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Seetion 1
EPA STRATEGY FOR CONTROL OF MEDIUM AND HEAVY DUTY
MOTOR VEHICLE NOISE

In March, 1974, in accordance with Section 5(n)(2) of the Noilse Control
Act of 1972, EPA published a document in which levels of environmental nofse
requisite to protect public health and welfare were identifiet.l(lj_ Singe EPA
studies have shown that actunl environmental noise levels in many parts of
the country exceed the levels identified ns desirable, n Federal strategy Is

being developed to control environmental noise.

NOISE LEVELS PROTECTIVE OF PUBLIC HEALTII AND WELFARE
As part of the identification of noise levels protective of public health and

welfare, EPA has selected the nolse measures it belleves are most useful for
describing environmental noise and its effocts on people.

Environmental noise is defined in the Noise Control Act as 'the intensity,
duration and the character of sounds from all sources." The measures for
characterizing environment noise must, thorefore, evalunte these factors.
However, the measures must also predict human response and be simple to
monitor if they are to be useful. EPA has chosen two cumulative equivalent
sound level measures as its basic indicators of noise that constitutes a long~
term hazard to public health and welfare. The firgt measure Is the equivalent
sound level (L__), whicl is the constant sound lovel (dBA) that in a given situa-
‘tion and time period would convey the same gound energy as does the actual
time-~varying sound; L oq 16 used as an indicator of long-term hazard to hearing.
A variation of Leq' the day-night sound level (L dn) Is the equivalent sound level
during a 24 hour period with a 10 dB(A) penalty added to events ocourring
between the hours of 10 p.m. and 7 a.m. to account for the ineressed annoyance

caused by noise at night; L an is used as an Indicalor of long-term annoyance.
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The relationships bhetween environmental noise and human response havo
been quantified using the simple measures deseribed above. The human
response examined was a combination of such factors as hoaring interforence,
sleep interforence, speech interfercnce, desire for o tranguil environment \
and the nbility to use telephones, radios, and TV satisfactorily. ‘
The levels identified by EPA as desirable from a public health and welfare
viewpoint are predicated on minimizing the avernge number of people who may
experience an adverse reaction to noise as a result of extended exposure. .
However, different individuals do not have the same susceptibility to ncise.
Even groups of people may vary in response depending on previous exposure,
age, sSoclo-economic status, political cohesivensss and other social varinhles.
In the aggregate, howaver, the average response of groups of people is predic-
table and related to cumulative noise expogure as expressed by L in OF Leq.
Detniled discussions of the relationships between environmental noise and
human response is provided in the EPA document Information on Levels of
Environmental Noige Requisite to Protect Public Health and Welfare with an
Adequate Margin of Safety. Desirahle sutdoor nolse levels are summarized in

Table 1 in terms of yearly equivalent levels which, if not exceeded, would be
safe from n health and welfare viewpoint., Public health and welfare for the
purpose of this nnalysis was defined so as to include personal comfort, well~
being, and the absence of clinical symptoms,

TABLE 1
SUMMARY OF NOISE LEVELS IDENTIFIED AS REQUISITE TO PROTECT
PUBLIC HEALTH AND WELFARE WITH AN ADEQUATE MARGIN OF SAFETY. @

Effect Level in dB Aren .
Hearln L =70 All Areas

Loss . eq(24)
Activity Interference L 3 5B Residentinl

Outdoors o, Areas
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ACTUAL NOISE LEVELS IN RESIDENTIAL AREAS

Studies have heen performed to measure the notse levels in residential
areas and to estimate the number of people subjected to noise In those areas,
Table 2 contains estimates of the number of people residing in urban areas

which arve axposed to noise principally caused by urban traffie, freeway

traffic, and aircraft operations,

ESTIMATED CUMULATIVE NUMBER OF PEOPLE IN MILLIONS

TABLE 2

IN THE UNITED STATES RESIDING IN URBAN AREAS WHICH ARE EXPOSED
TO VARIOUS LEVELS OF OUTDOOR DAY/NIGHT AVERAGE SQUND LEVEL(®

Qutdoor Usrban
L an Excecds Traffic

G0
G5
70
75
80

59.0
24,3
6.9
L3
0.1

Treeway
Traffic

3.1
2.5
1.0
0.9
0.3

Aircrait
Operations

16. 0
7.5
3.4
1.5

0.2

EPA REGULATORY STRATEGY FOR MOTOR VEHICLES

Accordingly, EPA has developed » regulatory strategy that places high
priority on the control of motor vehicle noise. As part of the development

Total

78.1
34.3
12,2
3.7
0.6

The data in the table clearly indicate that motor vehicles are the principal
source of environmental noise in urban areas.

: of the strategy, studies werc performed for EPA that provide information

P, on the relntive noise contribution of different kinds of motor vehicles to
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traffic noise levels in urban areas.

I R

Table 3 gives information on the typieal
gound level at 50 feet of seven types of motor vehicles and olso indicates the
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catimated total daily sound energy emitted into the environment by all in-
service vehicles of cach type. For the purpose of the analysis, trucks and
atutomobiles were divided into groups having different noise emission and
technology characteristics. Ldight trucks were separated from medium and
heavy duty trucks because they have n higher power-to-weight ratio and are
quicter in normal operation, Large passenger cars were separated from
compact and sports cars for the same reason,

TABLE 3
Estimated Total
Typical Sound Level Sound Energy
Motor Vehicles dB {A) at 50 feet KW-Hrs/Day
1. Trucks (medium & heavy) 84 5800
2. Automobiles (sports, compacts) 75 1150
3. Automobiles (passenger} 69 800
4. Trucks (light, pickup) 72 5670
5. Motorcycles (highway) 82 325
6. Buses (city and school) 73 20
7. Buses (Mghway) 82 12

The sound level {dB{A)) at 50 feet {s a measure that sugrests which motor
vehicles will be percelved as noisy by the community when they are opernted
anlone. The daily total sound energy emisaion is useful because it is an
aggregate measure that takes into account the sound energy emission rate of
the vehicle, the number of vehicles operating, and the amount of time they
are operated each day, Neither measure directly relates human exposure or
responge to the vehiecle's noise emission; but when several kinds of vehicles
are operated ih similar situations, these two measures serve to indicate which

are the major gources of noise.
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The data in Tnble 3 clearly indicates that medium and heavy duty trucks
contribute more sound energy Lo the environment than nhy other type of high-
way vehicle and that an individual truck will typically be perceived to be
louder than some other type of motor vehicie, These values are a composite
of noise emitied in both urban traflic conditions and on {reeways, and there
can he little doubt that medium and heavy duly trucks are the major contributor
to traffic noise in many situations.

The Noise Control Act conlains two sections of primary importance for
the control of motor vehicle noise. Section 6 eonteins authority by which EPA
may promulgate product nelse emission siandards for new motor vehicles
that are applicable at the time of sale of such vehicles,

Scetion 18 of the Act requires EPA to promulgate noise emission regula-
tions that include "'noise emission standards setting such limits on noise
emissions resulting from operation of motor carriers engaged in interstate
commerce which reflect the degree of noise reduction achievable through the
application of the best available technology, taking into necount the cost of
compliance, "

Accordingly, EPA has developed and is now implementing a motor vehicle
noisc control strategy based on scetions 6 and 18 of the Act that should prove
to be effective in reducing environmental noise in many areas to the levels
identified as protective of public health and welfare, The strategy calls first,
for the reduction, within one vear of the promulgation of these regulations under
section 18, of the noise from vehicles over 18,000 pounds GVWR/GCWR oper-
eted by motor carriers engaged in Intersiste commerce, to the lowest nolse level
consistent with the noise nbatement technology avallable for retrofit application
during the one year perlod, taking into account the cost of compliance.

Subsequently, under section i, new prodiuct nolse emission standards will
be proposed for medium and heavy duty trucks, and it ia contemplated that
the new product standards will be maintained for new trucks beyond the initial
point of sale through subsequent medification of these initial Interstate Motor
Carrier Regulations pursuant to section 18 to require that vehicles manufactured

e it b e S A R k. Phd 2%



to comply with new product performance standards and used in interstate com-
merees shall maintain the lower noise emisaion levels during operation,

Additionally, it is anticipated that the performance standards in the inter-
state motor carrier regulations relating to clder vehicles will he made more
stringent as more advanced retrofit technology becomes available and the cost
of compliance permits.

The cffect of the initinl Interstate Motor Carrier Regulations will be
naticenble prineipally around highways. The principle noise reduction will be
of the intrusive 'noise peaks, ' which have been widely acknowledged as more
objectionable to people than much lower levels of continuous noIseH) . However,
the reduction of traffic noise to Ievels protective of public health and welfare is
not fersible through retrofit programs alone and must await the replacement of
the current vehicle population by new quiet vehicles in conformance with noise
standards promulgated under Section G.

RATIONALE FOR THE COVERAGE OF VEHICLES QVER 10, 000 POUNDS GVWR/GCWR
. Prior to proposing regulations applicable only to vehicles over 10,000 pounds

GVWR/GCWR, the Apgency analyzed both the relative noise contribution to traffic

noise levels and the typicnl use patterns of different kinds of motor vehicles.

Light trucks and sutomobiles were separated from medium and heavy duty trucks

for the analysis because they have a higher power-to-weight ratio, they are

guieter in normal operation, and they have different uses than larger vehicles.

In addition to their higher noise emissions, medium and heavy duty motor
vehicles are distinguished from lighter vehicles by their typical use for long
distance intercity and interstate hauling, They are, therefore, operated many
more miles par year on the average than light duty vehicles, which nre normally
used for general service and delivery work within a relatively small area.

Medium as well as heavy duty motor vehieles operated by interstate motor
carricrs are in significant numbers constantly in transit between different
jurisdictions, and it would be impractical for them to comply with a different
noise emission standard in different jurisdictions. Thus, "medium duty' as
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well as "heavy duty' moior vehiclos operated by interstate motor carriers
are constriucd by the Agency to be "major noise sources in commerce control
of which require uniform national treatment" under section 18 of the Noise
Conirol Act.

Conversely, gince light duty vehicles are typieally used for general
service and delivery work within relatively small areas and are not usually
subject to the noise emisgion regulations of many different jurisdictions,
national uniformity of treatment of the noise emisslon resulting from their
operation does not appear essential at this time.

The speecifieation of o precise delineation between "light duty" or "small"
vehicles and "medium and heavy duty' vehicles for purposes of regulation is
largely an exercise of technical judgment, EPA has chosen to make that deline-
ation at 10, 000 pounds GVWR/or GCWR In these regulations.

A break at 10,000 pounds GVWR/GCWR is also convenient because most states
use that weight rating as a distinction in their vebicle registration categories,
The Department of Commerce and the Motor Vehicle Manufacturers
Association divide light duty und medium duty vehicles at that weight rating,

In gddition, it is a standard weight category distinction used by the Department
of Transportation In their safety regulations, and compatibility of the Inter-
state Motor Carrier Repulations with the present DOT welght categories is
advantageous because DOT is the Federal enforcement agent.

B e SEEIF TP P IO
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Soction 2

TECHNOLOGY AND COST OF QUIETING IN-SERVICE MOTOR VEHICLES

Section 18{a)(1) of the Noise Control Act requires that noise emission
standards pursuant to that part set limits on nolse emissions resulting irom
the operation of motor carriers which ". . . reflect the degree of noise
reduction achievable through the application of best available technolopgy,
taking into account the cost of compliance. "

In order to imploment this section of the Act, “hest available technology'
and “'eost of compliance' have been defined as follows:

"Best available technology" is that noise abatement tachnology
avallable for retrofit application to motor vehicles that produces mean-
ingful reduction in the nolse produced by vehicles used by motor carriers
engaged In interstate commerce, “Available" is further defined to
include:

1. Technology applications that have boen demonstrated and can be

retrofitted on existing motor vehicles.

2. Technology for which there will ba a production capacity avail-
able to produce the estimated number of parts required soon
anough to allow for distribution and inatallation prior to the
effective date of the regulation,

3. Technology that is compatible with all safety regulations and
takes into account operational congiderations, including mainte-
nance, and other polintion contrel equipment.

"Cost of compliance" means the cost of identilying and carrying out
the mction that musf be taken to meet the specified noise emisslon level,
including the additional cost of operation and maintenance,

Digcugaion of the technology and cost required to achieve specified noise
emiasion levels must be based on an understanding of the sources of motor
vehicle noise. This section describes the noise characteriatics of large
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motor vehicles, the technology available, and the cost of achieving notse
reduction, It specilically discusses multiaxle diesel trucks beeause (1) they
make the most noise, (2) most of the avnilable data relate to these trucks,
and (3} nny regulation which is feasible for such trucks will also he feasible
for othor large vehicles,

The noise produced by a truck depends on the type and the quality of its
component parts. Largoe trucks are nol standardized as are automoldles.
Specialized user needs result in a groutly varied assembly of components,
especially with respect to power train and related equipment. As a resulf,
truck noise can vary considerably from vehicle to vehicle, To illustrate the
extent of this variation, the discussion of noise sources below is preceded

by a brief description of truck components,

GENERAL CHARACTERISTICS OF LARGE TRUCKS
Diesel engines may he naturally aspirated (air {introduced at atmospheric

pressure), turbocharged, or supercharged by the engine itself, The engine
can be located either at the front of the cab (in "conventionzl™ trucks) or under
the cah {in Ycab~over-engine' trucks).

Exhaust pipes may be routed horizontally underneath the body of the
vehicle or vertically to the rear of the cab ~ commonly referred to as a
"straight stack'. A straight stack is usually preferred, because it directs
exhaust fumes away from motorists and pedesirians, Either single or dual
exhnust systoms may be Installed, The engine intake may be situated on or
under the hood in a conventional style truck or to the rear of the cab in either
the conventional or the cab-over~engine (COE) style. Ifit {5 behind the cab,
it may be on the same or cpposite side of the cab #s the exhaust system.

The power~to-weight ratio for a fully laden truck is significantly less
than that for an automobhile, with the result that the necessary torque must
be transmitted through a wide range of geara ~ up to as many as 15, The
torque is usunlly applied to efther one or two drive axles, The number of
axles on the enlire vehicle, including the trailer, can range from 2 to 11, the
limit varying according to state regulations. In general, the greater the




number of axles, the greater the load-carrying capacity of the truel, Corre-~
sponding in part to the number of axles, the number of tires on a heavy truck
trailer combination can range from 10 to 42.

TFigure 1 shows the effect of vehicle speed and engine rpm on engino
noise at 25 ft,. However, noise from the propulsion system is not the only
contributor to the overall noise level. At speeds greater than about 45 mph,
additional noise of significant magnitude i3 produced by the interaction
between the tires and the road surface(ﬁ). The relationship between pro-
pulsion system noise and tire nojse as a function of vehicle speed is shown
in Fipure 2(6' 7). The speed at which tire noise heging to dominate depends
primarily on the type and number of tires on the iruck, the degree of tire
wenr, tire lend, type of pavement, and tire inflation pressurc(s).

COMPONENT NOISE SOURCES AND QUIETING TECHNIQUES

The total noise level produced by a truck is the logarithmic sum of the
Individual nofse levels produced by several different components. These
component noige sources, shown in Figure 3, are ns follows (nof necessarily

'in order of importance)(g):

® Exhaust gystem

Engine cooling fan

Engine (mechanical)

Ajr intake system

Transmission (gearbox, drive shaft, rear axles(s))
Auxiliary engine equipment

Tire/roadway interaction

Aerodynamic flow

» Brakes ]
The first four sources are of major importance for the trucks of concert
hers when they are traveling at low speeds (less than 45 mph)(lo). As
Tigure 2 shows, at higher speeds (greater than 45 mph), {ire noise assumes
& much greater significance. A brief discussion of these major sources is
contained in the following sections,

10
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Figure 1, Propulaion System Noise Versus Vehicle Speed and Engine Speed
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Major Noise Sources Qther Sgurces
A, Engine {Mechanical) E. Transmission
B. Engine Cooling Fan F. Ancillary Equipment
C. Engine Exhaust G. Tire/Roadway Interaction
D, Air Intake System H. Aerodynamic Flow
l,

Brakes

Conventional {C) Cah Cab-Over-Engine (COE})

Filgure 3. Truck Noise Sources and Cab Types
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EXHAUST SYSTEM

Exhaust noige is created when engine exhaust gases cause oscillations I
within the exhaust pipe. These oscillations ave radiated to the atmosphere
at the tail pipe. The noise is a function of engine type, Inductlon gystem,
10) . In addition to being

——

exhaust aystem, and other associnted parameters
radiated from the end of the tail pipe, exhaust noise is transmitted through
the exhnust pipe and muffler walls, Noise is nlso produced by the applica- §]
tion of engine brakes {on trucks so equipped), which assist the wheecl brakes l
by producing a retarding force on the engine. Typical exhaust noise levels
range from 77 to 85 dB(A) at 50 ft, Independent of vehicle speed™), and

can e much higher in trucks which have been poorly maintained.

Although the exhaust system is a major nolse source, significant noise
level reductions can be achieved fairly easily. A good mulffler is mandatory,
and for maximum quieting, adouble-wall or wrapped muffler can be used to
reduce radiation through the walls, Ceonsideration ean alsoe be given to
wrapping the tail and exhaust pipes with insulation, The system must be
free from leaks and should be attached by isolation mounis to the truck {rame,
The location of the muffler in the overall system, the exhaust pipe length,
and dinmeter, and the tail pipe length and diameter should be considered,
although these factors assumo a gradually lessening importance as the
attenuation capability of the muffler increases, Muffler specifications and
suggested exhaust system configurations are currently offered by major
muffler manufacturers for almost every engine, although no universal
muffler exists which is the best for all types of engines.

Exhaust noise glone from trucks equipped with the best avzailable mufflers
typically rangea from 72.5 to 80 dB(A) at 50 ft, These mufflers provide
attenuation of from 9. 5 to 27 dB and are installed on some new trucks as .
standard equipment{lz). A good quality muffler typically costs from $35
to $45, and since the installation is simple, many trucking companijes do it
themselves, Installation costs for elther single or dual systems are about
$15(13’ 14). TFor maximum effect, it is necessary to replace existing flexi-
ble exhaust pipes with rigid pipe and slip joints at a cost of ahout 345 per
side including labor,

e e i e Fam 8 B 4 A S
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COOLING TAN
Trucks penerally use axial fans to draw air through a front-mounted

radintor, The nir cools water which in turn cools the engine, Fan noise
is the result of air flow irrepgularities and is partinlly governed by the
proximity of shrouds, radiators, grills, and radiator shuliers (15). The
noige produced by the fan is vrelated to fan tip speed. Most diesel engines
on heavy irucks reach maximum rated horsepower at about 2100 rpm, At
thig speed, the fan ean bo a major coniributor to the oversall truck noise

level. Typical teuck fans alone exhibit noise levels in the range ol 78 to 83

dB(A) at 50 ft at rated engine speeﬂ(m).

Since noise from a cooling fan increases with the rotational speed, it
is possible to reduce the noise while maintaining the same air flow (to
satisfy the same cooling requirement) by using a lurger fan turning at o
slower spced. In many cases this may require the installation of a larper
radintor, which could result in an expensive modification to the front of the
engine compartment,

It is often possible to install a fan binde that produces less noise while
at the same time providing adequate cooling, Most existing fans are stamped
out of metal with equal spacing betwecen the blades, and they are driven at o
predetermined fixed ratio of fan-to-engine speed by a belt-driven pulley.
This type of fan was not originally designed to be quiet, nor is it partienlarly
efficient in performing its task. In many cases, it can be replaced with a
more sophisticated design that affords a fan noise (not total truck noise)
reduction of from 7 to 12 dB(l’?). The cost s in the range of $40 to $35
including instal]ntion(ls). Overall truck noise can also be reduced by about
1 dB in some cases by incerporniing o venturi-type shroud with a small tip
clearance, ai a cost of ahout $45 including installation,

R ST S
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Trucks are designed to be able to cope with heat rejection at maximum
engine power with litile or no ram air. Since ram air increases with vehicle
speed, fans become leas important at higher vehicle specds and could be
slowed or stopped in many instances. The critical cooling requirement oceurs
when the truck is moving slowly in o low gear but the engine is developing full
horsepower {(e.g. when pulling & henvy load up a long grade). Trucks, un-
like automobiles, usually do not have an overheating problem when the
vehicle is stopped and the engine idles at low rpm. Glven these character-
istics, it is possible for a truck to have o fan which does not operate
continuously.

Fans are now availrble which operate only when additional engine cooling
is required and which idle when tho cooling due to ram air flow is sufficient.
A typicenl Ian of this type has either a thermostatically controlled mechanical
cluteh or a viscous fluid eluteh. The viscous fluid ¢luich permits the fan to
rotate at reduced speeds and the thermostatically controlled mechanical
clutch permits the fan o stop completely when not needed. Fans utilizing
these clutches are about 3 to 10 dB quieter than conventionnl fzms(lg).

A viscous clutch costs about $240 Including about $15 for the suggested
fan binde. A thermostatically controlled meehanical elutch including the
necesgary fittings costs from nhout $285 to $360, plus $40 to $50 for

1nstnllatiun(20’ 21 .

ENGINE (MECHANICAL)

Mechanical noise in internal combustion engines is coused by the
combustion process, which produces the high gas pressures necessary to
force the piston down the eylinder and turn the crankshaft. The rapid rise
in eylinder pressure immediately following combustion ¢creates mechanical
vibrations in the engine structure which arec transmitted through the eylinder
walls, oil pan, rocker nrm, and covers. Some of this vibration is subse-
guently radiated into the atmosphere as acoustic energy.

16

e W et —mra m s e vt



- —

Casoline engines initiaie combustion with a flame which spreads
smoolhly thronghout (he eylinder untit tho fuel=nie mixture is hurened,
Biosol engrines, howover, rely on much highor compreasion ratios (about
17:1 rather than 9:1) to produce spontaneous combustion, This cauges o
more rapld change in preasure in the ¢ylinder, which in turn results in
increased engine vibration and hence higher noise levels than those
associnted with gasoline engines. As v result, the mechanical noise
lavels of diesel engines oflen are as much as 10 dB higher than those of
gasoline englnes 22), he engine mechanienl noise contribution in typieal
diesel-powered trucks is on the order of 78 to 85 dB(A)(zs).

Turbochargers are often used to jnerease tho pressure of the intake
air, This reduces the pressure fluctuations in the enging and, in turn,
lowers the engine noise level (24). However, turbochargers may in some
cases whine, contributing to the overall noise level,

Retrofli metheds of reducing engine noise are gencrally one of two
kinds;

1, Modification of certain exterior surface covers,

2. Installation of acoustic absorption material and acoustic bar-

riers in the engine enclosure,
Engine noise reduclion kits suitnble for a limited number of engine models
are available from o few major engine mamfacturers. These kits consist
of various acoustienlly treated panels and covers and provide a reduction
of about 3 dB in engine mechanical nolse (as opposed to total vehicle noise
ievel) at a cost of 350 to $100 for mutorinls(zs) and, typieally, 330 for

(26). Such kits are {n limited production at this time and have
(27)

installation
not undergone complete durability testing

AIR INDUCTION SYSTEM

Induction syatem noise is created by the opening and closing of the
intake valves; this action causes the volume of air in the system to
puleate. The assoctated noise levels depend upon the type of engine, the
engine operating conditions, and whether it ig turbocharged or naturally
aspirated. Typical intake noise levels nlone vary from 70 to 80 dB(A)(zs).
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The state of intake noise reduction technology is very similar {o that
of exhaust neise reduction, Major manufaciurers are able to provide
assistance in proper selection of air intake systems for all popular engine
models (29). Retrofitting the intake systems of trucks in service consists
of replacing older air cleaners with modern quality, dry element air cleaners
ot an average cost of [rom $100 to $130(30). Intake cleaners and silencers
are mamfactured largely by the major muffler manufaciurers,

TIRE/ROADWAY INTERACTION

Truck tires for highway usage can be classified into two categories
- rib tires and crosshbar tires (also known as lug or cross rib tires), Rib
tires look like automobile tires, with the tread elements oriented circum~
ferentially around the tive. This is the mosl common type of truck tire and
can be used in all wheel positions, Rib tires are used almost exclusively on
steering nxles because of their superior lateral traction and uniform wear
characteristies. Crossbar designs have the tread elements oriented trans-
versely to the plane of the tire. Many trucking companies prefer to usc
crosshar tires on drive axles, since they provide up to 60% greater initinl
trend depth(sl), and hence greater mileage before recapping,

The noise-generating mechanisms of tire/roadway interaction are not
completely understood. It is known that the entrapment nnd release of air
from the tire tread cavities produces noise, Also, it appears thal the
vibration of the tire contributes to the total noise Ievel(32). However, the
effect on noise levels of the large lugs on crossbar tires and of the road
surfnce are not well quantified. The result is that basically all the noise
information available has been obtained experimentally, and tire manu-
facturers do not appear to be ¢lose to any major breakthrough that would
result in crossbar tire designs exhibiting significantly lower noise levels,

There seem to be no conclusive data which indicate any significant
difference in traction properties between rib and crossbar tires under dry,
wet, or jcy conditions Any advantage In traction is probably in favor of

18
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rib tires, becruse they normally provide about 5% more rubber ir. contact
with the road. lHeowever, in snow, sand, gravel, mud, or loose dirt,

where the tire does not come into contact with n firm surface, soine cross-
bars will give better traction than rib tires(aa).

Extensivo measurements of the noise level produced by tires mounted
on the drive axle of a truck-tractor have been conducted by the National
Bureau of Standards and the Department of ’l‘rnnsportntion(M) {sce Fipure
4), ‘Typieal values of the noise level mensured at 50 ft are 63 and 73 (B (A)
at 35 mph for now rib and erossbar tires, respectively, on a concrete
rondway. At 55 mph those levels typically incrense to 75 and 83 dB(A)(as),
regpectively, although higher values are by ne means uncommon. In general,
rib tires produce lower noise levels than erossbar tires, The noise produced
increases with tire wear, reaching a maximum value when the tread is
approximately half worn. An increase in noise level of 5 dB(A) over the
levels of new tires is not uncommon(aﬁ).

Data indicate that some retread tires having a tread composed largely
of pockets which are not vented either around the tire or to the side produce
excessive noise levels by allowing air to be trapped, compressed, and
subsequently relensed as Lhe pockets pass through the footprint area of the
tire, These pocket retreads are responsible for noise levels around 95 dB(A)
at highway specds (37} .

COST OF RETROTFITTING INDIVIDUAL TRUCKS

The noise control infermation given in the preceding section reflects
the state of available retrofit technolegy for each noise source. To reduce
the noise level produced by an existing vehicle, it is necessary to apply one
or more of the modifications outlined, depending upon the vehicle in question

and the overall noise reduction required. For example, more components
of an old, poorly maintained truck will normally need to be modified than
thoge of one in new condition, Also, more treatment will be required for
trucks originally built with vory noisy diesel engines.

18
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TRECINOLOGY AND COST REQUIRED TQ COMPLY WITII A LOW-
SPEED STANDARD

Trontments indicative of what might he required to lower {ruck neise
{other than (rom tire/road interaction) to various levels and the assoeialed
cosis por treatment are listed in Table 4. The noise lavels are lor Tow-
spoed full-throttle acceleration mensured according to SAT J36G6a on an
open gite over n hard surinece, Since the noise levels of individual trucks
vary, not all trucks requiving treaiment wonld require the treatments indi-
cated to meet each noise level. The percentage of trucks in Table 4 that
need each type of corﬁponent change were estimated by an EPA c¢ontractor
from data gathered by a company located in a regulated region of the
country which has been extonsively engaged in retrofitting trucks to reduce
their noise.

The estimated costs Lo achieve 30, 88 and 86 dB(A) are comparable to
the actual costs incurred by that company in retrofitting 7600 large multi~
axle trucks, which arc shown in Table 5(38). The 7600 trucks inchude
both gasoline nnd diesel-powered units, represcnting the proportion of
each type that required retrofit or repair to meet the noise limits.

Very few trucks have actually been retrofitted to achieve a noise
level of 84 dB(A), since fow State and locel jurisdictions have low speed
noise standards at levels below 86 dB(A). The EPA contractor estimated
a range of costs of $292~462 to quiet the average muliiaxle truck to 84
dB(A), while the retrofit service company eatimated that it might coat
8950 to quiet a diesel multinxle truck to that level, Costa should be some-
what Tower for smaller medium and heavy duty trucks, some of which
could e quieted to 84 dB(A).

Thero 18 a practical Timit as to what noise levels can be achieved on
all trucks through the use of retrofit technology, EPA studies have indi-
cated that it 1s not cost-effective and often not feasible to quiet in-service

motor vehicles much helow the noise levels that characterized them when new,

There are trucks in the existing fleet that contain diesel engines that are
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TABLE 4

ESTIMATED COSTS TO RETROFIT TRUCKS TO VARIOUS NOISE 1
LEVELS (According to SAE J366a) IN 1973 DOLLARS

Noise Level Typical Estimated Cost % Trucks Exceeding Avg. Cost Per
dB{A) @ 50' Treatment Per Item § Specified Noise Level Truck Retrofitted L
Requiring Component .
Change
90 Exhaust!  50-100 100% $50-$100
Total $50-5100
88 E:'{hauﬁlt:l 50-100 100% 50-100
Fan® 35 5% 2- 2
Total $52-$102
Exhaust® 100 100% 100
86 Fan® 80 10% 8
Intake® 115 5% 6
Total $114
Exhaust®  100-200 100 $100-$200 ‘
Fan’ 285-400 50% $143-$200
84 Intake® 115 25% $ 20-§ 29
Engines 80-130 25% 3 20-% 33

Totnl $202-$462

1. Muffler and labor--singie or dual system

2, Replaced fan blade

3. Mean cost for muffler and labor, plus additional cost for saome trucks
requiring replncement of flexible tubing, ete.

4. Replaced fan blade and added shroud in some cases

5. Average cost of dry element air cleaner with built-in silencer

6. Muffler and replacement of feasible pipes--single or dunl system

7. Viscous fan clutch and new fan blade in conjunction with shroud,.
Thermostatically controlled clutch

8. Partial engine kit plus installation.
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TABLE 5
ACTUAL COSTS OF RETROFITTING 7600 TRUCKS TO ACHIEVE
SPRCIFIED NOISE LEVELS ACCORDING TO SAE J366a38)

Level 90 dB(A) 88 dB(A) B6 dB(A) 8¢ dB(A)
Actual Cost (1973 §) $45-~100 $50-110 $650-205
Per Truck
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too noisy to be sold in jurisdictions that enforce an 86 dB{A) noise emission
standard at 50 fect. These engines are being phased out of new trucks,

tut they represent an chstacle to limits lower than 86 dB(A) for Interstate
Motor Carrier Regulations that must take hest available technology nnd
cost of compliance into aceount.

Many heavy trucks are custom=built, and it is technologically possible
to replace engines or rebuild in-service trucks to achieve large reductions
in noise emissions. Ilowever, this is not considered to be within the
definition of "best available technology, ' and would involve very high
costs. Even achieving 84 dB(A) for all trucks would require the extensive
use of engine enclosures that nre not currently available and that have not
been adequately tested for safety and compatibility with engine mnintenance
needs,

EPA believes that a noise level of 86 dB(A), measured according {o
SAE J366n, is achievable through the use of best available technology by
almost all medium and heavy duty trucks in the existing fleet. It is alse
achievable by buses, since they use the same engines and tires as trucks.
Trucks are already being retrofitted to rench 86 dB{A) in a number of
states and actual experience indicates that the associated costs were
$50-205 per truck in 1973 for those in-service trucks that had to be
retrofitted.

Additionally, at least one major truck manufacturer hos indicated its
intention to work with suppliers to develop a retrofit noise control package
to bring older trucks into compliance with noise levels already proposed.
This should help provide the retroiit service capability {hat will be needed
to enable vehicles to comply with the Interstate Motor Cnrrier Regulations.

Table 4 indicates that most trucks currently exceeding 86 dB(A)
require only a muffler to be in compliance, and muffler manufacturers
have testified in public hearings that adequate mufflers can be available
in sufficient numbers to permit compliance of all trucks within one year
of promulgation of the Intarstate Motor Carrier Regulations.
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TECIHNOLOGY AN COST REQUIRLED TO COMPLY WITIH A 1NIGI-SPEED
STANDARD

Since engine~related noisc daes notl inerease at high speed above the levels

agsociated with low speed maximum aeceleration, the high speed standard
should exceed the low specd standard only hy the noise differential assoccinted
with the increase in tire noisc at higher speeds, Figure 4 indieated that tire
noise continues to increase as iruck speed increases.

Consgiderable high speed noise roductions can be obtained through the
replacement of '"pocket retread" tives by crossber tires at no inerease in cost
or loss of performance, [owever, crassbar tires begin to dominate overall
truck noise lavels at speeds in excess of 45 mph and a high speed standard of
86 dB(A) might require the elimination of virtually all crossbar tires,

It appears that per-mile cost differentials between tires having different
types of tread may depend on tire composition and terrain as well as on mmotor
carrier recapping policies. A comprehensive study of cost-differentinls -
associated with the use of truck tires of different types is being carried out by
EPA as proparation for possible future tire regulations and/or revisions of the
Interstato Motor Carrier Regulations,

However, due to performance and safety requirements it does not appear
feasible or desirable to require the elimination of all crossbar tires at this
time, It may be desirable to further restrict the use of noisy crossbar tires
in the future, hut such an action requires more data on cost, performance,
anid safety differentials hetween tires of different treads than eurrently is
available,

Accordingly, a four decibel margin has been ndded fo the 86 dB(A) low
speed standard to take tire noise into aceount. Actual experienco indicales
that this will require the elimination of some crosshar tires on heavy trucks !
that have a very large number of axles. [lowever, it should still be possille
for these trucks to operate with crossbar tires on the drive axles,

A comparison of the results of surveys of actual truck noise levels (data
from the surveys {s presented in section 4), indicates that essentially the
same percentages of irucks excceded 86 dB(A) under low speed acceleration
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a8 excecded 90 dB(A) under high speed conditions, nnd also that the per~
centages arc very nearly the same for ench MVMA class of trucks considered
scparately by number of axles, This strongly suggests that the fwo standards
are comparable,

For those trucks that must change from crosshnar tires to rib tires in
ordor to comply with the standards, a small cost penalty may result., Under
a strategy of recapping each tire only once, the cost difference between
croggbar and rib tires is approximately $.23 per thousand miles. TFor a
single drive nxle truck, this represents a cost difference of less than $.001
per mile,

A high-speed noise level of 88 dB(A) would he achievable by two-axle
trucks because they have fower tires than multinxie trucks. A separate
standard was considered for this category, but an analysis of highway noise
levels performed using a DOT Highway Noise Prediction Model indiecated that
reducing the noise emissions of a portion of the truck fleet over 14,000 pounds
by two decibels would have no measurabie effect on highway noise levals,
Accordingly, one high-speed noise limit seemed reasonsble for all motor
vehicles over 10, 000 pounds GVWR operated by motor carriers engaged in
intorstate commerce.



Section 3

INTERSTATE MOTOR CARRIER REGULATIONS

This gection contains a summary of the regulations, a short explanation
of the changes marde in the regulations since the notice of proposed rule-
making, and nn analysis of the relationship between the various test mersure-
ment procedures used to nseeriain compliance of motor vehicles with nolse

cmission standards,

SUMMARY OF THE REGULATIONS
The Intersiate Motor Carrier Noise Emission Standards are applicable to

all molor vehicles above 10, 000 1bh GVWR/GCWR operated by motor carriers
engagod in inlerstate commerce, There are twe interrelated standards directed
to the way in which the motor vehicles are operated while in use. The first is

a requirement that motor vehicles generate no more than 86 dB(A) at 50 feet in
speed zones at or under 35 mph under all conditions. The second is that the
vehicles generate no morce than 90 dB(A) at 50 feet in speed zenes over 35 mph
under all conditions, The intent of these two standerds is to 1imit maximum
propulsion system nolse to the same level in both speed zones, but o provide
an additional margin for tire noise in the high speed zones.

If the nctual vehicle speed (rather than the posted speed limit) were used
in tho regulation, then ehforcement would require the simultanecus measure-
ment of each vehicle's speed and noise level. This would be quite difficult in
the case of a truck operating in a stream of faster-moving passenger car
traffic. To remove this obstacle to enforcement, the standards are keyed to
the speed zone in which the vehicle is operating rather than its actual speed.
This is the rationale for setting the low-speed, high-speed break at 35 mph
rather thah 45 mph, where tire noise could begin to be important.

A stationary engine run~up test standard of 88 dB(A) has been included in
order to permit enforcement at roadside weighing stations. This test will
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typieally he performed over o hard site and is applicable only (o vehicles with
engine speed governors. Tho test is inappropriate for vehicles without
povoernors beenuse of the following:

a,  Wido variability is inlroduced by operator technique and tachometer
errors in accelerating to maximum rated rpm in tests of ungoverned
englnes.

b, Wide variability exists in the maximum rated rpm for ungoverned
engines, and maximum rpm in a stationary run-up test may be far
ahove muximum rpm of the engine when in operation,

¢, The possibility of catastrophic failure exists when an ungoverned
engine {8 acecelerated rapidly to maximum speed when not under load.

Most vehiclos will violate the regulations only when their exhaust sysiems
are faulty, and a visual exhaust system inspection standard has been included
to cover this possibility.

A vigual tire inspection standard has also been included to provide an
effective means of eliminating the noisiest type of tive treat pattern, except
in cases where it can be shown that the vehicle can meet the 90 dB(A) standard
even when using tires whose tread appears to be noisy.

The effective date of the regulations is one year from the date of promul-
gation, EPA has determined that the required retrofit components will be
available within this period and that o one year effective date will net impose
an unduee hardship on the trucking industry.

REVISION OF THE FROPOSED REGULATIONS PRIOR TO PROMULGATION

The Interstate Motor Carrier Noise Emission Regulations which are now
being promulgated Incorporate several changes from the proposed regulations
which were published on July 27, 1973. These changes are hased upon the
public comments received and upon the continuing study of metor carrier noise
by the Agency. In all but one instance such changes are not substantinl; they
ara only intended to further clarify the intent of the proposed regulations.
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The sole substantive change s the deletion of proposed Section 202, 18,
"Standards for Level Sireet Oporalions 35 MPIT or Under.” This seetion was
originally proposcd as it was fell that vehicles which could comply with a stan-
dard of 86 d13{A) under any conditions on highways with speed limits of 36 mph
or less could be driven so as Lo comply with a standard of 80 dB{A) when operated
at constant speed on level sirects with specd limits of 35 mph or less. It was
the intent of the Agency through this scelion o thereby regulate the manner of
operation of the vehicle, by the driver, without Imposing any additienal noise
reduction requirement to the vehicle proper beyond that needed to meet the
86 dBR(A) standard. Substantial questions were raised regarding the validity of
the datn upon which the standard was based, The Agency, upon veview of the
relevant datn, agrees with the comments and accordingly, the Standards for
Level Sireet Operations section has heen deleted.

Those changes made to clarify the intent of the regulations, and the reasons
therefore, are as follows:

Seetion 202, 10 - Definitions

- "Common carricr by motor vehicle, " Mcontract carrier by motor vehicle, "
and "private carrier of property by motar vehicle"” were deleted, In their place,
the definition of "motor corrier" was expanded to incorporate, by reference,
the definition of those terms in paragraphs 14, 15, and 17, of Section 203(a) of
the Interstale Commerce Act (49 USC 303 A), This treatment more closely
follows Seetion 18(d) of the Noise Control Act and thereby insures that any
question as to the definition of those terms will be resoclved by reference to the
bedy of law which Congreas intended to apply to Section 18,

The definitions of "dB(A), " "sound pressure level, "and "sound level," were
changed slighty to be consistent with the definitions of those terms used in the
document "Information on Levels of Environmental Noisc Requisite to Protect
Puhblic Health and Welfare with an Adequate Margin of Safety, ' issued by the
Environmental Protection Agency in March 1974, '"Fast meter response'’ has
been expanded for clarity.
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"Gross eombination weight rating” (GCWR) has been added to avold any
possible confusion over whether the regulation is applicable to combination
trucks (i.e., tractor-trailer rigs) over 10,000 pounds weight rating. The
provisions of Subpart B of the regulation are applicable to all single and com-
bination vehicles over 10, 000 pounds GVWR or GCWR operated by interstate
motor earriers.

"Interstate commerce™ has been modified to insure that any questions
as to its scope would be resolved by reference to Section 203(a) of the Inter-
state Commerce Act, consistent with the reference to that Act in Scetion ia(d)
of the Noise Control Act.

"Person" has been deleted, since (as discussed below) that word i{s no
longer used in Subpart B of the regulations.

UStreet, '" and “official traffic device," have been deleted, since pro-
posed Section 202. 12 in which they were used has been deleted,

"Muifler' has been added to simplify tho lnnguage of proposed Section
202,14, "Visual Exhaust System Inspection."

"Open site™ has been added to further clarify the standards,

Section 202,11 - Effective Date

An effective date of October 1, 1974 was originally proposed for the
rogulntions. The intent of the Agency in the Notice of Proposed Rulemaking
was that the proposed regulations would become effective one year from the
date of promulgation. This intent Is retained in this new section.

Section 202, 12 - Applicability

"AppHeability" was moved to Subpart A of the final vegulations 15 it is
appropriately considered n "'general provision” of the regulntions, It has
been medified to clarify the intent of the Agency that the standards do not
appl'y to nolae emission from warning devices or auxiliary equipment mounted
on maotor vehicles; and that compliance with any provision of Subpart B does
not excuse any motor vehicle from compliance with the other provisions of
Subpart B.
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Subpart 13 - Interstite Motor Careier Operitions

The language used in HSubpart 13 has been changed trom, Moo peraon shaeil
operate, " to "no motor carvier subject to these regulations shall opernte,. 3"
and ihe language In section 202, 20 was medified slightly to conform o this
change, This change is intended Lo reflect more nccurately the intert ol Congress

and these regulations, that they are to establish uniform national nojse rrnicsion

repulations for those operations of interstate motor earriers which rofuivo such
treatment, The revised language clearly imposes sole responsibilily for soeeling
the requirements upon the motor cnrriers which own and operate Lhe suh;o g
motor vehieles. The proposed language, using the broad term "persen,’” wauld
have imposed that responsibility upon the drivers of subjeet motor vehicles ns
well as the companies which operate them. '"Motor carrier, ' as defined in

these regulations, Includes independent truckers who hoth own and drive thotr
own vchieles, The phrase "on an epen site over any surface, " was added {0 the

standards of Subpart B (o further clarify the standards,

Section 202.21 -~ Standard {oy Operation Under Stationary Test

The Innguage of this section has been modified {o further clarify that it
applies only to vehicles which have an engine speed governor. Application of
a stationary run-up test {o vehicles which are not equipped with engine speed
limiting devices could result in engine damage.

Scetion 202, 22 - Visual Exhaust System Inspection

The intent of the Agency in requiring motor vehicles subject to this
regulation to be equipped with exhaust system noise dissipative devices has
been further clarificd through moedification of the language of proposed Section
202, 14, In addition, the exception to the proposed requirement relating to
vehicles with gas driven turbochargers and equipped with engine brakes, which
were demonstrated to meet the other standards of Subpart B, has been deleted.
Such cquipment I8 included in the term "other nolse dissipative device, ' and
therefore need not he treated separately.
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Section 202,23 - Visual Tire Inspeetion

The Intent of the Agency was to specifienlly preclude the use of "pocket
retread" tires which when new arc demonstrably noisler without having any
accompanying benelit in safety or cost over other types of tires. The pro-
posed Section 202,15 has becn modified in response to comments by tire
manufacturers that the regulation as proposed could have covered some types
of tires which are not in fact exceptionally noisy.

Proposed Sectjon 202,16 ~ Enforcement Procedures

This proposed section has heen deleted. As the Noise Conirol Act
places enforcement responsibilities for these regulations with the Department
of Transportation, the section ns proposed added nothing not specified in the
Act.

Proposed Subpart C - Specipl Local Conditions Determinations

The procedures for applying for determinations as called for in Section
18({c)(2} of the Act, will be published by EPA as "procedures' and not as part
of this regulation. Accordingly, Subpart C has been deleted.

Preemption
Under Subsection 18(c)(1) of the Noise Control Act, after the effective date

of these regulations no State or political subdivision thereof may adopt or enforce
any standard applicable to noise emissions resulting from the operation of motor
vehicles over 10, 000 pounds GVWR or GCWR by motor carriers engaged in inter-
state commerce unless such standard is Jdentical to the standard prescribed by
these regulations. Subsection 18(ec)(2), however, provides that this section does
not diminish or enhance the rights of any State or political subdivision thereof

to establish and enforce standards or controls on levels of environmental noise,
or to control, license, regulate, or restrict the use, operation or movement of
any product if the Administrator, after consultgtion with the Secretary of Trans-
portation, determines that such standard, control, license, regulation, or restric-
tion is necessitated by special local conditions and is not in conflict with regula-
tions promulgated under Secticn 18.
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Conversely, Subscction 18(c){1) does not in any way precmpt State or
loenl standards applicable lo noise emissions resulting [rom any operation
of interstale motor carricrs which is not eovered by Federal regulations,
Thus, under the proposed regulations States and localitics will remain free
to enact and enforee noise repgulations on motor carrier operations other than
their operation of motor vehicles over 10,000 pounds GVWR or GCWR, with-
out any speelal determination by the Administrator. Only after a Federal
regulation on noise emissions resulting from a particular Interstate motor
carrier operation has become offeetive must tho States and localitios obtain
a special determination by the Administrator under Subsecction 18(c){2), in
order to adopl or enforce their own usc restrictions or environmental nolse
limits on that operation.

Some interstate motor carrier operations on which no Federal noise
standards or regulations have become effective, and which may, therefore,
be subjected to State and loeal noise standards without any speeial determina-
tien by the Administralor, may indirecily include motor vehicles which are
covered by preemptive Federal regulations. Motor carrier maintenance shops,
for example, may from time to time emit the nolse of trucks undergeing tests
along with noises common to many industrial operntions such as forging and
grinding; and motor carrier terminals and parldng areos include trucks ameng
their many types of noise sources.

In most Instances, compliance with State or local standards on non-
Federally regulated operations of motor earriers is achievable without affecting
the Federally regulated motor vehicles within them. Standards on noise
emissiong from repair shops, for exnmple, can be met by such measures as
improved sound insulation In the walls of the shop, huffer zones of land hetween
the shop and noise-Impacted areas, and scheduling the operation of the shop to
reduce noise at those times of the day when its impact 1s most severe, Standards
on motor carrier terminals and parking areas can be met by a variety of steps,
including reducing the volume of loudspeaker systems by using a distributed sound
system or replacing speakers with two~way radios, reducing noise emissions

from cquipment which is not covered by Federal regulations, installing noise
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borriers arcund noisy equipment, acquiring additicnal land to net as a noise
buffer, and locating noisy equipment such ns parked trucks with operating
rofrigeration equipment as fur as possible from adjacent noise-sensitive property.
State or loeal regulations on noise emissions from motor carrier opersations which
the motor earrier ean reascnably moet by initiating measures such as these are
not standards applicable to noise emissions resulting from the operation of motor
vehicles over 10, 000 pounds GVWR or GCWR, and thus would not be preempted by
the proposed regulations, No special determination by the Administrator under
Subsection 18{c){2) would be necessary. State or local noise standards on opera-
tions involved In interstate commerce such as motor carrier terminals are, of
course, subjoct to Constitutional prohibition if they are so stringent as to place an
undue burden on interstate commerce.

In somo cases, however, a State or local noise regulation which {s not stated
as a regulation applicable to a Federally regulated operation may be such a regu-
lation in effect, if the only way the regulation could be met would be to modify the
equipment which meets the Federal regulation applicable to it. This would be the
casge, for example, if after the proposed regulations hecome effective, a State or
loeality atternpted to adopt or enforce a limit on noise emissions from motor
carrier terminals in urban areas which could not reasonably be met by measures
such as noise barriers or relocating the motor vehicles to which this repulation
is applicable, Such regulation would, in effect, require modifications to motor
vehicles even though they met the Federal regulations and would thus be a regu-
lation applicable to them which would be preempted under Subsection 18(c)(1). It
could not stand if it differed from the Federal regulations, unless the Administrator
made the determinations specified in Subsection 18(c){2), The same would be true
of any State or laral standard on motor carrier operations which could not reasonably
be met except by modifying motor vekicles which comply with the proposed Federal

standardg.
State and loeal regulations on motor carrier operations which are not directed

at tho control of noise, or which include noige control as only one of many purposes
such ns safety, traffic control, and the like, are not preempted by Subsection 18(c)(1)
of the Nolse Control Act and require no special determination under Subsection 18(e)(2)

34




PUSE

|
|
|
|
|

e it B e o

to be adopted or enforeed. Thus, the designation of some streets ns truck rmues,
and prohibition of trucks from cther sireets, by State or local governments, are
valid withoul any speelal determination under Subsection 1B{c)(2).

Auxilinry Equipment Consgideratlions

Some types of nuxiliary cquipment uaed in vehicles opernted by intersiaic motor
carriers are necessary for the comfort or safety of passengers, or for the presor-
valion of eargo, Principal examples of such puxiliary equipment are relrijeration
or air conditioning unils and concrete mixer hodies and drives. The auxilinry equip-
ment nolse emissions for these two types of vehleles, in particular, are at a level
far enouph below other significant components of vehiele noise, as EPA's dain
indieate, to be masked by other noise sources during normal vehicle highway
operations,

Other auxiliary equipment, however, normally operates only when the Lruns~
porting vehicle is stationary or moving nt 8 very slow speed, normally less thun 5
mph. Examples of such equipment include cranes, asphalt spreaders, diteh diggers,
liguid or slurry pumps, air compressors, welders, and trash compactors, The
operation of suel equipment is not intended to be covered by these regulations,

Emergency Equipment and Vehicles

Becnuse of the emergency or safety aspects of their operation the regulatlons
arc not applicable to vehiclea such as fire engines, ambulances, police vang, and
rescue vans when responding to emergency calls. Similarly, these regulations
are not intended to apply to snow plow operations,

Enforcement Procedures, Violations, and Penaliies

Enforcement procedures are to be developed and promulgated under separaie
rule making by the Department of Transportation. Such enforcement procedures
will specily minimum requirements for instrumentation, test sites, and other
conditions necessary to Insure uniformity in testing and a minimum lavel of
precigion,

Enforcement of the standards is contemplated to be more efficient under
some conditions if mensurements are permitted to be made at distances other
than 50 feet under procedures that provide for equivalency to the standards
mensured at 50 feet,
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Sectjon 10 of the Act specifies that any violation of these and any future
regulations established under the authority of section 18 of the Act constitutes
a prohibited act, Any person who willfully or knowingly vielates the regulation
shall be punished by a fire of not more than $25, 000. 00 per day of violation or
imprisonment for not more than one year, or by both, or a fine not exceeding
$50, 006. 00 per day of violation, or imprisonment for not more than two years

or by hath, following a couviction for a previous violation of the Noise Control
Act,

RELATIONSHIP BETWEEN LOW-SPEED MEASUREMENT PROCEDURES
During the Public Ilearings on Nolse Abatement and Control held in San
Francisco in September 1971, testimony was offered to show the variations in
noisa level of a truck as measured under maximum acceleration low-speed
conditions at nine different sites, Compared to a hard surface open site, grass-
covered sites produced noise levels that were 1.5 to 2.0 dB{A) lower, while the
presence of near-by buildings produced noise levels 1.5 to 2.0 dB(A} higher.
This implics that a truck in compliance with a standard as measured over a
soft surface could be out of compliance as mensured over a hard surface unless
suitable correction factors are applied.

In actual practice, highway measurement and enforcoment of the noise emis-
sion standards contained in these reguiations will occur on sltes having surfaces
that range from hard to soft, Maotor vehicles covered by the regulatlons should
have no trouble being retrofitted to comply with an 86 dBA standard as mensured
at a typical roadsite site.

This aame rationale has been used to aet the level of 88 dB{A) for the Sta-
tionary Run-up Test Standurd, The stationary run-up test (SRUT) is n menns
of determining maximum propulsion system noige, A vehicle propulsion system
which emits a given sound power by this test will typieally emit that same value
in use when power requirements are maximum due to conditions of load, accelera~
tion, and grade when mensurement site parameters are comparable.

The stationary standard at 88 dB{A) is approximately equivalent to the low
speed standard at 86 dB{A) because of the different measurement sites uaed.
Bath levels would be the same if both were to be implemented on pavement, or
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bolh on grassy sites. This level would nlso be the same if the J366 maximum
noise test were included in the standards. In a tabular {orm the relationship

between the three test methods is as followas:

Stationary Max-Noige Low
Runup Speed Pasaby J366
Hard Site 88 88 88
Soft Site 86 86 86

SIRUT was developed because tlie Soclety of Automotive Englheers J366n
test, which is almost universnlly performed by vehicle manufacturers, their
customers, and thelr suppliers, is wholly unsuitable for use in roadside
enforcement of n motor earrier regulation because of its technical require-
ments.

In order to obtnin information on the feasibility of using SRUT as an
enforcement test procedure, tests were performed at the International Harvester
Company Truck Engineering Cenier at the request of EPA, Although the datn
collected do not represent 2 sample large enough to have siatistical aignificance,
the experiment is indicative of what relationship can be expected between SAE
J386a, SRUT, and Maximum Acceleration Passby results as measured over a
hard surface, The data are presented in Figures 5, 6, and 7 and Table 5.
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Figure 5, Noise Level of a Large Diesel Truck as it

Approaches and Passes a Microphone in
the J366a Test.
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Iigure 6. Noise Level of the S8ame Truck as
it Idles, Followed by Engine Accel-
eration to Maximum Governed rpm
in the Stationary Run-up Test.
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SECONDS

MAXIMUM ACCELERATION TEST: TRACTQOR PLUS TRAILER (GCW = 72,600 Ib)

Noise Level from the Snme Tractor while Pulling a Lord as it Aceelerates Past a Microphone
in a Pass-by Test.
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Table 5
MEASURED VALULES OF NOISE LEVEL IN dB(A) OF SEVERAL TESTS
ON TWO DIFFERENT TYPES OF TRUCKS,
PASSBY MICROPHONE LOCATIONS ARE ALL 50 FT FROM THE LINE OF
TRAVEL, TACH 50 FT SUCCESSIVELY FARTHER
FROM THE START POSITION.

72,600 LB DIESEL 56,000 LB DIESEL
TEST CAB-OVER-ENGINE CONVENTIONAL CADB
LETITSIDE RIGHTSIDE LEFTSIDE RIGHTSIDE
J366a (Tractor only) 86.4 dB(A) 86.3 dB(A) 87.3dB(A) 87.0 dB(A)
SRUT 86.4 86.8 87.0 89.2
Acceleration Passby
Location #1 87.0 86.3 87.5 88.0
Location #2 86.3 87.0 85,9 87.5
Location #3 85.4 85.8 86,3 88.0
Location #4 86.0 86.8 85.5 87.2

Two large diesel trucks were used for the tests, and in performing these
tests all mensurement conditions were fdentical: paved surface, microphone
located 4 ft high, 50 ft from the source. The same aeries of tests, if performed
at a different site, would be expected to produce results differing.in proportion
to the acoustic reflectivity of the surface between microphone and test vehicle
and due to normal variations in the tests themselves which render them less

' than exactly repeatable.

This example shows essentially the same maximum noise level for all tests.
However, identical results nre not always achievable under such comparisons;
the statistical correlation between J366a and SRUT is discussed below., Maximum
noise measured during acceleration will vary to some extent as a result of the
chance location of the mierophone in relation to the maxdmum noise point in the
vehicle gearshift cycle.
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STATIONARY RUN-UP TEST CORRELATION WITH SAE J36G6a
A very substantial datn base has recently become available that relates the

mensuremonts of truck noise taken using the SAE J366a maximum nc¢celoration
prasg-hy test and the atationary Runup Test (SRUT), The data has heen coliected and
compiled hy ihe Society of Automotive Engineers from several Industrial BOUTCES,

The stationary run-up test consists of measuring the maximum A-weighted
sound level at n distance of 50 feel from the vohicle engine exhaust during
maximum acceleration of the engine from low idle to high idle. The test is
conducted with the transmission in neutrai and the clutch engaged, The inertial
load of the engine durdng rapid engine speed acceleration makes an external
load on the engine unnecessary. SRUT site and sound measurement instrumen-
tation requirements are similar to the SAE ~ J356a requirements. Most truck
weigh stations can meet these site requirements.

The stationary run-up test will be quite useful for enforcement at State
inspection stations and welgh stations, A fleet owner may also use the test
to check his vehicle for compliance. The correlation of the stationary run-up
test with SAE-J366a is vory good. Over B0O different trucks with governed
engines have boen tested per SAE~J366n and per the stationary run~up test
procedure. The results of these tests arc plotted in Figure 8. To better
understand the meaning of the data points in Figure 8, a statisticol analysis
of this information is presented in Figure 9,

The analysis shows that given comparable site conditions the SAE J366a
test yields noise level measurements that are about 0,5 decibels higher on the
average for a given truck than the stationary run-up test measurements, The
standard deviation of the difference between the two measurements was 1.4 dB(A)
for the trucks in the sample, This menans that for 95% of the 877 trucks tested,
the stationary run-up test measurement did not exéeed the SAE J366a measure-
ment by more than 2 dB(A).

The correlation coefficient for the two sets of test results was computed
for a sub-sample of 210 of these trucka, and was found to be 0.71 (where 1.0
represents perfact correlation). The fact that the correlation was so high Indi-
cates that a stationary run-up test can bo used as a good approximation to a lew
speed acceleration test,
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Scetion 4

NOISE MEASUREMENT OF IN-SERVICE VEHICLES

This section presents the results and implications of o number of surveys
of the noise produced by motor vehicles of different lzinds, measured at different
speeds and conditions acecording to several standard test procedures.

Light trucks - those with a gross vehicle weight rating (GVWR) of 10, 000 1b.
or less - typieally produce peak passby noise levels of 64 (o 72 dB(A) at 35 mph
when measured at 50 ft, These noise levels are about the same as thoso pro-
duced by passenger cars at the same speed (40). This result is not surprising,
since the major noise-producing components of light trucks are very similar to
those of automobiles: both are powered by similar gasoline engines, both have
two-axle chassis, and both usually use similar rib-type tires.

Heavy and Medium Duty Vehicles (those with a GVWR or pross combinztion
weight rating (GCWR) of more than 10,000 lb.) can produce peak passhy noise
levels of 95 dB(A)} or more at 50 ft, (41).

Although all vehicles contribute to the noise emitted along streets and high-
ways (which determines the ambient noise level in most urban communitiea (42)),
Heavy and Medium Duty trucks cause a noise problem that ecan be separated from
the problem of motor vehicle noise in general. Heavy trucks emit noise levels
that are so much higher than those of other motor vehicles that they stand out
very noticeably. Noise peaks of 12 dB above thc ambient nolse level from other
traffic are commonly ohserved when a heavy truck passes by (43).
MEASUREMENT METHODOLOGY

: Noise is measured by determining (by means of a sound level metor) the

i magnitude of pressure variations of various frequencies in the air., Sincea
person's subjective estimate of the magnitude of a sound is dependent upon the
relative magnitude of its component frequencies, a weighting network is usually
| employed to match the response of the sound level meter to that of the human '
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ear (1. The most commonly used nelwork is the A-weiphting network, which

is contained in all sound level melers. Noise levels measured on the A-weighled
noisc seale are recorded using the notation dB3(A). Noisc seales other than A, B,
and C arce avallable, bul they require & morve comples analysis procedure, which
is normally not justificd by improved corrvelation with human asscessment (4593,
Beenuse noisc levels ean peak rapidly ns a truck passes by, the sound level metor
1s usually set to "fasl" responsc.

It has been argued thatl the A-weighted sound level diseriminates against
low frequencies and, consequentily, should he replaced by the C-weighted sound
Ievel in molor carrier noise standavds. [lowever, the ear nlso discriminates
against low {requencles so that at low frequencies the sound pressure level must
be comparatively high before it ean cven be heard. This may explain why the
correlations hetween A-weighied sound level and human response are consistently
better than that obtained with the C-weighted sound lovel.

A-weighting has been shown to be a fairly good and consistent indieator of
loudness for a variely of common noises ({6, 47). On the other hand, the C-
weighted level 1s consistently and significontly poorer than the A~weighted level
(48). Insofar as a predictor for speecch interference for a variety of noises, the
C-weighted level 1s very poor as compared to A-welghted level (19). It may be
concluded from the literature thai of all standardized weightings, the A-welghted
gsound level has been the most suceess{ul of these measures as an indieator of
human response. Some improvements could probably be gained by the new
welghting characteristics that hove been suggested recently (N, D, D1, and D2);
however, these have not been nationally or {nternationally agreed upon; thus, no
standnrdized procedures or cquipment exist for them at the present time,

Noise levels decrease with distance [rom the nolse source, so it is important
to specify the distance at which measurements are to be made, For measuring
truck noise, the most usual mensurement distance selected is 50 ft. At closer
distances, slight varintfons in mensurement distance can produce significant
errors in the measured noise level (50); at greater distances, background noise
levels and the presence of nolse-reflecting surfaces can pose problems in site

gelection (51).




In the surveys presented in this section, an eliort was made to maintain
standard conditions at almost all sites, Suitable instrumentation was used;
sound level meters met the requirements of ANSI 81.4-1971, American
National Standard Specification for Sound Level Meters. Microphone enlibra-
tion was performed by an appropriate procedure and at preseribed intervals,

An anemometer was used to determine wind velocily, and microphones were
equipped with suitable wind screens.

Restrictions wero made to prevent measurements during unfavorable
weather conditions (e.g., wind and precipitation), The standard site for pass-
by measurements was an open space free of sound reflecting objects such as
barriers, walls, hills, parked vehicles, and signs., The nearest reflector to
the microphone or vehicle was more than 80 fect away. The rond surface was
paved, and the ground between the roadside and the microphone was covered by
short grass in most cases.

The standard site for the stationary runup test included space requirements
that were the same as for pass-by measursments, and the surfnce between the
microphone and vechicle was paved. Microphones for stationary and pass-by
measurements were located 50 feet from the centerline of the vehicle or lane
of travel, 4 feet off the ground, and oriented as per manufacturer's instructions.
Variations from the standard measurement sites and microphone locations were
allowed if the measurements were suitably adjusted to be equivalent to measure-
ments made via the standard methods. Exact procedures for the tests are included
in the appendix.

SURVEYS OF TRUCK NOISE

Truck noise surveys have been conducted in California in 1965 (52), and 1971
(53), in the State of Washington In 1972 (54), and in New Jersey in 1972 (565), In
1973, EPA contractors conducted additional truck noise surveys of 6,875 trucks
operating at speeds over 35 MPH in the states of California, Coloradoe, lllineis,
Kentucky, Maryland, New Jersey, New York, Pennsylvania, and Texas, and of
2,683 trucks opelrating- under acceleration conditions at speeds under '35 MPH
in the states of California, Colorado, Florida, Maryland, Missouri, Texas,
and Virginia,
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In almost all cases, measurements were made at o distanco of 50 ft from
the center of the first (outer) lane of travel, using A-weighting and fast response
on the sound level meter, In the 1973 surveys, the type of truck and number of
axles were recorded in order to permit detailed analyses of the noise level dis-
tributions for various types of trucks.

In addition, a study of noise levels of 60 trucks produced during a stationary
run-up test was carried out by EPA in Virginia in February, 1974.
ANALYSES OF HIGH SPEED (OVER 35 MPI) SURVEY DATA

Figure 10 shows cumulative probability distributions for the peak passhy
nolse levels mensured at 50 ft under high-speed {reeway conditions In the surveys
conducted prior to 1973, The data shown are for heavy trucks: 5,838 dieael trucks
in California in 1965 (56), 172 combination trucks in California in 1871 (57), 531
trucks with 3 or more axles in Washington in 1972 (58), and 1,000 trucks with 3
or more nxles In New Jorsey in 1972 (59), The data are in close agreement; typi-
eally, 50% of the trucks were observed to exceed 87 to 88 dB(A) and 20% were
abserved to exceed 90 dB(A).

Figure 11 shows that under high-speed freeway conditions, buses are about
2 dB quieter than heavy trucks. Approximately 50% exceed 85 dB(A), and 6%
exceed 90 dB{A). These data were obtained in New Jersey in 1973,

Table 6 shows the mean noise levels and percentages of all trucks with six
or more wheels that were observed to exceed 90. 0 dB(A) under high-speed free-
way conditions in ten states. These data were all obtained in 1573, oxcept for
the Washington state data, which were obtained in 1972, The arithmetic mean
of the percentage of trucks exceeding 90, 0 dB(A) is 23.1%. When the data is
weighted by the sample size obtained in each state, this percentage drops to 22, 6%.
When the data sre weighted by the number of registered trucks above 10,000 1b
GVWR/GCWR, the percentage drops to 21. 0%.
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Table 6

ALL TRUCKS ABOVE 10, 000 LBS GVWR OR GCWR

State

CA
co
IL

KY
MD
NI
NY
PA
X
WA

Source

W. L,
BBN
BBN
BBN
Md. DOT
BBN
BBN
W, 1.
BBN
WA-T2

Moan Noige
Leval

85, 4dB(4) (a)

84.6
89.1
88,8
88,1
87.2
88.8
86.2 (a)
83.7
B6. 6 {a)

Mean Speed

51, Tmph
57.2
61,3
56.5
60.0

§6.1

mean percentage exceeding given noise level:

() medinn

R B

23.1%

% Above
50,0 dB(A)
5. 0%
10,0
42, ¢
40,0
30,0
20.0
43.0
13,6
12,5
18.0



Tgble 7 shows the same results by typo of truck for the nine states in
which datn were obtained in 1973, The mean percentages of trucks excceding
90. 0 dB{A) ranges from 1. 9% of 2~axle trucks to 36. 1% of 5-axle trucks,

A erucinl distinetion must now he made. The fact that approximately 23%
of all trucks observed in these surveys exceeded 90, 0 AB(A) does not mean
that 23%, of all reglstercd trucks ahove 10,000 Is GVWR/GCWR will exceed this
Ievel. This is because larger trucks operate many moro miles per vehicle per
year than smaller trucks do and accordingly show up more frequently in surveys
than their actual numbers would indicate, Tor cxample, 2~axle trucks average
10,500 vehicle miles per year, while 5-axle trucks average 63, 000 vehicle miles
per year {G0).

Using data from the 1972 Census of Transportation - Truck Inventory and
Use Survey (61), the following breakdown was obtained for the population of
registered trucks above 10, 000 Ib GVWR/GCWR,

TRUCK POPULATION OVER 10,000 POUNDS GVWR/GCWR

2-axle straight truck 7.7%
3-axle straight truck 10.6%
J-axle combination truck 2.4%
4-axle combination truck 5.3%
S-axle combination truck 8.1%
Not reported or other 1.9%

100.0%

Tahle 8 shows thnt when these percentages are multiplied by the mean per-
centages of each type exceeding 90,0 dB(A) from Tabla 7, a total of ebout 7% of
all registered trucks above 10,000 1b GVWR/GCWR exceed 90, ¢ dB(A) at freeway :
speeds. ;




Table 7

2 AXLE STRAIGHT TRUCK ABOVE 10,000 LBS GVWR

Mean Noise % Above
State Source Level Mean Speed 90. 0 dB(A)
CA W.L, 81, 0dB(A) (a) - 1.2% T
co BBN 80,4 50. 9mph 1.9 '
IL BBN 83.1 55.7 1,0
KY BBN 82.9 57.7 1.0
MD Md.DOT  83.9 - 3.5
NJ BBN 82,3 55.7 0.6
NY BBN 85.1 59.4 6.0
PA W.L. 81.2 (a) - 0.9 3
™ BBN 78.6 54.6 0.6 '
mean percentage exceeding given
noige level: 1.9%

3 AXLE STRAIGHT TRUCK

CA W.L. 85. 2 (a) (b) - 8.0

co BBN 84,1 47,7 1.2

IL BBN 85.8 54.5 9.0

KY BBN 87.7 59,9 *

MD Md.DOT 87.5 - *

NJ BBN 84,7 57,4 * |
NY W.L. 88. 0 (n) (b) - 26.0 ?
PA W.L. 84,5 (a) (b) - 2.0 _\
TX BBN 84.8 50,6 *
mean percentage exceeding given |
noige level: 9,3% .
(a) median

{b) all 3 axle trucks
* ingufficient data
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Table 7 (Continued)

3 AXLE COMBINATION TRUCK

Mean Noise % Above

State Source Level Mean Speed 90.0 dB(A)Y
CA W. L. 85.2 (a) (b) - 8. 0%
Cco BBN 83.8 51. 9 *
IL BBN 86. 0 55,7 *
KY BIBN 87.8 . *
MD Md.DOT 86,6 - 17.0
NJ BDBN 85,7 h7.2 1.0
NY W. L. 88,0 {a) (b) - 26,0
PA W.L. 84,5 (a) (b} - 2.0
TX BBN 83.0 56.5 *
menn percentage exceeding given
noise level: 10.8%

4 AXLE COMBINATION TRUCK
CA W. 1L, 84.2 (a) - 3,0
co BBN 84.8 49,0 9.0
IL BBN 87.1 54,4 22,0
KY BBN 88.0 61.0 24.0
MD Md, boT 87.9 - 26.0
NJ BBN 86,7 57.7 11.0
NY BBN B8.8 58.8 26,0
PA W.L. 85,7 {a) - 9,0
TX BBN 83,9 56.4 4,5
mean percentage exceeding given
noise level: 15,0%

() median
(by &ll 3 axle trucks
* insufficient data
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Table 7 {Continued)

5 AXLE COMBINATION TRUCK

Mcan Noise % Above
State Source Level Mean Speed 90.0 dB(A)
CA W.L, 85.9 (a) - 7.0%
Cco BBN 87,0 53,7 18.0
IL BBEN 90.2 57.7 51.0
KY BBN 90.6 62.6 56.0
MD Md.DOT 89.7 - 42,0
NI BRBN 88.3 58.7 32,0
NY BEN 9i.2 61.6 4.0
PA W.L, 87.6 {a) - 22,0
X BBN 87.5 57.9 23.0

meah percentage exceeding given

noise level:

(a) median

36.1%
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Table 8
TRUCKS EXCEEDING 90. 0 dBA AT SPEEDS OVER 356 MPIH

IS ——

% of all % of type % of all trucks
trucks above cxceeding above 10, 000 1bs
10,000 1bs {a) 90.0 AB(A) aflected {n)
- 2 axle straight truelk 71, 7% 1. 9% 1, 4%
3 axle straight truck 10.6 9.3 1.0
3 axle combination 2, 10.8 0.3
’ 4 axle combination 6.3 15.0 0.8
5 axlo combination 8.1 36.1 2,9
All other (b) L9 36.1 {e) _0.7
100. 7% 7. 1%

(n) Estimates are for all trucks over 10, 000 pounds GVWR or GCWR,
ineluding trucks not involved in interstate commerce,

(b)  "All other"” includes straight truck with trailer, combinations with
6 or more axles, and combinations not specified in the 1972 Census

of Transportation survey.

(¢) No data available. Percentage exceeding noise lovel is assumed to
be the same as for 5 axie combinations.
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ANALYSIS OF LOW SPEED (UNDER 35 MPH) SURVEY DATA
Table 9 shows the percenlages of trucks above 10,000 lbs GVWR/GCWR
that exceeded 86 dB(A) under low speed acceloration gonditions in various states.
These data were collecied at roadside sites in seven states with acoustic charac-
teristies similar to those of the sites used for the coliection of high speed data,
except in Maryland and Virginia, At these two sites, the paved surface covered
the entire distance between the roadway and the microphone, and there was no
grassy shoulder aren. A site correction factor of -1, 5 dB has been assumed for
the data obtained nt these sites in order to permit direct comparison with the
other datn, most of which was tnken at open sites over a "soft" surface.
A comparison of the results shown in Table 9 with those of Tables 6 and 7
demonstrates not only that similar total percentages of trueks were observed
' to exceed 86 dB{A) under low speed acceleration as exceeded 90 dB3(A) under high
speed conditions, but also that these percentages are very nearly the same for
ench clase of trucks consldered separately, For example, 2% of all 2-axle trucks
axceeded 86 dB(A) under low speed acceleration, whilo 1. 9% exceeded 80 dB(A)
under high speed freeway conditions. TFor 4~-axle trucks, the results are 21%
and 15%, respectively. In this sense, an 86 dB(A) limit under low speed condi-
tions can be considered to he about as stringent as a 90 dB(A) high speed limit.
The calculations in Table 10 yield an estimate that at the present time about
8% of the nationwide truck fleet over 10,000 pounds exceeds 86 dBA during low-
speed acceleration measured at an open site over & soft surface,

ANALYSIS OF STATIONARY RUNUP TEST DATA

EPA conducted o small-seale investigation to determine that the Stationary
Runup Test (SRUT) {s suitable with reapect to practical enforcement, particu-
larly in terma of repeatability, and to check that predieted viclation rates as
enforeed would be consistent with those of the low-speed passby test. A state-
weighing atation in Virginia cooperated by allowing a survey team to request the
participation of drivers as thoy appeared for weighing their trucks. Sixty
trucks were measured by the method outlined in the appendix.
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Table 9

PERCENTAGE OF TRUCKS AT CR ABOVE 86 dB(A)
DURING ACCELERATION BELOW 35 MPH

* insnfficient data
(n). -1.5 dB site correction fnctor assumed (sec text)
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State 2-Axle 3-Axle 4-Axle 5-Axle  All Trucks
California 2% 12% * 20% 10%
Colorado 3 27 24 17

" Florida 1 7 13 36 10
Maryland (n) * 11 20 40 38
Missouri 0 28 27 49 39
Texas 2 13 * 26 17
Virginin (z) * 11 20 42 40
Mean 2% 13% 21% 36% 24%
Excluding
California
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Table 10

PERCENT OF TRUCKS OVER 10, 000 POUNDS
EXCEEDING 8G dB(A) UNDER 35 MPH

% of Trucks Above % of Type Ex- % of Trucks Above

No. of Axles 10,000 pounds {1) ceeding 83 dB{A) 10,000 pounds Affected (a)
2 axle 72% 2% 1.4%
3 axle 13 13 1.7
4 axle B 21 1.1
5 axle 8 a6 2.9
All other (h) 2 36 () 0.7

100% 7.8%

a) Estimates are for all trucks over 10, 000 pounds GVWN or GCWR,
including trucks not involved in interstate commerce,

b) Al other' includes straight {ruck with trajler, combinations with 6

or more nxles, and combinations not specified in the 1972 Census of

‘Transportation survey. :

No datn available., Percentage exceeding nolse level is assumed to be

c)
the same as for 5 axle trucks.
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A represontalive from the Bureau of Motor Carrler Safety explained to
each driver the teehnique required to achicve 2 maximum engine runup., Four
runups were performed {or each trick and the noise level measurements were
recorded.  In mnny eases, the first alttempt by the driver did nol produce the
rapid engine acceleration necessary for the test. Ilowever, in most enses the
test wus performed properly in subsequent attempts.

The nverage of the three highest neise levels obtained from the four tosts
was used to characterize the SRUT level for comparison with the EPA standard
level of 88 dB(A). The consistency of the three highest levels was such that
for 93% of the trucks tested, the range of noise levels was 1.5 dB(A) or less.
Of the small population tested 359 exceeded the noise level standard of 88 dB3(A).

CLASSIFICATION OF TRUCKS INTO CATEGORIES

The studies performed indicate that truck mean noise levels increase with

vehicle size (or number of axles) and speed. Accordingly, regulations have been
promulgated for high and low speed truck aperations in order to quict both engine-
related noise and tire noise.  An effort was also made to develop a suitable classi-
fication for trueks hased on weight or number of axles in order to require the use
of bast available technology in trucks of all sizes.
Figure 12 presents cumulative distributions of peak pass-by noiso levels
over 35 MPH at 50 feet for trucks by number of axles. ‘These data were obtained
in New Jersey in 1973, but the dilfercnees ohserved between different vehicle
classes are typical of other states as well. Mean noise levels for 2-nxle, 3-
axle, 4-nxle, and 5-axle trucks are 82, 86, §7, and 89 dB(A), respectively.
The greatest differcnee in means occurs hetween 2 and 3-axle trucks. Since
this is also the break point between medium and heavy duty trueks, the
Agency examined the [easibility of classifying trucks over 10,000 pounds into
two categories in order to promulgate stricter regulations for smaller vehicles.
Although there is a significant difference between the mean noise levels
of medium and heavy duty trucks, there is considerable overlap in the
distributions of noise levels of trucks of different sizes currently on the
road. ‘The basic problem is that noisy propulsion systems are not confined
to heavy duty trucks. WMany truck manufacturers offer and have traditionally
sold the same engines in trucks having 2 or 8 axles. For example,
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Percentage of Vehicles At or Above Given Noise Leve!
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dccording to MVMA data, 3,65 of all new medium duly (rucks sold in 1972 were
powered by diesel engines similar or identieal to those engines usred on heavy
duty trucks. The same siluation has eharaelerized the use of noisy pnsoline
engines. For this renson, further classification of motor vehicles into
categories over 10, 00U pounds GVWR is not feasible for the low speed standard.

An annlysis of the [easibllity of classifying trucks at speeds over 35 MPH
indicated that 38 dBA could probably be achieved by 2-axle ‘vehicles, since they I
use fewer tires than multi-axle combination vehicles. However, the analysis of t
the environmental impacet of the high speed standard indicated that highway noise -
levels are determincd almost entirely by the noise levels of the heaviest trucks
{those with 4 and 5 axles). 'The additional assumption of an 88 dI3{A) limit on
2-axle trucks above 10,000 lbs GVWR and an 82 dB({A) Hmit on all passenger
cars and light trucks in addition to the proposed standards in the analysis pro-
duced essentially no further deerease In highway noise levels.

The Ageney congsidered limiting the coverage of the Interstate Motor Carrier
Regulations to trucks over 26,000 pounds GVWR/GCWR or to trucks having 3
or more axles because several states had requested that coverage he limited so
that more stringent stote repulations could be applied to the medium duty trucks,

Howover, limiting coveragoe to trucks over 26 , 000 pounds would exclude 56% of
all trucks over 10,000 pounds GVWR/GCWR from Federal regulation, Limiting
coverage Lo trucks over 3 axles would cxelude 729 of atl trucks over 10, 0600
pounds GVWR/GCWR from TFederal regulation,

Even though only n small pereentage (2%) of all medium duty trucks exceed
86 dB(A) at speeds under 35 MPIH and 90 dB(A) at speeds over 35 MPH, the
actual number of trucks exceeding the standard is not small. Since the intent
of Section 13 is clearly to provide uniform nationwide noise repulation for all
vehicles involved In interstate commerce, and since limitation of eoverapge would
allow medium duly trucks to go unrepulated in many states, the Agency has
determined that at this time medium and heavy duty trucks over 10, 000 pounds '
operated in interstate commeree shall be subject lo identical Federal regulations.




POTENTIAL DEGRADATION OF VEHICILES

Since 2 large proportion of medium duty vehicles at the present time have
noige levels that are considerably below 90 dB(A) at specds above 35 MPII, it
has been suggested that degradation of these vehieles could occur until their
noise levels reach 90 dB(A) due to the promulgation of Federal regulations.
At the present time a fow states enforce noise regulations equal to the propoaed
Federal regulations, while in other states vchicle noise is currently unregulated,
Therefore, there is no a priori reason to believe that the change from this situa~
tion to one of Federal regulation should cause any vehicle to become noisier than

it would be otherwise,

Nevertheless, some data are available that can be used o investigate the
likelihood of degradation at speeds in excess of 35 MPH. In Figure 10 surveys
of noise level distributions were presented for certain vehicle populations in
Washington State (1972), New Jersey (1972), and California before and after
state noise regulations were promulgated {1965 and 1871). Unfortunately, the
vehicle populations and other conditions (e.g. speed, grades, and measurement
sitas) were not uniform in pll states. The New Jersey and Washington studies
examined vehicles of § or more nxles, while the 1971 California study examined
only combination vehicles. Since combination vehicles arc the heavier portion
of the heavy trucks having 3 or more nxles, the California noise levels
measured in the 1871 study would be expected to be above the noise levels
measured in the other states.

An analysis of Figure 10 indicates that the 1971 California noise distribution
is about one decibel above the other distributions at noise levels below 84 dB{A).
The distributions are virtuatly identical hetween 84 and 92 dB(A) for nll states in
all years and for all vehicle populations, Above 92 dB(A), the effect of the
California noise regulation is noticeable, since a smaller proportion of
of vehicles are currently above 92 dB(A} in California than in other states.

As expected, no evidence exists to Indicate that vehicles degrade more
when regulated than when unregulated, In fact, since the California noise
level distribution for very heavy combination vehicles (tractor trailers) is
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only one decibel ahove the distribution of medium and heavy trucks in other
staled, the state regulaiion may well bave resulted in a veduction of the nuise
omiasions of trucks that were nlready below 90 dI3(A) prior Lo regulation,

Testimony from mulfier manufacturers during EPA public hearings indi-
cated thal an increased demand for thelr better mufflers has been noted In
noise-regulated areas, These manufacturers and the American Trucking Asso-
ciation (ATA) indicated they had no reason to believe that degradation had
occurred in any stutes with noise regulations.

However, it is possible that when motor carriers replace the mufflers on
their vehieles in order to comply with the Federal repulation requiring an exhaust
system "free from defeets which affeel sound reduction, ' they will oecasionally
chooso o muffler that is not us good as the original equipment. This is unlikely to
oceur with heavy duty trucks because it would lead to violation of the performance
standards. However, il could happen with some medium duty trueks that originally
had noise levels below the standard. The ageney investigated the possibility of
requiring a muffler ""comparable to original equipment, " but this recjuirement was
determined to be undesirable beeause in many cases the original muffler supplied
on old trucks did not sufficiently attentuate noise to meet the Federal emission
standards.

In the event that future studies of the noiso tevels of in-serve medium duty
trucks Indicate that motor carriers are using replacement mufflers that are
inferior to effective original equipment, regulations can be developed to label
mulflers, and the Intersiata Motor Carrier Repulations can be revised to vequire
the use of mufflers comparable or superior to original equipment. Muffler
manufacturcrs already provide information nbout the elfectiveness of their mufflers
on speeifie engine models, although measurement methods vary to some deprec.
Consequently, if degradation is found to cecur, a remedy can be developed relatively
casily.
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Section 5

IMPACT OF THE FEDERAL NOISE REGULATIONS

Three kinds of potentinl impacts nre associated with the promulgation of
the Interstate Motor Carrier Regulations. An economic impact will occur
because motor carriers will ba required to retrofit those motor vehicles that
are not in compliance with the regulations. An impact on highway and urban
noise levels will oceur because many vehieles will be made quieter, Finally,
some States and loeal jurisdictione may be required to alter their existing
regulations because the Federal regulations are preemptive.

ECONOMIC IMPACT OF THE REGULATIONS

According to the annlysis presented in Section 5, approximately 7-8% of
all registered trucks above 10, 000 1b GVWR/GCWR will initially fail to comply
with the standards as measured at typical roadside sites. Until such time as
state and local jurisdictions adopt these standards as their own, the standards
will apply only to motor carriers engaged in Interstate commerce.

There is no direct method for determining precisely how many trucks above
10,000 1b GVWR/GCWR are engaged in interstate commeree. Based on truck
population statistics, industry information, und inputs to thp Advanced Notice of
Proposed Rulemaking Docket, it appears that at least 1, 000,000 of the 5,147,000
trucks above 10, 000 Ib GYWR/GCWR will be affected (6% 63:64,65)

As discussed in Section 3, the heaviest impact of the standards will fall on
multiaxle trucks, and available statistice indicate that an average of $114 was
required in 1973 to bring these trucks into compliance with loeal standerds that
were identical to the Federal Standards.

Since prices of most commodities and services have risen significantly over

the past yenr and appenr likely to continue to rise in the next year, the average
ratrofit cost can be expected to rise also, A reasonuble average retrofit cost
ogtimate for 1975 is therefore $135 per vehicle in violation of the standards.
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If, ns a worst case, it is agsumaed that all 5, 2 million molor vehicles above
10,000 pounds GVWR/GCWR would be required to meet the standards, and that
8% of them would require retrofit at o cost of §135 per vehiele, then the total
direct retrofit ecst could le as high as $56 million.

Although the number and composition of trucks operating in iniersiate
commerce is not known, most of the S-axie trucks are thought to be used for
hauling intercity freight, and most of them arve involved in interstate commerce,
Tahble 10 indieated that this group ol trucks ineluded half of all the trucks over
10, 000 pounds GVWR expected to exceed the standards, Accordingly, the lotal
retrofil cost is likely to he at least $28 million.

In 1670, the average revenuc per intereity vehicle mile for Class I intercity
cearriers of all types wits 91 cents, Tor Class I Intereity carriers of general
freight, average revenue was $1. 24 per intercity vehicle mile, Total expenses
for the latter group of carriers nveraged §1. 20 per intercity vehiele mile. Of
these expenses, wages represented |16 cents; repairs and servicing, 8 cents;
fuel and oil, 3 cents; tirves and tubog, 2 cents; and depreciation and amortiza-
tion, 5 cents. Direct wagoes represent 38% of expenses per intereity vehicle
mile and 52 cents of every truck rovenue dollar, Soeial security taxes, work-
men's compensation payments, and welfare benefits bring total wages to 60 cents
per truck revenue dollarmﬁ).

A retrofit cost of $135 per vehicle is not a2 major burden for the interstate
motor earrier industry. TFor a truck running 50, 000 revenue miles per year,
a $135 retrofit cost represents an incrensed expense of §, 003 per revenue
mile when amoriized over a single year. When this increase is compared
with 1970 average expenses of §1, 20 per revenue mile, it can be seen that
retrofit cost is not an obstacle Lo lower noise emission standards,

Additional coste include loss of revenve resulting from trucks being out of
service during retrofit. Also, the installation of a sultable muifler may in
some cases incrense the back prossure on the engine and in turn increase the
fuel consumption, Considering the wide variety of mufflers available(m) '
however, & significant incrense in back presgure is avoidable.
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Some factors reduce the total cost to the trucking industry, Tirst, the
muffler on a line-haul truck is normally replaced at 1-1/2 1o 2 year intervala,
Thus, of those trucks that require a replacoment muffler, about one-half will
be installing a new muifler even in the absence of the regulations. In these
coges, the cost incurred will be the difference between that for the required
muffier and that for the cne that would have been installed anyway, and the
difference is within the range of a few dollars, Secondly, for those trucks
requiring installation of 2 more efficient fan, the amount of engine power wasted
in driving a fan unnecessarily will be reduced, Standard fans on diesel engines
(GB). The addition of a thermostatically
controlled fan cluich can decrease fuel consumption hy 1 to 1, 5%(69)
reduce operating cost for the life of the truek. With these considerations, the
long-term cost of compliance with the noise regulations may be less than that

typically cohsume 15 to 25 horsepower
and can

given above.
Component suppliers appear to be capable of providing the needed retrofit

components within the one yenr time peried. The muffler manufacturing industry
is capable of significantly expanding its muffler production, precbably by a factor
of two, because it already has the necessary facilities and materiu1(70).

In the case of tires o large mnjority of such trucks will require new tires
within a yenr regardless of the existence of the regulation. There should not,
therefore, be a significant increase in the total truck tire production required,
though there may be a slight shift in production from some tread patterns to
others,

Other retrofit items discussed in Section 3 are in current production, and
no significant problems are forescen in mecting the production levels necessary
to retrofit the small percentage of trucks that will need these items in order to
comply with the standards,

ENVIRONMENTAL IMPACT OF THE NOISE EMISSION STANDARDS

The noiee emission standards impact directly those trucks which presently
make the most nolse and require that they be quieted to levels that are feasible
from a cost and technology standpoint within one year of final promulgation.
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The principal noise reduction will be of the intrusive noise peaks which have
heen widely acknowledped ns more objectionable to people than much lower
lgvels of continuous noise (71), These peaks can be 12 dB or move above
ambient highway noise levels, Therefore, sipnificant noise reduction

will be realized within a year, producing substantial benefits in terms of public
health and welfare as indieated by a deerease in community noise levels neor
highways,

In n study performed under contract to the Environmental Protection
Administration (72)
hourly traffic volume statistics submitied by the Maryland Department of Trans-
portation, This study was carried out using a modified version of the Highway

’ Ldn levels were computed for an interstate highway, using

Noise Prediction Model of the Transportation Systems Center, U.8. Department
of Transportation. Baseline L(ln (day-night sound [evel) levels were computed
using actual distributions of noise levels for varlous classes of {rucks as
measgured in Maryland. Comparison levels were then computed using noige
level distributions corresponding to several alternative regulation sirategies.

Tho results of the study indicated that a 90 dB(A) limit for all trucks above
10,000 bs GVWR/GCWR will produce a 3.6 dB decrease in L for a typical
East Const Interstate highway. This represents n decrease of about 50% in
the averagoe sound energy near the highway.

An additional study of the impact of the Federal regulations has becn per-
formed using the Highway Research Board Design Guide model, This model
is desiphed to perform an analysis of Le q {A~weighted equivalant sound level)
at 50 fect from the right of way of highways during the design hour. The
model was used to estimale the impact of the regulations in both highway and
normal urban condltions.

It wans found that at 50 feet {rom n typical highway, the Leq during the design
hours (peak hour) is 80.9 dB for cruise conditions, This analysis is predicated

on the following assumptions:
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(1} during the worsi iraffic hour there are 7200 vehicles per hour traveling
at an average speed of 55 m.p.h,

(2) the mixture of vehicles is 10 percent heavy duty trucks and 90 percent

medium duty trucks, light trucks, and automobhiles,

(3) the typical highway has 6 lanes of traffic,

The effect of the Federal repulations will be a significant reduction in highway
noise levels, The results of the analysis indicate that 2 years after the operating
rule goes into effect, the Leq for highways during the deslgn hour will have been
reduced by 2.3 dB{A), The level will drop from 80, 9 to 78, 6 dB(A}.

An anglysis of normal urban conditions indicated that on city streets, the A-
weighted equivalent level is 68.1 dB for a mixture of 1 per cent heavy trucks, 6
per' cent medinm truckse and 33 per cent automobiles, traveling at an average speed
of 27 m.p.h.

Tha Federal regulations will affect only a few trucks on city streets because
most of the traffic on urban sireets is due fo automobiles and light or medium
trucks., Thus, the rule will bring shout only a 0,3 dB{A) reduction in noise levels.
A significant reduction in urban noise levels will not occur until medium duty
trucks and automobiles are regulated to lower levels, since they are the dominant
noise source in urbnn areas,

RELATIVE STRINGENCY OI' FEDERAL REGULATIONS AND THOSE OF OTHER
JURISDICTIONS

Jurisdictions with noise regulations planned or in eifect have expressed an
interest in the relative stringency of the EPA regulations because their regula-
tions may be preempted by the Federal regulations, Test methodology and all
techniques of enforecement must be compared in order to assess different regula-
tions in terms of relative stringency. Maximum noise emission levels alone

can be very misleading,

A proncunced effect on noise as measured exists as a result of the surface
texture botween vehicle and microphone. The EPA standards address this prob~
lem in that the stated levels apply to typical roadside sitos with acoustically
soft reflecting surfaces between the vehicle and the microphone,
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Other Tactors nffecting repulnatory stringency in terms of measurement mat -
dology can be as imporiant as site variation, Microphone placement has o eritien!
cffeel on measared noise lovels, One eity nolse regulation ealls for a microphor.:
Iocation 25 fect from the lone edge. This is 31 feet {rom the lane centerline nwn!
ithe regulated level would theoretically need o be L 4B higher than the EDA stand:od
specilies in order to be of similar stringeney (all other factors being equal). In
actual practice, al such close distanees, pround surince reflections would resull
in a difference less than 4 B,

Ancther area of variability deals with enforcement techniques and policien,
The diffieulty in agsessing relative stringency is compounded by the fnct that theer
techniques and policies, as nctually enforced, arc sometimes not made clear by the
written regulations. A western State has a 90 dB({A) highway noise limit but has ol
not to issue citations if the enforecment officers determine that tire noise predami-
nates, As enforced, this standard would he less stringent than an identically woriat
one In a jurisdiction onforcing against totol noise emission, A New England Statc
has a noise repulation which appears to he as stringent as the EPA standards,
and which calls for inereased stringency in the next year. Even though the wording
of its regulation ealls for compliance under all conditions of grade and accelera-
tion, as does the EPA regulation, that State hes chosen to enforce the regulation
under level-road, no-acceleration conditions, ‘The actual violation rate is for
this reason rauch lower than the predicted violation rate for the EPA regulations
and therefore the actual stringency is less.

The categories of vehicles subject to different State and local noise regula-
tions vary. Those regulations which exclude eertrin classes of vehicles are less
stringent as applied than repulations which include thege vehicles. Some local
repgulations are based on measurement tests that are entirely difforent from the
Tedoral tests, Detlermination of the relative stringency in such cases would re~
quire extensive tochnical research,

Where measurement methodology is absent from a written regulation,
relative stringency cannot be determined, Tolerances in measurement condi-
tions or vaguely defined conditions (e. ., measurement distance defined as ''50
feet or nearest property line') and the use of different frequency welghting
scales in differont regulations also make comparison nlmost impossible.
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Table 11 presents information on the noise lmits currently in effect in a

large number of State and loeal jurisdictions, Many of these jurisdictions

currently appear to have regulations identical to the Federnl regulations, but
a3 mentioned, this can only be verified through o comprechensive analysis of

the test measurement and cnforcement procedures used in cach jurisdiction (73) .
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TABLE 11

TABLE I QUANTITATIVE NOISE REGULATIONS FFOR VEHICLE OPTRATION

{(Maximum Levels at 50 fi)

Vehicle
Type

State, County, or City

Limits Under 35 mph dB(A)

Limits Over 36 mph dB(A)

Level All All

Road Roads Change Roads
Only Now Year  Then

All All
Roads Change Roads
Now Year Then

Trucks

California {over 5000 Ib)*
Chieago (over 8000 1b)
Colorado (over G000 1b)
Connecticut

Cook County (over 8000 1h)
Idaho?

Indiana (over 7000 1lh)
Minneapolis {over G0OC 1b)
Minnesota {over 6000 1b)
Nebraska {over 10,000 1k}
Nevada (over 6000 1hy)

New York

New York City (over 6000 lb)

Oahu {over 6000 1h)
Pennsylvania (over 7000 1b)

Sali Lake County
(over GOOO 1b)

82 86 - -
- 86 - _—
82 86 - -
82 86 1975 84
- 86 - -
- 092 —_ -
— 88 _— -
-~ 88 1975 86
-~ a8 1975 86
-~ 88 1975 86
- BG - -
- 88 - -
-— 86 -— —

- 73-86 1974  T3-84

- 90 —— ——
- 86

90 - -
90 - -
90 - -
90 1975 88
90 - -
92 - e
90 - -
90 - --
90 - -
90 - -—
90 -— -
86 1974 84
92 - -

*No citation If tire noise predominates

TAtL 20 {t or more




REFERENCES

1. Information on Levels of Environmental Noise Requisite to Protect Public
Henlth and Welfare with an Adequate Margin of Safely, U, S, Environmental
Proicection Agency, March 1974,

2, Ibid., p. 40.
3. Ibid., pp. B4~b.

4, Effects of Noise on People, NTID 300.7.

§, Trueck Noise I ~ Peak A - Weighted Sound Levels Due to Truck Tires,
National Bureau of Standards Report prepared for Department of Transporta-
tion, Report No, OST-ONA 71-9, Sept. 1970,

6. Ibid,

7. Personal communication with W, H, Close, Department of Transportation,

8, Op. Cit., DOT Report No. OST~ONA 71-0, p. 3-4.

8. "Transportation Nolse and Noise from Equipment Powered by Internzl
Combustion Engines, " U. 8, Environmental Protection Agency, Report NTID
300,13, Dee, 31, 1971, p. 94,

10, [Ibid., p. 100.
11, Ibid., p. 102.

12, "Diesel Exhaust and Alr Intake Noise, " Stemco Manufacturing Company for
Department of Transportation, Report No, DOT-TSC-0ST-73, March 1973,

13, 1bid,

14, Data from Service Engine Company, Cicero, Illinois,
15, Op. Cit., NTID 300,13, p. 103.

18, Ibid., p. 102.

72



17.

14,

19,

- . ——

Wyle Labowatories, personitl communication with Flese-A-Lite Corporation,
Tacoma, Wiashinglon,

Wyle Lahoratories, persconil communiciation with Advaneed Products Group,
While Motor Company, Torrinee, California,

Shipe, M, Iy, , "Operating Prinelples ol the Schwitzer Viscous Fan Drive, "
Sehwitzer Division ol the Wallice-Murray Corp. , Indianapolis, Indiana,
March 1971,

Op. Cit., NTID 300,13, p, 103,

Published literature from Schwitzer Division of the Wallace~Murray Corpo-
viation, Indianapolls, Indiana,

Op. Cit., NTID 300,13, p. 104,
Ibid., p. 102,
Thid., p. 104,

Law, R, M., "Diescl Engine and Highway Truck Noise Reduction, ' Seciety
of Automotive Enginecrs (SAE) Report 730240, Jan. 1973.

Op. Cit., Data from Service Engine Co.

Op. Cil., NTID 300.13, p. 7.

Ibid,, p. 103.

Literature from Donaldson Company, Minneapolls, Minnesota,
Op. Cit., ODT-TSC-08T-73, March 1973.

Davisscn, J,A., "Design and Application of Commercial Type Tires,”
SAE Paper SP 344, Jan. 1969.

Wik, T.R., and Miller, R,TF., "Mechanisms of Tire Sound Generation, "
SAE Paper SP 373, Qect. 1972,

Wyle Laboratories personil communiecation with major tire companies.
Op. Cit., DOT Report OST-ONA 71-9.

Thid., p. 42,

Ibid,, p. 44.

73

e e P8 et L b Rt W e e T



T FE ST AW B aab

317,
38,
39,

40,

41,

42,

48,

49,

50,

51,

52,

53.

54,

Tbid., p. 42.
Op. Cit., Data from Service Engine Co.
Op. Cit., NTID 100,13, p. 92-05.

Close, W.H., and Atkinson, T., "Technical Basis for Motor Carrier and
Railroad Noise Regulations, ™" Sound and Vibration, Vol, 7, No, 10,
Oct, 1973,

Op. Cit., NTID 300,13, p. 92-93.

""Community Noise, " U.S., Environmental Protection Agency, Report NTID
300, 3, Dec. 31, 1971, pp A-5, A-7,

Thid., p. 4.
Op. Cit,, NTID 300, 3, pp. A-5, A-T.
Ibid., p. 8.

Young, R.W,, "Single Number Criteria for Room Noise,” JASA, 36, 2,
Feb, 1964, p. 289,

Klumpp, R.G., and Webster, J.C., '"Physical Meazsurement of Equal Speech
Interfering Navy Nolses," JABA, 35, Sept, 1963, p. 1328,

Wells, R, J., "A New Method for Computing the Annoyance of Steady State
Noise versus Perceived Noisc Level and Other Subjective Measures, ' JASA,

46, July 1969, p. 85.

Webster, J, C,, "Affecta of Nolge on Speech Intelligibility, " Proceedings of
Conference, Noise as a Public Health Hazard, Washington, D, C,, June 1969,
ASHA Report i,

Op. Cit., NTID 300.13, p. 94.

"Research on Highway Noise Mensurement Sites," Wyle Laboratories Report
for Catifornia Highway Patrcl, March 1972,

"Use of Motor Vehicle Noise Measuring Instruments, " California Highway
Patrol Report, 1965,

"Callfornlats Experience in Vehicle Noise Enforcement, " Callfornia Highway
Patrol Report, 1965.

Foes, R. N,, "Vehicle Noise Study - Final Report," Applied Physics Labora-
tory, University of Waghington, Report for Washington State Highway Commis-
gion, Department of Highway, June 1972,

74



NEREEE A i -

61,

62,

G3,

69,

70.

71,
72.

73,

Unpuldished dita, Bolt, Beranek and Newman,

Op. Cit,, "Use of Motor Vchiele Noise Measuring Instruments''.
Op. Cit., Exhibit G., (ONAC Docket M0OT0).

Op. Cit., "Vehicle Noise Study - I'ingd Report'.

Op. Cit., Unpublished Data, DBolt, Beranck and Newman,

1872 Census of Transporiation -~ Truck Invenlory and Use Survey,
U. 3. Deparltment of Commerce, Burecau of the Census,

Ibid.

American Trucking Trends, 1972, by the American Trueking Associa~
tion, Ine,, Washington, D, C,

"1973 Motor Truck Faels, ' by the Motor Vehicle Minuficturer Associn-
tion, Detroit, Michigan,

Response from Americin Trucking Association, (ONAC Docket MO58).
Op. Cit., 1972 Census of Transportation Truck Inventory and Use Survey.
Op. Cit., American Trucking Trends,

Op. Cit., Literature from Donaldson Company.

Wyle Laboratories communication with the Schwitzer Division of Wallace-
Murray Corporation and the Flex-ia-lite Corporation, 1973,

Bolt, Beranek ind Newman, Inc,, Report No, 2563, '"The Cost of Quieting
Heavy Cab-Over-Engine Diesel Tractors, ' July 1973,

Op. Cit., Wyle Laboratorics personnl communication with 3 major muffler
manufacturers.

Op. Cit., NTID 300. 7,
Sludy conducted by Bolt, Beranck and Newman, Inc.

Maryland Departinent of Transportation submission to the Docket,

A i i U e e e



Appendix:

MEASUREMENT METIHODOLOGY

The procedures given herein are intended to permit measurement of the )
A-welghted sound lavel of individual motor vehicles under specified conditions,
The methods are consistent with the required accurncy of measurement, -
Suitable instrumentation for the measurements is prescribed; standard (ideal)
menasurement sites are described; and appropriate operational procedures are

given for carrying out the measurements,

Applicable Documents

ANSI §1,4-1971, American National Standard Specification for Sound Level
Meters {s appropriate for these procedures and is available from American
National Standards Institute, 1430 Broadway, New York, New York 10018,

Instrumentation
A precision sound lovel meter meeting all the requirements of ANSI 81, 4-1971 ;

throughout the frequency range from 50 Hz to 10,000 Hz for a Type I or Type SIA
instrument should be used for all measurcments. However, a magnetic tape
recorder, graphic level recorder, or other device to record maximum sound
level may be used for the measurement. In all such cases, the overall per-
formance of tho total system should conform to the ANSI 51, 4-1971 requirements,

The necessary suxiliary equipment for the sound level meter includes a
mounting to hold the microphone at & height of 4 ft + 1 n (1, 2 m} above the
ground, and n cable at least 15 ft (4, 5 m) in length, designed to be used with
the sound level meter, The microphone manufacturer's instructions should be
followed concerning the maximum permissible cable length,

An acoustical ealibrator of the mierophone coupler type should be used for
calibration of the measurement instrumentation. The frequency of the calibra-
tion signal should be 1000 Hz, +56%. The calibrator should be checked at least
annually by a method traceable to the U.S. National Bureau of Standards to verify
the correct performance within + 90,5 dB,
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A windserceen should be used for all measurements lo reduce the effects of
turhulence at the microphone surface, An ancmometer, accurate to within
+ 10% nt 12 mph (20 kphy, should he used to defermine the loeal velocity of
wind gusis prevalent at the time of the measurements, The measurement of
wind velocity should he taken at the height of the mierophone and approximately
10 ft from the microphone.

Calibration

The sound level meter (including the entire sound instrumentation recording
system) siiould he cnlibrated with the acoustic ealibrator immediately before
cach series of measurements and at approximatiely 1/2-hour intervals during a
measurement poriod. The manufacturer's dirbetions for the ealibration pro-
cedure should be followed. The entire measurement system, including all
cahles, bul not the windsereen, should be included in the instrument chain for
this calibration,

The entire mensurement system should be calibrated, over the frequency
range helween 50 and 10, 000 Iiz, at intervals not exceeding one year, by pro-
cedures of sufficient precision and accuracy to determine compliance with the
requirements of Section 3 of ANSI §1,4-1971, If there is any reason to suspect
that the equipment has heen tltered or damaged, it shouid be given a complete
calibration, regardless of tho date of the Iast complete ealibration.

Standard Measurement Site

The measurement site for roadside pass-by and stationary tests should
be such that the vehicle radintes sound into an essentially open space above the
ground. This condition may be considered fulfilled if the site consists of an

open space free of large sound-rellecting objects (such as harriers, walls,
fences, hills, hedges, signboards, parked vehicles, bridges or bulldings)
within the boundaries indicated in Figures Al and A2 [or the paga~-by and the
stationary vehicle measurements, respectivoly,

For the purposes of this requirement, 'large" means dimensions greater
than about one foot (0.3 m), Ohbjects thai would not be considered "large, " and
are therelore permitted within the measurement area, are fire hydrants, tele-
phone or power poles, and rural mail boxes, but not, for example, telephone
booths, or trees of any kind,
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Wenther
Weather conditions may adversely aifeel measurement precision.  Accord-

ingly, measurements should not be made during precipitation, The wind
velocity should be read from the anemometer immediately before each series
of measurements and at intervals of 1/2 hour during the measurement period,
il wind conditions warrant, Moasurements should not be made when the
average continuous or pgust wind speed exceeds 12 mph (20 kph).

Microphone Loeation
For all measurements, the surface upon which the microphone is located

should be within + 2 ft of the plane of the road surface. The microphone height
ghould be 4 [t + 1 in (1,2 m + 2, 5 cm) above the surface upon which it is located.

For the pass-by mensurements the microphene should be located at 2
distance of 50 :+ 1/2 ft (15 + 0. 15 m) from the centerline of the nearest travel
lane. The microphone should have a clear and unobstructed line-of-sight to
the entire side of the vehicle for all points along the roadway within 35 feet of
the point of nearest approach.

For the stationary vehicle measurement the microphone shall be Iocated
50 +1/2 f (15 + 0,15 m) from the fore-and-aft centerline of the vehicle, Ina
plane normal to that centerline and pnssing within 3 ft (1 m) of the nearest

exhaust outlet.

Noise Measurement Progedures
The following procedures should be followed to assure accurate results in

the mensurement of motor vehicle noice emissions:

(1) The microphone should be orlented with respect to the vehicle heing
measured in accordance with the instructions or recommendations
of the microphone manufacturer for optimum flat frequency response.

(2} To minimize the influence of the observer on the mensurements, no
person should be positioned within 10 feet of the microphone nor
between the vehicle and the microphone.

{3) All noise measurements sheould be made with A-weighting and the fast
meter response of the sound level meter.
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The hackpground noise at the site (namely, the noise level measured
wilhh A-~weighting and [ast meter response due Lo all other sources of
nojse excepl the vehlele heing measured) should be measured from
time to lime hetween vehicele passages. Vehicle noise measurements
should not be made when the hackground noise level is within 10 d3 of
the permissible noise standard for the measurement in question,
Corrections for measurement ol diffevent altitudes above sea-level
should be made in accordance with the instructions of the microphone
manulacturer,

For vehicle pass-by measurements the maximum sound level ohgerved
as the vehiclo passes through the measurement site should he recorded.
For stationary engine run-up measurements the vehicle engine should
he necelerated ns rapidly as possible from a low idle speed o maximum
governed speed with wide-open throttle, in neutral gear, and clutch
engaged. Measurement of the highest sound level that oceurs during
the engine acceleration should be made at Ieast twice, but more
measurcements should be made if necessary to achieve a satisfactory

test.
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Figure A-1, Test site clearance requirements for pass-by test.
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Figure A=2, Test site clearance requirements for stationary
run~up test.
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