile hlllldreds of dnll;lrs per (lB. If tile nunlher of
eoTis he im I exposure (lit urs} people exposed to tile noise is also h_ctlrlmrated, us it

D is tile population density (pep/sq mi) _ls ill Ihe previt_us seetiun, there is an oplimunl size

risthe Leq 55 radius (fl) _l_icll ix Iml the largest machine =ishell)re. If more
Asite is tile _lrea_fl'the site (sq ft). ihlta were av;dl;flfle a better estinlalC cotJId be made.

U_,ing200l't (61 nl) as tile radius of lhc site ;uld using Case It dc;=Is wit h the erectinll of a plywood har-
100 peeq)le/sq mi as Ihe population density (other rier _ ill. (I.6 era) thick in 8 fl (2.4 Ill) sections for

densities can he corrected I_r by a multiplierl leads portability, l:¢mr suhcases were c,xan)ined:
totileresllllsibrCaseIshown hltilelastcolunlllof

." Tahle 122, The ahuve conclusion is still the same. I. 8 It (2.q nd high, I 0 ft (3.0 Ill) tt'(nTIsource

2. 8 f112,4 Ill) high, 20 ft ((_.I hi) li'onl sotlrce

The result of Case I is that n,placement o.l'equip. 3. 16 ft (fl.q In) high, 10 ft (3.0 m) I_'om source
me,at b), _maller, less Hoisy t'quilllHl'llt does tint .I. It, ll (4.t) Ill) higll, 20 It (6.1 Ill) I'ronl source.
rl'$ltlt bl h'55 ItJttll IlOi$1't'xpoMtre.

The stmrce _;Is estimated to be h t_ ( 1,8 iiii high aml
The resLllts (br Case II must ;dsn he tile same, tile i'd)server Ill be 7 fl (2.1 In) high. Eeeause of tile

Sillee tWObulldozers are operating sinltlltaneollSly, large allele chalLge associated with Ihe line-olksighl
in Ihls ge_}nletry, tile ell_ctive sha(l_w zone extends

Table 12b prtwides the results li=r Ct=se Ill, in I¢1very I;u'ge distances ;is shuwn ill Figure C1. "rile
which vari(llls sizes of scraper were ilsed, illeltltling a StUlll(_allellllatiinl ofe;ich t}cla'.e build of an illlerllal

very large one requiriug a DgH pusher bulldozer, etHullttslioll eugine s(_urce was eonlptlled ;l|ld
Again, the very largest pieces of equipment are tile slnnnled hHo ;_ scntnd level reduetlOlh The engine
most cost.effective, and the smaller veldeles cost Imise spL't'll'tlnl is an inqmrtzlnl aspecl of harrier

appruxinl=ltely $30 to $40 per dB td' reducliun, or iloise redttclion.
between $2,30 and $3.07 per 1000 ell yd {765 m_) tbr
each decibel reduction. The smaller vehicles alsu re- '('able 13 iIIdicates thai an g fl (2,4 till li:nce is

quire longer times, SOifa llleasllrelllell[ scale is used cqui_aleu[ Io rcdtletioll ill etlOipnlclll size, in [hal
in which duratiun of exposttre ix *teighted equally rcdllctil_lls Lnl theorderol'fdB are ohtalned. A Ifi-ft
with intensity of exposure, the larger nl;lehines cause 14.9 ill) high harrier ill¢l'ellses tile noise redBeliUll by
less exp_sure, lneludiug the ntmlher of people ne_lrly 211d/I, which it nmv well wort}l considering,

exposed as a eriteriun, such as Peq - days. the lal)le M;_teri;d c_)sl cslimates were based o=1 the construe.
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TAble 12

NolN.C._ Tn_.ofl'wRenlh Grldi.l

a. gulldo/_r Size CSsalle

11 Tntctur Flywheel Capsr/4y Time _r _t Total Ell. EJdiu_ of .qveta|e Peq.lJ,_
_pe lip BC¥/hr 13.t'_ IICY P_ Ilo,r Ga*t$ Lw L_q- 55 S/riB Eipabure

I_ID ?5 270 4;';I_r $12.00 $57b I I ? $53 I't 57 Z5.5
; D5 I0$ 405 32 14.10 451 1I/4 9_ 40 13.2

D(_C 14() 495 2(..2 17.60 4_.1 119 I075 57 t3.7
DTG 2($) _._) 14.4 21.20 305 t20 120_ $ 9.5
D/4K ._] t2_o 10.3 25.2 297 121 ]353 $ /4.7
D_)}I 4]0 1(_20 $ 36.20 259 L22 1515 0 /4.5

i b. Scrap_.SIz_L"h_tnSe

Scraper rl_wllctl Cmp*cll_ Time for Coat Total E*t. _td/zlor .qverale P_q-D_
'! Trpe lIP CY 13.000 BEY PeeIIo,r _t$ Lw Leq _ S5 S/dO EsF.mlure

C(_21D 3_.0 20 32.5 2_.83 I)37 ] Ig 1345fl 32 27
C(331C 415 _0 21.7 39.b_ 859 I_ 150c) 23 22./4
Cb4II_ 5_0 3_ 17.1 53.13 _ 12t 1593 41 22.7
C I] $50 44 14.? _c_4.H9 /407 121 E_Q3 16 IQ.5
CI_OE* 5_1 54 $.0 93.04 744 125 2b_3 0 2b.9
AC$_I] 300 20 32.5 27.44 /492 I Ic) 1345 25 2b.9
AC$hlL_ 300 23 25.5 32.1_ 917 119 t345 2Q 23.b
AC4bOC 422 ._3 Iq.7 41.94 /425 120 t$OQ t$ 20.b
TI_I{E.X 511E ]44 II $9.1 Ih.27 _Yal _17 IC_$ 27 30.5
IH E-2(X) I_.) _) 72.2 ]4.SQ t053 117 10_8 39 37.3

*_ilh D_H p.sher

Noke.Co, Tntde.ofl'_.-Tzenr E/nil

Time rot dD

Eiravadon Fl._wSt.e] Eipscity C_rl_ 13.$O0 LOIDf Co_¢per Total Est. P_lJt_ A_e. Pzq-Dm.,
T_.F_ lip UCY T_me ltCY T_ue Ilaur Cosl Lw 1_q55 $/dB Ezpmmre

C225 135 ./47 22 c_1.3hr +3 40._ 3_52 It7 IteA $425 59.4
C235 1'_ 1.3/4 35 (_5.4 +1.3 45.(_] 2_43 I[$ 1340 253 _].Q
C245 33_ 2.3/4 32 45.5 0 49.00 237b 120 1_87 0 63.9

i Cm I1' DlJt_uce
rmm Iq_ls_ C4_¢

IldZl, Esc,v,_ Red,ctton M*t_d Per Total Bidl_ Peq.D_,
rl rt dDA Co.t llo,r Ca*l S/d_" L_ 55 Expe"u_'_"

H 10 7 $324 S40 S 764 109(63) 753 38(12)
(4 20 4$ 324 40 764 170_'_) 1005 43(22)

I t_ 10 20,5 hSI 50 1200 5g(27) 159 32(0)
I Ib 20 IX f151 50 1200 67(31) 212 32(0)
! 0 0 O 0 O 0 0 1(_7 63.9

i * O_in/4E245 Excavator
**P_lrenlhcs_5ar_ InrrCW_of borrtci_

***Bascd 4mIZ_')°_oneorprotect ion
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ticlll _l'll I_:IIL'¢'Wli_L' I r;1n _.iiiJ_._;iilllI()_._i_.ill' silfli¢]=:nl .t. "|'he¢llllStril¢li_)ll ml_ilt:l. Jl'Llscilwith el]re, pril-
lli;l_llilu(l¢ _(i Ill;it Ih_ ;ilt¢llll;lli(itl c_linllll_S in_iy _'i(l_s cslilll_il¢_ (ll" l)ll:sil¢ n(li_e I_'¢:ls _'hi_h iigrcc
I_ rL'ii_llll;ihly _ichi_v¢(I. 'l>il_ el)st p_r (l_cil)el of _villlin 5 (l|l wilh nllls_ lllc;islircnl¢lll ;lll(l anal)'sis
r_llu¢lilill _v_is l);isu(l i_n Ihc ;issllnlpli(in Ihal the: _l¢¢lltlllilishc(I I_y lllp_ rc¢(iriling/c(inlpilt_r analysis
nl_ileri;ll_ i_'ul'ei)llrch_l_u(I Sll_Cii_c;illyt_)r tile j_ll) _lntl _lr I_., m_iliu;il _AI_ ilrllcclhir_s.
nl_l II_'(I _'ls_'il_r¢. _hi_'h will llili ;ll_lys h_: lh_
¢_i_'. The lll-l_ (.I. I) nl) hi_ll h;irricr ;ipli_llr_ t_l l_ril- 4. Cl_nsirilcli(in c¢lUil_ni_ll( nl;inill_ictilr_rs wcr_
_'lil_ r_li_lln;li)l_ v¢illl_. "rh_ nllnlh_rs ill p_ircnlhcs_ nlllsl c(_i)_rllllw ill prllvi(lill_ llilisc linll c(isl data.
i'cl)rU_elll th_ ¢(_lS ;l_sllci;llc(I i_llly _'illl nl(ivhlg Ihc 'rh_). art: ;in cxccll_nl s_lur_'_ ill" (llil_i il_¢de(I for
I);iri'lcr_, llrcsunlin_ II1¢)' ;ir_ rc_isell, rcllnunlcnl lll'lh_ _'(lllll)nl_nt n_li_eC()lllrlll/cost r_la.

iillnsllil)S.
Jl;irri_'r_.(hi 11()1cJillilgt_th_ (lllr;iliilll llf noi_c ¢_j)(i-

siirc, ll;i_¢(I _ln tll_c ¢rll_rill. Ill_'ru is no) (luratilln- 5. "rile U.S. Arm)+C_lrlis lit" F.ll_incers has _,_:II-
inlcnsil). Ir;ili_'.lltl". I)r;l¢ii¢;il h;irri_r'_ ¢;in _nly h_ ih_¢unl_lllc(I Ii1_ _llnt;iillin.q nl;lnl)llw_r, malcri_l.
cr_'i_(I llll lln_ _.iil_. Jicc;lilS_(h_ _X_ilV_llciJ_(iJ]iI111!.I illl(I c(lilii)rll_nt ii_.;l_¢r_l.'i)rd_ _lr c()nslruclion _cti_.,-
h_ Illlhl;l(lull lilt th_ (ithc:r. Usill_ Ihe ilunlll_:r ill' il)'. "i'h_: F_lrt llLillll I_illlil_. ll(liislng ¢:onsiruclion

llelllll_ ¢Xllllsc(l _l_;in ;l(lililil_ll;il critcri_)t_, tll_ I_cq- r¢_l_l'(l__:_)nl_illlc(Ilili_ illl_lrlll;ition i_)r_ach day and
(I;i)'_ c_.llll_llrc illticx lls ._lllil_'il lit "|';lill_ i3 i_ (ih- will I)_:;in;ilyzc(l ill t'llrlhcr _iu(lics Io i_ro_'i(I¢a b_s_-
llllil_d. The nunll_er_ in tilts I;il_l_';lr_ I);isc_l (In lil_: lille I'ronl vchi_h ;i(l(lili_ln;ll n(li_;__linirl_l (:(isis colll(I

ll;irri_r ilrlllccllng lllll)+il i_l)-(i_r_'_ z(in¢. If. in I';l_l. I_¢_xlr;ll_l_l_ll_(I.
IllL_L_X¢II_'_II_(I_llil i_._lllr_(J ll_ ;In _ilrtJl |)crlll (ill Ihc

lllhur _l(l_. tIl_: cxpl)_ur_ illllices ill i_ar_nlhescs ;lr_ _l. A _l_niii¢;illt illsCrell;lilcy _xist_ hcl_'¢cn us;i_c
_ll)l)li¢;llll_'. I_lclllr (i'r;iclilln oi linlc _quillnl_nl is in il_; nolslc_l

lllodc) int_rnl_iliiln lll_lllinu(l _il I:(_rl Hood ;lnd Ihal

The rcslllls i_onl llli_ cx;inlllh: su_sl tllat lilll¢ i_ r_l)_rlc(I l))' th_ EPA. l°.lz This ili_crcplincy mziy b_
Ill ll_ _liill_(l I_y using I;ir_cr. l_l_l_r ¢:quii)m_nl in (lll_ I_l Ihc nlclhllll i)l' invcsli]4;liiiln usc(I ;it Forl
ll'Ull_hin_ hill Ihtil ._i_,(l_'(int ri,dl_i'l[tJ#l._¢_tl hi. illl_l(l.ih¢l)OS_illl_lll).i_ic_llnatllre_lfFilrt Hood con-

hl*r/n.i¸. :_lllll_ lltht:r un_xi)l_lillL'(l r_ll_=(lll_..

CONCLUSIONS 7. It is p¢issihIcI¢1rclill_."L'osl ill mlis_ rcductlon in
O AND RECOMMENDATIONS _ g_'ilcrii] nl;lxlncr. Stiles this _tu¢l)' cilrlsidered only

' I:tlrl II*_¢t(I uilllJplilul]l ;ind ¢(_lislrllctitln methods,
:._ The rcsulls (lJscussedu*irlicr ;In(I the cilnclusions Ihls _';is _'ur)' (IJl'l_cultI_cc;itisu:

an(l ruc(inlltlcn(lutions discussed ill this ._ecii(inpro.
vide ll(lililiiln=ll inl_lrm_tion ll)_v;lrdsthe desired con. :l. E;lch silu is dirl_:rcltt. 'r)le ¢)ll_il¢ acoustical
slructii_n (llOiSu) c()st-ustinl;it]ilg Kuidclincs. MIlch ulll, irl)llnlulil v_irlcs _il_nil_c;iiiily t'rom site t(_
_*¢_rkit _!il1 1o bt_ ucconlplish_d, site.

Conclusions I_, 'rh=_ mix ill' _¢liJipnlcm I),pcs and Ills site,
_l_ccil_cllllltll'g ¢ll'lhcir ¢=seiiitrl_iltlC_S vltriahil,

l, Ciist/Dcn_i_[ rcl;lllonships I_)r silo noise conlr_l it)'.
rally J)_(]cri'¢¢(]J'r(llll¢(In_;IrilClitllletluipnlent mallLl-
t_lClltrcr data ;Itld I'rom rec(_rtls c_f the LI.S. Arm_,' ¢. M;itl_,' diiy-lil-ll;i)' ¢_l_tii_ils:ire zcvtiilable I¢_

= =Cilrl)s ill' Enid'inecrs end its c(_i)lr;iclt_rs. "rile r_lalitln, tll_ ciinl r;iclt)l"with vur), I'_1_'II;I,','_I_:ing typical,
ships tlil(I _xtimplcs prcs_nlc(l ill IllJs report tire or
qiluslii)llill)l¢ _ccuracy (luu Ill I)le sp;irs_ncss of Ihe
(llll;I cilllect_d. The)' shilultl ()nly bl_ Clllisi(lereil
Ir_'llils. _,lllr¢ d;llil will hl_ t;ilhl_rc(I during sul_sc-
lllll_lll )'l_;ir_Ill lnll)i'(ll'l_ Ll(:l_llrli(:_,

li//_i'k _*rllll;td/'Jl )l.ii illl,#l / 171#"irl#_i/if; _1,6_ pll_llhh, #tjr _lle_l/_ll'l,l,

-_, CilllSlrllt'li(lll sil_ lli)i_c Clill ll_ nloll_l_(I, tlll_i ,%l*rNllT_l'_lltl_&711llRl'lilllllT(l#1l,$_ll,'_l.74"lil/llUll;P<%,O¢illll_r1_)74),
Ill_' Illil(J_l_II_¢l t(I CVllllltlll-=c(lll_lrllL'lion I_qliipnlcnt II_l'_lI/l_fTflll l# Clltlll_li'l'tell/li'lll'll,'_ltTl4" IIUN R_porl2_117
;inll i,'(lllllrlll_lJiln 13i+ll(_l_l_liliiJ_l_ l_wl s¢_nlirills, (lllill. II_rancl. illlil I_ll:_llllilll,Nilt,l:l_lllCr19741,
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;
Re¢ommettdat]o.s shmdd be mode. All major equipment should be in-

eluded and more specific data than gatbered during

Since a great dual of data descrihiug r_oiselevels, lifts program should be obtained, Cooperation be-
I_asible noisecontrol methods for equipment _nd tween CERL and Ibe EI'A in this area, Ibr products
sites, and associated costs are required to success, dcsJgnaled its unljor noise sources, should produce

fidly develop cost/benefit (noise reduction) relation- opthuum resuhs.
ships, the Ibli0wing reconlmendations Ibr additional
pragmatiestudies arc suggested. 4. Indlvklual methods for sile noise control

should he invesligated, perhaps site by site. until a
I. Couslruetion site sound levels shouhl he oh- sullieieut data base is available [br development of

rained at additional fondly housin G conslruction trends or empirical relationships. Tbe variation in
sites durin G each construction activily listed in th_ site construclio, methods is very broad, requiring
Bockgro,nd section of Chapter l. These data sbould thai the program be carefhlly planned and examples
be obtained in a manner similar to tbose for Fort selectL.d Ibr n_aximum effect.

Hood hul for a surficient period to insure that Ihe

data ;Ire representalive of the site activity. The site 5. As the data are gathered and analyzed, tables.
sound levels, usage faewrs, and equipmenl sound Graphs. homographs, equations, etc.. should be for.
levels should he analyzed statistically to determine warded to U.S. Army Corps of Engineers construe-

means, standard deviations, or distributions. This line aclivitlcs tbr illelusion into the estimation guide-
requires a large body or'data. The analysis should be lines. Contractors should he required lu meet site
accomplished by construction activity prior to group- uoisc erilerla3 z Eslimalors should be provided wllh
inn in a manner reporled by EPA. a Itteans of evaluating added construclion costs as

. early as possible. As changes in relationships arc on-
2. Conslruclion site noise level studies, including c_vered by additional data gatherin G and analysis.

equipment ,oise and usage faelors, should be oolites of modifications should be forwarded to
obtained at more Corps construction sites. Construe- appn_prialc perso.nel fi)r their use.
tion activity groupings should be mainlained. Also.

t'ulurc requiremcnls lbr uolse sections of Environ-
mental Impact Statements Ibr projecls can be ful-
filled using inibrmadon Gathered during these pro-
grants.

' I_p.Schomerarid;3. Ihmians. Cim_mlctirm N.ise: Spec(lira.
3. An in.depth iuquiry into conslructiou equip- tie,. Conlrol. Meusuremen¢.and hritigution. TechnicalReporl

nlent illaOUl_lclurers' programs for noiso control H.53/AI)A(X)'k_U8(Ct_ltt..April i975t.
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APPENDIX A:

(24 ram) condenser microphone connected by a BX.K

EQUIPMENT USED FOR DATA An 0028 10-m exlcnsion cable. The microphone was

ACQUISITION AND SUBSEQUENT supported by a 4 ft (1.2 m) camera tripod, protected

ANALYSIS AT FORT HOOD, TEXAS by a I_&K 0207 polyurethane windscreen and cali-
brated by B&K 4220 pistonphone. Magnetic linear

Dala Acqulslllon lape recordings were made from the sound level

meter by a Nagra DJ full track recorder with the

|nstrumentalion was used at Fort Hood In gather Nagra QCJA step attenuator, The syslem was moni-

dala for the SAE Construction Site Noise Procedure toted with a set of headphones.

(described in Appendix B) and for the sound levels of

individual equipment. The readouts from computer Mcl_orological dala were galhcrod by using a sling

onMysis ofthe tape-recorded data, including eumu. i)sycbr(m_eler to measure lemperature and relative

lative distribution {percentage of exceedance) and bumktby, and a simple anemometer and compass to

equivalent sound level, Leq. are summarized in re)rewind speod and direction. In addilion, Ibe SAE
Table A I. Table A2 gives the individua] equipment Cimstruelion Silo Noise Procedure used hen sets of

sound levels. Both of these procedures used a B&K nlicrop)l(mes, windscreens, extension cables, trl-

2209Type I sound level meter and a B&K 4144 l-in. Ilods. alld sotlnd level meters to facilitate infrequent

TJd*leAI

Summlff of CumuhlLIvcD_ltributlon and Eqldvl_ul S_lmd level
From An_3|b af Ta_RecotdL.d Dil_-- FON lEo@d,Tesu

Mmliu/emcnl Cumldaate DkCrlbutton Melumr_lmm/ CureublCl_eDlltrlbatlml3
/.,ocllll0n' Peg_'_llEzcee_d Sound Levd (d[IA) L_atioa* Pccrent Ezc'Cedml Sollnd Levd (dBA)

t,I 99 5J 2.4 99 50
90 55 _t 53

,50 61 _ 57
In 69 In 62
I 76 I 71
a 7q 0 87

Leq = hb Lcc[ = t,3

2.1 99 54 4.t _J 57

":" _0 57 _) 67

IO b3 10 74
I b9 t 75
0 74 e S9

LtrI _- 1_3 Lcq = 70

2.2 99 53 4,2 99 62

00 54 _l b5
_) 57 54) fig
In 72 I0 72
I SO I 74
O 83 0 84

Leq = b7 Leq = 70

2,3 qq 57 5. I _) 62
qn Sq _g) 65
SO 66 _} 69

I(} 72 10 78
I 79 I
fl 89 (1 83

Lc:q= 69 Lcq = 73

*Sec Tabfe2 fordescriptionof activiliesal measur©ment lcc_tlons.
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QCJA FULL TRACK DATA S
ATTENUATOR TAPE RECORDER STOPWATCH

BaK 0207 WINDSCREEN

TRIPODBltK4144 I'INCH MICROPHONE _ QB&K A00028 IOM EXTENSION CABLE

B&K 4220
PISTON PHONE TAPE MEASURE SLING PSYCHROMETER

ANEMOMETER
COMPASS

FiRureA1. Equipmentusedford;Ltaacquisitionat Foil Hood,Texas.



Tsble A2

Sound LeveJsof ladlvldusl Equlpnteat sl Fort ][ood, Te|u

Sound Levd st _Ot't(!_5m) Optrslion Performrd

Bzlldoze.

Cu_c4_l HgdJlC _IIdUA FL.L_hin8silo prcp_ratiu. (nl_vl.fi Eightsand)
_0 dl]_ _8 d[]A - Idlc

;42dl3C 7-__tRA • flackl._

C_lcrpi]l_r I)h q_dUC 8_td UA. _'or_.rd & B_ckinl_ I_o_gh siqc prcp_r_ll_. (Icvcli._ m_lnnds o f dkll i

C_Icrpil]ar _)_C q4dnC K4dBA U_cking
c).ldl|C ;4SdBA _:_rw_srd_cr_pLn_

C_qcrpilt_r _;_ _ dlIC 79d_]A _sby ImodcTaic I_d)

Calcrpill_r D_K '_4d [_" H_dBA Dl_l_g _rr_ws
c_'_d_C _gd[|A B_ckins .p (_st)

C_lcri_ttl_r _ % _BC 87 d_tA
_2 dl]C _4 dBA - Avcrn_c Passby _th m_LcraIc I_d (for_r_ & _cvcrs_)

J_. [_'crc 3_O_] qo d_lC _1 dBA. For,_ard FLLILnt_in ¢rcnch (10 _ bclQw microph_n_l
dJIC _1 dBA - F_rw_rd

_, dBC 78 dl]A • _acktn_

Cout p_Iorz

_'_tcrpill_r DW_O QOdllC _1 dB^ R_d p_p_ratl_n
_ dllC _2dBA

Gr_d.rs

_'atcrpillar 12(_ _) dllC 75 _IBA. F_w_rd $1Ic prcp_r_ti_. IIc_cli.g _ndy _ill

67.74 dt_,q •Idlc

C_¢crpi11_r12F 97._5 diSC KO_82dflA _ad _dl._ (m_dcr_c [o_d)

_'_tcrpiLl_r t4_ _l_ _C _3 dBA Site prcp_atJo. I_cvcli. g _.cty s_il)
_2 diSC _OdBA
;_2 dEl_ 6$d/]A

_tcrpill_r 12G _SdBC _2_BA Ro_d _radi._ If_nL_hi._ s_rlcl)

A]li_-C_l_lnlcr_M_5 ?c_dlIC 71 dBA • F_r_ard .qo_d gr_di.g (_.i_hin_ s_nd_ "
_t _C 70.75 dlJA. _cki._

_ d_' 72 ctUA - Forward

_¢crpill_r 12F 91 _13C _I dBA - B_ckLil_

_.; dt]C 79 df]A - $1_wcr
_d_C 7_ d_tA • Idtc

Front End Loidzrs

('_lcrl_ilt_r ()._) _)._d_JC _57_IBA _cm_vi_t; pi]c_ _f h_rd dir;

_SctBC M.__IBA • Lcavin_ sioc
_7 diSC 79 dllA. _Qrw_rd



Te,ble A2 (c_mt'd)

Sound L_d s1,50 fl { I $ m) Operillon Performed

John l)cere644-B 9_dBC 8gdBA. Llfllng l_cnLovingpil_s of hard dir_
_).1dBC 85 dl3A • Liftlng
q/*dBC _9 d 13A- l]ackwards whJl0_ctapin_
g2 dBC 82 dl]A - l]ackwards while s_faping
_I,1dl]C 73 dBA • Lcavinll silo

C_tcrpill0r g30 gS dBC 84 dlBA. N_ar idl_ Sco*_pingdirt from pile
g3dBC _2dBA

Calcrpillar 9,1OC 93dBC N2dBA Pi_k_ng up dirl
_13dBC 7,1dBA
qOdJBC 81 dllA

C_l_rpillnr 9,_O _17dBC 7_ dl]A HnuI_ng4- fl til© s_cti_n_
_5 dBC 80 dBA - BackinR (no load)
ct2dl]C B2 dl]A, Picklng up lil_
_I dllC 74 dBA. fl_cking

Cnt_rpillnr q30 _)$dBC ill dBA Scooping dlrl from pil_, lhcn leaving
qi)dBC 79 dBA - llackl_JJ

C_i_rpillar*)30 _0dBC _IIdBA Sco_ipi_g dirt
_)4dBC _IIdBA
9JdBC _I_dBA

qSdBC 81 dEIA Durnpinll dlr_ inl_ dump tru_k
qOdBC _IdBA

_'2dBC tl_ dBA Backln R
g3dBC _dBC
qldBC fi2dB_

Cl_rk¢ M_i(] _4,_7 dBC 73.75 dBA Pi_king up la_d
_.I d_IC 74dBA
_dBC ?3dnA For_nrd
_KdBC 7_dUA P_hy

i llydra*dlc llsmmer_

" • B_C It)2dB p©ak T_ml_ing i_ll c_v_r_w_r lin_

Scrsp_t_

AllJ_,Cha[mcr_260B 8g dllC _3d/JA Fully load©d, fray©ling down I0 °_lop¢

Alli_.Ch_Imcrs 260B 92 d/JC _gdBA _/nlnadcd, traveling up I0° _lopc

Al]is-Ch_Inl_r_260B 87dlic "}_dllA Elackin,q
82dlIC 72dBA Idl_

9.1dl]C 87dBA Stlrllnl_ up

Atli_-Chalm_r_ 2bOB t_l dBC 87dllA Dumpin_ dir( for ro_d bed

Hand Tamper*

W_k_r 51tI05 7_dBA Shl_Id_d by operator
_ dB^ Un_hl¢Idcd

il? dBC _7dBA $1d©

90dBC 8_IdBA Fa_in_
_bdBC 85dBA Shielded

i

5-se_t ion Icl_oplc _I._3dBC 75.7fl dBA R_I_Ing l'rlm_d Iru_lcs _o _¢c_nd story
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Treble A2 (c_nt'd)

SoundLevelat _0 fl (1$m) Opers,t Ion P_erformed

ll_l=hoe=

C'=se,=L_OB 71dBC 59dHA Idl_

_Odl]C _SdBA $.:01in_up In _andysoil
77dBC 66.67 di]A Idl_

_OdnC _9.71 dl3A X)iqchinl¢and cntptyinl_sh_3vcl
7_-TqdBC f_q.70 dE_A Zdl,_

7'7._1dBC 72.74 dEIA Dilchin_ with _lL'r idle

Ca_ _ll 7_.1_(IdBC (16dHA FilllnR h_plumtltng ire'richuHn_ fr_nl I_ader

JohnDeere410 _HdHC 82 dLIA Dig_inl_Ir_nch forsew,orline
H5.87dBC 81.H2 dBA

Cau=530 _6 dHC F_llln_ in lel_phor_=_arc=zch(I]=z_kho,_useda'. Ir._ncher

I1_110¢'=

C_lcrpilUxr23S 85 dlJE" L)ig_in_ 10I_ w x20 _ D trench in hard ,:l;_y
f_OdHC 71_dB/.. Sl¢_ady
_h dHC 81 dBA Di_in_, ,:lankin_

J_hn[_ccr_t,cXlA _2 dl]C" 73 dB^ (Scale,pint41 I)ig_iszl_plumb_n,_Irench
BgdHC _TdB^ • Impulsive

J_hnD_._r_ f_qO._, _8 dBC

89 dBC 7_ dHA - M_vin_
89 dHC 85 ¢LB/.. • Scrapit=i]

Vlbr;xmay 82-_3dllC _4.NEd Z]A RL_lling_mdy _.oil

_ IngrainFlat q2dHC 1_(_cLJSA Pan,byup _r_de
• 7;_dBA p_z_byill_wn i[rad_

;, _ ln,_ramPn=un_ali_ 8,_dHC 8OdB^ P_by
,'lOdHA

7q dl3C 71 dBA U iihill
_45dHC 81 diZA Uplllll r=vvin__n_ln_
81dHC 78 _IJ_A D_'* nhill

8_,dHC _OdJ_A Uphill IL_IIspeed

IngrainFlal _7dl3C 77dBA Fini_.llin_ rc_adbed(,_low)
,70dHC 84 dllA

Co=prmsoat

Ir_er_ollRand ql ILBC 82 dl_A - ri_hl _,ide "l'¢_qin_phlml_iNgl'or Ic;,k_,

Un_d=ntili_d I_ dBC (_9.70d I]A • Idl_ Pl_,l,_rirlg
_4 diSC 75._hdBA R_,zr_l_er_tin_
77.7_ dBC (_7.b_ld BA Ri_ht _,ict__p_r_tin_

T_uchero

Dil¢ll_lt,:h I_f_ Kf_dfJC _1 dBA - I_ _,id_ 'rr,:rlch_ t_r I_l_ph,_n_cat_l_f_in, wide
_f_.ftf_IIHE" _I._3 dBA - right sLde

Dil¢llv.itch R_$ _gdLIC 81 dBA - ¢_llq_nu_Ll_ Tr'_nchi_
91 dBC' ft_dBA
¢)hlJlC _43dllA - rl_¢k
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TrebleA2(¢onl'd)

SouadLevels150fl (15ml OpcrJtlonPerformed

ForklIOi

J_dmDe,re4_0 _q dlIC 81dL_A Passby- nnIo_d
_b d[3C 7_daA

Sm_llCementMhcr

Unidenlificd "_0.78dUC h?.(_ daA Mortarmixin__r brickfacade

Crmcnt Truck

U_ld_nlified _8-qOdlJC I_odi]A
7qdaA

atlenu=ltor setting elzanges for tile A-welghted read- using tile CERL analysis system, (See Tape Record-
ings, Figure AI illustrates the equipment used in illg and Analysis Method scctlon.)
I_lock diagram format.

The CERL system _san extension of the monitor-
Measurement and recording L:quipment were ing s_,_tcms assembled for us_ at EPA regional

t_pcratcd and calibratod according to manufacturer*s offices. Basically, data are played hack from a Nagra -
specifications and instructions, and all applicable lapc recorder, A-w_:ighted, digitized, and then

_, standards were _llowod. Meteoroi_gfoal parameters ¢hl_siliod aLa raze of 10 Hz by a Wang 600 comput-
_cre nozed, Ij' high wind speed (greater than IO ing calculator. Stati_lical cafoulatfons are performed
knots) or cxeess_'/_ relative hunddity (gre_tcl* tha_l 90 by th_ ca[cLdator and thcs_ dala ;_re output Qrito

_ pc:teen|) occurred during the measurenlent period, digilal cassette tape for further analysis, Intrusive
th_ re(:ordhlg scs_h_n wa_ tCllllinatitd, rlOi_,_:(wiod gtl_,t_, conversations n(:ar the micro-

phone, etc.) may b_ cdilcd so that they are ignored
by the _y_tcnl,

Analysia of SAE Construction Site Noise
,' Tape-Recorded Date A comparison of the equivalent sound levels for

: : Ihe SAE procedure and computer analysis of this
All SAE lap_s were analyzed in tile laboratory procedure is shown in T_bI_ 3.
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APPENDIX B:

TEST METHODS AND RESULTS Hnundaries ofthe C(lnstructhm Site--The outer-
most limit lines ¢11"die eonslruclion site,

Draft No, 6 (15 January 1975)
NoiseSensitive Area--Inhabited properly such as

SAE Recommended Practice: Measurement thai ttsetl I_r puhlie, connncreial, religions or

Procedure for Determining e Representative educational pnrpuses, nr home dwellings, parks,
Sound Level at a Construction Site and olher special purpose areas where the back-
Boundary Location* groundamhientsound is lessthantheconslruc-

lionsiteSOllnd]ecel,

l. Scope
Background Anlhient Sotlnd--The all encore-

This SAE I;leeommendedPractice sets forlh pro- passingsOttlRIassociated with the givenenviron.
cednresandinslrumenlalion lobe used /brdeler- mellt, wben the construction sile is inactive.
ndning a represenlative sound level during a being usually a conlposile of suunds fi'om many
representative time period al selecxed measure, sottrces I_r and near.
taunt ]ocaliofls Oll a conslrncrion site boundary. It
et)neerns riteeonlmUnily adjacent to the cunslruc- Rcl)resenlalivc Sound Level. _A--lt is the _]ver-

lion site, and it is not inlended for use in deter- age iff" sound level samples accomplished in
ndning cccupalional hearing damage risk. accordance whh procedures olntlined in 6,1.1.-

6.1.5.
2. Imr,oduction

4. nnslrlnncnlation

The procedure set fhrth in Ihis document may be

nsed by construction site management for sell" 4.1 A Sotlrl(i level nleter which I)leels Type ] re-

regulation and construction sile planning or by qniremcms oflhe Amerlc_m National Stand-
state and local officials Ibr the enforcement of ards Spccillcatiuus for sound level meters,
construction site noise regulations, As is demon. SI,4-1971 (Reli:rence 3).
slraled in Ihecompanion document (Reference I)
to this recommended praelice, {lie representative 4.2 As an alternative Io making direct measure-

sound level obtained using Ihis procedure taunts wilh the sound level meier, a micro.
approximales the "energy" equivalent sound pbmtc or sound level meter may be used wirlz

luvcl, Leq, (}tetbrence 2) obtained from nlor¢ a magnelic lape r_cordur and/or graphic
sophisticated data acquisition and analysis ruth- Icvd recorder or dnla analysis instrumenta-
tlklues. Use nf Ibis reconlmended practice pro- lion (either an;dog or digila]) providing the
rides sound level data represuntatiw: of the com. system meets Ihe requirements of SAE
plex lime-varying sounds emitled by construction Reconmlended Praelice: Oualil_'ing a Sound
activities whidl may be applied using various Data Acquisition Syslem. J-184 IReli:rence

nletlnods (Reli:rencu I) to estimale comma:]by re- 4).
action to Ih¢ construction aclivily.

4.3 An aeutlslic calibrator with an accuracy of
3. Definitions {}.S decibel {see Paragraph 7,2.4).

Construction Sitc---.'Phat area within the defined 4.4 A windscreen (see Paragraph 7.3).
boundaries of Ibe project. This includes defined

hnundary linesofthe project itsdf, plus any stag- 4.5 An anenlumeler widl ±tO percent accuracy.
his area outside those dellned boundary lines
usedexpressly Ibr conslruclion ordemolition. S. SiIe Determination

5,1 Obtain specific drawings, survey slakeIoea-

*Frlml SAF. RerommendedPractict': Ma'asurement Pr.cedurl, th)ns, arid other pertinent inlbrmution in
,liJr Drtrmffnin# a Repr=,_entalh,e Sound Levelat a Construction order to sketch Ihe boundaries of the con-

Site Ih,mdar3.Liwallon. Dran h tSociety of Aulunloliv¢ Enlgi. SlruclJon site anti n01so sensilive areas on a

neers.1_7St. I.lcsimile of Figurtt I.
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(Can,t ru¢llt*lD Site)

I. Skulch Appmpriat_ Silc ]]fltzrldarlcs. Ad!_c_rtt Cq_mmon]lira, alld Mca_,rcmclll L_:c_liclns

Z, Cumlrue(lunSit_ Type

J, Sound-LewlMetcr:Manuf, M_xlr] SIN __

4. W_atherCnllditi(_ns

i. 5. Remarks

Figure I. 5ampleskelch format,
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5.2 Obtain information in sufficient delail neons, ever. puss-by of such vehicles, in the
sary to delermine location and activity pat- area of the measurement location
ternofthecunstructionsiteduringflleperilvJ causing difficulty in obtaining valid
used for measurement, as well as the Ioca. nleasurcments, shall he considered as
lions of noise sensitive areas, in order to aid intrusbms, and ha.died as in file pre-
in the selection of sound level measurement ceding paragraph. An allernafive
locations, measurement system, Paragraph 4,2,

may he required toaugment the direct
6. Measurement nleasurefllcnts lot tllesc cons(ruction

sile conditions.

6.1 Sound level measurements at construction
site boundary adjacent to noise sensitive 6.1.4 Tabulate the maxhnum values, LA,
areas shallbetaken in Ihe following manner: ohser-,,od during tile sample period,

usiug a data sheet such as shuwn in
6.1.1 Calihrale the sound level meier belbre Figure 2.

and alter each measuremenl period,
using all acoustic calibralor, fi, l,5 Determine the representative sonnd

level. -LA, nsing:
6.1.2 Localethe microphone at five feet (1.5

In) above the ground and, if praeticaI, n
10 fcct (3,1 m) from walls, buildings, LA = (_ LA)/n
or other sound reflecting struclures I
wllen they appear at the construction
site 6onndaly, When circumstances ArilhmellC average of LA values,
dictale, measurements may he made at

greater distances and heights and LA values: dn)se sound levels which
closer to walls, providing these facts th]l within a range of from 6 deelbels
are noted, less Ill;In tile nlaxbTluln level tu die

inaximum level.
b.l,3 Set the sound level meter to the A-

weighting network and slow response. .: tile uuinbcr of LA values usod tbr
Observe the sound level meter during a conlpuling Ihe arithnletic average.
10 ±2 second sampling period at file

,';tart of ezieb minule and one-half The use oftldstechnique provides a re-
minule ['or any representative 30- sull wilJell is eomparahle to "energy
minute period of construction activity, averaging" all of the ohse_'ed values.
IL daring any of these observations, Corrections may be applied (see Table
the measurements are af['ecled by any I) wbicll results in a culnllutalion of
inlrusivenoisesoureesoutsidelhecon- Leq Ik_r the representalive measure-
struction site, such as aircraft, cruet- meal period.
gunny signals, and surface transporta.
lion, nteasurements made during these 7. General COllnnunls

periods SllO|l]d nol he considered, bUt
the number of one-half minule obser- 7,1 II isoflcu desirableto obtain the hackgruund

ration periods should be extended un- alnbienl SOtlud I_vel on the same day as tile
Ill 60 valid measurements are ob- sound sun'ey IO obtain represenlafive con-
tainod, struetion site sound levels. It is suggested

lhal Ibis be accomplished when tile construe.
On/oil' highway vehicles, such as lion site is inactive, such as before start-up,
dump trucks. Iruek/mlxers, elc., during the luncheon break, or ;=tier shut-
which occasionally enler, operate on. down. Tile above procedure (6.1,I-b.1.5)
anti leave the site, shall be considered shoukl 6e usod,

us part of the construction activity
while within the sile boundaries. How. 7.2 [I is recommended that persons lechnieally
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i

I

CONSTRUEHON NOISE EXPOSURE DATA SIIEET
i
J

Instructions:

I. C;_[Jbral¢SaUIRI.[eVdracier ushlg a¢oll_d¢ caJibralor,
2, 111++1011windscreen,s_:1¢¢1A,w¢ighttngnetwork,select"slow" rcspnnsr.
.+i,Ob$_l_ J'otIQ_: 2s¢Cfllnlsat 111_SIBI+IOf¢llch 111iIU[¢ :lnd I/t ndButclot _ inlnIIIL'S.

4. *rabllla{*_maximum _ading La,

Conslructian: (2 Acdvily ['_'_No Activity

L_tcrnltne Arhhnl_d¢ Averagr EA

LA idl]AI

I. 31.
2, 32,
.1. 33.
4. 34,
5 35,
h, 36,
7. 37.
fi, 38,
9. 39,
I0. 40,
II. 41.
12, 42,
1.1, 43
14. 44
15. 45.
lb, 4b.

17 47.,
18 48
Iq. 49
20. 50.
21. 51.

+, 22 52. ,
2,1 53
24. 54

. , _ 25+ 55.
2h, 56.
27 57
2a. 58
29, 59,
.g), bO,

SUM;*

*Consider for the sum only those va,lu©$wilhin hdBA orthe maximum value observed,

_A "Sum/n:

ConstructionSitr Date Time

Wind Vch_:ity mph, Tcmp:ralUre °F, Engineer

I{¢nlarks

Figure 2, Sample construction lloist: exposure dala sllcel.
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trained and experienced in th_ current tedt. Examples of d=anges in nolse-making aetivi-
nique_ of rluuiid nleasurenl_nts select the ties or patterns wblch affect the data _ll'e:

_:quilnuent and conduct the tcsls,
(I) Nearby tmJse sources, such as power

"/.3 Proper usage td' all test instrumentati0u is mowers, pavement breakers, brush cut-
esSenlJal to obtain valid nleasurenlenls, ler_, or power saws.
Operating manuals or other lileraturc fur-
nixhed by the instrument manul'aclurcr (2) CllangcsinvchicularlraMcfiow. suchas
should he roll:trod to filr bntll 1he reeugl- dosed street, detours; or shift-change

mended OllCratlon ol'lhe inslrnlnent and pro- periods near industrial plants.
cautiuns to be ohserved. Speeilie items to be

considered arc: REFERENCES /

7,3.1 The type ofndcrophone, its directional I. Companiun Document (Unpublished SAE Re-
response characteristics, and its orion, porl).
lotion relative to tbc ground plane and
source of noise. 2. EllA, lnlbrnlalion nn Levels of Environmental

Noise Requisite to Protect Public Health and
7.3.2 The elli:¢ts of ambient wealher coodi. Well_tre with an Adequate Margin of Safety, 550/

dons on lhe perl_rmanc0 uf all instru. 9-74-0(H, March 1974.
mentt (Ibr example, lemperature,
humidity, and barometric pressure), 3. American National Slandard SI.4-1971, Specili-
Instrumentatiun can be influenced by cations fur Sollnd Level Meters.
h)w temperature and eattl_on shotdd b_
exercised. 4. SAE JI84 Sound Levd Acquisition System,

7.3,3 Proper signal levels, terminating ira. 5. AmericanNationalSlandard SI.I-Iq60, Acousti-
pedances, and cable lenglhs on multi, cal Terminology.
instrument measurement systems.

t_, AmericanNatlonal Standard SI.2.1962, Phy_;ieal

7.3,4 Proper acoustical calihralion proce- Measurement of Sotmd.
dure, to include t he influence of exten-
sion cables, ele. Field calibration shah "FABLE I

: " bc made inlmedialely before and after

e_ch test sequence. Internal calibra- Correetlons toLA to Obtain Lcq
tian means is acceptable for lield use,

provided that external calibration is N/I_O Correetion-dB
a¢cumplished immediately betbre or
after field use. .8t_1 I O

.7it).8 -1

7,4 A microphone windscreen shall he used pro- .fifo.7 -2
vidcd thai its effect oil the total sound level ,Sto.b -3

measuring system does not degrade the sys- .4 Io .5 _1
tern below the requirements of ANSI SI.4- .3m.4 -5

1971. Ibr Type I sound level nleters. It is .21o.3 -7
reconlntended that nleaSureillenls be glade <.2 -IO

only when wind velocity is below 12 mph (19
km/hr),

Fort Hood Results

7,5 Measurenlents should not be made if signifi-
cant changes in extraneous lind non-con- 'Fable BI is _1sunltnary of equipment sound level
struction related noise.making activities or a_ld usage I'aelor dala for measurement locations at

patterns occur during the sampfirlg period. Fort Hotel. Texas.
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Tsble [31

_ummmryof Equlpmenl $otmd Level _d U_ _elor l)alJ
[or Mealuremenl LocRIlon_.-Forl llood_ Tez_

P_k Pelk
Sound Sound
Levtl Dlsl_ Level DIJtan_

IdB._.m150fl Un|e laOb_r_er L_ IdllAiISO['l U_le toObRrfer Lira
Equlpmenl 115ml] F_ tor_° Ireel Im]l _ _qulpmml 115ml_ F_tor** (fcel Im])

i_lIion mI. I l_'_llc_fL 2,4

_tlllcr 7"/ .37 1000 I._QS] 4"/ II_l_hl_ ?? ,43 220 467) _:O

AirCunll_r _ .0_ 2_ 17_] 57 I_l_kh_ ?7 .43 2?0 Ib'/J 58
Grader _7 .03 I_) I305_ 4_ AirC_tnlpr_lr _Z ,0_ _0 [_1) S$
Forkli_ _$ .3_ 3_r_ II07] _ _:_lrk_il_ _S .01 280 1_5]

_qui_l_l Sound b:_l _I Oh_crv_ IdB] = I_

_ckhl_ "/'/ .0? 240 173) 52 I)_z_r _2 .17 200 161] 70 , _

Equivalent Sound L_¢I at Observer IdD] = _1 _'_'_
I_lt i_n 4.2

'_u_k--_l_m ?3 .?0 I_.) (4_] 62 (_r_t_r _2 ,_ 210 I_) _9
$_wl_di_] _ ._3 I_ [401 b5 (;r_l_lcr _7 ,4_ 400 [122]

I_r _2 1.00 4_ (1221 _4

[)ump Truck ¸ _6 ._,_ .100 (122) _3
L_ali_n 2.3

Scraper _? .17 I_ [4_ 6_
Grud_ _Z .33 160 [49_ 67 _.'_liul_ 5. I

_rkli_ _ ._ I_ [4_) 52 Fr_rlt lill_l1_,_d_r _ .I$ 17_) ($2) _9

• For ¢_l_'t]_liOn a_t_v]l_ nc_r mc_ttr_m_n_ Io_tit_ _¢c"l_blc2.
_ U_g_ _¢lor.--_r_tlon o_t_m_ in noi_l_s_nlo_c---bas_d ell d_la _oll_t _'d on siI_ by CF.RL personnel,
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APPENDIX C:
{I. When tile frequeneyol'the sound is higb.

CONSTRUCTION SITE NOISE CONTROL
The shadnwing of a source is poor al low frequen-

Shloldlng _:ies (because the Sollnd can diffract around the
barrier}, whereas at high l_equeneles, a larger

Fences sbado_ is east.

Fences ofone type or another usually surround a Tbese advatlnlgUS earl be applied to et.rtain
construction site. The primary purpose of fencing is specific circnmslances:

nnl to keep noise in hut to keep people out. To con-
struct all entire soundproof or sound-reducing JCllee I. In populous ;irons where tl|_ dislance between
aruund a construction site of any kind would be source and receiver is short

qlfite expensive. However, if properly constrtlctcd,
I_ltces can be effective barriers to sound as well as 2. Wbere one.story residential homes are pre-
people, The basic principle: of sound altenuation by dLmlhtanl
a harrier is to pIace the potemial sound receiver in as
much oftllc_shadow zone of the barrier as posslbie. 3. When clearing, grading, or other ground
The angle lbrmed between a lille from tile Sollree to operati_ms are being cnnducted
the top of lhe barrier and the line front the receiver
tothe lop of the barrier should be as great as possi- 4. When stockpiles are available on the site
bl_. as shown in Figure CI. When it is zero or less, boundary
II0 shielding occurs. Thus. there are certain eases

when a barrier can be quite effective. Some of these S. WIlen buildings ;ire conslrucled slarling at the
arl.': noise-sensitivo area and nlovlng _way, leaving

tbe new buildings as barriers.
I. When Ihe source is at grotlnd level or in an

excavation Barriers are valneless in Ibe following cireum-
starlces:

2. When the bllrrier is high

I. Wben the m;qor noise source is predominantly
3, When the sourc_ is close to Ihe barrier low !'requency

' 4, Wben tile receiver is at ground level or down a 2. Wben the nolsc source is elevated from the site
slope boundar:,, such as apslnpe or on a building

5. When the receiver is close In Ihe barrier 3. Wben the receivers are in muilistory structures.

SOUND BARRIE_
SOURCE r//l ./

T x,
h 3

Figure Cl. Basic prlnclple of barrier altenuation.
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BARRIER
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¢l 602
0
¢n 40' HIGH
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IO0 FT (30.Sin)
FROM DIESELENGINESOURCE

40 I I I I I
IO0' 2GO' 400' 800' I000' 2000'
30.5m 61m 122m 244m 305m 61Om

RECEIVER TO SOURCE DISTANCE

!

Figure C2. Shielciingcaused by barriers for dieselengine source I00 I't (30.5 m) f_nmbarrier.

When harriers can l_e used, their efl_:ctiveness Siml)licity. mobility, and,?'ll_:ctiven_'ssare tile k_ys
(lupend_ tip(), holh Iht?distane_ I}_.lweensource and H_keeping costs down in noise reduction. As a bar-
i'uccivcr alld tile ]lciglll or die barrier. Figure C2 rier. lcitl?cs(?=illhl_ ¢onsIrtActed (iF wood phmking.
gives some eXalllp]esituations of Ihut ettltctiveness piywo(_d, t_r any other sturdy material and may I)e

) =llwadicsulenginesource(ah,lId{)zer)operatingl(X) hung whh rul h_r or canvlis malting These materi-
li (30 Ill) fi'onl various height barriers ¢_ltfiat ground, als can be used r,:pe;ttedly as needed and setup and
A I0-1t (3.0 m) high barrier provides measurable takedown times are minimal.
relhluliol_ Ihr Ihc receiveril' he is .A'hhin I00 fl (30 m)

,flhc barrier. Whell tile barrier is 20 [_ (6.I Ill) high, AS a Stnlctural support, Ihe l;:.ce is ideal since i(
a '¢;Ihlldd_ redtlcli{in (ll' IO dB will extend out to IO00 nltlSl he stt_r(ly Io prevent unwallled entrance. As
ft (305 m). It is not recommended that a 20-ft (b.) meltlioned previausly, the t_nce can bu hung with
m) high it:nee he Imih, bul rather that lumber stock- nlalling b;lcked by plywood. Since leaks are a prob-
piles be set Io acl ;l_ a sotllld barrier, The Occupa- leln, overlapping is essential In improve sound
tio.al Suli.'ty and Heldth Act linlils such stockpiles to red.ellen. I)]ywood ,gives added rellectivity and the
2() ft (h. Im). Whell tile Ilarrier is40 t'l ( Z2.2 hi) high. luatting aids ill absorption.
_ery high levels of rcduelinn occur, Such heighls are

lypical hi' two,story coltst rneliOlh Neilhur sloekpiles M;trl)' materials Call bu finlnd (msile ¢)rc_n be tlsed
ilor h{)nles arc e(llllii3tl[}U_i barriers, st) thu_e hlrge fiw oilier i_llrlmses.As examples. ChlLin link f_Tleillg

I'udllclitllt_;ealtllOl he realized in prl=¢lice. (an exccllullt stnJClural support} nlily already I)e in
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use to p_vent unwanted entry. Pl)_'ned is nsoally Earth hernls are i1{)[practical to use around snla]]
found on a ennslruetion slte. so hs cost as additional areas where operaliUnS ,xill be comple[ed in a short
mnteri;d is nondnal. Malting would be an added period of llme (_ine¢ tile eartll will have to be moved
cost. but ils USein other _lreas. such as protective too much), hut the}' cliff beofgreal hnnefit to the site
covering Ibr materi_ls or shielding fi'onl flying debris as a whole.
in(}tilEroperalinnswnuId make ilnlnrean assetthan
a llability onsite. Stockpiles

Sections of It:nee, _r the entire fence, depending Material stockpiles on a construction site can be
on the length and height, can he made into .a sound used as shielding ehhcr by proper placement of

shield either enlireIyor in localized sections. A ti:nee nlalerJals arllund noise sources t_r by placing
can be considered as the sollnd enclosure for the machinery behind material piles. According to
entire site; however, since some noise sources within OSHA rcguladtms, material cannot be piled higher

the site will be mobile, it does not necessarily have to titan 20 ft (b.I m) {this height should be more th_n
he a sound shield at all points at all times, Factors odequate for shielding in most cases), Any material

from both inside and outside the sile will determine can be used and can, if needed, be covered or draped
',_,hieh sections of I_nce will became shields at differ, wilh sound-ahsorbing material (matting) to reduce
eat times. Used in conjunction with olher methods of refleclivity and increase sound absorption. Bundles

noise reduction, which are diseusst'd later, lhe fence of lumber can be placed to provide shielding tbr a
enclosure can be el'lbclive in a wide variety of situ- great distance, if necessary, or can he used to plug
ations, either as a primary or secondary noise redan- gaps in other types of shielding, This method is
finn technique, simple, mobile, effective, and tile cost is nominal

since tile malerlal will bc eventually used on-site in
Earlh Berm_ the processof construction.

On most borne construction sites, earth is moved, A primary IlasJs thr ndnindzhlg noise roduntion
the _iite is physically chtmgod, and tile ground is re- ct)sts is tn elti:ctively use [he materlals on hand. In
distributed. Oflen, large amounts of earth are some inslanees, sloeks of slraw ill bales for use in

loaded inlo Irueks. hauled away, and dumped. This muddy conditions call be used as sound shields until

material can he used unsite to Iornl all earth I_nce or they are needed al another lhne for antlthelF Use. By
earth berm which can reduce noise emissions from nlaximizing lhe use potential of material on-site, it
the site. Eartb I_'om road excavation, Ibundation becomes more versatile and valuable as an im'est.

excavalinn, or high-spol excavation call be dumped meat and can subslitate for or replace additional
on lbe perimeter of Ihe site or behveen impacted nmlerial which would otherwise he required. As a
re v,a ;Is and those areas 'here construction activily will imrtieular operatiOll progresses, tile material can be

take place. Tile earth should be piled as high or mtwed wilh it Mrcan be used in tile Ibllnwing opera-
highcrlhan a I_nee t_rnlher sile enclosure--lO to 15 tion. For example, if slockpiled bundles of lumber
f[ (..3.0 1o 4.6 hi}, it' possible. Eal'lb herms can be _ere shlcldblg a baselnent excavation and founda.

used at a base Ibrn IblJce. raising the effective lion pt)tlringsequencc, Ihe nlalerial would be availa-
height, provided the soll is available before the fenc_ Ide Ibr tile next operalion (ntmring and framing).
is needed. Planning belbrehand is imporlanl. Phmning material placenlnn[ is a key Io smooth

sequential operation trolls)tirol and, ill this ease, also
If i[ is known that a great deal of earth is to be re- reduces tilt' noise emitted from the site.

m_ved hut Ihat haekfilling around Ibundallons will
be needed al a later date, piling excavated earth in Bufhlhtgs
die fornlof an earlh bernl around tile site Call be a

benelit, bolh ill terms of noise reduction during con. Buildings can be ¢lti:etive sound-shielding devines,

strnction and stacking fllr later use. Tile cast of as nnted earlier. On htmle construction sites, build-

I creating atemporaryeardl bernl would beeompara- ing _H)erations shollld proceed away li't)nl thet

[ bin to immediate removal, tile only diffi:reltce being inlF,acted areas tu create a noise barrier Ibr later

I that remt)val would take place at a later date. No operatiuns. If Ihe site is surrnun(led by areas of
additional materi_d is hwolved since tile soil is impacl, huildiug shmdd proceed h)ward tile eenler
rcadily available. |u this way tile malerial can he of the she, using Ihe existing honles as surrounding

utilized more ell_clively on-site IIi;111off-sile, sbiehls.
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Stationary machinery should be placed behind he used over as large an area as possible and thus
buildings Ibr use.as barriers, lt'the wall surfaces are uvtdd relocation, Compresst_rs alld generatnl'_ run-
covered with sound absorbing material their nine diffi:rent tools on tile site slmuld bave as great
ubsorplioncharaeteristlcscan be increased, depend- an efl_:ctive el)crating radius as possible. This re-
ing on material and thickness, dunes the takoduwn and setup time for sound shields

• and rehlted materials, but it may degrade tile per-
As meufinllcd earlier, planning is important, By Ibrlllance of hydraulic and pneunmdc tools. If th0

dcmrnlining thedirectlon ofbufiding operations, the construction site is planned beforehand, stationary
newly built structures can act as shields; and tbere is equipment can be located and bui]dhlg can proceed
no cost involved, since they are to be built anyway+ within their el't_elive operating radius. Using the

They can act in place of sbielding devices which stationary equipment as a ['heal point for operations
would ha_'e had to be used had the operations been and exlendil_g Ibe working radius of the equipment
directed toward the impacted area. Existing build- call mean inure efficient noise control, since the

inns should be used to their maximum extent, but s.urces will be less mobile and easier to contain.
tile direction el'actual construction can he even more

beneficial on larger sites, Blankets.fbr Concrete

Enclosurl,s In tbe demolit[on of concrete, collected sound san

be reduced 5 dBA by using matting or fabric blan-
Machinery sound enclosures can effectively reduce kets to absorb the sound. This method will be most

noise emissions if the macbinery is stationary. Enelo- effeclive if tile spa_ is enclosed. The matting or
sures can be bui]l of plywood and two by four's and blankets can be of the same type hung on fences or
covered inside whh an ahsorbing material. Tent buildings at oilier areas on tile she. Canvas filled
enclosures can be mode of heavy fabric, rubber, or a wilb nlincral wool, or thick cotton fiber or foam can
sindlar heavy material, [heed inside wifil a sound- make suitable sound-absorbing blankets which can
absorptive material, Tent enclosures arc not us be used for various operations.
physically strong as rigid enclosures, but they can he

used when protected by other structures. Tent enclo- Um_sed Equipment
seres also do not provide as 111uchSound absorption

! as rigid structures, Many times on a construction site, equipment not
L ill use call be used as a sound slliald if it is parked at

: Enclosures can be used to quiet various types of pt_ints where sbielding is required. Idle machinery is
1 stationary machinery (compressors, generators, Ullproductlve and is a cost; it'the machinery can be

:, pumps, engines) and to sbidd noise emissions from put to use in reducing noise, it bacomes productive.
:_ manual operations (drilling, sawing, hammering), if Tile parked machinery can be nsed as a strueturaI

it is possible to perfbrnl these operations within the meobanisnl PJr sound-reflection or sound-absorbing
enelt_sure. One problem of enclosing machinery is nulterial wbicil can be leaned against or bung on it.
beat bufidnp inside, The enclosure must be venti- Machinery and equipment then beeonze mobile
latod to ndnindze ovurhealing and reduction of supporting mechanisms Ibr other noise-reducing
machinery performance. Partial enclosures over- materials, Bulldozer blades, loader buckets, and

come Ih_ heat problem and sltoald use exisIing scrapers set Jengtbwise to noise sources can provide
struclures as part of their structure. Ba]es of straw shielding and reduce the costs involved in construct-
can be very useful Ibr this purpose, Enclosures can inn oilier types of shielding. Tiffs minimizes oddl-
be indlt and taken down rapidly and moved where llunal costs incurred in constructing shield support
needed and should use avai[aMe site material as struelurcs,
much as possible,

Time Controls

L _('_tio qf'Machh cO'
I Tim e tJ/' Du ,
i • ,

Nt_isy macbinery on a cnnstruction site should be

located as far away from ffie inlpiictcd areas as possi. Noise impact can be reduced by regulating and
ble, If this is not possible, tll_ machinery sbould be scboduling nperatinns on a site througbout the day to
hvcatod behind slractures, shields, or enclosures, coincide with ambient noise levelsoflhesurrounding
Stationary maehlllery should he.'located so Ibat it can area, allhnugh dds may prove difficult at times. The
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noisiesl ¢_peratinns should he perlbrmed while moslelficicnlnledtudscanreducethetlnleanopura.
ambient levels are highest in the impacted areas_fi_r ti_m takes, hut tile most efficient method is not
example, times of day when traffic flow is the great- always the quietest. However, if the scheduling is
est are well suited for conducting noisy operations, such Iha[ the operatlnn coincides wifl_ high ambient
Such times are morning rush hour--7:30 to 9:00 levels, the eiTuet nf a short noisy operatiun can he
a.m,: noon hour--l|:30 a.m. to h30 p,m.; and reduced. By determining file quiekesl way to com.

_veniug rush hour,.--3:30 p,m. to 6:00 p.m. Other plete an ¢)peration, the duration of tile noise is re.
relalively quiet times such as early in the morning, duced and the _peration can create a higher noise
should be reserved for quieter operations, Dally level than can one having a long duration. The best
scheduling of acfiviti_ with reference to surrounding choice is tn reduce both duration and noise by effi-

ambient levels should be considered when planning cleat operations and other suitable methods dis.
operations on the site. Evenings are peel_rable in cussed in this seclion. Con[rolllng duration is only
business districts, one way In reduce noise and should be used in con.

junctinn with other methods to maximize its noise
Dad,of Week reduction potential.

Most construction operations are performed on a Mltltiph, vs,Single Operations

5-day work week basis, blzt in some areas, weekend
work is advisable. If impacted areas surrounding tile Since noise levels are not appreciably increased

site are heavily occupied during the week, excessively during multiple operations of approximately equal
noisy operations can be conducted on weekends s_urces (i.e., two operations at 90 dB until generate
when the impacted areas are less occupied. In truly q3 dB combined), scheduling multiple opera-
business districts, weekends are preferable, while in tions on a site can be beneficial in noise reduction.
residential areas, weekdays are preJ_rable. Since single operations can extend tolal duration

lime on a site. multiple operations can reduce noise
St,a_on duration llme. Again it is a matter of scheduling

operations both in relation to time and to spatial
The s_ason of the year will affect noise from a con- characleristies to achieve reduction in either noise

slruclion site. In dry weather, machinery will get level or noise dnratlon. Multiple scheduling can
better traction and ground conditions will cause less achieve efficiency in both total operations time and

slippage and thus less high engine noise; however, in nolse-levcl reduction. For exanlple, il'two or three
dry weather also rattans more noise reflection f_om ol'ttle n(lisiest operations are conducted at tile same
hardened ground surfaces. In addition, people open time and scheduled at times of the day wben ambient
windows and increase the impact of transmitted levels are higllest, tile impact of the emission may be

noise during warmer, drier weather. In wet seasons, tint less than if Ihe operations were conducted singly
ground conditions make operations more difficult Ihroughout tileday. Multiple operations are then
and add time to operations. Traction levels are re- prel_rable to single operations if planned carefully.
duc_d and higher engine rowing is required to per-
fornl vehicle operations; however, the moisture From tile regulatory viewpoint, ir one uses the
reduces sound levels. Thus, seasonal work can be- Day-Night Average Noise Level [Ldn).* there is no
come a trade-off between operational efficiency and advantage in muhiple operations since thai measure
noise levels. Operations should be carried out when is based on a tolll] sound energy concept (the total

ground conditions are dry and stable since |bose con- energy entitled as sound remains unchanged). How-
ditions make other control measures easier to imple- ever. there may be some advantage in multiple
mont. operalions it' percentile levels are used,

Ingeneral, colder.weather is prel_rable to warmer Operalor FJ.]iclency
weather for c0ndueting operations, since most
people are then indoors. The el'ficient operation of machinery by proficient

operators can cause increased noise levels over those

DunJrion o.1'Operation

*Ldn [_,the cncrgy.uwrag,:dA.wcJglucdmJiselevelInlegraled
By controlling the length of time an operation overa 24.hr periLxlwilhn penaltyapplied for n.ise Iewelsoccur-

takes, the duralion of noise is controlled. Using the ringin th_nighuim¢.
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caused by lessproficient operators, Highly trained There =Iretwo broad areas of absorption on a sile.
and experieneed operators, in order to gain nlaxi-
mum efl'lcieney from the equipment, will bring their The Groul_d
machines In their operating limit consistently and Per
long periods, Operating in finis manner will reduce Hardened ground c_rrocky conditions on.site will
Ibe cycle time of an operation and will bring about relleet sound more than absorb it, Moist or loose
job compietlon ill a shorter period. Less trained ground conditions will have the opposite eflbct, if
operators ==reof Iwo types: (I) th,: cautious learner pessible, noisy equipmum sbonkl be kept away from
who is slower hill operates bis nlaebine within its areas having characteristics thai will increase their
limit (be will cause less noise bat increase the cycle noise levels and sbmdd he placed in areas having

timeoPlhe operation), and (2) the hot-redder who is higher absorptive characteristics. Covering areas
careless will= his equipment and overdrives bis witll absorptive material is also possible but is more

nmchine (he will cause more noise but will decrease expensive. (3round conditions can be changed in
Ihe operation cycle time), h,ea[ized areas, however, to increase absorption and

reduce nnise.

Thus il can he concluded tbat highly trained
drivers, in general, are likely to cause more noise Buildings

than less proficient operators and are not an effec-
tive means for site noise control. Buildings can lie covered wiib absorptive matting

or draping material to reduce sound levels. This
Site Masking Noise--Natural Sounds ,_mlld entail additional cosls but the material could

be re-used lbr sound reduction and could be used to .

Naturally occurring noise in areas surrounding the protect equipment and materials on-silo.
site (ambient levels)can be usedto mask noise from

the site. Scheduling daily operations to coincide with Fixed Equipment Height
times of high ambient levels will then be necessary

but may prove dil]ieult at times, Scheduling can be Noisy machinery should be kept at ground level, if
achieved if anlbient levels can be delermined and possible, to more easily attain shielding or absorp-
t_ceur regularly, but in some cases this may be a lilt- lion.
and-miss system,

At grtlnnd level, P:ncing, buildings, machinery,

: Site Absorption eonstraetitm shields or enclosures, and any of the
t)ther nlgthods previously discussed can be used as

Tbe site ilself will absorb sound Io a degree; how- noise shields, By kx:ating machinery on Ihe ground,

ever, it is not considered Ibasible to increase site tile noise dispersal area is reduced and sound can be

absorption by deliberate use of absorbing materials more easily contained. Noise equipment should be
except witbin specific enclosures or in exceptional placed on low spots al tile site in order Io use the
cases where adverse reflections arc present, surrounding higher areas as shields.
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APPENDIX D:

(Lp)i is the equipment operating sound leve]
NOISE LEVELS AND COSTS as measuredat ,50 ft (IS m) in dBA
FOR EQUIPMENT AND PROCESS Di is the distance in feet from the center of s
NOISE CONTROL equipment operation to the observer.

Noise Levels and Coets_EquJpment Control Table Die snmmarizcs the equipment observed
on site during this construction phase, the present

"I'his section cuntoins a sample calculation of the equipmenl operating sound Ievels, the distances and
increase in equipment list price anti the decrease in usage factors for eacb unit uf equipment, and the \

equivalent sound level, Leq, for a fill and grade con- present list price of the equipment. Table Din sum-
struetion activity at Fort Hood, Texas. Location 4.2 marizes Ihe equipment sound level and cost based on
is used for this example, manul_emrers' estimates of feasible future results.

II is seen IYom the equivalent sound levels and tolal

The equivalent sound level at location 4.2 is corn- equipment costs tbat the equivalent sound level widl
puled from maximum equipment sound levels, their future quieled equipment at location 4.2 is estimated
usage factors, and tile distance of the center of tobe3dBlesstbanthepresentlevei, at an estimated
equipment uperation fi'om location 4.2. increase of 5,1 percent in Iotal equipment list price.

Lcq-(dB) = l0 Logs0 Noise Levels and Costs_Proc:ees Control

[I0[(Lp)i/I0_20LogzeDi)] ] Each specille construction silo operation andCrU.F, alternative melhods Ibr oecomplishing it are tabu.
i ]ated in "fables D2 tbruugh D3b, along wilh sound

[Eq DI] levels aod associated eosls. Sound levels could not be

obtained fbr many of tile ahernative methods, nor

where Leq is the equivalent sound level at the ob- couki operational lime be determined.
server (site boundary)

U.F.i is the usage I_etur. Usage factors were The cost data were based on the hourly rates fur
obtained from on-site measurements of equipment the rental of used equipment, which appears to be
operating cycles or frum federal EPA data) _ tile nlmbod preferred by contractors Ihemselves.

Z_R,guu in of'Cons ruc onAc ,it' HoiJ, BUN teporl 2887 Equipment enlries marked w']tb an asterisk (Tables
(ecgt, Bcran_k,and Ne*_nlathNo,anther1074L [)2 dlrougb D36) ore generally preferred methods.

TableDim

Cut.el SearedL_el and ColtDa_ Pt't'a_tEqulpmeulatLocafla/_4,2'
ofCERLSurv_--Fort Ilood, TeIM

Pm_l Dlataac¢f_m Equivalent
_uztdI_vel Equlpme_zlto SoundLetrl L_t
(dSAt150 ft _ U_ge Oblrne,' Leq(dn) Price

Equlpmen! t15m)} FlgieP = fit) isl Ob_r_et) tDollarsI I01)

Campactar(Roller) n2 .80 t85 (5_.4nit 70 bT.g
Grader H2 ,gO 2tO (b4.0mJ 69 hi.0
Grader 87 ,48 400 {121,9m) n6 71,0
L_:er 82 I.C_ 400 (121,gra) 64 fig.0
Tractor gJ .60 4RO ttZl.gm) 63 20,3
Truck _¢1 ,JO 400 (121,9m) 63 7b,8

Leq TotalEquipmenl
AIObservation ListPrice
Poinl(din = 75 tL_lllarsx 10))=

365.9

*Activitp--'Filland Gradeof HousLngFoandalions,RoadGrading,andCompaction.
FracutlnId IInlein N.tlisiestOperatingMode.
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TIble D I b

F_t_1_1 Sound IAvel and Co*t Da_--Fulu_ Quieted Equ]pm_x| Jl Locil_,on 4.2 •
of CERL Surv_--Fort lloud, Te_

QuleJed DIJ_ Dum I_lwJviJeni Future I._
Sound l_ei Equlpmmi (o Sound Le,_eJ I_'e (p_il

(dnA aiSO ft U_|_ Ol_en'_ ItoL_ BJ PIm _ lu_' _ Equ_pme_ (_ m_ _to _ _ (_1 I_ _,_ (l_m • 10_

_X_ll_r_

TIbleD2

AJph_dtRoldwly

•_phalt Saw( 18HP} (I.].4 kW) 7_ $2,50 + []lade+ Opcr_tc_r

_ (._) Io $Srb) II 3,t, ¢o24.q kg)

HrcakerT(_d $1,60 + C_)n_pre_sor+ Operator

• Rubber-T_redLoldcr _3 ½ yd 10,38m_)-$12,50
3 to 4yd {2,3.3, I m_) - $30.25

$to 6_ 13.8-4,_,rn_)- _46,75
Io _0yd(6. 1-7,bmj} _ $73.25

• "l'r_ckLoader 86 _yd (2,J m)) - S35,7,S
4 yd (3,1m_)- $4b.75

2¼ y_ (l,gm _)_ $22,00

C_mpr,:s_or(Gas) $4.70
Ib0cu F_/min(4,5 ml/m_n)

('ompres_or(Dl_el) $5.2S
le_Ocufl/rnin {4,5 nl_/min)

C'_mpr_lnr (Eleclr_c) $3.25
]hOcu [_/m_n{4.$ m_/rnin_
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Table D3

Concm_ Roadzmy

Me/hg_ dBA st 15 m Cmt/hr

O_Jan¢_ 53 ._OO+ Op_ralor

Ccn_l_ $_v (IH I! PJ 80 53_75 + BIadc+ Opcr_lor
( J3_._kWI Gas $._7_00ICcnlplctc_

EIc¢tric _k']_00_Complcl_J

_ackhanln_cr _30 to 50 ibl _8 $1 _80+ Cl_m_r + Opc_t_

G_ $4_70

Table D4

:: Wood Fntu_e _ulldlalPt

Metheda dBA st IS m Co_/hr

Mnbil_ Cruise 14 Ion I 1270Dkg) - $30._O + [1_11
+ _ 15ton {13_"_tkg) - 534._O + B_II
I_dach_Hall 22_on(Iqq_kg)- S39._)+ II_ll

Mol_l_ Cru ne 14 I_n ( 12700kg) - $.'tO.SO+ Bucket
+ _8 15 ton ( 13608kg) - 534.50 + ll.cket
Cl_nl_he]] Huckct 22 tt_ 119958kg) - $3q.SD + I3,_kct

"frnck Bt*]ld_r _ i I.l_ t3.4 m) blade - $28.5_
] 2.ft I3.7 m) blade - $3_,._
13-1_(4.0 inl blade - $48.5_

I_.[_ber-TIredBulldozer _3 13-ft (4,0 ml blade -$50.50
1_-I'1(4,q nxlblade - $70._

*Truck Louder 81_ 3 yd (2.3 _n_)- $35.75
4 yd (3.1 rn_l- $4b.75
2yd 11.5 rn_)- $1_,O0
2½ yd (I.gm ]) -$22.00

*[I. bber-Ti_tL [_,ad_r _43 ½ yd (0.4 rnJI- $12.50
IL_4 yd (2.3 to .1.I m_) - S.'_O.2S
Io f, yd {3._ to 4.6 m j) - $4_,75
Io 10 yd (_.l tc 7,_ nl j) - _7.3.25
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TJble I)S

ReLqfore_ Concrete BuUdlnp (UpperStmc_ure)

MrthodJ dBA xl f 5m C_et/hr

r.lt_l_tl_C'r;_ne 14tc_. (12700k_l - $30.50+ Ua]l
+ ,_8 I5 t(i, (f._JH kg) - 534.50+ Ball
f ]_t_]le _11 22 tun (19958k_) - 529.50+ [J_ll

*J_]_ll._: 535.L_)+ Materla_ ([I.dO/Ib)

N_l;lll¢_'rtativ¢ Ii) ._euf ]lt_udal:hcbali.

Table D6

Relfl fa_ed Con_reLeIJuUdLnlte(Fauadxtlon)

MelJlUd_ dl]A at 15 m C_ll/hr

(.l_/kg)

]u_kh_ .Imcr 8_ $ I._ + C'ompr_,r a nd Upc_tc_r

F_t_'kDrill 98 $ f,._ + Cc_mpr_5or a.c_ Op_lc_r

_'_r_¢r_l_Sillier_'r _2 $ _S._,_')+ _mpr_ssor and Ol_er_lc_"

"Tr_ck II.lldc_zer _ I t ._ (3.4 m) bladc _ $ _lq._)
J2-h (._,7m_blade - 5,_.._)
f3.t'f (4.0 m) blad_ - 5.4_.S0

*_. ht_r.TIrcd 13ul[cfoTcr 83 13._ {4,0 m) blade - $,T_.SO
16-_ (4.9 m) blad© - 570._

Cc_nlp_llr _ 54.70
fh(_¢, ti/mi, gas $$.25

di_el
(4,$m _) _lc_trio" 53.25

63



TableD'/

Kemavd of M&lcdll F'mm 51_

Me¢ho_ dBA a115m C_l/hr

**r_ck fl_ 3yd (2._ m_)- $35.75
[_dcr 4yd (3, I m_) - _,46,75

QI_llht_r.lir_d I_d_r tt3 _ yd (0,4 m;)- $12.50
_lc_4yd (2,31_3.1 mJ)- $_'1.25
5to_ yd (3,Hm4,6 _1_)- $46.75

to 10yd (h_I Io 7.6 mI) - $?_,25

M_lt_LIc_r_ll_ _ 14ton (127C_kl;) - $30,50+ Buckel

Cl_*l:_tl_llJlLIck_l 22I_n (1995_kg) - $3_,50+ Uuck:I

Du nip_ITu_k_ 91 6yd (4,o m_)-- $15,00
L2yd ('),2 m_)- $1_,0_
20yd ( 1$,3 n__) - $27._

Circuit| _d Omdl_| 'T_ m_dUru_

M_tho_ dUA J| 15 m Co_l/hr

13.fl (4,(_m) t_laclc_ S4_,_)

*_1_ck L_d_r _ ,_d (2.3 nlj) - 5_5.7S
4_d (_,] nl_) _ ._6.75

2_y_ (I.9ml) - $22_(_

*l_ h_r.'Z'irud L_d_r _._ ½yd _0,4nl j) - $12,50
31o 4 _d I2,3 Io 3,1 m_) - $_,25

IOIOyd _, I Io ?,_ m_)_ $7,_,25

_luckt_ _2 _2 _ (3,7 m) - $21,00

_]_i_ $_ I11 I_,20 in. I0.46 to 0.51 n]_- $2.50

"_oper_t0r

I 12Yd (9'2m_)- $1_'(_
20yd (15.,_ m_) _ $27._)

LI_¢tlllllL_L_r_ill conjU_Cli_ln_ilh load_r_,
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Tab/e DI0

Earth Rm_al

Me_hodJ dBA j115 m Cml/hr

'FnJck riulldoz_r 8tl I I.fl (3.4 m) hlad,_- $28.._0
12.fl (3,7 m ) blade - $.]1_.50
I._.fl (4.0 ml blade - 548.5fl

r LIhls:r-'l'i_cl llullchJ:_r _3 I_.fi (4.0 ml hladc - $._.._0
Ifi.fl (4.q ml blade - $?0.,_0

'Fr_ck L_l._dcr 8t3 3 yd (2.._ mI) - $35,75
4 yd (3,1 ml) _ $46,75
2_d (1.5 nil) _ Slfi,O0
2% yd (1.9 ml_ - $22.00

r ul_lJt:r.'Fir_dLoadcr _3 ½ yd _0.4 mj) _ $12.50
._io 4 yd I2.3 Ic _l.I m_J- $._0,25
51n6yd I3.8 ic 4.ritual f,4_, 75
8 io I0 yd (6. I to 7.6 mj) - $73.25

*S,:ri_p_," _5 23 yd II7._ m _) _ 557,_)
15_d [I 1.5ml) - ._43.7._
9yd (b.qm _)_ $.12.50

DL_mpT_'uck_* 91 fiyd (4.fi m_J_ $15.t_
12yd (9.2 m_l - S1_.00
20yd (15.3 m _) - $27._0

Table DI 1

M¢lhod_ dBA **t15m Cml/hr

"1r;_k IIL_llcl_zcr _ 11-Ii (._,4 m) bl:_dc_ $2_1,50
12.1i (3.7 m) blade - $3_,50
13.11(4.0 m) blade - $4_4,50

RLIhl_r.'l ir_d BLiIIdt_.'cr _3 13-1t(4.0 m) bladc _ $50._
Ih.Ii (4.9 m) blade _ $70.50

'I'r:_ckL_:_dcr _ .1y_i [2.._inI) - $35,75
4 yd (J, 1 m]) - f,.4h,7.S
2yd [I.5 roll _- $15.00
2% yd (1.9 m _) - $22.00

I_tfld_r.'l'ir,:d Loader K3 ¼ yd (0.4 m_) _ $12.50
3 Io 4 yd (2.3 t_ 3. I m _)_ $30.25
$ Io fiyd _3,8 to 4.6 m )) - _46.75

IOI 0 yti(_. ] I o 7._ m_l - $%_.25

S_r_Ll_:r _$ 23 yd ( 17,fi m_) - :557.50
15 yd ( I 1,5 m _)- $43.75
q ytt I_. t]m _) _ $._2.,_0

* M_lttlrGtadcr _1 1._.ft (4 m) blade - $34.25
1.1.fi{,_m) hl_dc - $-%.25
(fi whcd d_']w)
i3.fi (4 m) blade - $3q.50
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Table 1312

Elcavalbn and Drldnln|

Methodl dDAat I $m Coel/hr

'v'l/rcn¢ll':r 8_ 6in, ((3.15nl)wille - $12.50
+ Oi)crat0r
_)in. (I.52 re}deep

*l)_¢kll_ 82 12I_ (3,7 m) - $21.00
14 _ (4.3 m) - $24.S0
18 I'1{5,Sm) - $_2._

E_c:lwtor 82 35.400Ib {1_)57 kg) - $30,00
37,000Ib {Ii_783kll) - $3S.00
44. IbOIb {2(X_31kll) - $3q,CO

* ElL'orrlc I_t.llp 74 $1.'_

G_ Pump 7_ $1._)
.1i11.17,hera}

tCe_triluj_all

[]_,c; I_n_ll_:rI_lr_lr;lJg]ll_lr_tchcs_lnll I1,1ckh_: _lr Lrr_ular spots,

TJble DI3

Ullllllm Plscemenl

Melllod dBAsl 1Sm Cosl/hr

M_llil_ C'r:J_l_ fii_ 14 I¢)nI 12700kg} - 530,50
15 ton I I .Ib08kg) - $34.,_O
22 tun (Ic)9_ kg) - $._9,50

I!_¢_lor 82 _5,4C_ Ib (1_057kg) - S30,CX)
_nd .17.000I1_(_h78.1k_} - $,1S.(Y._
Ih_*_1¢ 44, IbOIb 120031kg) - $.1q.(]O

_nIt .3to 4 _d 12,_1I_ 3. I mI} - $JO,25
IIc_, $tn t_yd {3,_to 4.6 mI) - S4_.75

_o 10yd {b.I to 7._nl I) - $7J.25

*L1_kh_: [_ 12 _ (3.7 rn)- $2I,(X)
_nd 14 _ I4.3 n_)- $24._0
ILcx_k Xt_II 15,_In) - $.12_,_0

Flalb_ Truck_ L)] 16It (4.0 m) Trailer

$4.50 + Opcr_Ior

OIh_r in¢l]lCxJs_toIILIIill,ply to rc_d¢l]lJ_[cunsir L_t_o_1.
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Table DI4

UttckflllinB

P,|ethods dBA +l115m Cm¢/hr

I r;,_k Bulhh_:er I_<+ II I_{3+4m) t_lade - $2++.50
12 I_{3.? m) bhde - $36.5<)
13 I_(.L0 m} hlad_ $4+L$<}

Ihlld_r.Tircd Ilulhl_:L'r _3 13.1_(4.0 hi} blad_ - $50.50
It+.l_(4.q m) blnd_ -- $70.50

'lr_ck I_mdcr t+3 3yd (2.3 mq $35.?5
4 y_143.1m_}_ $4{+.'15
2yt111.5 nl_} -- $1++.00
2 % ytl I1.q m +)- $22.50

R,ht+zr- I i_d Lt,ad_r t43 ½ yd 11).4m+) + $12.50
3 tt_4 _tt (2.3 to.l.l mI) - $30.25
5 It_(i_d (3.8 It) 4.t) mI) - $4b.75
£4t_ I{}yd 16. I to ?.bm _} - $73.75

*II+Lcldi_.' 142 12 ft {3.7 m} -- $21.00
14 I_{-I.3+;1} • $24..r_q
t8 I_15+_m} - $32.50

Table DI5

! Complrlln I

N_clhotll dBA it IS m Colt/hr

JumlfiitldJ:ucls.lhmd "l'aml_:rs 101 $3.75 + Operultlr

M_ichilw.Pthm/llcd I+anil_el'+ 102 S23._)÷ Operaltlr

F+ll_+¢lr+li_+++('mnpaclL,t_ HI $7,5<)428 in.}(O,71 m) + Opcraltw

"_:1+11Rt+llcr_ "1_ S8.45 <_t_in.}(U.61+m) + Ol_raltlr
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Table DI6

Um_ment

Methodl dUA **tISm Calt/hr

'1r_nck[ILiIIdq_r _b I I.t_ 13.4 m)hlade -- 52H.S0
12.1_(3.7 ml blade ¸¸ $36._)
13-1_(4.0 m)hL_d_- $48,:_1

I(Lthl_r-Tir_d[lundotcr _3 13.h (4.0 nl) hi.de _ $_._)
I _.1_(4.9 m)blade- $70.._0

'l_r_lckI.*_*d_r _5 3_d (2.3 mI) - $35,7.5
4yd (3.1 mr)_ $4_..75
2yd (I.S mI) - $16,00 ,!

2¼)d II.qm _) - $22.00 I

Iluhl_¢-'ti_l L_[Icr _3 ¼ yd (0.4 mlJ-- $_2.50

31o4 yd (2.3m3.1 n_j) - $J0,25 !
5 io tpyd (3.6m 4.6 mI) - S4t_.75
8 io I Uyd (6. I io7.b m j) - $'/3.25

37,(_) Ih (167_3kx) - $35,t]0
44.1_) tb (20031k_) - $3q,0_)

t_;L_kh_ _2 12fl (3.7 m) _ $21,_
14_ (4.3 m) _ $24.S0

I.l.._i_'l r_lckht_]ldll,'tJ_', r_bbcr.tir_dt}ttlhh_-_r.Irack It)ad_1".or rt_bber-tir_ Ii_aderisr_lm mended.

Table DIT:

Sbtbten SeLl:

MeSIlud_ dl) h at,J5 m L _.,4g_t//hi "

'rr_rv:ber, KS 6in. 10,15 miwid¢ - $12._0
+Operator

*lla_kh_ K2 12ft (3;7 m)- $21,0U
14 ft (4.3 m) - $24;50
_Sft (S;Sm),_ S32,50 '
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Table DIS

Rock

MNhod , dBA al IS m Co6_/hr

I_ck l)ri[I 9_ $1 ,._+ Conlpretsor + O[_eratlJr
allll

lll_,lillg " $_5._) + _d_lerial {..tQ/Ib)
I$.t'_/kg)

*Rock Dril_ 9_4 $1,_1+ _)mp_s_l_r + Ol_ralclr
_[111 112 $ J,_,[_ + _mprel_or "4"Oper_t_lr
SJllill_r

J_¢kh;mlm_r I_) to 55 I1_) _8 $1.Ho + C_lnlpr_sor + Opcrattlr
(13,t)-24.9 kgl

[3r_;ikcr1_1 SJ._)+ C'_nlpressor+ Operator

Conl[l_'*or
g._,, $4,70

II_}_lt I_/nlirl (Ji_,:l $5._S
I4.,_ m_/rnil_l ,:leclri¢ $_.25

, Table DIg

Fou_tlon EscmvlllonHs,_llng

M_lhod_ dBA at I_ m Eolt/hr

"l'r_lckLo;.t_r _f_ 3yd (2.3 nl _)_ $35.75
4yd [3. I m I} - $4b.75
2yd _I .$ n_I) - $ I_.00
2_:_yd ( L.9m_) - $22.C_

*l_L*bh_r-Tir_d l_,_tl_r _3 ¼ yd (13.4nlI) - 512._r_0
3 to 4_,dI2,3 to 3.1m]) - $30.2S
$to _yd (3.8 Io 4._ m_) - $-Ib,75

Dump '1r_ck c)l 6yd {4._ m I) - $1_.00
_2yd (9,2 m)l - $18.00
20yd {1_.3m]} - $27.-r_J
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TAble D20

File Drldmll ud _n

Melhodl dllA at 15m C_4t/hr

Drill Au_r $L'_O.00

I)be_el $120.00

Air $120.(X)

Ih,l_ Wcij_hl $._0.00

_o_1i¢ $ISO.00Io $200.O_

WalurJcl $120.00

II!clr_lt_li¢ 6_ $140.00

I_,_b Met h_xi N/A

Tsble D2 I

Fuund_tlan Formln|
Iln.Place Steel, Woed, and Prcbullt)

Melhods dBk iI I$ m C._al/hr

I'_ _'r Suw_ $1.25110.In. SkllJl_0.25-m)

-_Operzltllr

I_;1111litCr_* 71 $7,(XJ(Car,_crtl¢_'shmlrlyTale1

_' _l,,I,il: (.'r,i,l_ ,K 14,l,n (,27(X, kg).. $.]O.S(,IS lira ( 13L_)HkR)- $._1._)
: 22 I(_g( 19qS/tk_:)- $3Q.50

I ,adur ;Jml Ih_)_ _3 %yd 10.4 roll - $12.S0
3 to 4yd 12,.1Io3, I nlJ)- $30.2S
S In 6yd 13.8IO4.6 m_) - $4h.7S
K IL_]0 yd (h. I I¢17.6m_)- $73.25

*B.tcl_h_.:undIh,_k _2 12IT13.7ml - $2 I.IXI
14fl (4..1m) - $24.50
I/1fl IS.Sm) - $32.50

Table D22

ConcreteSupply

I_lCthoda dUA sl IS m Ce_l/hr

*(.%lcrclc "l_'uck f13 $25.tx)Ib.$ ydI IS.Om_)

Mi_cr 13½ cu I_1IO.Ill m_l
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Table D23

ConcreteTransfer

Melhodi dBAa115 m COll/hr

(.'_.1¢t¢*¢I'L*IIll)'_ _2 S75.00

" t.'_.t crt'l_'1rll,:k-. N_ $2_,(X)((t.Syd) (S,0inlJ

i_l_l_il_)l.i'.l ('r allt: 14ttbrl(I 270() kg) - $_)._)+ Ii_lck.:l
_IIILI 15tL_nI 1.1(.,()8kg) -- $24._) + tlllckel

IIL_.:r JlLL.__i_'_(_-1q:¢LI;lllical) $.1.75+ C_pcral.r

(.)t]l*:r nl¢lh_l_ ¢1_1iiLit .J])lllyILlr¢,.ill¢l_li;d¢l_lL_tru_:li¢lll,

Tablr D24

Pourln_ andFlnl_hlnE

M_lhod_ dUAal 1,5m Co_t/hr

Vit_r_Lli._ _'r.:.:*L(Ga'_) $2.25+ Opcral_r

M L._:h_llli¢.*l'J'rl_wt:l((3a'.) 3h in, t0.C)lm) _-S2._)+ _llcr:_l_r
48 in, (I._2 nl) - $_.00÷ C)p.:rat_)r

" ]_l.:.:tri_:"1r,'_ ¢1 3b in, (0._)1nl) - S2,_r'O+ C)p_:rat_r
' 41_in, (f.;_2 nl) - $3,(]0+ Oi_,:ra_r

_ TableD25

ItJr knllin_

Method_ dBA i115 m Coll/hr

I_. hl_T.'lir*:d I_.lhh_l_r 8.1 13.1i_4_{FI_IF[_1al1¢- $.q),_q)
I_-I_ 14,9nl) L_]_lcL.:- $7L),_)

'1r;l_, I._(_.:r 81_ 2yll (I.5 nl_l $1b.(XF
_½ yll LI,q nl ]) .- $2._,(X)
3yd (_,3nlI) - $35.7_

3 I_ 4_d (2,._to 3.] nl_l - $30.25
_l_ll)d(3,_l_4.(_n1 _) $4h.75

I 814_II) )d Ih.I I_ 7,(irli)) k S73._5
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Table DZ6

Mater_l Supply

MelhodJ dHA it 15 m _t/hr

I_l_li_i _l_rLl_k_ _t I_i_ ('l_qml Irait_r

i _I_1 + 01_1_ r

i I_L_r_,lil__ qg_P _1 _XXJ_I_ 1272_ kG_pn_lm_fi_

TJble D27

_,|lt _rl_Jan IIulldlnil

Melhodl dBA a115 m Cmllhr

hlobih_C'rarle H.1 14ion (127C_)kg) - $.g),._)
I._t¢_n( 13t_}8kg} $.34._)

rI 22I_"1{ 1_}_)58kg} -- $39._)

_" 15"il(4.0 rio -- $fO,_ '+"OC._'ratar
_b

_t *Cm_vor d¢cri¢) lhltl20ttl4.qtuT.Hm) $4.(X)

' ('"_¢ - I_ 4011H2"2 m) _ $8'(X)
:i

!/:
?
c: Table D78

t_ZtllrUclJnn

! Mr_hud_ dBA at )5 m Cost/hr
i.

Pm_z 5_._ 75 $1,25(lO-in. 5kill) (0.25 m) + Ocmritor

llaml Jl3tlllstvr_ 71 S7,(X){Carpenter'v Imurly rate)

Naii Gu,_alid h$ $1.[_)+ Ol_rator
('olni_iL-_or $2,(X)ib to 5 cu fl/mitt)

(0.17to0._ m_}fiasl_/cctric

*Pre.iah_ .H;sil'_ 0

• Mubil_ Cra._" 88 14 ton( 127(30 kgl - $30.SU
ISton(13bOBkg)- 534._
22 ton(1_ kg)- $39,_]

_1r{sd,_r¢_'ult)Ill _tIdaliort_]iY¢llJ(]rpref:_hr[calionoff,site,
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Tilble I129

l'+iilirlot Work l+luoilll

lllilho<i+ dlIA ml15 m _I/h¢

( i_i_llr l!li'c'Irii_ Pli_ +i!]i c+ufi 141.If) nlll- $ I._I + O licr_llllr

Pii+_ill_rmlll_++_i+'ulll ill r_Irllln IrlIiil li_ixil_hri+'Icill +ill,

Talile D311

llmillnll

Mrlhod illl, i, .I I $ in Cull/hr

+Nilil (lilil ilnil l_-_ Sl,lit) + Olic,rilillr
r.'lillil>r_ _lll+
Il_uiil llllillnicr 71 $2.1)IIIli l+ili¢ii li llliirll

Ill, 17 ill I)+2_ rlil/llilll i if;i+,llr _I¢¢Iri_

_il_ljlr¢(ilirl _nll $ I.II(I + Ol_crilltil+
i{+llrlillr_.__i+r $_.II<Illi ill l+uu li/rliilll

III,J7 hl I).._.liniltil lrl) +7_i+.llr ¢Ji+¢IrJu

"l'illrlii_ 145 $_(i,I)<)

IZ.II ll_ml_ri,+ $2i_.()lI

_i_
"i _

lallll II] 1

Eill'rlor Sldlllll

ltlh+lholil dilA II 15m Pill/hi

*P,i_lll_lnl liP> $I .l_l)+ 0 p_'riiliir ÷ _lllllir_ssllr

i l_lricl I_l+llllnq¢r ?1 17+110II I,iirly lliit_)

<liill Itelili_liihll $_.fx)
III.I "71u I)._ llli/nlin I ulvul ri¢
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'ruble D32

Inlerlor

Methods dI]A al 15 m Coml/hr

_lll_tul;lli_Pl_h_̧ I I_and_l;ip]L'rs $7.tX) II llltn_Jyr_l_l

We]tiers C;;_ 3(_)Ainp • $3.(_()* Oi)_r_llqlr
l!l_.:lri¢ .',_X)_.mp $1,qX)+ L)ll_r_l.r

]'ijl_JJilu'_nL(¢i-. $3,(X)+ Oi)_r_ll_)r

J_ _r _.,_ • $1,2_ ( 10.irl._ill) 10,2._nil + I]I_JL]_

+ (')l)Cr_ll_lr

Tablr D33

(;_undJ_Pr_parmliO.and Sprinkler$_ntrm

]-_.Ji(3.7 m) hl_ld¢ $_h._)

I(..1_(4._ III) Ii1_t1¢ $;'0.._)

_I¢,ll_r_ 7_ $t_.45(2_ in.) (().h_Ill) + Oj_r_tllr

I[9.I() rll/().4(_ IIII $4._)+ Op_r_l,r
h ill. '_ida.._t_i11.(l_p
((LI ._in/(A._ hllJ $5.?_ + Ol_r_il,r
t. hi.._ i_lL'.(111i11.II_l_
(().15rn/I .S_ nlJ _.12.._)+ Ol_r_LI,r
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TableD34

Plmntlng

Methodl dllh mt] S m Co,I/br

*_¢clliil_ $,{12tl_.{)4/_ _ {$._] Ic)$.43/m _}

_q_l_liun_{F_,nklill_l $.0t)I_l, L()/slI It (5,1)1I_151.0_/011_)

'l_,_l.h,_' IS2 12-1i{_.71n) - 52L(X)

IM.It I$,S m) - )_2,_()

II_ilitlI)i_l_L,t_ $4,(x)

O_roLk_ qJ Ih.l_ (4.c),lll)Ir_ilc'r5-1._)-!"Op_r_lor

TableD35

Curblug

51eth,_du dllA ml1.';m Coll/hr

II_oidJi;_lllm _u'_ 7J 57,(X)(FIoorlyIb_tc,J-I hlatcria]

q( _nbcn¢1¢I i_ck_ _3 $2_.{X}[f_._¢tLyd}45,()inI)

{_ lib _lcct0i¢ _il_ _.li_l ¸

I._' : ¢_uII) I(). ] i_l]) _} $1.._) ;- _.)[_r_Hntr

_{ n_nhI_n_c_̧ $._IP.{Xl"_(}l_:r;,l_r

Tal)le1}36

Iload_

5lrlhodl dBAatI S m Colf/hr

*Ml_l.r (_rad_'r _1 I_•_i(4.(} ill} hla_L¢ 53.5•._._
13.ii{4•0 ii1_hl_dc 53t,,2_
((_-whccldri_c}
13.ti (4.{) ol) I_l_,cl_- 53_._)

__I]F_LIIIt_n__0̧ $3_,{k}+ C)_r_tEor
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APPENDIX E:

Clearing and Grading Trees and Brush
(Table ET)

RECOMMENDED NOISE

REDUCTION METHODS Use bldkl,;_ers and loaders fbr clearing tree_;arid
bnlslt. If trees ;ire talllarge, cllabt saws will have Io
I)u ,sod. $hickling olin bet used [o reduce saw noise.

Asphalt Roadway (Table El) Boot_ can be cut and stumps pulled out witb bull-
do/or _,or h)a(ters,

Use: I?.:ml elld loaders for demolhion of aspbal¢ Rock Removal (Table E8)
roadways. Since loaders carl be used Ibr both break-

ill_ up alld b)adingout, less eqltJpnlent will be ne¢cs- Looserocky ground area sllnuld bc broken itp with
s.3ry, zind tbcrufi)re cnsls will be reduced, Loaders ripper bladrs anucbt:d to loaders or bulldozers: tile
are J_ssnoisy allan j;ickb;lmnlers =3nd f_${er Ihan S;LIIle _ebi¢lu e;in renloy¢ Ih¢ ]ooselled nlllteriaJ.
asphalt sav_'s."l'he aoise carl be rudueed by liming the

operalioll to coincide with bigll ambient leeds in the [Jhlstiltg _houkJ bc Callsidered only in solid rocky
StlrrOllfldillg areal. ;Irca_ or ill ureas where gr;ivit)' can aid the work

princess, SblCe loaders alld a doT.er will bc required
Concrete Roadways (Table E2) alier blasting hi s_)nlccases, tbey may alsobe u_;etlto

do tits work t_l' blasliug. Blasting requires drilling
Use the nit)bile crane and ball tbr denlo]it[on of and is IIicrufi)rv louder than the loaders and glazers.

concl"clc roadwuys. It ix fitsler Iban oilier melllodS

and requires less equipment and manpower, I:_r large houhlers, dril/_ and splitters should be
used Ibr breakup instead of blasling, 'Phcy both ru-

Wood Frame Buildings (Table E3) qnirc drilling but spl[llers ;ire chual)er arid quieter,

Use trent end loaders to pusb or pull down wo(Id Earth Removal (Table E9)
buihlings. It is Ibe ehel=pest aml quietest nlcthod,

: sill(;): the same ma(.'hine carl both demolisb and load Use scrapers ;is mtJdl ;is possible fbr earth re-
out the UtIllgr[[li, See correslmndirlg lable ibr noise- inoval. 'rl+eyh;we larger capacities tllan loaders aad
rcdLietiue nlcthods, ;ire (Itdetgr Ihlln loath:l%arid hauling trtlCk'L [n some

i_" cases, ctnubirlations ofcqu[pnlem sucb as bulldo:,ers
Reinforced Concrete Buildings h) i)ush matcrhd to leaders (wbicb load material Io
(Upper Structure) (Table E4) Wailing trucks) ;ire ilecessary. For shorter distances

to Ihc dump sile, scrapers ==re less expensive and
Blasti,g is tile clleaper and less noisy of the two . It(dsy III;lltb)aders arid hauling trucks.

n=utbnds, but ,lay no[ do Ibu job ach:quately d,e to
fllel)reseaee ofreird'oreing material. In such cases, a Grading (Table ElO)
crane ;IIRJheutblche ball is the only abernative.

Molor gl'Udcrs sboldd J)¢ used, since IJley'arc tbc
Reinforced Concrete Buildings dleal)c_= and quietest eq[dl)mem. Fur rough

(Foundatiort) (Table ES) _r;ulblg, however, dozers, loaders, or scrapers may
have h_be used hut are tt01the bust choice. Some six-

Use bldhlnzers Io rcmow tile remaining purlions _ heL'led drive graders car= balttlle Ileavier loads alld
()1' buildh_gs; they ;ire the cheapest and quJetesl may lyeal)lu to handle rt)ug[i grading ca some sites.
modred, If reinfc)rcJxlgmaterial I)rnbihits Ibe Ilseof See currespt)nding luhlu fi)r noise re(luclion
bulldt_zers, impact tools, splitters, and torches may Inelhod_;,
bare It) be used.

Utilities Installation Excavation
Removal of Material from Site (Table E6) and Draining (Table E11)

LIs_ [_Olll c_ld Ioiidcrs Jrlstead of crall¢ and Us(: a trencher fbr long, slraigJn distance_ and a
I)uckel; they are cheal)cr anti qulel_r, backboe Ibrsbnrl, irregular distances, Backhoes are
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verslnHe and can also place pipe alter exeavatiun, melb_l possible. Splitters are quieter and less
Distance and (ieptb are important faeturs and nnlst expensive. Paving breakers wl_uhl take longer,
be considered wlleu estimating spe(:ific ]rib require- cxlend noise duration, and may ill the long run be
ments, Ra,_khoes should be adequate fbr most nu_rcexpensive. Electrieeompressorssbould he used
residential utilities excavation, Pumps should be _sherc ptlssihle instead of gas or diesel
electric, sincu tbey are quieter and nt_t prohibitivdy
more expensive. Hauling (Table E19)

Utilities Placement (Table E12) Use rubber-lired Iiladers rather than track-type,
since the)' are more mobile, can carry heavier loads,

Use a backboc and hook to place utility pipes, are quieter, and the cost dilt"ure¢lee is not prohibi-
They are quieter dlan cranes and less expensive shlce tire.
they Call also dig {be necessary trenches; thus, less

equipment will he required on-she. Tbeir vcrsafilily Ihmling IrLtcks ot'll;r uo alternatives over LJS¢of

is a factor which must be considered when planning other ¢:qtLipnlent except by manufacturers design of
the operation. Flatbed trucks are not a l_:asihle alter- a quieter model.
native,

Foundation Forming (Table E19)
Seekglllng (Table E13)

Forming chine on-site with saws and hammers can
Use haekhccs I_r backfilling, since riley are he shielded 1¢_an exlenl or, if' the t_rms are large

cheaper and quieter than either dozers or loaders ezmugh, they can he built in enclusures and set in
and Call also cxcavat¢_ trencbes and place utility place witl_ backhoes and Imok attacbments. TIIc sec-
pipes, el'all th_ equipment, they are tile nlOSl versa, flouts must still he nailed together at the site, how-
tile, and are cheaper and quieter by cornparlsou, ever, and should he shielded where possible.

Compacting (TableE14) llacklules arc: quieter all less expcrssive than
h_aders ¢1rcranes, and should he used if the Ibrms

Use rollers to compact earth over residential uti[i.
;ire n(tt trio Jarge.

des. They are theleast noisy and the cost is not pro.

hihitive. Hand tampers ;ire much cheaper per hn.r Concrete Supply (Table E2O)
but their noise emission is m.eh Ioilder.

Use the concrete truck to supply concrete for
Foundation Excavation Basement tk_undati_ns. It is less costly and less noisy than mix-
(Table E15) ins on.site. Mc)hility of trucks is also an advantage.

Use loaders or dozers for basement exeavalion. Concrete Transfer (Table E21)
They are cheaper and faster th_.n excavations and

tl_e rubber-tired types are not appreeiahly noisier. Use concrete trucks for concrete transt_r. They

They can handle nlore load thzm baekboes and move are less costly than pumping or buggies and would
front-loaded cartb Ihster. Rttbbcr-tired loaders ur already he as-site to deliver concrete, Pumps, hug-
dozers are recomtnended over track.type because at' gics, and hoists are special-purpose methods and do
increased speed and mobility, not apply to residential Ibtlndatlons.

Slabs on Soil (Table E16) Pouring and Finishing (Table E22)

Use a backhoe over a trencher since it is nlore

inobile and can nlove I_lore quickly around the _,ite Use allelectric vihralor and trowel rather than

Ihr cad1slab. It isalso quieter, but costsappreciably gas-operated types. The only alternative to a vibrat-
inor_, ins serecd is hand-sereeding with a two by I_ur.

Rock (Table E17) Backfilling (Table E23)

Use r(_k drills and splilters instead of hlasting, Use a backhoe Ihr backfilling. They are cbeaper
altbough in SOUl¢eases, hlastlng nlay he the ordy and (JUiCier thzm either dozers or loaders.
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Compacting (Table E24) ($17(x) to $3.¢,(X)), The cost of conventional
huusing is ai;oLIt $2fl/_q ft ($2+i0/nlz). bLLI Ibis

Use rollers Ibr l'otnn(hilion c(Im_)zICLJlI_,'l'hey £ire price inehrdes Jt)tltld_lliurlcosts
the leastIn)is:,'cqulpmenl Ibr this purpose mid their
cost is nnt prtlhibitive whet] emtlparcd w[lh olher • The ctlst _i[l be _I l_In¢limt td' site location and
nletllod+% HIllld t;ll111)cr_ _ro itlltCh t:lleaper, trill nl_l142ri;llused
milchIotlder,

• $].9()/mile is the esthilllted illterslate pale l_)r

Framing, Material Supply (Table E25) trunslmrullitm

Flatbed trucks _lntl Ibrklil'ls +_rethe dilly I_asible • Pl'el_dlrJe_ded strtlcltlre_, ;ire delivered by Jlltt-
nlet|lOdt+ of nlIllerhl] supply ll'rmuin_), bed Iruuk. _tlltl crzlne.s<:t(ir slid olgo lht: I_lllll-

Material on Building (Table E26) datiml.

Use t_lectri¢ conveyors Io tron:iporl malerJals to Pret_dlrie;tted SlrllCltlre!, reqidre Ihc use o1+.3Cl'_tne
Ul)l)er floors td' btHldings. They ;ire the cheapest ;tnd Irtlck to set the hldhlirlg oti life ft)urldalitln. In

method alld +.+_tll11+2shielded JJ'exeessiveJy noisy, the h)ng rlln. l)rel,d_ricitted structures wnllId
prodtlCt., less iltdse at coml)elitive eo_,ls. They _ire

Construction (Table E27)' reconlnleZl(led +rod shtmld buseriotlsly considered.

Prover s_n_sshtmld bu shield+:dor t:nclost:d to de. Masonry (Table E28)
crease noise emissions. Nail guns arc less nnisy than
Iland-hanmlurhlg _llld ;ire I_tster ill tile I{mg run. Nail "lhere is nt_ I_:asiblc alternative to mixing mortar,

guns should lleused where possible, exo2pt to rel_'ailt from ltSillgIlrlck.

"l+h+2use or oft_site prdhbrieatt.+d stru_'tures is Rooting (Table E29)
qlticlur, I_isler, _llt(I ¢)lcal)cr than on-site constrtie-
tim_. Th_ ftdhmi_g arc: some dnlracleristie_ td' pru. Use n;dl guns tlr St;ll)Je gUllSinste;id td'h;tnd-h_im-

!! f_lhric_tcd slrlletures, n]ering _u"t_rrhlg. Tarring requires a healin[_ kenlu
wfdd_ b, hnnl _tnd d_f_icltll to 12ncJ(l_;ebee_ttist: el" Ihc

i • All i_rclilnhl_lry site work is dle s_irllt:_I_l+t)re_n. llu_H,
,+ venthln_lll)' buill hon+t:s

• , Siding (Table 1:30)

_+ • ToWldlOU_12s ;Ind ctln(h)nlilliUmS c_111 I)t2 i)re-

I'abric_lle(I Use nail guns Jttsle;Id nf hand h_lmlnurs, They _lre

qttietur, t_ster, ;tIld clle;q)cr ill the l¢lllg run, Use _tll
, " All brickwork is dime on+site (e.g., Iirepk_ce) electric r _ s c I rcsst_r _r e .i ,; i.

• Structure is bolted to the I_mndalicm Interior (Table E31)

• SlrU¢lUre is re;lily Ibr utility hookllps Ust:'hatld St_llllers t_r illStdathlg.

• Moclu]c tlllit_ ;ire Imltcd together Use electric inste_ld of gaS+l}owcrcdwelder++.

• Subtloors _lre glued and nailed in fitel_lry Far _111,,Iher interleaf work. i+tlahermltive nlet hods
exist except rise Of prcl,dlrie_tled structtlre:i.

• lOGO sq I't (93 m _) homes require 17 working
days in th_ l_clory _lnd 2 d,ys on-site (brick- Landscaping, Grounds Preparation
work nmy require more or lesswork), Building snd Sprinkler System (Table E32)

a conventional home of equM size may t=tke $ to Use a motor gr_nler I_r Jill(: grading on sites. It ix
7 v,'cck_, cl_peuding on weather conditions qu eur zmd c*_ls otfly sigh Iv more han bulldozers.

• The cost ol'prcl_bric,aled htmsing is about $20/ I,h_llers ;[_1(Idhches ;ire tile mosl t_asil)le me_ns
sq ti ($215/nl z) nut including foundation cost tbr inst;dling sprinkler syslenl:_,

7tJ



Planting (Table E33) c_ulhe of mobility, cost, nnd noise advantages. :

Use seeding inNlea(I or sod(till_; J[ i_,cheaper and Use curb pavers over hand-bllilt forms, Ill the long
requires less ecluipnleltl, Use a backhoe I_lr tree run. Ihey will be cheaper and faster.
pl_HHing; it is cheaper _tntJt:;irl dig _llld transpt)rl the
trees in tll_ same nlnnner as a spade shovel, [land Roads (Table E35)
digging wuuld cost tilt;re ill the long run and a

nlllchhle would he nccessilry to Iransport the trees, There ix no feasible alternittivc to motor graders
There is no allernalive to rise of trucks, t_r line rt_ad grading,

Curbing (Table E34) Asphalt l',aviug is cheaper than concrete paving,
bttt ix less durable. There are no I_asible alternatives

Use concrete trucks ins[call of on-site mixing, be- Io the paving melht_ds.

Table El

aipbitl ttoidwJ.v

i j
A_pha[ISa_ X X X X X X X X X X X

Jaekh_n_nlt_r&
C'ontJlrc_tnr X X X X X X X X X X X

I_mdcr X X N X X X X X

2: Tta_leE'2

Concretenotdway

ji iJ ii .
O_y[anc¢ X X X X X X X X X X X X

Cl_ncreleSaw X X X X X X X X X X X X

Ja¢ktl;lmml:r
,_.C'tul_prcs_t_r X X X X X X X X X X X X X X X

I{_.'k[}rill
(.'t_rlL'rett_Silliltur
& Comprt'_or X X X X X X X X X X X X X X X

Crant_&
II_a*laclleIlall X X X X X X X X X
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Table E1

Wood Frame BuUdlnltS

Melhods I_

Crull_ &
HcuclachcII_ll X X X X X X X X X

Hulldo_cr X X X X X X X X X X

Crane&
CiuntshellBucket X X X X X X X X X X

l_ladcr X X X X X X X X X X

Tsble _4

Rela foR'l_dEenmtt,le Bull dlnl* ( UpI_erStm elu_)

_ ,_I_ii!. o
Metho. '6 1 _ i i' i i _ i _' i i _ ! _ 1

Crane &
llcada_hc Ball X X X X X X X X X

: IBasti.g X X X X X X X X X

Tible E5

RehlforeedCattle Bulldlnp (Foundatlenl

, i i I.
I' i

Bla_dng X X X X X X X X

J;l_,kllunuip/r &

C_mip_5_,r X X X X X X X X X X X X X

R_k Drill

CtlllCC¢_l_Spiitl_r
& Ct_mpre_.r X X X X X X X X X X X X X

Oxyl_ncu X X X X X X X X X X

t'_ln¢_l_ S_w X X X X X X X X X X X

BuBdm!_r X X X X X X X

Steel Saw X X X X X X X X X X
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TableF_

Remav_ofM_terlJdFromSite

Loadcr_ X X X X X X X X X

Cl_m_ ITu_k_ X X X X X X X X

DumpTrucks X X X X X X X X X

Tren_l]n sb

e

Bulldozer X X X X X X X X X

Chail_Sa_._ X X X X X ,'( X X X X .'( X

• _ X X X X X X X X

B_kh_ X X X X X X X X X

Dump_uc_ X × X X X X X X ×

RockRem_LI

Bulld_cr X X X X X X X X X

_:k I)rilL
&I]l_lliJlg X X X X X X X X X X X

_ Drill&
_li_t_rs × X X X × X X × X X

I_ipp_ X X X X X X X X X

_r_ X × × X X X X X X

Llun_pTru_k_ X X X X )_ X X X X
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T_ L_

Ram4vzl

Ii I
Bulldo_rrs X X X X X X X X X X

Lu_dcrs X X X X X X X X X X

ScraFcrs X X X X X X X X X X

Dump Trucks X X X X X X X X X

TableEIO

Gladla I

_ Jli ] iii -JiiiJ J
Scraper X X X X X X X X X X

Ilulldozer X X X X X X X X X X

J Loader X X X X X X X X X X

• _ Molot Grader X X X X X X ._ X X X

T'hie El 1

EscavallmsmsdDml_._ll

1i !
Twnchcr X X X X X X X X X X

Backhc_ X X X X X X X X X X

Excavator X X X X X X X X X X

ElcctflcPump
& Gen©rulor X X X X X X X X X X X X X

GasPump X X X X X X X X X X X X X
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Table El2

Ulllllles Plat'cinCh! (IncludN Male.ill Deliver)

Methudt 1 i_ _ _ _ _ _ _ " D

Muhilc Crane X X X X X X X X X X X

ExcaVUlc_r

& Ibalk X X X X X X X X X X X X

I_latier & ltta_k X X X X X X X X X X X X

Ilackho¢ & }llalk X X X X X X X X X X X X

Flalhcd Trucks X X X X X X X X X X X

Table El3

Ua_kfllllnll

g
s i _ e

Btdldozer X X X X X X X X X X X

L_ladet X X X X X X X X X X X X

llackiu_: X X X X X X X X X X X X

Treble El4

C.ompl_lblg

g

jlllupbl K Jack

Illmd 'lanlper X X X X X X X X X X X

Flal Roller X X X X X X X X X X X

Ctlnlliaettlr X X X X X X X X X X X

mil_hillt2

Motllllcd Tamper X X X X X X X X X X X
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Tmble IE|5

Blle_lml

Backll{_ X X X X X X X X X X X

_{_valllr X X X X X X X X X X X

i]u]ldozcr X X X X X X X X X X X

LxJatl_r X X X X X X X X X X X

Tmble EIb

Slibl oll Soil

"]'_n_hcr X X X X X X X X X X X

ll;Lckh(_ X X X X X X X X X X X X

: Tl*ble El 7

Rock

!

;_ X(_:k Drill,

Compr_or

•_ [l[a_li_ X X X X X X X X X X X X

I¢*_:k Drffl*

& _plitlcr X X X X X X X X X X X X

Juck h,'lrllt11¢_"

& Comprc_.r X X X X X X X X X X X X
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Tiible El8

IlauLlOl

Loaders X X X X X X X X X X X X

Dump Trucks X X X X X X X X X X X

T.ble _I 9

PouadalJoa JimpJnce Sleel, Wood, _tl Pr_ulJl)

+ t J ++

j+++++++++,+,_+ + +++++J ,+j+:++
PowerSaws X X X X X X X X X X X

It*miners X X x X X X X X X X

Crane X X X X X X X X X X X

" Loader& H_k X X X X X X X X X X X

Backhoe& Hook X X X X X X X X X X X

TableE20

Cu.crrle _;uppb

+. ++++++++++.+++++.° +J+ +_++..+
ConcreteTmek X X X X X X X X X X X

MixonSil+ X X X X X X X X X X X , X X
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TableE2!

CunereteTrmnsfer

•, i i !'
j.

Concrcte Primps X X X X X X X X X X X X X

Cmlcrcte "l'nlcks X X X X X X X X X X X

lh,i_I CrarlC
•_ lille kct X X X X X X X X X X X

_.lecIlani¢.l
WIic_l I]_rmw X X X X X X X X X X

Table E22

Poudnl snd Flalshlnll

J

- _ ,II

Ihmll (Eluc.)

Vihr;tlor X. X X X X X X X X

Mcclla nit'l,1
s: IGas) Vihr_l_r X X X X X X X X X

:)"
Vibr;Llin_Served X X X X X X X g X X

Mcell_,nic_l
Tr,_wel IG_*l X X X X X X X X X $

Eleelric "1m_'cl X X X X X X X X X X

T_tble E23

Blck fllJlnE

I Iltdhh_r X X X X X X X X X X

I_tler X X X X X X X X X g

[lackh_ X X X X X X g X X X g
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TableE24

Comlmclln|

, i °'

Jumpin9Ja,:k
Hand "l'anlpers X X X X X X X X X X X

Machine
It_tHmlt_d

l"amWr_ X X X X X X X X X X

i{¢dler$ X X X X X X X X X X

Sheel%tb:_l
Ctlnlp_qlnr X X X X X X X X X X

T_ L_5

Mitt"r_ 5uppl_

, " Flatbt_l"]'ruck_ X X X X X X X X X X X

Ft:rklil'l_ X X X X X X X X X X X

,??
TableE26

MJlerhd on BelldlnB

[
"_ C'

Melh_d_ _ _' _

MobileCr_n_ X X X X X X X X X X

('_mvuy_:r X X X X X X X X X X X X X X

I:_r_lill X X X X X X X X X X
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Tttde E27

C.onlltuellon

Pt*_ur S_t_s X X X X X X X X X X X X

Ilaml liantme_, X X X X X X X X X X X X

N;lil (]tIns &

Conlllrt._.*lr_ X X X X X X X X X X X X X

Prelah OIf Site X X

M*lhib: Cralte X X X X X X X X X X X

Table E28

Exterior Work blmmn_

I, ii J;"
: Mix On Sile X X X X X X X X X X X X X X

Table E29

Exterior Work--Ilmflng IRoll and Shqllel

_'_Nitilil_g X X X X X X X X X X X X X X

_%Stal_)i_r X X X X X X X X X X X X X g

'l':_rrinr X X X X X X X X X X X X X X
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T_le E30

Ezeerbr Side|

i'i
Hu.d Ilammc_ X X X X X X X X X X

Nrlil G. n&

ConiprL_r X X X X X X X X X X X -'_ X X

Table E31

In(edor

InSgJ_llil_ll

Blo_inl_ X X X X X X X X X X X X

In_ulalion lland

Appllcali_rl X X X X X X X X X X X

Wdd_r_ X X X X X X X X X X X X X

'_ Pipe'rllr_ader X X X X X X X X X_ X X X X

DrilJ_ X X X X X X X X X X X X X

•_ ; Sl_dSa_s X X X X X X X X X X X X X

P¢)_crSa'_'s X X X X X X X X X X X X X

Table E32

Ground_ Preparid_n and Sprinkler S_lem

J

Bolld_z_r X X X X X X X X X X

Grader X X X X X X X X X X

R_llcr X X X X X X X X X X

Dhcher X X X X X X X X X X
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Txbl. E,33

Planllni

Sc_din_ X X X X X X X X X

IFLwklllltl X X X X X X X X X X

llltck ht_ l'l'r'.*':_l X X X X X X X X X X

SII;td'_$h¢__1 X X X X X X X X X X

Ihuul I)i_in_ X X X X X X X X X X

'1r,¢k_ X X X X X X X X X X

Table 34

Curbing II"orraln8 and paur_r,g*

II_md IImum_.r_ X X X X X X X X X X

¢'¢111_'t¢1¢2Truck_ X X X X X .1_ X X X

Mix On 5ilu X X X X X X X X X X X X

U*_rbPa_cr X X X X X X X X X X

Table _35

.[

M_ltllr C_tad_:r X X X X X X X X X X

(l*m_r_tePaver X X X X X X X X X X

A_ph;ih Pa_er X X X X X X X X .X .X

[l_ll_r X X X X X X × X X X



CITED REFERENCES R='guhltiim q/ Cimstruction ActiL,ity Noise, DIN Re-
port 2887 (Bolt, Beranek, and Newman, Novem-

A Stl,ly to Detero=im' the Economh' hnp_Jct ql'Nnise ' ber l q74).
Emk_shm Standards il; the Con._tnJction Eqtdp.
men( Industr3.--Fortahh' Air Compres._Jr Report KAI'_ Recommended Practice: Measurement Froce.
(U.S. Ellvirollnlenlal Protection Agl:ney-ONAC. durl..l_Jr Di.terminh;g i_ Rev_re_l.nt,tive Sound
June 1974). /.eve/at a Constntctlon Site Ilnrmdllry Location,

Dr;fit (_ ISociety of Autlmlo(ive F.ng[neers. 1975).

Ihwkgnllmd Doczmwnt .l_r Prnlmsed Ponabh. Air
Compressor Noise EmisMon Regulations. "550/9. ._cltt_nlel'. P. and 13. ]]()nl;lll_=. Cimstrllctioll Noise:
74-(11h (U.S. Environment;d Pn_lection Agenc.v Spec(/_cation, Control, Measurement, andMitiga-
[USEPAI. October Iq74). lion. Technical Report E-S3/ADAOO9668 (Con-

_tl'lJctit_n El_gineering Rese;ireh Laboratory

Ihtsic Esthnlltltlg. Ell. 3 (]ntcrltali_nal Harvesler iCI-:RLI. April It)75).
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