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FOREWORD

The Draft Enviropmental Impactk Statement, Economilc
Impact Statement and Background Document were pre-
pared in aupport of the Environmental Protection
Agency's proposed regulation which sets noise emisalon
standards for newly manufactured wheel amd crawler
tractors. The proposed requlation has been published
pursuant to the mandate of Congress as expressed in
the Noise Control Act of 1972 (86 Stat,1224),
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SUMMARY SHEETS
I'OR
DRAPT ENVIRONMENTAL IMPACL STATIMENT
PREPARED DY
OFFICE OF NOISE ABATEMENT AND CONTROL
U, S. ENVEROMMENTAL PROTECTION AGENCY

1. Title of Action: Noise Emisslon Regulation for Wheel
and Crawler Tractors in Construction Site Activitiea. This ia

an Mdministrative Action,

2, Description of Action; ‘The Environmental Protectlon Agency's
proposed requlation is intended to reduce the level of nolse emisasiona
from wheel and crawler tractors usced in conatruction activitles

for loading and dozing operations. The regulation ia also Intended

to eatablish a uniform natiopal standard for thia equipment distributed
in commerce, thereby eliminating inconsistent State and local noise
source emisalon requlationa that may impose an undug hurden on

the wheel and crawler tractor manufacturing lndustry, The recomnended
actlon proposes to eatablish nolsc emipaion atandarda for newly
manufactured wheel and crawler tractora and to eastablish enfoccement.

procedurea to ensuce that thia equipment compliea with the standacd,
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The proposed regulation kg based on health and welface
benefita to the public which are antlcipated to result from reducing
nolse emisolong from wheel amxl crawler tractors. In arrivimg at the
proposcd requlation, the Environmental Protection Agency inveatigated
in detail the wheel and crawler tractor industry, noise control technology,
noise measurement methodologles, and coots of compliance. Four major
issues were ldentificd which requiced recolution: (1) identification
of machines to be regulated, (2) measurement methodology to be
emplayed, (3) noise levels and effective dates, and (4) accoustical
assucance period,

Three types of machines were locluded as subject to the proposed
regulation: \crawler tractors, wheel londers, and vwheel tractors,
studles ahow that the alze of the large machines (crawler tractora
over 450 horsepower ond wheel loaders over 500 horsepower) essentlally
precludes thelr transport to and use in areas where significant
population nolse impact would result. Therefore, these horsepower
levels were adopted aa upper bounds for machines subject to the
proposed requlatlen.

It waa concluded that incremental ceductions in equipment nelse
levels were prefecrable to a one-atep requlrement that all equipment meet

the most stringent levela achleveble ard desirable. Tdentical effective

dates were set for all equipment subject to the atandaard In order to minimize

market impacts from aubatitution of unregulated machines and to discoutege
poasible shifts in horsepower ratinga at the breskpointa of 200 anpd 250

horsepower.
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3. Envirommental Impact: Compliance with the propoged atandacds

phould, on the avernge, reduce noipe emissions from wheel and crawler
tractors by § dBA. In temms of reduced impact on the nations' population,
the 5 dBA reduction, when conaldered In combination the portable air
compressor and truck requlationa, should result in a reduction of approx-
Imately 37 percent in the severity and extensiveness of conatruction site
noise impact by the year 1991 (when all trucks, compressors and wheel and
crawler tractors in the field will be quieted units). This represents an
increasa of approximately 10 percent over the benefita that are anticlipated
from current Federal nolse regulation of construction equipment.

Air quality, water quality, land use, solid waste disposal requirementn
and energy conaumpt. ion are not expected to be algnificantly impacted by the
noise levels proposed,

4, Economic Impact: Jiab price increases to qulet new wheel amd crawler tractora
are estimated to range from 2,3 to 7.2 percent, depending on machine type and
aiza, The averaga liat price increase for all machines 1a estimated to

te 4.6 parcent,

An econamic analynis of the wheel and crawler tractor manufacturing industoy

indicatea a algnificant price elaaticlity of dewmand, Demand could decrease

by 3 to 5 percent as a result of the proposed regulation, but total revenues
should remain constant as a result of price Increases.

Annualized coata to usera of wheel and crawler tcactoca, beginning in 1978
through the year 2000, are expected to ipcrease about $2268 million as a result

vil
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of tractor manufacturer coast pass through plus normal mark-ups, an increage

of abgut 3.4 percent, Conparcd to projected $189 billlon annual construction

receipta for the year 1976, this represents a potential increase of 0,12 percent
in construction costs per year commencing in 1978,

Employment, regional economles, foreign trade and natlonal GNP
will not b e significantly effected by the regulation,

The proposed regulation will support the efforts of the Federal

Trade Comnisaion and other organizations to Inform and protect congsumers,

vild
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WHEEL AND CRAWLER IRACIOR

FNVIRCAMENTAL AND INFLATIOHARY

IMPACT STATEMENTS

ADSTRACT

These Envicommental and Economic Impact Statements &ddress
a proposed nolse aniosion regulatlon for wheel and crawler tractocn,

In arriving at the proposed regulation, the Agency carried out

detaliled investlgations of wheel and crewler tractor desoign; manufactur-

ing and assembly processes; nolse measurement methodologles; available
noise control technology; costs attendant to noise control methods;
rcosta to test machines for compliance; coats of record kecplng;
posaible econamlc impacts; and the potential cnvirenmental and

health and welfare benefita assoclated with the application of
various poise control measures, Data and information generated

aa a reanlt of these investigations are the baals for the statemants
made in Part I of this document. Part I has been designed to present,
in the simplest form, all relevant information regarding the envicon-
mental ard economic lmpacta expected to result from the proposed
action, where grenter detall is deaired, the Agency encourages

perusal of Part II, the "Background Document”.
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ENVIRONMENTAL TMPACT STATEMENT

INTRODUCTION

Conqress poaosed the NRoise Control Act (NCA) of 1972, In part,
ag a result of thelr findings that inadequately controlled noloe
pregents a growlng danger to the health amd welfare of the natlon's
population, particularly in ucban areas. For this and other reasons,
the Congrean established a natlonal policy to "prowote an environment
for all Americans free from nolse that jeopardizes their health
or welface", To further this policy, the NCA provides for the
establishment of Federal noise emisaion atandards for products
distributed in commerce and specifies four cateqories of important
nolse sources for regulation, of which construction equipment ia
one.

1t has been estimated that over 30 million people located
in uchan, suburban, and rucal aceas in the United Statea are exposed
to mteriaia handling, eacthmoving, road bullding, impact and/ox
speclal functlon conatouction equipment noise levels that jeopardize
their health or welfare during the usage of equipment in the following

construct fon activitien:

AL b b D RGP
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Domestic housing ~ including residences for one or several
familien

Nonreaidential buildinms - including offices, public buildinga,
hotels, hospitals, and schools

Industrial - including imddustrlal buildings, celiglous
ond recreatlonal centers, otores and gervice and repair

facilitico

Public works - including roads, strects, water maing,
and sewern

Inasmuch as a nurber of different types of construction equip-
ment operate at the same time the quiecting of only cne product
type is often not in ftself sufficicent to adequately reduce the
nolse from conatruction sites to a level requistite to protect health
. and welface, Accordingly, the EPA's noise requlatory program haa
effected a coordinated aproach to control overall construction
alte nolse In which pleces of construction equipment, alone or
in combination, are evaluated to asses thelr contribution to con-
astruction site noise ond atterddant impact on the natiom's population.
Purguant to the mandate of the NCA and EPA's approech to the
control of copstruction site nolee, nolse emisslion regulatlens were
promulgated on Joanvary 14, 1976, for porteble alr compressers (41 M
2162) and on April 13, 1976, for medium and hemvy trucks (41 FR 15538) .
Te fucthur control constructlon site nolee, nolse emisslon

standarda for wheel and crawler tractora are belng proposed at thia

time,

T b
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wheel and Crowler Tractors

The Agency determiped that regulation of the follawing machine

typen ia requisite to protect the public health or welfare:

1.

2.

3.

ccawler troctor - tractor which movea on tracks with or
without dozer blades, looder buckets or other attachments

wheel loader - tractor with acticulated ateeting and
integral bucket spparatug

wheel tractor - tractor with rigld frome and integral
or nomr-integral londer bucket or dozer blade and other
non-integral appacatud,

Flgure 1 shows line drawingo of a crawler tractor, a wheel londer

and a wheel tractor. Detalls regarding identification of thesc

machines as candidatea for rcgulation, thelr design features and

finctional characteristics are contalned in Part 2, the "Backgcound

Document”,

Machines excluded from this regulation because they have minimal

impact on public health and welfare or are not primacily used for loading

and dozing operatlona in copstruction activities include;

1,
2,
3,
L1

6‘

wheel loaders with integral backhoea
wheel tractoca with Integral dozer blade linkage
skid steer loaders

wheel amd crawler tractors with attachmenta ~ other than
bucket or blade apparatus -~ Integral to the machine frame

machinea manufactured primacily for agecicultural, mining or
logging operationa '

trenching equipment. ~ self propelled machines used excluaively
to produce a continuous trench by means of a digging chaln
or similar device.
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Cravwler Tractor

Wheel Loader

[
Wheeal
Tractorx
FIGURE )
Tliustration of Thxea panlc Machine Types

h
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PROPOSED NOISE RBGULATION

This proponed regulation is intended to reduce the level of
noisa emitted from wheel and crawler tracters used in construction
activitien for londing and dozing operations., It ai:n« establlshes
a uniform national standard for this cquipment when it is diastcibuted
in commerce, thercby eliminating differing State and local time-of-sale
nolee emisaion requlations which may impose o burden on the wheel and
crawler tractor manufacturing industry.

Statutory Basin

The proposed action csteblishes nolse emisalon standardas for
newly manufactuced wheel and crawler tractors and enforoement pro-
cedures to ensure that thia equipment corplics with the atandacd,
Thia proposed rulemaking ie being issuved under the authority of
the Nolse Control Act of 1972 (P.[.92-574, 86 Stat. 1236),

Alternatives Considered

Two alternatives to regulation are avallable to EPA: no action
and labeling. These actlons may be taken only if (a) the product
doea pot contribute to the detriment of the public health and welfare,
ot (b) in the Administratoc's judgment requlatjon is not feaalble,

Wheel and crowler tractors were ldentified, pursuant to eection
(b)) of the Nolse Control Act of 1972, na major nolse sources
on May 28, 1976 (40 FR 23069), Subsequent to this identifiecation,
canprehensive studles were performed to evaluate wheel and crawler
tractor moise eminsion levela requisite to protect the public health
arl welfare, taking into account the magnitude and condition of
use, the degree of noles reduction achievable through application

-7 -
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of the best available technology and the cost of compliance. The
results of these gtudies ohow that the regulation of wheel and
crowler tractor noise ig feasible through avallable technology
taking the cost of compllance into account. Accordingly, the
het permits no alternative action to be taken,
Proposed requlation

Requlatory Schedule The propooed noloe emisaion standards

and effective dates are chown in Table 1,

The Rgency selected identical effective dates for all regulated
equipment in order to minimize market impacts resulting from possible
aubstitutlon of unrequlated machines and to discoursage the shifting of
horgsepower ratings at the breakpoints of 200 and 250 horaepower. An
incremental, rather than a single atep reduction in nolse levels for
this equipment was selected because it ylelds substantial near term

bpenefita with a mindmm of industcy dialocations,

Table 1
Proposed Nolse Fmission Standarda

Not~to-Exceed A-felghted
Sound Level
(dBA & L5 Meters)

Effective Dates

Machine Type Hor sepower March 1,T961 March 1,1984

Crawler Tractor 20~199 n T4

Crawler Tractor 200-450 83 80

Wheel Loader 20-249 79 76

Wheel Loader 250-500 B4 60

Wheel Tractor 20+ 74 M
-~ -
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The estimated health and welfare beneflits from this propoosed
noise cmignlon regulation can only be attained if wheel and crowler
tractorns meet thelr not-to-exceed leveln for a reosonable period of
time., Therefore the Agency hoo develeoped the concept of an Acoustlcal
Agsurance Period (AAP) to be defined as that period during which the
product must meet the standard when the product io properly used and
maintained. 1In the case of wheel and crawler tractors, the ARP will
be 5 yearn or 9000 operatlng hours, which ever comes ficat, after pale
of the product to the ultimate purchaser.

To ensure compliance with the AP, the Mency requires manufactuccrs
to develope a Sound Level Degradation Factor (SLDF) for each machine
configuration, the SLOF ia the degradation (sound level increase) which
the manufactucer expects to occur on a glven conflguration during the
specified ARP. ‘This SLOF will be factored into the results of production
verification and selective enforcement audit tests of compliance. Compli-
ance will be determined by the abllity of the newly manufactured prodict
to emit a sound level equal to or less than the applicable standard.

Enforcement, The EPA will use the following two methods to determine
whether wvhecl and crawler tractors comply with the acceptable nolse
emisalon standard;

Production verification -~ Prior to distribution into

comerce of any wheel and crawler tractor, an defined
in this requtation, a manufacturcr must submit informatlon
to EPA which demonstrates that hla product conforms to the

standard,

e ——————— =t e e F—— - , I Pl TP
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ot

Selective enforcement auditing - Pursusnt to an odmin-

intrative request, o atatlotical sample of wheel and
crowler may be teated to determine If the units, an thoy
are produced, mect the standard.

Relationship with Other Federal, State, and Local Govermwent

Agencles. The propotied regulation will affect several other govern-
ment requlatory effortez. It will also require supplementary actions

by State and local govermment,

Federal Government Agenclen. General Services hdministration

(GhI) regulations seet maximum sound emlssion levels for equipment

operating on Government propecty. These will remalin {n effect.
fState and Local Govermment. Although the Noime Control Act

prohibite an State or political subdivision there of from adepting

or enforclng any law or requlation which sets a limit on noise
enlosiona from such new products, or componenta of auch new producta,
which are pot identical to the stnadmrd prescribed by the Federal
regulation, primacy resoponsibility for control of noise resta

with State and local govewrmments.

Nothing In the Mt precludes or dendes the right of any State
or political subdivision thereof from establishing and enforcing
controls on envirommental nolse through the licensing, regulation
or restriction of the use, operation or movement of any product

or combinatlon of products.
The noise controla which are reserved to State and local authority

includae, but ace pot limlted to, the following:
1, Contreols on the manner of opecation of products
- 10 -
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2. Controls on the time in which productn may be operated

3. Controls on the places in which products may be operated

4, Controls on the number of products which may be operated

together

5. Controls on noise cmissions from the property on which

products are vaexd

6. Controls en the licenaing of products

7. Controla on environmental nolse levels.

By use of the nolse controls reserved to them, State and local
goverpmenta are able to supplement Federal noise emlssion atandards
and to effect near-term rellef from conatruction site noise. The
EPA hes developed a model ordinpance to indicate the form and content
of an inatrument whaceby State and local governmenta may control
conatruction site noise in the absense of Federal regqulation or
in the time frame before Federal regulationa become effective,

‘The model ordinance ls contained in section 9 of Part 2 of thia
document., the "Background Document.

An EPA sponoored purvey of exiating requlationa applicable to
constrxction equipment. revealed few lows, regulationa or ordinancen
which mention wheel and crawler tractors specifically, although some
legislation setting limita on conatruction equipment includes wheel
:nd crawler tractors as examplesn of such equipment, Mont regulation
of wheel and crawler tractor nolse ia presently accomplished indirectly

by limiting conatruction alte noise or conatruction equipment nolse.

- 11 ~
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FNVIRONMENTAL IMPACT

The cnvicrommental impacts of the proposed regulation include
the primary impact which is reduced annoyance Lrom construction
noise resulting from lower wheel and crawler troctor nolse and
the secondary impacts on other environmental considerations.

Inpact on_the Population of the United States

Compliance with the moat stringent proposed standards will,
on the average, reduce noise emiosjons from wheel and crawler troctors
by 5 did.  In tecrms of reduced impact on the natlon's population,
the 5 dBA reduction, when congldered in combination with existim
Federnl atondarda for new portable alr compressors and medium and
heavy trucka, should result In a reductlon of approximately 37
percent in the severity and extenslvenens of construction site
noise impact by the year 1391. This represents an Increase of
approximately 10 percent in additional beneflts over those anticipated
to accrve from current Pederal nedse regulations of construction
ecquipments (alr compressors and trucks).

Impact on Other Envirommental Conalderations

Land Use, The proposed regulatlon will have no adverse impact
on land use,

Water Quality. ‘Ihe proposed requlation will have no adverse
impact on water quality or supply.

Alc Quality. The proposed regulation will have no mverse

impact on alr quality,

]2 -
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Solid Waste Disposal Requirements, The proposed regulation

w111 have no adverse effects on solld waste Aisposal requirements,
wildlife. Although wildlife may posalbly benefit from ceduced:

noisa levels of conatruction equipment, not enough in known to

conclude that the extent of nolpe reduction achieved by the proposed

regulation will actually result 1n such a benefit,

- 13 -
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BOROMIC IMPACT STATEMENT

SUMMARY
The eatablishment of noise standards for newly manufactured wheel and

crawler tractors gives rise to cxpenditures which would otherwioe not be
directly incurred by the private and public sectors. However, it should
be underatood that we really do not have the optieon of not paylng for nolee
pollution coata. The only question ia in what form do we pay; for example,
lost worker productivity due to nolse Induced task interruption, lesat
sleep due to intrumive noise, or succesaful litfgation for hearing loss.

Recognizing that certain experditures are neceasary to protect

the public health and welfare fram inadequately controlled nolse, the
Mency pecformed analyses to eatimate the magnitude and potentlol iImpact
of these expenditurea. Eramined In the analymea were the structure

of tha induatry, the estimated coat of sbatement by machine type, the
price elasticity of demand, the capital and annual costs of enforcement,
tha impact of enforcement on annual operating and malntenance costa

and the Indirect impecta of the proposed regulationsa,

Tha following conclualona ware reached in these atudies;

1, The aggregate list price of wheel and crawler tractors may
increase by 4.6 percent,

2, 7The demand for wheel and crawler tractors could decreane by
3 to 5 percent, but total manufacture cevenue in such a casa
should remain unchanged due to incceased pricea,

3. The increase in annualized conts to users {including increosed
copital coat, operation amd maintenance) through the year 2000
in estlmated to be about $228 million or an increasa of appcoxi-
mately 3.4 percent,

~15 - :
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ECONOMIC IMPACT ESTIMATES

Coat_of Complinace,

Total capltal and annual costs accruing from the proposed regulatory

schedule are displayed in Table 2,

Table 2

Eotimates of Manufacturer Incurred
Capital and Annual Cooty of Abatement
(5 Millions 1976)

Year
1976 1979 1980 19pl 1982 1983 1984 1985 1986

—
N
L=
)

Copital
Coat 4.1 3.7 3.7 248 10 1.0 0.8 0.0

11,' 14,5 15,5 16,5 17.3 17.3 17.3 171.3

0.0 0.0

Cumulative 4.3 8.0

Annual

Cont 3,7 47 3.7 5.0 50,0 50.0 97.0 9.0 97.0 9.4

gffects on Manufacturers
Demand Decline. Theoretically, based on cconomic theory amd
atatiagtical estimatea of demand elasticlty, unit demand could be expected

to decline in direct dollar-to~dollar proportion to price increasses

rensulting from nolse control, Further dampening of demand could alpo

ensue fran the imposition of higher ovmership expensca resulting from

the increased cogts for operation and maintepance (O6M). Because the

QM cost elastleity las small, dollar sales shiould cemaln approximataly
the same, with price Increases offsetting unit sales decline.

Profite. ¥Profits are expected to decline only slightly, possibly

0.3 to 0.4 percent over the 22 year period,

~ 16 -
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|

Competitive Effecta. Nincteen wheel and crawler tractor manufacturecs

comprise the Industry affected by the proposed action in 1977: Eight

may be classificd as mmall to medium firms and eleven classified ao large.

Six of the eight small and medium firms may be placed under cupltal

avallobility pressures; however three of these firms are alreody encounter~

img capital avallabllity problems. Five of the eleven large firms would

have capital cost of abatement/palea ratios greater than flve percent

and, becouse of this, may encounter higher capital borrowing rates than

the other f£irma in the induotey in sceking to comply with the regulations,

Direct Effect on Prices

Effect on List Prices. The average eatimated increase in list

price for each of the five machine clanues la displayed in Table 3,
The potential coat increases on a per model basis may vary fram the
average alnce abatement cogts are relatively insenaltive to variations
hetween machinea. fower priced vehicles (wheel tractors and smail
wvheel loaders produced by small £irma) may heve significantly 1.igher
cost Increase/price ratioa,

Table 3

Estimated Average Cost Increase as a Percentoge
of List Price for Flve Machine Classes

_Machine Claga Percent Increase

Crawlor tractors 20-249 . 5.4
Crawler tractora 250-500 2.6
whenl loaders 20-199 5.7
wheel loadern 200-450 2.3
Wheel tractors-

Industrial /Utility 20+ 7.2
All Machines 4.6

- 17 -
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Effect on Operation & Maintenance Costa., The estimated average

annual dollar and percentage OSM cost lncreacen to be faced by usorn,
primacily In the construction, mining and forestry industrles, are displayed

in Table 4 for e¢ach machine clasn, vaing a 22-year time frome.
Table 4

Estimated Average Annualized Dollar and Percentsge
User Q&M Cost Increase by Machine Class

{1976-2000)

Dollaca

(Milliona) Percentoge
Crawlex tractors 20-199 hp 44.5 3.0
Crawler tractors 200-450 hp 10,0 2.3
Wheel loaders 20-249 bp 25.0 2.5
Wheel loaders 250-500 hp 7.7 2.4
Wheel tractora 20+ _26.5 1.2
All Machines 13,7 2.1

Productivity Effects

Regulation of the nolse emlssions from wheel and crewler tractors
is expected to have a negligible overall effect on employment, There
may be a modeat increase in mapufacturing labor required to dealgn,
build, ard install the necessary nolgse abatement materials which in
turn may ba offset by a decline in regular production personel due to
a pogaible decrease in demand for regulated equipment.

-~ 18 -
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Indirect Effects

Impact on Suppliera. Some component suppliers muy increase thelr

gales depending on their ability to reduce the noise emissions of their
product and thercby contribute to the reduction in overall machine noise.
Furthermore, those suppliera speclalizing in the manufacture of sound
damping and sound abeorbent materials and other preoducta required for
abatement would be expected to experience Increased sales,

Inpact on Exports. Products manufactured for export only are not

required under the Act to comply with the requlation. Accordimgly,
because the technology atudled 1s essentially medular, machines for
export can generally be produced without nolse abatement equipments
Therefore, the impect on U.5. exporta should be minimal.

Impact on Imports, The proposed regulations will apply to ail

imported machines. However, the percentage (approximately 2 percent
of wheel and crawler tractor sales) la very small, There la no reason
to believe that limports will he unable to comply competitively with
tha standards and thue the proposed regulatjon should have little or
no effect on foreign tcade,

Impact. on Enerqy lfae. Nolea abatement treatments may cause aone

increased weight for regulated machines resulting in potentially reduced
fuel economy, although this is not expected to be alfgnificant, The 6-year
lead time provided to implement the more atgingent nolse atamlarda should
anable manufacturers to minimize this problem, Sﬂm‘ technlquea not
being generally applied to these machines at this time, much as the
use of turbocharging, will both decrease engine nolse levels and improve

fuel econamy.
-~ 19 ~
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Section 1
INTRODUCTION

CONSTRUCTION SITE NOISE

In recent years, the nolne ascoclated with construction projects
has been incrcaslmgly responsible for the degradation of the urban
enviroopment,  Equipment agsoclated with conatruction has grown more
numerous. At the same tlme, the trend towards urban renewal amd high-
rige structures has resulted in an increase in the amount and duratlion
of conatruction site activity in densely populated arceas. Consequently,
many people are now residing or working near construction sites where
they may be exposed to unacceptable nolse levela for long perloda of time.

The moat prevalent nolse source in copstruction equipment is the
interpal combuntion engine (usually of the diesel type) used to pro-
vide motive and operational power. Englne-powered equlpment may be
categorized according to lta mobility and operating characteristics
as:

1) earthmoving equipment (highly mobile),

2} handling equipment (partly moblle),

3) statlonary equipment,
Wheel and crawler tractora belong to the flrat category.

Conatruction is carrled out in several reasonably discrete ateps cach
of which has 1ta own mix of equipment and iva own nolee characteristics.

The phases ares ground clearing, excavation, foundation, erection amd

finiahing. fTyplcal average nolse levele [1] at construction slte boundaries,

for each phase of construction activity are shown in Table 1-1.

1~
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Table 1-1

TYPICAL ENERGY AVERAGE NOISE IAVEL, Leq (dUA)
AT OONSTRUCTION SITE BOUNDARIES

Office Bullding Industrlal Haghways
Domestic Hotel, Hospital Recreation, Store, Roads, Sewers
Houaing School, Public Works  Service Statlon Trenches

[

o Ground Clearing B3 o4 g4 64
Excavation 28 89 89 fa
Foundation -3 8 7 L]
Brections 81 87 o4 88
Pinishing 8o 89 89 84

¥
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Requlating the nolse anissions of individual pieces of equiprent
i one method of alleviating construction site noioe. Other methoda
include;

0 Replacing individual operations and techniques by lesa

nolsy onen.

o Selecting the guietest of altcrnate operations to keep aversge

levela low.,

0 Iacating nolsy equipment away from aite boundaries, particulacly

neac nolse senaltive land use aceas.

¢ Froviding enclosures for statlonacy items of equipment and

barriera around particulacly nolsy aceaa on the aite,
Thege alternate methods may be used, by themselvea or in combination,
in nolsa senaltive aceas or to meet local environmental noise ordl-
nances, lowever, noise emigsion levels for individual producta must ba
:.:egulut.ed on pation-wide basla to avaid the confuslon of conflicting
local requirementa,

If no coata were attendant to the reduction of noise emisalona,
the construction equipment industry would undouhtedly take voluntacy
steps to.quiet thelr producta, Since nolse geduction techniques may
increasa prices without Improving macketability, requlationa are
needed ta ensure that the baslc steps are taken uniformly by all
componenta of the industry.

Regulationa promulgated eacliec by FPA for new medium and heavy
trucks and portable air compressors require that a product manufac-
turer be responsible to the ultimate purchaser for assuring :

1. that the product meets the specified standacd(a) when Iintroduced

into commerce;

R LY s N e P b e £y
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2. that componento or parts of the product are not patently defective
at time of sale (if the product excepeds the ctondacds as a
result of a part which was cosentially “defective” a manufacture,
the purchaser hna recourne to obtain redress from the mans~
facturer);

3., that the ultimate pucchaser is provided with the maintenance requice-
menta necessary for the product to continue to meet the levels
required at introduction into comrerce, and

4. that parts or components which, if tampered with, will result in the
product exceeding the noise standarda, are identified.

These la, however, no assucance to the purchaser that the product has heen de-
algned and bullt so that the it will continue to meet its noise enisaion standacd
for a stipulated period of time or use when it is properly used and maintained,

The attainment of the eatimated health and welfare henefits, requisite

w0 A regulated product or clasa of products, ig dependent vpon its continuing
to comply with the Federal not-to-exceed nolse emisslon standard for a
prencribed period of time or use,

The cuestion of "Uzeful Life” with respect to product nolse

cequlations was firat addressed in the proposed rule making for medium
and heavy trucks and for new porteble air compressors, The inltially
proposed useful life provisions cequired the manfacturer to assuma
that his product would continue to meet the EPA noise emlssion standard
throughout the product's useful or operational life. This requicement
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wagd intended to ensure that the public health and welfare benefits derived
from the product standards would not degrade during the product's life

ag a result of the product's cound level increasing over time. The

ngency deferred action on setting 4 useful life atandard in the final
regulations for necw medium and heavy trucks end portable nic compres—

sors bused on a need on the part of EPA to further aagess to what degree
the noige from a properly used and maintained product would increase

with time, IHowever, the Mgency reserved a section in the regulations

for the proposal of useful life stendards at a later time,

The agency has glven considerable attention to this queation of
product nolse degradation (increase in nolse level with time) and
firmly belleves that if a product is not bullt such that it is even
minimally capable of meetlng the standard while in use over a specified
initial perlod, when properly used and maintained, the atandacd ftself
would become a nullity and the anticipated health and welface benefita
will he 1llusory,

Consequently, the Agency has developed the concept of an
"Acoustical Assurance Perfod" (AAP). The AP 1s defined aa that
specified initial period of time or use duriing which a product must
continue in complfiance with the Federal standard provided it is properly
used and maintained according to the manufacturer's recommerdations,

In contrast to the previcusly proposed "Useful Life" requirements,
the Acoustical Assurence Peciod is independent of the product's opera-
tional {useful) life which is the the perlod of time between zale of

the product to the ficst purchaser and last owner's disposal of the

. product.,

1-5
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The Acoustical Aosurance Period is product-specific and thus may be
different for different products or classes of products. The AAP in
predicoted, in part, upon (1) the Mency's anticipated health and welfare
benefita over time resulting from noise control of the specific product,

(2} the product's known or estimated periods of use prior to ita firot
major ovecrhaul, (3) the average first owner tucnover (resale) period
(where oppropriate), and (4) known or best engineering estimated of
product~specific noise level degradation (increase in noloe level)
over time,

The AAD will require the product manufactucer to assuce that the
product is designed and bullt in a manner that will enable it to comply
with the nolse emiealon regqulation which exists at the time the product
im introduced into coumerce and that it will continue to conform with
the applicable regulation for a peciod of time or use pot less than
that specified by the AP,

While the Agency believes that products, which are properly designed
and durebly built to meet a product specific noise emission standard, should
continue to meet the standards for an extended period of time, it recognizea
that poma menufacturers may wish to stipulate, based on test results or best

engineecing judgment, the degree of anticipated nolsa emission degradation their

product(s) may experience ducing a epecitied Acoustic Assutance Peciod. A

procedure has been developed by the Mency that permits manufactucera to account:

for pound level degradation in his compliance testing and verification program.
Thia procedute, if used, would require a manufacturer to apply a "Sound Level

Degradation Factor® (SLOF) to the Rgency'a not-to-exceed noise emission stendard

and thua would result in a manufacturer specific production test level that
is lower than that specified by the EPA atandard. For example, a manufacturec
-6
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who estimates that the nolce level of a given product model may increase
by 3 dba during the prescribed ARP would specify an SCOF of 3 dBA, For
production verification the manufacturer would then test to ensure that
his product's sound level io 3 doA below that opecified in the applicable
Federal otandard., For those products not expected to degrade during the
ARP the menufacturer whould npecify an SLDF of zero,

STATURORY BASIS FOR ACTION

Through the Noise Control Act of 1972 (06 Stat. 1234), Congress eatablish-
¢d a national policy "to promote an environment for all Amerlcana

free from noige that jeopordizes their health and welfare." In pursuit

of that policy, Congress stated in section 2 of the Act "while primacy
responaibility for control of nolse rests with atate and local governmenta,
Federal action is essentlal to deal with major noise soucces in comerce,
control of which requires naticonal uniformity of treatment.™ As pact

of this essential Federal action, subsection 5(b)(1) requices that the
Muministrator of the U.S. Enviconmental Protection hgency, after copsultat~

tion with appropriate Federal agencies, publish o report or series

.of reports "identifying producta (or a classes of pcoducts) which in hia

judgement are major sourcea of nolse." Section 6 of the Act requictes
the Kninistrator to publish proposed regulationa for each product
identified as a major source of nolse and for which, in his Judgment,
noise standards ace feaaible,

Pucsuant to subsection 5(k)(1), the Administrator bas published

in the Federal Register {4A0FR 23105, May 28, 1975) a report identifying

wheel and track loaders and wheel and track dozecs aa major sources
of noloe, A3 required by section 6, FPA shall prescribe regulations
1-7
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on the noise eminsions from new wheel and crawler t:actoml which are
requisite to protect the public health and welfare, taking into account
the magnitude ond conditicns of uoe, the degree of noise reduction
achievable through the application of the best available technology
and the cogt of compliance.
After the effective date of a regulation on noine emiosions from a
new product, section 6 of the Hoise Control Act requires that no Atate
or political nubdivision thercof may adopt or enforce any low or regulation
which sets a limit on noice eminsions from ouch new products, or components
of such new products, which is not ldentical to the standard prescribed
by the Federal Regulation. Subsection 6(e) (2), however, provides that
nothing in sectlon 6 precludes or denlea that right of any State or political
subdivision thereof to eatablish and enforce controls on enviromrental
nolse throwh the licensing, requlation or restriction of the usa, operation
or movement of any product or combination of products,

The nolse controls which are reserved to State and local authocity
by subsection 6(e) (2) include, but are not limited to the following:

1. Controle on the mantier in which products may be operated.

2. Controls on the time in which producta may he operated.

3. Contcolr on the placea in which producta may be operated.

4. Controls on the nunber of producta which may be operated

together.
5. Controls on nolse emlssiona from the property on which products
are used.
6, Controls on the licanaing of products.

7. Controls on enviconmental nolse leyels,

I'I‘he dealgnation baa alnce been changed to wheel and crawler tractocs
to comply with standard industry nomenclature.

1-8
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To assist EPA in enforcing requlations on noise emibsions from
new productn, State and local authoritien are cncoureged to enact reg-
ulations on new producta offered for sale which are ldentlcal to
Federal regulationn.

Compliance Labeling

The enforcement procedures outlined in scction 9 of this document
will be acoompanied by the requirement for labeling products dlstributed
in comerce. The label will provide notice to a buyer that a product
is 80ld in conformity with aspplicable regulations. The label will aleo
make the buyer and user aware that wheel and crawler tractora possens
nolse attenuation devicea and that such itema should not be removed
or repdered inoperative. The label may also indicate the assoclated
liabllity for swh removal or tamperimg.

Inpocts
The determination of whether individual pew imported products comply

with the Federal regulation will be made by the U.S. Treasury Pepoactment
(Cuatoms), based on ground rules eatablished through consultation with
the Secretary of the Treasuty,

It is anticipated that enforcement of the actual noise astandacd
by the use of a atandard tesit procedure would be too cumbersome for
Customa to handle, especially in view of the tremendous bulk of
merchandisa which they handle each day. A case in point occurs with
imported automobiles, in which Customs inspectors presently assess compliance
with requlrementa of the Clean Alr Act solely on the basis of the presence

1-9
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or abaence of & label in the engine conpartinent. A similac mechanism
{labeling) appeara viable for use to assess conpliance of wheel and
crawler tractora with the proposed regulations.

QUTLINE AND SUMMARY OF BACKGROUND DOCUMENT

Background information used by EPA in developing regulations limiting
the noise emiosions from new wheel and crawler tractors is prepented
in the following Sectiona of this document:

Bection 2 -~ The Industry and the Product: containg general informa-
tion on the manufacturern of wheel and crawler tractors and descriptions
of the product, and a discussion of the data used in the development
of an Acouatical Assurance Perlod,

Bection 3 ~ Measurement Methodology: presenta the measuremsnt
mathodology melected by EPA to measure the noise emitted by this product
and to determine compliance with the proposed requlation,

fiection 4 ~ Basellpe Noise levels for New Wheel and Crawler Tractorar
presenta current poise levels for exlsting new wheel and crawler tractors.

gection 5 - Mealth and Welfare: discussea the benefita to be
dorived from requlating nolse emisojona from whecl and crawler tractors.

gection 6 ~ Technology: providen information on avallable nolse
control technology and the criteria for determining the levela to which
whenl and cramler tractora can be quieted,

Bection 7 ~ Economic Analysis: examines the economic fmpach of
nofsa emission standards on the wheel and crawler tractor industrcy and
socioty.

Bection 8 .- Enforcement: discusses the various enforcemont actions

open to EFA to ensute compliance,

2-10
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Section 9 - Exinsting Local, State and Forelgn Regulationa: sumacizes
current nolse emisalon regulations on wheel and crawler tractora.
Appendix A - The Docket Abalysls (Renerved).
Appendix B -~ Discusses development of regulatory atudy levels,
Appendix C ~ Presenta detalls of individual optiona,
Appendix D ~ Liste sources of information coosulted in completing
thia document.

1-11
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Section 2

THE INDUSTRY AND THE PRODUCT

THE 1NDUSTIY

The wheel and crawler tractor (loader and dozer) Industry ia a
mature and highly compotitive industry. Manufacturers vary algnificantly
in size, financlel strength, manufacturing cepability, applied technology,
marketing ability, and extent of product diversification, Figms in
the Industry include automoblle manufacturers, famm equipment manufacturers,
industzial materials handling equipment manufacturers and foXeatcy equipment
manufactutess,

Nipeteen Elrms produce tractors domestically, In 1974 these firma
had over $1.87 billion in sales and shipped more than 50,000 unita
worldwioe. Domestic sales were 51,195 billion and morxe than 36,000
unitas were shipped. Thesa flguxes cxclude utility tractors which had
1974 total males of $165 million and shipwents of 34,000 units.
Firms

Flons in the industry were ldentified from information provided
by Lndustry trade aasoclations, trade publications, other firma, and
equipment dealers, Specifications for individunl modela were obtalped
from the jdentified manufactuters and their dealers. Available financiol
repaxts, including Value Lineg, Mobdy‘a, and Dun and Bradstreet, aa well

as information provided by individual fimms, was used to assusa the
financlal strength of each firm,
= The wheel and crawlex tractor industry ls comprised of eleven vegy
lerge and elght small firmma. The large fizms are: Allls—Chalmers,
J. 1. Case, Caterpillar Tractor Company, Clark Equipment Qompany, Deere
and Company, Eaton Corporation, Fiat-Allls, Ford Motor Company, Oaneral'
2-1
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Motors Corporation, International tlarvester, and Masacy Ferguson Limited.
Bach of thege firms had 1974 asgets of over $250 million with eight
having asscts in excess of §1 billion. Ten of the £irms had 1974 sales
of over 51 blllion, All of theme £irms manufacture linus of products
other than construction equipment, with the exceptlon of Flat-pllis,
vhich was formed by two large diversified firms, Flat and Allin-Chalmers,
exclusively to manufacture copstruction cquipment,

The smaller firms are ATP, Dlgmor Cquipment & Engineering Company,
Dynamlc Industries Incorporated, Hy-Matle Corporation, Owatonna Manufac-
turing Company Incorporated, Taylor Machine Worka Incorporated, TCI
Power Products Incorporated, and Waldon Incorporated. Assets of these
firma in 1974 rarnged from $0.1 million to $15 million, and 1974 sales
ramed from 50.2 million to §30 million. Taylor ie the only £im that
does not market tractors for construction use, However, the equipment
1t does manufacture is qulte comparable to construction equipment.

Flgure 2-1 1lluatrates the range of sales volume for these firma.
On the whole, the 11 large firms domipate the market accountimg for
nearly 98 percent of unlt sales volume, and over 99 percent of dollar
salea volume.,

All but w0 of these are Amerlcan flrms; Massey-Ferguson is a Canadlan
£irm, Flat-Allin is a joint venture of Allis-Chalmers and Italy's Flat
3.0.A,

Producta

Approximately 175 models of the wheel and crawler tractors produced
by damestlc manufacturers may be subject to requlations. Wheel loaders
daminate the list with Bl models, followed by 70 models of crawler tractors,
and 24 wheel tracror modeln.
2-2
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riguri: 2-2 phows cotimated 1976 market shoares for theae categorles,
together with estimated unit sales. llistorical sales data, divided
into 14 product clagges, are reported by the Burceau of Cenous in Current
Industrial Reports (CIR), Series MA 350 and MA 355, Additional inventories
on individual model sales were obtalned for 12 of the 19 manufacturexs.
Thepe submissions, together with the CIR data, were uged to make model-by-
mod:l estimates for the entire industry which are the basis for Flgure
2-2, However, estimated sales of cach model are not shown In this document
to avold release of any company-propfictary information supplied voluntarily
to EPA by individual manufacturers [2,5].

All of the firma produce a wheel loader linu. The elght smaller
firms and four of the larger firms - Allls-Chalmers, Clark, Eaton amnd
ford - build only wheel loaders. Six fixms ~ Case, Caterplllar, Deexe,
Flat-pllis, Interpational Harvestsr, amd Massey Ferguson -~ produce crewler
trxactors, Flve of the fimma - Deere, Case, Ford, Internatlional Harvester,
and Massey Ferguson - produce wheel tractors, Table 2-1 shows diatrfbution
of impacted equipment produced by these fimms, Table 2-2 shows market
shares for product classes by slze of firma,
Plants

The 19 f£irms maintain 28 plants within the United States and 6
plants abroad which petform final assembly of Impacted equipment for
the domeatic market, Moat of the domestic plants are located in the

1n 1976, unit sales of impacted equipment totaled approximately 76,899.
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Source;

¥henl Tractors
35.60%
{27,516)

EPA Estimates

Wheol Loadera
20.9%
(16,059}

FIGURE 2-2

Crawler Tractora
43.3%

(33,324)

Market Share Estimates for Wheel and Crawler Tractora
(1976 Unit Salen)
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Table 2~1
RIGTRIDBUTION OF IMPACTED FQUIPMENT PRODUCT CLASSES

MANURACTURED BY FIRMS

WEEL CRAWLER WHEEL NUMIER QF
FIRMS TOADERS TRACTORS TRACTORS IMPACTED PROIAICTS
Allin-Chalmera 3 3
ATT 1 (1 1°
Casge 6 10 K] 19
Caterpillac 7 13 20
Clack 7 7
Duere 2 5 5 12
Digmox 1 1
Dynamic 3 3
. Zaton 8 8
| Plat-Allis 7 15 22
7‘ Ford 3 3
i General Motora 7 3 7 17
| , By-Matic 1 A
Inteinational
Rarvester 12 13 4 29
Massey Perguson 6 11 5 22
Owatonna 2 2
Taylox 2 2
<1 1 1
Woldon 2 2
NOHBER OF RACHINES B Ta 24 175
NMEER OF FIRMS 19 7 5 19

utility tractor,
-6

SATP makea only one machine but it 18 a cross between a wheel loader and



TABLE 2=2

FESTIMATED (1.5. GALES OF OONSTRUCTION
s b 1} O
{Units)

Year - 1976

WHEEL CRAWLER WIEEL
LOADERS TRACTORS TRACIORS  TOTAL
| EALL FIRMS 973 _a A 973
: (Baloa <FIU million)
| MEDTUN FTRS 699 _a . 699
TBaYes 510 to $200
»11110n)
LARGE FIRMS 14,378 33,324 27,516 75,218
L TOTAL, T8, 050 L E MY R U (50
| .

fihoel Joaders are the only impacted equipment manutactured by
| . amall and meduim pize firms,

7
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Midwent, particularly in Illinois, Ohio, and Michigan; Figure 2-3 shown
the geographleal distribution of these plants. Eleven of the firmg,
including all of the msmall firms, maintain only one final assumbly plant
for Impucted cquipment. While several of the firma produclng two or
mare classes of tractor equipment have only ohe plant, most have multiple
planta. Most of thuse firmu do not segregate cgulpment classes by plants
Scgregation s more likely to occur by wehicle pize., Table 2-3 lists
dlsatributien of plants by f£irm.

Competitive Factors of Machine Selectlon

Competlition among producers takes on many forms, including price,
equiprent durabllity, scervice and optlonal equipment features. Small
£irma gencrally use price and equipment inpovationn to compete in the
market for smaller machines.

The buysra of the larger equlpment gencrally are more sophisticated
and are concerned with total operation costs over the life of the machine,
including purchase price, operation and maintcnance, expected machine
life, and quality and reliability of manufacturer'sn service.

A large number of financial, climatic and job~specific factors
influence a cuatomer's selection of a spucific wheel or crawler tractor
and the subsequent decdsion to purchase or to least, Generally, a prospec-
tive buyer will flrat determine the type and size of equipment needed
and then declde which brand he wants, It is not uncommon for an equipment
user to buy one £lrn's equipment exclusively, allowing hip dealer to

help hlm choose the equipment he may need,
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' Figura 2-3 GEOGRAPHICAL DISTRIBUTION OF DOMESTIC WHEEL AND
CRAWLER TRACTOR MANUFACTURING PLANTS
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FIGURE 2-1

(Continucd)
KEY 1
Code Firm Location
1A Allia-Chalmora Dearfield, IL
1p Allia-Chalmers Topeka, KS
2 ATP Longview, TX
3A Case Dettendorf, IA
k]! Case Terre Haute, IN
3c Cane Wichita, KS
4A Caterpillar Aurora, IL
4R Caterpillac E. Peoria, IL
4C Caterplllar Sigami, Japan*
5A Clark Benton Harbor, MI
5B Clark St. Thomas, Ontarlo®
6 Deexe Dubuque, IA
7 higmorx Redlands, CA
] Dynamic Barnesville, MN
9 Eaton Batavia, NY
10A Fiat~Allias Springfleld, IL
10R Fint-Allis Deexfleld, IL
loc Fiat~pllia Lecca, Italy®
11 Forad Romeo, MI
12h Goneral Motors Hudson, OH
128 Genaxal Motors Claveland, OH.
i 13 Hy~Matic Sparka, NV
14A International Harveater Melrome Parxk, IL
14B International Harvaater Libextyville, IL
14C Intexrnat.ional Harvester Louiavilie, KY
: 14D Intarnational Haxvester Hamilton, Ontaxio®
i 14E International Harveatexh# Tokyo, Japan®
; A5A Masaay Ferguaon Datroit, MI
| 158 Masasy Ferguaon Akron, OH
; 15C Mapgseay Farguson Hanover, Germanyh®
15D Massey Farguaon Aprilina, Italy*
16 Qwatonna Owatonna, MN
17 Taylor loulnville, M8
10 TCI Yankton, SD
19 Waldan Fairview, OK

*planta outaide the United States,

"iTwo International Harvester whael loaders are made at
the Komatau plant in Tokyo, Japan.

2-10
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Table 2-3

DISTRIBUTION OF FIRMS
By DOMESTIC AND FOREIGN PLANIA

PRODUCING MACHINES FOR DOMESTIC SALES

Nome of Firm
Allig-Chalmers
ATP

Case
Caterpillar
Clark

Deere

Dynamic

Eaton
Flat-Allia
Ford

General Motora
Hy-Matic
Interpational Harvester
Massey Ferguson
Owatonna

Taylor

TCI

Waldon

2~11

Number of Plrma

Domeatic Toreign

2

1

k|

2 1
1 1
1

1

1

2 1
1

2

1

3
2 3
1

1

1

1
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The type of cquipnent selected depends upon the kind of material
to be moved, as well ag the climate, terraln, and other slte-opreclfic
factors., Amorg looders, crowler looders arce generally designed for
digging and moving applications, while wheel loadera, with larger buckets,
often without a cutting edge or teeth, are uaually usced for loodirg
loose materlalo, Crawler tractors are designed primarily for bulldozirg,
while wheel troctors can be put to a variety of usco, deperciing upon
thelr attachments. Three of the most common attachments for wheel tractors
are loaders, backhoes, and trenching equipment.

The size of eguipment chosen would optimally depend upon the most
efflclent application for a particular joby i.e., the cartbmoving cepacity
of the machine would be commensurate wlith the volume to be moved, Thus
equipment glze ia gencrally dependent upon the type of service provided,
financial strength and work backliog of the customer's company and sometimes
on the avallabllity of machines. The cost of a glven loader or tractor
depends, to a great extent, upon ita alze. The cont of operatlon, main-
tenance, amd repalr, as well as purchase price, generally are commensurate
with machine slze.

An lmportant competitive edge can be galned through technical
innovation, Most firms maintain research and development programe in
order to develop machines with improved performance and durabllity.

Hew moduls are contlnuously entering the market and existing models
are conatantly belng updated with new features. Incresses in machlne
productivity have kept the coat of moving dirt constant from 1930 to

1972 even though machine and lahbor costa have risen continuvously {2}.

2-12
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Research and development expenditures usually run at 2 to 3 percent
of salen, Glven a 52 billion domeptic market and healthy exports, this
allows for a conservative estimate of $50-60 million annual expenditures
for nsD for affected cquipnent alone.,
All the large firms maintain large ongoing R&D programs to constantly
irprove products, While smaller £irms do not have the resources for
major R&D programs, they often comu into existence because they offer
a radically new concept. These fims are gencrally formed by former
engineers of larger corporations who set out on thelr own to develop
thulr new technlquea, ATP, Dynamic, Hy-Matic, and Waldon exemplify
this type of fimm. While thelr equipment is in the semx: horsepower
range with machines produced by the larger firms, thest mpall manufacturers
compete more with each other for thelir speclalized markets,
Four of the major improvements in tractors and loaders are:
1. tractor shovel loader (combined operations of power shoval
and front end loader)
2, articulated wheel loader (Ceduced cycle times by facilitating
poaitioning and turning)
3. hydraulic systems (improved bucket loaling capabllity, brake
aystems and steering)
4, power shift transmisslon (incressed efficiency of load handling
arl power and speed changes) .
While construction and foreustry flrms are continuously updating
equipment, most Induatrial and mining firms expect to keep thefr equipment
indefinitely, They purchase machines expecting full amortization of

2-13
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thelr equipment. Large contractors and municipalitica have historically
purchaned new equipment,  As more advanced equipment becomes avallable,
these £irma will trade in thelr present equipment, often after only
a yeax of use,

Nolse regulations will probably cause a short-temm increase in
veed equipment salen becaune the price of new quieted machines may
rise and make unabated machines mofe economical for moge buyurs,

vertical Integration and Suppliers

All constructlon equipment contalns components purchased from
other manufacturera. The degree of suppller involvement varies widely
throughout the industry, Suppliera make such important componeats as
enginea, drive traina, axles, tirea, and attachmenta that are often
a0ld as ﬂt.m_'adard equipment,

Mong the manufacturera of impacted equipment, the degree of vextical
integration of component manufacture cotrelates directly with £irm alze,
The larger producera menufacture most of thelr component parts, while
emaller producers xely heavily on outside suppliers, In sone cases
these suppliexs are the larger firma; in other cases they are independent
manufacturera of enginea, parts, or attachmenta, The engi;'re is an lmportant
coepenent. in the cost of a wheel or crawler tractor, It is also a major
noime source, The engina contains the moat moving paxts and requixes
considerable service and maintenance.

There ate three categuries of engine vsera mong the impacted firma;
1, Those which use thelr own engines excluslvely;
2. Those which use their own engines and aleo
purchase thosa of othexr manufacturersy amd
2~14
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3. Those which purchase all of thelr englpes,
The diatribution of fimms by this categorization da displayed in
Table 2~4. The nine companies which manufacture their own englnea all

have sales and aspets In excess of 5100 million,

TABLE 2-4
ENGINY:. USE IN IMPACTED PRODUCTS

USE OWN ENGINES USE (W AND USE QIHERS!
EXCIMSIVELY OMERS! EXCIUSIVELY
Catexpillar Miie-Chalmers RTP
Deere Cane Clack
Ford Flat-pallia Digmaz
General Motore Maasey pynamic
Intermnational Perguson Eaton
Barvester Hy-#atic
Owatonna
TCI
Taylor
waldon

Of the ten manufacturers using engines supplied by other manufacturecs,
those producing large machines rely on the engloes of Cunmins, GM, and
Pexkins, while tha mnaller manufecturers, who usually produce mallerx
rmachines, are primagily dependent upon Wisconsin, Deutz, and Ford,

Of the eleven laxgest firmms, only Clark and Eaton do not manufacture
thelix own engines,

Because of the algnificant contribution of fan and englne nolse
to vehicle noise, engine manufacturers are likely to be significantly
impactsd by polse requlations,

In addition to engines, major ompqwnté obtained from outaide
suppliera include;

2-15
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o drive train components {tranaomissions, torque
converters, cte.);

o hydraulic componenty;

o undercarr tage porta;

o accessor jes (blades, buckets),

Certain of the monufacturers speclalize in manufactur ing compenents
for their own use and/or outside sale, while otherg buy mest of their
components and parta. Among the large f£irmu, Caterpillar, Ford
and G4 make most of their own components, while Eaton and Clark gpecialize
in axles, axle housinga, transmissions, and torque converters for use
in thelr own products and for sale to the heavy earthmoving equipment
Industry. The smaller companies purchase most of thelr parts apd components
and engage almoat exclusively In final assembly.

Althowgh these components and accessor fes are only marginally important
for nolse abatement, a number of independent suppllers could be impacted
by nolse regulationa. If the regulationa reault In a decrease in demand
for new machipen, there is likely also to be some decrease in demand
for parts and accesnor les,

Corverrely, suppliers of mufflers and other nolse abatement equipment
may benefit from the pranulgation of noise standards,

Product Distribution

Most conatruction equipment is gold throwgh independently-owned
dealershipos that practice varying deqreea of speclalization, Dealers
may bandle the product line of one major manufacturer or several, and
they may limit themselves exclualvely to construction equipment or may

market everything from lawnmowers to mining equipment.
2-16
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Company stores include outlets that are either wholly or partially
owned by the cquipment manufacturer, Their oales in both cases are
limited to the owning company'sc product line and Bupporting cquimment
acceasor ieg which may be complamentary but not competitive, Caspe ia
the only one of the impacted firms which oclls exclusively through company
atores.

Moot of the firma in the industry cccasionally sell equigment dircctly
to large customers, ouch as the Federal govermnent, Taylor, @mong others,
has a reqular practice of selling directly to commercial or industrial
consuners. In most other cascs, sales may be directly ncgotiated with
the company, but ave actually transacted throgh a company store,

Dealers (and company atores) have gone to great lengths in order
to maintain a so0lid relationship with customers for their service backup.
Dealer service often includes reqular weekday shop service, off-hour
service, as well ag flield service, In addition, dealers or manufacturers
will often instruct end-users in the proper perlodic maintenance of
thelr equipment, Such instructions usually make the contractor independent
of the dealer between major breakdowna or overhauls and iowers the cost
to the contractor of excessive dependence uvpon dealer pervice, Many
dealera maintain fleeta or radio dispatched service trucks able to perform
all but major repair work, on the job site, Dealers also develop large

in-house service facilities to provide rapid repair of machines,

2-17
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Foreign Trade
Exports. The producers of wheel and crawler tractors in the United

States currently enioy an export market approximately 30 percent of
total sales, For larger size machines, the export market la greater
than ita U.5. counterpart, Not surprisingly, the larger £irms daminate
the emport market. They specialize in the larger machines, and they
have well-developed service networks, an eesential factor In export
marketing, Forelgn competition is most Intense in mnaller size machines,
which often are assembled by U.5. firma with overseas facilities,

The smaller manufacturera generally concentrate their sales
efforta on the domestic macket and export only a amall percentage of
their production. The forelgn sales of the smaller companlea range
from zero to 11 percent of qrosa sales, and all are direct exports rather
than sales by subaldlarles overseas.

Barrilers to Trade. Barriers to trade may influence exporting patterna

a8 well as total exports, In particular, tariffa Imposed by consuning
nations frequently protect domestic Industries from competition from
ahroad,

Another group of trade barriers, used primarily in developlng countries,
Involves "local content” requirementa. Forelgn nationa require that
a minimm percentage of the value of a product be contributed by national
manufacturera. Thia trade harrler has caused several domestic manufacturers
ta open factories in other natlons In order to gain entry into the local
equipment market. Because of this practice, exports are reduced, even
though foreign sales of domestle flrms continue to increase, Under
thia arrangement Intra-company transfers ond parts shipments atlll occurx,

but most. sales are generated from locally produced equipment.
2-18
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Several nations require that local branchen of multinational £irms
be owned In part (gencrally over 50 percent) by domestie firme. This
restriction has caused the formation of numerous jolnt ventures betwecen
domeatic manufacturers and forelgn firmn. Some cxemples of this are
Magsey-Ferquson's tractor and engine venture with the government of
Iran, Interpational Harvester's venture with Komatsu in Japan, Caterplllar's
involvement with Mitsubishl in Japan, and Maosey-Ferguoon's industrial
cooperation agreements with Poland amd the Polish tractor industry.

Importa. Imports of impacted equipment are minuscule relative
to total sales. Unlike exports, imports are concentrated in amaller
machines. In 1974 recorded importa accounted for 2.7 percent of the
total apparent unlt consumption and 1.9 percent of total dollar
consunption. Coampared to total damestic shipmenta including exports,
importa accounted for 1.8 percent of the total units and 1.2 percent
of total dollars,

The above flgures may be somewhat inderstated since manufacturera
often mioclassify conatruction equipment ag agricultural. Under the

current tariff atructure agricultural tractors are allowed free pansage

ahpmrent. copsumption equals total sales from U,S, planty, plus imports,
lesa exports, plus or minus estimated changes in inventory.
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into the United States, while construction equipnent is subject to a
5 to 5.5 porcent duty. Any equipment thot can be classified as agricultural
(particularly smaller machines) is so listed on its bill of lading and
counted as guch by the Dureau of Census,

Table 2-5 shows that over 50 percent of all imports, measured in
ecither unitg or dollarn, originate in Joupan, with Italy next {22 percent of
dollarg andd 24 percent of units), followed by Canada (14 percent of dollara,
6 percent of units). Wheel loodera represent 56 percent of ualt imports and
48 percent of dollar Imports of the three types of equipvent, Crawler
tractors represent 280 percent of unlt imports and 37 percent of inport
value,

Two baule types of f£irms Import equipment into the United States:

1, [Larger domestic manufacturers who build certain models outside

of the Unlted States;

2. Large foreign manufacturers, who provide parts and service

backup,

Some domestic manufacturers who have opened foreign manufactur ing
facilities import these forelan-produced mxdels for sale In the United
SHtates, with sales and backup provided by the distribution organization
of the domestic manufacturers., Importing in often preferable to producing
the line domestically because lower labor costs as well as production
economles of scale often outweigh shipplng and tariff costs, These
plants account for some of the equipment from Japen, Canoda, Italy and

West Germany.,
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TRACTOR AND LOADER IMPORT SHIPMENTS 1974

TABLE

2-5

WHEEL [OADERS CRAWLER TRACTORS WIEEL_TRACIORS 1OTAL
ORIGIN WITS UNITS $§ NS S IS 8
Japan 360 5,347,046 161 6,947,487 NA NA 21 12,345,533
Italy 170 3,040,563 169 2,209,503 NA NA 339 5,250,066
Canada 28 715,464 62 2,590,100 NA NA %90 3,305,644
U.K. 201 1,894,614 19 344,160  NA NA 220 2,228,774
Sweden 13 159,186 2 9,637 NA NA 15 168,823
W. Germany 3 142,244 - - A it 3 142,244
TOTAL 775 11,299,117 309 6,623,747 1,388 23,430,004

Data nre not malntained for industrial wheel tractors.

Saqurces

Bureau of the Censua Report IM 146,
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Foreign manufacturcra whose equipment is sold in North America
include:

o Aveling Barford

© Bray Construction Machinery

0 JCB Excavators

o Rarl Schaeff

0 Komatsu Limited

0 Kubota Tractor Limlted

0 Matbro

o Volvo

Only Komatsu, a .Japenese £lrm, ia expected by domestic manufacturers
to became a serious competitor. Though still only a minor force in
the U.5. market, Komatsu appears willing to maintain the large investment
peceasary to meke slgnifiicant intoads into the Americon matket,

Salea Patterna ~ 1974

Table 2-6 shows 1974 sales of impacted equipment, by machine type,
and corpares these pales to the estimated mtock as of January 1, 1974,
Dve to expansion and retiring of old equipment, new shipments asmount
to nearly 20 percent of exlating equipment. Wheel tractors ate the
largest cateqory of Impacted rquipment consldered here, Almost
33,000 of these machlines were produced In 1974, representing 46 percent

of the total production of impacted equipment, Crowler tractora contributed

33 percent of the total, while wheel loaders comprised 21 percent of
the total production of impacted equipment,
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TABLE 2-6

SHIPMENTS OF IMPACIED IRQUIPMENT, DY TYPE

1974 Estimates

NUMBER OF PERCENTAGE PERCENTAGE OF
IMPACTED EQUIPMENT MACHINES Or ICTAL MACHINE IN
TYPE SHIPPED EQUIPMENT PRESENT USL
(1974) SHIPPED
(1974)
wheel [oedera 15,416 21 19
Crawler Tractors 22,923 1 19
wheel Tractors 32,014 46 16.9
TOTAL 71,353 100 17.4

Pricen

The pricea suggested by manufacturers are known as liet prices,

Manufacturers set them as an early guide to the relative cost of thelr

machines, List prices vary substantially for machines of similar horee-

power. This ias dve to the lack of comparability among machines of different

manufacturern. Whille two machines of identical horsepower may be able

to perform the same work initially, product durability and operating

maintenance expenditutes may vary algnificently.

Equipment usera are concerned with the total life cycle cost

{amortized initial equipment cost, labor, maintenance downtime, and

repair) of getting a job done, Accordingly, manufecturers' prices are

camparable only when conaidering total costa,
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While list prices are set competitively, dealers seldom sell o
machine at ito list price. Rather, they generally have a margin of
23 to 24 percent above their purchase cost out of which they must pay
thelr overhead, take their profit and bargain with customers. As with
automobiles, the mmount of discount a dealer io willing to glve (which
is inversely related to his profit) to make a sale will vary slightly
from dealer to dealer and can be lmportant in determining whether the
dealer makes a sale. However, the 23 to 24 percent margin io relatlvely
constant and no dealera gain particular advantage through discounting.
Prlce Trends

The 1955~1975 wholeoale price indices for tractors and parts for
all commedities since 1955 are displayed in Flgure 2-4, This flgure
shows that the wholesale prices of impacted equipment have been rising
more rapidly than the overall wholesale prices. The one exception of
thle pattern occurred in 1973, when strict price controls were placed
on construction equipment. wWhen the controls were lifted, the prices
resuned thelr previous pattern. The more rapld rise of Impacted ecuipment
prices is due to the increase In alze and sophistication of the machines,
A price imdex controlling for increased machine size and productivity would
have remained relatively consistent over thila perlod.
THE PROCUCT

Crawler and wheel tractors employed in the construction industry
are used primarily in roed bullding and excavating for bullding fourdationa,
The major actlvitlea for which they are employed are loading, leveling,
and some shallow excavating, Teble 2-7 displays the uses of various
equipment in the different industries,
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Table 2-7

Impacted Equipment npplications

Daaic Industry

‘Equipment ~ Genoric Kind

EARTHMOVING , ETC,

{Roadiuilding, Conatruction,

Induatrial and Utility)
Pigging ~ Excavations

Dlgging - Trench and Ditch

Backfilling
landolearing, Raking
Ripping
poging/Landacaping
Paveneht Preaking
Scarifying
Hatarials lLoading
Materials Hauling
Materials Mixing
Kateriala Pumping
Haterials Holsting
paterialm Lifting
Poad Grading

foll Compaction, Tamping
Cable Laying

Flpe Laying
prilling and Boring
PAila Driving

Pile Extracting
Paving

Rolling

Bnow Remaval

Btxeet Swoeping
Nowing

Trash Compaction

" MININYG AND MILLING

Pigging—Excavationy
Land Clearing
Ripping

R A -
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Table 2-7

(Continued)

Banic Induatry

Equipment ~Generic Kind

AINING AND MILLING.
b _{Continued)

Dozing

Scardfying
Matexials Loading
Matariala Hauling
Matarialn Mixing
Matexdala Pumping
Matecials Hoimting
Matexiala Lifting
Foad Grading
Dxilling and Roring
Rock Crushing

. FORESTRY
P rap———————

land Qlearing
Trea Harvesmting
1og Pauling

log Loading

log Holating
Road Grading

AGRICULTURE

Rlanting ~Spraying
pigging~Trench snd pitch
Backfilling

Land Clearing
Materials Loading
Matoriala Hauling
Matexiala Lifting
Mowing and Chopping
Plowing

Cultivating

Power Take-0ff Driven
boeging/Land Laveling
Snow Removal
Terracing
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Fotimates of Impacted machines in exiotence are shown in Table 2-0.
Mpproximately two-thirds are used in construction, with the remaining
one-third used in a variety of applications, The esotimated 286,790
machines used in construction are distributed by type of construction
olte as shown in Table 2-9.

Machine Types

Six broad claszes of tractoro - (1) wheel looders, (2) crawlet
tractora, (3) wheel tractors, (4) wheel dozers, (5) skid-steer lomlera
and {6) integral backhee-loaders = comprise the wheel and crawler tractor
ipdustry for which the major activlitles of leoading, leveling and shallow
excavat.ing are product design objectives, Flgure 2-5 shows 1ine drawings
of these broad classes of tractora.

wheel [oaders. wheel loaders are characterized by a loader bucket
linkage which ls an integral part of the machipe., They ate normally
four-wheel drive with artlculated steer. An articulated steer loader
ia hinged midway between the front and rear axles. The front end axle
can swing either aide of the straight forward position, wheel loxders
usually have dlesel englnes. Transmisalons are designed for forward
and reversa cycling and usually have three or four gears in both forward
and reverse, Bucket sizes range from less than 1 cu, yard to about 25
cu, yards, The bucket ie used to dig, load, 1ift, carry, and dump earth
and mater lal. At conatruction sites, loxlers are uged to load material

for hauling, for excavating foundatinna, for clean up and for other

aimilar tasks.
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Table 2-8

ESTIMATED NUMDER OF MACHINLS IN EXISTENCE AND NUMDER USED

1IN CNSTHICTTON BY TYDL

January 1, 1974
Machine Type and Total in Potal In Percent in
Horsepower Clags Construction Exlatence Conntruction
Crawler Tractor 91,746 132,163 69.4
wheel Looders 45,341 0,566 60.0
Wheel Tractors 126,700 195,000 66.0
Total Above PISWED 307,760 (1%:)
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Table 2-~9
Estimated Number of Machines in Conatruction
by Site Type

#Hachine Type

and Site Typo
Hoxaepowar Nonreai~ | Induatrial/ | Public Total in Total in
Clapk Ronidantial dential Commarcial Works Conastruction Endatenca
Croavlar Doxern
20-09 13,660 9,470 1,951 2,788 27,800 36,660
90~199 6,764 10,050 1,069 1,496 21,300 33,929
200-259 1,056 3,466 370 370 5,202 11,004
260~450 A26 2,132 142 142 2,843 9,170
Cravlar [oadexa
20-89 11,240 7,642 1,249 2,240 22,460 25,254
90~199 5,385 5,239 221 gl5 11,640 15,732
200275+ 108 108 5 24 244 44
¥hea)l foadecs
20~124 T:092 5,910 4,49) 6,146 23,610 35,816
135-24]1 8,174 5,686 1,955 1,955 17,770 30,118
243-240 3,020 1,937 627 114 5,698 11,396
349-500 668 133 124 A2 1,237 1,256
eilicy Tractora
2090+ 16,3310 21,800 4a1,100 19,2316 128,700 195,000
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whenl Tractor

Backhoa Laader

. 8kid E;eﬁr foader
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‘Wheel Loader
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g

Crawlar Tractor

Wheal Doxzer

Figure 2~5 LINE DRAWING OF TRACTOR TYFPES
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Crawler Tractors. Crawler tractors can be equipped with or without

{ntegral linkage for dozer blades or looder buckets. In constructlon,
dozera are uded for land clearing, loogening and moving earth, £illing,
backfilling, compacting, and clean up. Horpepower rangen from under
50 to over 500 hp. Engines are uoually diesel, with from three to six
cylinders. Machines are offered with the option of power shift or direct
drfve transmissions and typlcally provide three to four forward and
reverse cperating speeds, Crewler tractors with losder buckets are used
when the aite terrain is too rough or muidy for wheel loaders to operate,
They arc vsually leas than 300 horsepower and thelr loader buckets are
on the lower end of the range of bucket sizes,

wheel Tractors, Thene machines may also be called lnclustrial tractors
ar utllity tractors. They are general purpose machines usually designed
for use with hucket, blade, and/or backhoe attachments for light construc-~
tion work, and other attachments for operationa such as mowing, snow-
blowing, atreet cleaning, and laniscaplng.  The design featurea are
rigiad frame, front engine, rear cab, two wheel drive, large tireas in
the rear and small front tires for steering. Most models are offered
with gasoline and diesel engine optlona. Engines are typically four
cylinder, with horsepower renging betwen 20 and 100 hp, The transmission
is often direct drive and provides up to eight operating speeda,

2=32




AdOR ITEVINAY 1533

Wheel tractors commonly used In construction are very similar in

deslgn to agricultural tractors and cone may be confused for the other,
No specific engincering distinctions have currently been entabl ished
which have conpensus acceptance by Industry, to clearly detine the
agr icultural tractor, There are, however, sone general character {atilcs
which distinguish the agricultural type tractor from the utility/industrial
wheel tractor, DPgricultural tractors arce characterized by a rear power
takeoff, draw bar, and dealgn features for the towlng of farm implements
in the cultivation of crop flelds. Frequently there ate as many an
elght to twelve forward gear speeds with one to four reverce opeeds,
The transmisaion of the agricultural tractor is deslgned for constant
speed rather than the forward and reverse cycling required of tractora
used In construction. The machine I8 not manufactured with the heavy
casting atound the radiator and epgine component necessary to pratect
conatruction equipment from debris and vandaliam,

The agricultural tractor la more likely to have a direct drive
tranamission, The tractor fs likely to ride higher for crop clearance
and wheel separation la typleally adjustable,

Because the agricultural tractor need not be designed for larqe
overload and the ranges of cperating conditions necessitated by construc-
tion work, the tractora are lower in welght and cost when compared with

wheel tractora of similar horsepower. The agricultural tractor s excluded

from thia requlation,

2-13
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Skid Steer Loaders, These machipes are small loaders that are

maneuvered by varying the speed and/or dircection of rotation of the
right or left set of wheels independently of cach other. The frame

of the machine 48 rigid and the wheel base lo shorter than that of other
loader types. Englnes are omall--40 hp or leap~-and are usually alr-
cooled and gasoline powered. Loader linkages are integral to the frame.
Skid pteer loaders £ind limited use in construction. Their lightwelght
design is optimized for materials handling applicatlons. They are not
usually able to compete economically with the larger machines In londimg
operations. Skid mteer loaders are excluded fram thls regulation,

Loader/Backhow, This refers to a wheel tractor with both an integral

loader hucket apparatus and an integral excavating bucket {backhoe
apparatua, The loader bucket is generally placed on the front and the
excavating hucket (backhoe) generally located on the rear of the machine.
The machine can perform loading operatlons but ita primary use la for
excavating, Manufacture and construction contractor estimates indicate
that the loader/backhoe is used 60 to BO percent of operating time for
excavating purposes, The lntegral loader/backhoe ls excluded fram this
regulation,

A family tree which illuatates the relationship for the various

equipment 1s peesented in Flqure 2-6,
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Table 2-9
Estimated Number of Machines in Construction
by Site Type

Machino Typo _
and Site Typu
Horuepower Honrei- Induutrial/ Public Total in Total in
Clanu Regidentlal dential Caommercial Worku Conutruction Existonce
Crawlar Dozorp
20-89 13,660 9,478 1,951 2,700 27,800 36,680
90-199 0,764 10,050 1,069 1,196 21,300 33,929
200-259 1,056 3,486 370 370 5,202 11,004
260-450 426 2,132 142 142 2,043 9,170
Crawlor Ioadern
20-89 11,240 7,642 1,349 2,248 42,460 25,254
90-199 5,355 5,239 2313 a15 11,640 15,1732
200275+ 100 100 5 24 244 Al4
Wheul Loadexs
20~-134 7,092 5,310 4,491 6,146 23,640 35,816
135~241 da,174 5,600 1,955 1,955 17,770 30,118
242-348 3,020 1,937 627 114 5,690 11,396
349-500 668 433 124 12 1,237 3,256
ttility Tractora
R0~90+ 16,310 21,6080 41,100 19,310 128,700 195,000
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SECTION 3

MEASUREMENT MEITIODOLOGY

OVEIV1EW

The proposed measurement methedology involves the arithmetic averaging
of nolse levelo measuced at four orthogonal positions, 15 metecs from
the machine, with the wheel and crawler tractor operated at high idle
in a statlonary mode with all controla in neutral,

In derlving thio procedure, EPA has endeavored to arcive at a simple,
low coat, test method that will provide the accurate data requisite
to product verification at a manufactucer's plant and conpliance testing
in the field. The Agency believes the proposed measurement methodology
will accomplish thesc deslred objectives.,

Measurement Recuirements

In developing a noise emloslon teot procedure, LPA recagnized the
need for a relatively sknple methed of accucately detemmining wheel
and crawler tractor noise emisslons which would be sultable for production
verification hy manufacturers, sclective enforcement auditing by EPA

and compliance determination by local enforcement officiala, A methodology

wag chosen conalstent with the objective that it should:;

o engure that noise emissions chacacteristic of major noise
sources ace helrq represented.
o correlate well with the known effecta of environmental noise
'upon public health and welface,
o be unifoxmly applicable to the wheel and crawler tractor industry.
Q provide repeatable sound level data in the simplest manner,

0 be econamically effective,
-1
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Wwheel and Crawler Tractor Noibe Sourced

The measurement methedology must monitor the contribution of all
major nolse sources regulting from equipment operation that significantly
affect public health amd welfare. The major cngine-related nodse sources

for wheel and crawler tractors have becn identified as the:

cooling foan

engine casing

exhaust

alr intake

transmission or power converslon unit,

Peculiar to nolse emisalons from wheel and crawler tractore le the conalder-
ation of track nolmse Lor crawler tractora and the operatlon of edther
installed or attached loader buckets and dozer blodes related to machlne
motion or attachment cycling. The development of the nolse anlssion

test methodology required that each of thess nolse sources be evaluated

in tests of the individual effect upon public health and welfare. It

was determined that engine related noise sources provided the dominant

contribution,

Relationship of Sound levels, Health/Welfare and Measurement Methodology

The current test procedures used by induatcy to measure sound Jevels
genecated by conatructlon equlpment are englneering development type
tests almed at acquircing data representative of the higher range of
sound levels generated by equipment operatlon under actual conditions
(3], Pue to the wide range of conditiana under which conntruc:t!on. equipment,
operates, industry soucces have not been able to define a typleal work
cycle for machinecry in order to assess spectator polse impact Meaningful,
if not typlcal, work cycles are cucrently belng conaidered [4].

3-2
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The usage cycle or typical work cycle is necded in relationship
to the measurement methodology, hecause operating conditlons, os
encontered in the field, detemmine the extent of noise impact.

To base a noloe emisaion test methodology only on the acquisition
of higher sound levels as reported by the SAE/AJBBa procedure would
welght the noise impact uncealintically towards higher valueas,

In order to assess quantitatively the effect upon values of work

cycle Leq' resulting from poise pource control and its implications for

a test methodology, a conceptual work cycle was formulated. Thias work
cycle mdel was then uged to determine the chame in the equivalent

A-welghted sound levels, , resulting from either implementaticn

Leq .
of noise control or alteration In the operational mede of the machine,
Uaing both marmfacturer-supplied sound level data and additional
independent fleld measurement data, calculationa were made to determine
whether a statlonacy or moving test procedure - or both -~ would
ba required in order to insure that health and welfare benefits
were achieved.
Tha conceptual work cycle considers two time segments or opera-
tional modea and the associated sound levels at a spectator location,
an well an accunulated times for each of the two operational modea,
The A-weighted sound level pressure asepociated with static machine operation

‘Leq 18 defined in Sectjon 5, Equation 5-1,

sﬂs-walghtod sound level, generally depoted by L. with umits in dBa,
,1a defined in the detalled description of the measurement methoflology,

33
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is denoted by Ly and io agssumned to be the time-average mean sound

level for the time span Tyge The A-weighted sound pressure level
ansoclated with moving machine operation in denoted by Lo and {5 asoumed
to be the time-averaged mean sound level for the time gpan Y

During atatic machine operation, the sound level at the receiver
will vary with time primarily as a reosult of component operation, emgine
speed, and (static) distance between source and receiver. Ducimg
moving machine operation, the sound level at the recelver will vary
primacily as a result of emine speed, traction noise, and changing
distance between the source ani receiver, The effect of these variations
in sound level and the effect of nolse control techiques as related

to work cycle Leq values wan assessed uslm nolse emission test data.

The results of thia lovestigation Indicate that trepds estimated amd
lndlcate the benefits accrued from implementing nofge centrol (23).

The conceptual work cycle which is depicted in Figqure 3-1 presents
a relationship between accumulated time and A-weighted sound pressure level.
The moving sound level Loy if assumed to be AdBA above the statlc sound

level L, It has been further aosumed that two types of nolse control

are applied to quiet the machine., First, it haa'been assumed that the

nelse sources prominent during static operatlon ace decreancd Lg which
also resulta in a decrease in moving nolse of Aygge Next, it has been

assumexi that nolse sources prominent ducing moving operatlons ace

decreased I‘m'

e
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also results in a decrease in moving noloe of & . Next, it has been

aasumed chat noise gources prominent during moving operations arce

decreased L

Using o aimplified form of conatruction site model described In
pection 5 and the health/welfnce relationships discussed in EPA "Levels
Document™ [6], a mathematicnl relation for the equivalent A-weighted

sourdl presaure level, ; has been obtained for the original machine configuc-

Leg
ation and the "guiet" machine for the work cycle presented in Pigure 3-1,

The positive decrease in I‘eq resulting from implementing noise control

is obtained aas

The quantities expressed in Equation 3-1 are defined in
Figucre 3-1, The utllity of thia reault la that the equivalent

A-welghted sound level chamge for the work cycle Leq can be directly

related to both the degree of statlc source and maving source nelse
control achleved in each operational mode,

In ordec to evaluate quantitatively the significance of the moving
an] static noise sourcea and the effects of their control on the value

of Leq for tha conceptual work cycle, eatimates were obtained using

the sound level descriptors indicated in Figuce 3-1. Values of I‘eq

wera then calculated by vacying the pacemetexa T and T corresponding
m 8

to I-eq for the conceptual work cycle, estimatea were obtained using

tha pound level descriptors indicated in Piguce 3-1, Valuea of Leq
-6
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were then calculated by varying the pacameters T, and T, corresponding

to moving and statlonary accumulated time (work cycle variatlon), In
particular, estimates were obtained for the magnitudes of the pacmmeters

AL , AL, and A, .

Data were collected using SAE JBBa proceduren for 1dentical wheel
and crawler tractor machine types both before and after implementing noine
control treatments., The avallable datn pertained to mochines featuring
noise contral treatmenta designed to meet either OSHA requirements oc
the French Construction Equipment Nelse Regulation [7].

Next, the high-idle static sound levels of stamdard machine typen
and for identical machines with OSHA kits or French Regulatlon Noise
Control Treatment were averaged to establish mean sound levela for both
machine configurations, Thia effort resulted in an eatimated valoe

of Lg=5.6 dBA. Sound levels from moving~-mode comditions for

standacd machines and for machines with nolse kits were averaged
to eatablish mean sound levels for both machine configurations. Asmuming

thatAm m 0 {f.e., no nolse control for moving sources waa implemented

since the French Regulation or OSHA requirements are the applicable
criteria), the eatimated value of Apg in 6.4 dBA. The data are based

upon averages of menufacturer supplied teat data and cover both wheeled
and crawler tractors. The data developed is presented in Figure 3-2,
As shown, the decrease [n moving~mode sound levels ia sigalficently related

to tha level of atatic nolse control, This Implies that a measucrement

3-7
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methodology which monitors stationary (engine-related) neise sources

will correlate well with ch which, in turn is related to health/

welfare impacts. The following values of pound level parameters, definod
in Flgure 3-1, have been detecmined from the data in Figure 3-2.
A~ 82,7 ~8l4=1,]
ALE = 0l.,4 - 758 5,6

A g ™ 02,7 - 76.2 = 6.5 = L (& =0)
AL ™ 6.5 =562 0.9

Using these valuse in Equation 3~1, the resulting expression la:

1= 0.25877;
AL@q 6.5 + 10 log (3-2)
-1~ 0.08807)

where the relatlon Tom 1 =T+ bas been used,
The parameter ) 18 the fraction of the total work cycle time that the

machine operatea in a statlopary mode )i.e., not productive}, The varlation

T T . - ’
in Leq)with y amd 7, ia presented in Figure 3-3. It is seen that ‘Meq

increases as the machine spends moge time moving than stationact. This

result stems from the fact that Ama is shown to be greater thanA[.B {l.=,,

statlonary source poise control apparently has decreased moving mode

sound levels more than the decrease In stationary mode sound levela),

This analysls indicates that a nolse emission test procedure monitoring

Ao JTEVHVAY 15379
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tha raduction of englne-related noise sources correlates well with health/

welfare benefitas via the I  descriptor for nolse emipoions above 75 dBh.
€q

CURRENT TEST FROCEDURES AND STANDARDS
Numerous teat procedures and standards for nolse measurement have
been proposed by organizations such as the Socliety of Automotive Engineers
(SAE) , the International Organization of Stendardization (180), the
Amecicen Natlonal Standards Institute (ANSI) and the Diesel FEnglne Manufoc—
turern Asecciation (DFMA) to standardize the measurement methodology
used by industcy, consumese and govermment regulatory baxlies, A camparison
of existing and propossd standacds is shown in Table 3-1. '
The basic nature of these test procedurea 18 to provide standardized
methoda to be used by industry to evaluate nolee emimsions from equipment.
Aa such, thesa procedures ace essentlally englneering tools for manufacturers
and are not well suited for regulatory methods, These teat procedures
have established an extensive data base e provide an indication of
the potential measurement difficultien assoclated with translating these
engineering toola into a meaningful regulatory procedure, Dua to tha
extensive industcy wide data bank that {a based on the BAE teat pro-
coduce, that procedure waa glven high geiority in the develomment of
the proposed noise emisaion measucement methodology.
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TECHNICAL AND OPERATIONAL CONSIDERNI'TONS

The majority of the data used as a basis for the development of
an EPA test methodology has been canpiled fran SAE JB8 and SAE JBBa
teat procedurcy, These procedures, however, require both atationacy
and moving operating modes and are time conauming and costly. The
SAE/JUBa procedure includes a stationary mode test compricing the low
idle=maximum governed speed-low idle operation sequences (IMI).

One problem which s aosociated with elther wide open throttle
tests or low idle-maximum governed egine speed - low idle tests io
that these modes can reoult in governor "overshoots” at high ergine
and f£an npeed conditions. Since almost all oignificant stationacy-mede
nolse soucrces are highly dependent upon engine speed, higher than nomal
nolse emisnlong would be measured with these test modes than would be
measured 1f the steady maximun governed engine speed was utilized as
in actual field conditions.

Machine Operation

Moving Mxde va. Statlonary Teating., Except for the French Regulation,

all procedures studied call for moving-mode teats for equipment. However,
moving~mode tests result in increased land area for test facilitles,
machine refucbishing efforts, and alterad production sequence for the
machine configucation.

For rubber tire vehicles, moving-mode teats represent potentlal
diumage or wear for tires so it would be necessary to lnstall productien/
test tires prior to noise emisslon testing and after testing install
orlginal equipment tires for vehicle dellvery. (It im cammon productlion
practice to use dunmy tires for vehicles produced for loventory rather
than immediate gsale. Thia practice results from the fact that deterioration
of rubber tices would occur if the machine wna po equipped durlng storsge.)
A stationacy mode noise emission teat, of course, avolds this problem,

3-13
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For tracked (or ctawler) vehiclea, moving-mode tegts for regulation
noise cmisslon testing represent a singular impact upon the production
sequence, Each teot vehlele muat be cefucrnished subsequent to testing
and prilor to delivery becaugse moving-mode testing muat e conducted
along an carthen test track and the track, track deiver and support
rollers, and track guides become clogged with compacted dirt. To
restore the vehicle to a new comdition, the vehicle muat be washed and
perhaps painted,

Fortunately, the analyses detailed earlier in this section indicated
that stotlonacy nolee sourced, e.9., engine and cooling fan, predominate
for both crawler and wheel vehicles in moat consttuction enviromments
ard that stationacy noise control will correspondingly lower the nolse
levels measured under moving modes, As discussed earller, work cycle
and component noise source evaluatlon have been conducted for crawler
tractors by U.5. Army MERADCOM personnel at Fort Belvolr, Virginia to
establish limita below which moving-mode sou;ﬂ levela would have to
be monitored.

Tests conducted at Fort Belvalr (Section 4) are in general agreement
with the data in Pigure 3-2 and indicate that the monitoring of nolsse
source reduction to approximately 75 dBA duripg a statiopacy maximum
governed engine spend test results in a corresponding decrease in moving-
mode machlne sound levels,

Below this range it is posalble that nolse generated by tracka,
transmigaiona under load, etc., will become the predominant nolse soucces,
In thla instance, the nolse sources monitored by a statlonary t;:st may
not bhe accurata descriptorn of the machine noise emisalon chacacteristlca
for the machines in fleld use,

314
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Attachment Cyclea. Another machine operating mede required as

part of the SAE JBBa proccdure ia the attachment cycle mode used to
gimulate the £ield operation of loader buckets arxd dezer blades. This

'teat mode requires that the engine be at a stabilized maximum governed

emine speed and the sppropriate controls be activated to cycle the
attactiments, fThe typlcal variation between the stabilized stationacy
maximum governed engine speed mode and the attachment cycle mode is

2 dbh or less with the attachment cycle levels belng higher. These
higher levels generally result from highly transient nolse related to
attachmenta striking stops rather than cavponent operational nolse.
Since hydroaulic systems are employed for attachment actuation and slnce
the hydraulic pumps are usually driven directly fram the engine, high
idle emgine speeda are typlcal for this mode of operation for machinca
in field use. Thus, attachment cycle modes yleld sound level data
cepresentative of the statlonary maximum governed epgine speed mode
with tranaient peak levels auperimposed that cesult from attachment
cycling.

Any test methodology requirea that the machine belng tested should
be operable and at least simulate the conflguration in which the machine
will appeac in field use, The operation of wheel and crawler tractoxn
for copditions specified by a nolse emisalon requlatory test procedure
impliea that the machine is nssembled to the extent that the predominant
nolae sources belng monfitored are inatalled and operable, Effects
of machine conflguration that may influence nolse regulatory testing

are carponents and/or attachrents that may not reprencnt significant

3-15
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noloe sources in themselves but may influence the noise emisoion charactet-
iotics of the vehicle. ‘hese canponents ace, apecifically, loader buckets
ard dozer blades that may not be gupplied by the manufacturec but will
only be ingtalled at a dealecship or in the €leld.

the conaldecation of implementing a noloe oeissien test on an operabtile
machine or cet of operable machines as may be dictated by the sompling
plans for requlation testing Impliea that, in general, the emigsion
teats will be performed at the manufacturer's agsembly plant., However,
in the case of very large machines amd/or machlnes requiring extensive
shlpping - auch ag forelgn imports - these unkto may be transported
unagsembled.  (For lmported machines that are shipped unasscmbled, the
noize emission testa must be applied at the point of assembly if it
is not econamically feasible to aosemble and test the machine at the
manufactucing plant,}

The measurement: of noise cmissions from a machine on which the operabie
attechment will not be Installed at the point of flnal assembly ia not
a significant problem if attachment cycling nolse emission tests are
not required. As described previously, the attachment cycle test in
reality repeats the statfc mode maximum governed engine speed test for
3AR J68a procesduces with the higher sound levels reported resulting
from short duration transient sounds which do not significantly increase

the value for & for the machine work cycle. If the conflquration
e

requirementa for the machine being teated ace relaxed, then it ls feasible
for a menufacturer to provide a mock simulation of either a loader bucket
or dozer blade to provide the geometrical configuration of the end product
and avoid problems with assembly and disassenbly of a unit solely for

noise emisaion testing,
3-16
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Acouatical Considerations

Four-gide Arithmetic Averoge. The previous analysis has indicated

that moving mode measucrements can be climinated in favor of a stationary
mode test in which the machine operates at a maximum governad emgine

specd (high-idle). Additionally, the four-side arithmetie, rather than
energy average of high idle measurements, bears a good correlation [Section

4] to aversge in-the-field ch values; therefore, it has been gelected as

both the measurement procedure and the methed for reducimg the noine
emisalon data base for uge in the health/ welfare analynis (Section 5},

Overhead Measurement. The possible need for an overhead meagurce-

ment position was also investigated. Mochines teated by MERADRCOM at

Fort Relvoir, Virginia had lower levels at the overhead position of

the machines than at the spectator (side) position. Due to the physical

alze of the facility, the sound levels recorded were adjusted to provide

an equivalent 50-foot reaiing. The results indicate that, in almost

all cases, the overhead levels are significantly less than

the spectator levels (levels measured in the horizontal plane) and, on

the average, the spectator levels were 3,7 dBA higher than overhead,
Another consideration for overhead measucements concerng the effort

involved in purposely redirecting noise to defeat a requlation, Such

an effort, at the minimm, wouitl require well sealed emlne campactments

and rather large ducts directing the emdine noise {incluwding the exhauat

noise) in a vertical directlon, FErgine cooling, operator viasibil ity

(field & viaslon) aml cost considerations make it unlikely that mamufact-
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urers would purposely attempt to redirect noise in order to reduce
levels at the spectator lecation at the expense of increaned noise in
the overhead poaition. In addition, asince 15 meter measurements at

the side poaitions are in the free fleld of sound propagation from these
macaines, Intentional attempto to defeat a regulation by redicecting
the nolse could be difficult to achieve.

Another factor mitigating againat a desire to include an overhead
measucement. 1s that measurement equipment for a vertical position will
be extremely camplex, especially for manufacturera that have a large
variation in machine slze throughout their line. whenever there is
a remote microphone calibration, connecting cable, etc. problems increase.
If the various regulated equipment vary in size, the chongeability
of microphone helght to correct machine~to-microphone distance would
requice a significant amount of peraonnel time, In use compliance
teata performed by local enforcement officials will also become quite
difficult to perform,

An unresolved lssue concerning the possible need for an ovechead
measucement: concexns the fact that data are not available to determine
the extent, if any, of population impact from directional nolepe, The
procedures for calculating health and welfare impacts resulting from
conatruction site nolee, am described in section 5, do not consider
vertical directivity. Additionally, population density data above ground
level are pot avallable for various site types nor doea a sound theoretical
basia for determining transmission loea through extecior pactitiona

regulting from grazing incidence sound wave exist,

3-18
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tntil more information is obtained ,it is difficult to justify an overhcad
microphone poaition uning purpooful direction of wheel and Crawler
Tractor noise upwards and attendant population impact as an argument,
It is noted that the normal operation of wheel and crawler tractors
involves movement within a construction olte, oo that a constant angle
of incidence and distance from gurrounding buildings is not maintained,
This fact complicates the procedures for calculating vertical population
impacts. Also the movement of wheel amd crawler tractord is In contrast
to the atationary mode of operation of portable alr compressors where
the compressora’ close proximity to surrounding buildings provided
a defensible baais for an overhead measurement.

In sumarcy, EPA believesa that an overhead measurement position
does not seem to be required at this time because; (1) it will needlessly
increase the cost and complexity of the test; and (2) existing machines
have the sound energy dicected along a horizontal direction. Should
the need acrise in the future, the additional overhead microphone location
may be added.
Test Site Considerationa

The basic requirement of any noise emisafon test is that the teat
procedure must define conditions that allow for accurate and repeateble
measurement, of the sound levels of the noise source belng monitored.

Two requicements a::aoclntm with construction equipment nolse emission

testing are that testing muat be conducted, in general, cutdoors due

to the phymical size of tha machines and that the smbient sound levels

at the test site muat be at least 10 dBA below the noise emiaaion levela

being monitored, These conslderations requice that the limiting environ-

mental conditions at the test site be ppecified so that the noise rmission
3-19
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test at different sitea can be expected to determine the machine noise
levels on an induatry basis,

Teat Pad. The revicw of current test methodologles indicates o general
agreement that noise aniosion testing phould be conducted in an acoustically
free fleld condition with an acoustically hard (i.e., reflective) ground
ourface between the mapchine and monitoring pooitiony. lowever, the
Fort Relvoir teat dota [39] indicate no more than o 1 dBA difference
between machines operated on hord-packed carth surfaces and concrete
surfaces. Therefore, Individual manufactucers may elect to verify
such correlations and to test machines over hacd-packed eacth in order
to minimize costs assoclated with test ped conatruction.

FiftecnMeter Measucement. Since much of the nolse onission teat

data used in this study ia based upon a 50-foot (15,2-meter) distance
between the source and the monitoring location and since this pepacation
diatance 18 accepted as a representative location for a nearby spectator
location in fleld use, a 15-meter sepacation distance appears to be

an approprlate location to ensure both acoustical free-field conditions

and dizect determinatlon of repeatable nourdd levela at a spectator location,

Acoustical Enviromment. The impact of the acoustical envicomment

upon the propagation of nound fram the source to the microphone location
must be considered, For typlcal microphone heighta (1.2 meters),
experlence indlcates that the sownd levels measured ace influenced by
atmospheric presaure, by characteciatics of the :eflectin; plane such
as acoustle impedance and flatness, and temperatuce gradients above
the reflecting planc. In additjon, wind velocity apd humidity conditions
at the time of measurenent represent factora which must be account;?d
for in the test procedure.
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Qutdoor Testing., Many damestic copstruction equipment manufacturers

and, in particular, the production facilities for wheel and crawler tractors,

are located in the mid-western portion of the United States. The roquire-

ment [or out-of-door nolse onipsion testing places a severe conatralnt

upon both teat scheduling and machine igventory in that envirormental
conditiono sultable for noloe emipsion teating may not exint for extended
periodn of time. Unless a simplificd nolse emission teat procedure is
adopted th‘at can allow a large number of machine tests to be eccomplished

in a short pecriod of time, there exists a distinct possibility that achedule
delayns for equipment delivery and posaible accumulation of a large lnventory
of campleted machines may result from delays associated with unsuitsble
weather conditions for nolse emisaion testing,

- Test Site Configuration. Test aite configuration presents both a

technical and a prectical conasideration with respect to methodology.
Since the size of wheel and crawler tractora (amdd construction equipment
in general) indicatea out-of-deor noise anission testing, a aite must
be provided that ia convenlent to manufactucing operations and that can
he expected to retain its required acoustlcal enviromment for a sufficient
time to allow for amortization of any capltal expendliture to provide the
aite, Uslpg the methodology recommended by SAE J08a, approximately 2 to
5 acres of cleared land plus isolated spurreundingsa muat be acquiced or
allocated from land near to the manufacturing facility to avoid additlonal
costs for equipment transportation axl inventory, One constcuction equip-
ment: manufacturer has estimated that ~ exclusive of land acquisition coats ~
from S100K to $200K of capital investment would be requiced to develop a
test site canplying with the SAE JB8a procedures (8)., A stationpary-mode
3-21
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noise emission teat would reduce the land arca required and the copital
expenditures required for testing. additionally, in anticipation of
future nolse regulations, the test site geometry could reflect the
consideration of other machlne typen produced at a facllity so as to

ensure the future compatibility of the aite in rclation to machinen

produced at the plant. The avallability of a sultable test site area

at each manufecturing facility or assembly plant may not be realiotic
and can only be determined on an individual facility site review by
each manufacturer.

Coat Conalderations

Several manufacturers have provided data allowirg a coat compacison
of performing the full 5AE J6Ba teat versua a simpkified test methodology.
Table 3~2 provides one manufactucer's estimate of a covparison of the
test comsts involved for a typical whéel or crewler troctor. It ia
noted that this manufacturer was able to elimipate transpoctation coeta,
which may not be typlcal,

These coats ate exclualve of the coats of a J88a approved test
aite which could coat more that $200,000 for and acquisition and cepital
investment. Elimination of a moving teat will reduce land requicrements
by a foctor of approximately 10 peccent to 30 percent and therefore
reduce land acquisition and preparcation costs by a comparable amount,
EPA NOISE PMISSTION TEST METHOD FOR WHEEL AND CRAWLER TRACTORS

This test procedure describea the test site, measurement equipment,
machine operation, teat conditiona, microphone pousitions, required data,
data reduction, and a suggented data repocting format for documenting
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sound levels for construction equipment claosified as wheel and crawler
tractora.

The A-weighted sound pressure level ig the sole notoe level measuce
in thia test procedure. The A-welghted sound pressure level is widely
uscd at present to describe noise and ia often used in oimgle-number
descriptors of conminity noise. In addition, many state and local agencies
and private concerns already have equipment that meagures the A-welghted
psound! pressure level, are familiar with the descriptor and employ the
descrdptor in thelr communication of nolse levels to their adiences.

The proceduce apecifiea an exterlor test aite for measuring sound
levels and ia thus dependent upon local weather conditions, Machines
under test are operated in a stationacy mode only. For the test, the
machine {a operated with no lead. All sound levels are reported as
A~weighted sound preseure levela, Average sound levels are determined
acithematically with all sound level data used in the caculation, tabulated
and reported,

The teat procedure is hesed vpon current industry practicea for
measucring extecior sound levels at spectator locatlons resulting from
thae oparation of mobile conatruction equipment [5]. The required data,
obtained 2a a result of this teat procedure, will provide an index of
the higher eound levels generated by the machine under field comditions
and is relatable to conceptual work cycle sound levels, With presently
svallable data, it is belleved that the procedure described hereln in
the minimum effoct required to establish current noise emienjon charac~
teristics of the machine under test such that the data obtained are

repeatable within the bounds of acceptoble experimental ercor.
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TADLE 3-2

SALR/188a V5. SIMPLIFIED TEST QOST COMPARISON

(ONE: MANUFACTURER'S ESTIMATE FOR CRAWLER TRACTORS)

step  ftem
‘F 1 Dipassemble to
| trangsport
i 2 Transpoctation

a Reassemble

4 Testing

5 piBassemble to

transport
6 Transpork
7 Reaasemble,

clean-up, touch-up

TOTALS

Manhoucs
{SAE/Recammended
Teat)

10/0

12/0
3/2
10/0

16/0
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SAR 4-5lde High-idle
J@8a_  Stationary Test

$ 250 §=—=
350 —
300 e
66 a4
250 —
350 —
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Definitiona

The followlng definitions are prescented for reference:

o

A-welghted Sound Level ~ The gound level meagured uging a sound
level meter set to the electrical frequency welghting network
designated as the A~-weighting relatlive response in dp, defined
in Amerlcan NMatlonal Stardard Institute {ANSI) Specification
51,4-1971, "American National Standard Specification For Sound
Level Moters",

Clear Zone - The portion of the test site area between the
measurement, surface and the test site boundacy that 1s free of
any large reflecting sucfacen such as buildings, signboacds,
hillsides, ete. See test site description,

d8 - Abbreviation for declibel. The declbel is defined as 10 times
the logarithm to the base 10 of the square of the ratio of the
mma value of the acoustic pressure to a refarence progssuce of

-5 2
2510  N/m (pascals).

ligh Idle - The maximm governed englne speed of the test
machine,

Machine - The plece of mobile construction equipment subject to
noise emission teatlng including major machine componentsa or
aimulated components,

Major Machine Component - The primary device and/or other attach-
menta to the machine for which the machine is designed or equipped
to perform the constructlon operation for which it la sold,

3-25

AR T e Dt it R e T R s T B0 |!.;L|‘
E N



Ad0D TaVINAY 1538

o Simulated Major Machine Component - A mock verslon of the major
machine component positlon statlcally about but not attached to
tlw machine to simulate the major machine component in geometcy
and acoustical propecties ng if it were to be ingtalled at the time
of the test,

0 Microphone Location(a) - The position of the microphone relative
to the machine orlentation determined at a distance from a major
machir~ surface and at an elevation above the test alte measurement
surface.

0 Noise Pmispion Test - The entire procedure comprising machine configu-
ration, microphone locatlons, and acquinition of requiced data
as demcribed in this procedure,

Test Site Deacription

The location foxr measuring sound levels for noise compliance testing
must, canpxise a large, flat open area genecally exposed to amblent
sound levels at leant 10 ABA below the sound levelns generated by the
test machine under test conditions, A minimum acea messurement sucface
for pourxl level meagurements ja described below. Use of this confiquration
requices reorientation of the test machine for each mepsurement point
for statlonacy machline tests, Thie tent site conflguration iz illuatcated
in figure }-4. BAlternatlvely, the measurement surface can be greatex
in extent to allow microphone relocation or multiples microphone locatlona
rather than machine reorientation using criteria described below and
critexia pressnted in Test Conditiona and Microphone Locations,
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Heasuremen

Arca

(Raflecting
Surfaca)

MICROPHOMD
LOCATION

: NOTES:
? =~ All dimenmiona in metera

- L. » Longer vehicle dimenaiont
length or width

~ No sagale

;‘ Pigure 3~4 TEST S8ITE CONFIGURATION FOR
= NOISE EMISSION TEST FOR
WHEEL AND CRAWLER TRACTORS
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‘Pest Site Arca. The teat site arca sholl comprioe a measurcment
sucface and a clear zone. The clear zone comprises the surface area
between the measurement surface and the teat slte boundory.

The minimum area measucement surface for nolse compliance teating
shall cunprise a rectangular area formed by the pointa A, B, C, D, E
and F ard a circular acea of radjus 10 meters connecting pointo C and

D as 1llustrated in Figure 3-4.

Test Site Surface. The tent ailte sucface shall comprise a hard

reflecting plane of smooth concrete or smcoth and sealed asphalt,
The clear zone ghall be free of any large reflecting surfaces such
as buildings, signboards, hillsides, etc., within 30 metern of elther
a microphone location or the machine being tested.

Measurement Equipment

The measurement equipment required for nolse standard compliance
testing shall comprise the equivalent of the following items;

4] Sound Ievel Meter ~ For all sound level measurementn, a
sound level meter and microphone system that conforms to the
Type 1 requirements of the Amerlcan Natlonal Standard Institute
(ANSI) Specification 51.4-1971, "American Natfonal Stendacd
Specification for Sound Level Meters,” and to the requirements
of the Interpational Electrotechnical Commisslon (IFC)
Publication 179, "Precision Sound Level Metera,” shall be used,

o Miceephone Hindacreen ~ For all sound level measurcients, a
microphone windscreen shall be used that shall not chamge
measured sound levels In excesa of + 0.5 dB to 5 kHz and +
2.0 dn from 5kliz to 12 kHz.
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Calibration - The entire acoustical inctrumentation gystem shall

be calibrated before and after cach teot series on a given machine,

4 oound level callbrator accurate within + 0,5 dB shall be uged.
A complete frequency response calibration of the inatrumentation
aver the entice range of 25 flz to 12.5 kllz, shall be performed
at least annually using a technilque of sufficlent preciaion and
accuracy to detemine compliance with ANSI 51.4-1971 and IIXC 179
Standards. Thia calibration shall consiat, as a minimom, of an
overall frequency response calibration and an attcnuator (gain
control} calibration plus a measurement of dynmmic range and
inatrument noise floor.
Anemometer - An anemometer or other device, accurate to within
+ 10 percent, shall be used to measure amblent wind velocity.
Power Source Speed Indicator -~ An indicator accurate to within
+ 2 percent shall be used to measuce power source speed (rpm).
Barometer ~ A barameter accurate to within + 1% shall be used
to measure atmospheric pressure.
Thermometer ~ A thermemeter accurate to within + 1 percent shall

be used to measure smblent temperature.

Machine Opecation

pucing nolae emisslon compliance testing, the machine shall opecate
in a stationacy mode, The machipne shall be centrally located within
the rectangular measutement surface areas defined by the pointa A, B,

E and I in Figure 3-4 and ocicented to the microphone positions as shown
in Figure 3-5.
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Maapurement Surface Extgnda
1m beyond microphona '

NOTES:
~ All dimenoions in matera

- Not ko sanle

= Raorient machine for
marourepant aurface indicatad

in Figure 5,3-1.

Figura 3-5 MICROPHONE LOCATIONS FOR
) TEST METHOROLOGY
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High Idle and No Load., wWith the ground propulsion transmisolon

shift selector in the peutral position and with all cumponent drive
sygtems in the ncutral position, operate the ergine at no lood

and makimum governed engine opeed (throttle simply fully open)

at a stabllized operational comdition.

Test Conditions

Nolse atamdard compliance teoting must be cacrled out under the
following conditions:

Test Enviropmental Conditions. Noise standard complliance testing

shall not be conducted during rain or other precipitation, Ducim
the measurementa, the ambient wind speed at the test aite ohall

be below 19 km/hr. The ombient sound level at the teat site mhall
be 10 dBA less than the sound levels generated by the teat vehicle

at each microphone location. The test site sucface under and between
the test vehicle and microphone shall be smooth and free of acoustl-
cally absorptive material such as snow or grass.

Tent Operational Procedurea. Durirg the sound level measurements,

no one other than the person rexiing the meter shall be located

within 2 meters of the microphone and no person or object shall

be positioned between any microphene and the machine.

The tent machine shall be operating in a stable condition as for
continuous sexvice. All cooling alr vents service doors and/oc inspect
on panels nomally open during service operation sholl be at their
denign maximum opening ducing all sound level measurements, Service
doore and/or inspectlon panels, that should be clesed during nomal
operatlon, at any and all smbient temperatures, shall be closed during
all spound level measucementa,
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The teot machine shall be configured with either the major
machine camponent or a simulated major machine canponent located in
the lowered position with the bottom edge of the canponent resting on
the test pad sucface. Pads of anti-vibration material may be inatalled
between the major machine canponent and the teat pad purface to prevent
the major machine component from vibrating and radlating sound.

Machine Operational Conditions, For all ntationary machine noise

emiaalon tests, the test machine shall be operated at the conditions

described as Machine Operation,

Microphone Locationa

Four microphone locations must be opployed to acquire machine sourd
level data. If a mingle fixed microphone is used, it should be placed
on the test pad as shown ln Flgure 3-4, The machine would then b=
reoriented in relation to the microphone as indicated in Flgure 3-5,

Machine Major Surface Qutlines. The four major surfaces of the

machine refer to the front, reac, and sides of the Imaginary
rectapjulac hox that will just £it over the vehicle but does not
include camponenta such aa buckets or dozer blade, See Filgure 3.6,

Stationary Machine Noise Emission Tegts. Iocate the miccophone

at. a distance of 15 meters, measuced normal to the centers of the
four major sucfaces of the test mochine at a helght of 1.2 metera
above the measurement surface. All llnear dimenslons shall have

a tolerance of + 0,1 metex,
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Body
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WHEEL TRACTOR

Buckat ar Rlade

CRAWLER TRACTOR

Figure 3-6 MAJOR RE-ERENCE SURFACES
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Test Site Environmental Cenditions. A-weighted smbient sound pressure

level at cne microphene location, wind speed, temperature, and barometric
pregsuce shall be meacured and reported at the beginning and at the end

of the teat.
Phyaical Characteristica of Test Machine. The machine model number,

gerial number, englne horseposer at rated speed, the stabilized
moximum governed engine speed at no load and the major machine

canponent shall be reported for each teat,
Sound level Data - General: The higheat A-weighted sound preasure

levela with the Indicating meter set for slow response shall be measuced

at each microphone location as described in Microphone Location for

the machlne operating in the stationary comdition described as Machine

Operation.

Calculation of Average Stationary Machine Sound Level Data

The average ¢BA sound level from measurements at each of the
microphone locationa and the machine operational condition shall be
calculated by the relationehip:

N

1
LeN L
)
el
whece T = aversge pound level in dBA for each test condition

L = measuted sound leval ln dBA (See Figuce 3~5)
i

1 = 1,2, ...; H an Index denoting microphone location

N = nuber of measurement poaitions.
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Data Reporting

All data acquired and the calculated averages shall be reported. A
recommendled format for reporting data required for nolse emission
compl dance testing ia presented in Table 3-4.
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TABLE

3-3

WHEEL AND CRAWLER TRACTOR NOISE EMISSION TEST DATA SHEET

Tagt No,
X. Hachine Characterinticn
Manufacturer: Modal to. Serial No.
Engina Manufacturori Modal Ho. forial No.

Rated H.P, “HPAy Haximum Governcd Englne Speed at Ho. Laad

Attached Simulated Major cgmponentx Dozer Nlada, Loadar Bucket (Strika

out inappropriate itoma)

: Component Deacription: Dozer nlndus helight m, width mi

; Iaondor Dasker; Capacity m

I I11. Teat Canditiona

I Hanufacturar'sa Teat Site Identification and location:
Measuroment Surface Compositiont
Mmbient Sound lLovala (a4} Baginning af Teatr dbh

th) End of Teat; dpA
III. Instrumantation
Mlcrophona Manuractuxer: Model No. Serial No.
Sound Lavel Mcter Manulacturer:_  _ Model Ho. anrial No.
Acoustical Calibrator Mapufacturex:___  Model No. Sarial Ho.
Qthar: Modal Ho. Barjial No.
I¥. Sound Leval Data {dB Reforanca 2 x 1073 pascala)
A-Weighted Sounpd Lavala [ABA)
Machine]| RafarencajfurfacalCalculated|Avaragae
Btatlonary Machine A P Avarage Plunq Notas
Teul Front |gianlReac) qiqs Lavel SLODE

! fligh Xdla Ha Load

% Toat KEngline fpeed

! SLOE

i]

. V. Taat Parnonnel and Witnessea

; Tonted by: hatai

: Raported byt Data)

: Checked byt C Patag

3=36
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Seckion 4
N WIEEL AND CRAWLER '[RACTOR NOISE LEVELS

A comprehensive survey of nolse emlssiona from wheel amxd crawler

tractor machinea was undertoken by EPA to supply information needed

for the following purposesn:

(1)

(2)

{3)

T G T A T TV By W e e e e —ya—— -

{4)

e

(5)

(6}

to entablish the relationship of these measurementa to

" gelected machine emgincering characteriatica, e.g., net
flywheel horsepower, au a basls for the development of
clanaification categories;

to establish a baseline for determining the benefits afforded
to the health/welfare of the United States population

by reducing noise emissiona within each machine clasaification

to select A peasurement methodology, which is consistent
with the health/welfare analysls and the noise anisaion
data base, for prescribing "not to exceed" polse emipsion
level atandards;

to develop diagnostic data concerning the relative ranking
of camponent nofse sources &8 a basls for determining

the technological potential for quieting wheel and crawler
tractora; and

to determine nolise emisgslon varlability for samplen of

the same machine measured under different test conditiona.
to determine the change in the noise emission characteristica

of machines with time as they are used in copstruction.
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BASELINE NOISE EMISSION LEVELS
In order to establioh baseline nolse emission levels for
current new wheel and crawler tractors, data were obtalned from
the following eources:
o manufacturers {(in rcoponse to EPA requests).
o a limited field measurement program conducted
by a contractor for EPA;
'] a teat program conducted at Ft. Belvoir, Virginia,
by EPA and U.S5. Army MERADCOM personnel.

Nolse Data Ohtained from Manufacturers

The nolse emission data obtained from manfacturers were base)
principally on a sucvey form and perscnal visits to nine manufacturera.
All nine manufacturers reeponded with useful data. Brolefly, nine
manufacturers supplied accustical measurements on over 225 machines,
of which there were over 115 different models. Table 4-1 presents
A mmmacy of this data base.

A pore detalled breakdown of the data supplied by manufacturers
for various models ls not shown here in response to manufacturern
vho requeated that polse emission levela for their machines not
be made piblic,

In genaral mpanufacturera tested thedr equipment for environmental
{spectator) nolse eminmion utilizing elther of two standoaxd proceduren,
BAF JO8 (9] or SAE J88a [3]). These two standards preacribe polea
reasurement procedures in both the stationary and moving machine modes
&t a 50 foot distance from the machina. Mapufacturers also sibwmitted
data as per the "French Regulation® (7] and other miscellancous
testa, including some data recorded at the gperator's ear utilizing
BAE 9192 {10],
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TABLE 4-1
Summary of Noise Data Recelved from Manufacturers

Machine Type Loweat
& toroe No. of No., of Tange of Noise Kit
Power Clasa Manufacturers Modeln Sound level Measurement
Crawler: Dozern
20 -~ B9 4 7 76 ~ 04 T4
90 -~ 199 3 7 78 - 82 ¥L
200 = 259 2 2 81 - 64 —
260 ~ 450 1limit 4 8 82 -~ B6 —
Crowler Loaders
20~ {9 3 6 78 ~ 85 5
0 -~ 275+ A 10 79 ~ 66 74
Wheol Loadern
20 ~ 134 4 13 76 ~ 66 T4
135 ~ 241 5 9 a0 ~ 64 73
242 ~ 348 5 9 80 ~ 86 83
349 ~ 500 limit 2 2 84 - 85 —_
Utility Tractora 4 8 74 -~ B1 -
skid-Steer Loadera 2 8 66 ~ 77 —_

louna level representa the Hi-Idle, four-position arithmetic average

range at 50°', i.e., the lowest machine average to the highest
machine average of particular models.

4-3
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The diocussion in thio subsection ig limited to noiue emission
data provided by monufacturcrs that are in accordance with the SAE
JB88 or SAE J86a recamerded procedurcs.  In addition, come rescults
cbtained from the EPA/MERADOOM Tost Program are also included here.

Flgure 4-1 depicts for cach machine type an estimate of the
percentage of machines in existence currently emitting sound levels
(dida at 50') below specified levels., These curves ace based upon
the eatimated number of machines in exlatence and the noine emission
datn base both supplied by the manufacturcrs and vecified in the

EPA/MERADOR test program.
Relationship Between Noige Emissions and Machine Clasaification

Since the mumbers of equipment and their assoclated sound levels
both affect their impact on the population, it was deairable to
classify machines into smaller groups bascd on some machine parameter
which correlated well with emitted sound levela., Thia allowed fox
a more specific health/welfare apalysis to be performed to indicate
the relative contributions to the population lmpact of variouas groups
of equipment.

To detemmine a machine parameter for clasaiflcation of equipment
two criteria were applied;

[+] significant correlation with nolse emisalons levela,

o avallaibilty of relevant machine pacameter data.

Various englneering parametersa (e.g. net flywheel horsepower,
welqght, asize, eto.) were examined and net flywheel horsepower was

selected as a relevant paremeter for classification and apalynio
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purposen. Ag 11luntrated in Fiqures 4-2 throgh 4-6, horsepower,
in general, wao statistically correlated with measured sound levels
{i.e. four sided ligh Idlp arithmetic average at 50'). Purthermore,
hornepower is the parameter ugsed by the 0.5, Census Bureau and the
Farm and Industrial Equipment Institute (FIEI) for reporting shipment
data. One exception to the reporting ia that loaders are classified
by bucket mizes; however, a linear regression analysis on bucket
size (Figure 4-7) showed a high degree of correlation with horscpower.
Thua, for conalstency and simplicity, horsepower was considered
suitable for classifying all equipment typea including wheel looders.
Average Sourxl Levels va. Horsepower Used in Heuslth/velfare Analyais
Although the linear regresalon linea are useful in eatablishing

tha geperal trend in nolse emissions as a function of horasepower,
tha oourxt levels used aa baseline Iinputs to both the health/welfare
calculations and the nolse control technology analysle for each
clesalfication category have been based upon the use of average
pound levels in each identified horsepower clesn. These average
leyela are based upon the manufacturer supplied data and FPA test
data, Table 4-2 ohowa the compacison of the average levels, used
in the health/welfare annlysin, with the corxesponding valnea cbtalned
from the regresaion lines, Since the classifications cover rather
large horeepowex xanges, an average based on actual sample data
within these clasaea i more representative of machines in that
clana than a regresafon line based on data over all horsepower
catpaories, The rwsults strongly indicated a significant difference
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ThILE 4-2

COMPARISON OF AVERAGE
MDD
REGRESSION LINE SOUND LEVELS IN EACH HOMSEPOWER CLASS

Machine Type Number Sound Pressure levelsn
& of (Hi-idle ABA @ 50')
Horscepower Clasa Modleln Average Reqresaion

Crawler Dozers

20-09 7 79.5 go.¢
90-199 7 80.0 81.0
200259 2 1.0 82.0
260-450 1imit B 84.0 83.5
Crawler Loaders
20-89 6 79.5 79.5
90-27% 10 60.0 80,0
Wheel lLoadera
20-134 13 81.5 81.0
135-241 9 01.5% 82.0
242-348 b 84.0 83.0
249500 1imit 2 04.0 04.0
Wheel Tractora 3 77.0 L
Skid Steer Loaders 6 73.5 13.5

NOTES: (1) All nunbers are rounded off to the nearest .5 dbA.

{2) Average values are based on the arithmetic average of
pound level measurements for each model (without a specific
noise kit).,

(3) PReqgression values are based on mid-polnt of the regesalon

1ine for each clasa.

* Insufficient data to support regression analysin.

4-13
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in sound levels for large horsepover machinea (i.e., >200 hp) va.
small horsepower machines (.e., <200 hp).

Nolse Emitted with Nolee Kita

Several manufacturers provided limited data for machines equipped
with nolse kits. Average measurements for each particular model
for which nolse kit data were provided are shown in Flgure 4-2 through
4-5.

Conclurions concerning Pnoise kit" effects are based on a snall
panple, However, these data have been useful for estimation of
currently wsed (i.e., off-the-shelf) technology levela and for use
in conjunction with the health/welfare analyalis and the noise control
technology analysis to set the atudy leveln for each equipment type,
Sound Levels Based on Currently Used 'rcc_hmlogy

Figureqa 4-2 through 4-6 nlso illustrate a lower bound on sound
levels based on curxently used techniques deacvibed in Section 6.
These levela, an a function of horsepower and machine type, are
assume] to be attainable using "retrofit" nolse control technlques,
i.¢.,; Ot major equipment redesign, The levels shown were based
on the data recelved from manufacturers for machines equipped with
noice control kita coupled with an engineering analyais of corponent
nolge pources and quieting techniques currently in use. (Section 6

dlscusees quieting technlques,)

A-14
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Model Nolpe Varlability

#n importent aspect of the analysis for use in entablishing
"not to exceed" emisalon levels is a determination of the variability
in nolpe measurementa on different machinea of the same medel and
aleo for the aame machine measured under different test conditions.
Beveral mamufacturexrs provided sufficient information to allow an
analysis of machine variability for different machines of a particular
model,

The atardard deviation of sound level measurements for different
machinea of the some model was typlcally leaa than 1.5 dB, However,
it is poted that the results were not conslstent. among manufacturers.
Varlation in sound level measurements for the same model appear
to be a function of manufacturer apd equipment type, It may be antici-
pated that tha larger manufacturera with better quality assurance
anx] control programs will likely bave leea varlabllity and can deaign
with lesa tolerance than emaller manufacturers.

Asauning a conservative eastimate of a 1.5 standard deviation
to represent all machina types, a manufacturer "design to" differepce
of 2 dB from a "not to exceed” standard was calculated using the
assunptions that poise emission variability 1s normally (gausafan)

distcibuted and that an acceptable quality level (AQL) in 10 percent.

4-15
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Dearadation of Noioe Emission Levels

In its study of the degradation of nolse cmission levels, the agency
pought information and data to anower two baoic questions addressing the
nolee aignature and uoage of wheel and crawler tractors.

{1) 18 it expected that the noise emission levels of typical

wheel and crawler tractors will change with time as they are
used in construction?

(2) How long are wheel and crawler tractors typlcally used before
the firat major overhaul vhich would potentially affect the
noise emission levela of these machineca?

Increase in Nolse Emissiona with Time

utilizing information contained in a publication of the American

Building Asseclating (ARBA) [35] sugmented by manufactucer amd construction

contractor data, the Agency haa concluded that there ia no clearly
obgervable trend for noise levels of wheel and crawler tractors to elther
increase or decrease with age. Individual machine nolse data compiled by
ARBA, as typlfied in Figures 4-8 and 4-9, show reverse nolse trends. For
one machine, the noise may escalate with sge, while for -amther model ,
the machine may become quieter. Furthermore, a statistical sample of
several models within a product cless, as shown in Flgure 4-10 and 4-11,
indicates a similar result. Some groupa of machines become noiamier while
other groups become quieter with sje. 1In the ‘?bseme of detailed usa and
maintenance lnformation no definitive conclusions can be drawn at thia
time concecning the magnitude of the change in nolee emisslona, an a

function of age and use, expected for each machine,

4-16
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Figure 4-8 Sound Ievel vs Age for an Individual Crawler Tractor Model
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Mditionally, one major manufacturer has atated that, if normal amd
periodic maintenance o performed, it ig not expected that machine noise
levels would increase during the economic life of his machinea, In fact,

a decreasing trend might oceur since older machines are operated at lower
RPM'g resulting in reduced englne noloe. This decrease in the primary
source level may ocutwelgh any increase in nolse level resulting fram

a greater number of rattling parts. In general, engine nolse would

not increase until such time as internal c¢learances become excesalve,

Fan noise should not Increase {in time) except in the cases of mechanical
Fallure of parts which would prompt inmmediate repalr, damaged. Exhaust
nolse in not expected to Increase unless perforation of the exhaust

pipes on muffler shells occura as a result of internal corrosive cffecta
or accldental external puncturing. With proper malntenance, those effecta,
that would tend to Increase a product's overall noise sigpature, are not
likely to occur before the time of the firat major overhaul of the machine.

Averaqe Time Before First Qverhaul

Table 4~3 shows the average time in years, before first major
averhaul for categories of wheel and crawler tractors. These times
correlate with both increased repair costa as machines age and with
posalble Increases in engine nolse. The times also correspord] closely
with the perlod of firat owner usage. In general, machines of the age of
five to seven years are sold to a sccond owner and tend to be used at
reduced frequency and in more rural applications where thelr nolse

emisaions Impacts are leas proncunced.

1-21
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Table 4-3
Average Time to First Major Overhaul of wheel and Crawler Tractors

Product Average Time to Pirst
Overhaul {(yre.)

Crawler Tractora

20 ~ 199 HP 5

200 ~ 450 HP i
Wheel Loaders

20 - 249 up 5

250 -~ 500 He 7

¥heel Tractors

20 + BP 5

Bource: Oontractors BEquipment Manual , Assoclated General Contractora
of kmerica, Seventh Fdition, 1974.
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FIELD MEASUREMENT PROGRAM

EPA conducted a limited fiecld measurement program to obtain
noise measuremente of machines for comparison with the manufacturer—
supplied High-Idle noise data. Noloe emlsmion data were cbtalned
for peveral crawler and wheel machine types during actual work
conditions at construction sites at the request of EPA.

All on~nite measuxements were made during varloue operating
mxles at distances from the machine that varled depending on the
machine task. Due to actual £ield operation constralnts, it was
not posaible to obtain controlled experimental data for specified
moden or dlatances.

Based on the measurements and the operating times in each moda,
a work cycle was derlved and work cycle Leq wag calculated, Comparicona
of thepe data were made with the manufacturer supplied nolse data
bane in order to assess whether ch correlated with noise emiasions
in a specific operating mode. As a result, it waa datermined that
the four-aide acithmetic average of high~idle measurements closely
ooxrelated with differences lesa than 1 487, with the calculated
work cycla I‘oq' In addition, an indicated in Figue 4-8, it wan
abaexved that sound levels of moving machineas at conatruction sites
ara not significantly different from levela of a stationacy machine
_ measured, during high idle, at four ;;oaitlona around the machine.
Thesa data samples have provided a basls for using the four-nide
aritheetic average of the high-idle measuremente as direct, uncorrected
imut into the health/welfare apalyais.

1-23
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EPA/MERADOM TEST PROGRAM AT FORT BELVOIR, VA.

A field test program was implemented by EPA to provide additional

nolse eminsion data under controlled comditiona for the following

PIEposen;

Q

To obtaln data e certain models for which limited
information was available (e.g,, utility tractors).

To ohtain additional nolse data under various mode of
operation, {e.g., reverse,) in onder to develop a large
data base for relating actual work cycles with the pro-
posed measurement methodology as well as to provide an
ipput to the camponent polse pource analysia.

To obtain noise data on the directionality of the nolse
emissions as a function of distance (e.9., overhead,
operator ear) to provide fucther validation of the four-
position measurement procedure for estimating average
molse levels emitted from a source, BAn additional
objective was to detemmine whether measurements taken at
the operatoc'a ;ear would correlate well with hi~idle
{4-poaition) average noise emisslonn. Overhead measure-
ments were aleo to be obtained to assesa thelr inmpact

on ovexall noise emisalons,

4-25
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o To obtain further noise data regarding repeatability of
measurement to assess the accuracy of measurements and the
variability among the seme {and aimilar) machines.

¢ 7o verlify manutoacturer supplied data to develop more con-
fidence in the overall data base.

o To cbtain data concerning site varlation in order to show
the effects of varicus types of sitea (e.q., oomcrete vs.
carth) on nolse emisaion measurementa,

0 To determine the contribution of various components to
overall machine nolse,

o To aseess the attenuation of noise as a function of diatance
for use in health and welfare analyses,

Teat Procedures

Table 4-3 lista the machines tested. The machines were
teated at three aites;
o tha "concrete loop site™ with compact earth between
s#ite and microphone,
o the "overhead measurement site™, and
o & flat, hard compact site for tracked wehiclesa.
All sitea essentially met requlrements of SAE J8Ba tests, Table 4-4
sunnacizes the measurements taken. Stationary and moving modea,
following SAE JB8 and SAR J88a procedures wers used to obtain the
nolee emission data., Also reverse mode, coast mode, eto., wers
examined,
A-26
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Table 4-4

MACHINES TESIED AT FORT DELVOIR

MACHINE-TYTE
CASE 1700

IH 25008
FORD 4000
JD 301A

IH 3414 (2 MACHINES)

A 645

IH 3200

JD 4018

JD 401C

CIARK 1758

CAT PBK

CASE MW24B
CASE M450

CAT 966

CAT DR

CAT D6

CASE 450 (Loader)
IH 125 (Loader)
JD 4100

CAT DTE

CAT 830wB

4-27

CATEGOIY

SKID STEER

UTILITY TYPE LOADER/DACKHOE
UTILITY TRACTOR
UTILITY TRACIOR
UTILITY TYPE LOADER/DACKHOR
LOADER

SKID STEER

UTILITY TRACTOR
UTILATY TYPE LOADER
IOADER

TRACKED [XZER
LORDER

TRACKED DOZER
TRACKED LOADER
TRACKED DOZER
TRACKED POZER
TRACKED LOADER
TRACKED LOMDER
LOADER/RACKHOE
TRACKED DOZER
WHEELED DOZER
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Machine
Code

WIS WN =

b g
n-O

13
14
15
16
17
18
19

2)

Table 4-5

Noise Loevel Measurements at FPt. Delvolr

iigh Idle
Avithmetic
Average
Ievel

{aBA)

75.5
78.7
17.2
76.1
83.2
79.5
03.5
75.4
78.8
78.1%
78.,3%
82.4n
82.1

63.2¢
T4.27
Th.2%
76.3*
8Q.60
’]2.1ﬁ
76.7*

Mijunted
Overhend

Level
(dBA)

74.9
73.8
4.1
70.4
83.3
76.6
77.1
70,5
74.3

76.4

(1)

Opcration (2)

(p]

High Idle
Level
Minug
verhead SAR J0Da Mode of
fevel Level
0.6 81.5 D
4.9 82.5 c
3.1 83 B
5.7 17 i
-0,1 9] B
2.9 81.5 B
6.4 89.5 B
4.9 79 c
4.5 79 n
80.5 D
g9 C
3.7 85 D
x = 3,7
n» 2,1
89 B,
{13 B
B8 B
81 D
89.5 i
80.5 C

Mot measured at over head position
Ieveln are adjusted for 15m from exhaust pipe by subtracting 6 dn
Original data wan taken at B.Om over

per doublimg of distance.

ground. Exhaust plpes vacled from 1.5m to 3.5m above the ground.

Mode of operation for SAF J8Ba level

A Stationary -~ Bi, highest of 4 sides
Statjonary -~ IMI, highenst of 4 sides
Stationary —~ Component Cycle, hlgheat of 4 sides
twving ~ Average of higheat levels within 2 d8 for highear slde
while traveling at full speed in intermediate gear (no load).

B
c
n

4-28
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Regults of Test Proqram

Significant findings and conclusions drawn from the resulto of

the test program are predented below,

Q

Overhead noisce levels averoged 3.7 dBA less than

"spectator-height" levels.  (Sample-10 machincop gee

Table 4-4.) These results indicate that the overhead measure-

ment pomition is not required (unlegs a major redirection

of poise is made) sipce the horizontal directivity io signi-

flcantly greater than the vertical directivity in exlsting
machines. ‘The exhaust, usually directed vectically, is
the major noise acurce in the vertical direction, The
emine caning shielda, at lesat partially, the nolse
radiating from the engine in the vertlcal direction. On
the other hand, the horizontal directivity is increased by
the grill/engine openingn and partial barcier of the
horizontal sucfacen.

The smooth concrete site produced, a relatively repeatable
1 dBA greater measured sound pressure level than a hard-
packed earth slte, Indications are that the repeata-
bility of these resmults may offer manufacturers an oppor-
tunity to reduce the expenscs lnvolved in oconatructing a
truly reflective teat plane, Lif they can verify this
correlation for thelir machinea.

Hound level data taken on separate days resulted in
repeatability of sound level measurements with average
differences of lesa than 1 dba {pee Table 4-5) for
most modes,

4-29
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Table 4-6
Repeatibility of Test Reoults

Machine #3 Retest - Sound Levels (dBA} @ 50-feet

TEST DATE:

4 roaition Arithmetic

4 Position Arithmetic

2 Side Arithmetic Average

SAE J88a

Concrete Loop Site

(highest aide IMX Reading)

SAE J808 (72)

{lens side acceleratiom)

Tented Teated
31 Januvary 1976 20 May 1976
High Idle Mode High Idle Mode Difference
76.0 76.6 + .6
Tdle-Max-Jdle Mxdle Tdle-Max-Idle Modn
82|3 80.6 _107
Moving-Int. Gear Moving-Int,Gear
76.0 71 11
B3 (83,5)* 82,5 (831.5)* ~ 5{0)n
84.5 (B5)* 84,5 (85,5)* 0 (.5

*Nurters in parenthesis are for the highest chsexvation, while all others
ave the average to two oboervers.
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For a careful measuring procedure using handheld sound level
meters, the ramge of readings at any glven position exceeded
0.5 dBh between 50 percent to 60 percent of the time for the
Conatant Speed Moving Mode (CSM) and High Idle (HI) mode,
respectively (see Flgure 4-9).

The standard deviation of eomd levels among different machines
of the name model ie lesa than L JdBA. (See Table 4-6.)

The data shown in Table 4-5 and 4-6 are consistent with an
overall 1.5 dbA standard deviation which was developed

from the manufacturer’s inputa,

Directivity in the horlzontal direction ia dependent on
machine type and mamifacturer; but in general, the noise

is non-directive as shown as in Figurea 4-10 and 4-11.

For propegation of sound levels, the attenuation rate of 6

) per doubling of distance appenara to be a reasonable
approximation to the average rate obtained for the distances
between 25' apd 200°,

Bound levels measured at the spectator level do not appear

to be ralated, in a copsiatant manner, to sound levels
measured at the operator position (mee Table 4-7).

Compar ieon of manufacturer supplied data with the EPA/MERADOOM
results indicated that, in general, the teat program measure-
menta were lower. The exact reasona for this are not known,
although, pite type difference ould be a factor. This pointa to

4-31
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Table 4-7

Variability of Operator Far Sound levels for Different

Machines of the Seme Mean

High idle Mxle ~ Sound Levles (ABA)

Machine 1
A 96.5
B 98.0
c 97.0
D 99,5
range 2.0
pachine
to X 97.5
Machine
;| W91

Test

2 K|
99.5 97.0
28,5 97.5
98,5 97.5
98,5 98.0
1'0 1.0
9.6 97.5

.50 Al

*Overall machine-to-machine varlation
n*Overall test-to-test variation

% =~ pample mean

A = standard deviationa

4-31
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memioe MACHINE # §

e oo MACHINE # 10

Flgure 4-15 DPirectivity Pattern at 50 Feet for
Machines #9 {Crawler Txactor) and #i0
{Crawler Loader) in High Idle Mode
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Table 4-8

Relationship Detween Opeator ard Spectator Position
Sound Leveln at High Idle

Sound Levels at

Sound Ievels at

Machine Operator Poaltion  Spectator Position  Difference
No. doa dBh JdBa
1 89.5 74.3 15,2
2 96.0 78.6% 18.2
3 924.3 76.9 17.4
4 96 75.7 20.3
5 96 83 13.0
6 100.5 79.2 21.3
7 100 62,7 17.3
8 95.3 75.5 19.8
9 96.5 78.3 18,2
10 99.3 78,2% 21.1
11 a7ne a1,9% 5.1
12 100.5 8l1.5 19.0
13 96.5 81.9*% 14.6
14 91,5 73,1 18.4
15 g3sn 78.5% 14.5
16 93 75.6 17.4
17 98.% 80.6% 17.9
18 89 72,9 16.7
19 97.5 76.0 21.5

*Loop Only
*rEnclosed Cab

rar4 Sided Arithmetic Average Over Both Sites

4-36
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the need for a site calibration technique that will allow
a method of adjustment of the readimgs (higher or lower)

to asoure the same results of acoustical measurcements for
the same machine and operating mode,

Bquipment tested with an improved muffler reduced High Idle
sound levels by approximately 7 dBA and Idle-Max-Idle sound
levels by approximately 10 dBA (see Table 4-8).

Dlagnoatic teats on ocomponent noise contributions showed
that the exhaust and fan components werce dominant noise
sources with the engine generally ranked next and all
"other sources and patha” third (see Table 4-9). For
wheeled tractors, neise produced in reverse motion was

not significantly different than nolze produced in Forward
mation. (See Table 4-10.) As a result, it has been
concluded that transmisaion neise ia not a predominant
nolse pource relative to the engfne casing. Since the
transmlsaion for crawler tractora ls essentially the

some as those for wheel tractors, the same conclusion
helda, The exact ranking of components vacied among the
equipment types.

4-37
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Machine

{Good Muffler)

78.7

Bl.5

Table 4-9

Resulta of Improved Muffler

Qonerete Loop

'] Machine 45
(Poor Muffler)

High Idle Sound levles € 50 (dRA)

83.6

Machine #5R Noiso
{(Improved Muffler) Reduction

71.0

6.6

Idle Max Idle Sound Lavels @ 50* (JBA)

2l

4-18
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Table 4-10

Noise Source Levels at ligh Idle

for Four Typical Loaders and Dozern -~ JdB(A)

Machine Code 22 1 16

Total Machine 77 62.5 75.5

Exhauat 72.5(1) 75.5(2) €6.5

Fan 64.5 78.5(1) 74(1)

Englne (Alrborne) (2) T4 67(2)

Other Sources 68.5(3) 74.5(0) 66.5
& Patha

1. Dominant Source

2. Becond Major Source

3. Third Major Source

4-39
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Table 4-11

Comparison of Sound Levels in Moving Mode of Operation

Machine

[
::(=\a MW §;

12
13

14
15

16#
17
1gw
19w

Forward (1)
Inter~
rediate liigh
Gear(2) Gear
daBh dba
78.2 79.4
.5 79.7
76.2 78
76 77
85 87.7
g0.2 (e
B4 85.5
— 76
'y r
80 80.2
84.5 05
64.8 87.5
85.5 B5,2
T1.5 80
81.2 83
80.8 84.8
85 90,2
T7.8 7.2

*yacked Machines

feverse (1)

High
Gear
JBA

7.4
71.2
76.3
76.2
84.5
7.5
84

76.2
.7
81

84.0
08.5
84.&
81

83.8
86

69.0

80.5

Intermediate
Cear Forvarcd
Minua 4 Poaltion
Arith. Average
HI dBa

5.3
4

Pt D 3t st D
aVmaAaDD

o [ RS R LN N RO Ky
-l--.--.!..
o= RO RO D

{1} A1l levela given are average of both sidea of the
machine using the SAE JBAa technique of obtaining

the level for each side,

{2)

4~40

Intemmediate gear is dafined in acoordance with BAE J00a.
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A moat important test phase was the comparlson of

"work cyele® L, with four-sided arithmetic average

q
of high idle noise. Table A-11 sumarizes character—
istica concerning the work cycle experiments, As
indicated in Table 4-12, the overall (acroas all

machines types) aversge difference between work cycle

L and the four-side arithmetic average of high idle noise

eq
waa less than 0.5 dRA,

4~41
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Table 4-12

tork Cycle Tvnt lesultn

Cycle
Time Time=Hin
Machine/ Dintances Min: {of L Ro~
Mact] Tapel Aecesvory Operation m/amglen Speed  Side Gec cyclen (ﬁ?ﬂ) markes
2 4 IUZ500 Backhoe Stockplle 9-12/00¢ - ump 37,6 12.0/19 73.0
" n " " " " - lood n 8.2/13 73.9
5 n " Packhoe 11 - Right - 19.6/- 15
6 » n n o - lett - 1.9/ 75.1
10 10y 40 fitockpile 11/80° - D 157,13  12.6/13 4.9
11 n " 10,1R o) 160 2317232 75
1 toed
19 15  IH125R ¢ frockplle  9/60° 24, FR Dump 146 21.0/27 76.5
16 " " " " lond 143.2  2L.3/730 77.3
17 " " " " Durnp 117 21.2/34 69.6 1
) 1:) n n " " lond 139 - 10 1
20 20 JM10 Backhoe Stockpile  14/60° - lodd  1:G0,5 21,5/23 75.6
21 " n - Dump 0:47.3  21.5/20 T1.1
" " " 5/60° 1,1 Dump 130,1 10. /20 80.7 m
" n . n " foad " n 79.2 D
16 28 DI without [oze/ 12/18 1,2,2 Ieft 4,3 2
Fanelas  Spread
24 B IR n " " Right 1:04 1.8/4.5 83,2
16 7 pI? without n " " faft  1:09 15,0/647  77.6 cn
Panelo
s n " . » " Rlght 106 14,3/6+1  718.1 CB
29 " " n " " " 1:17.5 15.5/646 771.9 C
- n . " n 1,2,3 " 9.7 5, /6 80,2 D
- arF without Doze/ 12718 1,2,2 Right 158.5 5,9/6 75.8 D
Panela  Spread
18 30N 4501 - Eteckplle 11/80° 1,1 Ieft, 1103 10.5/10 73.4 n,5
Load
n " " " " 1100 8.9/ . 73,3 n
1A " n n n " 1:105.4 16,9710 71.5 A
] " " 2,2 " 43.6 8, /11 76.6 "
23 32 axen muffler Dozn/ 12716 1,1,2  lelt 0553 11.5/6+7 75,5
Spreod
- " n n " Right  :55.6 13.9/6+7 177.8
- » n r /15 41,1 Right 41,6 9.7/640 76.2
12 - nax - " 18/27 L,2,2 Ieft 1:19.6 14.6/11 79.2 D
- ® " n " Right 1112.2  7,3/6 80,5 c
- " " " " " 1:08 11.6/6+6 84,3 A
4-42
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Table 4-12 {continued)

work, Cycle Teat Resulta

Cycle
Time  Time-tin
Machime/ Dlatances Hin: ¢ of L Fe~
Hachi Tngefl Moenpory Operation mfamglen BSpeed  Side  Sec cyclea ﬁ?ﬁ) maTEs
12 - pax noze/ 15,23  1,2,2 Right 156 11,1/646 04,7 A
fpread
- PaK n n 1,2,3 " 155.8  5.6/6 ol D
35 111 " 12/18 " Me.l 5.0/7 617 D
11 LX) 17 ~ Backfill 30/90% =  Right, 52,5 10711+ 62 3
Back
B * Brockpila Jo/l60* - Pront 142 4.9/7 79.2 4
- " " " - Back 44 11715 86 4
- A7 Stockplle J/1a0¢ -  Preat 119.4 13,1720 680.5 2
- » Truck o/6Q" 1,1 baep 45 15 /20 B0.6 3R
Ioading ’
- " " . " Inad Ul n M.5 3,B
- " » n " Demp 346.2 15.4720 805 B
- n ] ] n m n L] ﬂ] F
Excavation 22/90* - Right 53,4 48.9/55 824 3
13 k] w4 - Gtockpile 30280 -~ Back  329.6 13.2/20 7B.4
- n " " - Front 1.4 13.8/20 80.4 4
- " " " - Back " " M5 4
7 ~ MEGAS - Truck B/60" - Dump 332,810,920 82,2
Loading
~ " » - foat " " pe.l
"[attern refer to Operatota
l. Mrasucemant position 33 ;m fxoem work path,
2. Doze blad malfunctionsl, rot a productive work cycle.
3. Back up alarm operating. )
4. (pecatyor gradually worked cloeor to back mic, and further from Lront mic,
5, Boll moistuxe cntent and oompaction did pot allow qrouser penstration.
443




Table 3-13
Comparioon of ligh Idle to Work Cycle Nolse level

Type 4 oide Leg Mlous
of Operation  Maché Avg 1T Ieq(l} 4 aide Avg
Mach dn(a) dB(ph) NI ~ dB(A)
Utilicy
Stockpiling, 60° to 80° turn, 9 to 14m Travel Legs
2, 78.6 7.8 ~4.B
10 78.3 75. ~3.2
20 70 76.8 -1.2

ATM 3OV N losd

Stockpiling, 60° to 80° turn, 5m Travel Legs
20

78 60
2 78.6 75

Trenching

Whecled Londer

2,0

-3-6

Simulated Truck, Loading, 60° turn, Om Travel legs
7

62.4 83.1 o7

11 Bl 19 81 IB "01
ftockplling, 180° turn, 30m Travel

11 81.9 B82.6,81,5 .,7,~.4

13 a1.9 62.5 .6
Excavating 3

11 81.9 82,4 L]
Backf111 3

11 61.9 02 ol

Tracked ILoader

ftockpiling, 1lm Travel, Iow Gear 3

18 72.2 73.4 1.2

19 76 76.9 9
Stockpiling, 1lm Travel, High Gear 3

14 2.2 76.6 4.4

Tracked Dozer
oze/Spread 1,2,2
10/27 12 60,8 83.64 2,8,
15/23 124 80.8 84. 3.2
12/18 16 77.2 77'94 .7
12/18 16, 75.6 75,64 0
12/18 21 81.5 83,2 1.7 y
4-44
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Table 4-13 (continued)

" Comparinon of Iligh Idle to Work Cycle Noise Level

Type
of
Mach

Operation  Machi

Tracked Dozer

oze/Spread 1,2, 35

12/18 16
12
12
¥heeled Dozer
Doze/Spread
12/18 23

1.
2.

4.
5.
6.
T

al

A oide

Avg HI  Leg(l)

do(n)  dib(n)
1.2 g0
80.9 01'14
g0.0 g0
ga’ 6.7

Arithmetic average of both nides,
Only Gasoline Utility Tractor,

One gide only.

Eatimated, assuming difference in aides is constant.
Machine with part of noise suppression kit removed,
Thia data ia questionable but no speclfic error could

be found to justify excluding it.

Eatimated from data for 2 siden and the directivity

of aimilar machinea,
Distance in meters,

A-h5

Leq Minug
4 Side Avg
HI - dB(A)}

2.0
l3
-4

~7.3
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SICTION 5

EVALUATION OF EFFECTS OF WIEEL AND CRAWIER
TRACTOR NOISE ON PUDLIC HEALTH AND WELFARE

INTRODUCTION

The propoged noloe emisaion regulations for newly manufactured
wheel and crawler tractors opecify levels not to be exceeded as
measured according to the Measurement Method presented in section
3. Potential public bepefits are necessacy inputs to the asaessment
of trode-offs between the multiplicity of possible requlatory levels
and effective dates. The analysis presented In this section is
based on predictions of the potential health and welfare benefits
for eelected nolse emisnion levels and effective dates considered
achievoble for new wheel and crawler tractors.

Because of the inherent differences in individual responses
to nolse, the multiplicity of typea and phasen of conatcuction
activity, the wide ramge of environments surrounding each construction
alte, and the complerity of the assoclated nolse fields, it is
not possible to examine all construction alte situations precisely,
Thus, in this predictive analysis, cecrtain stated assumptilona
have been made to approximate typical or average situations, A
atatlstical approach has heen taken to determine the benefits associ-
ated with wheel ard crawler tractor npoise emlsalon reduction in
estimating the population that may be affected for each regulatory
option, Some uncertainties with respect to individual cases or
aituations will remaln. I

=1
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Measuren of Benefits to Public Health and Welfare

The phrase "public health and welfare,” ao used here, includes
pecsonal confort and well-beling as well ao the absence of clinical
symptons ouch ag hearing damage, People are exposed to construction
site nolse, of which wheel and crawler tractora are integral come
ponents, in a vaciety of sltuations, Some examples are:

1. 1Inaide a home or office

2. Around the home

3. as o pedestrion

A. As a conatruction slte worker,

Reducing nolse emitted by wheel and crawler tractors is expected
to produce the following benefita:

1. Reduction In overall construction aite noise levels and
associated cumulative long-temm Impact upon the exposed
population,

2. Fewer activitles disrupted by individual, intense nolsa
events.

3. Reduction in interfecence with speech communlcation and
wacning algnala at construction sites, thereby lessening
nafety hazards, as well as reduckng the risk of heaclng
damage to tractor operators and other site workers.

The approach taken for the analysin was to evaluate the effects,

In terms of the percent change in the impact of construction sitas
nolse, on the 11, §. population resulting from reduction of wheel and
5-2
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crawler tractor noise alone and then in combination with the reduction
of truck and portable air compressor nolasc. These two products
are major contributors to construction site noise amd are currently

pubject to Federal nolse gnimaion regulatjons (11, 12].

Requlatory Schedules. The analynis predicts the population impacted

by construction nolse based upon the 24 wheel and crawler tractor regu-

latory optiona shown in Table 5-1, Each regulatory option listed takes

into account each of the five major tractor types, lead times, and
regulatory levels,

DESCRIPTION OF THE HEALTH AND WELFARE OONSTRUCTION SITE NOISE
IMPACT MOREL

The assessment of potential reductions in construction site
nelss theough regulatlon of wheel and crawler tractor nolse emisslons,
requirea that the average noise level produced by other types of
conastruction equipment also be detemmined, The derivatlon of nolne
emisslon levela for wheel and crawler tractors in described in
section 4 vhile the noise emisslona of other construction eguipment
ara sumacized in this section, These average noipe leveln are
adjusted to account for typlcal use cyclea during each type of
copgtruction activity, The adjusted nolse levelsn for each equipment
are then sumed on an energy basis and adjusted for thelr proportion
of anmualized activity. This process yields a measure which statisti-
cally describes the annualfized energy avecage construction site nolse
levels for each type of constructlon,

5-3
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Ragulatoxy
Schodulaes

TADLE 5-1

SUMMARY OF REGULATORY SCHEDULES®

Machine
Types

131311 L I B B I | -1 ) B 1 v 1 1 & I B B I |

-1 3 31

LD I I A

lg02

Lavel Effective Daton

1960 1941 1963

77
83
79
84
74

L T T B |

1984

I
8o
76
a¢
70
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Ragulatorxy
Schedulen

10

il

12

i3

14

) TABLE 5-1
SUMMARY OF REGULATORY SCHEDULES

Machine
Typen .

Crg
cTy,
WLg
WLy,
T

CTg
Ty,
Hkg
Wi,
WT

3

1960

113 )

212 2

{continuead)

1901

LI N 2 B |

L N N R I ]

LI NS N T

a2

77

31 3 01 %

" 55

LI I B I |

| I I BN B ]

Leval Effective Dates

1982 1983

1964
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Regulatory
Schedulas

16

17

19

19

20

21

TABLE 5-1
SUMMARY OF REGULATORY SCHEDULES

Machine
Typan

CTg
C'I'L
HLg
WL,
HT

cTg
CTy,
Hlg
Wi,
WT

CTg
CTL
Whg
Wiy,
WT

CTg
<7y
WL
WLy,
WT

CTg
CTy,

{continued)
1900 la01
80 80
g2 82
77 77
a0 a0
86 a6
82 a2
86 86
7 Ix
- 77
- 79
- 74
- 71
- a3l
- 77
as 86
- 79
86 a6
77 77

Hm6

1902

ao

82

Laval Effective Datos
1963

00

02

1964



TADLE 5-1
SUMMARY OF REGULATORY SCHEDULES

{continued?
Regulatory Machine Levala Effoctive Date

Schedules Typen i980 1981 1982 1983 1904
CTg - 77 77 77 74

CTy, - - - - a0

22 WLy - 79 79 79 76

WLL - - - - a0

WT - - - - 70

CTg - 77 77 17 74

CTy, - a3 83 a3 8o

23 Wlg - 79 79 79 76

WLp, - 84 84 84 a0

WY - 74 74 74 "M

CTg - - 17 7 74

€Ty, - - 83 83 8o

24 WLg - - 79 79 76

WL;, - - 04 84 680

ur - - 74 *74 74

L CTq - Crawler Tractera (20 HP to 199 HD)
CTy, - Crawlax Tractora {200 HP to 450 NP}
WLg ~ Wheel Laadexs (20 HP to 249 HP)

Wheal Loadera {250 HP to 500 HF}

g

Al L YOV UTATY 4220

Wp ~ Wheel Txactors

§-7
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pefinition of L.  and L
o dn

Thia analysis utilizes a noise measure that comdenses the informae

tion containcd in the nolse enviromment into a almple indicator of both
quantity and quality of nolse. Thia general measure for envirormental
nolse la the equivalent A-welighted sound level in declbels, The general

symbol for equlvalent level 18 L . This Indicator correlates well with
¢

tha overall leng-term effects of nolse on the public health and welface
and waa initially developed as a result of the Noise Control Act of 1972,
vhich required EPA to present information on noise levels "requiaite to
peoteck the public health and welfare with an adequate marglin of safaty."

Tha baosic definition of I. l=:
aq

+

t2

1 218 . ae
= 10 199, T,E) £ (5-1)

Taq 2 P'o

where t ~ t ia the interval of time over which the pressure levels
2 1

are evaluated, p(t) ie the time varying sound pressucre off the nolss,

and p s a reference pressure, standacrdized at 20 micropascala, Wonen
[+ ]

expeessed in tarma of A~welghted sound level, L , the equlvalent A-
A .

waighted sound level, L , ia defined as:
eq

58
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t

1 2 [LA(t)/lql
Le = 10 10910 E—-_-_.-E-i- . ft 10 . At {5~2)
1

2

in describing the impact of nolse on people, the measure called

the day-night average sound level (L ) s used (6]. This is a 24-hour measure
dn

with a weighting applicd to nighttime nolse levels to account for the
increased senoitivity of people to intruding nolse associated with the

decrepse in background noise levels at night. The Ld ig defined a3 the
n

equivalent noise level durlng a 24-hr perlod, with a 10 43 welghting
applied to the equivalent nolse during the nighttime hours of 10 p.m. to
7 a.m. This may be expressed by the following equation:

2200

L 10 1 1 jr 10L“(t)/10 at
- Qg [ ]
dn 10 2% 0700 (5~3)

0700 (%, (£)+10/20°
+f 10 . at
2200

or,

1 [ Ld/J.O {Ln+10}’10]
Ldn = 10 loglo LTy 15 x 10 + 9 x 10

59
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where L is the "daytime" equivalent level, obtained between 7:00 a.m,
d

andd 10:00 pom. and L 1g the "nlghttime” equlvalent obtained between
n

10:00 p.n. and 7;00 a.m. of the following day.

In conagtruction site situations, where the doytime level, I,
d

usually conaists of an elght hour construction alte contribution
combined with an external ambient sound level, equation 5-3 may be

rewritten as:

n L5/20 12/10
Lan ™ 10 legy, (ﬁ“ [a 22097 415 x1209 (5-4)

-}
.o x m(r.nuo)/lo")

or
. Lc/lo LAmhiont/lo
Lan = 10 log, ﬁ-[a x10 % 424 x 2090
c
where: 1, = daytime equivalent level due to the conatruction site
d
a
L = daytime cquivalent ambient level
a
a
L = nighttime equivalent ambient level
n
Amblent
L = equivalent day-night ambient level =
* dn

5-10
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Hence, equation 5-4 allows conputation of the day-night average
gsound levels In areas around construction sites taking into account
construction site nolse as well as ambient nolse levels predominant
durim those hours when congstruction activity is not taking place.

Relationship of I,  to Health and Welfare Criteria
dn

To aoseag the lmpact of construction nolse, a relation between

the chamjes In conotruction nite noise and the tesponses of the people exposed

to the noloe io needed. The regponses may vary depending upon previous
expovure, age, sociocconanic status, political cohesiveness, and other

soclal variables. In the aggreqate, however, for residentlial lecations,
the average response of groups of people s related to cumulatlve noise

exponure a3 expreased In a measure ouch as L, For exanple, the
dn

different forms of cesponse to noise, auch as hear ing damage, spoech

or other activity interference, and annoyance, were related to L
©q

or I, In the EPA [avela Document [6)}. For the purpones of this
dn

atudy, criterla based on 1. presented {n the BRA Levels Document are
dn

used. Furthermore, {t is assumed that if the cutdoor level of I, =
o

55 dn, vhich in ldentl{led in tho EPA [cvela Document as requisite
to protect the public health and welfare, in met, no adverae impact
in terms of general annoyapce ad commmity response (.;Hist.‘].

The Intelllgihbllity of sentonces (flcst presentation to listences)
drops to 90 percent when the level of the nolse enviromnent [s Increased
approximately 12 dB above the level identified in the EPA Levels Nocument
and to 50 percent Hl’;(‘:n the level s increosed approximately 24 di.  The

5-11
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intelligibility of gentences (known to listencrs) drops to 90 percent

when the level o increased approximately 22 dB above the identified

level and to 50 percent when the level 1g increascd approximately 26

db [15). ‘Thus, since nomnal conversation containg a mixture of some

new and pome familiar material, it is clear that when the level of environ-
mental nodpe is increased more than 20 dB sbove the ldentified level,

the intelligibility of conversational specch deteriorates rapidly with

each decibel of increase. For this reason a level 20 dB above L, =
dn

55 dn la consldered to result in 100 percent impact on the people cxposed.

For environmental nolse levels that ace between 0 and 20 dD above L »
dn

55 dB, the lmpact 18 assuved to vary lineacly with level,

A similar concluaion can be drawn from the comwmmity ceactlon and
annoyance data contained in Appendix D of the Levels Document [6].
The community reaction data show that the expected reaction to an identifiable
pource of intruding noise changes from "none® to "vigorous” when the
day-night average sound level increases from 5 di below the level existing with-
out the presence of the intruding noise to 19.5 B above the level before
intruaion. Thus 20 dB is a reasonable value to assoclate with a change
from O to 100 percent impact. Such a change in level would increasc
the percentage of the population that is highly annoyed by 40 percent
of the total exposed gopulatlon (6], Further, the data in the Levels
Document (6] suggest that within these upper and icmer bounds the relation-
ship between lmpact and level varles linearly; that is a 5 dB excess

(L = 60 dB) conatitutes a 25 percent impact and a 10 dB excesa (I, = 65dB)
an dn

conatitutea a 50 percent impact,
5-12
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L

For convenlence of calculation, peccentages of impact may be
expressed as Fractional Impact (FI). A FI of 1.0 represents an Impact
of 100 percent, in accordance with the followlng formula:

J05(L=C) for L » C

FI =» {5-6)
0 for L< C

where I 18 the observed or measured I, of the envirommental noise,
n

In this study, C ~ 55 d0 (L ) for residential and public works
dn

conatruction, and 65 dB for industrial and nonresidential construction
The impact of construction nolae may be described in terma of both
extenalvenesa (l.e,, the nunber of people impacted) and intenslveness

(the saverity of Impact}. The fractional Impact method explictly accounts
for both the extent and severity of impact,
The equivalent noise Impact (ENI) assoclated with a glven level of

i
conatruction nolse (L ) may be assessed by multiplylng the pumber of

dn
people lmpacted by that level of conatruction nolse by the fractlonal impact
aosoclated with the level as follows:

Bl = (FL)P {5-7)
i i

Le

where ENI‘ is the magnitude of the impact on tha population expased to

i

constroction nolse L and 1a numerically equal to the number of psople,
dn

all of which would have a fractional Impact equal to unity (100 pexcent

inpacted) , l"I1 is the fractional impact assoclated with a day-night

5~13
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noise level r.; , and P i3 the population exposed to this level of
n

conatruction nolse. To i{llustrate this concept, if there are 1000
people living In an nrea where the nolge level oxcecds the eriterion
level by 5 db (and thus arc considered to be 25 percent impacted,
PI = 0.25), the envirormental nolse impact for this group is the same
aa for 250 people who ate 100 percent impacted (100 x 25% = 250 x 100%).

When assesslng the total impact assoclated with construction
noise, the ohserved leveln of nolse decrease ag the dlstance hatween the
source and recelver lncrease. The magnitude of the total impact may be
corputed by determining the partial impact at each level and suming

over each of the levels, The total impact is glven in terms of

the equivalent number of people Impacted by the followlng formulas

5-8
ENI"E Pi.FIi (5-8)

3
1
where Fi is the fractlonal impact assoclated with L and ['1 is the
an
i
population exposed at each L .
dn
5=-14
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The change L[n fmpact agsociated with regulations of the nofse
cmisslons from wheel and crowier tractors may be asgegoed by canparing
the magnitude of the impacts, both with and without regulations, in terms
of the percent reductlon In impact { ), which io calculated from the
following expression:

A ™ [ENI (before) ~ NI (after)] {5-9)
ENI (before)

Conatruction Site Model

The analyais that followa conalders varloua conatcuction alte types
including residentlal and nenresidential buildings, clty streets, and
public works which normally occur in places where population density
ia high. Heavy construction such as highways and civil works hag been
omitted from the atudy slnce the bulk of this activity generally occurs
in thinly populated arcas where the extenslveness of potentlal nolse
effects on people are minor, In the framework of the analysls, conatruc~
tion la viewed as a process that can be categorlzed accordlng to the
type of constcuction as well as to the separate and distinct actlvity
phages that occur,

The baslc unit of copatruction activity is the construction slire.

A construction asite exiats in both time and space, Four different types
of conatruction aitea (sec sectlon 2) were evaluated in the analysis,

aa shown in Table 5-2.

5-15
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Table 5~2
Construction Site Types

Total Annual Number

Construcktlion Site Type Throughout Unlted States
0 Resaidential & Gomeatic Houalng 728,000
0 HKon - Realdential 47,100
¢ Industrial/Commeccial 235,000
o Public Works 105,224

Construction activity la generally carrcled out in several disccete
stepa, each of which has ita own mix of equipment and attendant noise
output. The phases of conatructlon wore those utilized in previous
analysea (13, 1], The process involved in chacacterizing the nolse
at each slite conaista of identlfylng the equipment found at each site
in each constructlon activity phase In terms of:

1. The number of equipment types typlcally present at the site

in a given phane,

2. The duty cycle of each type of equipment

3, The average noise emisaion level of each equipment type

during the conatruction activity operation.

Equitement. type usage, and nolsa emlsalon information Is presented in
Tables 5-3 through 5~6 for each type of construction, These Tables pre-
sent updated data for wheel and crawler tractora combined with that
previously published [13]. Appendiz R contains a description of the

5~16
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Table 5-1
UHAGE FACTONS OF LQUIDPHENHT IN DOMESTIC HOUWSING CONSTHUCTION
Canatruction phann Loq.850°
Equipmont - ¥York
Cloaring Excavation Foundation Exoction PFinlehing forliods
Alr comprennor (B1)* - 0.1 - - 0,25 68,7
Backhoan {85) 0.02 0,2 - - 0.02 69.5
Concrota mixer (05) - - 0.4 0.08 0,16 16,58
Concrata pump {0n2) - - - - - -
Concrotoe vihbrator (76) - - - - - -
Crann, darrich (o) - - - - - -
Crapa, mohile (o1 - - - 0,10 0.04 6.4
Crawlor tractor <200UP (00) 0.6512] 0.95 - - 0,30 -
Cravler tractaor =»200HP (a31) 0.06 0,0 - - 0.02 -
Gonurator {78) 0.4 - - - 64,8
Gradarx (us) 0.0% - - - Q.02 65.0
aviny Areakar (0n) - - - - 0,01 61.0
Whael loaders <25001P {1.5) 0.61 0,30 - - 0,12 -
Hhael loaders 2250UP {04) 0.16 Q.on - - 0.013 -
faver (u3) - - - - 0,025 66,0
Phle drivar {101} - - - - - -
Pneumatic taol {ns) - - a,04 0,1 0.04 2.5
Pump (7G) - a.1 0.2 - 61,0
llack drill (94} - 0,005 - - - 65,5
Hellar (80) - - - - 0,04 59,0
Haw {18) - - 0.04[2]% 0.1[2] 0.04([2] 68,5
ficraparc (Hi) 0,05 - - - 0.0l 67.0
Shoval {02) - 0.2 - - - 65,5
Trunk (no) 0.04 G, - - 0,04 70.0
Whral tractor {77} 0.86[2]) .07 - - 0.2% -
Hourm at mite 24 24 40 a0 40 E~208 hra,
m16 AAYR
Total aumbarxr of aitnan?20,000 (nen appondix k)
* Humbara in parathamaa (} reprasrpt average noira lovals (ARA) at 50 .

A% Numbarxa In hracketa

[] raprosont avaraqgqe number of ltamm in wuan,
than ona, Rlanks indicatn gEnro or vaty rars usanae,

Af that numhax ia graatax
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Table 5-4

UUAGE FACTORI OF EQUIFMENT IH MNOHRELIDENTIAL COHLTHUCTICHN

(3190K=-4000K)}

Construction phana Lai. 050"
Equipmont — Horh
Clonring Xecavatiaon PFoundation LEroction PFinlshing Porloda
ALY compromsor (o) » - 1.0[{2)ns 1.012] 1.0[2] 0.4102) ul,s
Hackhoa (13) 0.04 0.16 0.4 - 0,04 6.5
Concrote mixer (43) - - 0.4 0.4 .16 79.0
Cancrote pump (02) - - 0.0y 0.4 0.0 4.5
Cancrete vibrator 176} - 0.2 0.2 0.04 67.0
Crane, darrick {nn) - - 0.16 0,04 16.0
Crane, moblla {43) - - - 0.16(2} 0,04(12) 4.0
Crawlar tractor <200HP (oo} 0.49 0,591 - - 0.46 -
Crawlar tractor »200HP {01) 0.09 0,22 - 0,09 -
Gonagator {74) 0.412] 1.0[2]) - - 73.0
Gradaer (us) 0.0 - - - - 0.02 61.5
Paving bruahar [{iL'}] - 0.1 0,04 0,04 0.04 5.0
Hheol loader <230HDP {a1,5) 0.175 0,412 - - 0,16 -
Whanl loadax »250HD {44) 0.04 0,09 - - 0.04 -
Pavar (Ho) - - - - 0.1 70.0
Plla Driver {101} - - 0,10 - - a5.0
Fnaumatic taol {045} - - o.a4 o.1al2) 0.04[2) 6.0
Punp {70) - L.af2] 1.002) 0.4 - 76.5
Ruogh drill (94} - 0.04 - - G.o00h 78,0
Rallmr (a0} - - - - 0,1 60.5
Han {78) - - 0.,04[3} 1.001) - 76,3
dogimper {aa) .53 - - - 73.0
Shoval {A1) - 0.4 - - - 732.0
TEaek [an) 0.A6(2) 0.4 - - 0.16 80.0
Whaal traotor 17h 0,30 0,724 - - 1] -
Houre AL Mita ou 20 ji0 A8 160 L=1360 hra.

nl70 days

Total numhar of altam=A7,100 {mam appendix &)

* Musbexn in parathanan

‘A Rumbexs in hrackets [) raprasont avaraga pumbar of Atems AL purhat Am gramtar than ons.

{} Tepranant avarage nNoisao lavala {dPA) at 30 (t,

AndicAte Rore of YALY CALR uSAgs,

hlanka
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Table 5-5

USAGE FACTONS OF EQUITHHENT IN IHDUGTHIAL CONOTHUCTION

(310K-B20K, no high-rime}

Conatruction phanme Lo, 830"
Equipmant - Hork
Cloaring Enxcavation troundation Erectlion Pinishing PFarioda
Alx comprasaor (o1 - 1.0 0.4 0.4 0.4 76.0
flackhoa {i45) 0.04 0.10¢ 0.4 - 0.04 6.5
Cancrate mixar (s} - - 0.4 0.16 0,16 77.5
Coancrota pump (82} - - 0.03% 0.16 0,cb 71.0
Conornta vibrator {76) - - 0.2 0.1 6,04 65,5
CrAann, deorrichk (a4) - - - 0.04 6.02 70.0
Crane, mobila (B3} - - - 0,08 Q.04 6H.0
Crawler tractor <200HP {ha) 0.01 0.G67 - - 0,007 -
Cravlaxy tractor »20010 (h1) 0,004 0.004 - 0.007 -
Qannrator {70) 0.4 .4 - - - 60.5
aGradar (6%) D.05 - - - 6,02 62,3
Paving PAreaker [£:1}] - 0.1 0,04 Q.04 0.04 75.0
¥heal loader <23010 {a1.5) 0.04 0.1 - - 0.009 -
Whael loadax 2250H0P {4} 2,005 0.12 - - 0,001 L]
Pavnr (89} - - - - 0,42 16,5
Plin drlvax {101) - - 0.04 - - 1.0
naumatic toal (o) - - 0,04 0.103)*~ o0.04 76.0
Pump (76} - 0.4 1.0(2] 0.4 - 51.0
Roak Ari)l {30} - 0,02 - - 0.003 75.0
Rollarx (B0} - - - - 0,1 60,5
Baw (78 - - o.nai2) 0.1(2) - 67.5
HCCAper {an) 0,14 - - - 0,08 70.5
Shavnal (8d) - 0,4 - - 0.06 72.0
Truak . [ou) n.iG[2] o.241a1 - - Q.16 78.5
Hhes) tracter {17) 0.4 0.57 - - 0.0% -
Hourm mt mitae an k1) 110 400 140 Eml26G hrn,
=Ll70 dayns
233,500 {moae appandix P )

Tatal numbar of sitasw

* Numbars in parsnthenan () repramant Avarage noime leavalm (ABA} at 50 ft
*A Mumbara in hrackatm {] rapramant avaxags nushor of ftamms in uas, AIf that
anm. Nlanka indicate AeK0 or very rarcs RNADS,

numbiar Am graatear chan
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ARMAE I
USAGR PACTORE OF RQUIPNENT IN PUDLIC WOAKS COMOTRUCTION
{(Munlolpal atrasts and sewerm)

. Canatruction phasa Leig.050°
Equipmant - Worxk
Clearking Excavatlan Poundation Erection Pipiahing Porioda
Alx compreanor (o1L)* 1.0 1.0 .4 0.4 O.4f2]0s 79.0
Rackhoa {08) 0.04 0.4 - - 0.16 74,5
CoRcxreta mixer {83} - - a.16[2]) 0.411) 0.16112) aL.0
Conagrmte pump (62) - - - - “ -
Caoncrmta vibrator {76) - - - - - -
Crane, darrick {ao) - 0.1 0.04 0.04 - 4.0
Cranme, moblle {83} - - - Q.16 - 89.5
Cravler traotor <200nP [(00) 0.42 0.31 Q.20 - 0,210 -
Crawlar Reactor »200HP {(02) 0.03 0.04 0.02 - 0.02 -
QenafFAator (70) 1.0 0.4 0.4 0.4 0.4 75.0
aradarc an) 0,08 - - 0.2 a.00 74.0
PAaving hreakar [1i1:3] 0.5 a,5 - Q.04 0.1012) 80.%
Nheml loader <I00HRP {B61.3} 0.40 0.40 0.32 - 0.24 -
Whaal loader »200HP {n4) 0.0004 0.0004 6.0001 - 0.000) -
Paver {89) - - 0.1 Q.5 - 6l.53
Pila Arivarx {i0}) - - - - - -
Freumatia tonl {61) - - 0.0412] 0.1} 0.04 72.5%
Pump {76) - o.4(2] 1.0(2) 0.4[2] - 73.5
Rock Agik) (38) - 0.02 - - ~ n2.3
Prollarx {80} L - 0.01 0.3 0.3 73.5
Saw (70) - - o,0412] 0,04 - 61,3
Bocapay {aa) 0.06 - 0.2 0.00 o.00 8.0
fhoyal {R2) 0,04 0.4 0,04 - 0.04 71.0
Truak [L-1.}] 0.16[12) a,)6 n.af2) 0.2[2) a.1612) 4.3
Whanl txactaor mn o.%23(3] 0.52(2) 0.702] - 0.52 ~
Hourm at ahta)y 12 12 4 24 12 Lk ~A4 hznm,
m)0%N Aays

Total nusbar of sitap~483,224 (aes aAppondia K}

* Husbars 1n'pnrqnthalnu {) capraaent average noiaa levels (ARA) at 50 ft,

Ah Mumbesm AR brackata [] caprasent avarage pusharx of itema in unae,

ppa, Alanka Andigata xALn OK YaKY CAKA MURAgR,

12 that numheyx im greaterx than
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information collected during the course of this analynia to update
previously published equipment type, nolse emizalon amd usoge data,
The nolse emission amd usnde factors presented {n Tables 5-3
through 5-6 were combined with typical periods of use (hours) of
equipment operated for each phase of construction, to yicld a total

aite I‘eq at 50 feet., For the purpose of this analypis, a construction

oite i3 viewed as a complex gource in which equipment 1o centered 50
feet from an obsecver,

The L cqobtained using this model was converted to an Ldn for

a 24~hour day and then converted to an annual day-night average sound
level by adding 10 1log (H/(0x365). Thus, cach conatruction nlte wag

viewed as a camplex noise pource with a fixed annual value of Lan® The

analysis was repeated for each type of aite.

The health/welface Impact of construction nolse was enteced
into the analyeis by taking into account the pumber of construction
sitea of vacloua types in a nutber of gecgraphic regions as well as
tha population densities within these regions (Table 5-7) [1),

The mumber of altesa per year was updated (see Appendix E) from
that previcualy publisbed [13] and the population density data were
taken fcom Teble XI of Reference 1. For the nonceaidential bullding
cateqory, the transfer of people fram the suburbs to the central city
during the average wocking day was conaldered by adjusting the population
data, consistent with the model presented in Reference 1, which is
symatized in Table XI of the reference. Thia adjustment was necegsacy
to accaunt: for the fact that most constroction in clties occura during
the working day. 'Thus, population eatimates were obtained for 20

5-21
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Table 5-7
Summary of Construction” Activity and Population Density
Data Inputs to Construction Site Model

Hours of Construction Por Day

Clearing Excavation | Foundation | Ercction Finiashing
Day | Night| Day | Night | Day [ Night | Day | Night | Day | Night
Regidential 8 0 8 0 8 0 8 0 B 0
Non-Resldential 8 0 i 0 8 0 8 0 8 0
Induatrial/
Commerxcial 8 0 8 0 ] 0 8 0 8 0
Public Woxka a8 0 8 0 ] 0 8 0 8 0
Number of Days of Conatruction Activity
Clearing | Bxcavation | Foundation | Erection Clearing
Reaidential 3 3 5 10 5
'Non-Residential 2.0 40 a0 A0 20
Induat:rial/
Commercial 10 40 40 60 20
FPublic Works 1.5 1.5 k| 3 _ 1.5

|
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Table 5-7

Continucd
Population Dennity (Pcople per Squarce Mila)
Largo Larqge
High Density | Low Denaity Metropelitan
Central Central Other Urban hArea Outside
Citien Citios SMSA Pringe | Urban Fringe
fleaidentlal 15,160 4,410 3,710 3,380 125
Non~Residential 16,650 4,860 4,070 3,100 114
Industrial/
Commercial 16,650 4,860 4,070 i, 100 114
« Public Works 15,160 4,410 3,710 | 3,380 125
e Numbex of Sites
Large Large
High Density | I.ow Density Matropolitan
Central Central Other Urban Area Qutaide
Cities Cltiez SM5A Fringa | Uxban Fringe
Reaidentinl a,708 21,578 102,559 262,000 118,779
Non-Reslidential 390 980 2,404 6,183 2,782
Induatrial/
Commercial 1,561 3,922 9,617 24,731 11,0086
Public Woxks 3,184 25,120 96,600(134,920 252,400
SRR
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different cases corresponding to the four construction types
(residential, nonrealdential, industrial and public works) and five
cateqgorien of regions, as follown:
1, Large high-density central city
2, Large low-denslty central cliy
3. Other Stardard Metropolitan Statistical
centeal ¢lcien

4. Urban Frime

5. HMetropolitan aceas outgide the urban frime

Two models hove been used for the propagation of site noise into
the cawmmity. For residential and public work site typea which ace
reprepentative of lightly built up areas, noise hea been Assumed to be
attenuated at the rate of 6 d8 per doubling of distance away from the
poutce, Accordingly, avound each site thece exists a seriea of anmli,
each of which cepresents suwccenaive acens of 1 dB decrease due to

attenuation aa indicated in Flgure 5-1,
A mean anoual Ldn has been associoted with each anmilua, as
well as the total area, The atea, when multiplied by the population

density typical of the region yields the average pumber of pecple, (P),
livieg within the annulus, 1t has been pasumed that, on the aversge,
only half of the rooms in structures in proximity to these site types
ar= assumed to face the site, Thia assumption sppeacs ressonsble but
must be xecognized as being somewhat arbiteacy.

5-24
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In cage of the nonresidential (office) bullding and industrial/
commerclal site types, a diffecent model was considered,  For these
gituations, it woo assumed that noise confined in a built up area is
attenuated by only 3 d per doubling of diatance for the f£irst 400 feet,
due to the canyon effect which prevento noige decay by classical spherical
divergence, and then attenuates at 6 dil per doubling of distance, since
at: that polnt noige is free to decrease by classical spherical divergence,
Fucther, it waa asoumed that only 33 percent of the people in each annulus
were affected by the congtcuctlon nolse aince in most office industrial/
carmeceial bulldings less than half of the roams bave outside exposure.
This aasumption appeacs ceasonable, but it 1o also somewhat arbltcary.

For all aite types, it was assumed that no residences or atfected
activities were located closer than 50 feet from the construction aite
boundary.

A8 indicated earlier, EPA has incorporated into the model a
provision for including daytime and nighttime ambient levels extecnal
to the copatruction site, Table 5-8 provides the levels used for each
site type axl region, [14] where ambient levels exceoded the criteria
levels, the anbient levels were achitarily set Instead to a level of
1 dep under the criteria level under the assumption that the omblent
levela would be 19wero:l as a result of other regulations, e.g., cavs,
busen, trucks, ete, Otherwlse, the distance from the center of a con-

atruction aite at which Lan reaches the criteria level would mathematically

approach Infinity and thercby nullify the utility of the madel.

§-26
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Background Ambicnt L

Table 5-8

(dBAY Used In Construction Site Model

dn
Large Large
tligh Density Low Donaity Matropolitan
Central Contral Other Urhan Area Outaide
Citiesn Cities S5MSA Fringo | Urban Fringe
Residential 61.00 59,35 58.70 58.35 46.11
Non-Reaidential 64.35 59.71 59.05 50,03 45.77
Industrial/
Commercial 64.35 59.71 59,05 58.03 45.77
Public Works 64.00 59,35 5B8.70 58.35 46.11
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OQONSTRUCTION SITE NOISE IMPACT

Ao discUased carlier, the impact of an envirommental nolse pource
has two baslc dimensions: extensivencas aixd intensivenesa. Extenaivencan
of imact is measured In terms of the total number of people impacted
irrespective of the severlty of individual impact. Tntensivenesa, or
severity, of an Individual's impact is measured in terma of the level
of the cmvironmental nolse,

for analytic purposes, it is desirable to have a single number

representing the magnituded of the total nolse impact in terms of both

‘extenalvencas and Intenalveness In a specific envirommental situation.

With a single number descriptor of nolse impact, relative charges In
impact can be described in terma of mlmple percentage changea fn relief
from an initial population impact value.

In the procedure presentsd in thls section, the Intensity of an
environmental nolse impact at a opeclific location ia characterized by
the Fractlonal Impact (FI}). 1In the computation of the FI asacclated with
each annulua arourdd a alte involving reasldentlal or public works
conatructrion, computationa were performed relative to an exterior

threshold of Lan ™ 55 dB. This ia the outdoor nolse level where impact
may begin in a community {assumming an interlorc Lan attributable to outdoor

noise sources of 45 dB) [6). For office building (nenxesidential)
and induatrial type construction, on the other hand, computations were
pecformed relative to an exterlor threshold of Lap = 65 dB. The

rationale for this assumption was that in office bulldings aljoining

5-28
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these construction sites, windowa are nommally cloged which increases
the nolee reduction between outalde and inside [15)., The windew closed
condition provides approximately 10 dB more attenuation than does the
window open condition. Accordingly, exterior noise levels of 65 db

in the window closed comdition, ard 55 B in the window open condition,
could produce identical interior noise levels.

From determination of the ocutdoor nolse levela and the number of
people contained within each 1 4B annulus of auccesalve levels as described
in Figure 5-1, the equivalent population impacted within each anmulus
was obtainel and the summed over all annuli contained within the reglon
extending from the construction akte boundary out to a radiua at which
I‘dn im ecual to the threshold value for each site type to obtaln the

total impact (ENI). Camputationa were ficat performed to assessa the
change in ENI of construction site nolse duve to implementation of each
of the regulatocy achedules presented in Toble 5-1 relative to a baseline
with alr compressor polise reduced to levels of 76 dB(A} at seven metern
and trucka reduced to 80 AR(A) at 50 feet, Purthermore, total cumulative
benefita attributable to regulations of trucka, air campressors, and
vheel and crawler tractors relative to a pre-regulatocy baseline were
alpo carputed, Tha benenml of reducing wheel arxl crawler toactor nolpe
{from a basaline with regulated alr compressors and trucka) are summacized
in Table 5-% and Table 5-10, Table 5-9 ghows the projected percent
reductiona in construction aite NI for the yeacs 1978, 1980, 1983,
1965, 1987, 1990 and 2000 for each of the regulatory aochedules conatucted
for new wheel and crawler tractors, Table 5-10 indicates the actual
reduction in ENI for the corresponding yeacs.

5~29
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Table 5-9. Percent Aeduction 1n Impact Due to
fequlation of Hheel and Crawler Tractors®
Requlatory Year
Schedule 1978 1980 1983 1985 1987 1990 2000
1 0 0 0.8 12.6 13.9 13.9 13.9
2 0 0 0 8.1 13.4 11,9 13.9
k| 0 0.3 8.3 11.6 13.0 13.2 13.2
A 0 0 8.7 12.0 13.0 1341 13.1
§ 0 0 0 7.4 12,6 131 13,1
] 0 1.5 9.3 12.3 12.3 12.3 12,3
7 0 0 0.7 10.3 12.3 12.3 12.3
i} 0 0 0 7.05 11.9 12,3 12.3
9 0 1.0 6.1 9.6 11.3 1.4 1n.4
10 Q 0 0.7 6.6 10.9 11.4 11.4
n 0 0 ] 6.4 10.9 1.4 11,4
12 0 1.4 5.6 6.5 1.1 7.3 7.3
13 0 0 0.7 6.2 10,2 10.6 10.6
14 0 ] 0 6.0 10.2 10.6 10,6
15 0 1.4 4.8 6.5 fi.0 6.8 6.8
16 0 1.0 1.6 3.8 3.8 1.8 3.8
17 0 0 1.9 12.5 13.8 13,9 13,9
18 0 0 4.0 10,0 13.4 132.9 13.9
19 0 0 6.1 10.1 12.1 12.5 12.5
20 0 0 6.0 10,2 10.6 10,6 10.6
21 0 0.3 1.3 6.9 10.4 10.6 10.6
22 0 0 6.1 10.9 12.4 13.9 13.9
22 n 0 8.0 12.3 13.2 13.2 13.2
24 0 0 . 6.0 1.9 13.2 13.2 " 132

* Baseline (6.9 mt171on) assumes portable afr compressors and medium and heavy
trucks have heen requlated.
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Table 5-10. Reduction 10 ENI (Thousands)#
Regulatory

Schedyle 1970 1980 1981 * 1905 1987 1950 2000
1 0 0 610 871 916 959 959
2 0. 0 0 556 924 g59 959
k| 0 23 57§ 790 094 06 966
1 0 0 597 824 894 901 501
5 0 0 0 509 66 901 501
6 0 106 644 040 848 048 848
7 g 0 50 713 84a 848 848
8 0 0 0 206 821 848 840
g 0 72 418 661 778 786 786
10 0 0 50 452 750 786 786
1 0 0 0 439 750 785 766
12 0 94 3 449 87 500 500
12 I} 50 429 705 713 733
14 0 0 416 705 733 73
15 0 94 133 446 470 476 470
16 0 67 250 265 265 265 265
1”7 0 0 548 856 952 959 959
18 0 0 272 689 924 959 559
19 0 0 524 695 839 667 867
20 0 0 416 705 733 713 3
21 0 23 91 476 120 733 733
22 0 0 424 749 924 959 959
2 0 0 610 GEE] 906 90§ 906
24 0 0 416 820 906 906 206

* faselfne {ENI = 6.2 mil11{on} assumes portable air compressors and medivm and
heayy trucks haye been regulated,

5~31
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Table 5-11 shows the estimated percent reduction in the magnitude
of the lmpact from conatruction noise achlevable to a pre-regulatory
baseline in which portable air compressors and trucks are regulatex.
Hence, these benefits are due to regulation of both the portable aic
compressor and the new truck as well as wheel ond crewler tractors,
Table 5-12 nhows the actual reduction In ENI for the corrsponding
yeacs for the preregulatory baseline,
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Table §-11.

Pre-Reqgulatory Daselines#

Overal) Percent feduction in Impact due
to Requlation of Construction Equipment from

Regulatory

Schedule 1978 1280 1981 1985 1987 1940 2000
1 0 27.4 33.8 6.5 37.5 37.5 7.5
2 0 2.4 27.4 33,3 37.1 37.5 7.5
k| 0 21.6 31.4 35.8 6.8 37.0 17.0
4 0 1.4 31.7 36 3.0 3.2 6.2
5§ ] 27.4 27.4 3.8 36.5 36.2 36,2
] 0 28.5 M.z 36.3 36.3 36.3 36.3
7 0 27.4 27.9 14,9 36.3 36.3 3.3
fa 0 27.4 27.4 32.5 36.0 3.3 6.3
9 0 2.1 k) ] 14.4 35.6 15.7 35.7
10 0 2.4 21.9 R.2 35.3 35,7 35.7
11 1] 27.4 21.4 32.0 35.3 35,7 35.7
12 0 28.4 31.5 »a 32.6 32.7 2.7
13 0 27.4 21.% .9 Ja.8 n.5 3.5
14 0 27.4 27.4 1.8 34,8 a5 31.5
15 ] 28.4 30.9 a1 32.3 2.3 32.3
16 ] 20.1 30.0 3.2 30.2 3.2 30.2
17 ] 27.4 aa 3.5 37.4 37,5 37.5
18 a 1.4 30,3 3.7 7. 37.5 ar.s
19 0 A1.4 .8 34.7 6.2 36.5 35.5
20 Q 27.4 31,8 3.8 35.1 351 35
4 [t} 21.6 2.3 2.4 35.0 35.0 35.0
22 0 271.4 31.8 3.3 7a .5 37.5
23 0 27.4 1.8 36.3 a7.0 37.0 7.0
28 a 27.4 a1.8 3.0 7.0 37.0 7.0

* Baselins (ENI » 9.5 mi1l1an} assumes wheet and crawler tractors, partable afr

compressors and medium and heavy trucks have not heen regulated,
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Table §-12, Reduction in EKI {Thousands)*

AN DRIV NIAY 433Y

Requlatory

Schedule 1978 1980 1943 1985 1947 1990 2000
1 0 261 zn 102 1527 1570 3570
2 0 261 261 ne? 3535 3570 1570
3 0 20634 3186 1409 3505 517 3517
4 0 261 3208 3435 3505 1512 KLV
5 0 261 261 320 377 sz 3512
6 0 ani 1258 3459 459 3459 34589
7 0 26N 2661 324 3459 3459 3459
8 0 2611 2601 097 mun 3459 3459
2 ] 2603 3029 az72 3389 a9 3397
10 0 2611 2661 3063 3361 kKb 3397
11l 0 26N 2611 3050 3361 nn 1397
12 0 2705 2994 3060 3094 am nmn
13 0 261 2661 3040 Ine 3344 3344
14 0 2611 261 3027 3316 3344 3344
1% 0 2705 2944 3057 3081 3081 3081
16 0 2678 2861 20876 2876 2076 2876
17 0 61 N59 3469 3561 3570 1570
18 0 F{1}] 2882 300 3535 3570 3570
19 ] 261 3035 3306 3450 3478 3478
20 0 2611 Joz7 1316 3344 3344 3244
21 0 2624 2102 car KKX] 2344 3344
22 0 261 3035 3360 3535 3570 3570
21 0 F{}] n1 3459 3517 sy 517
24 0 6N aner kEXY) kKM kYY) 3517

* faseltne (9.5 m{1tion) assumes wheel and crawler tractors, portable air compressors
and medfum and heavy trucks have nnt been requlated,
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It should be noted in Table 5-9 that the percent reductions in
impact due to wheel and crawler tractoro by the year 2000 range from
3.8 percent for regulatory schedule #16 to 13.9 percent for several
of the requlatory schedules (Schedules 1, 2, 17, 10, and 22). Algo,
Table 5-9 ghows that several of the requlatory schedules provide near-term
benefitn In the years 19680 and 1983 (Schedules 3, 6, 9, 12, 15, 16, am
21), while others have thelr benefits delayed as a result of the long
lead times nasoclated with the effectlve dates of compliance. It should
also be noted that bencfits increase yearly at a constant rate until
maximum benefits are reached., This ls attributable to the phasing in
of new regulated equipment, which replaces old unregulated equipment,
until the point In time ks reached where no old unregulated equipment
remaina In the fleet, Table 5~10 shows that the number of people removed
from impact { ENI} by the'year 2000 due to regqulation of wheel and
crawler tragtors ranges from 265 thousand for requlatory schedule #16
to 959,000 for several of the options,

Correspondingly, Table 5-11 shows that by the year 2000 the overall
percent reduction in constructlon nite nolse resulting from the requliation
of wheel and crawler tractors, portable alrc compreasors and medium and
heavy duty trucks ranmges from 30,1 to 37.5 percent. It may be teen
in Table 5-12 that by the year 2000 the reduction In ENI from the 9.5
million baseline ranges from 2,876,000 for regulatory schedule #16 to

3,570,000 for several of tho othier achedules.

5=35
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As seen in Table 5-13, the most aignificant reductions in impact
reeulting fram the alternative regulatory schedules limiting wheel and
crawler tractor noime emisslons occucs In residential site types where
the percent reduction in impact 1o a3 lacge as 44,3 percent for certaln
schedules, Conversely, the smallest percent reductiops occur in induatrial/
commercial site types where the maximum percent reduction for any of
the achedules ls 3.6 percent. Table 5-14 similarly shows that for each alte
type the relatlve peccent reduction in impact ia quite different for
esch phane of construction. For reaidentall construction, the greatest
noine relief will occur during the cleacing pliase where as much as a
96.2 percent reduction in impact will occur for some regulatory schedules,
On the other hand, the finishing phase of constructlon offers the lowest
potential benefit with a maximum reduction of 62.5 percent. Similacly,
it may be seen that for the nom-residential copstoiction, the £inishing
phese offers the highest potential percent reduction in impact, For
the remaining two alte types, the cleacing phase again offera the highest
potential percent raduction in impact,
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Table 5-13. Relative Percent Reduction and Change in ENI (Thousands)

in Year 2000*

fequlatory Residential ton-Residential ém::::y Public Horks
Schedula % Reductfon AENI | % Reduction AENI | X Reductfon ASNI |  Reduction AENI
1 4.3 556 a.6 192 3.6 2 13.7 118
2 44.3. 556 8.6 192 1.6 93 13.7 118
k] £2.1 528 8.4 187 1,2 62 12.7 110
L] 41.6 523 7.0 173 3.5 89 13.4 116
$ .6 543 7.8 173 L5 89 13.4 116
6 9.4 495 7.5 167 kA | 19 12.5 108
? 39.4 495 7.5 167 3 79 12.5 108
a 39.4 A95 1.5 167 i 79 12.5 108
9 36.2 455 6.7 149 .2 g2 1.6 100
10 36.2 455 6.7 149 .2 62 1.6 100
n 36.2 455 6.7 149 3.2 azx 11.6 100
12 21.0 289 4.2 24 2.2 56 2. 61
13 .0 426 6.4 143 2.8 n 10.7 92
14 34.0 26 6.4 143 2.8 n 10,7 92
15 21.9 275 4,6 103 1.6 M 5.8 5q
16 12.6 161 2.1 48 1.0 27 3.3 29
” 44,3 556 8.6 192 3.0 21 13.7 m
H 44.3 556 A.6 192 EN ) 9 12.7 118
19 3.7 50 7.9 1 kW | 79 12.6 109
20 H.0 26 6.4 143 2.8 7 10.7 92
21 M0 426 6.4 143 2.8 n 10.7 "
22 44,3 956 8.6 192 3.6 93 13.7 118
2 42,1 520 8.4 187 3.2 Bz 12,7 no
25 A2.1 528 8.4 187 3.2 82 12.7 na

* Baseline (6.9 millfon

trucks have been regulated,

5-~37
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lable 514,

Kelatlve Percent fieduction in Impact tn Year 2000 by Phase
of Construction and Sito Typo*

Requlatory Reaiden{ial Hon-HedldentTal TndusteTal/Commercial TubTic Horks
Schedula CLR _EXC FW ERE FIN CLR EXC FOU  ERE  FIN CLR X FOU ERE FIN CLR [XC Foil ERE  FIM
1 95.2 | 9.9 52.5 16.0| 46.0 61.2 09.8 125.9 66.2(45.7 | 21.9 36.6
? 96,21 10.9 62.5 A6.0] 46.8 61.2 £89.8 {125.9 65.2145.7 [ ¢3.9 36.6
k| 93.41 80,5 60.2 43.2146.3 57.0 00.0 123.8 61.2(43.1] 22.3 14,1
4 93,09 872.7 59,5 41,21 41.8 57.7 09,1 |24.0 64.5(144.9] 21.6 36.1
5 93.01 07,7 59.5 43.2( 1.8 57.7 19.3 [24.0 64.5144.9] 23.6 36.1
6 89.6] 85.0 57.0 40,1 41.3 541 .2 |122.6 60,442,314 21.9 33.7
7 09.6( 45,0 57.0 40.3( 41.2 51,1 79.2 |22.6 60.4142.2] 21.9 33,7
I} 089.6| 85,0 52.0 1140,3] 41.3 54,1 19,2 |22.6 t0.4[42,3] 21,9 1.7
9 85.8[ 19.2 52.1 19.6] 35.2 51.0 8n.2 (22.2 §7.5(19.21 20.5 1,5
10 85,81 79.2 52.1 39,6 35.1 53,0 ||o8.2 |22.2 52,5[39,21 20,5 Nn.s
1 a5.8| 1.2 2.1 39.51 25.3 53.0 to.2 |22.2 57.6{39.2 | 20,5 J1.5
12 60,5 | 53.6 33.6 |]23.3] 21.6 34,0 74.5 | 14.8 37.3(24.41 02,6 19,7
13 01.3] 75.% 49.6 36.51 34.8 19.0 17.7 (20,1 53.2]36.5] 18.0 29.1
14 a8).3{ 75,9 49,6 |{]26.51 14.8 49,0 77,7 120.1 53,2(36,5( 18.8 29,1
15 57.2] 521 J2.6 ||26.2{ 26.0 35.1 49.8 [12.2 L29.ﬂ 20.5]10.2 16.1
1a 1.0 2.6 20,2 15.71 10,6 20.6 M7 6.6 16.6(12,3] 5.9 9.4
1?7 92.21 90,9 62.5 ||A46.0] 46.8 6].2 9.4 |25.9 65.2145,71 3.9 36.6
I[:] 96.2 | 90.9 62.5 |[A6.0] 46,8 6.2 89,8 | 25.9 65,2(45.7 | 21.9 36,6
19 689.7] 85,3 57.4 41.6] 42.8 55,4 79,1 {22.9 60,7 142,71 22.2 3.0
2¢ 81.2| 75.9 41,6 |]26.5( 4.8 49.0 77.7 (&0, §3.2[36.5{ 10,8 29.1
21 81.3] 75.9 49,6 [|36.5] 4.8 49,0 ThT (20 53.2136.5] 18,8 29,1
22 96,21 90.% 62.5 [(46.0] 46.8 61.2 9.8 (25.9 65,2 (45,71 21.9 16.6
23 93,41 84,5 60,2 41,2 | 46,3 57.8 680.0 [23.4 61.2 43,1 22,3 4.3
24 91,4 88,5 650.2 []43.2] 46,3 57.8 60.0 1 23.08 61.2[43.1] 22.3 34.3

* Baseline (8.9 aaillion) ENI assuwes portable air compressors and medium and heavy trucks have been regulated,

Phases: CLR = Clearing
EXC » Excavatton
FiU = Foundatien
ERE = Erection
FIK » Fintshing
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Section 6

NOISE CONTROL TECHNOLOGY

COMPONENT
Nolse levela genecated during operation of wheel and crawler
tractora conalst of the guperposition of levels fron a multiplicity
of sources. These dourcea inclwdle thosc components of the tractor
which make it a self-propelled machine amd those scurces associlated
with tractor attachments. Although noise levels can be generated
by the interaction of the work surface and the tractor attachmenta
(e.qg., rippers, dozcrs, buckets, leg clamps), wheel and  crawler
tractor nolse percelved over time ls dominated by sources assoclated
with the tractor englne, Table 6-1 lista the major nolse producing
component.s of the tractor.
Table 6-1
Major Noise Producing Components of wWheel and

Crawler Tractors

o Fan

o Englne Casling

o Exhauat

o Alr Intoke

o Transmission

0 Hydraullics

o Track (for crawler tractora)
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While there appears to be considerable disagrecment among
manufactucers ags to the ranking and level of the individual noise
sources, there is genecral agreement that the componenta listed in
Table 6-1 congtitute the major noise sources. Accordingly, any
scheme with tractor noise reduction as its objective muat neceasacily
address a combinatlon of theoe canponento.

Fan and Cooling Syatem Nolse

The nolse generating mechanisms for axial flow fana have been
extensively studled (16, 17, 18, 19). The fan nolse is typically
conpriped of both pure tones (acoustic energy occurring at discrete
frequencien) and broad bamd nolse {acoustic energy occurring at
a wide range of frequenclea),

The pure tone aspect of fon noise, which la frequently referred
to as rotatlonal noiee, resulta from the perciodic pulsation of the
alc each time a blxle passes a fixed point. For fang with blades
equally spaced around the fan hub, pure tone noise levela commonly
occur at Integer ocders of fan hlade pasaage frequency.

The broadband component of fan nolse {a comwmonly referced to
a8 vortex nolse, Vortex nolse la caused by alr turbulence created,
in pact, by the blade thicknesa, The turbulence results from vortlces
shed at the edge of the blades. Distucbances in the flow pattern
acrosa the blade caune f£low separation and add to the turbulence
Jevel. Rivets appeacing in proximity to the fan blades or on the
blades themselvea, non-uniform blade thicknesa apd poor aercdynmmic
blade design can greatly inceease the magnitude of vortex nolse,

An ndditional source of vortex noise results from turbulence created
a3 air pansen through the finas of the radiator,
6-2




AU I8 HYAY Jo5Y

In proctice both rotational and vortex noise are significant.
Equation 6-1 is comwmonly used to predict the level of fan noise
taking into account rotional and vorte: noise (8],

Fan noise (dBA) =~ &0 loglo Ve + 10 loglo (mb ) + conatant

where

v, =~ fon tip specd

t
N = nutber of blades (6-1)

B, ™ area of blades

In Equation 6-1 the contribution of rotational noise i primacily

from the 30 log v, temm the vortex nolse contrlbution obeys the 10
log WAy, relationship ard the constant ia a function of the geomatry

of fan placement.

The noipe levela dencrated by a fan are influenced, to a conalder-
eble degree, by the fan erwiroment., Additional noise may he generated
by the presence of a radlator grill, a fan sbrowd, radlator hoses,
the engine block and any additional itema located in proximity to
thae fan which mgitate the air flow, .

Other cooling syatem campopents that may generate nolse are
water pumpa, belts and pulleya. Thease, however, contribute relatively

little to the total cooling aystem noise.
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The cooling fan is designed to move cnough air through the radiator to
malntaln a required heat transfer from the englne, To the extent that
other deasign parancters of the cooling gyatem allow the heat transfer toll;e
maintained at reduced fan gpeedo, geveral design parameters can alter the
cooling syotem nolse gencration., lor example, the axial width (defined in
Figure 6-1) of the fan shroud affecto both the fan nolise and alr [low
through the radiator. Although both alr flow and noise increasc a3 fan
coversge Increases, the alr flow increases much more rapldly than sound
level. Thus, with optimum fan shroud coverage a reduction in fan speed i
possible which maintains the gyatem cooling capacity and produces aignificant
nolse reductiona. ‘The cooling fan shroud design can also Influence the
cooling syatem nolse generation. The fan shrouwd increascs alc flow
through the cadlator and reduces turbulence acound the fan bladea, Thus,
noise im often reduced and cooling capacity is increased, for a given fan
speed, by good Fan shroud design practlce. Figure 6-2 showa two types of
fan shroid denlgn (1) cylindrical type and (2) venturi or contour types.

Engine Surface (Casing) Noise

The nelse radiated from englne sucfaces Is caused by the periodle
cylinder pressure fluctuations and mechanical Impacts gencrated by the
pieton alapping agalnit the cylinder liner walls and by mechanical impacts
ovcurting within the whole power traln system, the timing gear and the
auxiliary drives., The structural vibrations excited by such components
within the engine are transmlitted through the inner structuce of the engine
to 1ta outer ‘surfaces and the attached covers, from which they are caliated
into the epviromment. The nolse power radiated from the surfaces of a
typical engine is 20 to 30 dB lower than the unmuffled exhaust nolse,

6-4
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However, with an efficlent muffler the cxbaust nolse can be lowered auch
that its level and the nolse radlated from engine surfaces are sbout equal
and almilar to the level of the fan nolge.

In addition to nolee associated with the englne combuation procens,
mechanical noise is gencrated as the pistons contact the oldes of the
cylinder walla, The Impact of the piston againot the cyllnder wall in
termed "piston slap." The lateral motion of the plston in the cylinder
results from plston clearance with the cylinder wail. The surface shapes
of both piatons and cylinders chamje due to temperature ard presoure
vaclation in the running englne. The vaclations, along with nocmal weac,
can produce excesslve plston—cylinder cleacance causing "platon slep.”
Normally "piston slap" and other mechanical nolse are overrcidden by cambus-
tion noine.

If a naturally aspirated, direct injecction diesel combustion system ls
adjusted for optimum performance and minimum fuel conswmption, Lt will
produce higher cylinder sound pressuce levels than a precambustion chember
syatem, However, the differencea between those combuation systema disappear
If a direct injection englne is adjusted for low gameous emissions, by
retarding the injection timing. With all diesel combustion mystema the
noise excited by the cylinder pressures can be reduced by tucbocharging,
Retarding the injection timing will reduce fuel economy while tucrbocharging
will notmally Improve fuel economy [20].

Flgure 6-3 [21]} showa the contribution of individual outer engine
surface components to the total polse of a 6-cylinder diescl engine. The
most significant individual contribution of 20 percent is from the crank~
canay side wall, The intake manifald contclbutes 18 percent, and the oll

6-7
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pon 10 percent., The remaining parts contribute to a leoper extent
Thelr total noioe is approximately 3 dBh bol;:w the total emgine noise.

The results of recent investigations {27] show that it is poosible
to conglderably reduce the noise of individual outer emgine components,
However, after reducing the nolse anisaions of the dominont camponenta,
there still remain a great number of parts which may have only a small
individual noise contribution, but which when aggregated often represent
30 percent or more of the original radiated sound power. As a result total
engine nolse cannot, in general, be reduced by more than 5 dBA by reducing

the nolse emissions of single ermgine canponents.

Exhauat Nolse

Exbaust nolse includes nolse produced by the exhaust gases at the
tail pipe discharge, noise radiated fram the muffler shell and flanklim
from the sxhaust Bystem components. The exhaust nolse intensity s
known to vary with emine speed, ia sensitive to emine load, and is
a function of engine deaign parametera the most slgnificant of which
appears to be the valve opening characteriatica {16, 22], Exhaust noise
is caused by the sudden reease of hot gasses into the exhsust syatem
by the exhaust valvea., The nolse generated by the qas flow in proportional
to the rate of change of the flow velocity,

The opening of the exhaust valves generates a serles of nolse pulses
at the fundemental firlng frecquency, In addition, a seriea of noiee
peaka may occuce at frequencles defined by integer ordera of the fundna-

mental firing frequency.
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By increasing the amount of air and fuel entering cylinders on
each atroke, an increase in diesel engine power moy be abtalned. In a
turbocharged engine a compressor 16 driven directly by a turbine powered by
the exhaust. Since power i extracted from the exhaust flow, there o a
gmall back preogure penalty which is compensated for by reducing aliowable
muffler back pressure, Because of the expanalon of gasca within the
tucbine, unmuffled tuchochacged engine exhaust nolse ls approximately 2 dbBp
lower than the noise generated by natucally asplcated enginea,

Alr-Intake Nolse

Ate-intake noise io quite almilar to exhaust nolse in lta-complexity.
aAlr intake nolse derlves from such components as;  the alc lrilet, the air
cleaner shell and ducting in the Intake system,

The aic intake In the syatem of a diesal emgine i3 designed to provide
duat free alr to the cylinders with as little presaure lose as pasaible,
The requirementa of belng duat free and having llttle pressure losa mean
that a design compromise muat be achleved alnce air flltering tends to
cause a pressuce loss. The allowable presauce drop for dlescl alr intake
ia usually 1.0 to 1.5 Inches of mercury, though small presaure lossesa can
have an appreciable effect on the total alr intake into the enginpe.

Intake noise is produced by the opening ond closing of the inteke
valve, At ita opening, the pressure In the cylinder ls usually above
atmospheric and shacp pealtive pressute pulsea set the alc In the
inlet passage Into osclllation at its patural frequency. The oscilla-
tion I8 rapidly damped by the changing volume produced by the platon
motlon and the alr viecosity. Cloalng of the intske valve produces

6-10




AdQ0 TIBYIIVAY 1538

similar but relatively undanped oscillatlono, Diesel engine aic
inlet noise 18 generally predominant below about 1000 Hz while gaso-
line ergine inlet nolse is also predomlnant at higher frequencies
[23].

Alr intake Elltec elements tend to act an ollencers for alr
inlet nolse. This leads to the result that inlet noise I8 not ag

major a source as the others clted above.

Trangmisgion Noige

The noise generating mechanisms asooclated with transmisslons have
been identificd and characterized (16, 24). The mechanismy and the nolse
characteristics are hlghly dependent upon puch parameters as gear type,
diameters, tooth loaling, tooth misaligmnment, tolerances on pitch and
proflle error, tooth contact frequency (gear speed), and casing vibration.
prediction schemes are available for eatlmating transmisslon noise overall
levels and spectra [25). The peaked spectra asscciated with the tooth
contact frequencles can excite a resonant vibration of the body surface and
hence recadiate sound.

The noise generated by even simple combinations of gears is quite
complex, The sources which contribute to gear noise have been classified
into two groups [19]: (1) those which are characteristie of the specific
denign and manufacturing method, and {2) those which are exclited by operation
of the gear, Typlcal nolse generatlon scucces recultlng from improper
design and menufacturing imperfectlona are;

o Shape of gear badies such that the natucal frequencies of
the gear are exclted,
6-11
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o Accuracy of the teeth and tooth ring tolerancea - tooth
spacing and cccentricity causing acceleration and decelera-
tion of the gear in mesh,

o Axial mipalignment due to Insufficient stiffness of gear
chafts,

The noise generated by the actual operation of gears cesults
from the following mechanlsma:

0 Strens waves cauged by the engaging and disengaging of the
individual gear teeth,

0 Alr pocketimg - the expulslon of air between the teeth of
one gear by the meshing of teeth of corresponding gear,

o 0il pocketing -~ similar to air pocketing,

o Frictlon excitation ~ tooth contact frequency and gear-wheel
shaft natural frequencles,

o Impact af gear tooth on gear meshing tooth.

Hydraulic Pump Nolse

Pump nolse La generated both hydraullcally and mechanically. Hydraulic
noise ls the result of sharp changea In £luid pressure. The changes In
fluid pressure exclte fittings, valve stems, and other pump parta, which
are In the atream of the fluld., The excitatlon of these parts by the
periodic pature of the discharge flow can result in a neacly stesly pixe
tope noise [26], Other nolse may be generated mechanically by dynamic
imbalance of rotating pacts or by vibrating components caused by direct

contact of internal pacts.

6-12
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In addition to noise radiated dicrectly from the pump, fluid borne
noise is released from the assoclated hogea, valves, and resecvoir.,
Pump nolse typlcally does not contribute significantly to the overall
nolse levels produced in the operation of wheel amd crawler tractors,
Track Moise

For crawler loaders and dozers, track noise may be a major nolse
source for the vehicle while in motion. Measuraments taken under JO0/ Jooa
teat conditions and construction pite copditions show a high variebility of
track noise due to soil conditions (ace Scction 3). Direct metal-to-metal
contact hetween track links and between the track, idlers, and drive
sprockets result in sound radiated from the vibrating track assembly
(28,29 and 30) Track measurements [29) taken approximately 1 foot outboard
of drive sprockets and idlers have ldentified two significant sources
ansoclated with track noise. These are; (1) the impacting of track
segmenta malnst drive sprockets, ldlecs and guide rollera; and (2) the
cimaing of drive mprockets amd idlers, At low speeds the track noise is
relatively low; however, ad the track speed increases, both impact noise
and ringing noise arc lncreased,
METHODS OF NOISE CONTROL FOR WHECL AND CRAWLER TRACTOR NOISE
General

Machines can be treated so that elther the noise emjtted bry the
machine is reduced (source treatment) or the source ranalps the same ard
a barrler in copatructed between the source and recelver (path treatment)
in order to reduce noise cxpoaure of the spectator, In many cases both
methods are engineered aimultaneously resulting in efficlient noine
reduct fon

6-13
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In general, source treatment coquires major design modifications
which may necessitate conslderable reacarch and development costs.
Once the designs are in production, however, source treatment provides an
efflcient method of noise control. #hen a large number of units are msold,
the ReD costs can be amortized over a slzable base, so that source noise
control can be relatively inexpensive per unit.

Path treatment, for a limited number of wnita, usually provides
a plople method of reducing nolse exposure. The reseacch, development and
retooling coeta (if any} ace emall compared to source controly however, in
dscgm lota, the material cost can be considersble,

Theough proper engineering techniques, the best combination of
tha two methoda can ba reached,
Currently Used Camponent Noise Reduction Techniques

Wock on nolse control for wheel and crawler tractorn to be sold
in the U.B8, has been motivated mostly by the need to reduce operator
nolpe exposute in response to OSHA nolee requirements, Spectator noise
roduction haa been motivated lacgely by local and state ordinances and
also by forelgn regulations. Both deaigln improvements and retrofit
poisa kita have been developed to reduce spectator nolse exposure resulting
frem sevaral of the major machine nolme sourcea. The aceas of the machine
treated, the technigue used, and typical nolse reductlons resulting from
tha production verified methods ace shown in Table 6-2,

6-14




ASQD ITEVIIVAY 1338

Teble 6-2
Currently Used Component Noige Reduction Techniquen

Component/Machine Typical Noise
Area Treated Technique Reduction (da}
Cooling System Cooling system ailencer; cooling 2-4
fon speed reduction; -5
upe of sucker fans) 3-5
fan Blade and shroud modificatlon; 3-7
louvered radiator geille 2-4
Exhauat Ball joint type connectota =4
for exhaust pipes; double
wall muffler construction; 3-5
optimized exhoust configuration 1-2
Emaine Sucfaces & Side pancls) 3-6
Emine Campartment foam lining for the hood; 2-4
shieldirg covern; 3-10
stiffening; 1-3
turbocharglng; 1-2
vibration isolation; 3-5
damping 2=
Alr Intake Silencer 5-10
Machine Vibration 1solation 1~3
Other Machine Component: ahielding 2-10

Acosssories, e.q.,
Transmissions, Pumps

* Bource: Technology Analysia, Doazers and loadern, Science
Applicationa, Inc., July 1976.
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The French Regulation hag prompted inventigation into methods of
noise reduction which do not requice major engine redesign, The French
Regulation (Decree of 11 April 1972) bmposing a maximum perminaible level
of 00 doAa at seven meters for machines under 200 metric hp became cffective
21 December 1973, (The cffective date initlally odopted, 2 May 1973, could
not be met by most manufacturers.) At the time of the decree, the majority
of machincs exceeded the 80 dpa limit by 5 to 15 dBA. The severe time
constralnt forced manufacturers to consider only approaches which did not
require major modifications asuscciated with design cycle emgineering
charges, The most proctical solutlons were to apply component noise
reduction technlques such as treated howds, slower fan specds, suctlon fan
configuration, radiator redeslan, englne/transmisaion isolation, noice
shiclds, alc Intake sllencers, and improved mufflera. However, the achleve-
ment of the low noise levelsa by use of component noise reduction technigues
in the extremely short lend timen avallable to manufacturers before the
French Regulations become effective throwgh basic denign has resulted
in several problema related to machlne performance, The problem arcas
areq

(1} Cooling eapacity - Slower fan speeda, fan silencers and shielding

have afl tended to reatrlct air flow and reduce heat excharge
fran the emine,
(2} Serviceability - Shields and barriers have tended to reduce

accessibility for malntenance., Where shields can be removed,
they are sometimen permanently eliminated to facllitate service.
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{3} Safety - The principal safety risk appears to be flre hozard from
Inadequate cooling and accumulation of fucl and oil on foams used
for nolise treatment,

gelectlon which have not undergone proper teating before being
introduced into preduction.

(4) Rclinbilitg ~ The short lead time has led to designs and materlal

Manufacturers who canpete in the French market have emphasized

repeateodly that the effective date of the regulation did not allow gufficlent

lead time to achicve the significant noioe level reductions requlred
without incurring the associated problems.

Nest Avallable Companent Noise Reduction Techniques

The nolse abatemont technology associated with major component
nolne sources has been extensively treated fn the literatuce (with the
exception of track nolse). The U.5. Department of Transportation hasg
sponsored peveral demonstration programs for quieter highway trucks and
bhuses, which has resulted in a large body of knowledge concerning the
abatement: of nolse sources assoclated with diesel englnea and powered

6
equipment, No such program has been undertaken for construction equlpment.

Enpirical evidence concerning indlvidual nolse source reductions can be
citrapolated to support the prescribing of "hest avallable technology”
levels achlevable in future production wheel and crawler tractors. In

arciving at projectiona of machine noise levels associated with the

6 The Bureau of Minea is beglnning a demonstration program for
certain minining equipnent, some of which is used in gonstcection,
l.e., loaders [32].
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7
application of best available technology, the available dingnostic

evidence concerning component noioe sources indicated that nolse reductions
would be limited by the three prineipal nolse sourcesa, i.e., fan, engine
casing and cxhaust. Howover, in opecific caoes, other component nolnss
sources which are troublesome on individual machine medels may have to be
treated,

The followlng diocusoion sumnarizes the noise control technology
and expected noise reductlon for the major component noise sources using
heat avallable technology.

Fana and Cooling System. The most promising appron'ches to reduclng

fan noise are:

o Improved fan shrowds amd reduced fan tip clearance
o Increosed codlator~to-fan~to engine cleacance
o Radlater redesign
o Fan redeaign
Reported evidence [23,26] of component nolse reductlons achlevable by
redesign of the fan and cooling system ramge between 7 and 13 dBh,

—rvarm e

7 EPA considered that the level "achievable through the application
of tha beat avallable technology™ 1s the lower nolse level which
can be reliably predicted based on emglneecing analysis, that preducts
subject to the atandard will be able to meet by the effective date,
through application of currently known nolse attenuation technicquea
and materials, In order to assess what can be achleved, EPA has
{1) ldentified the sources of noise and the levela to which each of
these sources can be reduced, ualng currently known techniques, (2)
datormined the level of overall machine nolse that would reault, (3)
ansured that all such techniquea may be applied to the general machine
population {4) assured that all such techniquea are adaptable to
production-line assembly, (5) assured that sufficient time la allowed
for the deasign and application of thia technology by the effective
dates of the atandacds,
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Engine Caoing Nolse Components. If the required nolse reduction

of an emgine is less than 5 dba, it may be pufficlent to oimply treat
those imdividual engine components which contribute most to the overall
engine noipe.

Figure 6-4 indicates the potential magnitude of the achievable
nodse reduction of typlcal noise ceducing meacures for a water-cooled
inline engine, if ppplied to the most critical external engine parta,

It can be seen from Plgure 6~4 that increasing the demping ie
relatively ilneffective, especlally with load carrying parts, since the
deplng factor of typlcal englne structures is already quite high,
Alpo, the thickness of the required damping layer relative to the thicknesa
of the englne walls is not practical, especially with regard to the
ccankcase and cylinder block, With covers, manifolds and oil M,
however, improvements in the range of 2 to 3 dBA can be achieved by

increased damping,
significant reductlons of the noise radiated by components attached
to the engine can be achleved by vibration isolation. ‘The limited sealing

- —

capabilities and the poor ducrability of the required elastic connections,
however, prohibit this technique in mome areas. Vibration Jsolation

in general qivesn very good resulta when applied to valve covers, manifolds,
crankcases, covers and oil pans. However, it is leas effective on gear

covers and crankshaft pulley.

The technique of atiffening the englne componenta can be used mainly

on the cylinder bleck, the crankcase and the gear housing. The stiffening
of walle by means of ribs maken it possible to raise the lower natural

6-19
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STIFFENING
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Filgura 6~4 WATER-COQLED DIESEL ENGINE, METHODS OF
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IN 4BA FOR NOISE REDUCTION
OF EXTERNAL ENGINE SURFACES
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bending frequency of the wall above the predoninant frequency rarge

of the total nolse. It may be neceasary In some cases, however, to
gtiffen not only the individual arcas of a wall, but the whole houning
as well as by using, for inatance, a stiffening plate attached to the oil
pan flange.

Typlcal nolse-level reductions assocliated with these abatement
measurea when applied to pans, covers, caslng, and accessoriea range
from 2~10 ddA for individual components. In addition, as inxlicated
by Flgure 6-4, nolse reductions up to 15 dBA can be achiceved by thin
and flexible sound reducing shella (covers), vibration lsolatien mounted

close to the sound radiating surfaces. In principle such shells can

be used on all emgine componento. Theic application, however, ls difficult

or Impractical with certaln engine parts having complex shapes such
as manlfolds or gear cavers.

In total, an overall nolse level reduction of 5-7 dPA Lo a reasonable
expectatlon, if various combinations of the above technlques are employed.

Major reductions in emngine caalng noilse must cone fLrom the use
of enclosurea, With emgine redesign, the enclosures can be partlally
or totally Integrated into the engine atructure, thereby roduclng the
need for much larger engine componcnta,

Exhaust Noise -~ The data available [33] indlcates that sultable
mufflers are avallable that will lower exhaunt neise for all diescl
engines to nolse levels of the emglne or fan, without exceeding
manufacturers' limitations for maximun back pressure, Other gepecal

concluslons [23] concerning exhaust noloc/maffler dealgn are:
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o Exhaust back pressures {a difflculty cited by some manufacturers)
of most mufflern are 250 low that the effect on net horgepower
is not measurable with ordinary instrumento.

o The sound reduction propecties of mufflecn depend more on their
internal design, materialo, etc., than on physical alze.

o Exhaust pipe should be of heavy material. Flexible joints and
plpes should be avoided.

Alr Intake - Of the remaining component major nolse sources, i.e.,
alr intake, transmission, hydraulics, amd track, only air intake noise
can be consldered to have any slgnificence for a stationary noise measurement
procedure, Alr Intoke nolse, when 1t 16 a problem, can be reduced below
other major nolse sources by use of alr intake sllencera,
APPLICATION OF CURRENTLY USED AND BEST AVATLADLE TECINOLOGY TO
ACHIEVE (UIETER WRIEEL AND CRAWLER TRACTORS
Manufactucers' design levels have been developed to provide regulatory
optiona for which the costs and economic impacta have been analyzed
(section 7). These levels were selected on the basis of both health/
welface analysis, i.e., noise levels requisite to protect the public
health and welfare (sectlon 5), and the pdlse reduction technologles
Adlecussed above, Toble 6-3 lista the design goal etudy levels and potential
lead timea for their imposition. The previously described "“currently
used” and "hest avalleble® technologies when applied to wheel and croewler
tractors result in sound levels which are designated Level I1 amd Tevel
IIX, respectively, in Table 6-3. The level I study level of Table 6-3
ia based uvpon amall reductions frxom the average nolse levels of wheel
and crawler tractora in existence tcday sufficient to achleve a significant
health and welfare benefit as described in sectlon 5.
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Machina
Typa

Crawleorx
Dozex

Crawler
Loader

Wheel
loador

hesol
Traotoxra

TABLE 6-3

Wheel and Crawler Tractor ftudy Ilavaels

Clasnification

20-69

20-199
200-259
260-450 Limit

20-89
90-~275+

20-134
135-242
242-348
349-500 Limit

20-90+

lead timan (yearcs}
For all alassificationa

Deaign* levels (APA @15 Motora)

Iaval 1

lavel IX

4
15
0o
ai

74
15

S oS w

Ieval IXX

*Regulatory lovels are 2 dBA higher because of manufactucing and testing
variations as dlacussed in pection 6.
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Noise Control Techniques to Achieve Level I

For typlcal machines, as shown by Table 6-4, noige levels must be
teduced O to 2.5 dBA to achleve proposed regulatory noioe Level I, For
moat machine typea thlg will requice only minor machine modificationn.

For machines of leass than 100 hp, a good quality muffler and chielding

of the engine compartment with slde ponels will provide the required noise
reduction, Currently, small machines (under 200 hp) with operator kits
are ugually realizing more than the neceddary neioe reduction requiced
for Level 1 spectator nelse,

Some machlnes of greater than 100 hp may require medifications of
the fans or cooling system. Machines of 100 to 300 hp can be expected
to have emglne casing noise and fan nolse as the major contributors to
the overall nolse levels. Manufacturera should be able to attain the
required cooling system nolae reduction by use of alower but larger fans
or improved fan shrouds, 1In many cases Lt is possible to maintaln the
required alrflow without using a larger fan blade, Teats with a standard
production shroud [5] have shovn that by carefully fnealing gaps between
the fan shroud and radlator the fan specd can be reduced while malntaining
the same rodlator alcflow and heat transfer, The reduction in sound level
due to decreased fan speed was approximately 3 dBa.

Machlnea of over 300 hp will in general require no nolse reductlon
to achleve [evel I from the current average nolse levels except for a
noninal 1 dBA reduction for wheel loaders. There may be some machines
which ace above average in nolse anissions and will require treatment.
Hawever, machines which ace far noisler than average are gepecally found
to have a specifle deslign defect (such as a muffler with insufflcient
insertlion loaa) which can readily be treated.
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Table 6-4

wheel and Crowler Tractor Sound Level Reduction to Achiove
level level I, Level 11, and Level 111 Sty Lavelst

Machine Type Current Nolse Level
4 aide srithmetic average

(ABAY Nodoe Reduction Recquired (DAY
of high Idle Ievel I Jevel 1T level IIX

Crowler Dozer

20-89 79.5
90-199 00.0
200-259 4.0
260-450 B4.0
Crawler Toader
20~89 79.5
90275 60.0
tWheel Losder
20-134 81.5
135-241 1.5
245348 B4.0
349-500 84.0

Utllity Troactor
20-90+ 7.0

sStudy Levels nre listed 1n Table 6-3.

2.5 5,5 8.5
2.0 5.0 8.0
2.0 4,0 7.0
0.0 3.0 6.0
L
2.5 5.5 8.5 !
2.0 5.0 6.0 i
%
2.5 5.5 8.5 ;
0.5 4.5 7.5 ;
1.0 3.0 7.0 1
0.0 2,0 6.0 !
|
2.0 5.0 9.0 !
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Noloe Control Techniques to Achleve Level 11

Level 11 represents noloe levela monufacturers are currently
achieving with the spplication of exidsting retrofit technology. The
technology required to achieve these levels is being applied In current
proluction by some manufacturers. Althouwgh most machines now belng
sold do mt:.incorpomte all the necessary noisoe sbatement as ﬁumdnrd
equipment, many manufacturers have integrated some of the suggeated
nolse control features to achieve level 11 nolse emissions 1ntb their
stendard production. In addition, some manufectucers now offer nolee
abatement kite which do achieve the postulated levels.

At present, wheel and crawler tractor sound levels must be reduced
2 to 5.5 4BA in order to achieve the proposed Level II levels. It can
he seen from Table 6-4 that the larger xeductiona are required on the
lower horsepower machines. Machinea of 100 bp or lesa require nolse
reductiona of approximately 5.5 dBA, while machines of greater than
200 hp require noise reductions of 2 to 4 dBA.

For machines of up to 200 hp, engine caning nolee can be reduced
by a combination of component treatments and bacriecs such as engine
side shields (5). Isolation of radlating surfaces such as valve
covera, oll pana and intake menifolda can be accomplished by uelng
ailicone-impregnated cork gasket 1/8 inch thick. In addition, demping
matecial (174 Inch butyl rubber) bonded to valve covera will help eliminate
vibration excitation. To fucther reduce nolee gadlation from the emglne
compartment, the uae of foam lining for the hood and installation of
shielding covers consisting of a high density barrier material and lined
with an absorbant materlal to ellminate resonant bulld-up can be installed
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as shown in Figure 6-5 on englne surface components ouch oo valve coverso,
oll pang, ete., and aloo attached parto such as the transmiooion. Such
treatments should provide a reduction of approximately 6.5 dBA (the
requiced reductlon as shown in Table 6-5) in the engine caning noioe.

Ms indicated In Table 6-5 for mechines above 200 hp, it will be
neceggary to ceduce nolse from the engine canlng by opproximately 2.5
dbh. This will be posoible for nearly all manufacturers without major
machine redeaign. The neasures described for achieving a 6.5 dBA reduction
in engine caaing nolse for machines under 200 bp can be applied to machines
of greater than 200 bp to achieve a 2 dBA noise reduction. Damping,
however, cannot be expected to be an effective on in the lower horsepower
machinea because of the considerable mazs of vibrating engine related
componenta in the larger machines.

For most machines in the 20-200 hp, fan noise will also have to
be reduced by approximately 2 to 5 dBA. Such a reduction in fan nolse
is well within the limits of what can be expected on a typical machine
without major redeaign of the conling syatem. Machines at the lower
end of the 20-200 range which may cnly require 2 @Ba reduction In fan
noise can ba treated using a fan shrowd or improved fan shrowd as

arplained under Nodpe Control techniquea to Achieve Level 1.

Por machines of greater than 200 bp, fan nolse is the major noise
pource Bo that fan or cooling system modification will provide the moot
effective means of nolse reduction, A reduction of fan nolse to approx-
imately 76 dBA at 50' (an average reduction of 5 dBA) will be possible
for most manufacturers without major redesign of the machine. However,
to schieve a noise reduction of this magnitude may require several
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Table 6-5

Typical Noise Source Reductions Used to Develop Estimate of
Level 1T Desfgn Goals (dBA)

Nolse Level Reduction Noise Level Reduction

Component Under 200 HEP Above 200 HP

Fan 5 5

Engine 6.5 2.5

Exhavst 6 2

Alr Intske 6 3

Other 0 0
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modificatlons in the fan, fan shroud, and pogsibly radiator. By use
of more fan blades and greater projected blade width, the fan is able
to deliver the save alrflow at roduced rpm,

A further reduction by Increasing blade pitch from 30 degrees to
50 degrees allows for opeed to be reduced approximately 400 rpm without
reducing alrflow, Thio resulto In an additional nolse reduction of
2 to 4 dBA, Thug, a reduction of 6 to 6 dBA in noise may be obtalned
by increasing the nunher of blades and the blade pitch. 1€ insuflicient
alfrflow occurs due to the reduced fan specd, proper alrflow can be restored
by improved fan shrowl design and reduced fan tip clearance. The extent
of fan coverage by the shroud and the clearance botween the fan tip
and shroud affect both alcflow and noise. The airflow with the cylindrical
shroud is increased up to 25 percent with shroud coverage optimized
at 50 percent to 60 percent of blade projected width, When small tip
cleatance (1/4 to 1/2 inch) can be malntained the venturl fan shroud
(Flgure 6-3) haa been found to be particularly effective giving both
a reduction in nolse and an increase in alcflow.

as indicated in Table 6-5, for most machines of under 200 hp, exhaust
nolee levels will have to be reduced by spproximately € dBA. At present
there i8 a lacge range of exhauat nolse levels among machine models
due to the noise generation diffecences inberent in the varlous englne
types and due to insertlon loss differences in  avallable mufflers,
A third factor 1a the conflguration and design of the exhaust syatem
componenta, One manufacturer cecommends for its engines a configuration
with the tallplpe approximately twlee the length of the exhaust pipe,
1£ thia ls Impractical, the next beat confiquratlon recommerded Is the
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tailpipe once~fourth the length of the exhaust pipe. A further decrease
in noise emisalon due to conflguration has been noted by the Department
of Transportation in a aotudy of exhaust and intake noige [33]. It was
found that the best performing exhaust Gystems were thooe with a vertlcal
tallpipe; the least effectlve configuration was the horizontal tallpipe
ond horizontal muffler. The sound level differcnces due to orientation
appeored ﬂignlfl(.;ant, Indlicating up to 5 dbA spectator noise reduction
{at 50') with the vertical tallplp? and vertical muffler orlentation,

Direct radiation from the muffler ghell can be reduced by double
wall muffler construction. Exhaust and tallpipe should be of heavy
wall conatruction and should be leolated from structural members which
tend to radiate nolge. In an exhaust pipe aren where expansion joints
and connection are required, ball joint type connectors should be used,
Flexible pipea tend to have inaufficient noise attenuation, For moat
machinea of greater than 200 hp exhaust nolse requires little addlitional
teeatment (approximately a 2 doh reduction) to achlieve the level IX
requicementa. An exhaust nolee emisslon of approximately 73 d8A in
combination with the fan and engine casing treatments described above
will achleve the 81 JdBA dealgn oblective.

The final nolse eource which for some manufactucers may require
troatment in the machines over 200 hp is the alc intake gystem, The
alr intake sound levelsa vary tremendously with the selection of the
alr cleaner used to filter engine alr intake, studles sponsored by
Department of Transportation [33] comparing unmuffled sound levels
with levels achieved when alc cleanera were installed indicate that
the insertion losa vacied from 9 ABA to 22 dBA on the alr cleanera
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tested. An additional variation of 1.5 dbA to 2 dBA wag obgerved for
cngine versus remote mount of air cleaner. In every case the sound

level for the englne mount was less than the remote mount. Additional
alr intake silencing should not be required with the careful selection

of air cleanecr.

Nolse Control Techniques to Achieve Level III

Level 111 is the most severe level studied. To achieve the deaign
noise levels associated with proposed Level IIT would require major
machine dealgn chamyes incorporating nolse abatement as a machine design
pacamcter. Noilse reduction required from existing average noisc levels
would cange from 6 dBA to 9 dDA with the larger reductlons required
for lower horsepower machines., As Indicated in Table 6-6, to achieve
the total machlne design noise level representing the use of beat available
technology techniques, nolse from the englne casing would be required
to be reduced 6 to 10 dba,

For machines of lesa than 200 hp, engine caslng noloe would be
reduced an average of 10 dBa; for machines of greater than 200 hp, a
6 dBA reduction would be expected, One deaign feature reducing engine
noise at its soucce would be lmproved platona, Expanalon controlled
plstons of autotheronlc, Pucthermlc and other designs are avallable
to reduce piston fitting cleacances and reduce piston noise by 1 to
3 dBA, However, the major reduction in englne nolse would require the
use of a casing enclosure partlally or totally integrated into the englne
structure, The casing would be (sclated from the engine structure amd
would attenuate alcbocpe sound originating from the inner engine structure,
The treatment of the whole englne surface in this way is more effectlve
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Table 6-6

Typleal Hoisa Souxce Reductionn Used to Devealop the Lavel
IIX D=aign Goalas (dBA)

Noise Laval Raduction Nolee Lavel Reduction

Componoent Under 200 UP Abave 200 HP
Fan 9 6
Engine 10 6
Exhauat 8 4
Alr Intaka G 6
Other 0 0
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than treatment of individual components if a nodse reduction of greater
than 4 to 6 dBA ias desired. The enclosures [21] can be deslgned for
high volume productlon using deep drawn cheet metal. The cnclosuce
typlcally would consist of a supporting frame elastically connected

to the engine and covera which can be eanlly removed and replaced for
servicing of the emine. Plpes, boses and tubing would penctrate the
supporting freme and would not obstruct maintenance covers. The enclosucea
would add slightly to the alze of the englne compartment and negligibly
to the overall welght of the machine., No accustical lining or alde
panels would be required. Sound attenuating engine mounted enclosuren
as described above have been designed with existing emyines to yleld
noiee reduction of 15 to 20 dBA [21].

Pan noise reduction of approximately 6 dBA to 9 dBA would likely
be required for all hocsepower clagses to achieve the Level IIX design
objectives and could be accomplished somewhat easler than for lLevel
II hecause the additional lead time would permit zedesign of the conling
syatem. All of the design factoras which would be optimized for Javel
IT would also be optimized in design for level IXI, but in additlion,
the banic machine design for the cooling syatem would be modified,

For example, increased radiator to fan and fan to englne epacing
can be employed to glve reductions of 2 to 4 dBA over the close spacing
doaion pow utilized. By increasing the radlator frontal area, heat
transfer requicements can be maintalned with slgnificant reductiona
in rpm and pofse. A 10 percent Increase in radiator area can give 4.5
dBA reduction in sound levels. Use of Increased number of fina, increased
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rodlator thicknens, and corrugated or louvered fino will dncreane the
heat tranafer for a given alrflow and will permit the same overall heat
flow with lower velocities.

Because the current design features have a wide range of pacameter
valuea for a specific machine claos, it ia likely that different
manufacturers will £ind that major noise reductions are obtained from
different aspects of the cooling systems. In some machines, radiator
alze now limits the operator's view of his work area. Manufactucers
with this problem may vacy cooling system paramcters which do not require
repositioning of the cab and increase of machine width unlees these
features are also needed for other denlgn requirements,

As Indicated in Table 6-6 exhaust nolse ceduction across all machine
typea would range from 4 to 8 dBA with the maximm exhaust nolse reduction
occurcing in machines of less than 100 hp. These machines bave especially
good potential for nolse reductlions bucause of the low quality mffleras
cncrently employed on them. Machines of higher horscpower are curcently
utflizing more effective exhaust system mufflera, The nolee from englne

exhaust {8 one of the easlest of the major nolse sources to control.

The methods previoualy described in Nolse Control Techniquea to Achieve Level II

are all applicable. Dicect cadiation from the muffler shell can be
reduced by double wall muffler conatruction, Exhaust and tailpipe should
be of heavy wall construction and should be isolated from structural
membera which would tend to radlate noise, In an exhaust pipe n:lca where
expanaion joints and connection are resuiced, ball joint type conncctors
should be used, not flexible pipes which tend to have lnsufficient noise

attenuation.
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After noise levels from the ceoling gystem, erngine casing, and
exhaust systems have been reduced, nolge from the ale intake will be
the major nolse cource. Ao indicated in Tables G-6, nolse From this
source would be reduced by 6 dDA. Alr intoke nolse {a caaily controlled
and these levela sbould not be difficult to attaln. An air lnlet silencer
may be requlred for some machine models in addition to selection of
a more cffective noise attenuating cleaner. As with exhaust piping,
the alr intake plping should be heavy-wall constructlon and should avold
tubber components to maxlmlze nolse attenuation,
SUMMARY

Using the noine control techniques discusned above, 1t i3 believed
that typlcal exlsting machine configurations can be quieted to the proposed
deslgn levelsa Lf sufficlent lend time is provided, It is noted that
Indlvidual manufacturers would not necessarily chicose to use the typicel
methoda and techniques. described above alnce many alternative methods
and techiniques are posaihle to reach these levels, Most manufacturers
would first assess each of their machlne types/clasaifications to determine
the domlnant noise sources assoclated with each machine confiquration.
The necessacy nolase reductions applied to cach component source to reach
the overall dealqn goala would then be determined and manufacturers
would use elther the most cost-effectlive techniques available or else
those which, within the limitations of their technologleal expurtisa,

they belleve to he moat auitable.
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Scction 7

COST AND DCONOMIC IMPACT

To aldresa the potential economic impact of noise cmission

regulations vpon those affected (producers, users, ocuppliera), EPA
acquired detalled data on pricing and oalea of wheel and crawler
tractorn. Additional informaticn was developed on the estimated

costs of reducing noise e¢misalons of that egquipment, uging current

production technology and best availsble quicting technology.
This section is divided into theee major parts. The first
preaents an analysis of the data presented in Sectlon 2 with the

specific objective of eatimating price elasticities of demand for

segments of the tractor macket, The sccond pact prescents the cost
and compl {ance 1nforrpntion, followed by the economic impact analysea
. performed ualpg these data.

DATA ANALYSIS

Market Trends ~ Short Run Qutlook

The increase In pricea In the last two years has been due

largely to the 11fting of price controla and the resulting shortage

S —

of materials, The coats of components, opecialty ateel and energy

are expected to continue to rise. Internatlonal Harvester, which

l Janufactures atl four types of impacted equipment, expects these

: costs to result in A 6 to 7 percent acrosa-the-board lncrease in

1976 in the wholesale price of 1ts constructlon tractors and loaders,
Growth in the end~user industtien will vary. Table 7-1 showa

the dlatribution hy sector of an estimated overall 10.5 percent

f increase In value of new conastruction between 1975 and 1976, A 34

percent Increase in new housing, a 15 percent lncrease in new mystems

71

e

= i

ASGO TIGVIVAY 1838

" e at ta o O —— -
T T T S P e, e T L Y Aty b AU S W A R FA SR AR, PARKY 1 R e e
mﬂz‘ T,

Pl

AR

.



AdUQ ITIYTIVAY 1S538

ESTIMATRD VALUE OF HNEW CONSTRUCTION

TABLE 7-1

PUT IN PLACE 1975-1976

($ billions)

Valug
CONSTRUCTION INDUSTRY PERCENT
SEGHMENTS 19178 1976 CHANGE
PRIVATE CONSTRUCTION 90,01 103.9 +15.13
Rasidential Buildinga 43.6 55.4 +27.1
Nonxaasidantial
Buildinga 46.5 AB.5 + 4,3
PUBLIC CONSTRUGTION 40.0 40.8 -
Rasidential Buildings 1.0 .8 ~20,0
Nonxaaldantlial
Bulldinga 14.6 14.5 - 0.7
Highwayns & Strasta 11.7 1.1 = 5.1
Military Facilitien 1.3 1.2 ~ 7.1
Cansarvation and
Davalopmant 2.9 2,8 -~ 1.4
Watexr Systama 1.3 1.9 +46.2
Sewexr HGystaman 4.8 5.5 +14.6
Minc, Public
Conatruction 3.2 3.0 ~ 6,3
TOTAL REW COMSTRUCTION 130.9 i44.7 +10.5

Souxce:r Cahner'a Economliaa Repanxch,
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and an 8 percent increase in public utilities construction are leading
elements in the construction industry recovery. Increased mining activity
{up to 20 percent) will also help booat sales of large loaders and tractors.
1976 Demand

The Conatruction Industry Manufacturing Assoclation (CIMA) expects to
see a 14 percent increase in 1976 real dollac value of total shipments
within the Iinduatcy (Table 7-2), provided that increascd rates do not
pkyrocket and dampen copital epending. The crawler tractor market is up
and expected to contimre ita rise (Table 7-3). The wholesale prices and
inventory level increases in theae machines are both considerably below the
induatzy-wide filgures. The tractor shovel loader flgures, on the other
hand, more peacly resemble the Industry-wide figures except that they are
lesa than the Anduatry figures for 1975 domeatic and overseas shipmenta
(Toble 7-4).
EFFECT OF PRICE ON DEMAND

Noise regulations will Jmpose increassd coata on mepufacturers
and should result in higher market prices, The basic tool for analyzing

this effect 18 the price elasticlity of demand,

e prioce elasticity of demand for a mochine's pervices s
defined aas

[+
mAm
Yo S "~

shore p 18 peice and md in the amount Semanded at price p.

poasures the parcentage increase in demand assoclated with a 1 peccent
increase in pcios, Am much, it 16 generally a pegative punbec, If n mp

ia close to zero, demand i3 not senaitive to price and 1s maid to be
inelasticy Aif Mo s closp to, or greater than unity, in sbeolute valuve,

domand 1s responsive to price and ia sald to be elastic,

7-3
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Nate:

TABLE 7«2

1975-1976 CONSTRUCTION MACHINERY SALES
{Percent Change)

ESTIMATED
SHIPMENTS 1975 1976 REAL
TO DOLLAR VALUE DOLLAR VALUE
U.s. -~ 3.28 +14.1P
Canada +11,3 + 0.8
Qverseas +20.9 - 0.5

s a function of 1974 dollar value.
Bpa a function of 1975 dollar valua.

BETWEEN JULY 1974 AND JULY 1975
(Percent Change)

Wholesale machinery prices increased 20,3
Inventory levels rose 0.3

Source; Outlook '76

The Outlook '76, a foracaat of 1976 aales by the

$8 billion consttuction equipment manufacturing industry, is
tha Amsaoclatlion's sixth annual raport and forecast and is
based on data obtained in a surxvey of 39 CIMA membexr companies

betwean Septmber 1 and Qctober 15, 1975.

The numerlcal res-~

ponses of tha contributors were welghted according to the aize

of each company's annual salen.

Unfortunately, this report

does not contain any dollar or unit figurea; it only contains
pexcentage figures (of change from 1974 to 1975 and from 1975

to 1976).,

1-4
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TABLE 7-3

1975=1976 CRAWLER TRACTOR SALES
{Percent Change)

ESTIMATED
SHIPMENTS 1975 1976 REAL
O DOLLAR VALUE DOLLAR VAIUE
‘ u.5. + 5.2 +15.0
i Canada +15.8 + 0.1
Qversaean + 9,0 + 6.5

DETWEEN JULY 1974 AND JULY 1975
(Percent Change)

Wholesale machinery priceas increased 14.5
Inventory lavels rose ag.2

et e

Source: oOutlook'76

=G T
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TRBLE 7-~4

1975~1976 WHEEL LOADER SALES
{Parcentnge Changa)

ESTIMATED
SHIPMENTS 1975 1976 REAL
TO DOLLAR VALUE DOLLAR VALUE
u.s. - 7.3 +17.4
Canada +15,6 + 1.8
Qvergens + 4,3 ~ 1.9

BETWEER JULY 1974 AND JULY 1975
(Poxrcent Change)

Whelesale machinery prices increased 21.3
Inventory levels xoaa 57.8

Bourca: Outlook '76 (novembex 1975): 10.
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The determination of an elasticity allowa an assessment of the
percent change in sales that could be expected If certaln hypothesized
chéngen in pricen occur, all other things being equal. EPA estimated
such elaosticitica using time series data in a regresaion model. The
abgence of previcus catimates of thio elasticity has prevented comparisons,

Due to the limitation of historical data, only crawler tractors
and wheel loeders were gtudied for a 15-year peried. Both machine clagsses
vere otudied as a whole, and, In addition, one size category within each
class vas also atudied. The analysis wan complicated by the fact that
during this 15-year period chamges in price were accompanied by changea in
machine slze and quality, Under such conditions, all other things are not
equal, which required lengthy development of alze and quality variables to
separate these effects from "true” price lncrease. A price varlable was
developed, as well as a stock vacriable, and these factors were Included in
the estimate of elaaticity.

The actlivity levels In at least four industry segmentn —--
conatruction, minlng, forestry, and agerlculture -~ also affect the demard
for wheel and crawler tractors, These effecta were accounted for Jn  the

developrent of a single user activity variable,

7-7
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The complete list of variables uged in the analynio aces

0 Average machine demand

0  Average machine eize

o hverage machine price

0  Average machine productivity

(4] Existing stock of machines

o  User industry activity levels

0 Substitution price ratio.

It has not been possible to pinpolint demand elasticities with
the information available for this atudy. The somple size wan
small, quality adjustments could not be exact, price variation was
Limited, and the pricea of substitutable factors of production,
notably labor and other construction machinery, could not ke con-
trolled in the deslred manner.

The best—quess valuco a2nd likely hracketlng valuea for the true
elansticities are repocted in Table 7-5. The ranges reported age

weak confidence Intervala, one atandard error in both directionn
They should be interpreted aa being more
The range

from the polnt eatimate,
1ikely to contain the true elasticity than to exclude ft.

of uncertalnty about the true elasticities remains large.
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TABLE 7-5

Beot-Cuenn Values and Likely Brackets
on the Price Elasticity of Demand for
Construction Machline Services, 1960-1974

PRICE EIASTICTTY

RANGE

PRODUCT BEST GUESS MINIMUM MAXTMU
CRAWLER TRACIOR } l| :

60 hp to 09 hp ; ~1.35 |J -0.52 Jl =2.18
all sizen { ~1.50 II -0.95 l, -2.05
WHEEL LOADERS } } i

s | |

2.50_BA 3.5-yd | -1.00 | -0.30 | -1.70
all pizes I' NA l' NA II NA

The analysie suggests that the price of the services of crawler tractors
haa a moderately strong influence on demand. The absolute value of the

price elasticity of dema‘nd appears to have been closc to, and perhaps

somewhat greater than, unlty in the years between 1960 and 1974.9 The
evidence for wheeled loadera points in the pame direction although it is
less deflnitive. Consequently, a pro rata reduction in the demand for new
machines can be expected to follow any increasea in price resulting from
EPA nolse cmiselon requlations: e.q9., 5 percent (or more) reduction in

demand will result from a 5 percent Increase in price , etc.m

9'mm refera to the short-run (same year) elasticity; Af there are
aignificant lags in the adjuatment of demand to market conditicns, the
final leng-run elasticity will be correspondingly greater.

m'I‘he reduction in demand for machline services will tranaslate
directly into an equivalent reduction in new machipe demand (in &ize
units) Af the productivity of machines ie unchanged at that time, as
appears likely. If competing machines (e.qg., scrapera for tractors,
tracked loaders for wheeled loaders) are also requlated, the demand
reductions will he less marked.
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OST OF COMPLIANCE

Introductlon

To examine the coats acsoclated with noise control of the identificd
machines, two major oubdivisions have been odopted. The ficot covers basic
coats of producing machines which comply with poloe standards, excluding
teating costa. The second 1o devoted entirely to the costs of teating the
ultimately quicted wheel and crawler tractors.

Based upon health amd welfare considerations discussed in section %,
and technology conalderatlons discussed in sectlon 6, the Agency chose
three atudy levels for detalled cost and cconomic impact analysis, The
first level (Level I) corresponds, in general, to the average present day
levela and requirea only a slight reduction in noise emissions. It has been
inclded in this study Lecouse of the lacge health and welfare benefith

ansociated with it:J.‘1 As discussed in nection 6, the other Ievels inciude
one based upon commonly used retrofit technology (Level 1T), and the other
based on an enginecring analysis of what Lo believed to be the levels
achievable vaing the Best Avallable Technology (Level IIT1). The costa
developed for each of the levels were predicated on the application of the
technologlen discussed in section 6 to treat typleal machines within

the various horsepower cateqorjes, As can be seen from Table 7-6, costa

for achieving Level I have been estbmated for a 2-year lead time, l.e.,

.

il
Thia level ia not hased on any state-of-the-art technology, and

it only applles to the nolnleat machlnes currently produced, Slnce It
ia the first -~ and eaanlest ~~ level to teach, it ks called Level I,

7-10
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Tabla 7~6

Eastimated R&D, Capltal, L&M, O&M Costsa to Achieve Lovel 1, Level 2 and Leval 3

Costs Lavol 1 Laval 2 Leavel 2 Levael 2 laval 2 Level 3
2 ¥ras. 3 ¥Yre. 4 Yrs, 5 ¥ra. 6 ¥ram. 6 ¥ra.
R&D §m24,900 | §m67,750] 5=63,313| §=58,877 | 5=54,440 | §«94,250
(For costlieat model + HP ~27.50p| =27.3Hp| -27.1HP | -26.9HP | -42.5HD
in horasepower cateqgory,
by machine type) $m19,900
~191p?
Capital $ 5,000 (3% 10,000( $ 8,333/ 5 6,667 35 5,000|% 5,000
(For nrach model '
manufactured)
L&M &n 296 | Sm 415] %= 394 &m 374 | §m 353 | §= 1,319
{Foxr each unit 1
manufactured) +1,24HP" +1.81P +1.71Hp +) .64 +1.5Hp +2,26Hp
iE.?HP 2
OsM S 170 | §= 210 S= 200 Gm 190 | Sm 180 | §= 610
(For each unit +0.161p +0.,70HP +0.66HP | +0.62HP +0.58HP | +),15HP
manufactured)
Source: FEPA Eatimntes - S5ce Text.
Y mp < 3s0 2qe > 350

l
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an effective date two years subsequent to promulgation of a regulation,
Four lead time scenarion were studled for level 11 ~ 3 years through 6
yearn — in order to show the senoitivity of theoe costs to variations in
the lead time and to allow for the onalyais of requlatory optlons invoiving
phased levels of increasing severlty. Iaevel ITI costs have been eatimated
with an associated 6-year lenad time.

Bagic Compliance Costs

Conta of compliance were broken up into the following components:

1. [Research ol Development (RA&D)

2, Capltal Cost

3. Labor ond Materials (L&)

4, Operating and Maintenance (0&1)
Manufacturer conts of abatement were estimated aa a function of horsepower
using procedures described below, Table 7-6 displays the equations used to
develop eatimates of the various costs for each unit, model, and firm oa
well as for the Industry as a whole,

The total of the various manufacturers' coat corponents implies

an average manufactucer's ooatlz/liﬁt price ratlo ranging from nearly

1 parcent for Level I to over 3 percent for Level IITI. Level IX cost
Increases are estimated at from 1 to 1.3 purcent, depending upon the lead
time. Worst case estimaten of price Increases have also been developed

based upon the esaumptilon that full pasa throwgh of cost Increases would

occur,

J‘%anu!:‘e.vu:t:ur&r'a coat refern to amoctized capital, dirfect lebor, direct
materials, overhead and GsA. It does not include manufactucer's profit or

dealer's margin.
7~12
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General Methodoloqy. Cogt estimates (in 1976 dollars) have been

derived for lmplementing the various technologles discusged in section 6,
given the lead timea chown in Table 7-6. These estimates were derived Lram
peveral gources, including:

1. The DOT Noise Control Handixok for Diesel Powered Vehicles,

[35] which includes coats of mufflers and alr intake filterno, together

with performance rating of different muterlals on various engines,

2. Imdugtry oupplicrs, for data on Incrcased fan cfficlency,

shrouds, and pulley changes for lower ity fan opreda.

3. Publlshed industrial sources, for specific dellar figures

for Individual quieting materiala.
With the asalatance of industry cxperts, catimates were made of the
manpower ~~ in terma of both tlme and expertlse -~ and materlials required
to achieve each of the three stwly levels within the specified lead times,

Table 7-6 sumnarizes the baalc cost matrix developed for wheel
ard crawler tractors for the three noise emisslon levels amd thelr assocliated
lead times. Manufacturer conts were developed for the following three
banic coat components:

1. Reseacch and Development. (R&D) coat

2, Capital cost

3. [abor and Materials (L&M) cosr.l
R&D costa are incurred in determining th.e specifle means to be used
in quieting a given machine, Since a manufacturer's modela within any
machine category are similar, it ls assumed that the same techniques

may be used for all of a flrm'a models withln any category. For this

7-13
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reason, I&D costs for each £irm are calculated once for cach category in
which the f£irm manufactures producta.

The coat of quieting any given machine depends upon the machine's
current nolge emlssion level, the declbel reduction planned, and the
time alloted to accomplish this reduction. Present emission levels
vary significantly from machine to machine; thus, the coats of quleting
machines could vacy mackedly from manufacturer to manufacturer, ao well as
amorg the machine types ond sizes produced by an individual firm. The
nolse reductlons Bpecified hore, together with the abatement costa derived,
are hased on average machine noise levels and average obtaineble reduction
from cuckent levels. The cost matrix used i8 based on a stralght line
interpolation of the conto of quleting a small machine and the coate of
quloting a large machine,

The cost matrix displayed in Table 7-6 has been used to estimate
average manufacturer and Industcy costa of sbatement. The costs have been
calculated ipdependently for each stidy level, The coata do not assume
that expendituce for Level I ia prerequislte to the costa of Level II o

ILevel 11X,
Research and Development Costm, The rescarch and development coata

due to nolee abatement include the coats of manpower, materiala, and
facilitiea which are used in determining the techniquea and approsaches best
sulted to quieting a glven machine to a apecific level. Also included in
R&D costa are the costa of component noise testing and the Production

verification testing required prior to sale for all Impacted equipment,

=14
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Thege costa are incurred by the manufacturer before the quicted machine is
macketed, and accounting practice requires that they be expensed in the
peciod in which they are lncurred. ‘herefore, R&D coats of abatement would
actually be reflected in the cost of preducing existing machines, rather
than in the costs of new quieted machines.

Eatimates have been made of the total manufacturers' RED costs,
Figure 7-1 displays the total manufacturers' R&D costa by horsepower
gize for each atudy level and for the ramje of leod times studied,
This figure shows that the R&D costa to achieve cach ntudy level decrease
with increasing horsepower. This s because larger machlnes, with theic
large englne enclosuce volumes and avallable interior enclogure sucface
agea, moce readily lend themsclvea to the incorporatlon of noise control
featlurea. fmall machines often have space limitations and, as such, may
require additional epgineering time in oxder to incorporate design features
which may accommodate a nolse contenl device such as a muffler, The one
exception to thls pattern of decreaalny coats foc larger machines is In the
Level I costs for machlnes under 350 hp. Here the clse In coats fs due to
the increasing expenses associated with engine enclosures,

aAdditionally, for use in the analysis of regulatocy alterpatives,
Table 7-~7 Indicatea the total RsD costs sqggregated for each of the five

machine clasaificationsa.

7-15

i AREATIRD Y ¥



100

a0

LEVEL II {3 YERGRS)
G A A

837}’}4’}§’ zﬁ* /’

;Gﬁfaf’ GALeTT i s

700
0
160 \%ORSﬁ'?
0 < ats
veloP™
axch 1
FhguE® ylas ﬁ:ﬂﬁmﬂ 1ave

T

.—/#—‘—v



Li-1

Table 7-~7

Manufacturer's Total RaD Costa by Machine Typo/Classification Category
{Thouaandsa of Nollarsa)

Ciaasification [Level 1 Loval 2 Level 3

Machine Typo Cateqgory (1P) 2 ¥ra. | 3 ¥ra. |4 Yrs, |5 ¥Yrs.| 6 Yra, 6 ¥rn.
Crawler Tractor 20-199 94,5 [9726.4 ["1563.4 [*1400.3]%1237.3 | *1879.3
200-450 164.,1 433.0 | 401.3 | 369.5] 337.8 593.2

Wheel Loader 20~249 717.5 | 2016.4 | 1861.5 |1707.5| 1553.0 | 2614.0
250~500 200.86 533.1 [ 493.7 | 454.3| 414.9 729.8

uUtility Tractor 20~90+ 125.0 332.6 310.4 288.3 266.1 461.7
Totals F1001.9 | %5041.5 {*630.3 [4219.9| ¥3809.1 | %6278.0
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Capital Conts. Copital costs are the costs lneurred in opplying the
various abatement technologico to each model. These costs are the result
of the required increnses in parto inventorien, the chamges in machine
npeciflcationn, and the prepacation of new manuals to retflect machine
changen due to nolsc abatement. They also Include catimates of the costs
attributable to the slight medifications which would be made in productieon
linco. Because these coats are for such standard ltems ac manuals and
specifications, which are necded for any model, they do not vary with
machine aslze or type. Increases In inventorlea and chamjes in speciflcations
ard manuals are more extensive for Levela II and I1I than they are for
level I, These costs are completely reflected only in the eatimate for
Level IT with a 3-~year lead time hecause moat capital cost ltems are a
standacrd part of the regular redealgn coats which manufacturers will lncur
normally in their design cycle, Generally competitively inspired redeaign
will ebsorb these costs given lead time sufflclently largs to accommodate
thin redealqgn.

Slnce moat flrms ln the industry use minimal tooling, the estimates of
capltal costs glven in Table 7-6 assume that there will be either no
tooling costa or only minimal tooling costs due to nolse abatement. while
lacger firms may £ind it economical to bufld diea and jiga for larger scale
production, At is assumed that thls expenalve procesa would not be undertaken
unlesa It resulted In a substantlal reduction in L&M coats, thua accounting
for an overall lowering of total unlt cost, Table 7-3 indicates the total

capltal costn for each machine ¢lassification,

7-18
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Table 7-8

Total Manufacturer's Capital Conts by Machine Type/Classification Category
{(Thousands of NDollara)

lasaification Level 1 Laval 2 ravel 3

tachine Type Category (HP) | 2 Yre. |3 ¥ia. |4 Yra. |5 Yca. |6 ¥5s. ] 6 Yre.
.Crawler Txactors 20-199 110 %620 | ¥516.7 | M13.3 | %310 $310
200-450 A0 80 66.7 53.3 40 A0
Wheel Tractors 20-249 345 690 575.0 | 460.0 | 345 345
250~500 70 140 126.7 93.13 70 70
Utdlity Tractora 20-90+ 120 240 | 200.0 [ 160.0 | 220 120
Totala’ %385 51770 [*1475.0 [f1180.0 | #aes 805
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Labor and Material Costs, The LsM cost estimates reflect the additionnl

funds which would be spont on labor and nmteriz:lu” in order to produce
machines which meet the three study levels. Figure 7-2 displays the total
1M cogta to achleve level I, II, and IIXI. tThio figure shows that the per
unit costo of abatement increase olgnificantly as more sophisticated
techniques are usced to reduce noise emlgsions. It ia estimated that LsH
costs to achleve Level II in 6 ycars gshould be 15 peccent lower than that
required with a 3~year lead time. It io presumed that the longer lead time
will allow the industry to incorporate basic design changes which will
mitigate the need for some of the LéM intensive retrofit-type technigues
vwhich will be required if only a three-year lead time is provided. Table
7-9 indicates the Increase In Labor and Material costs for each classifica-
tion category.

Operating and Maintenance-Cost Increases, The operating and malntenance

cost increases reflect the additional materlal and labor conts incurced by
users resulting from such actlvities ps the insertion, replacement or
repair of nolme suppression devices, the removal of engine enclosure to
access englpe components, ete. Additionally, increased operating costa
have been included to reflect the possible 1 to 3 percent reductions in
fuel economy, These reductions are due to the use of nolse suppression
devices, e.ﬁ., improved mufflers, heavy engine enclosures, changes in

direct injection timing, etc. Figure 7-3 displays the O&M cost increasies

J‘:’:[nc:]\w:llng burden, but excluding profit and dealer margin.
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Manufacturer'a Average Increase
by Machine Type/Claasif

Table 7-9
n Loebor and Material Costs

ieation Category

Clasaification | Iaval 1 Level 2 Levol 3
Machine Type Cateqgory

(hp) 2 Yeara | 3 Yearn | 4 Years | 5 Years | 6 Years | 6 Years

Crawlar Tractor 20-199 420 585 552 525 445 1529

200-450 490 950 900 852 803 1989

Wheel loader 20-249 445 625 590 555 525 1534

250~500 615 274 570 870 845 2010

Z
b Utility Tractox 20-90 + 370 520 490 465 440 1450
haiac T SR — = e -
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Table 7-10
Average Annual Tncroase in Operating and

Maintenance Cost Pexr Machine

{in Dollars)

Clanuifi- Level 1 Level 2 Leval 3
catlon
, 2 Yoarn 3 Yearn 4 Yaars 5 Yonrs 6 Yoara 6 Yaara
Category
rachine Typa (hp) S L) ) . 8 % 8 A H L] B LY
Crawlear Tractor | 20-199 100 1.242 | 284 2,177 | 270 2,013 | 256 1.908 | 241 1,796 | 742 5,531
200-450 210 1.115 ] 462 2.165 439 2,057 |416 1.949 | 393 1.842 | 964 A.5L.7
Wheal loader A0=249 200 0.57361 294 0.8107 | 270 0.7666 | 262 0.7225 | 246 0.6784 ] 720 1.985
253-500 284 1.270 | 450 2.012 427 1.909 | 404 1.807 | 382 1,708 | 930 4,159
utility Tractor | 20-90 + | 160 1.451 | 224 2.031 {213 1.932 | 202 1.6832 |1%0 1,723 | 624 5,659
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.Baseline Data (Prior to Effective Date

Table 7=11

of Regulation)

Total

Avarago Liast/Purchano Average Total
Clapuifi- lio. of Liast/Purchaoe Prica —All O&M Cont | OrM Cont—

cation Machinoo Averaga Price Por Machines Per Entira

Aachina | Category in No. Sold Machine Sold Annually Machinoe Flaoeat
Type (hp} Existance | Per Yoar (%) (5 Million) (5 {$ Million)
Crawlaor 20-199 111:595 23,321 42,703 997.756 13,415 1,497.047
Txactor | 00-450 20,586 1,432 141,091 404.224 21,341 419,269
Whoal 20-249 65,935 13,355 45,436 60G.600 14,923 983,946
Loadar 250-500 14,652 2,704 124,974 337.931 22,362 127.604
Utilicy 20-90+ 195,000 27,516 12,672 348,675 11,027 2,150.265

Tractor

TOTAL 407,770 76,099 2,775,385 5,398,303
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to achlieve Levels I, IT, and III. Table 7-10 indicates the lncreased
Operating and Maintenance costs for cach clagaification category. The
pereentage fncreasco are also indicated relative to baseline data which is

ahown in Table 7-11.

Variation in Lead Time. The costs presented in Table 7-6 are

applicable to the three study levela only for the lead times indicated.
Alterlng the leed time, particularly shoctening it, can deamatically
change the asoocliated costs. Industry sources have noted that overall
coata for Level I and Level IT could double if the lead times are raduced
slgnificantly., The allocation of thege Increased costs emong the components
of D, capital, and L&M are not clear, but it in anticipated that the
shortened time allowed to qulet machines would force most of the costs to
accrue to L&M. Hith short lead times, suppliers may perform much of the
RzD and charge hlgher unit coasts for thelr components. Also, manufacturers
may pucchase lnefflcient qulcting camponents and install poorly matched
partsy thls misuse of cquiprent may reault in increased [5M costa.

In the case of Iecvel III, a rexduction In lead time would diminlsh
the 1ikelihood that it6 Implementation would colnclde with a reqular
design cycle. 1In thla event, an estimated $350,000 to $500,000 per modal
desfgn cost would have to be included {n the estimated costa of achleving
the third stuwdy level,

Noisa Emlssion Teatlng Costs

The followlng dlscusaion pectaina to the costs sssoclated with
the measurement of the noise emisalon levela of newly quleted
products, The coata assoclated with this activity will include test
slte construction as well a3 operating costs,

T-26
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The manufacturers will algo test nolse levels of existing machines,
and also conduct additional testing in connection wlth R&h programs.
These costa have alreody been conoidered in the preceding diocusaion
of R&D costs of compliance.

Teat Requirements, Tests will be performed to fulfill two

requirements: (1) Production Verification and (2) Selective Enforcement
Aliting. Production Verification {(PV) la the testing of early
production models to verify that a manufacturer hoaa the cequisite
nolse control technology in hand and has successfully applied the
technology in the manufacturing proceas, Selectlve Enforcement
Auditing (SEA) is the testing, pursuant to an odminlstrative requeat,
of a statiatical sample of wheel and crowler tractors of a particular
category selected from a particular assembly plant in order to datermine
whether the equipment produced conforma to the eatablished standards
and to provide a hasla for further actlon in the case of nonconformity,

Only PV costa have been included in the R&D cost eatimates,

Proposed Test Procedure. ‘The proposed test procedure described

in section 6 ia based upon current industry practices for measuring
exterior sound levels at spectator locattons, Machines are to be
tested In the stationacy mode only, at high idle, with no load.

All mound levela are to be reported as A-welghted sound levels. The
noiss emigalon level of a maching le the acithmetic average of four
sound level readinga teken at 15 metera from the front, reac, and

both aides of the machine.
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Teat Cootn = General. The costs assoclated with the proposed

teat procedure inveolve the capital coats for conatructipg the test
aite and purchasing the measurcment equipment, and the coats for
labor and materials used in comducting tests and maintalning equip-
ment. {Addltional trangpoct charges will be Incucred in delivering
machines to the test site and retucning them to the storage yard.
These will vary with the size of the machine and the distance to the
teat alte and are not included in testing cost cstimates.)

Test Costs - Capital. The cost of congtructing a hard ce-

2
flecting plane of mmooth and sealed concrete lacge cnough {557m )

to accommodate the largest machine in the ocope of thin study has
been estimated. The costs glven in Table 7-12 are for a 6~inch slab
of concrete with reinforcing steel. The total cost of slte construc—
tion i3 eatimated at about flfteen thousand dollars,

The second component of capltal costs associated with the
proposed teat procedure la for measuccment equipment. Table 7-13
describen the equipment required, The sound level metec and cali-
bration equipment are the moat expenaive ltema requlced.

The total capital costs assoclated with the proposed test
procedure ace estimated at $20,000, Thesac coata include approxi-
mately 515,000 for site construction and $%,000 for instrumentatlon.

The latter figure is used to cover the count of measurement kita,

7-28
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Table 7-12
Cont Estimate for Construction of
Tegt Sita Mecasurement Area

CONCRETE
2 £t 530 ya?
557 m? x 10.764 £ x 0.5 fr x £ x x = $3,330
m yd 27 ft

STEEL REBAR {(3/4-inch diameter rode laid on 6-inch centers in both directiona)
65.6 ft x 197 bars = 12,923 ft
98,4 £ x 131 bars = 12,890 ft

25,813 ft
25,823 €t x 1.502 1b/ft x $15/100 1b =  §5,815

LABOR (Aggregate Trades)
40 hr/wk X 6 men x S11.00 hr/man x lwk = 5§ 2,640

SUBTOTAIL 11,785
CONTRACTOR (G&A & Profit) x1.3
TOTAL 515,320
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TABLE 7-~13

MEASUREMENT EQUIPMENT REQUIRED FOR
THE PROPOSED TEST PROCEDURE

SOUND LEVEL METER

For all sound level meapurcmants, a sound laevel moeter and microphone
pystem that confforma to the Typa 1 requiremants of the American
Hational Standard Institute (ANSI) Specifleation 51.4~1971, "American
NHational Standard Specification for Sound Level Metern," and to the
requirementa of the International Electrotachnical Commianion (IEC)
fublication 179, "Precision Sound Laeval Metors,"” ghall be uaed.

MICROPHONE WINDSCREEN

For all mound lavel measuremonts, a mlcrophone windescresn shall he
unmed that shall not change measured sound levals in excess of % 0.5 4B
to 5 kHz and } 2.0 4B to 12 kiiz,

CALIBRATION

The entira acoustlcal inatrumentation aystem ahall be calibrated
heforxa and after each taat meries on a given machine. A aocund
leval calibrator accurate within t 0.5 A0 shall bhe uned, A complata
frequency response ealibration of the instrumentation over the
entixe rangm of 25 Hz to 12,5 kHz, ahall be purformed at least
annually using a technlque of nufficlent preciaion and accucacy

to datsrmine compliance with ANSI S1.4-1971 and IEC 179 Standarda.,
Thia calibration shall conmiat, at a minlmum of an overall frequency
xesponsa calibration and an attenuator (gain control) callhraticn
plun a measura of dynamic range and lnatxument nolse floor.

BNEMOMETER

An anemometer or other device, accurate to within % 10 percent, ahall
ba used to measura smbient wind velocity.

POWER SOURCE SPEED INDICATOR

An indlcator, (m.g. a stroboscops) acgurate to within X 2 pexcent
shall he used to measurs pawer source Apead (rpm).

BAROMETER

A barcmater accuxate to within X 1 percent shall be used to measura
atmoapheric prossura.
THERMOMETER

A Tharmomater accurata to within X 1 poccent shall ba used o measurn
anblent temperatura,
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Some firmg may not incur these coots becauce they may already

have adecuate test gites. It is posaoible that a £icrm may have a
packing lot or other nren” vhich may require little or no modifica-

tion to oatisfy the requirements of the test prcn:cdum.15

Test Cost -~ L&M. ‘The costs involved in testing machines have

been estimated by an idependent testing fj.mu.l6 Their estimate of
the labor cost for test setup and performance, and reporting io:
Techniciap -- 1 hr per test 515,00

Mministrative & Reporting -- per test 15.00
000

The test requires a minimum of two technicions, one operating the
machine and the other reading the scund level meter, and the entire
procedure can be completed in 20 minutes If there are no delayas.
This estimate does not include the cost of transportation asscclated

with moving machines to and from test sites. It is expected that in

1‘019: firm usea the turnaround acen at the end of its private
airstrip as a test site,

15“ in also posaible for firma to use the EPA Enforcement Teat
Facility at Sapdusky, Chio, but the industry's concern with the
privacy of information makes it unlikely that thia government-owned

Bite will be used by munufacturere.

1qnm Transportation Research Center of Ohlo (TRC), Fast Liberty,
Ohio.
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most cases the test site ~- whether it s a parking lot or a nite speci-

flcally constructed for testimg ~- will be at the asgenbly pl.':unt%7 1f
this ls not the case, the cost of trangportation should be included,
Industry estimaten are somewhat higher than the independent ficm's
cotimate of 520,00 for techniclan and reporting cecvices, but thia

in because the industry includes the cost of transporting the

machine from the ssoembly line to the test site, With these con-
giderations, a best~gquesa estimate of the L&Y coots per test is $59,
with 544 for technician and operator labor and $15 to cover the

coata of record keeplng and reporting.

Mailntenance costs per test acre negligible, The upkeep of
meters and transducers requires occasional replacement of batterieo
and periodic maintenance and cleaning of the egquipment. These costs
are eatimated at $10.00 per month, $120 per year, which would add
only a small smount to the coat of any given test, The optional use

of high quality tape recorders could Ancrease the coet of a teat by

approximately $8.00,

17113 the test site ia not at the plant, then transportation comta
could be included in the cost per test, However, even these costa
need not be attributed solely to testing costs. If, an erpucted, the
machines are shipped to dealern in the vicinity of the teat site,
;heltranSport could be partly accommodated in shipping costs to the

ealer,
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Coats Applicable to Existing Machines

Some of the costs of preoducing quicter machines will be incurred
by firms prior to thelr marketing of those new machines. The costs
involved include manufactucer's R&D capltal and teat site coota
incutred during the research and developrent phase. Since thege
cogto are expensed in the peried In which they occur, they must be
pald for by the sales of existing machines, Estimates of these
¢oata have been calculated sepacately for each £irm and for the
Industry as a whole for cach of the study level and lead time combinationa
discussed in section 6. For the purpose of the analyais, Lt haa been
assumed that each firm's existing machines, when averaged across all
models, represent typleal machines for which the avallable nolss
abatement technologles requisite to achleve the atudy levels, as
discussed In nection G, are epplicable. It is noted, however, that
indlvidual firms and/or machine models may incuc higher or lower costa
than the average costs considered In this analysls. Table 7-14
sumat izes these costs for each machine clasalfication category.

Costs Applicable to Quieted Machines

+

Coats applicable to new machlnes ace the coats which are lncurred
after the completion of the rescarch and development phase, These
incluwde manufacturer's capital coats, test slte costs, and L&M
costs., These coste have been fully burdened to produce average
increases in list pricea for machines in each clasalfication category
ag indicated ln Table 7-15. The percentage increases indicated are
relative to baseline prices llsted in Table 7-11.
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Total Increase in Manufacturer's Initial investment Coot Prior to Regulation

Table 7-14

by Machine Type/Classification Cateqory (Dollara)

MACHINE ) .
TYPE ~ CLASSIFICATION LEVEL I LEVEL 2 LEVEL 3
2 Yus.[ 3 ¥Rs. 4 YRS, 5 YRS. 6 YRS. 6 YRS,

CRAWLFER TRACTOR  20-~199 1,004,600| 2,446,500] 2,180,134] 1,913,760] 1,647,400 | 2,289,400
200450 22,900{ 529,800] 484,733 439,666/ 394,600 [ 650,000

WHEEL LOADER 20-249 1,339,100| 2,963,000{ 2,700,200| 2,437,400! 2,174,600 | 3,235,600
250-500 301,800f 704,100| 641,367 570,634 515,900 | 830,800

UTILITY TRACTOR  20-90+ 290,600 618,200 -56,033{ 493,866 431,700 | 627,300
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Table 7-15
Average Annual Incroasc in List Price Par Machine

{Dollara)
Clagaifi-| 1lavel 1 Level 2 Laval 3
cation , -
Machine|Catequry 2 Yanrs 3 Yearu 4 Years 5 Years 6 Yoars 6 Yoars
Typa (hp} 3 L) 3 L) 3 L] § L] § . H] L)

Crawlor| 20-199 [538.1]1.250 { 767.0|1.7930| 727.4]1.7000| 6087.7[1.6070| 647.4]1.5130]2994.2] 4.661
Tractar|  5n0-450/6139.6) 453%1236.9| .0781|1176.5) .0330]|1024.2 ) .7097]1051.7] .7456]2590.9] 1.826
Whael 20~249|582.1{1.279 | 817.7]1.7990| 772.9|1.7020| 726.0|2.6020| 683.3]1.5030]3006.0| 4.401
teader | oe0-500|804.7] .6439270.1(1.0070[1203.8] .5992{1237.5] .9100| 974.2] .#827|2628.0] 2,005

Ueility 20+ 403.6]3.4816 | 679.9]5.36501645.50(5,0930] 611.0]4,.68210/ 576.6]4.5500]1690.2]14.920
Tractor
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ECONCMIC IMPACT ANALYSIS

In analyols of the potential economic effecto asgoclated with
environnental nolpe regulations the major focus is on the 19 firmo
vhich produce impacted equipment. Additionally, the anticipated
effects on the regional and nationnl economies ace considered. The
same baslc scenacion dlscunsed carlier are analyzed: (1) lovel I — 2
yeacs, (2) Level II ~- 3 through 6 years, and (3) Level IIT — 6 yearo.
Ag desccibed below, the cconomde dmpacts of the varicus basic nodse
cegulation scenacios may vary significantly with regacd to both
overall magnitude and the distrcibution of impacts acrons the firma,
However, reqional and national effects appear to be negligible. The
analysis of the busic regulatory scenarios discussed in this section
have been used pa the basls for constructing more complete optiong
consisting of staged levela' and lead times.

The average apnual marufacturer's cont increase as a percentage
of sales at liat price are displayed In Table 7-16., The table shown

that these xatleos gange from 0.9 percent to 3,3 percent of annual

dollar pales at list prices of impacted equiment}a

TARLE 7-16
Average Annual Manufacturer's Cost Incresse for Holse Abatement

LEVEL &1 TEVEL 11 Il TEVEL 111
|
1~3 YRS tam‘; 4 YRS SYRS 6 YRGS | 6 YRS
|
Manufactuger's ] I
Added Cost ga a | |
Percent of | !
Annual Sales | |
at List Price 0.98 | 1.3% 1.2% 1,28 1.1a | 3,38
18

Doea not include manufacturer's profit or dealer macgin,
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Thug, a typical firm dolng an annual business {f $1 million in
retail loader sales would expect to incur an additional yearly cost
of $13,000 to comply with Level IT imposed with a 3-year lead time,
The uge of list price In this ratic understates the percentage coat
inerease, List price includes manufacturer's proflts and dealer
marging which need to be exclwled to get a true estimate of the
resulting cost {ncreagse. It ig estimated that a true cost estimate
will, on the average, increase the percentages indicated In Table
7-16 by 10 percent. The vatlous postures that a firm may adopt with
regard to pasasing on the cost lncreases via price Increases are
digcuased later.

Table 7-17 shows the (mpacts on the wheel and crawler tractor
firma with regard to cepltal costs. The table (s organized according
to the followlng breakdown. When manufacturer®s capltal costs are
lean that 1 percent of sales at llst prlce, a firm can ensily raise
the required amounts. Detween 1 percent and 5 percent, some fund
ralsing difficulty may be experienced, Over 5 percent will present a

serious flnapcial bucden,

TABLE 7-17
Capital Cost Impacts
[ LEVEL T | LEVEL 1T [ CEVEL TIX
| i
1-2yr5 | 3 YRS 4 YRS 6 YRS 6 YRS 6 YHS
Number of flrma |
Ralsing Capital | |
with 1 |
No PifEiculty 13 i 12 12 12 12 11
Some DLIEfLoulty 6 i 3 3 4 5 1 A
Serlous Difficulty 0 | A 4 3 2 | 4
7-317
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With regpect to total manufacturcc's costs, no firm will experience
an increase greater than 5 percent of sales {at list price) in complylng
with Level I and 11, For Level III, 10 firms will experience coat
increasen of 5% or more of sales. The competitive sicjnificuncc of
thig increase 1o not clear due to the higher degree of product differentl-
ation with a concomitant lack of product substitutablity.

At the regional and national level, findings ohow negligible
economic impacta. |

Sales will fall roughly in proportion to price increases, which
follow from elanticity estimates spproximating - 1.0. Employment
and income impacts will therefore be minimal, if noticeable at all,
on a reglonal or national level since price increases, even if full
pasa through of costa lo assumed, are expected to be under 5 percent
for most models. The added burden to tha coste of construction may
contribute to a mmall decrease in the outputs of thia sector. EPA
calculationa based on data collected for thia atudy suggest an
average Ancrease in costs of 0.4 percent for conatruction projecta
vhich use fimpacted tractors and loadera as a major factor of produc-
tion. '

Cont Increasen

Manufactuters of impacted equipment will be faced with cost
increases both to existing equipment {due.to RiD expenses) as well
as to the new quiected modela (dve to incressed production expensea),
Flgurea 7-4 through 7-7 display the expected percentage increase jn
manufacturer's cost to salen at llst price ratioa to produce enisting
models for each of the nineteen Impacted firma, These coat increases

1-38




FIGURE 7-14
R&D Expensesa as a rercent of Wheel and Crawler Tractor
4 Snles at List Price for Loevel I

6E- L
j
o

S S
e
-
ol
N
T =
oy
]
]
ol ]
X —
Z Ry

b
]

W ol ST MEFILY ALl




FIGURE 7-+5
R&D Expenacs asa a Porcent of wheel and crawler Tractor
Saleca at List Price for Level II in 3 Years
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PFIGURE 7-6
R&D Expecnacs as a Percent of Wheel and Crawler Tractor
Sales at List PPrice for Lovel II in 6 Years
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FIGURE 7-7
R&D Expenses as a Parcent of Wheel and Crawler Tractor
Sales at List Price for Level II1 in 6 Ycars
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are aue to R&D expensen dncurred prior to starting production of the
quieted models. As before, the calculation method is edditional coots
divided by sales at list price, expressed in percent,

The flgurea show that R&D cost increases for existing models
produced by large firms would generally be less than one-tenth of a
percent of impacted equipmnent pales. All small and medium ficms face
coat Increases greater than those faced by large floma.

Table 7-18 displaya percentage manufacturer's cost increases to
list price ranges by ficm size for wheel loaderas, Due to the wide
variety of loxier models, the range for small firms 15 not dcoma
tically higher then for large firme, Only medium £irma atand out
with an upper bound value neacly half of both the small and large
fiom moximuma, These percentage coat increasea actually vacy more
as a function of machine price than of firm size or market shace,

Manufactucec'n coat increase ranges, as a percent of spalesa at
1liat price for crawler tractora, crawler loadeca, and utility tractora
ate dlsplaysd In Table 7-19, 7~-20, ant 7-21 for all firms, (Only
large f£irms produce these itema.) Here again, the flgurea are
pacticulacly sensltive to the large numbers of wheel tractora which
are genarally the loweat priced of all impacted equipment.

_l_’g_girg for the Coat Increasuen
The cost Increases discussed above can be dealt with by manufac~
turece In o vaclety of ways, Two extresmws are:
1. Fetain the present prices to maintain volume, thereby
reducing profit margins,
7-41
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Manufacturer'a Abatement Cost/Mac
by Firm S4ize for Wheol Loadera

Tablo 7-18

Level/Lead Time

ne List Price Percentage

Size
of ue Leval 1 Lavel 1T Lavel IX T.aval 11X
Firm Class 2 Yaars 3 Years 6 Yoars & Yeara
Small 20-134 1.9-4.5 2.7-6.7 2.6~6.2 7.2-17.5
135-249 - - - -
250~ 348 - - - -
349-500 - - - -
Medlum 20~134 1,2-2.4 1.7-3.3 1.7-3.2 4.1~ :8.7
~§ 135"249 0.9 1-3 1-2 2-8
A 250~348
o~ 349-500
Lﬂrgﬁ 20”"134 o-?"a .0 1-0"5-? 1-0"5;6 2-5"16;4
135~249 0.6-1.1 0.9-1.6 0.9~1.h 1.5~ 3.4
250~ 348 0.3~0.7 0.7~1.0 0.7=1.0 1.4~ 2,1
349~500 0.2 0.5~0.7 0.6-0.7 1.1~ 1.3
All 20~134 0.7-4.5 1.0-6.7 X.0-6,2 2.5-17.5
Firms 135~249 .6~%.1 0.9~1.6 0.9-1.6 1.5~ 3.4
250~ 348 0.3~0.7 0.7-0.9 0.7~1.0 l.4~ 2,1
349-~600 0.2 0.5-0.7 D.6~0,7 1.1~ 1.3

% .- Indicates that small firma do pnot manufactura
high hp wheel loadara
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Table 7-19

Monufacturer's Abatement Cost/Machine List Price Percentages for Firms

Manufacturing Crawler Tractors

HIY LEVEL LEVEL I LEVEL II LEVEL. 11 LEVEL III
CLASS
LEAD TIME 2 YEARS 3 YEARS 6 YEARS 6 YEARS
20-89 1.0-2.0 1.4-2.9 1.4~2.9 3.7-8.2
90~19% 0,5-1.1 0.7-1.9 0.6~1.7 1.4-5.9
R00~259 0.5-0.6 0.8 0.68-0.9 1.7-1.%
- 26 0+ 0.2-0.5 0.6~0.8 0.6-0.8 1.1-1.6
5
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Tabla 7 -20
Manufacturer's Abatement Cost/Machine List Price Porcentages for Firma
Manufacturing Utility Tractors

Hp

LEVEL

LEVEL I LEVEL II LEVEL II LEVEL 1II
CLASS
LEAD TIME 2 YEARR3 3 YEARS 6 YEARS 6 YEARS
ALL 1.7-5.1 2.4-7,1 2,4-7.1 6.1~19.9
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2, Raise the prices to maintain profit margins, thereby reducing
volume,

Calculations baged on the price claaticity of demand show that
total profits will be reduced under elther situation, although the decllne
in profit for each extreme will be different for each firm, Assuning full
pasa-through of burdened costs and a price elasticity of demand equal to -1,
decreases in total profit will occur due to the decrease in volume, '
Table 7-21 shows the decrease in wheel and crawler tractor profits for each
Firm as a percent of its present profit for 3 percent, 7 percent, and 10
peccent gross macgins (texes ignored),

Absorbing some of the cost may be neceasary, pacticulacly on an

individual model baais. Several firms may find that thelr cost Increasea

are ‘ﬁignificmtly higher than those of their competitors for certain
modela, posgibly rs a cesult of differences in existing polse emission
levels. In order to maintain thelr competitive positions, some pact of the
Adifference may be absorbed. The problem may be more macked for amall firma
who face higher relative cost Increases as a percent of thelr total sales.
Aditionally, in cases where a particular model's current noise level ia
plgnificantly greater than the average for its class, the costs of abatement
may be much lacger than the average coats considered in this analymia,

If the lncresses are.so great that pasaing them on may erode a ficm's
competitive position, absorption ia likely to occur. In such situations,
firma facing mtrong competitive pressuce on the one hand and profit pressure
n the other may opt to shut down production on certain models,
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Tablo 1=21

Eatimated Decranoo in Frafit by Flem Under Full Pass-Turough of Costa

{$ Thounanda)

Anaumed Current Profic Hargin Ocenarclo
3 lercent 7 Porcont 10 Percant

Loval 1 {ieveal LI |Leval 1X |favel 111 |1avel I [taval 1K [ Lavel II| twvnl 11X | favel T §Laved II|lavel II |Lavel II1

f'icm | 2 Yoarn | 2 Yaaza | & Yaaim 0 Yearm |2 Yanre | ) Yesra | G YeAta G Years 2 Yanpw | 3} Years | G Yoars 4 Yearnm

A 250.n 100.2 e, 2 ¥91.7 604.0 04,0 904.0 050 843.7 1,14.1 1,194.1 3,207.2

n 91,9 130.3 11,3 403,1 FICH 123.8 Jii.e 345.2 Mg 461,) 46l.1 1,350.)
c 112.) 3).6 5331.6 1,190.0 6.0 | 1,340.3 | 1,240.3 a,190.0 | 1,107.9 | 1,171.9] 1,717%.9 3.900.%

n 104.0 156.1 136, 171.1 241.08 4.1 64,1 080.3 .0 20,2 520.2 1,35%1.2

142.9 102.4 202.4 559.0 1)1.4 472.4 A72.4 1,106.0 476.1 ¢74.0 i74.0 1,063, 6

r an,2 1.9 e 76.3 49,13 79.2 9.2 170, 2 70.7 1131 112.1 134,58

Q 121.¢ 172.2 11,2 420.9 04,2 401,9 403.9 1,122,2 A08,1 8171 377.1 1,401,0

n i02.1 141.0 142.0 194.2 nn.2 331.3 3.5 90,0 140.2 479.) 479,13 1,314,3

-l 1 41).4 0.0 4.0 140.7 io1.3 144.7 .144.7 M1 44,7 206.7 06,7 40358
:;.:‘; J 23,9 32.9 1.9 71.2 53.9 76.0 10,8 191.3 7%.0 109.7 09,7 9.3
K 2.0 1.5 F I 0.3 8.0 0.3 [ 1% 19.5 b.4 .0 11.6 a9

K 30 3.3 5.2 11.0 a.7 1.0 12.1 n.é 1.5 181 17.2 45.7

H 7.% 10.8 10.3 1.7 17.7 F3 19 | 4.0 64,6 3,3 b TP ) 4.3 32,1

N 1.0 10,0 0.0 an? 16.4 P32 | 2.2 4.2 21.4 13.1 1.1 2.0

o .7 LN ) 1.6 9.4 6.2 0.2 8.} a0 3.0 12.0 1.0 n

L] 1.1 1.8 1.7 4,7 3.0 4.1 1.0 11.0 4.) 6.2 5.0 119

) 1.4 1.9 1Y) 4.4 .2 4.5 4.) 1.2 4.7, 6.5 6,2 16,0

L} A3 L0 3.0 4.7 0 4.2 4.2 10.9 4. 6.0 a0 15,46

a 1.2 | 1) 1.0 4.0 L1 AA 4.1 1.2 4.4 6.4 6,1 6.0

Al
Flewma] 1,373.2 | 2,992.2 | 1,900 A,004.0 [2,970.7 | 4,407 | 4,437.0] 1L, 0031 4,244.0 | 0,344.0] 6,340,7 | 18,047,2
R S A U o S om
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Capital Availability

Even if full cost increases can be pasged through as price increases,
£irma may still be prevented from adjusting to regulations by an inability
to obtain sufficlent capital to finance the abatement investment. f7he
capital required by each firm is displayed in Table 7-22 for the various
scenarios,

Table 7-23 displays the expected capltal required for abatement
as a percent of impacted equipment sales at list price for nix study
scenacios. These ratios reflect the expected degree of difficulty in
ralaing the necessacy capital. While the actual dollar amounts of Table
7~-22 would not repregsent a burden for the larger firms, the investment
atil)l muat be considered on its owm merits, parcticularly with respect to
investment altecpatives within the fiem, To adjust for £irm mslzes the
ratlo of recquired investment to total whesl and crawler tractor sales im
seen aa the best indicater for evaluating capital availability.

The relative impact of financing the costsa of abatement for each level
can be seen in Figure 7-8 which displays the frequency with which the
capital required for abatement/sales ratlos falle into various ranges,
it 1s assumed that ficma with ratilos lesa then or equal to 1 percent will
undergo only small financing impact, while firme with ration between 1 and

7-49

T AL L)t e, I




oL

Total Capltal Cost of Abatement for Wheed and Crawler Tractors

I-22

Table 7«22

Total Capital Cont of Abatement
{3 Thousandu)

Lovel I Lavel 11 Level IIX

Firm 2 Yoarn J Yoars 1 Yearxn 5 Yearas ¢ Yoara 6 Yearn
F 438 1,007 913 820 726 1,136
B 400 871 793 715 637 279
c i85 a70 793 715 630 1,009
D as1 710 698 626 554 B55
E 290 670 607 545 482 662
F 220 545 498 450 4021 654
G 205 A68 426 04 342 535
H 148 16 286 256 226 il
I 135 291 271 242 212 24
J 130 280 255 A1 206 3ia
K a0 168 156 144 132 207
1. 60 117 108 928 as 128
H 60 116 107 97 as 127
N 55 107 29 91 81 121
4] 51 106 98 91 (i} 122
P 50 26 90 g4 78 217
o] 50 a6 90 04 78 116
R 50 36 90 a4 78 117
B 50 a6 aa R0 78 116
All

ricomn 1,207 7,076 6,46 5,837 5,213 7, 986
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7=21

Total Capital Cast of Abatemant :‘ghll'grtzzc:ilt ox Hheel and Crawler Tractor Salas
Lead Timo
Lavel I Lavael II Laval III

Fixm 2 Yeara 3 Years 4 Yonra 5 Yoaros 6 Yeara 6 Yearam
A .08 .18 .16 .15 .13 21
i) .32 .69 .63 .56 .50 .17
C .02 .05 046 043 .04 .06
n .11 .23 .21 .19 A7 .26
] .10 ¥ .20 .18 16 22
F .20 .50 A5 .41 .37 60
G A2 .20 .26 W3 .21 «33
H 12 27 .24 ¥ .19 i
X . 09 .16 .16 .15 .12 A0
J A7 .36 .33 .30 W27 +A41
X 1.2 2.6 2.4 2,2 2,0 3.2
L 2.1 4.1 3.0 3.4 3.1 4,5
M .42 04 17 70 .63 .91
N + 73 1.4 1.1 1.2 i.l 1.6
Q «Af »93 .85 .16 .10 1.1
P 1.1 7.9 7.4 6.9 6.4 9.6
Q 2.9 5.6 5.2 4.9 4.5 6.8
R 3.6 7.0 6.6 6.1 5.7 8.5
E 3.1 5.3 5.1 5.0 4.0 7.2

ALl

Firma Q9 .19 .17 .16 214 22
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NUMBER
OF PIRMS

NIB{BER
OF FIRMS

WUMBER
OF FPIRMS

NUMRER
OF PIRMS

LEVEL 1

2 YEARS
4
2 7
. leAa Mm_#

.05 K1 K25 K5 <1 5 >5
CAPITAL REQUIREMENTS AS A PERCENT OF L-T SALES

6 LEVEL It
3 YEARS
4
2
W
o 414 Y
.05 <1 .25 .5 «1 <5 -5
CAPITAL REQUIREMENTS AS A PERCENT OF L-T SALES
6 LEVEL In
£ _YEARS
4
) %)
o 1B 7
S5 Kl K25 K5 <1l &5 >5
CAPITAL REQUIREMENTS AS A PERCENT OF L~T SALES
6 REVEL 0
L6 XEBRS
' !
2

4] _m 7
<08 %) K2 K5 <1 K5 >5
CAPITAL REQUIREMENIS AS A PERCENT OF L~T SALES

Fiqure 7-8 CapJtal .Mwailability Impact
of Ahatement. .

7~ 52

Y,

Large
Firms

Medium
Flrma

Small
Firms
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5 percent will have modecate difficulty in obtaining the necesnary
financing, Small and mediun £icma in thio category may be obliged to pay a
higher cost for copital. Firms with rotios greater than 5 percent are
conaidered to be heavily Impacted. Their cost of capital will cerctainly
rise, if they can obtain the neceosacy financing.

Investment requirements could be reduced by purchasing the necessacy
conponents from other firma, thus ralsing L& expennes. Additionally,
impacted firma may obtaln R&D asalstance from component suppliers for
developing and fitting sbatement componenta to their own equipment.
Allowing the supplier to undertake this R&D burden will undoubtedly result
in bigher unit prices for the quieted components {engine, exhaust, fan,
etc.). The supply Industry appears to already have the facilities for this
R&D effort without large aditional investments and has developed much of
the general technology for abatement. fThus, the problem of ralsing capital
can be sldestepped, but again at a penaity to the small manufactucer.
OMPETITION

There may be two major Jmpacta of nolse emisaion requlations on
conpetition In the conatruction wheel and crawler tractor Anduatcy -~- brand
ewitching and production line closures. The latter s often a result of
the former, Both fmpacta will be felt more atcongly by smaller £icma,
flowever, At cannot be asserted sumacily that industcy concentration will
be signi£icantly altered. '

P el 20 L e
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Brand Switching. Determination of the impact on conpetition of compliance

with the various study scepacieon is obazcured by the significant levels
of product differentlation found in the industry. Differential coat

increanes will occur, due to the variation in present nolee levels of

machinea.
Some loss of sales may occur for both small wheel loaders and for

wheel tractors,
Hmall wheel Loaders, As noted earlier, all the mmall and medium firma

produce wheel loaders under 134 hp. These machines tend to comprise a
unique macket, pacticularly those below 50 hp which do not compete with the
loaders of the major manufacturers. Rather, most compete with the less
efficlent gkid ateer lozder. Bkid steer loaders, however, are not intended
to he requlated at this time, with the reasult that the cost of nolee
abatement for individual models of mmall wheel loaders could place them at
a competitive disadvantage if thelr exiating nolse levels are substantially
higher than the average for thelr clasaification category. The estimated
avorage cost Ancreasea for the varlous study acenscios, which range from
$350 to 51500 for machines in the 20134 hp range, reprecent a significant
percent. of the list prices which are aa low an $1800 and have a median
around 515,000,

The pricea of skid steer loadern are geperaly helow 510,000, but in
terma of horespower they acre comparable with small wheel loadera,

Wheel Tractors. At present, wheel tractors with integral backhoes ace
not. covered under the propoad regulation. (These Atema may well be regulated
later under a possible backhoe regulation,) Accordingly, they will not be
subject to the upward cost pressure of abatement., While intergal backhon
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units are all larger and more costly than the utility tractoro alone,
nmarginal cor;tractorn who deoice lacge utility tractoro with backhoo
attachments may prefer to opend the extra money to purchase one with an
integral backhoe, rather than purchasing the top of the line utility
tractor and paying a coat penalty for its nolse abatement features.

Pro;mction Line Closures

Two factors will dominate preasure to shut down plant cperations:

{1} aifficulty in obtaining neceasary capital, and (2) difficulty in
pasaing costa through to customers. Thia latter factor is dependent

on the magnitude of the cost increase imposed on the affected firm relative
to the magnitude imposed on the price leader. This, in turn, will depend
on present noise levels, which are not fully known for all machines at this
time. TIn gepecal, however, both difficulties place the strongest presaure
on the small producers.

Figures 7-9 through 7-12 display the relationship between cost
pressure and Cinancing difficulty anticipated for cach firm for several
atudy scenacios, uaing the model costs discussed eaclier. In these
fiquren, highly impacted firms will plot towards the upper right while
negligibly impacted firma will fall to the lower left. The figures show
that, indeed, the mmaller producers are subject to the highest impacte. In
particulac, five producers, four small firms and one medium £irm, appeac to
be well above the main cluster of £irms in each of the four figures. Under
the requirements of Level 111, alil but one of these firms fallr {nto the
"heavy Impact® category for fipancing difficultieas and the remaining £irm

faces the highest average rise in cost.
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Of these five ficms, only.l"inn EE dioclosed noipe level data. These
data indicate that its machines are alteady in compliance with Ievel I
and the firm hap an opticnal muffler that will bring the machines bencath
Ievel IT. Thio muffler has been sold on oeveral models alceady and the
firm belleves that after a regulation is promulgated, the additiconal costs
of the muffler will be borne by ito customers without drematically altering
demarsd, Beginning at a bulow average noise level, Ievel III costs are
expected to be considerably lower than the coat model estimates, minimizing,
therefore, the financing burden as well as the cost input.

Firm BB dees not believe additional cost impacts will be a serious
problem, but the remalning three f£irma ate already suffering from a shortage
of capital. These firms do not anticipate that they will be able to
finance the investment necessary for camplionce.

INFIATICNARY IMPACTS

Pecouse o Increases in machine productivity will accompany the
increased coata of sbatement, requlatfons at all levels will be loflationary,
The inflationary effects will be most widesprend In constcuction but will
aleo be significant in foreastry and mining.

The eatimated average manufacturer's cost increase liet price ratios
for each machine type are shown in Table 7-24 for several sceparios.

TABLE 7-24
Annual Manufacturec's Abatement Costs as a Percent of Estimated

¥Woeel and Crawler Tractor Balea at Liat Price, by Machine Type for
Each Study Scenacio

LEVEL LEVEL, T { LEVEL II i LEVEL II1
MACHTNE CLASS LEAD TIME 2ms=3ms 4 YRS 5 YRS smgsm
i |
¥Wheel Loaders 0.8 b 1.2 1.2 1.1 1.0 |} 2.8
Crawler Tractor 0.6 | 1.0 1.0 0.9 0.9 | 2.)
Crawler londers 1.0 | 1.4 1.4 1.3 L2 | As
Wheel Tractorsa 2.9 lI 4.1 3.9 3.7 3.5 ! 11.5
0
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The table chown wheel tractor prices will Increase much more than
other equimment prices. Crawler tractor prices Increase the least. Thio,
again, is because percentage jincrcases are primarily a function of price,
and the average crawler tractor price is the highest. Theoe increases
could contribute to the overall increases in the Wholesale Price Index as
displayed in Table 7-25,

‘TABLE 7-25

Percent Contributions of Nolse Abatement Costs
to the wholesale Price Index (All Comodities)

WEICHT IN LEVEL [LEVEL I LEVEL II LEVEL, 11T

WIOLESALE  LEAD 2YRS | JYRS A YRS S5 YRS 6 YRS 6 YRS
MACHINE CLASS PRICE INDEX TIME |

I
018 .011  ,0000 .0098] ,0048
[

|
|
All Londers 079 .012 II
Crawler Tractor .142 .016 : 0016 .0016 .0021  .0014] .0CGO
|
ueility Tractocs 060 .0046{ 0043 .0041 .0038 .0034) .0164
i

Impacts on Suppliers
Two quite distinct Impacts will affect the suppliers of the wheel and

crawler tractor industry., Certaln present component auppliers may increase or
decrease their sales depending on their ability to reduce the noise emission
of thelr own product and thereby contribute to the reduction In overall
machine noise. Other suppliers, those specializing in the manufacture of
sound damping and sound absocbant materials and other products required for
abatement, will experience an Increase in sales,

Impact on Present Component Suppliera, The impacts on the salea of

present. component supplieca will be most significant in two aupplier

arcas ~- engines and mifflers.

7-61
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Engine Suppliera. Emgines have characteristic nolse levela just aa do

the machines they ace placed in, There exista a slgnificant vaciation in

nolse levels of different types of engines as w«lzll at of the pame type

engine from different suppliers, Coneequently, engine menufacturecas can be

axpected to be at a competitive disodvantage, if they produce dlesel engines

which ace chacacterized, in general, as boing noisfer than their competition,
Conversely, eome manufacturexs zppear to be in the forefront

of cuiet engine development. They have already developedt adkd-on kits

for their engines that can redixe nolse by 3 dB(A). These kits

may not be applicable to wheel and crawler tractora due 0 space

conatraints; however loader and tractor manufactucers may be pble to )

circumvent oontly ReD costa with the purchase of already quietod engines.
Muffler Suppliers. While most muffler suppliera are likely to

begin devologrent of more efficlent mufflecs, four present manufacturers
have daveloped a favorable reputation for their muffler research programs.
These manufacturers may xeap a double gain, by selling more efficlent
mufflern to wheel and crawler tractor manufacturers to rexluce exhaust
nolse, and conducting exhaust nolse reduction proyams for capital-short:
manufacturera who sub~contract thia portion of thelr RiD effort,

Other Noisa Abatement Suppliera. An access~the-board increasa

in the palen of suppliera of materiala and equipment hecessacy for abatement
can ba expected, although ita magnitude will not be of major consequence.
Increases in salesa by producurs of the following items are anticipateds
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1. quiet fan and cooling syotem components

2, aound darping component

3. sound absorbant material

4. protective f£ilm for foams

5. polee measurement equipment

6. flne suspension equipment

Here egain, auppliers may also be glven the opportunity to perform
portions of the R&D effort required for abatement, including nolse teating
for smallec firma. These ReD efforta will fucther boost the sales of firma
with relevant experience,

Impact on Foreign Trade

Requlatory Levels I and XII will not greatly affect foreign trade,
There is likely to be a small decrense in exporta along with an offsetting
decrease In impocts,

Because the nofse abatement technology studied here is essentially
retrofit, machinea for export cen be produced without noise abatement
add-ons, cesulting, therefore, in minimal price Ancreases in forelgn
mackets, However, Level III poise requlations might prompt a major design
changa in advance of customarily scheduled changes, and the RAD expenses
will be noticeable even in enport versiona which contaln only sdd-ons,
thereby putting upward pressure on export prices. The forelgn trade
Igplications would then be more sdvecse from the domeatic manufacturers!
viawpoinf.

INolae requlationn are more likely to affect imports, The majority of
Impocters have weak macket ponitions In the inited States and mey not ba
sble to juntify a noisa abatement program for thelr producta. Accordingly,

7-61
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they may ceage to compete in the Unlted States. But major importers with
otrong macket potential are not likely to be swayed by regulationa and may
£i11 in most of the market gap left by thelr weaker competitors. It is
concluded, thecefore, that the aggregate total of imports should decline
only olightly.

Employment and Reqlonal Impacts

Requlating the noise emissions of wheel and crawler tractors will
likely have negligible overall effect on employment. The existing RaD
personnel in the major £irms or in the suppliers of research to the smallec
firma can readily handle the R&D requirement for abatement. There will be
a mxdeat increase in manufacturing labor to install the abatement equipment.
However, thia increase may be offeet by a decline in reqular production
personnel due to the decrease In demand for requlated equipment. Geographical
impacts will be outside the Midweat. Although the large construction
loader and tractor manufactucers are located in the Midweat, they are not
likely to be periously affected. The dmportant effecta are more 1likely to
be found in the citlea where the mmall firma are located, The posaible
layoffs or shutdowns of these smaller ficms will not play a major role in
their region’s economy. 1he increases in employment and incoume where
suppliers of abatement equipment are located is alao of limited magnitude
with respect to any region,

Effect on Groga Natlonal Product (GNP)

Noise abatement regulations are pot likely to directly affect the
cucrent. dollar GNP, The estimate of the prica elasticity of demand for
Impacted equipment ia ~1 as discuseed previously. Therefore, marginal
price Increases may be offpet by equal percentage decreases in demand,
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The net result would show GNP unchanged as expredsed In current dollats,

If the machines mold are valued at 1972 price levels, and if the add-on

abatement equipment ia valued at ite coot deflated to 1972 level,lg a drop
in real GNP due to fewer unitn being sold 1s expected, However, an Increase
in real GWP due to the production and salea of the new equipment and
equipment modification in also expected. These effecta are sufficlently
offgetting so that the net change in real GNP will be negligible with
regard to the equipment manufacturing sector,
SIMMARY OF OOST AND EORCMIC DATA FOR REGULATORY SCHEDULES

A computer model was used to evaluate alternate regulatory schedules
both for health and welfare benefite and for costa and economic inpacts.
As & result of this analyeis, twenty four schedules were finally selected
for detailed analysis, Table 7-27 summarizes the pertinent cost and ecopomic

data asaociated with each of these options.

19
1972 18 the base year now used by ioat govecnment agencles for
expressing constant dollar levels,
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Table 4.
Summary of Coatd for Regulatory Schedule

‘ Avorage  Awvoraqe Potential
Level/Effoctive Date Price O&M Changu Change No. of
Rogulatory Machino . : Incroane Increase In Salen In Profite Plant
Schedule . Typan 1980 1991 1982 1963 19684 M) . (n) (n) (n) Clasingn
1 CTy T X X M 5.68 4.06 - 1.26 - Q.44 0
CTy, B3 1] 03 80 2.20 3.13 - 2,80 - 0.03 0
Wig 79 79 Ya 76 5.41 3.45 - G.77 - 0.30 1.5
Wiy, 04 84 B84 B0 2.64 3.19 - 13,25 =~ 0.08 o
Ly 71 I £ W ~70 ~18.06. 4.05 ~25,89..  n 4.87 -0 -
Combined 6.21 3,01 ~-13030 - 0.85% L5
2 CTs 74 5.31 .77 -~ 7.26 = 0.44 0
Ty, a0 2,09 2.85 - 2,80 - 0.03 0
WIg 76 5,03 .19 - 6G.77 ~ 0.3 3.0
"LL 80 2.39 2.90 - 3.25 = 0.09 0 .
W 70 16.97 3,75 ~23.89 - 4.74 a
Combined - 5.00 3.53 =13.30 - 0.84 3.0
3 CTg 17 77 77 71 5.60 4.06 - 7.26 ~ 0.44 0
Ty, 83 83 a1 80 2.28 =3.13 - 2.80 -~ 0.03 0
Wlg 79 79 79 76 5.41 3.45 - 6.77 - 0.30 3.5
LTS B4 64 04 80 . &,61 3.19 - 3,25 - 0,08 .0 .
Lf 77 17 T 717 T4 6.20 1.43 ~ 7.29 ~ 0.68 0
Combined 4.72 2.77 ~ 6,00 =~ 0,38 1.5
4 CTg T (¥ 71 74 5,68 4,06 ~ T.26 ~ 0.44 0 .
Ty, 83 B3 B3 1.06 1.48 - 1,28 - 0.00 0
WLg 79 79 79 76 5.41 3.45 -~ 6,77 ~ 0.30° 1.5
Wiq, B4 a4 84 2.61 1.52 -~ 1,48 ~ 0,01 0 -
WD 74 74 T4 70 18,06 4.05 ~23,89 ~ 4.87 B
Combinad 5,95 3.58 ~13,16 ~ .84 2.5
* C7, ~ Crawler Tractor 20 - 129 hp Wise ~ dial Ioader 20-242 ap
n 200 - 450 hp ' Wig ~ " " 230 ~ 500 hyp

CTL - "
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Table ‘7.
{ant%nucéF

Patantial

Average  Avorago No. of
ioval/Bffective Datcs Prica ORM Change Changa Plant
Regulatory Machine Incroage Increane In Salea In Profita Cloaings
Schedula Types 19080 1901 1982 1903 1984 (%) {n) (n) (s}

5 Ty 74 5.3 .7 - 7.26 ~0.44 0
CTy, a3 0.05 1.16 =1.14 0.00 0

Hl.g 76 5.03 3.19 - 6.77 -0.31 3.0
Wig, 04 0.98 .19 -~ 1.33 -0.02 0
HT 10 16.97 .75 ~23.07 ~4.74 0

Combinad 5.41 3.29 ~13.15 ~0.62 3.0
6 CTg 77 M 1T M 5.60 406 - 7.26 -0.44 0
CTy, 283 B3 83 7.06 1.48 -~ 1,28 =0.01 0

WL 79 79 79 76 5.41 3.45 - 6.1 -0.30 3.5
Wiy, 04 04 04 1.23 1.52 ~ 1,48 -0.01 0
Ly 77 77 77 77 74 6.20 1.43 -~ 7.29 -0,.60 0

Combined 3.54 2.53  ~ 6.66 ~0.31 3.5
7. CTg T 5.3 3.77 ~ 7.26 -0,44 0
CTy, 83 as a3 1.06 1.40 - 1,28 ~0,01 (1]

Wig 76 5.03 .19 ~ 6.77 -0.31 3.0
WL a4 04 a4 1.23 X.52 -~ 1.40 ~0,02 1]
WT 74 5.18 1.14 - 7.29 -0.58 [}

Combined 4.00 2.29 - 6.66 ~0.50 3.0
B CTg " 5,31 .77 - 7.26 ~0,44 0
CTY, 03 0.85 1.16 - 1.14 0.00 4]

WLg 76 5.0 3.19 - 6.77 ~0,31 1.0
WLg, a4 0.98 .19 - 1.33 -0.02 (4]
WT 74 5.18 1.14 - 7.29 ~0.58 0

Combined 1.93 2,25 - 6.65 =0,30 3.0
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Table  7-26
{Continued)
Average  Average Potantinl
Level/Effoctive Dated Price 0&M Changqu Changao No. of
Itegulatory Machino Increase Incrcase In Sales In Profitn Plant
Schedulo Typon 1900 19nl 1902 1983 1904 {n) ($) LY (%) Clouinga

9 CTg 80 80 o 0o 77 6.01 1.47 - 2,35 -~ 0,23 0
CTy, a3 63 83 1.06° 1.40 - 1.20 - 0.01 a

g nz o2 62 oz 70 2.00 1.33 - 2,31 -~ 0.19 1.5

WLy, a4 a4 64 1.23 1.52 - 1.40 - 0.01 0

Wl 74 74 71 70 18.06 4,05 ~23.089 4.07 0

Combined 3.00 2.10 ~10.69 ~ 0.7 1.5

10 CTy 11 1.73 1.22 - 2.35 - 0.05 0
C1y, 03 03 (1%} 1,06 1.45 - 1,20 - 0.01 0

Whg 79 1.73 1.09 - 2.3 - 0.02 1.5

WLg, 04 04 04 1.23 1.52 - 1,48 - 0.0l 0

WT 70 16.97 3.75 -23.09 - 4.1 0

Combined 3.47 2.29 ~10,69 - 0.62 1.5

11 CTy 77 1.73 1.22 -~ 2,35 - 0.05 0
CTy, 83 0.8% 1.16 - 1.14 0.00 a

Hlg 79 1.73 1.09 ~ 2,31 - 0.02 1.5

L, 04 0.90 1.19 ~ 1.312 - 0.02 0

HT 70 16.97 3.75 «23,89 - 4.M 0

Combined 3. 40 2,20 »10.067 -~ 0.62 1.5

12 CTs 00 o 80 80 7 2.07 1.47 -~ 2.35 ~ 0.2} 0
cTy, 63 83 a3 1.06 1.48 =~ 1.28 ~ 0.01 ¢]

WlLg a2 02 62 82 79 2.08 1,33 - 2.31 -~ 0,19 1.5

WLq, 4 04q 04 1,23 1.52 ~ 1.48 - 0,01 0

HT 17 77 77 77 74 6,20 1.43 - 7.29 ~ 0.60 1]

Combined 2,31 +1.43 ~ 4.19 ~ 0.21 1.5

‘
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Table 7-26
Contlnucd)

Avoerago Avuorago Potential
Leval/Effective Date rrica O&M Change tchanga No. of
Regulatory Machino Increase Increase In Salen Tn Profits Plant
Schadule Typas 1900 1901 1962 1903 1994 (») (%) (s (%) Clonlngn

13 CTg 77 1.73 1.22 -2.35 -0.05 0

CTy, a3 a3 03 1.06 1.18 ~1.208 ~0.0% ¢]

Wl.g 79 .73 1.09 -2.131 ~0.02 1.f

WLy, 64 04 a4 1.23 1.52 ~1.40 ~0,01 0

Wr L 5.18 1.14 ~7.29 ~0.50 0
Combined 1.90 1.20 ~4,19 ~0,10 1.5

14 Cry 77 1.73 1.22 -2.35 -0.05 0

- CTy, al 0.85 1.16 =-1.14 ¢,00 0
] Wlg 79 1.71 1.09 -2.31 -0.02 1.5
o WLy, a4 0.98 1.19 ~1,133 ~0,02 0
74 5.18 1.14 -7.29 ~0,58 0
Combined 1.92 1.16 -4,148 ~0.10 1.5

15 CTs ao 8o a0 80 a0 1.77 1.16 ~2.93 -0,96 o

CTy, 80 2.49 2,85 ~2,80 ~0.01 0

HWlg a2 ar a2 B2 62 1.01 1.17 -2.94 ~-0,93 0

Wi, ago 2.39 2.90 ~3,25 ~0.09 0

WT T 17 77 77 77 5.37 1.25 =6.11 ~0.,43 0

Combined 2.18 .44 ~4.18 -0.62 0

16 CTg i1] ($10] 80 80 00 1.77 1.16 -2.7] ~-0,96 0

<y, a6 06 A6 a6 86 0.64 0.90 ~0.70 0.00 [

WlLg az n2 az n2 B2 1.82 1.17 -2.94 ~-0.93 (o]

Wig, 86 06 a6 n6 a6 0,921 1.123 -0.96 0,02 0

WT 77 77 i 77 7 5.37 1.25 ~6.11 ~0.,43 0

Combined 1,93 1.17 =3.99 ~0.60 0
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Table ~_
lContInucéi

Avorage  Average Potantiol
Icvel /Effoctive Date Prica O&M Changu Changa Mo. of
Regulatory Machine Incraape Incroasa In Sales In Frofitn Plant
Schedula Typan 1980 1981 1902 1903 1964 {\) {%) (%} (N ___ Cloningn
17 crg 77 77 77 74 5.68 4.06 - 7.26 -0.44 - o
Cry, 80 2.09 2.85 - 2.80 ~0.03 0
Wi.g 79 79 79 76 5.41 3.45 - 6,77 -0.30 3.5
WL, a0 2,39 2,90 -~ 3,25 ~0.09 0
NT T 74 74 70 10,06 4.05 ~23.89 -4.87 0
Combined 6.15 .77 -13.30 =0,85 3.5
1 CTg 17 77 ” 71 5.68 4.06 - 7.26 ~(,.44 0
- CTy, 83 83 83 80 2.28 3.1 -~ 2,80 -D.O] Q
1, WLg 16 5.03 3.19 - 6,77 =0, 31 3.0
- HI.L 60 2.39 2.90 - 3,25 =-0.09 Q
o wr 70 16.97 3.75 ~23,89 ~4.74 (4]
Combined 5.96 3.63 =13.30 ~0.04 3.4
19 CTg 17 i 17 74 5.608 4.06 ~7 .26 ~0.44 0
CTy, a6 a6 06 a6 B3 0.98 1.26 =~1.14 0.00 1)
WLg 79 TN 79 76 5.41 3,45 -6.77 ~0,31 1.5
WLy, 86 86 86 a6 B84 1.16 1.44 =1.23 =0.01 o
WT 74 5.18 1.14 “T.29 -0,58 0
Combined 4.19 2.1 -6.65 =0.30 2.5
20 CTg 77 a 17 2.17 1.55 ~-2.64 ~0.07 o
CTy, ik} 81 83 1.06 l.48 ~1.28 ~0.,0L 0
WLg 79 79 79 2.18 1.39 -2.62 ~0.04 2.5
Wiqg, 84 84 04 1,23 .52 ~1.40 -0,01 [+ I
WT 74 74 74 6.40 1.47 -B.16 ~{(3.78 0
Comhined 2,41 1,18 ~4.68 ~0.13 2.5
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Tablo 7-
iContInucsi

Average  Average Potential
Lovel /Effoctlve Dato Price oM Changd Change No. of
Ragulatory Machina Increasa Increasa  In Jales In Proflta Plant
Gchadula Types 1900 1901 1962 19382 1984 {\) \) (%) {») Cloninga
21 CTy ¥ 1.73 1,22 - 2,35 ~0.05 0
CTy, 63 0.065 1.16 - 1.14 0.00 0
NLg 79 1.73 1.09 - 2,3 ~0,02 1.t
Wig, 04 0.9a 1.19 - 1.23 ~0,02 Q
WT 7 717 X 77 74 6.20 1.43 ~ 7.29 ~0,60 0
Comhined 2.05 1,29 - 4.14 ~-0,11 1.t
AR Ty 71 17 77 74 5.60 4.06 - 7.26 ~0.44 0
CTY, 80 2.09 2,085 ~ 2.80 ~0.03 0
';' HLg 79 7% 79 76 5.41 31.45 ~ 6,77 =0, 30 3.5
- WIg, 80 2.39 2.90 - 3.25 -0.09 0
Land wr 70 16.97 1,75 ~25.89 ~4.74 D
Comhined 6.01 3,66 -15.30 ~0.84, 3.5
23 CTg 17 77 77 71 5.68 4.06 - 7.26 ~0.44 0
CTy, a3 a3 a3 80 2,20 3.13 ~ 2,80 ~-0.,0} 0
WIg 79 79 79 76 5.41 3.45 -~ 6.77 =-0,30 2.5
WLp, 84 B84 04 a0 .61 3.19 - 3.25 ~0.00 0
WY 74 . 74 74 L 7.19 1.65 - 8.59 ~0.70 0
Conbined 4.84 2.86 -~ 7.31 -0,35 3.5
24 & 77 77 74 5.55 1.95 «- .21 ~0,.43 0
€Ty, a3 a3 80 2,21 .03 - 2.8t ~0,01 0
Wig 79 79 76 5.28 3.35 ~ 6,77 ~-0,30 3.2
Wiq, 84 24 80 2.53 3.09 - 3,25 ~0,00 0
wr 74 74 74 6. 48 1.47 - 8.16 -0.78 0
Comhined 4.66 2.73 - 7.14 ~0.34 3.2
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Section 0
ENFORCEMENT

GENERAL

The EPA enforcement atrategy will place a major share of
the respensibility on the manufacturers who will be required
to conduct pre-sale testing to determine the compliance of wheel
and crawler tractors with the regulation and emipaion standardo
Beslden relleving EPA of an administrative burden, this approach
benefite the manufacturers by leaving thelr perscnnel in control
of many aspects of the compliance program and imposing only a
minimem burden on their business. Therefore, monitoring by
EPA personnal of the teste and manufacturera' actions taken
in compliance with this requlation is advisable to ensure that
the Adminlatrator is provided with the accurate test data nec-
essary to determine whether the machinen Alatributed in commerce
by manufacturers are in compliance with this requlations.
Acoordinaly, the regulation providea that EPA Enforcement Officers
may be present to obberve any testing required by this regulations
In addition, Enforcement Officers under previously promulgated
requlationa [40 CFR Part 204 Subpart A] are empowered to inspect
recordis and focilities in order to assure that manufacturers are
carrying out their responaibilities properly.

The enforcement strategy proposed in this xequlation con-
elats of three parta: {1) Productlon Verification, (2) Belec~
tive Enforcement Auditing, and (3) In-Use Compliance Provisions.

g-1
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PRODUCTION VERIFICATION

Froduction verification is testing by a manufacturer of
pelected early production models of a configuration intended for
gale, The objective 1n to verify that a manufacturer has the
requisite noine control technology in hand to comply with the
standard at the time of sale and during the Acoustical Assurance
Period (AAP) and is capable of applying the technology to the
manufacturing process. fhe flrst production models of a config-
quration tested guat not exceed the level of the standard minus
that configucation's expected sound level degradation factor (SLOF)
tafore any models In that configuration may be diatributed in commerce.
Any testing shall be done in accordance with tha proposed test
procedure,

PFroductjon verdfication does not involve any formal EPA approval
or issuance of certificates subsequent to manufagturer teating, nor
iz any extenaive testing required of EPA, All testing ia pexformed
by the mamfacturer, liowever, the Administrator reserves the right
ta be present to monitor any test (including simultaneous teating
with his equipment} or to require that a manufacutrer supply him with
products for teating at EPA's Noise Enforcement Facility in Sandusky,
(hio, or at any other site the Admlnistrator may find appropriate,
vhen the Administrator tests a product, that test beoomes the officlal
tesit for that madel. The manufacturer is afforded an oppoctunity to

invalidate any teat that the Adminlstrator comducts,

-2
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The production unit selected for testing is a product configuration.
A product confiquration is defined on the basis of the parametera deline-
ated in sectlon 204,105-3 of the regulation and any additional parameters
tha a manufacturer or the Admlnistrator may select. The basic parameters
for configuration ldentificatlon include the exhaust syatem, alr induction
gyatem, cooling syatem, engine displacement, machine attachments, opeclal
apelication enclosures and power to ground transfer method (wheel or track
type.)

A manufacturer shall verify production products prior to aale
by one of two methods: The firat methed will invelve teating any early
production product {intended for sale) of each configuration, Production
vecification testing of all configurations produced by a manufactuter may
not be required where A‘ manfactucer can establish that the sound levela of
same configurations at the end of thelir defined pAL (based on testa or eon
enjineering judgement) are consistentlyhigher than that of ather config-
urations, In such a case, that product which emita the highest noise
level at the end of the defiped AAP would be the only configuration
requiring verification testing,

The second method allowa a manufactucer, in lleu of teating
products of every conflguration, to group configurations into cate-
gorles. A category will be defined by basic pacameters of englpne and
fuel type, engige manufactucer, engine horsepower, and engine
con{iguration. Again, the manufacturer may dealgnate sdditional

cateqoriea hased on additional parametesc of hia choice,
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within a category, the oconfigquration estimated by the man-
ufacturcr to be anitting the greateot A-welghted sound prescure
level at the ond of the AAP io determined either by testing or
good ergineering judgment. The manufacturer can then satisfy the
production verification requirements for all configurations within

that category by demongtrating that the lovdest configuration at the

end of the AAP compliea with the applicable standard. This can elimipate

the nced for a subatantial amount of testing. However, it must be
emphasized that the loudest confiquration at the end of the
AAD must be clearly identified.

This proposed regulation also provides that the Adminictrator
may teat products at a mamufacturer's facility ualng either his
own equipment or the manufacturer's equipment, Thia will
provide the Administrator with an opportunity to detemmine
that the manufacturer's teat facility and ecquipment are technle-
ally qualified an specified in section 204.104 and discuased in
Chapter 3, pages 26-28 of this document for conducting the teats
required by this subpart, FProcedures that are availlable to the
manufacturer subsequent to diesqualification are delincated in thia
regulaticn.

A production verification report must be filed by the
manufacturer before any products of the configuration represented
are distributed in commerce. A product confiquration is considered

to be production verlfied when the manufacturer hes shown, based on

B-4
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the application of the noise measurement test, that a configuraticn
conforms to the atandard minoug the SLOF and when a tinely repoct has
been mailed to EPA indicating that it complies with the standard.

If a manufacturer io unoble to test due to weather conditions,
the production verification of a configuration is automatically
waived by the Administrator for a period of up to 45 conoecutive days
without the manufacturer's request provided that he testa on the flrst
day that he is able. This procedure will minimize discuptions to manu-
facturlng facilities, The manufacturer may request an additional cx-
tenaion of up to 45 days if it is demonstrated that weather or other
uncontrollable conditions prohilbited testlng ducing the first 45 days.
However, to avoid any penaltles under these proposed requlations,
the manufecturer must teat for pucposesn of production verification
on the firat day that he s able,

If a manufacturer proposes to &ld a new confiquration to his
product line or change or deviate from an existing conflquratlon with
respect to any of the parameters which define a configuration, the
manufacturer must verify the new conflguration efther by testing a
product ard submitting data or by £iling a report which demonstrates
verification on the basis of previously submitted datn,

Production verification im an annual requirement. However, the
Administrator, upon request by a manufacturer may permlt the use of
data from previous production verification reports for apecific product

conflgurations and/or cateqorles. The conniderations that are cited

a-5
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in the requlation an beding relevant to the Mministrator's decision
are illustrative and not exclusive. The manufacturer can submit all
data and information that he belleves will enable the Adminiatrator
to make a repsoned decislon, It muot be again emphasized that the
manufacturer must request the use of previous data. If he fails to
40 80, then he must production verify all categories and configur~
ationa -for each subsequent year,

The manufacturer nee not verify configurations at any particu-
lar point in a year. The only requirement is that he verify a con-
Liguration prior to distribution in comerce. The inherent flexibility
in the scheme of categorization will in many inatances allow a
monufacturer to either verlfy a configuration that he may not produce
until late in a yzar based on representation or else walt until actual
production of that configuration to verify it,

If a manufacturer faila to properly verify a configuration and
that configuration ia found not to conform with the requlations, the
Mministrator may issue an order requiring the manufactucer to cease the
dlatribution in commerce of producta of that configuration, The Adminis-
trator will provide the manufacturer with the opportunity for a hearing prior
to the fesuance of such an owxler.

Production verification performed on the early groduction modzla
providea EPA with confidence that production models will conform to the
standards and limits the possibility that ponconfomming producta will be
dlatributed in commerce. Because the possibility atill exista that aubsequent
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models may not conform, selective enforcement audit testing of assembly
line products i made a part of this enforcement strategy in order
to determine whether production products continue to comply with
the standard.
SELXCTIVE ENFORCIMENT RUDITING

Selective enforcement auditing (SEA) is the term uoed in this
requlation to describe the testing of a statistical sample of produc-
tion products from a specified product category or configuration
pelected from a pocticular assembly plant in onder to determine
shether production products comply with the nolee emissjion standad
inclvding the AAP ptapdard and to provide the baals f&r further action
in the caee of noncorpliance, 1The pelective enforcement awdit plan ia
designed to determine the acceptability of a batch of itema for which one
oc more inspection critecia have been entablished. B8s applied to product
poise emissiona, the itema being inspected ave vheel and crawlern tractora
amd the inspection criteria are the nolse em{saion atandarda.

Teating ia initiated by a test request which will be lesued to
the manufacturer by the Asalstant Asministrator for Enforcement or his
authorized representative. A test request will sddreas itself to
either a category or a oonfiquration. The test request will xequire the
manufacturer to test a eample of products of the specified category ot
canfiguration produced at a apeclﬁl;:d plant, Bn alternative category
or confiquration may be deajgnated in the teat request in the event that
products of the first category or confiquration are not avallable.
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Upon receipt of the test request, the manufacturer will randomly
select the sample from the first batch of products of the opecified
category or configuration that 1o scheduled for production. {The
purpoge of the random sclectlon is to ensure that a representative
sample 1a drawn,) The Administrator also reaerves the right to designate
specific producto for testing. Generally, a batch will be defined ns
the number of products produced during a time perled specified
in the teat request. A batch defined in this manner will allow the
Administrator to select batch slzes small enough to keep the number
of products to be teated to a minimen and will still encble FPA to
eventually draw statistically valid conclusions about the nolse emisajon
pecformance of all products of the category or configuratlon which ia
the éubject of the teat request.

One lmportant factor that will influence the declsion of the Admin-
iatrator not to iesue a test request to a manufacturer is the evidence
that a menufacturer offers to demonatrate that his products comply with
the applicable standarda. If a manufacturer can provide evidence that his
products are meeting the nolse emlsalon atandards based on testing results,
the issuance of a test request may not be necessary.

The pacticular type of inspection plan which haa been adopted for
SEA of wheel and crawler tractorn is known as sequentiel batch sampling.
Sequential batch sampling differa from single sampling In that small
test samples are drawn from sequentlal batches rather than one large
sample belng drewn from a batch, This sampling plan offera the ad-
yantage of keeping the number of producta tested to a minimum when

a majority of producta are meeting the stardard,

8-8

...... B T IR I R B U T TR SV e



AJOD BV INAY 1535

T e Creeme ememmmameia A e o el L F - o I~
. : Ve

Once the teat sample of a botch bhas been nelected from the batch
ammple, each item do teuted to determine whether it meets the prescribed
criterion; this in gencrally referred to as inopection by attributes.

The basic eriteria for acceptance or rejection of a batch in the number of
sample producta whooe paramcters mect cpecification rather than the averoge
valve of some parameter.

The sempling plans (A, B, €, and D} are arranged according to  the afze
of the batch from which a sampice iz to be drawn. Each plan specifies the
pample size and acceptonce and rejection number for acceptance quality level
(ML), As applied to wheel and crawler tractor noloe emissfons, thio AQL
ia the maximum percentage of Ealling productas that for purposes of sampling
inzpection can be conaldered satisfactory.

A product 1a conaidered a fallure if it exceeds the noloe emlsmion stoandard
minus the SLOE. Aa ML of 10 percent was  chosen to take into acoount soms
test yaclability. fThe mmber of failing producta in A sample is compared
to the acceptance and rejection numbers for the appropriate sempling plan.
If the mmber of fallures is less thon or egual to tha acceptance number,
then there im a high probability that the percentage of noncomplying
products in the batch 1s less than the AOL and the batch is accepted.

On the other hand, {f the number of failing gproducts in  the sample ia
equal to or greater then the rxojection mwmber, then there is a high proba-

6-9
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bility that the pereentage of nonconplying products in the batch is greater

than the AQL and the batch faills., Since the sampling strategy involves a
sequential batch pampling plan, in some instances the number of fallures
in a test semple may not allow acceptance or rejection of a batch so that
continued testing may be required until a decislon can be mxie to either
accept or reject a batch.
fegardless of whether a batch s accepted or rejected,
falled products would have to be repalred and/or odjusted and paas
a retest before they can be distributed in commerce,
The proposed regulations establish two types of inspection cri-
teria. These are normal inspection apd 100 perceat testing.
Normal inspection is used until a decision can be made as to whether
a batch sequence ia accepted or rejected, Wnen a batch sequence is
ls tested and rejected, then the Mministrator may
require 100 percent testing of the wheel and crawler tractors of
that category or oconfiguration produced at that plant, ‘The Ad-
ministrator will notify the manufactucrer of the intent to require
100 percent testing, The manufacturer can request a hearing on the
issue of noncompliance of the rejected category or comfiguration,
Bubparagraph (1} of eection 204,107-1{d) pertains to batchen
wiiich oonalat of three or less machines, The subsaction redquires
that each machine in that batch be tested and comply with the noise
emission standacd mipua the SLDF. This subparagraph will allow
testing to take place within a more reasonable pariod of time when

8-10
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a test request is issued for particular categories or configurations
which are not produced in a sufficlently high volume for the normal
SEA acheme to be appliceble.

Bince the number of machines tested In responoe to a test order
may vary conpsldersbly, a Fixed time limit cannot be placed on completing
o1l testing, The proposed approach is to establish the time limit on
a test-time~per-product bpals, teking transportation requirements, if
any, inte consideration. The manufacturer would be allowed a reasonable
amount of time for transport of products to a test facllity if one were
not available at the assembly plant.

The Adminiatrator estimates that the manufacturers can teat a
minimm of two {2) producta per day. However, manufacturers are re-
quested to presant any data or information that may effect a revimion
of this enstimate,

ADMINISTRATIVE ORDERS

Bectlon 11(d) (1) of the Act providea that: "vhenever any
pereon ia in violatlon of section 10{a) of this Act, the
Adminiatrator may lesue an order sgpecifying such rellef ns
he datermines ju necessary to protect the public health and
welfare,”

Qearly, this provision of the Act 1s intended to grant to
the Administrator discretionary suthority to issue administrative

ordern to supplement the criminal penalties of pection ll{a).

B-11
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If wheel and crawler tractors which were not designed, built, and
equipped 5o an to comply with the noise emlssion standard at the
time of sale and during the AAP wore distributed in commerce, such
act would be a violatlon of section 10(a) and remedy of auch non-
conpliance would be appropriate,  Remedy of the affected products
shall be carried out pursuant to an adminlotrative order,

The proposed requlation provides for the lgavance of such ordera
in the following circumatances: (1) recall for the fallure of a product
or group of products to comply with the applicable noise emission
atandard, (2) ceage to distribute products not properly production
verifled, amnd {3) cease to distribute products Cor fallure to test,

In addition, 40 CFR Scction 204.4 (f) providea for ceasc to distribute
orders for substantial Infractlons of requlatfons requiring entry to
manufacturers' facilities and reasonable assistance. These provisiona
do not limit the Adminlstrator's authority to {asue orders, but give
notice of cases where such orders would in his judgment be approprlate.
In all auch casea, notlce and opportunity for a heacirg will be given.
COMPLIANCE TADLLING

Thls regulatfon requires that wheel and crawler tractoras mibject
to it shall be labeled to pravide notice that the product complics to

the nolse emimsjon ntandacds, The 1label shall contain a notice of

8-12
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tampering prohibitions. ‘he effective date of the applicable noise
emiosion otandard is alsc required on the label. A coded rather than
an actual date of manufacture has been uosed oo at to avoid disruption
of marketing amd diotribution patterns.

APPLICABILITY OF PREVIOUSLY PROMULGATED REGULATIONS

Manufacturers who will be subject to thin regulation must also
comply with the general provisions of 40 CFR Part 204 Subpart A.

These include the provioions for inspection and monitoring by EPA
Enforcement Officers of manufacturer's actions taken in compliance
with this proposed requlation and for granting exemptions from this
proposed requlation for testing, pre-verification products, national
security reasona, and export products.

ACOUSTICAL ASSURANCE PERIOD COMPLIANCE

The manufacturer is required to desalgn, build, and equip wheel
and crawler tractors subject to these regulatlons so that the prodducts
conply with the atandard during the AP provided that they are properly
maintaiped, used, and repaired,

FeA does not specify what testipg or analysis a manufacturer must
conduct to determnine that his product will meet the Acoustial Assurance
Perlod of these requlations, However, this pegulation requires the
manufacturer to make sich a determination and maintain records of the test
data and other information upon which the determination wag based,

This determination may be based on informatfion such as testing of critical

nolge producing or abatement components, rates of polse control deterloration,

engineering Jjudgements based on previous experience, and physical durability

characteristica of the product.
8-13
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An SLDF in the degrodation (sound level increase in A-weighted
decibeln} which the manufacturer expects will occur on a configuration
during the AAP. The manufacturer must determine an SLOF for each of his
product configurcations.

To enaure that the products will mect the noloe standards through-
out the AAP, they must emit a tine of sale sound level less than or
equal to the neise standard minus the SLOF, A product I8 in compliance
only if ita measured (dBA level, added to the SLOF, is less than or equal
to the applicable standard. Production verlification and selective
enforoement audit testing both embody thia principle.

All wheel and crawler tractora must emit a sound level that s lena
than or equal to the standard at the time of sale, 80 & negative SLOF
cannot be used. A product that becomes quicter during the AAP musnt
still meet the standard on the day of sale; 80 an SLOF of 0 must be
used for than configuratrion.

As stated above, the Aency ia not requiring ducability testing
aa a matter of course, however, should it be necessaty, section 13(a)
of the Nolse Control Act authorizes EPA to require the manufacturer to
run such tests on selected wheel and crawler tractorn,

IN-URSE COMPLIANCE

These pravislons include a requirement that the manufacturer provide
a warranty to purchasera [required by section 6{d)], asaiat the Admin~
istrator in fully defining those acta which conatitute tamperirg
[under aectlon 10 (a) (2) {(A)], and provide retail purchasera with
a log book to record maintenance and repalrs performed,

-
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Sectlom 9
EXISTING IOCAL, STATE, AND FOREIGN REGULATICONS

heoording to Section 6 of the Nolse Control Act of 1972, the
proposed Federal regulation for wheel and crawler tractors will
preempt new product standards for tractors at the local and state
level unless those standards are indentical to the Federal standacd.
Local and state governments are not prohibited from "establishing
or enforcing controls on enviropmental nolse through licensing,
cequlations or restrictiona of the use, operation or movement of
any products” or from establishing or enforcing new product noine
standacds for types of conatruction equipment rot regulated by the
Fedexal Goverpment.

EPA reviewed avallable literature and conducted a purvey to
determine the mmer of exiating regulationa that ace applicable
to conatruction equipment in geperal and wheel and crawler tractors
in particular and that may be affected by fedecrally imposed regulations.

Vecry few lawa, regulationa or ordinances were found that mentfon
wheel and crawler tractors specifically [38]. Moat of the legislation
regulating this nolse soucce doesa no by limiting emission leveln allowed
fram "xonstruction equipment® or construction sitee™, rather than
from ench of the specific typea of puch equipment, Some of the
legislation setting limita on "xonstuction equipment” includes
wheel and crawler tractord as an example of guch equipment, but
most regulation of wheel and crowler tractor nolse is presently
accomplished indirectly by limiting construction site nolss ox

construction equi@pment nolse,

1
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IOCAL ORDIRANCES REGULATING WHEEL AND CRMILER TRACIOR
NOISE LEVELS

Mest of the requlatory activity governing construction equipment
or aite nolse 18 occurring on the lecal level. This is true in
foreign countries as well as in the United States,

Local governments controlled leoader and dozer or construction
noige in meny different waya, Table 9-1 indicates the different

types of atandards used,

The moat predominant method of construction nolse control was

through une of a "zone-type standard,® This method generally involved

allowing different maximm noise levels for different areas of the
local community. Thilrty-eight of the 50 ordinancea studied had
soma type of zone standard that spplied to conatruction npoise.

Many diffcerent atcas or land wsen were mentioned in the ordin-
anced, but the three most common were realdentlal areas, commercial
arens, oand ipdustrial areas. A wide variety of dBA allowable levelas
was aleo encountered, but the moat common levels were 51-55 ¢RA
in residential areas, 61-65 dBA for commercinl arema, and 71-75
dBA for industrinl areas, Heasurement was typically to be at or
on the land use receiving the sound; some ordinances required
measurement. at the pite property boundary or a certain distance

therefrom,
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Tahle 9~1
Types of Paerformonce Standards Found in Local Ordinances that
Applied to Construction Noise or Construction Equipmont

lopulation Groups
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S5ix ordinances were studied which made it unlawful to sell,
or offer for sale in the.city, equipment which exceeded specified
dBA levels. Table 9-2 nhows the clties with sale - type standards
and specified levels., All of these ordinances require construction
equipment to meet a level of 00 dBa as measured & 50 from the
equipment by 1980 (one of these would require 80 dBh by 1976).

Fifteen ordinancen had some type of "use" standard in that use of

conatiuction equignment was prohibited where the equipment exceeded a
specified level at a specified diastance, or use was prohibited where

total construction aite nolse exceeded a specified level. Nine of these

fifteen ordinances set levels which applied to individual pleces of
equipment, The levela allows ranged from a high of 91 @BA neasured
at 50' to 75 ABA measuced at 50', Table 9-] presentsa the nine
cxdinances and the levels specified,
3ix orfdinances set levela that applied to total constuction
site poise. The levels allowed ranged between 90 dBA at 50' foom
the site bourdary to 75 dBA at the same distance. Table 9-4
presents the levela specified in each of these six ordinances,
Fifteen ordinances used an amblent-type standacd, In that no
constxuction noise was allowed that exceeded amblent levela by
a specified zmount, This type of ordinance generally specified
that po more than 5 dBA over the amblent was pecmissible, Meny
of the mblent-type standards applied only to night conatruction
work with a diffecent level or no level applicable to day work.
Fourteen ordinances allowed duration adjustments to the speci-
fied sound lavela which In effect. increased allowable levels, The

9-4
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Table of Sale Standaxds Showing Maximum ABA
Levels for New Conatruction Equipment®

Manufuotured] Chicago
Altor Il lnain
1072 04
1973 aa
in74
073 ada
1074
1977

*1978 -
rato
1900 a0

Kanona Graml galt lLako I'enirie Urbnan
ity Rapidn City Yillago Illinoiu
Miugourl Hichlgwn Utnh Kanutg
LR rapassi)
04
aa &a D4
'L}
ng - Ha ] [i]-] [:[i}
no [1{4] [:10) nn

*Measured at 50 faeat

A S 1EE LINT Aug




Tabhle 9-:

Table of Uac Lovels Per Piece of Equipment
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Table 9-4
Table of Use Standard LimItIng Total Conatruction Site Noise
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duration adjustmento generally allowed an lncrendge for nolses occurring
lesn than a certain portion of an hour or day. The amount of dif
increase allowed and the time durations specified varied widely.

Eight ordinances contained a minimum duration for measurement
of the sound levels coming from a guspected source. The duration
of measurcment rarqged from 12 hours to 5 minutes.

Ten ordinances provided for a -5 dBA adjustment to allowable
levela for impuleive nolses.

Thirty=£five ordinancea allowed an excmption from the performance
atandards for "emergency work." Emergency work waa usually defined
as work necessary after a public calamity or work neceesary to protect
agalnst an imminent calamity. Thirty-one of the ordinances gontalned
an emergency definition similar to the above. Fifteen of these
31 also excmpted work necessacy to reatore utility service, an
three alao gave an exemption for roadwazy repair.

Thirty ordinances had‘ ppecific provialons allowing varianoes
from the performance standards. Very few of these gave specific
information on what showing or precedure was required for a variance,
but. edght ordinances required a showing of "undue Imrdship", and
four would allow a vaciance on a showing that it was "impracticable®
to comply.

Twelve ordinances used octave band measurements, either in
eddition to or in lleu of "A" scale measurement., Thirty—eight relied

exclugively on "A" welighted messuremsnts,
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Forty ordinances contained specific time limits on conatruction
work., Generally, these ordinances prohibited use of conatruction
equipment or conatruction work between a opecified hour in the night
and a specified hour the following morning. The times ugsed varied
a qgreat deal, but the most often mentioned times were between 10:00
p.m, and 7:00 a.m.

Of the 40 ordinances containing time limits, 11 had more restrictive
time limits for weekends, Sundays, or holidays, in that work during
thode days was prohibited or allowed for less hours. Three ordinanced
disallowed any use of "heavy equipment™ (inclixiing pavement hreakers)
at. any time without a permit.

filxteen crdinances had a provision which allowed night work,

regardless of time reatriction, where the nolse created did not
cause a noise disturbance ncross renidential boundaries. Thirty-
Beven ordinances specifically exempt emergency work from their time
restrictiona, and 25 specifically provide for variancea to the time
limits,

Host. of the local ardinancea dld not provide ppecific authoritien
and duties for the agency enforcing or administering the ordinance,
Inforpation gathered from local oxdinances was analyzed by population
growps to determine Af any nignificant differencea could be datected
that related to the size of the city. The only notable difference
in the ordipances that appeared to e a function of aize was that
the larger cltiea (500,000 or over) nave more gpecific authorities

anctt duties in thelr ordinances than did smaller chities.
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Twenty-five ordinancen studied include local government conatruc-
tion activity in construction nolse subject to the ordinance. Five
ordinances also require that any city contract contain a proviaslon
requiring contragtor compliance with the ordinance.

Thicty-five ordinances contained some type of nuisance provision
in sddition to performance atondarde, which made it unlawful to
create "unreasonable® nolse levels.

Eight ordinances contalned provisions that made it unlawful
to use conatruction equipment that was pot adequately muffled or
without other noise reduction equipment or to tamper with equipment
in a manner that coused increased nelse levela,

Eleven ordinances contained dafinitions of construction equip~
ment or work.

STRTE LANS AND REGUIATIONG GOVERNING WHEEL, AND CRAWLER TRACTOR
NOISE [EVELS

Five atates were found to have lowr and regulations that pet
limita on conatruction nalse.

Colorado saeta the t(lzllcming levela for all construction activity:

80 dBA measured at 25' from the site 7 am- 7 pm

75 dBA measured at 25 from the aite 7 pm~ 7 am

Maryland sets the following levels for conatruction sites:

30 d8A measured at any receiving property T am -~ 10 pm

50 dBh measured at resldential receiving property 10 g~ 7 em

62 J8A measured at commercial recelving property 10 pm ~ 7 am

75 4BA measuced at industrial receiving propercty 10 pm~ 7 am

9-10
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New Jersey seta the following levels for comnercial operationa.
65 dBA mensured at receiving rcsidential property 7 am - 10 pm
50 dBA measured at recciving residential property 10 pm ~ 7 am

65 dBA measured at recelving commercial/industrial

property anytime

New ¥ork sets levels for construction gite noise measured at

400', These levels are shown in Table 9-5.

Table 9-5. New York State Conatruction Site Noise Emission Levelsn

For Conatructlon dna
Act.ivity Occurring In (present levels

dBa
{approx. levelsn
after 1978)

Residential Districts

day: Tain=Tgxn 70
night: 7pm~T7am 55
Commercial Districts
during normal business 75
houra
Auring non-business 8o
houra
Industrinl Dimtcicta
any time 80

04
19

69
YL

4

Washington sets the following levels for construction noise:
45 dBA for recedving resldential property if the aite ia
located in a reaidential district 10pm - Tam

47 dBA for recelving residential property if the site i
located in a commercial distcict 10pm - 7am

50 dBh for receiving realdential property if the site is
located in an induatrial disteict 10pm ~ 7am.

9-11
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All states except New Jersey allow duratlon adjustment to the
above levels that increase the allowable level for shoct durations,

Coloraddo and Macyland reduce allowable levels by 5 dbBA for
impluaive nolses., Nedw Jerncy states that any impuleive nolse la
excessive If it exceeds 80 dBA (presumably at recelving lond}. New
York allows no impulsive nolse over 120 dBA (preoumably measured
at 400').

Washington ia the only state that precopts local control
of conatruction nolse leveln, Wasington mandates local ocdinances
that are conaistent with state regulations, unless the local govern-
ment can phow special ciccumstances requiring diffecent levels,

Macyland, New Jerpey and Washington give a specific exemption
for emergency work. Only Washington and Macylan] specifically
provide for varlancen to the standardn, Washington, New Jecsey and
Macyland subject state conatruction activities to the state law.
FOREIGEN REGULATIONS

France, Weat Germany and Japan ace the only foredgn
pationa which have nolse emisaion standards currently in force
that affect new wheel and crawler tractors. France end Japan
require only a statlonary cated speed or high-idle test, while
Germany requires stationary, Ardve-by and work cycle teata. France
haa a single regulation which covera all construction equipment
powered by internal conbuntion englnes. It applies to all machines
manufactuced after May 1, 1973, The polse levels requiced by the French

regulation are shown in Table 9-6,

5-12
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Table 9-6

FRENCH CONSTRUCTION EQUIPMENT NOISE
REGULATION

Sound level 8 7 metera  Net Flywheel Uorsepower Range Effective Date

00 Jna less than 200 January 1, 1977
83 200 -~ 300 January 1, 1977
87 300 ~ 500 Janvacy 1, 1977
20 greater than 500 Jenuary 1, 1977

In addition, to the standards listed in Table 5-1 for new machines,
the use of older machinea In France ia restricted if their sound
levela are greater than 83 dBA at 7 metere,

The G?man 1aw requirea 2 or 3 teats for each mochine, deperding
on tha machine type. Sound levels prescribed by the German law
are ahown in Table 3-7. In additlon, total conatruction site noliee
ia limited according to the type of fmrromnm property.

Japan has set a single standard of 75 dBA at 30 metera (approxi-
mately 81 dBA at 15 meters) for all conatruction equipment, However
the variouna regions within Japan can inplement use featr.tct;iona
or other means to reduce conatruction noisa, ‘

Vienna, Buatrin has set a comstruction polea atandard of 100
4BA at ) meter (opproximately 70 dBA at 14 meters) and Canton and
Bern, Switzerland have sat a standard of 85 dBA at 7 metera (approxi—

mataly 78 a8A at 15 meters) .,

9-13
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Other apptoaches to construction noise control uced in foreign
countriea include (1} voluntary standards of recommended practice,
{2) requircments set in construction contracts, (3) general nuibance
iaws and (4) zone type standards. The general muisance and zone
type standards arc the moat widely used methods for regulating

conatruction gite noioe.

Table 3-7
GE[MAN LOADER AND DOZER NOISE REGULATIONS

GERMANY: TRACKED [OADERS

Up to 110 W 111 Kv up
Test Mode {(Up_to_148 hp SAE) {149 hp SAE up)
Sound leveln effective
June 1, 1573
Machine stationary
@ 7 metera 86 as
Work cycle 87 90
pound levels effective
Januacy 1, 1977
Machine stationary a1l B4
Work cycle 83 g6
GERMANY: 'TRACKED DOZERS
Sound levels effective
June 1, 1973
Machine statlepary
8 7 matera 87 90
Machine drive-by
2 10 metera from center 90 92
Work cycle € 10 meters
from center 1 90
9-14
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GERMAN LOADER AND MOZER NOISE REGULATIONS

CERMANY : TRACKED LOADERS

Tent Mode

. Sound levels effective

January 1, 1977
Machine statlonary
Machine drive-by
work cycle

GERMANY: _WHEELED LOADERS

Sound levels effective
Septenber 1, 1972

Machine statiopacy
@ 7 maters

Machine drive-by € 10
metera from center

Work cycle @ 10 meters
from center

Sound levela effective
January 1, 1976

pnachine stationaty
Machina drive~by
work cycle

Table 9-7

up to 110 KW
(Up to 148 hp SAE)

82
87
82

87
90
86

{Up to 150 bp SAE}

82
85
Bl

Germany ~ for construction nolsea

60 aAA measured at recelving (primarily) residential

propecty 6am-10pm

111 KW up
(149 hp BAE up)

B5
g%
85

9
90

{151 hp EAE up)

85
60
a5

70 88A measured at receiving commercial property Gam-~10pm
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AODEL ORDINANCE

The model ordinance presented herein incorporates alternative
provisions and wording selections to facilitate choice ameng the
aspecta of any actual ordinance which will reflect the needs and

. deslres of State and local goverrments. The model should also be

conaidered as part of a total community nolee control ordinarke
sather than ao a sepacate and distinct plece of legislation,
Tharefore, the proviasiona glven herein are only those most relevant
to construction nolse control,

The modal ia directed at either wheel and crawler tractors
specifically, or wheel and crawler tractors as one type of construc-
tion equipment, or one pource of construction noise,

A. Definitions
(1) Ambient sound level is defined am:

The scund pressure level of the all encorpassing nolse ssoo—
ciated with a given enviromment, being usually a compoaite of
pourda from many sourcea, For the purposea of this ordinance,
amblent eound level is the lavel (obtaiped or obtained 90 percent
of time) when the noise level s averaged over a (10-minute)
(1§ﬂn1mtc1 {(1-hour} period {without inclunion of isolated
identifiahle sources). Measurementa of smblent levels shall be
taken at the approximate time and place at which a comparison
is to be made,

9-16
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(2} Coostruction work is defined as:

The on slte crection; fabricationy inotallation; alteration;
demolition or removal of any structure, facility, highway, sewer,
public utility; or all related activities including, but not
reatricted to clearing of land, earthmoving, blasting, land-
scaping and tree trimming.

(3} Construction equipment is defined as;

Ay device denigned and intended for use in construction
work including, but not limited to, any air compressor, pile
deiver, manual tool, bulldozer, loader, pavement bresker, steom
shovel, derrick, crane, eteam or electric hoist,

(4) Pmergency work 1s defined as;

Nork made pecessary to restore public property to a safa
condition following a public calamity or work required to pro-
tect perpona or property fram imminent danger.

work required by public or private utilities when ceatoring
utility eervice,

Work required to restore safe conditions in public streeta.
(5) Person fa defined as:

kny individual, association, partnersbip or corpocation and
includen any officer, employee, depactment, agency, oxr Anstru~
mentally of the UInited Staten, a ptate or political subdivision
of that etate.
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B. Authoritiea (and Dutles) of Administrative Agency

For the purpose of enforcing this ordinance and to promote

nolse abatement from (construction equipment and construction work)

wheel and crawler tractors, the Agency shall have the following

authorities (and duties);

(1)

{2)

{3

(1)

The authority to coordinate the efforts of other local
agenclea including, but not limited to, (building permit
department, planning department, zonlng department, health
department, purchaning department, utilities depactment)
and combine functions where appropriate for the better
enforcement of and to promote the policy of this ordinance.
The authority to review all projects (mubject to review by
other local agencles) which may result in construction nolee
of any type prior to opproval of such projects and to requice
from applicants polse impact statementa including all data
required by the administcative agency.
The authocity to deny approval of such projecta reviewed in
{2) where much projecta present an imminent threat to health
and welface which cannot be ressonably abated, othexwlse to
condition approval of the projects on egpecified sound sbate-
ment. measures to ba taken by the applicant.
The authority to make regulations dealing with the
a. Measurement of {conatruction equipment}, (wheel and

crawler tractors) polee levels or other noise level

measurements,
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(6)

b. Noloe impact statement requicements,

The authority to, upon presentation of proper credentials,

cnter and inspect any private property or place, and inspect

any report or records at any reagonable time when granted per=
mission by the owner. when permission is refused or cannot be
obthincd, a geacch warcant may be obtalned from a court of
competent jurisdiction upon showing of probable cause to

belleve that a viclation of this ordinance may exist. Such
inspection may include administraticn of any neceaanry testa.
The authority to:

(a} If the administrative aguncy has reasonable cause to believe
that any device ia in violatdon of this code, the administrative
agency may order the owner of the device to conduct such tests as
ace necessary, In the oplnion of the administratlve agency or,

to determine whether the device or its operation is in violation
of this code and to submit the teat results to the administrative
agency within ten (10) days after the tests are completed.

{b) Such teats shall be conducted in a manner approved by the
adninistrative ogency. 1If any pact of the test Is conducted at
a place other than the site where the device la located, that
pact of the test shall be certifled by a laboratory acceptable

to the administrator agency. The adniniatrative agency may
requice that the entire test results shall be reviewed and certi-

fied by a professional enginewr,
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{c) The owner shall notify the adminigtrative agency of
the time and place of a test at least seven (7) days before
the commencement of nuch teot. Reasonable facilities shall
be made available for the administrative agency to witness
the test,
(d) If in the opinion of the administrator, teats by the
asdministration are necessary, the adninistrative agency may
order the owner to provide such access to the device as the
administrative agency may reasonably request, to provide a
power soucce sultable to the points of testing, and to provide
allied facilitdes, exclusive of sound level meter, ‘These
provisions phall lx made at the expense of the owner of the
device, 7The owner shall be furnished with coples of the
analytical results of the data collected,
The authocity to;
{a) Require the written registration of (constructlon
equipment) (wheel and crawler tractors). A peciod of 60
daye shall be allowed for the £iling of such ceglstcation,
fiowever, in cases of emergency, the adminiatrative agency may
designate a ghorter puclod of tine,
{h) PRegistration shall be made on forma fucnished by the
administcative agency. The forma may require information cone
cerning the device covered by the reglstration, the sound
level caused hy the device or any additional information
required by the administratlve egency for the pucpose of
enforcing this code. The reglstrant shall maintain

9-20
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(8)

9

the registration in current stotus by notifying the
aoministration of any change In any item of information
fucnished in compliance with this subsection within a
reasonable time, not exceeding thirty days after the change
is made.

(c) Reglstration shall be made by the owner of the device.
1f a reglstrant ia a pactnership or group other than a
corporation, the registration shall be made by one individual
who is a member of the group. If the reglstrant ie a cor-
poration, the registration shall b made by an officer of
the corporation,

The authority to:

(a) DPevelop and recommend for promulgation (to the appro-
prlate authority) provislons regulating the use and opera-
tion 'of any product, including the specification of maximum
allowsble soumd emisaion levels of such product,

(b) DPevelop aod recommend for promulgatfon (to the appro-
priate authority) provisions prohibiting the sale of pro-
ducta which do not meet specified sound emisson lmﬁle;
where the sound level of the product is not regulated by
the United Statea Environmental Protection Agency under
section 6 of the Nolse Control Act of 1972.

Tha nuthority to investigate complainta of viclatlons of
thia chapter and to make Ainspections and obwervations of
envirommental conditions and to institute necesesary pro-
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C.

ceedings to prosecute violationa of this ordinance.

{10) The authority teo delegate authoritles and duties under
this ordinance.

facal Contracts and Purchasen

As used In this sectlon, the tecm "contract” chall mean any
written agreement or legal dnstrument whereby the local govern~
ment ie comitted to expend, or does expend, public funds in
conaideration for work, labor, siecvices, equipment or any com-
bination of the foregoing, except that the term "contract" shall
not Include:

Contracts for financial or other assistance entered into by
the local govermment with any Federal, State or other local
governmental entity or agency.

Contracta, reaolutions, indentures, declacatlons of trust,
or other legal Instruments for 1life authorizing or relating to
{a) the purchase of Insurance, (b) the authorization, lssuvance,
mvacd andd sale of bondd, (¢) cectificates of indebtedness, notes
or other flscal obligations of the local govermment, or decienents
conslsting thereof,

{l) No contract shall be awarded or entered into by the local
government unless such contract contains provisions e~
quicing that:

Devices and activitien which will be operated, conducted,

purchased or constructed pursuant to the contract and which

9-22
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{2)

are subject to the provisions of this Code will be operated,
conducted, or constructed without causing a violation of
this Article, and that should such a violation occur it shall
conotitute a breach of contract.

A further provision shall provide for liquidated damages for
such breach with the amount of damages to be declded by the
local contract officer and the other party to the contract.
The administrative agency of this act, may, pucsuant to local
contracta, recommend to (require of) the local purchesing
agent or other local departments, specificatlona to be
followed in the operation of devices or In construction
activities that will reduce nolse levele produced by such
devicen or activities.

The adminlatcative egency [(may) (shall)) [(require) (recommend)]
to local departmenta pucrchasing equipment for use by the
local government, that eny product which has been certified
by the adninistrative agency of the United States Enviconmental
Protection Agency pursuant to section 15 of the Noise Control
Act a3 a low noiee emlssion product, and which he determines
ia sulteble for use as a subatitute, shall be procuced by
the city/county and used in preference to any other product,
provided that such certified product is reasonably available
and han a procurement cost which is pot moce than (125) per-
centum of the least expensive type of product for which it is
cectified as a subatitute,
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D. Prohibited Acta

It ia a violation of this ordinance for any purson:

{1) To operate or allow operation of (construction equipment)
{wheel and crawler tractors) without the exhaust mufflim
equipment or other sound attenuation devices, such as in-
sulation or shrouwds, which are part of the above equipnent
vhen 80ld an new equipments

(2} To operate or allow operation of (conatruction equipment)
iwheel and crawler tractors) without permits as required
by this ordinance;

(3) To operate or allow operatlon of {construction equipment)
(wheel and crawler tractors) without sound attenuation devices
grequired by the (administrative agency) ({(enfoccement officer)
or to operate or allow operation in a manner not conaletent
with inatructiona given by the (adminietrative agency) (enforce-
ment. offlcer) after such devices or methods of operation hawve
been required 1n ileu of a citation or as a condition of project
approvaly

(A) To tanper with or modify any (construction equipment) (wheel
and crawler tractors) In a mannec which causea increased sound
levela from the above equipment.

E, Time Limitations on (Construction Work) (Operation of Wheel arxd
Crawler Tractors)

It is a violation of this ordinance for any person:
(1) To operate or allow the operation of any (construction
equimment) (wheel and crawler tractors) between the bhours
of xit and xM on weekdays (Including Saturday and Sunday) .
9-24

Ad02 TIBVIVAY 1538




Ad00 SIEVIVAY 1538

e e T

(2}

(3)

)]

(3

NOTE: The night houcs specified by local ocdinances are 14
as a maximen nurber of hours and 7 ao a minimm, The timesn
ranged from 6 to BAM with the times of 108 to 70 moat often
mentioned,

To operate or allow the cperation of any (construction
equipment) (wheel and crawler tractors) at {any time)
{between the hours of xM and xiM) (on Federal holldays).

The time restrictions in (1) and (2) above apply only where
the nolse levels created by such equipment will cause a nolpe
dlatucbance as measured at or acrosa the property line of
{any) (residential) (residential or cormercial) property.

For the purposes of this subsection a nolee dlaturbance shall
mean any nolee which causes an increase of "N" dBA over
mblent levels.

MOTE: This 1s typically stated in local ordipnences as 5 dBp
aver ambjent.

Emergency work shall be exempt fram the time limitationa
ptated in (1) and (2) above (for a pericd of "N houcs and
afiter ™" hourn, emergency wock may only be continued with
the (wrditten) authorization of the {administrative agency)
{enforcement. of ficer).

Yariances (pecmits) allowing operation during the timen ppecified
in (1) and {2) above may be obtained upon a proper showing, as
specified in section G of thia ordinance.
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F. Pecformance Standardg

Discussion

Zone-type standards requlating noise from construction equipment
as found in the ordinances are often too prohibitive. Zone standacds
reflect deslres for the moot quiet where people live, less qulet where
they shop and the least amount of quiet in industrcdal areas. Con-
struction equipment {8 a movable noisc pource and will locate temporacily
in any zone of a local area. It is not the typical statlonary indue-
trial plant (or other atationacy soucrce) which zone atendards are pri-
marily deaigned to contzol. It is unrealiatic to expect a contractor
to have the equipment for the ailent operations that are often required
for residential arean. In short, because of the mobility of copstruction
equipment and the fact that it cannot generally meet many of the levels
specified foc many zones, it should be exempted from zone-type standards,
and this is what many local ordinances have done.

One standard should be applied to conatruction equipment use. Thia
standacd phould be allowed to vary or be flexible where a aituation
might indicate allowance of more or lesas nolse, but one standacd should
be basic to local ordinances no matter what zone the equipment use la

in.
The sama arguments preclude anblent-based standards in that amblent

levels also vary according to lecation,

A more realistic standard for conatruction equipment could elther
be one that prohibite esale of equipment not meeting specified levels,
one that prohibits use of a pacticulac type of equipment that does not
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meet specified atendards or one that prohibits uce of equipment in-
directly, through prohibition of total construction-site levels in
exceas of an acoustical standard.

Sale standacds do not by themselves prevent cxcess nolsep they
do not control nodse caused by degradation of equipment, and they
are gubject to preemption by federal laws, For these ceasona they
should not be the sole basis of a performance standacd.

The remaining two types of standards are presented as (1) and (2)
below, as alternate proviaions with arguments for each stated below
the pections, Another alternate provision (3) combines elements of
(1) anmd (2).

(2) It 4a a violation of this ordinance for any persons to
use, operate, or allow use or operation of any (construc-
tion equipment) (wheel and crawler tractors) that exceeds
{x dBA) when measured at 7 meters from such equipment,
Measurement procedures shall (be in accordance with) (take
into conaideration) relevant SAE measurement proceduces,
NOTE: Conatcuction induatry representatives have spoken
agalnst thle standard because it often does not reflect:
the primary health and welfare considecations dn that 7
meters {approximately 25%), or any such standard dis-
tance from the equipment, may be far removed from persons
naot engoged in the conatruction work. '

On the other hand, this does promote lower levels where
equipment is used In public places, such as downtown areas
ox roadways.
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{2)

{3)

It 12 a violation of this ordinance for any person to use

or operate of allow the use or operation of construction

equipmrent po that the noise level (at the construction site

boundacy) (at 7 meters from the consruction site boundary)
exceods (x dDA) (x leqg).

NOTE: This type of standard considers the impacted area,

but leavea smbiguity where the equipment is not in use at

a defined site with koown boundarlea {such as a public

roaMvay) .

(a) Ieq (Equivalent A-Welghted Sound Level) 18 defined to
to mean the conatent sound level that in a glven altuation
and time pericd, conveys the sam: sound enhergy as the actual
time varying A-welghted sound. For the pucpose of the above
proviaslon, a time perlod (equivalent to the allowed period
for daily operation} {of 1 hour) (ete.) shall be used.

Combines (1) and (2) above.

It is a violation of this ordinance for any person to use or

pperate, or allow the use or operation of eny (construction

equipment) (wheel and crawler tractora) that does not meet

at least one of the following atandarda.

{a) No {construction equipment} ({wheel and crawler tractors)
ahall exceed (N dBA) when measuced at 7 metecs from puch
equipment, or

{b) No (construction equipment) (wheel and crawler tractors)
shall exceed (x dBA) when measured at the conatruction
aite houndary.
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Paragraphs {4), (5) and (6) would be inclixded as paragrapho
{2), (3) and (4) with edthec (1), (2), or (3) above.

(1) On (weckenda (Sundays) (and Federal holidays) the above
allowed levela shall be reduced by x dBA.

{5) Bnergency work or equipment used in emergency work is exempt
from compliance with the levels stated abowe, for a peciod
of x houra, after which time (written) approval of continued
work muat be obtained from the administrator,

(6) Permits (variances) from the above sound levela shall be allowed
in accordance with section G of this ordinance,

Variances (Permita)

{1) Any person may apply for a permit for relief from any nolse
geatcdctions designated in this ordinance. Applicationn for a pec—
mit for relief from the noise restrictions designated in this ordi-
nance on the basis of undve hardship may be made to the adminiatrative
agency or hin authorized representative, Any permit granted by the
administrative agency or his authorized representative shall contain
all cordiitions upon which sald permit has been granted and shall
specify a ressonable time for which the permit shall be effective,
The relief requested may be granted upon good and sufficient showing:

(a) That additional time ia pecessacy for the applicant to

alter or modify his activity or cperation to comply with

thia ordinance, or

{b) The activity, opacation or nolee source will be of

temporacy duration, and cannot ke done in a manner that

would comply with eections of this chapter, ot
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{c) That no other reagsonable alternative ic available to

the applicant, and

{d} Reazonable conditions or requircments may be prescribed

when deemed necessary to minimize adverge effects upon the

camunity, the sucrounding neighborhood, or the public.

(Alternate Varlance Provinion 1)
(1) bAny person may apply for a permit for relief from any nolse roe-
astriction in this ordinance. 1If the applicant can show to the
administrative agency or his deslgnee that a diligent lnvestigation
of avallable nolse sbatement techniques indicates that immediate com-
pliance with the requirements of this chopter would be impractical
or unceadonuble, a paemdt to allew exception from the provisions con-
talned in all or a portion of this chapter may be issued, with approprlate
conditions to minimize the public detriment caused by such exceptions,
Any such permlt shall be of as short duration as posaible, up to six
months, but renewoble upon a showling of good cause, and shall be condi-
tioned by a schedule for compliance and details of methods thecefor,
in appropriate cases. Any persons aggrleved with the decision of
the administrative agency or hia designee may appeal to the city
council,
{Alternate Varlance Provision 2)

(1) 2Any pereon may opply for a permit for relief from any nolse restei-
tion in thia ordinance. The administrative agency is authorized to grant
permita for relief from any proviaslon of this Qrdinance, upon a showing
of good cause, subject to such limitatlons st to arca, nolse levels,
time lim{ts, and other terms and conditions as it determines acte appro-

priate to protect the public health, safety and welface from the nolse
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emanating therefrom.
{2} A permit may be lsoued authorizing noises prohiblited by this
ordinance ao followa:
(a) Application for permit. Applicationn for permits shall
be in writing and ohall contaln the following information:
1. The name, address and telephone nuamber of the
applicont.
2. A qeneral description of the equipment, opparatun, or
other sound source to be utilized, and the area in which
it will be utilized.
3. An estimate of the maximm pound level which will be
generated by the equipment, apparatus, or sound source to
be utilized and the banis for such estimate,
A. The incluaive daten between which the sound will be
genecated,
5. FPacta showlng that the public interest will be served
by the issuance of such permit or that extreme hardship
will accrue to the applicent Af such permit does not issue,
{b) Criteria. Applications shall be filed with the administrative
agency who shall approve or disapprove same within five worklng
dmya. The critecia which shall be considered by the adnlnlstrative
agency in determining whether the requested peomit shall issue
will include, but not be limited to, the following:
1. 'The leyel of the polse for which a permit is sought,
2. The amblent nolise level in the vicinity where the
sound source will be utilized,
9-31
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3. The proximity of the nolse to residential pleeping

facilitien.

4. The nature and zoning of the arca within which the

noise will ananate,

5. The density of the inhabitation of the area within

which the noise wlll emonate.

6. The time of the day or nlght the 1oise will occur,

7. The duratien of the nolse,

8. whether the noise will be recurrent, intermittent or

consgtant,
(¢) Iemuance of Permit. The AMministcative Officer shall lesue
the requested permit unless he £inds, conaldering tha aforemen-
tioned criteria, that the public interest will suffer therehy
and that puch public detriment exceeda the hardship to be
suffered by the applicant if the permit s not issued, In the
event. the Mminlstrative Officer disapprovea the application,
he ghall return same to the applicant with a statement of the
reasona for such action. In approving a permit herewnder, the
Mministrative Officer may impose such conditiona an he deena
necessary to protect the public Interest.
{d) Revocation or Suspension. Any permit 1saved hereunder shall
be revocable amd may be revoked by the Adminintrative Of ficer
-when a fact is found to exist which would have been a gqround foc
refusal to approve same or when there has been a violation of
any of the terma or conditions thereof.
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(&) Appeal.  Any peroon aggcieved by any action of the
Mministrative Officer denying, revoking, or imposing any con-
dition on a permit may appeal such deciolon to the comission
by £iling a written appeal within ten days of such action with
the secretary thereof, When a proper appeal has been filed, the
declslon of the Administrative Offdcer phall be set aside and a
hearing shall be set before the commissicn, noticed and held, all
in accordance with the rules of sald comminalon. The conmisaion
may continue the hearing from time to time and shall render its
decialon within three days after the close thereof, The commission
may:

1. Direct the issuance of the permity

2. Delete, olter, or Impose any term or conxition on

the permit reasonably calculated to alleviate any dere-

liction or protect the public interest; or

3. Uphond the denlal of the permit,
{f) Appeal to Council. Any person aggrieved by any action of
the commisaion upholding the denlal, revocation, or impoaition
of conditions on a permit may appeal such decislon to the Council
by £iling a written appeal within ten days of such action with
the Clerk. When a proper appeal bas been f£iled, the decision
of the commisaion shall be sat aslde and a public hearing shall
be pet before the Council. The hearing shall be formal, except
that the formol rulen of evidence shall not apply. The Council
may continve the hearing from time to time and shall render its
decinion within three days after the close thereof,
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Enforcement Provisiono

()

(2)

3

(4)

(%)

(6)

Any pucson who violates any provision of this ordinance shall

ke subject to a civil penolty of not less than (x$) nor more
than (y$) for cach offense, or injunctive rellef to restrafin
from continuing the violation or threat of violation, or hoth
injunctive relief and civil penalty, Upon application for
injunctive rellef and a finding that a perszon 1a violating

or threatening to violate any provision of this ordinance,

the appropriate court shall grant injunctive relief to re-
strain the violation.

Rny pecson who willfully or knowingly violates any provision

of this ordinance shall be fined for each offense a sum of not
less then (x$) nor more than (y$), imprisoned for a perled

not to exceed 'N' days, or hoth,

Each day of violation of any provinion of this ordinance shall
conatitute a seporate offense,

in Meu of issulng & notice of violation, the administrative
agency may lasue an order requiring abatement of a sound source
zlleged to be in violation, within a reasonable time perlod,

arl acvording to guidelines the administrative agency may prescribe,
An ocbatement order Bhall not be lsaved for any violatieon, when
the administrative agency has reason to believe that it will not
be feanlble to comply with an abatement order.

The administrative agency may order an immedlate halt to any
pound that exposes any pefson to contlnuous sound or to impulasive
sound levels in excess of those levels recognized as hazardous
to health or welface,
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{8)

{%)

(10)

within three days following ipsuance of such an order, the
adminiotrative agency shall apply to the lecal court for an
injunction to replace the ocrder.

No order pursuant to oubsection (6) shall be iboued Af the
only persong exposed to gound levels in excess of those
listed in the ordinance are exposed as a result of treg=-
pass, lnvitation upon private property by the person causing
or permitting the sound, or employment by a contractor of

the person cauaing or permitting the sound.

hny person subject to an order lssued pursuant to subsection
{6) shall comply with such order until the sound is browght
into compliance with the order aa determined by the administra-
tive agency or a judiclal order has superceded the administra-
tive agency’s order.

Any person other than persons responfible for enforcement

of thia ordinance may commence a civil action on his own
behalf (a) againat any person who 1a alleged to be in viola-
tion of any provision of thia ordinance, or (b} against the
adninistrative agency where there 4s alleged a failure of the
adniniatrative agency to perform any act urder this ordinonce
that fs pot discretionary. The lecal couct shall have jurisdice
tion without regard to the amount in controversy to grant such
relief an it deems necessacy.

No action may be commenced:

{a) under subscction (9} (a)
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(11

(12)

(13)

(14)

(15)

(1) prior to thirty days after the plaintiff hao given
notice of the alleged violation to the department
of such violation, or

(1) Aif the administrative agency hags commenced and is
diligently prosecuting an action against the alleged
violator with respect to such violation, but 4in
such action any affected person may Intervenc ag
a matter of cight, or

(b) under suvbaection (9) (b}, prior to thirty days after the
plaintiff has given notice to the saministrative agency
that he will commence such action, Notlee under thia
subaection shall be glven in a manner prescribed by the
adminlstrative agency.

In any actlon under this section the administrative agency,

if not a party, may intecvene an a matter of right,

The couct in issulng any final order in any action brought

pursuant to subsection (9) may at its discretion award cost
of litigation to any party.

No provislon of thin ordinance shall be construed to Impaic

any common law or atatutory cause of action or legal remedy
therefrom of any person for injury or damege rising from any
violation of thia ordinance or from other law,

Severability., If any provision of thia ordinance 1s held to

be unconstitutional or otherwise fnvalid by any court of
competent jurisdiction, thue remaining provisions of the
ordinance shall not be invalidated.

Effective Date, 7Thia law shall take effect immediately.
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Appendix D
DEVELOPMENT OF REGULATORY SIUDY LEVELS

hg discussed in Section 6 - Nolse Control Technology, two candidate
atudy levels for each machine type/classification were consldered. Level
1I corxesporkls to commonly used (retrofit) technology levels achlevable
without major cedesign of the machines and conaistent with lower levels
currently in production, as determined in Sectlon 3 - Paseline Nolee
m.laaion Levels. level II should be feanible for manufacturers of wheel
and crawler tractors to Amplement within a 3 to 6 year time frame acroms
an asserblage of modela, Iavel IIX corresponds to levela believed to
be readlly achievable in production in 6 to 8 years based upon the use
off exiating techniques for quieting individual noise sources and the
eynthenls of engineering and empicical evidence. Achlevement of these
levels in a cost—efficlent manner without degrading pecformance and
maintenance factors requires cedesign of the machine. These two boundacy
levela (Level II and Level IIX), a3 shown In Table B, have been plotted
on each of the parsmatric curves fllustrated in Figures B~1 through B-4,

In addition, depending upon the shapa of the respective cutve, another
point (Level I) was selected t:ypicallly corresponding to a noice emiesion
level midway between cucrent average levels and the Level IX. These .
three leveln geperally bound the range of potential benefits achievable
from impositicn of a noloe emisafon standard and therefore have been
ansessed for ooét end economic impacts.  In developing "not to exceed"

e e e e e AL LY 4 e
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TARLE D-1

.

DESIGN LEVELS FOR HEALTH/WELFARE, COST AND ECONOMIC IMPACT ANALXSIS
{IL.LEVELS II AND III)

LEVEL II LEVEL IIX
MACHINE TYPE/ CURRENT REDUCTION FROM RERUCTION FROM
HORSEPOWER LEVEL CURRENT LEVEL LEVEL II CURRENT LEVEL LEVEL III
Crawler Dozer

20-89 79.5 5.5 74 8.5 71

90-199 g0.0 5.0 75 8.0 72
200-259 64.0 4.0 80 7.0 77
260~-450 B84.0 3.0 81 6.0 78

Crawler Loader
20~-89 79.5 5.5 74 8.5 71
20-275+ 0.0 5.0 15 8.0 T2
Wheel Ioader .

20-134 81.5 5.5 76 8.5 73
135~241 B8l.5 4.5 17 7.5 74
242-348 84.0 3.0 al T.0 77
349-500 84.0 2.0 a2 6.0 78

Utility Tractor
20~90+ 7.0 5.0 72 9,0 6
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requlatory study levels, thege design levels woere adjunted uvpward by

2 dba to account for production and teot variability. The 2 dBA was
nelected based upon an analysis of the vardabllity of machine nolse cmisaion
data. A sumary of "not to exceed” regulatory study levels for each
machine type and initial classification category is provided in Table

B-2,

B~7
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TABLE B~2
SmpY LEVELS (dBh) AND LEAD TIMES FOR EACH
MACHINE TYPE AND INITIAL CLASSIFICATION CATRGORY

Machine Claseification Study Level
Typx (Hp) level I "Tavel 11 Iavel III
Lravler 20~ 89 79 76 13
Dozer
90~-199 80 77 74
200-259 64 82 79
260-450 Limit 86 83 8%
Crawler 20- 89 79 76 73
Loader
90-25 i+ 80 77 T4
Wheel 20-134 a1 18 75
Loader
135-241 g2 79 76
242-348 85 83 79
249-500 Limit 86 84 a0
utility 20~ 90+ T 74 70
Tractor

*"Not to exceed” levelam determined by a High-Idle Statlonacy teat at
15 metera utilizing a four-side arithmetic average of measurements,

B-8
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Mppendix C
INDIVIDUAL OPTICNS

Before arciving at a regulatory schedule, 18 possible
requlatory options were First developed for each machina
type and horrepower classificaticn (Table C-1). These 18
| individual options could be combined to create nearly two

million (1851 combined options, Of these combined options,
24 were studied in detall before selecting the final regula~

tory achedule.
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Table C~1

Regulatory Options fo¥ Lbach Equipment Classification

Options for Crawler Tractors < 200 Up

4200

NG
o
No
No
No
No
No
No
No

opt

Rag
Reqg
Reg
Reg
Reg
Reg
Reg
Reg
Reg
a0
80
g8q
an
80
BO
80
80
a0

ions

280

2340

No
No
No
No
No
No
Ro

No

for

X902

No
No
No
No
No
No
No

77
77
leg
Reg
Reg
Reg
Reg
Reg
Reqg
7
77
80
80
a0
80
80
60
80

282

77
71
17
77
No Reg
No Reg
No Reg
No Reg
No Reg
77
77
77
77
80
80
a0
80
80

Crawler Tractoxsa

981

1381

Ra
No
No
No
No
No
No

83
83
Reg
Reg
Reg
Reg
Reg
Reg
Reg
83
83
86
a6
B6
B6
a6
a6
86

1982

83
83
B3
83
No Reg
Nao Reg
No Reg
No Reg
No Reg
a3
83
83
83
86
86
Be
86
06

1283

77
77
77
77
17
17
o Reg
Mo Reg
No Reg
117
717
17
77
77
17
80
80
80

1284

77
74
17
74
77,
74
77
74
No Reg
77
74
77
74
17
74
17
74
80

200 HP - 450 HP

1983

83
83
83
83
B3
83
No Reg
No Reg
No Reg
83
83
83
a3
83
83
86
84
86

1584

83
a0
a1
a0
83
80
83
80
No Reg
83
80
g3
a0
83
B0
Ba
80
86
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1980

No
No
No
No
No
No
No
No
No

opt
1

Reg
Reg
Raqg
Reg
Reg
Req
Req
Reqg
Reg
B2
82
aQ
a2
82
B2
82
82
82

iona
280

No
No
No
No
No
No
Re
No
No

Ragq
Rag
Reg
Reg
Reg
Reg
Reyg
‘Reg
fleg
a6
86
86
a6
86
86
8s
86
06

forx

Tabla C~1

Continued
options for Wheal Loadera < 250 ie
1981 1982 083
79 79 79
79 79 79
No Reg 79 79
No Reg 79 79
No Reg No Reg 79
No Reg No Reg 79
No Reg No Reg No Reg
No Req No Rey No Reg
No Reg No Reg o Reg
79 19 79
79 79 79
82 79 79
a2 79 79
82 g2 19
82 B2 79
82 82 82
82 62 82
82 a2 82
Wheel Loadera 250 HP ~ 500
1982 1982 1383
84 g4 684
B4 84 B4
No Reg a4 A4
No Regq B4 B4
Ho Reg No Reg a4
No Reg No Rey B4
Ko Reg No Reg No Reg
No Reg No Reg No Reg
-No Fegq No Reg No Rag
Ba B4 L
a4 4 84
86 a4 64
86 084 84
86 86 84
86 86 B4
8a B6G B&
86 B6 B6
86 86 86
C~3

He

79
76
79
76
79
76
79
16
No Reg

76
73
76
79
76
79
76
82

1984

84
BO
a4
20
34
;1))
a4
X
No Heg
pd
aa
a4
1)

8b
B4
80
86

b e e i e T Tt e W ISR AT
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Tahle C~1

Contlnued

Options for Wheel Tractors

1980 1981 1982 1983 1984
1 No Reg 74 74 74 74
2 NoO Reg 74 74 74 70
3 No Reg No Reg 74 74 74
4 No Reg No Reg 74 74 70
5 No Reg No Reg No Reg 74 74
6 No Req No Reg No Reg 74 70
7 No Reg No Reg No Reg No Reg 74
8 No Reg No Reg No Reg No Reg 70
9 No Reg No Reg No Reg No Regq No Reg
10 17 74 74 74 74
1L 17 74 74 74 70
12 17 77 74 74 74
13 77 77 74 74 10
14 77 77 77 74 T4
15 77 77 77 74 70
16 77 77 77 77 74
17 77 77 77 77 70
18 77 77 77 77 77
|
I
|
|
t
J
!
Q-4
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Appendix D
DBACKGHOUND INFORMATION

In order to obtain the most accurate data available for uge 4n
the develogment of the proposed regulation, EPA's Office of Nolse Abatement
and Control has gathered information from many sources. EPA has contracted
with three consulting fimms to provide support in developing the necessary
data for setting the proposed nolse emisnion levels for wheol and crewler
tractors. Sclence Applications Inc., nolse control consultanta, provided
support for the technology analyals ond development of a teat methodology.
Suppoct for the economic analysis was provided by Energy Resources
Company, Inc., of), Cambridge, Massachusetta. Demes and Moore, consultants
in the envicomment and applied earth sclences, provided support for
the preparation of the Environmental Impact Statement, EPA also utilized
the information gathering services of Informatics, Inc. Additionally,
in conjunction with EFA, the Acmy Mobility Equipment Pesearch ond Development
Command MERDOMM) has conducted an independent fleld test progtam to measure
the sound levela of wheel and crawler tractors,

EPA personnel and contractor personnel have contacted manufacturerns,
dictributors and usera of impacted equipment in an effort to conotruct
a complete picture of the Andustcy., In addition to correspondence amd
telephone contact, many visita were made to manufacturers to collect,
discusa, and exchange informatlon. Information was also sought from
trade associations, industry, and state and local officials concerned

with nolse control. A list of contacts ia presented in Tablea =)

through D-7,

-1
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Table D~1

Manufacturera of Construction Wheel and

Crawler Tractors and Contacts

Allis - Chalmers, P.O,Box 521, Topeka, KS 66601
Avin Acker
John I4gan
Gene Nicely
Gerald Nixon
ATP
Loyl Molby
J.I. Caze, 700 State Street, Racine, Wi 5304

Carl Batton
John Crowley

Catorpillar Tractor Co., Peorla, I 61629
Lester Bergaten
Lester Byrd
John McNally
G.H. Ritterbusch

Clack Equipment Co., 324 F. Dewey Gtreet,
Buchanan, MI 49107

Edward Donahue
Robert: Hand
bPaniel Kella
pPeere & Co., John Ceere Rd., Mollne, I 61265
Jamed F. Acndt

Digmor Equipment & Englneecing Co,, Ine,
1435 Weat Park Avenue, Redlands, CA 92373

Lawrence Millec
bynamic Induatcies Inc,
Oliver Gordy

D2
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Table D=1 {cont'd)

Eaton Coporatien, 1 Trojan Circle, Batavia, NY 14020

J. C. Sprague
George Cochy
Michael J. McCormick
Flat-pllis, 300 8. 6th Street, Springfleld, IL 62705
J.B. Codlin

Ford Motor Co., The Merir .3 Road, Dearborn, MI 48121

John U. Damian
George Randall

Geperal Motors Corp., Terex Diviasion, Hudson, Chlo 44226

Kelth Cherne’
E. Ratering

Intexnational - Barvester, 10400 W. North Avenue
Melrose Pack, 11, 60160

J. R. Prosek
J. C, Iaegeler
J. W Aurek
HyMatic Corp., 1635 Plttman Ave,, Sparks, Nevada 09431

John Stone
Edward Wakeman

Massey Pergueon Limited, 12601 Southfield R4., P. Q. Box 322,
Detrolt, MT 48232

Robert Bushong
Owatonna Mfg. Co., Inc. R.0. Box 547, Owatonna, MN 55060

David Blinne

p-3
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Teble D=1 (cont'd)

Taylor Machine wWorks Inc., P.0.Dox 150, louisville, MS 39339
J.1. Monk
TCI Power Products Inc., DBenson, MN 56215

wWilliam Laugum
Calvin Schwalbe

wWaldon Inc.
Willarcd Partell

Melvin Cacnelson
Vernon Schmidt

n-4

z
E
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Table D~2

Other Equipnent Manufacturecs and Contacts

Athey Products Corp., P.O. Box 669, Raleigh, N.C. 37602
Iarry Lloyd

AVCO Corp., 1275 King Btreet, Greemwich, Conn. 06631
¥Williem D, Sheeley

Beacon Machinery, Inc,
Marrietta Griskell

Bucyrun-Erde Co., 1100 Milwaukee Ave., Milwaukee, WI 531172

Burcows Fquipment Co.
James Tratta

Charles Machine Workas, Inc., 1959 W. Ditch Witch K.
Percy, OK 73077
G. SBtangl
Gene Goley
J.D, Grim

Dact Truck Company, Dox 321, Kansas City, MO 64141
Iacky Jamen

EMM Mining Machinery, P.O.BOX 1211, Balt Lake City, Utah
- Rolf Knopp

Erickson Corp., Clear Rum R4,, B, O, Box 527, ubois, Pa. 1580
Mr. Spickett

Gehle Co., 143 Water Street, West Pend, WI 53095
John Leverena

Gladden~ Haes :
Mc. Gladden . |

Hydca Mac, Inc,, Box N, Thief River Falla, MN 56701
Bruca W. Btelger

Byntex Co,, Lloyd Bldg., Fortland, OR 97232

J.C.B., Excavatocs, Inc,, P.0. Box 207, Whita Macch, MD, 21162
Jeffery Boswal}
D, McKeever

-5
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Table D=2 (cont'd)

Koehring Co., Lorain Division, P.O. Box 4294, 409 Signal Mountain Rd.,

Chattanooga, 1IN 37405
Williem Heysen

Kocheing Co., Parsons Division, 200 N. Bth Ave, E. Newton, Iowa 50208
Florence Rorbaugh

Komatsu American Corp., 555 California St., Ban Franclsco, CA 94104
Y. Miyajircl

Koyker Mfg, Ca,., Hull,; Iowa 51239
Cliff Gort

Iodal Ine,, East Plvd, Kingford, MI 49801

Ioed Corp., 738 6, 10th Ave, Warsaw, WI 54401
Gercy Petercon

Tong Mfg. N.C. Inc., 1907 N. Main St,, Tarboro, NC 27886
Max Saunders

Lull Engineering Co,, 3045 Hwy 13, 5t. Paul, MH 55111

Marathon Le Torneau Mfq,, 600 Jefferson, longview, TX 75657
Bart McCoy

Macion Power Shovel Co., Inc., 7336 Alrfrieght Lane, Dallas TX 75235
B. Trenacy

Midmact
Richard Kayler

MRS Mfq. Co., P.0. Box 199, Flora, MS 39071
W.0. Ray

Oaks Mfg, Co., Oaka, ND 58474
John Tuoma

Pettibone Corp., 4720 W. Division §t., Chicago, II, 60651
Fobert Blomguist

-6
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Table -2 (cont'd)

Raygo-Wagner Inc., 9401 85th N., Minncapolin, MN 55440
William Bushlem

Rexnoxd, Inc., 777 E. Wisconsin Ave., Milwaukee, WL 53202
Glen Johnson

Sanford Day Co., Inc.
Jean Hancock

gian Equipment Co.
John Swart

Sperry-New Holland, Franklin & Roberg St., New Holland, PA 17557
R.E.Wallin

Stedgler Tractor Inc., 3101 Pirst Ave., North, P.O.Box 6006,
Fargo,tD 56102
John wWalko

Thomaa Equipment Ltd,
Brian Crandlemire

Track Machinery Corp.
Jares Adamczak

Utah International, 550 California 5t., San Franclsco, CA 94104
Ilmar Luele .

Vermeor Mfg, Co., Box 200, Pella, Iowa 50217
John Vandeckert

Versatile Mfg., 1260 Clarence Ave., Winnipeg, Man., Canada
Mr. Blamer

Waboo Conatruction Corporation & Mining Equipment, 2300 N,E. Adama St.,
Peoria, Il 61639
J.A. MoCann
white Motor Corporation., 100 Exieview Plaza, Cleveland, 08 44144
Construction Fqulpmnt Dlv.,

Gone Lockle
Hazrold Maclure

Farm Equipaent: Co,
K:ath Lange

-1
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Table D=3

Trade Rasociations

Americen Road Bullders hssoclation

Assoclated Equipment Distributors
615 W. 22nd Btreet
Oak Brooke, IL 60521

pesoclated General Contractors
1957 E Street, SW
wWashington,n.C. 20036

Construction specification Inst.
Ste 300, 1150 17th Street N.W.
wWashington, D.C. 20026

Construction Industry Manufactucera
assochaticn

Macine Plaza, 1700 E, Wisconsin Ave.

Milwaukee, WI 53202

Engine Manufacturers Assoclation
111 E. Washer Drive
Chicago, IL 60601

Farm and Industrial Equipment Inst.
410 M. Michigan Ave
Chicago, IL 60611

Soclety of Autamotive Enginears
400 Commonwealth Drive
warcendale, PA 15096

D-6

Don Hangon

P. flerman

Act Schmul
John Sirocca

J.A. Gascoigne

H.T. Larmore
wWillian Miller
J.J. Benson

T, Young

James Ebbinghaus
Fobert Hasegawa
Gary Morgan
Hacvey Moxgan, JK.
L.W. Randt

wWilliam Toth
Tom Northrop
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Table D4

PUBLISUERS & EDITORS CONTACIED

construction Publishing Co. Mary Pfeil
New England Construction

Dunn and Ponnelly

Highway ard Hleavy Conatruction Elwood Maschter

Magazine Dee Plotrowaki
McGraw-Hill

Engineering News Recard Jobn Baton

Economica Rr:sgarch Bi11 Reinhardt

-9
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Table D=5

State and ILocal Officlaln

California

Jack Swing, Noise Speclalint
Office of Noise Control
State Department of Health

Albert Optigan, Noise Pollution Specialilst
heoustica Diviadon
Los Angeles Department of Envirenmental Quality

James Dukea, Nolse Abatement and Control AMdministrator

Depactment of Public Works
San Diego Environmental Quality Depactment

Juck Rosa, hasistant Mechanical Englneor

Depactment of Public Worka

Clty and County of San Franclsco
Colorado

Thomag Martin, Noise Abatement Officer
Coloceddo Springs Safety Depactment

Florida

Jeasee Porthwick, Noise Control Program Manager
Florida Department of Environmental Requlations

Robert Jones, Director of Noise Programs

nillshberouwgh County, Enviconmental Protection Commission

Hawall

Mt, Thema Anamidu, Envdronmental Health Specialist
Nolge and Radlation Branch
State Department of Health

Illincls
John Moore, Manager
John Paulaskie, Nolse Supervisor

Division of Nolse Pollutlon Control
11linols Fovironmental Protection Agency

=10
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Tabla D~5 (cont'd)

Maryland

Themas Tower, Director, Moloe Section
Bureau of Alr Quality and Noise Control
Maryland Cnvironmental lealth Administration

Masaachunetts

ponald Scuirea, Senlor Engineer - Nolse Control
Boston Air Pollutlon Contral Commisalon

New Jecaey

Edward DiPolvere, Supervisor of Nodse Control
New Jereey Department of Environmental Protection

New York

Dr, Fred G, Hayg, Director, Nolse Bureau
New ¥ork State Envirommental Conservation Depactment

flenry Watkins, heslatent Director
New York City Bureau of Noire Abatement and Control

Mike Menleon, Chief, Noise Branch - Alr Pollutlon Unit
Nasgau County bepartment of Health
North Carclina
Johnnle Smith, Director, Pivislon of Noise Control
N.C. Department of Health and Environmental Control
Oregon

John Hector, Chief, Noise Pollution Secticn
Ovegon Department of Enviconmental Quality

Pr. Paul Herman, Acoustical Project Manager
Portland Bureau of Nelghbochood Environment

Pennsylvania
Don Kerstetter

Bureau of Alr Quality and Noise Control
Pennsylvania Depactment of Environmental Resourcen

D-11
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Appendix E
INFUTS TO TUE QONSTRUCTION SITE MODEL

Ravised usege foctors and other data have been developed for wheel
andl crawler tractocs as input to the construction site model described

in pection 5. Thetie new data have been used in Table 5-3 through 5-6 .3

to update the data previously publisted {13). A principal revision

has been made to the usage factors which are based upon the houra

of use at each construction aite type for each machine type/clasaifi-
cation category. The revised houcs were developed from: (1) Census
data relating to the estimated number of machines in exlstence and
(2} manufacturers' Information concerning the usage of the various
equipment type/classification categoriea in the various construction

site types; and (3) construction assoclations' estimatea of annual

houra of operation for vaclous equipment types. Summecles of the

eatimates of the mnumber of machines curpently used in construction

st each aite type are shown in Table E-1, Additional estimates for

annual hourn of use for each machine type are ghown in Table E-~2,

E~1
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HMachine Type and Reside

Horsepower Class

TABLE £-1

Estimated Number of Machines in Construction By Site Type

ntial Non-Residential Induatcy  Public

Comerclal wWorks

Total In Total In
Construction FExlstence

Crawler Tractors
(20~299)
(200-450)

Z=3

Wheel Loaders
(20-249)
(25(0~500)

Mheel Tractors

39,019
1,530

15,266
3,688

46,330

32,409
5,726

11,596
2,370

21,880

4,602 7,347
517 536
6,446 8,101
751 126

41,160 19,310

83,360 111,595
8,369 20,500 .

41,410 65,534
6,935 14,652

128,700 135,000




Table E=2

Estimated Average Annual Houra of Use of Each Machine Jn Construction Activity
{Average Yearly Use Mucing Economic Life)

E Machine Type/Clasaification Annual Houra of lge
Crawler Tracter  (20-199) 1300
Crawler Tractor (200-450) 1400
¥heel Loadeca {20-249) 1300
theol Loadecs (250~500) C 2400
¥heel Tractors 1200

| |
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nditionally, Table E-3 providen a revised estimate
of the annual nuwber of conatruction sites of each type
throughout the Unlted States, obtained from Conatruction
Review, Domeatic and International Businees Administraticon
{DIBA) , Department of Commerce, August/September, 1976 of
the annual mmber of construction sites of each type
theoughout the United States, Based upon the Data provided
in Table E-1 through E-3, an e¢stimate of the annual houcs
of operation for each aite type has been obtained as
shown in Teble E~4, Lastly, the data shown in Table
E-4 has been used to compute the revised usage factora
shown in Table 5-3 throwgh 5-6 by first dividing the
values shown in Table E-4 by the total hours each aite
exiata, as indicated in Tables 5-3 through 5-6, and
then by prorating this usage to each respective phase
of conatcuction such that the previously publisbed [13)

relative usage ration are presecved.

E=-4




TARBLE E~3

‘ gaﬁtimated Annual Rumber Of construction Bite Types |

: i
: Conatruction Site Type Annual Number Throughout united Staten I‘
3 Resident ard pemestic Housing 728,000 ‘|
; Non-Residential 87,100 Ii
b Induatcial/Commercial 235,500

public Works 485,224
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TABLE E-4

Estimated Annual Hours of Operation Per Site

Machine Type and Residential Non-Residential Industrial/ Public Works
Clasaification Commexcial

Crawler Tractor

(20-199) 78.9 488.0 21.8 20.2
" (20-4%0) 323 91.7 2.99 1.45
wheel Loaders
(20-249) 26.7 174.0 36.7 22,3
(250~500) 7.02 8.7 4,51 .02
Nhwel Tractors 76.4 301.0 210,0 A7.7
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