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SUMMARY

The subjects addressed in this document are intended to provide
background information on various aspects associated with the develop-
ment of regulations relative to noise emission from newly manufactured
trucks.

Section 1 - "Prologue' sets forth ihe legal basis for the regulations
which may be promulgated under the authority of the Noise Control Act
of 1972, the procedure followed in the promulgation of such repgulations
and a brief statement relative to preempiion ol state’and local regula-
tions by Federal repgulations.

Section 2 - "ldentification of Medium and Heavy Duty Trucks as a
Major Source of Noise.' This section addresses the acoustic cnergy
radiated by medium and heavy duty trucks,

Section 3 - "The Truck Industry." This section presents general
information about the U, S, truck industry. It covers industry statistics
on sales, number of trucks manufactured, financial data on manufac-
turers, weight clagsification system and other useful descriptive ma-
terial,

Section 4 - "Information Base, " provides a synopais of the sources
of information utilized in the preparation of this document. It also
presents baseline data on noise generated by currently new trucks, The
data are given for both diesel- and gasoline-powered trucks,

Section 5 - "Available Noise Abatement Technology." In order to
establish 'regulations restricting truck noise emissions it is necessary
to know how much noise reduction it is presently possible to achieve, Sec-
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tion 5 reviews the various components of truck noise: noise radialed
frorn-the engine surface, fan, intake, exhaust and tire noise.

This discussion includes both the noise generation process and
noise quicting techniques. Consideration is given to the total truck
noise control problem, The technology will be examined to determine
what modifications or redesign work must be performed on trucks in
order to quiet them to levels below those which presently exist, Data
are given {Appendix I) which array costs to reduce sound levels for
some present day trucks to varying levels. These data serve as a
basis for development of the cost and econhomic analyses presented in
section 7.

Section 6 - "Health and Welfare," In terms of health and welfare,
this section addresses how much improvement various standards, or
sequences of regulatory standards, would provide. An analysis using
traffic streams and population densities is employed to compute the
noige impact prior to and subsequent to the enactment of the various
regulatory standards, The percent reduction in impacted population
is consideredas an approximate estimate of the effectiveness of a reg-
ulation,

The second method c_nf agsessment is directed at health and welfare
in terms of gpecific cases., It considers a sel of gpecific scenarios
in which people are’ engaped in activities such as conversing, doing
work requiring mental concentration, sleeping, ete. These activities
are conducted in various well defined interior spaces (homes, offices,

apartments)or outdoors, Eachscenario is located at a specific distance
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from a highway tiraversed by trucks. Associated with each scenario
is an ambient level appropriate to the particular activity. The passhy
noise produced by each separate truck is considered as an intrusion
and the extent to which it exceeds the ambient is a measure of the
annoyance produced, A nominal increment of 10 dB(A) is employed,
and the noise outputs of trucks which will produce this inerement are
computed. The 10 dB{A) increment is arbitrary; however, it is pre-
sented ag the level at which severe annoyance begins. The scenarios
are presentedintables which permit ready identification of those cases
whichare satsifactory and those which are not when it is assumed that
& truck produces a specified noise level,

Section 7 - "Economic Consequences of Noise Control." In this
section costs are developed for the basic engineering changes required
to achieve various levels. Changes in costs due to changes in vpera-
tional efficicney are also inciuded. Using these data as a basis, the
impaets on truck manufacturers, truck users, and truck assoclated
industries are evaluated.

Section 8 - "Truck Acoustic Energy Changes and Lead Time Re-
quirements., "' In this section the population statistics of trucks are
presented, The number of trucks presently in operation, the rate of
truck retirement, and truck annual mileage are also given. These are
combined to show population distribution of t:.rucks corresponding to
the various standards which could be proposed.

A mileage-weighted acoustic energy level is presented for each of
the various posasible regulatory options.
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Lead times required for various equipment medifications are dis-
cugsed, The problems and the time required for the industry to solve
them are considered,

Section 9 - "Measurement Methodology, ' This section addresses
EPA test procedures which could be associated with new truck regu-
lations,

Section 10 - "Enforcement,'" Enforcement of new product noise
emission standards applicable to new medium and heavyduty trucks are
discussed through production verification testing of vehicle configura-
tions, assembly line testing using selective enforcement auditing or
continuous testing (sample testing or 100% testing) of production vehi-
cles and in-use compliance requirements. EPA consideration of the
measurement methodology which could be u.sed both for production
verification testing and assembly line vehicle testing ia baged upon
the SAE J366b and SAEXJ57 testa., Additional tests are outlined in
this document for consideration,

Section 11 - "Environmental Effects.'' Whenever action is taken
to control one form of environmental pollution, there are possible
spinoff effects on other environmental or natural resource factors.
In thigs sectionthe sgingle effects of trucknoise controel on air and water
pollution, solid:}waste disposal, energy and natural resource con-
sumption, and land usge considerations are evaluated.

The digscussion indicates that the process of guieting new trucks will
produce no significant adverse environmental effects, [t will result

in a modest saving of fuel, however, if it is credited with the henefits

associated with thermostatically controlled fans.
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Finally, this document constitutes an exposition af the studics made

by EPA andits contractors of the many areas assocelated with the prom-
ulgation of a noise emission regulation for new trucks. An elfort has
been made to produce a decument covering all the major issues and it
is hoped that it will be found useful.

Throughout the document, there are references to three data collee-
tion points at which technology, cost, and health and welfare data were
collected and evaluated, Interpolations between the points or extrapo-
lation tolewvels below the points provide information fr.om which determ-
ination can be made as to truck noise emission which iechnology may
achieve, the levels atwhich health and wt;lfare criteria may be assessed,

and the costs and economic impacts associated with various levels,
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SECTION ONE
PROIL.OGUE

Statutory Basis for Action

Through the Noise Control Act of 1872 (86 Stat. 1234), Congress
established a national policy "to promote an environment for all Amer-
icans free from noise that jeopardizes their health and welfare,' In
pursuit of that policy, Congress stated, in Section 2 of the Act, "that,
whiie primary responsibility for control of noise rests with State and
local governments, Federal action is essential to deal with major noise
sources in commerce, control of which requires national unifermity of
treatment, "'As part of that essential Federal action, subsection 5{h}1)
requires the Administrator, after consultation with appropriate Federal
agencies, to publish a report or series of reports "identifying products
(or classes of products) which in his judgment are major sources of
noise," Further, section 6 of the Act requires the Administrator to
publish proposed regulations for each product, which is identified or
which is part of a product class identified as a major source of noise,
where in his judgment neise standards are feasible and fall into var-
ious categories of which transportation equipment (including recrea-
tional vehicles and related equipment) is one.

Pursuant to subsection 5(b}(1), the Administrator has published a
report which identifies new medium and heavy duty trucks as a major
source of noise. As required by Section 6, the Administrator ghall
prescribe regulations for such trucks, which are "requisite to protect
the public health and welfare, taking into account the magnitude and

conditions of use of new medium and heavy duty trucks, the degree of

1-1
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noige reduction achievable through the application of the best available
technology, and the cost of compliance,
Preemption

Under subsection 6(e}(1}of the Noise Control Act, after the effective
date of a regulation under Section 6 of noise emissions from a new prod-
uct, no State or political subdivision thereof may adopt or cnforce any
law or regulation which sets a limit of noigse emisgions from such new
product, or components of such new product, which i{g not identical to
the standard prescribed by the Federal regulation. Subsection 6(e}(2),
however, provides that nothing in Section 6 precludes or denies the
right of any State or political subdivision thereof to establish and en~
force controls on environmental noise (or one or more sourcesthereof)
through the licensing, regulation or restriction of the use, operation
or movement of any product or combination or products.

The noise controls which are reserved to State and local autharity
by subsection 6{e)}{2) include, but are not limited to, the following:

1, Controls on the manner of operation of products

2, Controls on the time in which products may be operated

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

4. Controls on the number of products which may be operated to-

gether
5. Controls on noise emissionsfrom the property on which products
are used
8, Controls on the licensing of products
7. Controls on environmental noise levels

i-2
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Federal regulations promulpated under section 6 preempt State or
local regulations which set limits on permigsible noise emissions
from the new products covered by the Federal regulations at the time
of sale of such products, if they differ from the Federal regulations.

Conversely, State and local authorities are free to enact regulations

on new products offered for sale which are identical to Federal regula-

tions.
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SECTION 2
IDENTIFICATION OF TRUCKS AS A MAJOR SOURCE OF NOISE

In pursuit of subsection 5(b) of the Noise Control Act of 1972,
the Administrator has published a report (FEDERAL REGISTER, Vol.
39, No. 121, pp. 22297-9) which "identifies medium and heavy duty
trucksa having a gross vehicle weight rating (GVWRY} in excess of 10, 000
pounds as a major source of noise,”" GVWR means the value speci~
fied by the manufacturer as the Ilcaded weight of a single vehicle,

The following paragraphs will briefly describe the basis on which
trucks with a GVWR of 10, 000 pounds or more were identified as a
major gource of noise.

LEGISLATIVE BASIS

Subsection 6(a) of the Noige Control Act sets forth four categories
of products for which a noise emission standard can be proposed for
each product identified aé a major scurce of neise. The categories
are:

1. Construction equipment

. Transportation equipment (including recreational vehicles

[x=]

and related equipment)
3. Any motor or engine (including any equipment of which an
engine or a motor i8 an integral part)
4, Electrical or electronic equipment
PRIORITY BASIS
The criteriadeveloped by EPA to identify products which are major
sources of noise and for which noise emission standards are requisite

2-1
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to protect the public health and welfare stipulate that at this time
first priority has heen given to products that contribute to community

noise exposure., Community noise exposure is that exposure exper-

ienced by the community as a whole as a result of the operation of a

product as opposed to that exposure experienced by the users of the

product,
DAY-NIGHT SOUND LEVEL BASIS
The day-night sound level, Lind, hds been specifically developed

as a measure of community noise. Since it is a cumulative energy

meagure, it can be used to identify areas where noise sources operate
continuously or where sources operate intermiltently but are present
enough of the time to emit a substantial amount of sound energyin a
24 hour period,

EPA has identified an outdoor Ldn of 55 dB as the day-night sound
level requisite to protect the public from all long-term adverse public
and an Leg of 70

health and welfare effects in residential areas,

{roughly equivalent to an L.dn 70) as the threshold of hearing impair-

ment.

POPULATION BASIS
The egtimated number of people in residential areas who are sub-

jected to urban traffic noise and freeway traffic noise at or above an

outdoor Ldn of 70, 65 and 60 dB is shown in Table 2-1 below:
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TABLE 2-1
NUMBER OF PECOPLE SUBJECTED (IN MILLIONS)
Urhban Traffic Freeway Traffic
Qutdoor Ldn (dR) Noise Noise
70 4-12 1-4
G5 15-33 2-6
60 40-70 3-6

Source: BBN Report No. 2636, September 1973,

Ag indicated by Table 2-1, more than 70 million people in
residential areas are subjected 1o noiseé from surface transportation
equipment at or the outdoor Ldn of 60 dB. Thus, the surface transpor-
tation equipment category has been selected by EPA for regulatory

attention because of the extensive community exposureto noise emanat-
ing fram products in this category.

FPRODUCT BASIS
A two-step approach has been used to identify products within the

surface trangporiation equipment category which are major contribu-

tors to community noise exposure, First, the Ldn has been used to

identify residential areas selected from a compaosite derived from a
cross section of U. 5, towns and cities where a large number of people
are exposed to high Ldn. Second, in these high Ldn areas, products
which are major contributors to the Ldn have been identified,

Table 2-2 lists the products in the highway surface transportation
equipment categories that are presenlly considered as major sources
of noise, and indicates both the typical sound pressure level (SPL)
at 50 feet associated with each product and the estimated total sound

energy emitted per day by all existing mgdéls of each product,
2-3
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TABLI 2-2
MEASURES OF NOJISE ASSOCIATED WITH TRANSPORTATION VEHICLLES
Products in the Typical SPL Estimated Total
Transpertation Equipment at 50 feet Sound Energy Per
Category dB{A) Day (Kilowatt-hrs)
Trucks (greater than 10, 000 1bs GVWR) B4 5800
Autompobiles (sports compacts) ‘ 75 1150
Automobiles {passenger} 69 800 -
Trucks (less than 10, 000 lbs GVWR) 72 570
Motorcycles (highway) 82 325
Buses (city and school) 73 20
Buses (highway) 82 12

Source: BBN Report No. 2636, Septernber 1373,

The typical sound pregsurelevel indB(A)at 50 feet i8 a measure of

the perceived loudness at that distance from the product when it is oper-

ating. This measure suggests which products, when they are operated
alone, will be perceived as noisy by the community., The estimated
total sound energy per day is useful because it is an aggrepate measure
that takes into account the sound energy emission rate of the preduct,
the number of products operating and the amount of time they are oper-
ated each day, For trucks with @ GVWR of 10, 000 pounds or more,
this measure was estimated on the basis that there are about 3.5 mil-
lion trucks in use for an average of 4 hours per day, These estimates
are for a composite of both urban and freeway traffic conditions,

As indicated by Tahle 2-2, trucks with & GVWR of 10, 000 pounds
o more are louder than other transportation vehicles and contribute
the most daily sound energy to the community environment of any
product in the surface transportation equipment category.

2-4
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SECTION 3

THE TRUCK INDUSTRY
THE ROLE OF TRUCKS [N DOMESTIC TRANSPORTATION MARKETS

Of the major means by which goods are transported, Table 3-1
implies that trucks are far from being the least expensive; yet, be-
cause of convenience, trucks account for over 80% of the total dellars
spent on moving domestic freight,

Ag shown in Table 3-1, trucks carry the largest share in tons
of domestic freight, The cost per ton-mile (approximately 17 cents)
is considerably more expensive than the cost (approximately 1. 5 cents
per ton-mile) for shipping by rail, the next largest carrier of goods.
However, as can be inferred from Table 3-1, trucks on the average
carry more goods over shorterdistances, and provide a ﬂexiblilit_y that
cannot be achieved by other medes of transportation. Thus, the ac-
cepted presence of trucks on the nation's highways is supplemented by
their pervasive presence in virtually every street and roadway of the
country.

Over the period 1967 to 1972, total new truck sales increased 1.3
times faster than the gross national product; new heavy duty truck
sales increased more than 2,5 times faster (Reference 1). The trend
over the past several years has been for more and more goods to
be moved by truck. It is expected that this trend will continue and
that each year there will be more trucks on the nation's freeways,

highways, and city and residential streets.

3-1
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TABLE 3-1
DOMESTIC FREIGHT TRANSPORTATION MARKET, 1970

Mode Tons - Ton-Miles Revenue Dollars
Transportation Millions Percent Millions Parcent Millions Percent

Truck 1,684 34.2 412,000 18,7 $69,084 81.3

Rail 1,572 32.1 771,000 34.8 11,869 4.0

Water* 8e7? 17.6 595,000 26.9 1,902 2.3

Pipeline 790 16.1 431,000 19,5 1,396 l.6

S |atr .3 __0.0 3,400 0.1 720 .8

" |Totals 4,916 1p0.0° 2,212,000 100.0 $84,971 100.0

* Includes Domestic Deepsea, CGreat lakes and Inland Waterways.

Source: Transportation Facts and Trends, TAA Quarterly Supplement, April 1973.
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TRUCK DESCRIPTION FOR GENERAL PURPOSES

In describing trucks with gross
TRUCK DESCRIPTION FOR GENERAL PURPOSES

In describing trucks with groas vehicle weight ratings (GVWR)
greater than 10, 000 pounds, a wide range of vehicle types are involved.
At one extreme of the vehicle characteristica for different types of
trucks there are gasoline~powered 2-axle single vehicles with 4 wheels
and GVWR of legs than 13, 000 pounds. At the other extreme there
are ll-axle combination vehicles with 42 wheels, turbocharged diesel
engines and GCWR in excess of 130, 000 pounds, Here GCWR, the gross
combination welght rating, means the value apecified by the manutac-
turer as the maximum loaded weight of a combination vehicle for which
it is designed.

Trucks can be described in terms of the following attributes: the
gross vehicle weight rating, the major designed use, the number of
axles, the type and size of engine, and the style of the cab,

Truck designation in terms of GVWR for trucks with GCWR over
10,000 pounds has been defined by the Motor Vehicle Manufacturers

Association (MVMA) and is shown in Table 3-2,

TABLE 3.2
TRUCK DESIGNATION BY GVWR (POUNDS)
10,001 - 14,000
14, 001 - ‘16, 0C0
16,001 - 19,500
18, 501 - 26, 000
26, 001~ 33, 000
over 33, 000

Source: MVMA's 1073 Motor Truck Facts,

3-4
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There arethree truck design designations which reflect the major
uszes for trucks with GVWR greater than 10, 000 pounds. A ruggedly
built cab~chassis unit for mounting dump beds, concrete mixers, ete.,
is often referred to as a construction truck while 2 light cab-chiassis
urtit for mounting van bodies, etc., is designated as a delivery fruck,
A truck-tractor for pulling trailers, ete., is called a line-haul truck.

The number of axles by which engine power is transmitted as
traction at the road surface can alsc be used for truck designation.
For trucks with two axles, one of which drives the truck {as in an
automobile), the designation is 2 x 4; i.e., two out of the four
wheels {(dual tires count as one wheel) are driving. Similarly, u tan-
dem axle, truck-tractor is designated as a 4 x 6 and an all-wheel drive
truckisa4x 4ora6x0.

In terms of truck designation by the type of engine, trucks can
be designated simply as having either a gasoline engine or a diesel
engine., 'The horsepower rating of the engine can also be used for
truck classification purposes,

Trucks can also be designated by the style of the truck or truck-
tractor cab, ‘The two main styles of cabs are the conventional cab
(sometimes termed a "fixed" cab) style and the cab-aver engine (COR)
style., In a conventional cab, the driver sits behind the engine. Con-
ventional cab styles may be either "short"” (see Fig., 3-1) or "long"
(see Fig., 3-2), depending on the length of the hood. In the COE
style, the driver is positioned above and to the side of the engine,
COE style may be either "low" (see Fig. 3-3) or "high" (see Fig.
3-4), depending on the distance of the deck, or floor, of the ¢ab above

| BT Trgepr }
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TRUCK CLASSIFICATION FOR PURPOSES OF NOISE REGULATION

The truck attributes most clogsely associated with truck noise
level include the gross vehicle weight rating, the number of axles,
and the size and type of the engine. All these atiributes are some-
what related. For example, a truck with a large GVWR will tend
to have more axles and will more likely be powered by a large diesel
engine than a truck with small GVWR. G\_IWR is a prime candidate
for defining regulated truck classgification, As Table 3-2 indicates,
the Motor Vehicle Manufacturers Associatien uses GVWR as a primary
variable in reporting its production figures, [n addition, most states
register trucks according to GVWR,

A truck's GVWR depends on the sum of its axle weight ratings.
Thus, classification by the number of axles may be redundant. Classi-
fication by engine size could again e redundant as the size of the
engine selected for a given truck is, apparently, inherently dependent
on its design GVWR.

The type of engine is another possible candidate for truck class-
ification for noise regulation since gasoline and diesel engines differ
somewhat in their noise characteristics (Reference 3). However, this
engine noise level difference becomes less pronounced, as the engine
component is congidered in the totality of measured truck noise.
TRUCK CATEGORIES FOR PURPOSES OF REPORT DISCUSSION

Of newly manufactured trucks with a GVWR greater than 10, 000
pounds but less than 26, 000 pounds, almost 85% will be gasoline pow-
ered, Conversely, more than 98% of the trucks -with GVWR greater
than 26, 000 pounds can be expacted to he diesel nowered,

3-%
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Accordingly, inthis document, trucks with a gross vehicle weight
rating in excess of [0, 000 pounds have heen categorized as '"medium

duty" or "heavy duty' trucks as defined in Table 3.3. Also defined in

Tahble 3. 3 are truck GVWR groups within each of these GVWR categories.

TABLE 3-3
GVWR Truck Categories
Range of GVWR

GVWR Category GVWR Group

Medium Duty Trucks 1 10, 001-14, 000
(10, 001-26, 000 1bs) 2 14, 001-18, 000
3 16,001-19, 500
4 19, 501-~286, 000
Heavy Duty Trucks 5 26,001-33, 000
(cver 26, 000 lbs) 6 over 33,000

In addition tothe above truck GVWR categorization, this document
will also on occasion further categorize trucks by type of engine as
either gasoline or diesel,

DISTRIBUTION OF TRUCKS BY CATEGORIES

A gtatistical analysis of the census data on the characteristics
and uses of the truck population in the United States, which was col-
lected and made available toEPA by the Bureau of the Census, provides
an estimate of the total truck population in the United States in 1972,
{For details, see Appendix O.) The total truck population with GVWR
in exceas of 10,000 pounds in 1972 was estimated to be 3, 533, 000
trucks. The distribution of these trucks by GVWR category and type

of engine is shown in Table 3-4,




FOWAWAE = VTlF VWY Aavldns

e

e e

TABLE 3-4
TOTAL TRUCK POPULATION, 1972

GVWR Gasoline Engine Diesel Engine Total
Category Number Percent Number Pcrcent Trucks
Medium Duty 2,335,000 98 41,000 2 2,376, 000
Heavy Duty 509, 000 44 648, 000 56 1,157,000

Totals 2, 844, 000 80 689, 000 20 3,533,000

Source: A. T. Kearney Report to EPA, April 1974,

Table 3-5, a breakdown for diesel engine trucks by GVWR for

selected years between 1988 and 1972,

shows a trend toward fewer

medium duty trucksbeing powered by diesel engines and a trend toward

increaged use of diesel engines for heavy duty trucks, particularly

the larger GVWR group 6 trucks.

The distribution of new truck production in 1972, according to

GVWH category and group as well aa type of engine, is shown in Table

3-6. Over 90% of the new trucks produced are used in domestic truck

transportation.

3-11
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PERCENT OF DIESEL TRUCKS TO TOTAL TRUCKS BY CATEGORIES FOR SELECTED

TAKLE 3-5

YEARS, 1966-72

Medium Duty Trucks Heavy Duty Trucks
Year GVWR Group GVWR Group
1 3 3 4 Total 5 G Tolal
1966 0% 0% 1% % 4% 5% 19% 249
1968 o ] 0 2 3 4 21 25
1970 0 0 0 3 3 4 28 az
1072 0 0 0 1 1 3 30 33
0
] Source: MVMA 1973 Motor Truck Facts .
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TABLE 3.6
NEW TRUCK PRODUCTION, 1872

GVWR Gasoline Engine “Dicsel Engine Total
Catepgory Number Percent Number Percent Trucks
Medium Duty 227, 263 98 5, 045 2 232,308
Heavy Duty 41, 904 23 138, 044 77 180, 038

Totals 260, 257 i+ TZT, 080 KL} ITZ2, 7598

GVWR

Group

1 44, 221 100 0 0 44,221
2 9, 397 98 215 2 9,612
3 26,330 100 31 0 26,371
4 147, 315 97 4, 785 3 152, 104
5 25,364 65 13, 563 35 38,927
6 16, 630 12 124, 481 88 141,111
Totals 260, 257 Ba 143, 08D 35 172,348

Source: A. T. Kearney Report to EPA, April 1974,

Medium duty trucks account for the larger share of new trucks
with GVWR in excess of 10, 000 pounds produced in 1972,
MAJOR TRUCK USERS

A listing of the major users aof trucks to move goods is given in
Table 3«10, As shown, the agricultural industry is the principal user
of trucks and, in particular, the largest user of medium duty trucks.
As also shown in Table 3-10, the largest user of heavy duty trucks
is the truck-for~hire industry.
TRUCK MANUFACTURERS

The number of new trucks produced by the major truck manu-
facturers in 1972 are shown in Table 3-7. Four truck manufacturers,
General Motors {including its Chevrolet Division), Ford, International
Harvester and Dodge, produce almost 88% of all medium duty trucks
and approximately 60% of the heavy duty trucks.

3-13

[ R gy



21-€

TABLE 3-7

NUMBER OF NEW TRUCKS BY MANUFACTURER, 1972

Truck Medium Duty Trucks Heavy Duty Trucks

Manuficturer Gasoline Diesel Total Gasoline Dicsel Total
Chovrolet 53,722 135 53,857 1,602 3,096 5,298
Diamond Reo 37 - 37 1,044 3,207 4,251
Dodge 15,042 278 45,320 3,623 1,480 5,103
FWD 4 8 ’ 12 301 606 207
Ford 63,544 3,010 66, 554 13,952 18,824 32,776
GMC 25,568 446 26, 014 8,126 16,017 24,143
IHC 39, 064 1,165 40,229 12,230 29,811 41,541
Mack 0 0 0 25 26,331 26,356
White 0 3 3 753 21,654 22,607
Others 282 0 282 338 16,718 17,056
Totuls 227,263 5,045 232,308 41,994 138,044 150,038

Source: A. T. Kearney Report te ZPA, April 1974,
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The financial characteristics of the parent companies of the major

truck manufacturers is shown in Table 3-8, Of these parent companies,
the five that are considered large, have sales and assets in excess
of $1 billion; two have sales and assets between $500 million and $1
billion; and four smaller companies have less than $100 million in
sales and assets,

In general, it can be expected that the larger parcnt companies
would have the least difficulty financially in complying with the new
truck noise regulations, Smaller companies, without equivalent in-
house research and development programs, may have to rely on the
noise reduction provided by the suppliers of truck components in order
to comply with the noise regulations.

The suppliers of truck components which may be particularly
affected by truck noise regulation are those producing engines, mufilers
and fang. Most truck manufacturers rely heavily on two major diesel
engine suppliers, Cumming and Detroit Diesel, as shown in Table 3-9,
The Detroit Diesel Division of General Motors produces most Chev-
rolet and GMC diesel engines, Mack Truck uses an integrated approach

tt produce mated engines and transmiasions.

3-15
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TABLE 3-8

FINANCIAL CHARACTERISTICS OF TRUCK MANUFACTURER'S

PARENT COMPANY, 1972 ($ Millions}

Parent Company of Net
Truck Manufacturer Sules Income Assets Net Worth Comments v
General Motors Corporation $30,435 $2,163  $15,273 $11,683 Truck producing divislons are
Chevrolet and GMC,
Ford Motor Company 20,194 870 11,634 5,961 For year ended 10/31/72.
Chrysler Corporation 9,759 221 5,497 2,489 Truck producing suhsidiary i{s
Dodge Trucks, Inc.
International Marvester Company 3,527 B7 2,674 1,198
The Signal Company (Mack) 1,481 11 1,328 G653 Truck producing subsidinry is Mack,
Including Brockway, a Division of Muck,
had consolidated sales of $713 million
and net income of $35 million,
White Motor Corporation 943 9 573 222 Truck producing dlvisions are Auto-
car, White, Freightliner and Western
Star. Total truck sales of these
groups were 3611 million with
earnings of $27 million {n 1972,
Pacear, Inc, 595 30 2G8 170 Truck producing subsidinries are
Kenworth and Peterbilt, On and off-
highwiy trucks produced by Peterbilt,
Kenworth and Dart represents about
5% of sales,
Diamond Reo Trucks, Ine, 83 7 30 5
Hendrickson Manufacturing Co, 44 Not 23 15 Siles Include truclks, special truck
Available equipment, and truck modifieations,
FWD Corporation 28 .4 25 6 Snles primarily trucks, year end
9/30/72, FWD is n subgldiary of
Ocwen Corporation, and Investment
comnany,
Oshkosh Truek Corporation 22 .3 14 7 Sules primarily truelks,

Source! A, T, Kearndy Report to EPA, April 1974
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TABLE 3-9

SUPPLIERS OF DIESEL ENGINES USED BY TRUCK MANUFACTURERS, 1972

Mo s C&H:}i;rs Catorpillar Cummins Doy GMC INC Mack Perkins Scalla qoiq
Chevrolet —— — 308 3,388 135  we= --=  ~e=  -—w- | 3,831
Diamond Reo —— 129 2,038 1,040 === o - -—— 3,207
Dodge e — 1, 046 434 ~-m —— - 278 -—- 1,758
FWD — 1 165 448 mme mem cae eee e 614
Ford — 9,336 4,750 7,789 === am= === mem —ee | 21,834
GMC — —— 1,255 14,500 609  ~em == wem  =m= | 16,463
THC . 747 11,830 14,475 -~- 2,742 =m~ (28 === | 30,476
Mack 22 331 2,612 1,584 -~- === 21,121 ==  G61 | 26,331
Iy White 44 779 16,513 5,601 ~~s  mme mem e ame | 21,867
~ Others _— 3,736 8,983 8,000 === wm= —mm e aee | 16,718
Totals 66 15,079 48,509 53,207 744 2,742 21,121 960 661 |143,089

Source: A, T, Kearney Report lo EPA, April 1974,
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TABLE 3-10

DISTRIBUTION OF TRUCKS BY MAJOR USKERS, 1972

Major User of Trucks Medium Duty Heavy Duty Tolal
Agriculture 32.5% 10, 3% 26.13%
Wholesale and Retall Trade 19.8 18.3 19,4
Construction 11.1 19,1 13.4
For-Hire G.3 30.6 13.4
Services 9.5 2.5 7.5
Personal Transportation 9.0 1.0 G.7
Manufacturing 3.0 8.5 5.0
Utilities 3.4 1.9 2.9
Farestry and Lumbering L7 3.6 2.3
Mining .6 1.9 1.0
All Other 3.0 2.3 2.1

Source: Developed from Truck Inventory and Use Survey, 1972 Cunsus of

Transportation.
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SECTION "OUR

INFORMATION BASE
SQURCES USED FOR DEVELOQOPING INFORMATION

The information presented in this document waga developed from
(1) studies performed by staff persconnel of the Standards and Regu-
lations Division, Qffice of Noise Abatement and Control (ONAC), U, 5.
Environmental Protection Agency; (2) studies performed under con-
tract to ONAC; (3) submissions by other Federal agencies; (4) sub-
missions by the private sector; and (5) the open literature.

The studies dealing with considerations of public health and wel-
fare were prepared by ONAC personnel. The data used are based large-
ly on previous EPA reports (Referenceg 1, 2, 3, 4 and 5) and resulted
from intensive analysis of existing information, such as the proceed-
ings of an internaticnal conference on nolse as a public health problem
{Reference 6). The methodology developed agsesses the statistical
effects of various possible regulatory standards on the noise reduction
achievable and the change in the equivalent number of people impacted
hy vehicle noise in urban areas of the United States. Numerous truck-
community scenarios were also developed to evaluate the situational
impact of trucknoige on people in particular work and home situations.

Studies of noise control technology, the cost of compliance with
such technology, if and when applied, and the economic impact on the
truck manufacturers and asgociated truck component industries were
largely the result of data acquired by flrms under contract to EPA,

The technelogy to reduce truck noise from curront levels [s presenied

4-1
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in reports prepared by Bolt Beranck and Newman, Inc,. {Reference
7) and by Wyle Laboratories (Refercnce 8). These reports also pro-
vide their estimates of the costs associated with the technology appli-
cations they cite, An economic impact analysis is discussed in a report
prepared by A. T, Kearney (Reference 9). This report uses cost
data as an impact for projections on such quantities as changes in truck
saleg and truck operating costs,

The National Bureau of Standards, working under an Interagency
Agreement with RPA, providedassistance inthe review (Reference 10)
of truck noise test procedures, Statistical use was; made of the truck
resource information provided by the Bureau of the Censusg of the
Department of Commerce {Reference 11). The Department of Transpor-
tation provided reports resulting from the Quiet Truck Program
{Reference 12),

Information was alsc provided by the public sector in response
to the Advance Notice of Proposed Rule Making {ANPRM) for new
medium and heavy duty trucks bubliahed in the FEDERAL REGISTER.
on February 27, 1974 {39 FR 7955), The responses (Reference 13)
reccived from industry, State and local governments, and other inter-
ested parties, are recorded in EPA Docket No, ONAC 74-2, which is
available for inspection at the U, S. EPA Headquarterg, 401 M Street,
S, W., Washington, D.C. 20460.

Additional sources of pertinent information, particularly published
articles from journals and the like, are also included in the references

shown at the end of each section of this document,




BASELINE NEW TRUCK NOISE LEVELS

The bageline noise levels, for considering alternative regulatory
options in the development of the new truck noise regulation, are those
noige levels penerated by current production trucks. This section dis-
cusses these baseline noise levels for different truck categories as
well agthe teaiprocedure used to determine the noise levels indicated.
TEST PROCEDURE USED

The most widely used test in the United States for measuring noise
levels for trucks with a GVWR in excess of 10,000 pounds is that
established by the Seciety of Automotive Engineers (SAE) for determ-
ining the "Exterior Sound Level for Heavy Trucks and Buses' and is
commonly referred to ag the SAE J368 test, In April 19738 the test
wasg revised, making it an SAR Standard (J366b) rather than an SAE
Recommended Practice. The majority of the truck noise level data
in thia document was measured uging the SAE J366a recommended
practice test procedure. No sipgnificant changes in the test procedure
were made In this SAE J366b revision, Accordingly, the previous new
truck noise level data baged on J366a are uged herein as the base-
line noise levels for current productlen trucks. A brief description
of the SAE J366b test procedure follows, with a detailed description
of the test included in Section 9.

The test site for performing the SAE J366b exterior truck noise
level teat is illustrated in Figure 4-1. A microphone is located &0
feet from the truck path. The truck approaches the acceleralion point
with the engine operating at about two thirds of maximum rated or
governed engine gpeed. At the acceleration point, the acrelerator

4-3



is fully depressed and the truck accelerates, reaching the maximum
rated or governed RPM within the end zone of the acceleration lane,
Several runs are performed in different directions and the average
A-weighted sound level of the two highest readings within 2 dB of -

each other corresponding to the noisiest side of the vehicle are

End Zona in Which

To Reach Max.
Aatod RPM
Acceloration
Point 100 Ft.
80 Ft. = Accaloration
Vahiclo Path 50 Ft.'.l N Las 2
; —-— = - - / : 3
‘..‘o o
50 Ft. “o ‘;'. 100 Fr.
100 Fr. 4, Aadius
Radius Microphona
Microphont Point
Mzasuramont
100 Ft. Aroa
Radius

Figure 4-1 Test Site for SAE J366b,

reported. During the test, the truck never exceeds 35 mph. 8Since
tires are relatively quiet at low speed, the J366 test results are pri-
marily anindicator of propulsion noise, including noise fromthe cooling
fan, intake air, engine, exhaust, transmisgsion, and rear axle,

A histogram of the noise levels of new dicsel trucks, measurcd

4-4
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Flgure 4-3 Histogram of New Diesel Truck Noise Levels.
i Source: BEN Report No, 2710, January 1974.
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according to the SAE J366 test procedurc, is shown in Figure 4-1.
For the total of 384 diesel trucks measured, the mean noise level
was 84.7 dB{A) with a standard deviation of 2, 24 dB{A}). The trucks
measured included trucks from the eight truck manufacturers which
produced approximately 85% of the new diesel trucks sold in 1871,
Not included in this total are experimental trucks such as those devel-
oped under the Quiet Truck Program of the Department of Transporta~
tion or those trucks developed by various truck manufacturers without
government sponsorship.

Data on the noise levels of new trucks with pasoline engines are
presented in the histogram shown in Figure 4-2. For the total of
18 trucks measured, the mean level was 83,5 dB{A) with a standard
deviation of 2,35 dB(A). The difference between the mean noise level

of gasoline and dlesel powered new trucks is 1,2 dB(A).,

10
Total Trucks: 18 ' L Ny
Moan Level: 83.5 dB (n) -
§1d, Daviation: 2.35 dB (A) .
5l— - o .
B L |
bl npnd |
[+] A n 1 1 | | 1
10 7 80 05 30
' = 7% SOUND LEVEL ldB'("_A))

Figure 4-2 Noise Level Histograms of Gasoline-Powered Trucks,
Source: BEN Report No, 2710, January 1974,
4-6
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A cumulative distribution of the new diesel ;ruck noise levels is
shown in Figure 4-4, Approximately 1% of newly manufactured 1973
trucks produce 80 dB{A)} or less, 30% produce under 83 dB{A), and
86%produce less than 86 dB(A), Nevertheless, several new trucks
did produce noigse levels in excess of 90 dB{A).

Histograms of the noise levels measured for new gasoline-powered
medium and heavy duty trucks are shown in Figure 4-5. The mean
noise level for medium duty trucks appears to be less than 2 dB{A)
lower than the mean noise level for heavy duty, gasoline powered new

trucks.
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The preceding paragraphs discuss noise levels produced by new
trucks when operating under low speed, high acceleration conditions.
In the following paragraphs the noise gererated by trucks travelling at
relatively high speed ig examined. This information was extracted from a
draft of the "Background Document for Intarsf:ate Motor Carrier Neise
Emission Regulations." It constitutes the basis for regulatory level
of 90 dBA which has been proposed for interstate motor carriers. The
data will also be utilized in the process of construcing a high speed regulatory

lével for new txrucks.

4-10
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" In the surveys pfesented in this section, pn effort was made fo maintain
standard conditions at almost all sites. Suitable insirumentation was used;
sound level meters met the requirements of ANSI 5I.4-1971, American
National Standard Specification for Sound L.evel Meters, Microphone calibra-
tion was performed by an appropriate procedure and at prescribed intervals.

* An anemometer was used to determine wind velocity, and microphones weru

equipped with suitable wind screens.

Restrictions were made to prevent measurements during unfavorable
weather conditions (e.g., wind and precipitation}. The standard sito 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 feet away. The road surince was
paved, and the pround between the roadside and the microphone was covered by
short grass In moest cases. .

The standard site for the stationary runup test included space requirements
thet were the same as for pass-by measurements, and the surface between the
microphone and vehiele was paved, Microphones for stationary and pass-by
measurements were located 50 foet from the centerline of the vehicle or lane
of travel, 4 fect off the ground, and oriented as per manufacturer's instructions.
Variotions from the standard measurement sltes and micerophone 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 tho appendix. e e e

Truck néiée surveys have been conducted in California in 1965 (52), and 1971
{58), in the State of Washington in 1972 (54), and in New Jersey in 1972 (55). In
1973, EPA contractors conducted additional truck neiggsusuews-of r83adrucks

 operating at spaeds cURE:AS-MEPH:in the states of California, Colorado, Minots,

Kentucky, Maryland, New Jersey, New York, Pennsylvunia, and Texas, and of
2,583 trucks operating under acceleration conditions at speads under 35 MPH
in the states of California, Colorado, Florids, Maryland, Missouri, Texas,
and Virginia.

-1
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In almost all cases, measuremoents were made at a distanee ofu50- £t -from
the center of the first (outer) lane of travel, using A-weighiing.and fagt response: £
on the sownd level meter, Inthe 1973 survcys,‘ the type of truch and number of
axles were recorded in order to perinit detailed analyses nf the noise level dis-
tributions for various types of trucks,

In addiiion, a study of noise levels of 60 irucks produced during a stationary
run—ufa test was carried out by EPA in Virginin in February, 1974,

Figure 4.6 shows cumulative probability distributions for the neak nacshy
noise levels measured at 50 it under high~speed frecway conditions in the surveys

.conducted prior to 1973. The data shown are for heavy truclks; 5,838 diesel trucks
«n California in 1965 (56), 172 combination trucks in California in 1971 (57), 531

trucks with 3 or more axles in Washington in 1972 (58); and 1,000 trucks with 3
or more axles in New Jersey in 1972 (09). The datn are in close agrecement: typl-
cally, 50% of the trucks were observed to excecd 87 o 88 (AIX(A) and 20% were

. observed to exceed 90 dB(A),

Figure 4,7 shows that under high-sneed freewav conditions, huses are atout
2 dB quicter than heavy trucks. Approximately 50% exccod 83 dB(A}, and 6%

exceed 90 dB(A). These data were obtained In New Jersey in 1973,

Table 4.1 shows the mean.noise levels and percentanes ot all tructs wish six
or more wheels that were cbserved to exceed 90. 0 dB(A) under high-speed free-

waoy conditions in ten states. Thesc data were all obtalned in 1975, except for

the Washinpton state data, which were obtained in 1972, Tho arithmetic mean

of the percentage of trucks oxeeeding 90. 0 dB(A) is 23,1%. When the datn is
weighted by the sample aize obtained in ench siate, this percentage drops to 22.6%.
When the data are welghted by the number of registered trucks above 10,000 b
GYWR/GCWR, the percentage drops to 21.0%.
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Table 4-1 ,

ALYL TRUCKS ABOVE 10,000 LBS GVWR OR GCWR

f
Mean Noise % Above
State Source Level Mean Speed 90, 0 dB(A)
CA  W,L.  85.4dB(4) (n) - 5.0%
COo BBN B4.6 51. 7mph 10.0
1L BBN 89.1 ) B7.2 42,0
h KY BBN 88,8 61.3 40.0
~ MD Md.DOT  88.1 - . 30.0
NJ BEBN 87.2 66,5 20.0
NY BBN 88.8 - 60.0 43.0
PA W.L. 862 (a) - 13.0
™ BBN 83.7 . 56.1 12.56
WA  WA-72 86.6 (a) - 16.0
i ‘ mean percentage exceeding 90 dB{A) = 23.1%, '
; (n) median
; H
\
f;
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Table 4-3 shows the same results by tyﬁe of truck for the nine states in
which daia were obtained in 1973, The mean percentages of trucks exceeding
80,0 dB(A) ranges from 1, 9% of 2~axlo trucks to 36, 1% of 5-axle trucks.

A erucial distinetion must now ba made, The fact that approximately 23%
of gl trucks observed in these surveys excecded 90, 0 dB{A) doves not moean
that 23% of all registered trucks above 10,000 b GVWR/GCWR will exceed this
level. This is because larger truchs operate many more miles per vehicle per
yenr than smaller trucks do and accordingly show up more frequently in surveys

_than their aeiual numbers would indicale. For example, 2-axle trucks average

10,600 vehicle miles per year, while 5~-axle trucks averago 63, 000 vehicle miles

‘per year (60),

Using data from the 1972 Census of Transportation - Truck Inventory and

Use Survey the followIng breakdown was obtained for the population of
registered trucks above 10, 000 Ib GVWR/GCWR. '
. . TJABLE 4-2 L . - -
TRUCK POPULATION OVER 10,000 Ibs
2-axle straight truck . - ’ 71.7%
8-axle straight truck - 10.6%
8-nxle combination truck 2.4% "
4-axle combination truck 5.3%:
§-axle combination truck B.1%
Not reported or other ) 1.9%
- . . 100.0%

fable 4-4 shows that when these percentaqes are multinlied hv the mean mep.
centeges of cach type exceeding 90. 0 dB(A) from Table 4-3, a total of about 7% of -

all registered trucks above 10,000 1b GVWR/GCWR axceed 80.0 dB(A) at freewny
speeds. '

¢ ——
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Table 4-3

2 AXLE STRAIGHT TRUCK ABOVE 10,000 LBS GVWR

Meon Noise % Abhove

State Source Level Mean Speed 60.0 dB(A)
CA W.L.  81.0dB(A) (a) - 1.2%
co BBN 80.4 50, 9mph 1,9 .
1L 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 65.7 0,6
NY BBN 85.1 59,4 6.0
PA Ww. L. 8l.2 () - 0.9
™ BBN 78.6 54,6 0.6
mean percentage exceeding given
noise level: 1. 9%

3 AXLE STRAIGHT TRUCK :
CA WV.L. 85. 2 (a) (b) - g.0 "
co BBN 84,1 47.7 1.2
1L BBN 85.8 54,5 9.0
KY BBN 87.7 69.9 *
MD Md.DOT 87.5 - . . * ;
NI BBN 84.7 57.4 *
NY W.L. 88,0 (g) (b) - 26,0
PA W.L. 84. 5 (a) (b) - 2.0
X BBN  84.8 50.6 *
mean percentage exceeding given
noise lovel: 8.3%

{0) median
{b) all 3 axle trucks
*  jinsufficlent data
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Table 4-3 (LonTinuey)

4

3 AX1E COMBINATION TRUCK

! Mean Noise % Above

State Source Level Mean Speed 90. 0 dB(A)
CA W. L. 85,2 (a) (b) - 8.0% :
co BBN 83.8 51.9 *
1L, BBEN 86.0 55,7 *
KY BBN 87.8 59.0 .
MD Md,DOT  B6.6 ' - 17.0
NI BBN 85.7 67.2 1.0

- Ny W.L, 88.0 {2) (b) - 26.0
PA W.L. 84.5 () (b - 2.0
™ BEN 83,0 ' 56.5 . .
mean percentage exceeding given
nolse level: 10.8% !

4 AXLE COMBINATION TRUCK
CA W, L. 84,2 (a) - 3.0
co BBN 84,8 49,0 9.0-
L BBEN 87.1 65,4 22.0
Ky BEN 88.0 61,0 24,0 ‘
MD Md,DOT  87.9 - 26,0 j
NI BBN 86,7 7.1 11.0 1
NY BBN 88.8 58.8 26,0 :
PA W.L,  85.7(a) - 9.0 1
X BBN 8.5 56,4 4.5 X
mean percé‘ntage exceeding given i :
15.0%

noige level:

{2) median
{b) all 3 axle trucks
_* insufficient data
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Table 4-3 (Continued)

i AXLE COMBINATION TRUCK

Mean Noise % Above
Stote Source Level Mean Speed 90. 0 dB{A)
CA Ww.L, 85,9 (a) - 7.0%
co EBN B7.0 63. 7 18.0
IL BBN 90.2 57,7 51.0
KY BBN 90.6 ) 62, 6 56,0
MD Md.DOT  89.7 s - 412.0
NJ BBN §8.3 58.7 32.0
NY BBN 91.2 61,6 74,0
PA W. L. 87.6 (a) - 22,0
X BBN 875 57.9 23,0
mean pereentage exeecding given '
nolse level: 36.1%
(7} median

i
i
3
;
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Tgble4-4
TRUCKS EXCEEDING 90,0 dBA AT SPEEDS OVER 35 MPH
% of all % of type % of all trucks
trucks above exceeding above 10,000 lbs
10,0001bs (n)  90.0 dAB(A) affected (a)
2 axle straight truck 71.7% 1.9% 1. 4%
3 axle straight truck 10.6 9.3 1.0
3 axle combination 2.4 . 10.8 0.3
4 axle combination 5.3 15.0 0.8
6 axie combination 8.1 36. 1 2.9
All other (b) 18 , 86.1 (o) 0.7
100, 7% 7.1%

{a) Estimates are for all trucks over 10,000 pounds GVWR or GCWR,
including trucks not involved in interstate commerece.

(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 datn avnilable. Percentage exceeding noise level is assumed to
bo the same as for 5 axle combinations. -
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It is useful to note that truck noise which is predominantly
tire noise may be estimated by the empefica] formula given on Page 5-156.
In particular the effect of a velocity change from speed mph to mph 2>
corresponds to a decrease in noise level | ) of 40 LoG5 ( )
dB(A), MWhen { ) is 65 mphand { ) 15 50 mph the noise level
reduction is 4.6 dB{A). Thus trucks travelling at 65 mph and
which generate a noise level of 90 dB{A) would produce 85.4 {(approximately
B6 dBLA)) at 50 mph. 1his is of significance in comparing noise levels

measured in the high speed test described in this document.
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SECTION 5

NOISE ABATEMENT TECINOLOGY
COMPONENT NOISE CONTROL

Of the truck components that contribute to total truck necise
levels, the most significant are the engine, fan, intake, exhaust,
and tires, The relative importance of each of these sources varies
according to the type of truck operation, This section deseribes
noise abatement techniques for reducing the component source levels.
Engine

Internal combustion engines convert the chemical energy of fuel
to mechanical energy through the controlled combustion of fuels in a
combustion of fuels in & cylinder. The motion of engine components
and the sudden increase in cylinder pressure occurring during com-
bustion excites the engine structure, causing vibration of the external
surfaces and attendant sound radiation. The magnitude of the radiated
noise dependg primarily on engine type and design, not on engine size
or power.

CGasoline-fueled engines tend to be quieter than diesel-fueled
engines, The reagon for this is that in present production diesel
engines the combustion forces are greater, especially in the mid
to high frequencies where rescnant structural modes are present in
the engine,

Figure 5-1 shows engine noise source levels at 50 feetas a func-
tion of engine ﬁorsepower. Figure 5-1 ig a histogram of these source

levels., The three gasoline-fueled engines are in the 75 to 77 dB(A)
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range, and the diesel fueled engines have source levels ranging from

76 to 85 dB{A), with groupings at 76 to 77, 7910 81, and 85 dB(A).
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Possible noise control treatments include modifications to the
engine itself and modifications te control the path by which engine
structural! noise is radiated to the exterlor. ‘The choice of method
will depend on the degree of noise reduction required, cost, lead
time, and any associated penalties in performance,

Reduction of combustion-related noigse would be particularly de-
sirable for diesel engines. However, reducing this noise by reducing
combustion power would also entail a reduction in engine output power,
An alternative approach is to smooth out the rapid rise in pressure
(Reference 1). One method of doing this is {o control the fuel delivery
rate, but with present production tolerancés in the injection system
this would be difficult, Another method is to use a turbocharger on
4-gtroke cycle engines. Turbocharging increases peak cylinder pres-
sures while decreasing the rate of pressure rise, 5till another tech-
nique is to redesign the combustion chamber and injector gpray pat-
tern (Reference 1), At present, all these solutions are being tested
by the major engine manufacturers, One major manufacturer is phag-
ing all naturally aspirated engines out of production and replacing
them with turbocharged models.

Control of machinery-related forces {e.g., oscillating pistons
glapping the cylinder walls; see Reference 3) in present engines is
aimed primarily at changing or reducing the structural response of
the engine. Investigators are experimenting with better ways to sup-
port the piston in the cylinder and are trying to obtain better balance

and closer tolerances in production engines. This technique, in com-
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bination with turbocharging, was used by one manufacturer to reduce
the overall noise of a diesel-powered truck to 75 dB(A),

Several engine manufacturers are presently marketing quieting
packages that attenuate engine structural noise by altering its irans-
mission path, Depending on the particular quieting package and truck
configuration, engine noise reduction ranges from 0 to 4 dB(A), with
most packages providing about 2 to 3 dB{A) reduction. The packages
generally consist of covers for the sides of the engine block and oil
pan, vibration isolation of the valve coverg or air intake manifolds
and crossovers and, possibly, dampingtreatment on sheet metal cov-
ers (Reference 4)., Thien (Reference 5) reports that close-fitting
covers which extend over the entire engine structure provide about
15 to 20 dB(A)reduction in engine noise. Discussions with one major
engine manufacturer indicated that such packages could reduce the
overall truck noise by 10 to 15 dB{A), However, the engine manu-
facturers also indicated that these packages are not presently ac-
captable for production utilization because problems with cooling and
service access have not yet heen resolved.

To obtain the lowest possible overall truck noise level, most
engine manufacturers appear to prefer an enclosure built inte the

truck cab rather than fitted onto the engine., Three truck manufac-

turers (International Harvester, White, Freighiliner) under contract

to the U, S, Department of Transportation (DOT) have investigated
enclosure designs for cab-over engine trucks. The enclosures
involved a tunnel configuration with the cooling fan at the enclosure
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entrance, Air flows through the enclosure and around the engine via
acoustically lined duets. All three manufacturers have built proto-
type vehicles generating less that 80 dB(A). The Freightliner truck
has an overall noise level of 72 dB(A) (Reference 6). This truck uses
a large frontal area radiator to reduce cooling fan requirements; the
large engine tunnel formed by the underaide of the cab gives the cool-
ing air room to flow past the engine. Thus, [ull or partial engine
enclosures built into the cab structure are technologically feasible.
These enclosures will be necessary to reduce the oversll noise of
trucks equipped with standard diesel engines to low levels (75 dB(A)
and below)., Some current production trucks without enclosures can
be quieted to 80 dB(A). This reduction, however, is dependent upon
engine type.
Fan

Truck cooling fans have been designed with primary emphasis
on purchase price rather than on aerodynamic efficiency or noise
abatement, Accordingly, most fans are made of stamped sheet metal
blades riveted to a hub that is turned by means of a belt and pulley
arrangement connected to the engine. The fans tend to be smell
and operate at high speeds, which leads to high noise levels, since
fan noise generation is proportional to fan speed. The fan cross
gection is not aerodynamically shaped, and the blade pitch angle does
not vary with radius as it should if it is to properly develop uniform

flow through all portions of the radiator, In order to minimize

" tractor length, it appears that manufacturers tend to squeeze the
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fan between the engine and radiator. Under favorable conditions,
the fan would move air axially; in the usually cramped engine
compartment, the flow is moastly radial, with a nonuniform velocity
digtribution.

Noise data for various truck fans are shown in Figures 5-3 and
5-4 aga function of engine flywheel horgepower., The brackets on
the five points in the 300 to 400 hp region designate limits of uncer-
tainty resulting from 0,5 dB(A) levels of uncertainty in the measure-
ments used to estimate the fan noise levels. Fan nolse on gasoline-
powerad trucks tends to be higher than on diesel-powered trucks
because the greater heat rejection of gasoline engines requires more
cooling air flow. Neither cab type nor engine power appear to have a
significant effect of diesel-powered truck fan noise,

The contrel of fan noise must be viewed in terms of total cooling
system design. Some noise reduction can be achieved by modifying
the radiator, the shutters, the fan shroud, and, of course, the fan
itself, Data presently available to ONAC are inadquate io quantify
the exact relations between radiator size, heat transfer coefficient,
and fan noise.

Radiator design is closely related to fan performance and noise,
Radiators designed with low airflow requirements allow the use of
glower tuminAg and, thus, quieterfans, The amount of noise reduction
achievable through modifications to the radiator depends on the initinl
design, but even well-designed cooling systems can often be quieted
by 2 to 3dB(A) through modifications to radiatordesign (Reference 7).
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Thermostatically controlled shutters are used on many trucks
to regulate air flow through the radiator. The primary purpose of
the shutters is to prevent cold water from overcooling the engine on
very cold days, Shuiters significantly influence fan noise. When the
shutters are closed and air flow to the fan is substantially reduced,
the fan blades stall and generate more noise,

Shrader (Reference T) reports a 5 dB(A) increage in fan noise
as a result of closed shutters, One manufacturer reported approxi-
mately 2 2 to 3 dB(A) increase in total truck noise for his engine
line of models when shutters were closed. Several manufacturers
feel that shutters could be replaced by thermostats and bypass tubing,

The fan shroud, which ducte air from the radiator to the fan, is
important in maximizing fan effectiveness and preventing recircula-
tion of hot air back through the radiator. Shrouds that do not channel
thig air amoothly into the fan can lead to stalled blade tips with an
attendant increase in noise. Shrader (Reference 7) claims that im-
proved shroud designs can produce a 3 to 5 dB(A) reduction in fan
noise levels,

The fan itself can often be changed to reduce noise., One
of the most effective changes is to increase fan diameter and
decrease fan speed. A 2- to 3~inch increase in fan diameter typically
allows a 3 to 5 dB{A)} reduction in noise for a constant volume flow
rate, The extent to which fan diameter may be increased is limited

by the configuration of the radlator and essential structural members

of the truck.
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The Cab Over Engine (COE) tractor is particularly suitable for
a large, slow fan. Because of the large, blunt front on the COE,
the forward motion of the truck tends to develop a high pressurc
rise in front of the radiator that supplements the flow created by
the fan. Using this type of cab and a large radiator with a froental
area of 2,000 square inches, Freightliner achieved a fan noise level
of 66 dB(A) (Reference 8). The f{an, which is thermostatically
controlled, operatesfor aboutonly 1%of the lime, For the remainder
of the time, the forward motion of the truck is able to force sufficient
cooling air through the radiator,

The data in Figures 5.3 and 5.4 indicate that most fans generate
less than 80 dB{A). Those that are noisier t.:an be replaced by a slightly
different fan model and fan/engine speed ratio. Reduction of fan
noige to 75 dB(A) may require somewhat larger radiator cores and
larger, slower fans. Levels can be reduced to 65 dB{A) with larger
radiator cores, larger and slower fans, careful design of fan shrouds,
and a thermostatically controlled fan clutch that is phased with a
shutter thermostat to prevent fan operation while the shutters are
closed.

Intake

Air intake systems supply truck engines with the continuous flow
of clean air needed for fuel combustion., These systems can range
in size and complexity from a simple air filler mounted on top of a
carbureter to an external air filter with ducts leading to the engine
and & cab-mounted snorkel unit. Noise is generated by unsteady
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flow of air into engine cylinders. Supercharged engines with Rootes
blowers also exhibit tones associated with the blade-passage frequen-
cy of the blowers, Turbochargers tend to smooth flow irremlzrities
associated with cylinder charging.

Two DOT reports on exhaust systems (Referenceg 8, 9) include
gtudies of air intake systems on five diesel engines. The sound
levels are listed in Table 5-1. The DOT report also list the air
intake source levels when additional air filters are installed on these
engines. Source levels that have been measured for air intake sys-
tems on gasoline-fueled trucks are all less than 69 to 72 dB(A) at
50 feet,

Intake systems may be readily quieted by air filters, Hunt, et.
al, (1973) and DOT {1973) (References B and 9) report that the intake
systems they examined could in all cases be quieted to source levels
below 75 dB(A) and in Bome case to below 65 dB(A). It is expected
that no performance change in air intake systems will be needed to
achieve overall truck levels of 83 or 80 dB{A). To achieve overall
truck levels of 75 dB(A), for example, it may be necessary to add
gilencers to some engines.

TABLE 5-1
AIR INTAKE SOURCE LEVELS

Air Intake Source

Engine Type hp Level at 50 Feet
[dB{A)]
Naturally aspirated, 4-stroke 250 82
Turbocharged, 4-stroke 350 70
Rootes Blower, 2-stroke 238 82
Turbocharged, 4-stroke 238 83
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Exhaust

Exhaust outlet noise emanates from the exhaust system term-
inug andis generated bythe pressure pulses of exhaust gases from the
engine. Shell-related exhaust noise consists of radiation from the
external surfaces of the pipes and mufflers of the exhaust system.
It is generated by two mechanlsms, the tranamission and subsequent
radiation of engine vibration to the exhaust system and the trans-
missgion of internal sound to the exterior of the pipe.

‘Hunt et al, {(Reference 8) found that the source levels of unmufl-
fled outlet noise for diesel engines can range from 82 to 105 dB{(A)
at 50 feet. Exhaust shell noise is low enough that very few trucks
require modifications to this source to reach overall levels of 83
dB{A). However, some modification ig required to achieve overall
levels of 80 dB{A) and lower.

Noise control techniques for exhaust noige consist of muffling
exhaust outlet noise, using double-wall construction on pipes and muf-
flers to reduce radiationfrom exhaust line elements and incorporating
vibration~isclated clamps connecting the exhaust pipe to the engine
to reduce the engine vibration source of shell noise.

In selecting o muffler, the work the engine must expend on push-
ing exhaust gases out the exhaust port, with regulting degradation
of overall engine performance, should be considered.

Manufacturers are able to choose from among a wide variety
of mufflers, some of which provide low noise levels at no inore cost
or higher back pressure than noisier mufflers. Mufflers are avail-
able to reduce the exhaust source levels of 6 cylinder, in-line turbo-
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charged diesel engines, naturally aspirated 4-stroke diesel engines,
and turbocharged 4-stroke V engines to 75 dB(A) with no apparent
coet increase. /

The unmuffled source levels of popular 2-stroke engines are at
least 10 dB(A) higher than for other engines. Although apparently
no mufflers presently manufac.tured can reduce the source level of
these engines, say, to 75 dB(A), the available technology could enable
manufacturers to design such a muffler system, or combine present
designg into a dual cenfiguration.

The anticipated method of reducing exhaust noise on 12-cylinder,
2-stroke diesel engines to overall levels of 83 or 80 dB(A) ig to
use dual or series mufflers.

With the addition of turbochargers to diesel engines, which
reduce the unmuffled exhaust noise, noise reductions on the order
of 5 to 10 dB(A) have been reported, Thus, turbocharging greatly
increages the ease of obtaining overall truck noise level reductions,
Tire Noisge

Truck tires generate nolse hy interacting with road surfaces.
Numerous factors affect tire noise, including pavement surface, tire
tread design, tire load, whether the pavement iz wet or dry, and
vehicle speed, In a recent study for the Highway Research Board,
Rentz and Pope (Reference 10) compiled truck tire noise data from

seven sources and developed the following regression equation for

5-14




LIRS L S P

A-weighted tire noise levels L at 50 faet:
v L
L =B + 40 log 1o (70) + 10 log ;4 (45007 + 10 log 15 (N)

Here B is a congtant, the value of which depends on the tread patiern
and state of wear, V i5 the vehicle velocity (in mph), W is the
tire load {in lbs) and N is the number of axles on the truck. When
this equation was used to predict tire noise agsociated with 47 loaded
tractor-trailer combinations, noise levels were found to be within
a mean error of 1.3 dB{A)and a standard deviation of 2, 2 dB(A) com-
pared with measured data,

There are at least two techniques that may be used to conirol
tire noise: (1) substitute quiet tires noisy ones, and (2} design quiet
tires from the start. When considering substitution, based on pres-
ently available tires, it would he desirable to consider equipping
trucks entirely with ribbed tires., It should be noted, however, that
crosa-lug tires are typically used on the drive wheels of tractor-
trailer trucks because of tractive requirements.

The deaign of tires that are significantly quieter than those now
being manufactured requires a technology base that is not now exist-
ent. Some efforts have been opplied to developing new technology;
for exarnple, tire manufacturershave found that by randomizing tread
patterns, pure tones can be spread in the frequency spectrum with
a concomitant reduction in community annoyance. However, funda-

mental noise-producing mechanismg have not been quantitatively

agsessed,
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TOTAL TRUCK NOISE CONTROL

The component noise control measures described ahove may
be combined in a variety of ways to meet specified limits for
overall truck noise. (Tire noise control is nat included in this dis-
cussion.) In general, the noise control strategy is determined by
the source level of the noisiest and most difficult-to-conirol compon-
ent, usually the engine. Gasoline-fueled and diesel-fueled trucks
are discussed separately because of the difference in their engine
source levels, '

The combinations of source levels suggested in this gection for
achieving specified overall truck levels are intended to be represent-
ative of practical examples. In some cases, a manufacturer may
prefer to have one source level higher and another lower than sug-
gested, As a guarantee of the component levels, tolerances could
be placed on each component. For example, to engure an 81 dB(A)
for the engine, the manufacturer would design the engine for a 79
dB{A) level with a 2 dB(A) tolerance, Likewise, the expected toler-
ances forthe fan and the exhaust might be 2 dB(A). These tolerances
must be subtracted from the maximum listed values, Assuming that
the component tolerances represent the maximum variance in source
levels, the variance in overall truck noise would be about 2 dB(A);
i, e., the mean noise level for all trucks would'be about 1 dB(A) less

than the noise level limit,




Diesel-Fueled Trucks

Present production medium and henvy duty diesel trucks display
the following ranges of measured source levels {in dB(A)):

Overall Truck
Noise Lovel

Engine Fan Exhaust (excluding tires)
76-85 T6~85 75-85 79-88

All manufacturers are currently able to reach an 86 dB(A) overall
level with off-the-shelf hardware. They have apparently concentrated
on quieting their noisiest preduction trucks firgt. Thus, trucks
having engines with source levels of 80 to 85 dB{A} have quieter fans
and exhaust systemsg than trucks with quieter engines.

Table 5-2 shows one combination of ource levels that will yvield
a production line truck that generates an overall noise level of less
than 83 dB{(A). More than 30% of trucks presently being produced
already generate noise levels less than 83 dB(A). Of those trucks not
meeting this level some will require few modifications, while others
will require engine or underhood treatment, Nevertheless, all manu~
facturers could produce trucks that would achieve this level with all

TABLE 5, 2
COMPONENT SOURCE LEVELS FOR AN 83 dB(A)
OVERALL TRUCK NOISE LEVEL

Caomponent Noise Level, dB(A)

Engine : 81

Exhauat < o8 j 83
All others [

engine types, using off~the-ghell hardware. This may require that
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such trucks, depending on the model, be fitted with quieter exhaust

systems, quieter cooling fans, and/or engine noise control paclages,

The primary design problem will likely be the cooling fan, Truck
manufacturers may purchase quieter fans from vendors, but fan noise
is influenced by the operating envirgnment as much as by {an design.
However, manufacturers may elect to use larger, slower fans with
well-desipgned shrouds and replace radiator shutters with a bypass
tubing to achieve greater noise reducticn,

Component scurce levels which will yield trucks whose overall
noise level is, for exampte, 80 dB(A), are shown in Table 5-3, Vir-
tually all trucks produced today will require quieting attention to meet
this level, Engine noise will be a prime target for quieting, The quicter
diesel engines, which are uged in about 23% of the trucks currently
produced, will require covers or quieting kits to reduce their noise,
while the noilsier diesel engines, whichare used in about 12% of present
production trucks, will require a partial engine enclosure, entailing
redesign of the cab, or redesign of the engine itself to reduce struc-
tural and combustion noise. Alternatively, truck manufacturers may
elect to use one of the quieter engines already available,

To obtain an 80 dB(A) overall level, manufacturers will also
have to quiet other components., They may be able to compensate
for a slightly too noisy engine by lowering exhaust levels more,

Gasgoline-Fueled Trucks

The source levels measured in gasoline trucks are [in dB(A)):

Overall Truck Noise Level

Engine Fan Exhaust {Excluding Tires)
75=-77 B0-85 20 83-86
5-18 '
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Table 5-4 shows a combination of component levels that will
produce a truck with an overall noise level of 75 dB(A). To achieve
this level, most trucks will require some type of engine enclosure
built into the cab, In addition, other components will require treat-
ment with the best avajlable technology.

Table 5-5 lists 2 set of component source levels that will pro-
duce a truck with an overall noise level of 83 dB(A), Noise control
to meet thislevel will consist primarily of quieting fan noise by using
a larger, slower fan and incorporating a better exhaust system.

A list of component source levels that will permit a truck to
meet an overall level of 80 dB(A) is given in Table 5.6, Manufac-
turers will have no significant problems in achieving engine and
exbaust noise levels. They will have to improve the cooling system
by using a larger, slower fan, possibly a thermostatic control to
eliminate shutters or control their opening, and possibly a larger
radiator,

Table 5-7 lists component source levels that will give an overall
truck noise level of 75 dB{(A}), Manufacturers will probably he able
to quiet engine noise by means of engine covers and quieting kits; e. g. .

under~hood cab treatment, side shields, and recirculation panels.
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TABLE 5-3
COMPCNENT SOURCE LEVEL COMBINATIONS FOR
AN 80 dB(A) OVERALL TRUCK NOISE LEVEL

Component Noise l.evel, dB{A)
Engine 295 <
Fan > 74 80
Exhaust < 75 -
All Others s oto

TABLE 5-4

COMPONENTS SOQURCE LEVELS FOR A 75 dB(A)
OVERALL TRUCK NOISE LEVEL

Component Noise Level, dB(A)
Engine £ 70
Fan * B85 <
Exhaust _:, 68 75
All Others 70 -
TABLE 5-5

POSSIBLE COMPONENT SOURCE LEVEL COMBINATIONS
FOR SPECIFIED OVERALL TRUCK NOISE LEVELS

83 dB(A)

Component Noise Level, dB(A)
Engine S8 <
Fan < 80 83
Exhaust _:, 75 -
All Others It 70
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TABLE 5-6
POSSIBLE COMPONENT SOURCE LEVEL COMBINATIONS FOR
SPECIFIED OVERALL TRUCK NOISE LEVELS

80 dB(A)
Component Noise Level, dB(A)
Engine = 75
Fan < 14 Z 80
Exhaust £ 15
All Others 2 10
TABLE 5.7

POSSIBLE COMPONENT SOURCE LEVEL COMBINATIONS FOR
SPECIFIED OVERALL TRUCK NOISE LEVELS

T5dB{A)
Component Noise Level, dB(A)
Engine Z 10 <
Fan s 85 I
Exhaust 2 68
All Others 2 90
5-21
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SECTION 6

HEALTH AND WELFARE
INTRODUCTION

Section  2{b} of the Noise Control Act of 1972 states: "The
Congress declares that it is the policy of the United States to promote
an environment for all Americans free from neise that jeopardizes
their health or welfare.,.." Consistent with this policy and as part of
the regulation development process, two analyses have been conducted
to evaluate the effects of new truck noise on public health and welfare.

In one analygis, discussed here, the effects on the American pop-
ulation of new truck operating rules, toéether with the effects of three
different levels of new production truck noise were assessed. This
study is a statistical analysis that considers the impact of truck noise
on the total national population.

In a second analysis, envirenmental situations defined by scenarios
were evaluated to estimate truck noise levels that might allow human
activities to be carried on at various activity sites without evocation
of annoyance by intruding truck noise, These levels can then be com-
pared with different newtruck noise levels to assess the type of environ-
mental situations resulting,

Both analyses use the same basic information. The principal dif-
ference is in the presentation of the results, The statistical model
considers the change in the average day-night noise energy level, Ldn.
The individual case model considersa the maximum noisc level intrusion
due to single events of truck passby noise,

6-1

e tmpamen v

T T ey | W i AL T b v



e e b e

e b Py b s T

EFFECT OF NEW TRUCK NOISE LEVELS ON PUBLIC HEALTH AND

WELFARE "IN THE LARGE"

Introduction

In this section the effects of differing new proaduction truck noise
levels onthehealth and welfare of the United States population are an-
alyzed, The approach taken for this analysis is statistical'in that an
effort is made to determine the order of magnitude of the population
that may be affected by the proposed action. Thus, there may exist
some uncertainties with respect to individual cases or situations.
However, such effects cannot be completely accounted for; thus the
necessity to employ a statistical approéch.

The phrase "public health and welfare effects, ' as usefi herein,
includes personal comfort and well-being as well as the absence of
clinical symptoms (e, g., hearing lossh

To perform the analysis presented in this section, a noise meas-
ure is utilized that condenses the infermation contained in the noise
environment into a simple indicator of quantity and quality of noise
which, inEPA's judgment, correlates well with the overall long-term
effects of noige on the public health and welfare. This measure wasg
developedas a resultof the Noise Control Act of 1972, which required
that EPA present information on noise levels that are "requisite to
protect the public health and welfare with an adequate margin of
safety. '

In accordance with this directive, EPA has selected those noise
measures believed most useful for déscriblng environmental noise
and its effect on people, independent of the source of the noise. That

6-2
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is, the noise produced, whether by motor vehicles, aircraft, or in-
dustrial facilities, is evaluated on the basis of a common measure
of noise. Further, the magnitude of environmental noise, as de-
geribed by this measure that EPA considers desirable from a long-
term view of public healthand welfare, has been selected for a variety
of ocecupied space and land uses.

In the following dgections, the measures to be used in
evaluating environmental noise, the numerical values for those levels
EPA will consider in assessing impact, and a general methodology
for guantifying the noise impact of any neoise-producing system being
added to the environment, or the impact of a change in an existing
neise-producing system are addressed. A specific application of
this methodology to asseus the effects of the proposed regulations
on motor vehicle noise is also developed.,

Definition of Leq and Ldn

Environmental noise is defined in the Noise Control Act of 1972
as the "intensity, duration, and the character of sounds from all
sources.'" A measure for guantifying environmental noige must not
ocnly evaluate these factors, but must alse correlute well with the
various modes of response of humans to noise and be simple to meas~
ure (or estimate},

EPA has chosen the equivalent A-weighted sound level in decibels

as its general measure for environmental noise (Reference 1}, The
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general symbol for equivalent level is Leq, and its basic definition

t2 2 +
Leq=10 log 39 1 p“(t)de 6. 1)
ba~t1 ), Po” ’
where t - t is the interval of time over which the levels are eval-
uvated, p(t) is the time varying sound pressure of the noise, and p
is a reference pressure, standardized at 20 micropascal, When

expressed in terms of A-weighted sound level, LA, the equivalent

A-weighted sound level, Leq, may be defined as:

t
2y
L = 10 lo 1 . _A(e)
eq g 10 (tz -t S 10 dt {6, 2)

Totl
There are two time intervals of interest in the use of Leq for impact
aggegsment. The smallest interval of interest for vehicle noise on
highways is one hour, often the ''design hour' of a day, The primary
interval of interest for residential and similar land uses is a 24-hour
period, with a weighting applied to nighttime noise levels to account
for the increased sensitivity of people associated with the deerease
in backgroundnolselevels atnight, This 24-hour weighted equivalent
level is called the Day-Night Equivalent Level, and is symbelized
ag Ldn. The basic definition of Ldn in terms of the A-weighted

gsound level is:
Ldn=10 log 10

L.

[ 2200 L 0700
4 ALY . L, {t)+10
| b9 [ (e,

2
10 dt
or, * | “o700 2200
(| ‘_..Iiﬂ) (..I‘.nﬂ:g} (6. 3)

24 15x10 + 9x10

ciween 7 a.m. and

c*

where Ld i{s the equivalent level, cobialned




srmrre s BEwe W S IL

o

10 p.m. and Ln is the equivalent level obtained between 10 p.m.
and 7 a.m, of the following day.

Assessment of Impact due to Environmental Noige

The underlying concept for noise impact agsessment in this anal-
ysis isto expressthe change in expected impact, in terms of number
of people involved, to the change expected in the noise environment.
Three fundamental components are involved in the analysis: (1) def-
inition of initial acoustical environment, (2) definition of final acous-
tical environment, (3) relationship between any specified noise envir-
onment and expected human impact.

The firat two components of the assessment are entirely site or
system specific, relating to either estimates or measurement of the
environmental noise before and after the action being considered,
The same approach is used, conceptually, whether one is examining
oné single house near one proposed road or all the houses near the
entire national highway system. The methodology for estimating the
noise environment will vary widely with the scope and type of prob-
lem, but the concept remains the same.

In contrast tothe widely varying possible methodologies for esti-
mating the noise environment in each case, the relationships to
human response can be quantified by a single methodology for each
gite or noise producing system considered in terms of the number of
people in occupied places exposed to noigse of a specified magnitude,
This i8 not te say that individuals have the same susceptibility to
noise; they do not, Even groups of people may vary in response,

6-5
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depending on previous exposure, age, socig-economic status, polit-

ical eohesiveness, and other social variables. [n the aggregate,
however, for regidential locations the average response ol groups of
people is quite stably related to cumulative noise exposure as ex-
pressed in a measure such as Ldn, The response to be used is the
general adverse reaction of people to noise. This response is a com-
bination of such factors as speech interference, sleep interference,
desire for a tranquil environment, and the ability to use telephones,
radio, and television satisfactorily, The measure of this response
is related to the percent of people in a population that would be ex-
pected to indicate a high annoyance to noige to a specified level of
neise exposure,

For schools, offices, and similar spaces in which criteria for
speech communication or risk of damage to hearing are of primary
concern, the same averaging process can be used to estimate the
potential response of people as a group, again ignoring the individ-
ual variations among people. In both instances, then, residential
{or like)areas and nonresidential, how the average response of people
varies with environmental noise exposure is considered.

A detailed discussion of the relationships between neise and human
response is provided in gseveral published EPA documents, For ex-
ample, the different forms of regsponse to noise such as hearing
damage, speech or other activity interference, and annoyance
are related to Leq and Ldn in the EPA Levels Document (Reference
1), For the purposes of thigz study, two sels of criteria have
been adapted from these EPA documents, It will be considered
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that if the levels identified in the previous document are met, no
impact exists.

The level of environmental noise identified as requisite to protect
the public health and welfare with reference to speech ecommunication
indoors is a day-night sound level (Ldn) of 45 dB {Reference 1). A
nolse environment having this level should provide, on the average,
100% speech intelligibility for all types of speech material, and have
a calculated articulation index of 1, 0 (Reference 2).

The intelligibility for sentences (firast presentation to liatenera)
drops to 80% when the level of the noige environment is increased by
approximately 19 dB ahove the identified level, and to 50% when the
level is increased by approximately 24 dB. The intelligibility for
gentences (known to listeners) drops to 90% when the level is
increased by approxirmately 22 dB above the identified level, and to
50% when the level is increased by approximately 26 dB (Reference
1}, Thus, conaidering that normal conversation contains a mixture
of both types of material, some new and some familiar, it is clear
that when the level of environmental noise is increased by rore
than 20 dB above the identified level, thé intelligibility of conver-
sational speech deteriorates rapidly with each decibel of increase,
For this reason, a level which is 20 dB above the identified level
is congidered to result in 100% impact on the people who are exposed,
Tor environmental noise levels which are intermediate between 0
and 20 dB gbove the identified level, thel impact i8 agssumed to
vary linearly with level; i.e., a5 dB excess constitutes a 25% impact
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vary linearly with level; i.e., a5 dBexcess constitutes a 25% impact
and a 10 dB excess constitutes a 50% impact.

A similar conclusion can be drawn from the community reaction
and annoyance data containedin Appendix D of Reference 1, The comn-
munity reaction data show that the expected reaction to an identifiable
source of intruding noise changes from 'mone'" to "vigorous" wlen
the day-night sound level increases from 5 dB below the level exist ng
without the presence of the intruding noise to 19.5 dB above the pre-
intrusion level. Thus, 20 dB is a reasonable value to associate with
a change from 0 to 100% impact, Such a change in level would
increase the percentage of the population which is highly annoyed
by 40% of the total exposed population (Reference 8),

For convenience of calculation, these percentages may be ex-
pressed as fractional impact (FI). An FI of ! represents an impact
of 100%, in accordance with the following formula:

FI = 0,05 (L-Le) for LiaLe

(6.4)

FI =0 for LaLce
where L is the appropriate Leq for the environmental noise and Lic
is the appropriate identified criterion level, (Note that FI can exceed
unity. )

The appropriate identified criterion level for use in calculating
fractional impact is obtained from Table 4 of Reference 1, For
the analysis of the impact of the noise of motor vehicles on people
living in residential areas, the appropriate identified level i an
Ldn of 55 dB, which exists outdoors. For other analyses concerned

6-8
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with office buildings and other types of spaces when indoor speech
communication is the principal factor of concern, the appropriate
identified criterionlevel is an Ldn of 45 dB (indoors), which is trans-
lated to an outdoor level by using a sound level reduction appropriate
to the type of structure.

Data on the reduction of noise afforded by a range of residential
structures are aveilable {Reference 3}, These data indicate that
houses can be approximately categorized into '"warm climate" and
"cold climate" types. Additionally, data are available for typical
open-window and cleosed-window conditir.;ma. These data indicate that
the sound level reduction provided by buildings within a given com-
munity has a wide range due to differences in the use of materials,
building techniques, and individual building plans, Nevertheless,
for planning purposes, the typical reduction in sound level from out-
side to inside a house can be summarized as shown in Table 6-1,
The approximate national average "window open' condition corre-
sponds to an opening of 2 square feet and a room absorption of 300
sabins {typical average of bedrooms and living rooms). This window
open condition has been assumed here in estimating consgervative
values of the sound levels inside dwelling units which result from
outdoor noise,

The final notion to be considered is the manner in which the
number of people affected by environmental noise is introduced into
the analysis, The magnitude of total impact associated with a defined

6-0
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level of environmental noise may be assessed by multiplying the
number of people exposed to that level of environmental noise by the

fractional impact assoclated with this level of the environmental noise

-as follows:

Peq = (FI) P (6. 5)
where Peq ig the magnitude of the impact on the population and is
numerically equal tothe equivalent numhber of people all of which would
have a fractional impact equal to unity (160%) impacted), FI is the
fractional impact for the defined level of environmental noise and
P is the population affected by this level of environmental noise.

TABLE 6-~1
SOUND LEVEL REDUCTION DUE TO HOUSES* IN
WARM AND COLD CLIMATES, WITH WINDOWS
OPEN AND CLOSED

(Reference 3)

Windows Windows
Open Closed
Warm Climate 12 dB 24 dB
Cold Climate . 17dB 27 dB
Approximate National Average 15 dB 25 dB

#Attenuation of outdoor noise by exterior shell of the house.

Where knowledge of structure indicates a difference in noise
reduction from these values, the criterion level may be altered
acecordingly.

When asgegsing the total imnact of a given noise source or an

assemblage of noise sources, the levela of environmental noise asso~
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ciated with the source(s) decrease as the distance bhetween the source
and receiver increase, Inthis case, the magnitude of the total impact
may be computed by determining the number ol people exposed at
each level, and summing the resulting impaet. The total impact is

Baz2 P FL e

fiven by the following formula;

where Fi is the fractional impact associated with the i ™ level and

6
PP is the population associated with i level.

The change in impact associated with an action leading to noise
reduction, or change in population through a change in land use, may
be assegsed by comparing the magnitude of the impacts for the "he -

fore' and "after" conditions. One useful measure is the percent

reduction in impact (&), which is calculated from the following

expression:

(P oq (before) - Faq (After))
A =100 P eaaqlbelore} (6,7)

Note that the percentage change may be positive or negative de-
pending upon whether the impact decreases (positive percentage
reduction) or the impact increagses {negative percentage reduction).

Thus, a 100 percent positive change in impact means that the
e.nvironmental noise has been reduced such that none of the populaticn
ig exposed to noise levels in excess of the identified levels.

In order to place this concept it perspective, an example is first
considered. In the EPA study, "Population Distribution of the
United States as a Function of Qutdoor Noise Level" {Reference 9),

an estimate is provided for the number of people in the United
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States exposed to various levels of urban noise. The above concepts
can be uged to illuatrate the current impact of this exposure, and
then to assess the change in impact if all noise sources were reduced
5, 10, or 15 decibels, In the following computation, using the data
taken fromthis study, Pi is defined as the population between succes-
sive 5 decibel increments of Ldn, This population is assigned an ex-
posure Ldn midway between the appropriate successive Ldn levels.
For this example, the identified criteria level is an Ldn of 55 dB
measured outdoors,

The result, provided in Table 6,2, shows that a 5 dB noise
reduction results in a 55% reduction in impact, a 10 dB noise re-
duction results in an 85% reduction in impact and a 15 dB noise
rcduction results in a 96% reduction in impact.

The impact assessment procedure maybe summarized by the fol-
lowing steps:

1. Estimate the Leq or L.dn produced by the noise source system

ag a function of space over the area of interest,

2, Define sub-areas of equal l.eq or Ldn, in increments of 5

decibels, for all land use areas.
3. Define the population, P, , associated with each of the sub-
areas of step 2,

4, Calculate the FI; values for each Ldn ¢ and Leqr. obtained
in step 2.

5., Calculate FI! x P/ for each sublarda in step 2,

6. Obtain the equivalent impacted popﬁlation for the condition
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exiating before the change being evaluated,
Peq, = Fl:x Py,
by summing the individual contributions of step 5.
Repeat steps 1-6 for the noise environment existing over the
area of interest after the change being evaluated takes place,
thus obtaining Peq,. (Note that the sub-areas defined here
will not in general be congruent with those of step 2 above.)
Obtain the percent reduction in impact from

Pqu- Pqu

4 =100~ —"P'_qu T

: {6.8)

Application of Assegsment Technique to New Truck Regulation

rules,

At = e

1.

The methodology presented in the previous section can be

directly applied for assessing the effects of motor carrier operating

together with the effects on the United States population

of different noise levels for new production trucks, The following

information provides a quantitative cornparison of the noise reduction
and change in the equivalent number of people impacted by vehicle
noise in the urban areas of the United States,

Urban Traffic. In performing this analysis, use has been made of
the hiéhway nolse model presented in the Highway Research Board
4 Design Guide (HRBDG). Furthermore, the following assumptions

have been made for the urban traffic situation:

The baseline conditions for trucks will exist as of October
1974, as described in the noise emisgsion standards for motor
carriers in interstate commerce proposed by EPA under
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Section 18 of the Noise Control Act (38 FR 20102 July 27,
1973), Carrier operating standards require that all medium
and heavy dutytrucks over 10, 000 pounds gross vehicle weight
rating (GVWR) not exceed the level of 86 dI3(A) under any
conditions of operation when traveling at speeds less than
35 mph, In the urban environment, since the average speed
through urban streets is 27 mph (Relerence 1), this baseline
agsumption is a suitable starting point for the determination
of noigelevel changes resulting from a new truck regulation.
The vehicle mixture is agsumed to be 1% heavy duty trucks,
6% medium duty trucks and 93% automobiles (Reference 8},
The populationdensity inthe vicinity of urban roads for noise
impact assessment is that recently reported by EPA (Refer-
ence 9. ‘

State and city noise regulations: bgcoming effective during
the 1975 model year will force a 4 dB reduction in the noise
produced by new production automobiles. The 4 dB reduction
predicted to occur for automobiles and the expected use
of quiet tires are estimates based on current trends in
local and Federal noise ordinances, At this time, it is not

known if such events will actually occur,

Freeway Traffic

This analysis has been performed in terms of constant speed

{55 mph) cruise on level ground, and has made use of actuil noise

reductions cbserved during cruise conditions. The data useda e those

presented in HRBDG volume 5, page 11, table 2, The actual net
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TABLE

b-4

ESTIMATE OF THE IMPACT OF SUCCESSIVE REDUCTION OF ALL URBAN NOISE SOURCES IN

5-DECIBEL LINCREMENTS

Current Conditions Ldm Noise Reduction in Decibels
Population 0 5 1o 15
Lan €xposed to Py
higher L millions
dB dn3 FI, FI P, FI; FI;Pi | FI; FI;P; | FI; FI;Py
miliions omi 11idns -t millions : —i millions - millions
55 93.4 34.4 0.125 4.3 0 o 0 G 0 0
60 52.0 34.7 0.375 13.0 ¢.125 4.3 0 0 0 0
65 24.3 17.4 0.625 10.9 0.375 6.5 |0.125 2.2 0 0
70 - 6.9 5.6 0.875 4.9 0.625 3.5 (0.375 2.1 |0.125 0.7
a 5 1.3 1.2 l1.125 1.4 0.875 1.1 [0.625 0.8 |0.375 0.5
A 80 c.1 0.1 1. 375 0.1 1.125 0.1 [0.976 0.1 [0.625 0.1
un .
Total Equivalent People
Impacted 34.6 15.5 5.2 1.3
Percent Reduction in
impact 0 55 85 96
\\
hi




neise

reduction during SAL J366 test is greater than the net

noise reduction during cruise due to the effect of tire noise at high

speeds.

For this analysis, the following agsumptions were made:

1.

A tire noiselevel of 77 dB(A)when measured at a cruise speed

af 55 mph and at a distance 50 feet away from the vehicle, An

agsumption was made that cross-rib tires could be forced

out of use as a result of increasin=g1y severe high speed noise

standards being instituted by EPA under authorization of
gection 18 of the Noise Control Act, This assumption of the

future extensive use of straight rib tires further supports the

choice of a tire noise level of 77 dB{(A) at high speeds,

The mixture of vehicles is 10% trucks and 90% automobiles

(HRBDG),

There are 8000 miles of freeways throughout the United States
in urban areas (Federal Highway Administration 1972
Highway Needs).

Since there exist very little data concerning the population den-

sity around highways, the average population density around

urban highways is assumed equal to tbat found in urban areas
for the nation as a whole, The 1970 census data indicated

that the average population density in urban areas for the

nation as a whole is 4, 950 people per square mile; thus, the
number chosen forthe present analysis ig 5, 000 people/square

mile, Furthermore, if the populationdistribution around high-~

ways ir agsumed homogenous, Il is estimated that there are
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40 million people (8, 000 x 5, D00) presently living within 1/2
mile of {each side) an urban freeway.
A basic highway is level and has six lanes of traffic. For the
purpose of calculating attenuation of noise on the highway,
it is asgumed that the typical house is on a lot 100 feet long,
50 feet wide, and 70 feet from the nearest lane of the freeway.
Design hour is predicated on traffic flow of 7,200 vehicles
per hour traveling at an average speed of 55 mph,
As of Qctober 1975, Interstate Motor Carrier operating rules
will permit noise levels from medium and heavy duty trucks
to be no greater than 90 dB{A) at spceds greater than 35
mph, measured at 50 feet from the centerline of the vehicle
path. The data points used from which further extrapnlations
may be made are at 83, 80 and 75 dB,
For purposes of health impact agsessments three models
have heen developed with varying effective dates. These are:
Model 1~ New trucks of over 10,000 lb GVWR will be re-
quired not to exceed the following noise levels

{in dB(A)) after October of the year indicated:

83 1976
80 19880
75 1982

and the U.S.E.P.A. Interstate Motor Carrier

standardg, as proposed, are in effect.
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Model 2 ~ Same ag Model 1 with the following daves:

83 1976
80 1977
15 1980

Model 3 ~ Same asModel 1, with effective dates used to separate

gas engine and diesel engine powered trucks:

80 83 1976
80 B3 1977
5 80 1980
75 75 1982

The following analyals considers operations under three condi-
tiong: urban freeways onl.y. urban streets only, and the aggregate of
thetwo. The analysis derives the change in Ldn, for each condition,
for various years between 1974 and 1892, the number of people im~
pacted at levels of Ldn of 55 and higher, and the change in impact

for the various strategies,

The results of the analysis are summarized in the attached
tables:

Table 6-3 - Change in Ldn for the baseline case and the
three models asg a function of time, relative
to 1974 noige levels,

Table 6-4 ~ Number of equivalent noise impacted people
for the baseline case and the three models
as a function of time.
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Table 6-5 - Percentage change in number of equivalent
noise impacted people for the baseline case
and the three models relative to 1974,

The impact estimates indicate that Models 1 and 3 have the same
re sults, whereas Model 2 accelerates the reduction in impaect by
aporoximately 2 years. Tﬁe percent reduction in impact from free-
way traffic is slightly greater than that for urban streets (63 or 57%).
The estimated percentage reduction for the combined impact of traf-
fic on urban streets is 58%, reflecting that the preponderance of the
expected impact is attributable to traffic on urban streets,

Further analysis indicates that the remaining estimated impact
from traffic on urban streets in 1992 apportioned to truck sources

is approximately as follows:

Medium duty trucks 37%
Heavy duty trucks 6%

To achieve an additional significant reduction in impact requires
further reduction of the levels for medium duty trucks and automo-
biles. For example, if both were reduced by an additional 6 dB, the
above percentages would be decreaseéd by a factor of 4 1o 9.2% for
medium duty trucks and 14, 3% for automobiles. This change would
reduce the day/night sound level resulting from traffic on urban
streets by approximately 5.3 dB. This decrease in level would
reduce the egtimated equivalent number of people impacted after the
rejulation ig fully effective from 15, 9million to 5 million, & reduction
of nver 86% from the 1974 baseline condition,

6-19

e o e v



Reduction in Day-Night Level in becibels Relative to 1974

Table 6.3

Values, as a Function of Years
Ttem Year
1976 1980 1982 1980 19582

Freeways
Operating rules and new autos

ONlye.oncevavenratsrsoranass 2.4 2.4 2.4 2.4 2.4
e e 2.4 3.6 5.0 2.4 8.6
S R 2.4 4.4 6.2 8.6 8.6
Model Jueuviesrsnnrrsrsvrcns 2.4 3.6 5.0 8.4 8.6
Urban Streets
Operating rules and new autos

ONlY.cinasaasvannnorsnnanns 0.7 1.2 1.4 2.0 2,0
Model l.ieevecencvsnesoananse 0.7 1.5 2.1 4.9 5.3
MOdEL  2iiiiisaviesiriianons 0.7 1.8 2.5 5.0 5.5
Model  3...seiestnnatareranas 0.7 1.5 2.1 4.9 5.3
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Table 6.4

Noise Impacted People
{In millions)

Year
Ttem 1974 1976 1980 1982 1990 1992
Operating rule and new
autos only
Freeway.cveersovsasones | L0 7 2.1 2.1 2.1 2.1 2.1
Urban. . .cucssieananea. | 34.6 31.5 29.4 28.4 26.0 26.0
TOtaleeeeaareassenas| 37.3 33.6 31.5 30.5 28.1 28.1
Model 1
Freeway..caeessssvsssan 2.7 2.1 1.8 1.6 1.1 1.0
Urbaneeseccsresaoensaa| 34.6 31.5 28.0 25.6 15.9 14.9
Total.ieueavineeanasn 37.3 33.6 29.8 27.2 17.0 15.9
Model 2 '
Freeway..ceevserarvass 2.7 2.1 1.7 1.4 1.0 1.0
UrbaN.cesassssavossnea| 34.6 31.5 27.0 23,2 14.9 13.8
TOtALl.vaassssresrasa| 37.3 33.6 28.7 24.6 15.9 14.8
Model 3 .
FLOEWAY . s ssserssonsnss]| 2.7 2.1 1.8 1.6 1.1 1.0 :
UrbaN. s saasasvsnaasess| 34,6 31,5 28.0 25.6 15.9 14.9 ;
TOtALisarserrsananas| 37.3 33.6 29.8 27.2 17.0 15.9 :
A :'J ‘
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Table 6.5

Percent Reduction in Egquivalent Noise Impacted Population Relative
to 1974 Baseline

Year
Item
1976 1980 1982 1990 1992

Freeway Only
Operating rules and new autos

ONlYervesasannasscanansanss 22 22 22 22 22
Model Jevreacesassvnsernnans 22 33 41 59 63
Mdel 2uerrasueretorrsunsares 22 37 48 63 63
Model P 22 ?3 41 59 63
Urban Streets Only
Operating rules and new autos

ONLYeeserenonnsassossnnarss 9 15 18 25 25
Model Lleisescsectorosnicocean 9 19 26 54 57
Model 2ecetsessiserratianian 5 22 33 57 60
Model eeerescanesisoiisanns 9 19 26 54 57
Total

Operating rules and new

autos ONly..coesncasasocas 10 1ls 18 25 25
Model i 16 20 27 54 57
Model 2ecaseosrrrarnesaans 10 23 34 57 60
Medel K 10 17 27 59 57
P L




EFFECT OF NEW TRUCK NOISE LEVELS ON PUBLIC HEALTH AND
WELFARE "IN INDIVIDUAL CASES"

This section considers the public health and welfare in individual
cages, the descriptions of the environmental situation models studied,
a discussion of the basic equaticn derived for analysis purposes, and
the presentation of the results obtained frorn analysis of the environ-
mental situations described,

Description of Environmental Situations Studied

For the purpose of this model, an environmental situation was
defined as follows: '"An environmental situation is a common every-
day activity at which a human being spends considerable time and in
which intrusive neise of sufficient magnitude would evoke a feeling
of annoyance, "' Since this definition of an environmental situation is
broad innature, human activities and sites where human activity cccurs
were selected to typify those environmental situastions thought most
prevalent,

The three broad categories of human activity selected were
(1) normal conversaation, (2) thought process and {3) asleep. For
each activity category, additional definitions are made below to qualify
the conditions and to set quantitative guidelines for the study.
Definitions were selected with the intent to limit the number of
environmental situations investigated but not to exclude nor com-
promise conditions highly germane to the model,

In the normal conversation category. the medel wag limited

to the passby interference of trucknoise on normal conversation. Nor-

6-23
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mal conversation was defined as an activity in which people could com-
municate at a comfortablie volee level or hear television or radio sound
ata volume setting that would bhe comfortable in the absence of intrusive
noise, A levelof 60 dB(A) was selected as an acceptable ambient apeech
level for normal conversation indoors or outdoors in the absence of in-
trusive noigse. The 60 dB{(A) level selected was based on (1) actual
measurement, in a typical living room, during television listening at
a comfortable volume setting and (2) analytical calculations of the acous-
tic energy in a typical living room due to speech sound power levels
(Reference 4).

In the thought process category, the model was limited to the
influence of noise on reading, writing or studying, A level of 45 dB(A)
was selected as the acceptable ambient indoor level during the perform-
ance of any or all of these activities. The rationale for choice of the
45 dB(A) level is its common selection as that level which will permit
uninterrupted thought activity due to intrusive noise in a quiet office
(References 5 and 8). A second level, that of 51 dB{A), was selected
a3 the outdoor ambient level to comfortably perform outdoor thinking,
The rationale for this selection is baged on the fact that outdoor ambient
noise levels aretypicallyhigher than interior ambient noise levels (Ref-
erence 7h

In the asleep category, the model was limited to the passby in-
fluence of truck noise on sleeping. A level of 40 dB(A) was selected
as that occcurring in a typical urban hedroom. A level of 44 dB{A)} was
gselected as that representative of a typicq.l outdoor nighttime ambient
lavel (Reference 7).
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The five categories selected for sites where human activity
enactment occurs were (1) an apartment interior, (2) a corner room
interior of a frame house, (3) an office interior, (4} an outdoors
residential lecation, and (5) an urban sidewalk location.

For the apartment interior site a room, with height to width to
length dimensions of 8 ft to 15 ft to 20 ft, was selected as representa-
tive of a typical medium sized apartment, Further, it was assumed that
the apartment contained a single window (closed and airtight) in a
wall exposed tothe exterior and subject to the incident intrusive noise.
QOther architectural-acoustic descriptions of the apartment interior site
appear in Appendix B,

The frame house {corner room) interior site description
wasg selected to duplicate most of the dimengions and acoustical char-
acteristics of the apartment interior with the added condition that the
room contained two adjacent walls with (cloged and airtight) windows
exposed to intrusive noige incident on the exterior windowed surfaces.
Appendix B contains more architectural-acoustic description of the
corner room inthe frame house interior site,

The office interior site room size was maintained at the 8 ft
x 15 ft x 20 ft dimensions of the apartment interior site, but was
modelled to architectural-acoustic qualities thought representative
of a typical office., Appendix B contains additional information to further
define the architectural-acoustic description of theoffice interior site.

The outdoors residential site was defined as & generally open,

free-field area void of cbatructions that might cause sound reflections.
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The urban sidewalk site, like the outdoors residential site,
was defined ag & freefield, However, this is a special environmental
situation inthat it was assumeda person walking on a suburban side-
walk where the ambient level is 73 dB(A) would become annoyed, for
whatever reasonh, if the ambientis appreciably raised. The 73 dRB{A)
level is that typical on an urban sidewalk (Reference 7).

Discussion of Equation Derived for Analysis

Having defined an environmental situation and several
categories of human activities and activity sites, it is necessary
to calculate the truck noise levels in dB(A) measured at 50 feet
from the truck which, if permitted, would raise, for a particular
human activity, the sound level at a selected actlvity site by a
specified level above the acceptable ambient level assumed to have
existed prior to the passage of the truck. To make these caleu-
lations, the typical environmental gituation has been mathematically
modeled using standard acoustic concepts. The derivation of the
appropriate situational model equations, including the necessary

agssumptions, are presented in Appendix A,

8o = 6 + 10 mlo[zz-o;z %} - (6.8)

Equation (8,8), which is identical to Eguation (A.33)
in Appendix A, gives the noise level §, In dB{(A) of a truck,
measured at ‘a distance r, whosé passby will produce a noise
level & in dB{A) inside a particular room which {s at a
distance r from the specified truck operation. The transmission
and absorption charactertics of the particular structure involved aswell aa the

1) f\’y
ot
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truck noige, which are all generally frequency dependent, are

jointly incorporated into the parameterg given by

A
9 =59 = IR Jop (6.9)
P P Ap ‘

Here, the summation subscript p identified the pth
octave band, of interest to the study, while Ap and Tp represent,
for the p th octave band, the interior absorption and structural
transmittance, respectively, for the particular activity site. Also,
Jopls the normalized A-weighted fih octave band intensgity component
of the noise spectrum for the specified truck operation,

As an example of the use of Equation (6.8), suppose that it
is desired to calculate the truck noise level in dB(A) measured at
50 feat which would preclude substantial annoyance associated with
the disruption of a person's thought process during study inside the
Apartment Interior activity.aite, as a result of low speed, high ac~
celeration truck operation along a road 50 feet away from the Apart-
ment.

It will be stipulated that an ambient nolse level increase .-)f
10 dB(A) above the acceptable ambient levels identified in this sec~
tion will initlate a substantial degree of annoyance for all of the
human activities defined, The 10 dB(A) amblent noise {ncrease is
derived from Reference 3, where it is indicated that an Increase
bythls and even legser amounts could cause annoyance. The 10
dB(A) might be considered as that amount of Increase where sub-

stantial annoyancebeging to oceur, Thus, with this criteria, the nolse

§-~27
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level inside the room for the particular environmental situation being
considered; i.e.,, thinking in an Apartment 50 feet from the road, is
6 r = acceptable ambient level + 10 dB{A)
§r = 45 + 10 = 55 dB{A)

From the interior déscription of the Apartment site given in
this section (and Appendix B), the sound absorption characteristics of
the Apartment activity space can be determined. The steps necessary
to calculate the total absorption for each octave band of interest for the
Apartment activity gite are summarized in Table C-1 of Appendix C. In
Table C-1, values for the absorption coefficients, etc., for the various
site components were obtzined from the references cited in Appendix B.
Ap shown in'Table C-1, Column 6 provides octave band absorptions, in cm
absorption units, for the octave bands listed in Column 1.

From the wall structure description of the Apartment site given
in this section {and Appendix B), the transmission characteristics of the
Apartment structure can be determined. The steps necessary to cal-
culate the total transmittance for each octave band of interest for the
Apartment structure are summarized in Table D-1 of Appendix D. In
Table D~1, values for the transmisgsion coefficlents % were obtained

from the relation
- defio

t= 10 (6. 10)

where Jg is the transmission loss in decibels. Values for the various

transmiasion logses were obtained as follows: for the windows, the
best estimate of cft. ig that obtained from the ""mass law' (Reference 10).
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Thus, values of &g were obtained from the equation

§ .=10log (1+1.366 x 1073p2£?) (6. 11)
10

where p is the surface density-!, lbs;;’f't'L , of the window and { 13 the
frequency in Hz. For the walls, values of de were obtalned from
the reference cited in Appendix B,

The typical truck operation involved in this example environ-
mental gituation is that of the low-speed, high-acceleration truck
operation that uéually occurs when a truck at standstill begins move-
ment. The noise spectrum associated with this common truck opera-
tion is ghown in Figure E-1 of Appendix E. To facilitate its usage
in the analysis, the truck noise gpectrum of Figure E-1 was normal-
ized to a total sound intensity of one watt/cm , Table -1 of Appendix
F summarizes the steps taken in this normalization process for the
low speed, high acceleration truck operation noise spectrum.

The gsituational factors in Eguation (6.9) can now be de-
termined. The stepe taken to obtain these situational factors for
the enviconmental situation being presented are summarized in Table
G-1 of Appendix G. From the data of' column 5 of Table G. 2, it

is seen that the parameter can be calculated to be

q = 5dyp = .000675 (6.12)
3 .

The noise level | ‘. ), measured at a distance (n.) of 50 feet,
that the truckinvolvedin this situational example can generate without
producing a noise level (8, ) of 65 dB(A) inside the Apartment located
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that the truckinvolvedin this situational example can generate without
producing a noise level (8 r) of 65 dB(A) inside the Apartment located
at a distance { ) of 50 feet from the road without causing substantial
annoyance to a person who is studying in the Apartment can thus he
calculated from Equation (6.8). Using the above information and the

value of g from Equation (6,12), it follows that

{509 1)
8, = 85+10 logé(FU')W] = 87 dB(A) (6.13)

It should be emphasized that this allowable truck nolse level for the
environmental situation studied is for a one occurence single truck
operation lasting over a relatively short time duration.

The procedure used in the above example to illustrate how the
allowable truck noise level measured at 50 feet can be determined
for a particular environmental gituation is cutlined in step format
in Appendix H for use in calculating allowable truck noise levels in
other environmental situations.

Regults for Environmental Situations Studied

The procedure outlined in Appendix H was used to determine
the truck nolse levels at 50 feet which, if allowed, would cause sub~
stantial annoyance for each of a total of 113 environmental situations.
The environmental situations studied inciuded variqus combinations
ol activity aites, human activities, and distances from the road.
The results for these environmental situations are presentedin Tables
6.6 and 6. 7 for low apeed, high acceleration and congtant high speed
truck operation, respectively,
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TABLE 6,6

LOW SPEED, HIGH ACCELERATION TRUCK OPERATION NOISE LEVLLS

AT 50 FEET TO PRECLUDE ANNOYANCE IN VARIOUS
ENVIRONMENTAL SITUATIONS

Environmental Situation

Truck Noise
at 50 Feet

Human Digtance from to Preclude
Activity or Road Centerline Annoyance
Activity Site Condition {ft) {dB(A))
Apartment Interior Normal 200 114
Conversation
Office Interior Normal 200 111
Conversation
Frame House Normal 200 110
Interior Conversation
Apartment Interior Normal 100 108
Conversation
Office Interior Normal 100 105
Conversation
Frame House Normal 100 104
Interior Conversation
Apartment Interior Normal 50 102
Conversation
Office Interior Normal 50 99
Convergation
Apartment Interior Thought 200 1]
Proceas
Frame House Normal 50 89
Interior Conversation
Office Interior Thought
Process 200 96
Apartment Interior Neormal 25 96
Conversation
Frame House Thought 200 85
Interior Proceas
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TABLE 6,6 (CONTINUED)

LOW SPEED, HIGH ACCELERATION TRUCK OPERATION NQISE LEVELS
AT 50 FEET TO PRECLUDE ANNOYANCE IN VARIOUS

Environtental Situation

ENVIRONMENTAL SITUATIONS

Truck Noise

at 50 Feet
Human Distance from  to Preclude
Activity or Road Centerline Annoyance
Activity Site Condition {ft) {dB(A)) .
Apartment Interior  Aslegp 200 94
Frame House Normal 25 83
Interior Conversation
Qffice Interior Normal 25 93
Conversation
Apartment Interior  Thought 100 93
Process
Office Interior Thought 100 80
Process
Frame House Asleep 200 80
Interior
Apartment Interior Normal 12.5 g0
Conversation
Frame House Thought 100 89
Interior Procesa
Frame House Normal 12,5 B8
Interior Converaation
Apartment Interior  Asleep 100 88
Office Interior Normal 12,6 87
Convergation
Apartment Interior Thought 50 a7
Process
Frame House Asgleep 100 84
Interior
Office Interior Thought 50 B4
Process
Frame House Thought 50 84
Interior Process
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TABLE 6,6 (CONTINUED)

LOW SPREED, HIGH ACCELERATION TRUCK OPERATION NOISE LEVELS
AT 50 FEET TO PRECLUDE ANNOYANCE IN VARIOUS
ENVIRONMENTAL SITUATIONS

Environmental Situation Truck Noige

it s . .
e b 2 M o 2 a8y T e a3

at 50 Feet
JHuman Distance from  to Preclude
. Activity or Road Centerline Annoyance
Activity Site Condition {ft} (dB{A))
Urban Sidewalk Ambient Level 50 83
Qutdoor Normal 200 82
Residential Conversation
Apartment Asleep 50 81
Interior
i Apartment Interior  Thought 25 81
;‘ Process
Frame House Asleep 50 79
! Intérior
i
! Frame House Thought 25 78
Interior Pracess
! Office Interior Thought _ 25 78
i Process
‘ Urban Sidewalk Ambient 25 i :
‘ Level
! Outdoor Normal 100 76
Residential Conversation
i Apartment Asleep 25 76
H . Interior
. Apartment Thought 12.5 75
Interior Process
Frame House Asleep 25 73
Interior
Outdoor Thought 200 73
Residential Process
Frame House Thought 12.5 13
Interior Process
Office Interior Thought 12,5 T2
Process iz
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TABLE 6-6 (CONTINUED)

LOW SPEED, HIGH ACCELERATION TRUCK OPERATION NOISE LEVT‘LS
AT 50 FEET TO PRECLUDE ANNOYANCE IN VARIOUS
ENVIRONMENTAL SITUATIONS

Environmental Situation Truck Woise

at 50 Feet
Human Distance from to Preclude
Activity or Road Centerline Annoyance
Activity Site Condition {ft} (dB(AY))
Urban Sidewalk Ambient 12.5 71
Lievel
Qutdoor Normal 50 70
Residential Convergation
Apartment Interior Asleep 12.5 70
Frame House Asleep 12,5 68
Interior
Qutdecor Thought 100 67
Residential Process
Outdoor Asgleep 200 66
Reaidential
Outdoor Normal 25 64
Residential Conversation
Qutdoor Thought 50 1
Residential Process
Outdoor Asgleep 100 (Q
Residential
Qutdoor Normal 12,5 ‘8
Residential Conversation
OQOutdoor Thought 25 £5
Residential Process
Qutdoor Asgleep 50 Fq
Residential
Qutdoor Thought 12,5 49
Reaidential Process
Outdoor Asleep 25 -8
Residential
Qutdoor Asleep 12,5 2
Residential
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TABLE 6.7

CONSTANT HIGH-SPEED TRUCK OPERATICN NOISE LEVELS
AT 50 FEET TO PRECLUDE ANNOYANCE IN VARIOUS

ENVIRONMENTAL SITUATIONS

Environmental Situation

Truck Noise

at 50 Feet
Human Distance from to Preclude
Activity or Road Centerline Annoyance
Actlvity Site Condition (it} (dB{A))
Apartment Normal 200 117
Interior Conversation
Qffice Normasal 200 115
Interior Conversation
Frame House Normal 200 114
Interior Conversation
Apartment Normal lou 111
Interior Conversation
Office Normal 100 109
Interior Conversation
Frame House Normal 100 108
Interior Conversation
Apartment Normal 50 105
Interior. Conversation
Office Interior Normal 50 103
Conversation
Apartment Thought 200 102
Interior ‘ Process
Frame House Narmal a0 102
Interior Conversation
Office Interior Thought 200 100
Process
Frame Houge Thought 200 99
interior Process
Apartment Normal 25 0o
Interior Conversation
R=15
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TABLE 6.7 (CONTINUED)

CONSTANT HIGH-SPEED TRUCK OPERATION NOISE LEVELS
AT 50 FEET TO PRECLUDE ANNOYANCIE IN VARIOUS
ENVIRONMENTAL SITUATIONS

Environmental Situation

Truck Noise

6--36

at 50 Feet
Human Distance rom  to Preclude
Activity or Road Centerline Annoyance
Activity Site Condition (ft) {dB(A))
Apartment Interior  Asleep 200 a7
Office Interior Normal 25 97
Conversation
Frame House Normal 25 a7
Interior Conversation
Apartment Interior  Thought 100 9§
Process
Frame House Asleep 200 94
Interior
Office Interior Thought 100 94
Process
Apartment Interior Normal 12,5 93
Conditions
Frame House Thought 100 g3
Interior Process
Frame House Norrmal 125 g2
Interior Conversation
Apartment Asleep 100 91
Interior
Qifice Interior Normal 12.5 91
Conversation
Apartment Thought 50 RO
Interior Process
Office Interior Thought 50 84
: Process
Frame House Agleep 100 as
Interior
Frame House Thought 50 a7
Interior Process
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TABLE 6-7 (CONTINUED)

CONSTANT HIGH-SPEED TRUCK OPERATION NOISE LEVELS
AT 50 FEET TO PRECLUDE ANNOYANCE IN VARIOUS

ENVIRONMENTAL SITUATIONS

Environmental Situation

Truck Noise

at 50 Feet
Human Distance from  to Preclude
Activity or Road Centerline Annoyance
Activity Site Condition {ft) (dB(A))
Apartment Asleep 50 85
Interior
Apartment Thought 25 84
Interior Process
Frame House Asleep 50 g2
Interiow
Qutdoor Normal 200 82
Residential Conversation
Office Interior Thought 25 82
Process
Frame House Thought 25 g2
Interior Process
Apartment Asleep 25 79
Interior
Apartment Thought 12,5 78
Interior Process
Frame House Asleep 25 7
Interior
Frame House Thought 12,5 ki
Interior Process
Outdoor Normal 100 76
Residential Conversation
Office Thought 12,5 76
Interior Process
Apartment Apleep 12,5 73
Interior
6-37
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TABLE 6-7 (CONTINUED)}

CONSTANT HIGH-SPEED TRUCK OPERATION NOISE LEVELS
AT 50 FEET TO PRECLUDE ANNOYANCE IN VARIOUS
ENVIRONMENTAL SITUATIONS

Environmental Situation

Truck Noise

at 50 Feet
Human Distance from  to Preclude
Activity or Road Centerline  Annoyance
Activity Site Condition {ft) {dB{A)})
Outdoor Thought 200 73
Residential Process
Frame House Asleep 12,5 72
Interior
Qutdoor Normal 50 70
Residential Conversation
Outdoor Thoughi 100 67
Residential Process
Qutdoor Asleep 200 66
Residential
1 .
Qutdoor Normal 25 64
Residential Conversation
Cutdoor Thought 80 61
Residential Process
QOutdoor Normal 12,5 58
Resgidential Conversation
Outdoor Thought 25 55
Residential Process
Qutdoor Asgleep 50 54
Residential
Outdoor Thought 12,5 49
Residential Process
Outdoor Asleep 25 48
Residential
Qutdoor Agleep 12,5 42
Residential
6~-38
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As constructed, Tables 6-6 and 6-7 provide values of "Truck Noise"
at 50 Feet to Preclude Annoyance'’ for the various environmental
sitnations defined. The values of thesé noise level calculations were
based on the quantitative puidelines defined priviously in this section
{and Appendix B), The puidelines defined‘include the acceptable ambient
noise levels for selected human activitie‘s at particular activity sites,
the architectural-acoustic descriptions‘ of the activity sites, and the
ambient nolse 1ev;1 increase criteria for substantial annoyance, Ad-
justment in any of all of these quantitative guidelines for the analysis
procedure are easglly made. The net adjustment is simply added alge-
braically to the values given in the column entitled "Pruck Noige at
50 Fest to Preclude Annoyance.'" For example, if it is desired to
replace the 10 dB{A) intrugion noise criterion with a 5 dB(A) criterion,
the change is ~5 dB{A). If, in addition, it is felt that a selected am-
bient level for a particular environmental situation is too low and that
it ought to be increased by 7 dB(A), then the net adjustment is -5 +7 or
+2 dB(A). Each entry' in the above mentioned column is thett decreased

by 2 dB{A) to accommodate this situation,
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SECTION 7

ECONOMIC CONSEQUENCES OF NOISE CONTROL

INTRODUCTION

Thig section, wusing the three hypothetical models described
earlier in this document, evaluates the several standards and respec-
tive effective dates in terms of costs, and, to a limited degree
economic impact to determine the degree of disruption that might
result among truck manufacturers and associated industries, The
basis forthe majority of data centainedin this section is derived from
two studies performed, under EPA sponsorship, for the purposes
of this study (References 1 and 2),

Economic impact is of particular ifﬁportance in assessing pro-
duction lead time, A more detailed discussion of typical truck
manufacturer lead times to implement design changes of the type
envigioned to meet noise control _ requirements is given in
Appendix N,

Model 1 postulates a new diesel engine truck nocise level of
83 dB(A) effective in 1877. A two-year period to comply with this
level would be followed with a level of B0 dB(A)} effective for 1981
model year new trucks. A level of 75 dB(A) for 1082 model year,
trucks is further evaluated in this model,

Model 2 is the same as model 1., However, [t looks at the costs
aggociated with gasoline trucks, An 80 dB(A) level effective in 1878

and a 75 dB{A} level in 1981 were postulated,
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Engine Family/
Engine Manufncturer

Gusolina Engines

All Manufacturers
Medium-~duty

Diesel Engine52

Manufacturer:
D
E
G

Heavy-duty ‘
Diesel Engines®

Manufacturer;3

mRHRoQagEe>

Notes: 1Cost is atated in terms of

TABLE 7-10 ESTIMATED RET&IL-PRICE L INCREASES

Model 1 Model 2
83 dB(A) 80 AB{A)
$ 0 & 125
$125 3 210

100 300
125 275
$200 § 400
150 350
425 1,000
325 800
100 400

0 125
[ 150
125 325.
0 150

Model 3

75 dB(A)?

§ 300

$1, 250
1,250
1,250

$1, 350
1,250
1,300
1,500
1,250

525
1,250
1,250

525

retail lst price Increnses.
zﬂefers to severity of service rather than Gross Vehicle Weight (GVW).

Estimated Market Shore
by Engine (percont’L

65.00

[y
S w

ChRhUO@mPOSO

f A

-3

- &

3Multiple listings for individual manufncturers indicate major groupings of thut maker's engines.

4

Based on 1973 production.




Subatitution of a quieter engine for a noisy one is poasible within
the medium duty and heavy duty classes (but not beiween classes),
Subgtitution of gasoline engines for medium duty diesel engines is
possible, Pogsible nolse control measures and their individual
estimated contributions to overall retail price increases are gi\lren
in Appendix I, Tables A-~1 and A-2. Additional insight into the
relative impact of various noise control measures is provided by
Tahle 7-1, which shows the relative market share (1973) of each
family of medium and heavy duty engines installed in new trucks,

The price estimates in Table 7-1 assume an orderly change in
manufacturing procegses and adequate lead time. They do not
include considerations of factory testing, prototype certification, or
other compliance costs that ray be imposed by regulatory actions;
these are dealt with in "Cost of Compliance Testing, " page 7-10.
Figure 7-1 gives manufacturers' estimates of the increase in the
retail cost of trucks when quieted to various illustrative levels as
well as independent estimates from Table 7-1, which shows that:

1. Retail list price increases are generally lower for gasoline

engine powered trucks than for diesel engine powered trucks.

2. At each illustrative noise level, there is a wide range in cost

increases among diesel engine powered trucks.

3. Model 3 imposes a greater cost increment than either of the

first two models, with the exception of engine manufacturer

BI




TRUCK A-WEIGHTED SOUND LEVEL ('ds) at 50 ft,

90

85

80

75

65

Figure 7.1, Increase in Retail Purchase Price for New Trucks for Yarious
Jl1lustrative Noise Levels Measured According to the SAE J366b

A Gasoline Engine, Manufacturers® Estimates
O Diesel Engine, Manufacturers' Estimates
O Diesel Engine, Independent Estimates
\q { Average of Figures in Toble 7.1)
0 400 800 1200 1600 2000 2400 2800

INCREASE IN RETAIL PURCHASE PRICE (%)

‘Test Procedure.

3200



Gasoline engine powered trucks tend to cost less to quiet than
diesel engine trucks because they are generally quieter to begin
with. The main reason for the price difference among diescl engines
ig that those produced by some manufacturers are inherently noisier
than others and, therefore, require different noise control methods,
as shown in Appendix I. The increage appearing In model 3 com-
pliance costs occurs because at these modeled levels most, if not
all, diesel trucks will require an engine enclosure., Based on current
practice, such an enclosure would probably be built as an integral
part of the truck cab structure., This enclosure will involve major
retooling from current production machinery, The costs shown are
believed to be 'worst case' costs that could be directly ascribed
to measures taken as a gpecific result of Federal noise standards,
In fact, such rétooling may be effective over time due to design,
performance or safety requirements,

In addition to the engine other nolse sources that may well have
to change include the cooling and exhausat systems, Models 1 and
2 indicate that most manufaocturers may have to make primary
changes iv the cooling system. These changes may include, for
example, ‘repla.clng current fans with larger, slower-turning fans
that have carefully designed shrouding and that use a thermostatically
controlled fan clutch phased with a shutter thermostat, A fan clutch
would eliminate the need for shutters on trucks operating in all but
the coldest environments, and would eliminate fan stall as a noise
source, Model 3 reveals the likelihood that a high-technology

¥
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fan system could be required. The costs of implementing these
measures are detailed in Appendix A,

Model 1 shows that few diesel trucks will require exhaust
system modifications, However, advanced exhaust systemns, in-
cluding mufflers with outer wrapping and vibration-isolated clamps
for mountingthe exhaust pipe tc the engine, could be required to meet
the standards hypothesized in meoedel 2, For model 3, cxposed
exhaust pipes may:rEquire lagging (wrapping) to increase the trans-
mission loss and isolate shell vibration. The cost of these treatments
are ligted in Appendix A.

Changes in Truck Operating Costs

Adding noigse control devicesg to trucks hasg the effect of changing
various physical characteristics: primarily the gross vehicle weight
{(GVW), the backpressure imposed on the engine by the mufiling sys-
tem, and the power required to run accessories such as the fan.
Changes in these parameters will, in general, change the truck's
fuel consumption per mile and, hence, the annual fuel costs incurred.
This change in fuel costs and the incremental cost of maintaining the
truck designed to meet more stringent noise levels than at present
constitute the two elements of annual operating cost addressed here,

Other possible effects of equipment modifications to achieve noige
abatement are reduction of the truck's maximum speed, resulting
from decreased engine power available to drive the wheels, and
reduction of thetruck's maximum payload, resultingfrom en increase
in tare (empty) weight, The second effect appears to be negligible
when averaged over the entire truck fleet {Reference 1} and so is

7-17
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not developed further, This leaves the problem of reduced
maximum speed, which may entail some cost to the operator since
the truck would, in principle, be able to travel fewer revenue-~miles
per year. However, recently imposed reduced national speed limits

rake this a major issue. Moreover, although trucks.maybe designed

“to operate at a gpeed higher than legally allowable, obviously it must

be presumed that they will remain within the legal limits; hence
design speed as a bench mark may be of quéstionable validity.

The approach to the problem of spe'ed reduction taken here is
to asgume that the purchaser oi': a new truck will specify an engine
large enough to run the truck at the same top speed of which the
unquieted version would be capable, i,e., present production. The
cost of this extra horsepower, then, is reflected in the purchase
price of the truck, The noise control treatments therefore induce
a worst cage indirect change in the owner's capital coat, in addition
to the direct impact on capital cost referred ta above,

The development of operating and indirect capital cost increases
is contained in Appendix J. The results of that development are sum-
marized here. Charges in operating expenses are shown in Table
7-2a, L

Table 7-2a indicates that the horsepower savings associated with
quiet Tans resultin a net cost savings for most trucks at moat levels,
Theoretically, such savingsg could be asgcribed to the noige control
effort,  However, (1) it is possible that truck operators will simply
use the fan power savings to increase speed; and (2) market forces
may eventually dictate such a beneficial design meodification, even
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without considerations of noise reduction. Therefore, the operating
costs have been computed to exclude the fan horsepower savings to
again develop a worst cage scenario. The results are shown in Table
7-2b,
. TABLE 7-2a
CHANGES IN ANNUAL COST (FUEL PLUS MAINTENANCE
EXPENSES) CAUSED BY NOISE CONTROL TREATMENTS
{(INCLUDES FAN SAVINGS)

Annual Cost Change

Model 1 Moedel 2 Model 3
Gasgoline - medium {3 53) ($ 98) § 84)
Gasoline - heavy {$120) ($238) ($210)
Diegel -~ medium ($ 63) (& 83) § 51
Diesel - heavy (3224} (3 66) $116

Note: Parentheses denote net savings.

TABLE 7-2b,
CHANGES IN ANNUAI. COST (FUEL PLUS MAINTENANCE
EXPENSES) CAUSED BY NOISE CONTROL TREATMENTS
(WITHOUT FAN SAVINGS)

Annual Cost Increase

Model 1 Model 2 Model 3
Gasgoline - medium 0 § 9 $ 21
Gasoline - heavy 0 $ 19 $ 44
Diesel - medium $0 $ 9 $123
Diesel - heavy $18 $178 $359
7-8 ‘
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The cost of extri horsepower needed to maintain the original
level of gervice is shown in Table 7-3a. The fan savings result
in a smaller required total engine output and, hence, a reduction in
initial price. For the reagons listed in the preceding parpgraph,
however, these savings may not be realized, The indirect capital
cost increase is therefore shown in Table 7-3b with fan savings ex-
cluded. The apparent cost of extra horsepower required by noise
control treatments is small.

Cost of Compliance Testing

Another noise control cogt will be the cost of testing production
trucks to ensure end-product compliance. The cost thus incurred by
the manufacturers will depend on various factors, such as the ease
with which the necessary or required tests can be performed. The
enforcement procedure described in Section 10 appears to involve
only a nominal cost and no detailed cost analysis is therefore pre-
gented. Should an enforcement procedure significantly differ from
that described in Section 10 further cost impact analysis will be
necessary,

TABLE 73~a
CHANGES IN CAPITAL COST INDIRECTLY CAUSED
BY NOISE CONTROL TREATMENTS
(INCLUDES FAN SAVINGS)

(Capital Cost Change
{ ) Denotes Net Savings

Model 1 Model 1 Model 3
Gasoline -~ medium (¢ 30) (3 60) ($ 58)
Gasoline ~ heavy {$ 98) (210 ($204)
Diesel ~ medinm ($ 96) {$ 96) (¥ 85)
Diesel - heavy ($300) {$338) ($326)
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TABLE 7-3b,
CHANGES IN CAPITAL COST INDIRECTLY CAUSED
NOISE CONTROL TREATMENTS
(WITHOUT FAN SAVINGS)

Capital Cost Increase

Model 1 Model 2 Model 3
. Gagoline - medium 0 0 $ 2
Gasoline - heavy 0 0 $ 6
Diesel - medium 0 0 $11
Diesel - heavy ] 312 $35

COST IMPACTS

Impact on Truck Manufacturers

Market research among truck manufacturers indicates that cost
increases on the order of those resulting from noise control retro-
fits (see Table 7-1} would likely be completely passed on to the
consumer a8 equivalent price inereases, with attendant normal
markup added on. Future sales may potentially be affected by any
future price increagses or increases in truck operating costs, To :
f account for both of these possible effects, a worst case equivalent .;
price increase has been computed which consists of the actual price
| increase plus the net present value of the operating cost increase

over the future life of the truck, * Table T-4 gives the average equiv-

alent price increases for each type of truck, both including and ex-

cluding fan savings (see "Changes in Truck Operating Costs," page

*The net present value was computed assuming a depreciation time
of 10 years and an interest rate of 10%.

7-11 A

e e s E S SO P T T T T e e bt b




7-7). The figures in Table 7-4 were derived by computing the
equivalent price increases explicitly for each major truck group and
then taking an average, weighted according to each group's market
share. The details of this computation are given in Appendix K.
Where savings from reduced {an power outweigh other cost increases,
the net gain in income could be agssumed to be lost to the operator
under worat case computations, competitive pressures forced a low-

ering of freight rates. A worst cage "zero" is consequently entered

for such cases.

Repreaentative Prices

Gasoline Diegel
Medium $ 5,746 $ 7,246
Heavy 11,434 25,213

The midpoint estimate of elaaticity (y) of -0.7 is used,
dp
dgfq = (-0.7) . D

where g is volume, dp is the change in equivalent price {Table 7-4),

and p is the price shown above.
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TABLE 7.4
EQUIVALENT PRICE INCREASES FCR QUIETED TRUCKS

Model 1 Model 2 Model 3

With Fan Savings

Gasoline - medium 0 0 0]
Gasoline - heavy 0 0 0
Diesel - mediurn 0 v $1357
Diesel ~ heavy 0 l 0 %1506

Without Fan Savings

Gasoline ~ medium 0 $ 180 5 431
Gasoline - heavy 0 § 242 $ 576
Djesel - medium $160 $ 319 $1, 086
Diesel - heavy $311 51, 581 $3, 360

Source: Appendix K.

To estimate the impact of the equivalent price increases in
Table 7-4 on possgible future sales, an estimate of the price elaaticity
of demand for trucks was made. Rigorous estimates of this quantity
are not currently available, but market research indicates a probable
range of -0.5 to -0.8, The midpeoint of this range, ~0.7, was
aggumed as a working value. The percentaye reduction in sales for
a given price increage was then obtained by multiplying the percentage
price increage by the elasticity, The percentage sales decreases
corresponding to the price changes as shown in Table 7-4 are given

in Table 7-5.
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The differences among the three noise models uged relatesg to
thetimes at which the various noise levels in the models become
effective. The three models are shown in Table 7-6.

TABLE 7-5
ESTIMATED PERCENTAGE REDUCTION IN ANNUAL VOLUME
Model 1 Model 2 Model 3

With Fan Savings

Gasoline - medium 0 0 0
Gagoline - heavy 0 0
Diesel - medium 0 ] 13, 11%
Diesel - heavy 0 0 4.18%
Without Fan Savings
Casoline - medium 0 2.20% 5. 25%
Gasoline ~ heavy 0 1,48% 2.53%
Diesgel - medium 1, 54% 3,09% 18, 31%
Diesel - heavy 0, 86% 4,39% 9,33%

Based on "average' or 'representative" truck prices (see A. T.
Kearney, 1974).

TABLE 7-6
ALTERNATIVE NOISE REDUCTION SCHEDULES

Model Model 2 Model 3
All Trucks Gasoline Diesel All Trucks
Level 1 ~ 83 dB(A) 18717 1977 1977 1877
Level 2 ~ 80 dB(A) 1981 1978 1981 1078
Level 3 - 75 dB(A) 1983 1981 1983 1881
7-14
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The absolute reduction in future sales is obtained by multiplying
the percentages in Table 7-b by the baseline volume forecast; i.e.,
projected future sales of unguieted trucks. ‘The baseline projection
is given in Table T-7. Complete tables of future volumes for each
of the three quieting options, with and without fan savings, are glven
in Appendix L,

So far, no judgment has been made as to whether fan savings
should or should not be included in the sales forecasts, At this
point, a hypothesis is made concerning the inclusion of fan savings
in the impact analysis., Any design change which produces net cost
savings in and of itself will ultimately be introduced as a result of
market pressure, This applies to improved fana. The probable effect
of new truck nolse control regulations, however, may be to cause
adoption of such design improvements earlier than would otherwise
be the case. The noise control program can, therefore, claim
credit for fan savings during the period prior to the time when market
forces would otherwise result in introduction of the quiet fan. Thisg
period is agsumed to be three years., The composite volume reduction
forecasts are therefore constructed from the tables in Appendix L by
including fan savings for the first three years under model 1 conditions
{1977-1979 inclusive) and excluding fan savings thereafter (1980-2000).
The composite volume forecasts are shown in Figures 7.2 through
7.5 for each truckcategory. In each figure, the baseline forecast and

the revised forecasts are laid out for each of the three models. The
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figures show that from the inodels used the maximum differential
impact occurs between 1880 and 1982, depending on the truck
category, In general, model 1 shows more units being sold during
this period than does Model 3; Model 2 is intermediate. In the case
of heavy gasoline trucks, for example, 793 more units are gold in
1980 in model ! than in models 2 and 3. For heavy diesels, models
1 and 2 result in 11, 125 more units being sold than would be in model
3 in 1882,

To estimate the relative impact on truck manufacturers, the
cumulative impact on dollar sales i3 computed for each model over
the perlod 1977-1985, the period within which the models differ. The
percent reduction in total dollar sales of all types of trucks over
the period 1977-1983 is shown in Table 7.8. Model 3 produces the
greatest impact while model 1 gives the least impact. The effect
of quieting gascline engines on a shorter-term schedule than diesel
énginea {model 3} shows a slightly greater adverse impact than if

all trucks were gquleted on a longer-term schedule,
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- TABLE 7-70

BASELINE FORECAST OF DOMESTIC TRUCK SALES BY ENGINE '.I‘YP‘E1

(THOUSANDS OF TRUCKS)

Medium=-Duty Trucks Heavy-Duty Trucks Total
Gasoline Dicsel Total Gascline Dicsel Total (A1l Trucks)

1976 203.9 3.1 207 40.4 164.6 205 412
1977 206, 8 3.2 210 30.4 173.6 213 423
1978 209.8 3.2 213 33.1 184.9 223 436
1979 212, 8 3.2 216 38. 4 194.6 233 449
1980 215.7 3.3 219 38.6 204.4 243 462
1981 218. 7 3.3 222 38.7 214,3 253 475
1982 221. 6 3.4 225 38.8 225.2 264 489
1983 221.6 3.4 428 38.8 236, 2 275 503
1984 228.5 3.5 232 38.7 248, 3 287 519
1985 231,56 3.5 235 38.6 260.4 299 534
1486 234.4 3.6 238 38.4 273.6 312 550
1987 237.4 3.6 241 33,1 287.% 326 967
1988 - 241.3 3.7 245 37.7 302.3 340 ‘585
1983 - 241, 3 3.7 ~18 37.2 316.8 354 Go2
1990 248,2 3.8 252 36,6 333.4 370 G622
1991 251, 2 - 3.8 255 35.9 350.1 386 641
1992 255,1 3.9 259 35.0 3G7.0 402 601
1993 258,1 3.9 262 33.9 585.1 119 681
1994 262,0 4.0 266 32.8 404.2 437 703
1995 265, 9 4.1 270 31.5 424,56 456 726
1996 269,9 4.1 270 32.8 443.2 476 750
1997 273.8 4.2 278 34.2 461.8 406 774
1998 276.8 4,2 281 35.7 481,3 517 798
1999 250, 7 4.3 285 3.2 5601.8 539 824
2000 284.7 4.3 289 368.8 523, 2 562 851

1Stmrcn:: A. T. Kearney, 1974, Forecasts for venrs 1976-1978 based on market research. .Forecasts
for years 1979-2000 based on fcllowing annual growth rates:

Gasoline - medium @ 1.4
Gasoline = heavy 1 =0.3
Diesal - medium 1,5
Diesel - heavy : 5.0
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TABLE 7-8
CUMULATIVE COST IMPACT OF ALTERNATIVE
QUIETING SCHEDULES

Cumulative
Reduction In
Cumulative Saleg due to Percent
Bageline Saleg» Quieting Options Reduction
1977-1983 1977-1983 in Cumulative
($ millions) {$ millions) Sales, 1977-1083
Model 1 48, 080 1,430 3.0
Model 2 48, 080 1, 560 3.2
Model 3 48, 080 1,120 4,4

Source: Figures 7-2 through 7-4.
* Asgumes the following average prices (A, T. Kearney 18%4):

Gasoline - medium '$ 5, 746

Gasoline ~ heavy § 11,434
Diesgel ~ medium $ 7,246
Diesgel ~ heavy $ 25,213

In addition to possible sales volume changes, other impacts on
truck manufacturers could be a standardization of the product offering
and changes in production operations, a reduction in the number of
components and options offered by exhaust muffler systems, and
cooling systems,  Because these components currently have wide '
variations in noise levels, an anticipated effect of noise standards :
could be to eliminate many of them as variations in a given model
family,
In models 1 and 2, the addition of acoustic treatments such as

side panels, sheet metal supports, and fan modifications may re-

FRPES P W LS

quire some modifications in fabricution and assembly vpetrations.
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Model 3 indicates that changes in production operations may occur
because virtually all trucks would appear to require at least partial
engine enclosures. Such enclosures could entail roedesign of some
cabs, The costs of these design and retooling actions may or may
not be attributable wholly or in part to noise abatement standards,
dependant on style or design changes that may be effected whether or
not Federal noise standards are established, Estimates of increased
engineering, design, and test costs for the total medium and heavy
duty truck industry were, however, considered and are shown in
Table 7-9. These expenditures could be expected to potentially
reqult in employment increases of several hundred personnel.
TABLE 7-8
ESTIMATED TOTAL ENGINEERING, DESIGN, AND TEST INVEST-
MENT COSTS TO TRUCK MANUFACTURERS FOR NOISE CONTROL
IN THE MEDIUM AND HEAVY DUTY TRUCK INDUSTRY

Total Cost
(Millions of Dollars)

Model 1 20
Model 2 40
Model 3 120

Source: Discussions with truck manufacturers,

Several of the larger manufacturer vepresentatives expressed
concern over what they congider to be potentially large development
costs for noise levela such as those used in model 3, They state that
if such development costs appear too high in relation to volume, the
manufacturers could be expected to withdraw from the low-volume
segments of the market and possibly eliminate those vehicle models
which have low potential volume and require high development costs,

7-23
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The overall impact from these moves on manufacturers' shares of
the market would, however, on the whole, appear to be minor,

Because of the basically strong position of the truck manufactur-
ing industry inthe economy at this time, the potential volume changes
that could occur as the result of Federal noise control regulations
would in general appear to have little overall impact on most firms.
The truck manufacturing industry has been growing at a rate of 7
to 8% per year (in current dollars) frem 1966-1972, The value of
ghipments was egtimated at $7.5 billion in 1972 and value added is
estimated at $2. 0 billion. These figures include light, medium, and
heavy duty trucks, Imports were about 10-11% of 1873 domestic
shipments and exports about 8-7%,

In 1973, truck manufacturing acc"ounted for about 120, 000 jobs
in the U,S, Again, this represents employment in the production of
all clagses of trucks,

Ap a generalization, the major manufacturers are better able
than small ones to adapt to the significant equipment changes that may
be required as a result of certain noise standards, This ability
reflects superior finaneial resources and a larger scale of operation
which supports specialized personnel resources and organized re-
search and devel.opment efforts that can be brought to bear on the
adjustments required,

Table 7~10 indicates the market share of each manufacturer in
the medium and heavy duty market.

Most truck manufacturers seem to anticipate few significant
equipment modifications in truck manufacturing asssmbly cperatio

7-24
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if partial engine enclosures are not required to meet noise standards
which may be imposed. Cost increases resulting from noise abate-
ment hardware are expected to be passed on fo customers. In
addition, no change in pricing practices or dealer policy is antici-
pated; thus it could be anticipated that the customary markup will he
added to such manufacturers' costa, res;ulting in the price increases
postulated elsewhere in this study.

TABLE 7, 10
MARKET SHARE OF MEDIUM AND HEAVY DUTY TRUCKS
BY MANUFACTURER

Truck Manufacturer %
Chevrolet : 14,2
3 General Motors 11.7
Diamond Reo ‘ 1.1
Dodge 12.1
Ford 23,7 ,
: Duplex .1 E
: FWD .2 {

International Harvester 20,2 ;

i Mack 6.3 !
T H
j White 5.9 ;

Other 4,9 :

Impacts on Truck Users

Firms engagedintruck haulage will be affected by new truck noise

’ control measures through changes in thelr capital costs and cost of
operation, Using the estimated incremses in purchase price and
operating cost developed in the models ,useci in Section 17, the effects

7-28
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TABLE 7-11

MODELS OF POSSIBLE -INCREASED, CAPITAL COST (BASED
ON YEAR IN WHICH VARTOUS STANDARNS COULD TAKE EFFECT)!
{$ THOUSANDS)

_Model 1 =~ 1977 Model 2 — 1978 Model 3 ~ 1981
- Per Truck? Totald Per Truck® Totald Per Truck? Total3

Gasollne - .

madium § 0 8 0 $125 $ 25,650 $ 300 $ 62,160
Gasoline - '

heavy 0 0 125 4,693 300 11,199
Diegel = ) 2

i medium 104 328 : 264 818 1,129 3,048
TDieseI - -

. heavy | 185 33, 560 487 86,092 . 1,119 217,422
Total $33, 8_88 $117,253 . $2953,829

lExcludes indirect capital cost savings due to fan treatments (see Section 7-2),

2gourca: Figures from Table 7-1 averaged within each truck category.

3Numbers of trucks sold by category for each year obtzined from Tables D-1 - D-4.

-
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on the trucking industry have been projected in several ways. These
include increases in annual capitel outlays, annual costs of operation
during the first yearthatvarious noise levels become effective, and
annual costs of operation at such time as the entire fleet consists
of quieted trucks.

Table 7.11 portrays the increased capital outlay (excluding the
effects of fan savings) which the trucking industry could potentially
be impacted by in the firgt full year in which various noise levels
would hypothetically become effective.* This representy the change
in purchase price for each truck category times that year's sales
for that category. The largest effect ia observed in mocie] 3, for
which $284 million extra could pogsibly be paid at retail for that
year's trucks, Taking the 1981 projected unit sales from Tables
D-1 through D-4 and the average unit prices from Table 7-8, the
increase represents about 4, 5% of the total new vehicle capital outlay
for that year,

Table 7.12a and 7.12h show computations for the without- and
with-fan savings cases, respectively, of the additional annual cost
(including depreciation, interest, operating, and rmaintenance
expenses) for the first full year during which various noise levels
could become effective. The basis for these tables is presented in

Appendix E, The modelsin Table 7.12a show that possible exira

* In Tables 7-12, 7-13a, and 7-13b, only one initial year per noise
level ig considered; optlonal implementation schedules are not
shown, The costs which would be shown if different schedules were
ugsed, however, are not subsgtantially different from those given
here.
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annual costs associated with operating quiet trucks during the first
year of each of the three models used increases from $11 million for
model 1 to $168 million for model 2., Table 7.12b, on the other
hand, shows that these costs are more than offset if one considers
the savings due to the use of lower-powered fans,

The maximum annual cost resulting {rom noise ahatement is
reached when the truck population is 100% quieted. Cosat estimates
were made for both 1990 and 2000, Making these estimates required
projection of truck population and éverage annual cost per unit by
type (e.g., medium diesels, etc.} and noise level to the year 2000,
The average annual cost was calculated in a manner similar to first-
year costs as described in the previous paragraph, but with operating
costs scaled to the trucks' annual averapge mileage rather than to
first-year mileage, Population forecasts were obtained by using the
model described in Section 8 and the volume forecasts presented in
Appendix L,

Those volume estimates for the period 1976 to 1878 were based
on extrapolations from sales forecasts provided by truck manufac-
turers. Heavy trucks are predicted to grow at an annual rate of
4, 3% and medium trucks at 1.4%. These form the baseline esatimates
that were adjusted downward to reflect the quantity adjustment re-
sulting from increased purchase and operating costs (which are the
result ofnoise abatement). Since these estimates are simple extrap-
olations, change in technology, demand for trnnsportﬁtinn Bervices,
and other factors could result in the actual population in future years

being larger or amaller than the predicted population.
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TABLE 7-12a

"MODELS OF POSSIBLE INCREASED ANNUAL COE&T
(EXCLUDES FAN SAVINGS) ($ MILLIONS)
(BASED ON YEAR IN WHICH VARICUS STANDARDS COULD TAKE EFFELT)

Modell - 1977 Model2 - 1978 Model 3 - 1981
- : Per Truckl Total? Per Truckl Totnl2 Per Truckd Total2
Gasoline ~
mediun . $ o0, $ 0. $ 46.00 $ 9,44 $108, 40 $ 22,46
Gasoline -~ -
heavy 0. 0, 60,00 2,25 142, 20 5.31
Diesel -
med{ium 33.84 0.11 65. 00 .20 404,02 1,09
-
A Diese] -~ -
‘i ¥ heavy 64,92 11.17 335, 62 §9.31 715. 86 139. 10
Total : $11,28 7 $71.20 ) . $167.96

ISource: Appendix M.,
2Truck volume for each year by truck category obtained from Appendix L, Tables D=1 through D-4.




TABLE 7-12b

MODELS OF POSSIBLE INCREASED ANNleL COST (INCLUDES

"FAN SAVINGS) ($ MILLIONS) (BASEN ON YEAR IN MHICH
VARIOUS STANDARDS COULD TAKE EFFECT)

Hodeld 1 - 1977 Model: 2 -~ 1978 Model 3 - 1881

- _Per Truck?  Totald Per Truck?  Total? Per Truck? Total?
Gasoline - - ‘

medium {$107.00) {$22.13) {5208, 00) ($43.64) (§144.60) ($31.,62)

_ Gasoline - .

heavy { 219,60) { B.65) ( 453.36) { 16.59) { 365, 00) ( 14.16)
Diesel - ‘

medium ( 85.12) ( .27 { 56.36) { .18 135,82 .39
Diesel ~ ‘ ’

heavy ( 321,70) {_55. 85) { 58.68) { 10.85) 1.66 .34
Total’ {$86G. 90) {$71.26) ($45, 05)
1

Parentheses denote net savings.

230\11‘08: Appendix M,

3'Truck. volume for gonsolina trucka. in each of the models 18 the same as baseline volume (Table 7-7).
Truck volume for diesel trucks ohtained from Appendix 1, Tables D6 and D 6,
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The two tables l?elaw give the poasible annual total cost of quieting by
type of truck as well as totals for all types for 1990 and 2000.

TABLE 7-13a
INCREASED TOTAL ANNU;_!\_L COSTS YEAR 1990
(§ thousands)
Type Model 1 Model 2 Model 3
Gasolipe - medium 115, 286 114,598 100,007
Digsel - medium 6, 895 5, 866 5,866
Gasoline - heavy 26,374 26,194 22,408
Diegel - heavy 1,034, 875 914, 968 911,366
Totel for all types 1,183,430 1,061, 626 1,039,647
TABLE 13b
_ INCREASED TOTAL ANNUAL COST YEAR 2000
{§ thousands)
Type Model:d  Hodel2  Model +3
Gaseline - medium 147,482 147,431 145, 970 :
Diesel -~ medium 8,637 8,523 8,524
Gasoline - heavy 28, 633 28,633 28,080 ‘
Diesel - heavy 1,800, 886 1, 878,459 1,877,711 :
Total for ail types 2,085,638 2,063,046 2,060,290
E
1
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These cost estimates do not include any fuel savings which may
be brought about by the use of fan clutches., The costs increase from
1990 to 2000, because the total population increases and the
percent of quieted trucks increases. [n 1980, for example, with
the three models used, there are 699, 000 unquieted trucks (all over
10 years old) and in 2000 there are 24,000 unquieted trucks {all
over 10 years old),

These cost increases are large in the absolute, but are not
necessarily a large percentage of the cost of operating a truck nor
of the annual revenue earned by a truck. For example, a for-hire
heavy diesel truck averaging 50, 000 miles a year with an average
payload of 10 tons at a freight rate of $0.17 per ton-mile will earn
$85,000 per year. The $532 annual cost per truck of operating as
shown {n model 3 is thus about 0. 6% of total revenues. In the case
of private carriers, in which the trucks are owned by a firm whose
chief income is from a source cother than trucking, the cost in-
crease can be gpread over an even larger income base.

Changes in truck ratail prices and operating costs could con-
ceivably affect freight rates and the quantity of trucking services#*
supplied by the trucking industry, The elasticity of the quantity cf
trucking services with respect to the price of trucks is estimated
to be between ~,31 and -,18. Thus, if nolse abstement increases

truck retail prices by $1, 000 (about a 4% Increase), this could result

* "I'rucking services" is here defined as the number of trucks times
the average lifetime mileage per truck.
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| in a reduction in trucking "services' of 0,76 to 1.24%., This does
not represent the decrease in trucking activity in terms of annual
ton-miles of freight or annual revenue; rather, it is the reduction
: . in the stocks of trucks and the increase in the lifetime miles a truck
is driven,

A 4% increasge fornew trucks could theoretically resultin a reduc-
tion in the stock of trucks of from 0,8% to 2, 84%, In addition, the
lifetime mileage per truck will increase by from 0, 16% to 1, 56%.

The reduction in the annual volume of freight carried by a truck
! will depend upon the percentage change in freipght rates and the elas-
;1 ticity of demand for freight service, The elasticity of demand for
freight service is assumed to be between -0.5 and -0.3. Depending
upon the degree of competition withinthe trucking industry, the extent
of competition from other modes, and the regulatory policy of the
ICC, some part of any pogsible increased cost of trucking services
will be passed on to shippers., This, of course, appliea only to
commmon carriers, For contract haulers, the ICC does not regulate
rates but competition will likely still determine the amount of the
cost passed on, In addition, private truck fleets operated by firms

producing products other than transportation services may easily

pasgs cost increases through in the form of higher prices for their

products. The ability of a firm to recover increased trucking costs

depends upon the elasgticity of demand for the product and the
ratios of trucking costs tototal costs. All otherthings being equal, the
larger the proportion of trucking cost to total cost, the more likely

it ig that the firm will absorb part of the increased trucking costs.

-33 4
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Clearly, these impacts may be different for different geographical

regions, since the same products preduced in different regions have
different magnitudes of transportation inputs.

The impact of noise standards and the resultant cquipment
modifications that may be necessary upon all classes of truck users
{i.e., line haul, contract, and private) would appear likely to be very
grpall from the information resulting from the three models used,
since the cost of noise ahatement represents an increase of less than
1% in the annual cost of owning and operating a large diesel truck.
The impact may be somewhat greater for smaller trucks; however,
smaller trucks are found primarily in private fleets, which ia the
user clagss that should experience smallest impact,

The relatively small size of the cost increases can lead to the
conclusion that the impact on the trucking industry and on freight
rates will be negligible., This conclusion ig further reinforced when
it is congidered that, inthe case of model 3, costs have been depicted
as an upper bound, or worst case scenaric. The one segment of the
industry that may be altered ia the owner-operator {contract) group.
Own.er-operators tend to be credit-limited (i.e., have poorer credit
ratings), have legs sophisticated accounting contracts, pay higher
prices for fuel and paris, and have poorer maintenance programs
than fleet operators., Given these disadvantages, an increase in
the price of trucking services (i.e., higher prices for new trucks
and/or increased fuel and maintenance costs) may impact directly
and severely on marginal producers, Trucking indusatry marketing
apecialists estimate, however, that the majority of owner-operators
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will not be adversely affected by the worst case shown in model 3,

Impacts on Industries Agsociated with Truck Manufacturers

Changes in the design of trucks and in the number of trucks sold
will affect industries that supply geods and services to truck manu-

facturers,

Engine Manufacturers. The major diesel-engine manufacturers

are large, financially sound companies with strong technical capabil-
ities, They will likely find it advantagous andfor necessary to invest
resources in development programs aimed at reducing engine noise,
The specific preduct changes that each engine manufacturer could
need to make for each of the noise level models used in this study
are shown in Table A-2,

Because sales volume changes due tothe noise emission standards
hypothesized in the three models are relatively small, no substantial
change in employment, number of operative plants, market shares,
and profitability would be expected. Noisier vehicle engines will
tend to be elliminated in time, but the associated production facilities
and equipment are transferable to other vehicle models having
quieter engines,

One large manufacturer of diesel engines estimates that three
yeara could be required to modify the engine for compliance with the
standards usged in this study's model 2, The manufacturer could be
at a competitive disadvantage in the truck diesel engine market for
several years should standards such ag those deseribed for model 2
be Federally adopted. One poasible resgult of this disadvantage could

be a shift in sales emphasis on the part of the manufacturer toward

7-35
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non-truck markets, with a consequent increase in the competition's
share of the truck market, This situation is discussed in detail
in Appendix F..

Muffler Manufacturers, A change in the product mix of muffler

sales will likely occur, if the noise standards require more techni-
cally sophisticated and higher-priced designs.

It is unlikely that the changes in truck volume forecasted would
have a significant impact on muffler manufacturers, assuming sde-
quate lead time for production realignments. No changes in market
shareg would be expected, since no muffler manufacturer is congid-
ered tobe in any better competitive position than any other in relation
to the noise standards that were modeled, The major muffler
manufacturers have apparently included in their forward planning
the posgible impact of the Federal noise emission standards cn thelr
buginess; raw material shortages and capacity constraints do not
appear likely to result from the nolse astandards modeled. No disrup-
tive effects on the industry are anticipated, because sales volume
reductions would probably be small,

Fan Clutch Manufacturers. Fan clutches are an integral part of

the wvarious nolge cantrol equipment options and strategies cutlined
in this analysis, Not only can fan clutches reduce noise but also
result in gignificant fuel savinge, A review of the past market
acceptance of fan clutches puts the potential benefits of fan clutches

in perapective.
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Historically, most truck owners have not inatalled fan clutches
or have not been able to take advantage of the fuel savings if they
were ingtalled, Fan clutches have had several technical and relia-
bility problems that hampered their use; these problems are now
considered tobe solved. Truck owners who have inatalled fan cluiches
have preferred to increase speed and payload rather than save fuel
due to the lowered power requirements.

Currently, approximately 5% of heavy duty trucks are fitted with
fan clutches,. [tcould be expected that most, and possibly all, medium
and heavy duty trucks would include fan clutches under models 2
or 3, As a rough approximation, employment in the fan clutch
industry could increase by 1, 500 to 2,000 if this implication were
realized.

In short, significant growth in the fan clutch market would appear
likely, provided that historic¢ resistance to fan clutches is overcome.
Federal noise emission standards could very well provide the impetus
to accelerate widespread fan clutch acceptance,

Truck Diatributors. Channels of distribution and truck distribution

operations would not be expected to change materially as a result of
the noise emission standards modeled because sales volume changes
would be relatively small, Some accelerated buying immediately
bhefore and after noise regulations become effective may occur as
customers try to avoid potential price increases, However, this
effect is expected to be minimal since the price increases apparent
fromthe hypothetical standards modeled would be small in compar-
ison to total truck retail price. Lowered distributor sales volume
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would be offset by higher dollar sales volume for quieted trucks and
a potentially slight increase in truck rental and leasing, However,
rental and leaging costs for quieted trucks could be expected to rise
based on costs associated with quieting.

Truck retail price increases, under mocdel 3 conditions, appear
to be less than 5% of current pricea. Generally, the requirement
to finance this increased cost could be met by end users. At the
same time, marginal credit operators will be somewhat more mar-
ginal. However, this level of price change, particularly with lead
times of several years to allow for appropriate planning, would seem
to be within the range which could be accommeodated in the normal
course of business, and hence result in no disruptive effects in the
economy in genersal or related industries in particular,

IMPACTS ON THE NATIONAL ECONOMY

Transportation and Trucking in_the U.S. Economy.

The total transportation sector within the U. 8, economy has
doubled since World War II, while truck transport has increased
about sixfold, During this period, truck transport has grown from
82 billion ton-miles to 470 billion ton-miles., Truck transport
accounted for 18.7% of the total ton-miles in 1870 and 81.3% of the
total revenue. These figures indicate that trucks haul those products
for which relatively high rates per ton~mile are charged.

T'rucks are generallyfaster and more flexible than other modes of

transport. The line haul speeds for trucks range from 40 to 55 mph,
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which is faster than any other rmode except air freight, In addition,
trucks provide door-to-door service.

The greater speed of truck {ransport, toget}‘zer with smaller
volume for {ruckload shipments than for carload shipments by rail
gives the trucking industry a strong competitive poaition. Speed
reduces inventory costs by allowingfirmgstohold smaller inventories.
This applies more to products having high value per unit weight than
to bulky low-valued products,

In addition to the advantages trucks have as a primary means
of trangport, they are also complementary to other modes. For exam-~
ple, rail or water shipments are often brought to and from terminal
facilities by trucks.

Impacts on Exports,

Ag models one and two illustrate, the extent of product modifi-
cations, will prebably congist basgically of specifying quieted com-
ponents from vendors. Domestic truck producers would be able to
export both quieted and unquieted products to foreign countries,
depending on local foreign noise regulations, U.S, manufacturers
will be in an improved competitive pogition in foreign markets that
require quiet trucks since they will have experience in the appli-
cation of noise technology to their products.

A different situation exists under model 3 conditions,
however, because redesign of some truck models may be necessary,
In the case of redesigned models, domestic producers may have to
ship trucks incorporating at least gome noise control measures and
aggociated costs, even though the foreign market competition and
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regulations may not require quieted trucks. On the other hand,
foreipn markets that require trucks to meet, say, the standards
used in model 3 probably would not provide enough volume them-
selves to econézmically cause truck manufacturers to quiet their
vehicles to that level without the impetus of U,S, regulaton. In such
circumstances Federal noise regulation will make American com-
panies competitive where they would otherwise not have heen,
Study of information from truck manufacturers indicates that they
expect no changes in exportpatternsdue to Federal noise regulations.

Impacts on Importa,

Importa are not a large facter in the U.S. market for medium
and heavy duty trucks, The general reputation of medium and heavy
duty trucks of foreign manufacture isthat they do not have the quality
to stand up to the tough line-haul conditions prevalent in the U, S,
It seems unlikely that Federal nolse repulations will alter the po-
sition of inports within the U,S. market.

However, the United Stateg has the largest motor vehicle market
in the world, which has attracted intense import competition. The
heavy duty truck market appears to have good growth potential and
may well attract import competition regardless of the noige stan-
ards, ‘

It is, of course, possible that a foreign manufacturer may
develop technology that could result in significant noise reduction
from medium and heavy trucks. In such a case that technology could
establish a new "available technolopgy achievable at reascnable coat"

bage from which Federal regulations could be derived. This would
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potentially offer a unique and highly competitive advantage to foreign
manufacturers anda newdoor to Amorican markets unless such tech-
nelogy was competitively adopted by U. S, firms,

' - Impacts on Balance of Trade. Based on the foreign trade factors

above, models 1, 2 and 3 indicate that no probable material impact
on the balance of trade would be anticipated.
Summary
This economic study, based on the three hypothical models cited,
indicates that the anticipated overall economic impact of the various
; | maodeled noise regulatory levels on the truck manufacturing indus-
try, andindustries dependent on trucks, would be expected to be low.

The following summarizes the impacts postulated from each of the

three models employed., Generally, the amount of cost increases
and levels of change in the industry volume are estimated as low.
As a regult, disruptive impacts are not anticipated in most cages,

1, Model 1 -~ 1877, Cost changes and volume changes from

baseline conditions are minor, Industry would he expected
to continue its present growth pattern. No unemployment is
anticipated, nor are any disruptive impacts,

2, Model 2 -~ 19Bl. No disruptive impacts are indicated if a Bix=

year lead time is provided. The time is adequate to quiet

"noigy'' engines by using immediatley available technology.

Additionally the development of lower-cost techniques would

R S e e, 3 o s A e et ear e o

be possible and the economics of doing so might even indicate

that such development would be llkely., Volume changes and in-

A N s

creased costs would not appear to have a significant impact
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on industry activity., No unemployment or adverse impacts

would he anticipated.

Model 2 - 1978. The three-year lead time has the potential

for some limited market disruption as some vehicles could
have to be removed from production due to inability to meet
the standards, This may be attenuated overall, however., by
inereased production of other models.

Model 3 -~ 1983, Changes in volume and higher costs than

for either models 1 or 2 coulld be anticipated. The eight~
year period hypothesized as being available for plan-
ning and making adjustments for the growth of the industry
over the period would apparently be sufficient to avoid
disruptive impacts, The modest volume changes from the
baseline forecasts and the continued growth of industry would
indicate no disruptive impacta, No unemployment would be

anticipated.
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SECTION 8

TRUCK ACOUSTIC ENERGY CHANGES AND LEAD TIMI: REQUIREMENTS

Thia section examines the effects of posaible alternative new truck
noise standards, wusing the three models described earlier, to
endeavor to ascertain (1) the change in acoustic energy generated
by the future truck population and (2) the projected lead times to
achieve the varying meodifications in production line truck design.
FUTURE CHANGES IN ACOUSTIC ENERGY LEVELS

The effects of possible alternative new truck noise standards as
shown throughout the three models and depicted in Table 8~1 on the
future acoustic energy generated by trucks with a GVWR in excess
of 10, 000 pounds are analyzed in this study. Taken into account are
the distributions of trucks likely to be in uge in future years, by
gross vehicle weight rating, type of engine, age, and annual mileage,
This makes it posaible to estimate the possible change in the future

acougtic energy from such trucks along typical highways,

TARBLE 8.1
ALTERNATIVE PRODUCTION NOISE LIMITS, dB(A)
New Truck
Model Option 1 Option 2 Option 3
Year Gagoline Diesel Gasoline Diesel Gasoline Diesel
1997 83 " 83 a3 83 83 83
1978 80 80 83 83 83 83
1979 80 BO ga 83 83 83
1080 80 80 80 83 83 83
1981 75 75 75 80 80 80
1982 75 75 75 80 8o an
> 1983 75 75 75 75 75 75

8-1 /”/-i ;

BRI L W AL e AL Bk R R R




o e s S T Y e

Data utilized in development of the models used are premised on
the following: that for any given calendar year, the truck generated
acoustic energy along a typical highway will be the "mileage-
welghted' summation of the product of {a} the acoustic energy
produced by each category and model year of truck, (b)the number
of such trucks registered, and {c) the annual mileage such trucks are
driven, Annual mileage is explicifly considered because it affects
the frequency with which a truck of a given category and age is
encountered on the highway. For the purposes of these caleulations,
it is assumed that no truck noise control retrofit program is in
effect, so that each truck produces the same noise level over its
entire lifespan.

Thus, to assess the impact of alternative regulatory options on
future changes in the acoustic energy generated by trucks, it will
be necessary to know:

1. The mean peak noise level produced on the highway by truck

model year for each category of truck ’

2. The total truck production by truck model year for each cate~

gory of truck

3. The fraction of trucks still in use as a function of truck age

for each category of truck

4, The average annual mileage ay a function of truck age for each

category of truck,

Each of these aspects, as itis related to calculation of the acoustic
energy generated by trucks for any [future calendar year, will be

conalidered,

8-2
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The mean peak noise levels, measured at 50 feet from the high-
way, which are projected to be produced in the future by various
categories of trucks traveling at highway speeds are summarized in
Table 8-2 as a function of the new truck noise levels congidered in
the three alternative models,

TABLE 8.2
MEAN PEAK NOISE LEVEL AT 50 FEET

Highway Noise Levels

Repgulated
New Truck Medium Duty Heavy Duty
« _Noigse Level Gasoline Diesel Gasoline Diesel
None B4 dB{A) B7 dB(A) 87 dB(A) B9 dB(A)
Model 1 {83 dB(A)) 84 84 B4 84
Model 2 (80) 82 g2 82 g2
Model 3 (75) 78 9 79 79

The highway noise levels assumed for all unregulated trucks are
menn noise levels computed from measurements obtained for EPA
by contractors, Noiselevels agsumed for future regulated new trucks
reflect the fact that, as propulsion noise of trucks is reduced by new
truck noise regulation, tire noise will constitute an increasingly lar-
ger contribution to a truck's highway noige level,

The total new truck production projected for truck model years
are surnmarized in Table 8-3, ‘Total figures for 1961 through
1872 are actual production flgures reported by the Motor Vehicle
Manufacturers Assoclation (MVMA), excluding buaes and exported
trucks, but including imported trucks from Canada (Reference 1),

The truck productionn figures for 1860 and before are weighted
sums of previcun. production figures adjusted In accordance

g-3
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with the truck survival rate model described below to produce the
estimated number of such trucks still in use as of 1872, Produc-
tion figures for 1973 and beyond are based on estimates of truck
production growth rates (Reference 2), For example, it is agsumed
that medium duty gasoline engine truck production will grow by 1.4%
per year and that heavy duty diese} engine truck production will grow
by 4.3% per year.

The fraction of trucks still in use as a function of truck age can be
determined by generating a survival rate model for each category of
trucks, Truck production data (Reference 2) and registration data
(Reference 3) have been used to develop a truck survival rate curve
for heavy duty diesel engine trucks. This survival raie curve is
ghown in Figure 8-1, For other categories of trucks, the Cenaus
truck registration date does not correspond well with the MVMA
truck production data.  For example, the MVMA reports that in 1971,
193, 000 medium duty gasoline engine trucks were produced (exclud-
ing buses and exports but including imports from Canada). The 1972
Censug data, however, show that 295,000 such trucks were regis-
tered. Thus 53% more trucks were registered than were produced,
In view of thefact thatall medium duty gasoline truck-tractors appear
ag heavy duty trucks in the Census dats, it has been concluded that
a subatantial number of trucks with GVWR below 10, 000 lbs are prob-
ably appearing as medium dutytrucks In the Census data, Beceause of
this type of inconsistency in the truck production versus registration
data, the truck survival rate obtained for heavy duty diesel engine

B=4




TABLE 8-3'

 BUILAL PROLUICTION: OF TRUCKS (IN THOUSANDS)

1999

Modeld yedium Duty Heavy Duty . N
Year Gasoline picsal Gascline nNiescl
<1960 1473 1 ' " 421 124
1961 177 X 34 24
1962 211 o3 30 35
1963 222 4 . a9 43
1964 205 9 36 47
1965 228 2 4} 63
1966 228 G 45 77
1967 189 - 5 - 39 64
1968 199 5 12 78
1969 218 T3 . 4] 96
1870 178 3 40 g8
1971 193 *3 38 98
972 245 3 35 126
1973 158 3., 40 133
Y974 200 3 40 . 144
- 1975 - 202 3 40 155
- 1976 204 3 40 165
1977 207 3 -39 174
1978 210 .3 38 i85
1979 213 k] a8 195
1980 216 3 - 38 205
- 2861 219 3 a5 214
‘1982 222 3 39 225
" 1983 225 3 39 236
2984 229 3 39 248
1945 232 4 39 260
4086 234, -4 38 274 -
19287 237 . 4 38 288
A 811 241 4 k| 302
- 1909 244 4 37 317
2990 248 4 37 333
1991 251 4 ' 36 350
1992 255 4 o 35 367
1993 258 4 . a4 ags
1994 262 4 33 404
1905 266 4 32 425
319496 270 4 33, 443
1997 274 4 34 462
1998 277 A 36 481
281 4 -37 502
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trucks has been assumed to apply to all other categories of trucks

as well.

The average annual mileage for various categories of trucks as
a function of truck apge were also obtained from projections based
on the Truck Inventory and Use Survey Data. Table 8-4 shows the
projected annual mileage per truck for each category being consid~

ered as a function of the age of the truck.

180 T ; T T
hd
EOP e —— .
B -
i N
2 'Y \\
B s
g 60 p= \. -
] N\
i * .
- N‘
N
\ .
. \-... \
0 [ i | [ |1 h"ﬁ
0 6 10 18 20 25
Truck Age {Yaan)

Figure 8-1 Percentage of Heavy Duty Diesel Trucks Surviving as
a Function of Age.

Discuasicn of the Truck Inventory and Use Survey Data and the

analysis used In obtaining the acoustic energy generated by trucks,
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the total and components of the truck population, the survival rate,

and the annual mileage estimates for trucks may be found in Appendix

O.

TABLE B8-4
ANNUAL MILEAGE PER TRUCK (IN THOUSANDS)
hge of Medium Duty Heavy Duty
Truch Gasoline Diesal Gasoline Diane)
1 Year 23 30 33 73
2 ‘ 20 27 29 67
3 16 24 25 61
4 13 22 21 55
5 11 19 18 50
6 10 17 . 16 45
7 .9 15 15 40
8 8 13 13 37
9 I B 12 12 34
il0 Y 11 10 a1,
"1l G 10 .9 28
12 6 .9 | 25
13 5 8 ? 22
14 5 7 [ 20
15 5, .7 6 18
16 4 6 5 16
17 4 5 5 15
1 4’ 5 4. 14
- 19 4 .5 4 13
20 - 3 . 5 3 A2
2} 3 5 3 12
22 3 5 3 11
23 3 -5 3 10
24 3 5 3 10
25 3 5 3 10

energy generated by trucks with GVWR in excess of 10, 000 lbs are
shown in Tigure B8-2.

1072 acoustic energy of such trucks, Note that for any new truck

regulation, the increasing truck population produces an increage in

8~7

The resulte of this study of the projected changes in the acoustic

The acoustic energy level refers to the
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acoustic energy level of approximately 1 dB every & years, On the

other hand, with ail of the three models employed for this study, the

the acoustic energy level continues to decreasge until approximately
1992, Actually, as older, noisier truci{s are retired, the individual
noise level of the average truck on the highway will continue to

decreage until about the year 2000, However, the assumed growth

rate in new truck production eventually cutweighs the rate of older,

noisier trucks being retired, causing the acoustic energy level to

begin increasing again in about 1995, Finally, note that both models

2 and 3 indicate nearly identical results, This is because the dom-

inant contribution to the acoustic energy level comes from heavy
duty diegel engine trucks that are regulated similarly in both models

2and 3. The maximum difference in acoustic energy level between

models 1and 3 is about ! dB, which occura around 1985,

In assesgaing the relative merits of alternative new truck noise
levels in terms of the acoustic energy generated, it is important to
observe how the truck population component for a given production
period in years builds up and/or decays as a function of calendar
year. FiguresB8-3 through 8-5show these results for new truck pro-
duction in the context of the three models studied, It is algo instruc-
tive to note the total truck-miles driven by the various truck population
components as a function of calendar year, This relationship i shown

in Figure 8-8 in the context of .model 3. A comparison of Figure

-

8+8 with Flgure B8-~5 reveala thet the {otal truck~miles contribution

£

of a given truck population component decays more rapidly than ita
contribution to total truck population,

B-8
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LEAD TIME REQUIREMENTS |

‘ The period between the introduction of a design goal for a product
and the time the design goal is met is often termed "lead time,"
The actual length of time is directly related to the complexity and
the resources available to implement the new designs. In general
the sequence of events involved in modifying a new production {ruck
is ag follows, First, a design goal is'usﬁally selected on thé basis
of market or legislative pressure. The engineering groups responsi-
ble forthe respective truck components then examine the design prob-
lem for possible solutions, Promising solutions are then either in
a prototype version or modeled for testing and evaluation. Finally,
one or more solutions are selected for complete product analysis and
testing, This often includes a field test of durability.

The complexity of noise control design changes may be classified
into two basic modes of engineering operations, For changes in the
peripheral engine system (such as mufflers, air filters, cooling fans,
and thelike}, noise control solutions would be implemented by modi-
fying present production trucks; l.e., 'by specifying certain exhaust
syatems, airfilters, fan configurations,‘ and pulley sizes. Such mod-
ifications are made via an "engineering change order." For changes
in the bagic frame or cab configuration (such as partial enclosures
or larger radiators), a complete design sequence could well be re-
quired, including some reliability testing.

B-14
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The lead time required for eithr- catesury of design changes var-
ies with the complexity of the change and available staff, but some
eatimates may be made, It would appear that from 30 to 180 days
are necessary for most manufi.cturersfor an engineering change order
to be completed. The length of time required for a major new design
varies for normal production and assembly planning from 1 to 4 years.
In general, encloaing the engine could require cab modifications that
could take as muchas a yearfor eachcabmodel offered. Discussions
with ménnfacturera indicate that a l-year lead time is adequate in
terms of being nondisruptive of regular production, but that extensive
overall truck redesign could require up to a full 4-year period, An
example of a 4-year development cycle is given in Reference 4.
Figure 8-7 hag been reproduced from this reference, Concurrent
developmentof similar noise control options could shorien the overal.l
lead time for a complete product line,

FROPLR SEQUENCE AND TINING
10 PRODUCE A QUALITY TRUCK

I

e

T
[21: 1T

DURLBIL
(It Hu]EHH 111

— FOUR VEARS

RSSO R YA S

Figure 8-7 Estimated Lead Time for Redesigning & Truck.
Source: Reference 4.
An additlonal faetor in lzad time lu engifeering staff slze and ca-
pability., All truck manufacturers have an engineering staff whose

8-15

ey 8 b b b s



s BewPBE AP arld

size is generally proporticnal to sales volume, Consequently, the
larger companies have bigger staffg with more specialized capabil~
ities, including staff specialized in noise control. The smaller com-
panies may be dependent on theirvendors for noise control to a greater
degree than will the larger firms., Also, smaller companieg will
tend to rely on copying the noise control designs used by the more
advanced companies orthose described in the open literature, The in-
creased lead time over large {irms required by the smaller manufac-
turers is compensated for in part by; the relatively fewer models they
produce, Thus, while a large firm may have eight different cab
designs to change, the small firm may have only three cab designs
to change.

Varying lead times have been studied in terms of the nolse levels
for new trucks considered in the three models' scenarios. At each
noise level, the complexity of the change and the capabilities required
to achieve certain noise analyses and reductions are discussed.

More than 30% of present production trucks have noise levels less
than 83 dB{A). Although this is a significant number of trucks re-
flecting some manufacturers! apparent efforts to comply with the State
of California limit of 83 dB(a), whlch. beconﬁea effective In 1975,
many models must be fitted with quieter exhauat systems, cooling
fans, and engine noise control packages. All these modifications can
be implemented by engineering change orders. The necessary engine
exhaust systéms appear to be available, Noise control packages
are also apparently available at this time for those engines that would
require them to meet the California standard,
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The primary degign problem will be to modify the cooling fan,
All trueck manufacturers purchase the fang from vendors; conse-
quently, in an attempt to quiet fan noise, they will typically buy a
"quiet" fan. However, fan noise is as much a function of a fan's
environment asg its design, At the pregent time, certain techniques
are available that consistently reduce cooling fan noise; i,e,, using
larger diameter,, slower rotatingfans with proper shrouding. In ad-
dition, the radiator shutters may require replacement by a bypass
type of water temperature control, or be operated in conjunction with
a thermostatically controlled fan such that the fan never operates with
the shutters closed.

To incorporate the modifications that may be necessary to con-
tinue to produce essentially the same trucks now being produced,
butall of which can aatigfy an 83 dB(A) noise level, appears to be
feanible within 1 to 2 years from the date of promulgation of an
83 db(A) standard, Most truck manufacturers indicate that nationwide
compliance with an 83 dB(A) level could be achieved by the 1976
model year, with no significant disruptions in production. This was
agsuming that new truck nolge regulations were promuilgated in the
fallof 1974, There are indications, however, that even without
& Federal stendard of 83 dB(A) in 1874, the majority of trucks pro-
duced in the 1078 model year will be able to meet that level.

Of the trucks measured for sound level, 1% are now at noise
levels under B0 dB{A)., Engine noise is a prime candidate in the
quieting strategy for meetingthis level, and certain currently popular
diesel engines will likely require some sort of enclosure to meet

8-17
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it. Thus, the lead time necessary for a given truck to be produced
which meets the 80 dB{A)} level will vary depending on the engine.
To accommodate these differences, truck lead times will be dis-
cusded in terms of gasoline engines, '.'quiet" diegel engines, and
"noisy'' diesel engines, '

For gasoline engines, which power 65% of all new medium and
heavy duty trucks, engine and exhaust noise do not appear to be
sigmificant problems and no major cab redesign is anticipated, other
than possible modification of the radiator. Thus, gasoline engine
new trucks could reasgonably be assumed to be able to be guisted
to meet an 80 dB(A) level in the same time span ag for an 83 dB(A)
lavel, that is, 1 to 2 years from the et‘!‘elcti.\:'.e.I regulation date,

The quieter diesel engines, which are incoporated in about 23‘5;
of the trucks currently produced, could need noise control covers
or kits to obtain the necessary reduction in engine noise. Such kits
are not f)resently avoilable for all these engines. Some development
work could be required for this effort; however, it is not believed
that this would be a ma.jor developm;ant program, but rather the adap-
tation of similar kits from one engine model line to another, or the
development of acoustically treated covers and panels, Two to three
years appear adequate for such comprehensive development, which
would appearto encompass all models of vehicles now being produced.

During this period it may alao be necessary for some truck manufac-

turers to apply underhoodacoustic treatment, Similarly, some cool-

v ing system designs could require a modest refinement effort of from
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2 to 3 years, Exhaust systems are now generally available to meet
the 80-dB{A) level. All these measures can, therefore, be relatively
casily accomplished to provide the necessary production capacity
parts and installal.tlor;i within a ‘maximum of 3 years of promulgation
of a regulation req&iring 80 dB(A).

The noisier diesel engines, which constitute about 12% of current
truck production, will most likely require cab redesign in the form
of a partial engine enclesure, ordevelopment of engine quieting tech-
niques to reduce engine noise. This would be considered a major
redesign and a design sequence similar to that {llustrated in Figure
8-7 would be necessary. Cab redesign would probably include
enlarging the cab tunnel or underhood area to accommeodate sound-
abgorptive treatment and larger radiators. Accordingly, about 4
years could be needed todevelop a new cab, keeping within a normal,
that is non-disruptive, production planning and implementation cycle.
Most manufacturers offer geveral truck models each of which could
require Individual major redesign. Unlike automobiles, such truck
redegign is not normaliy done annually; however, by staggering design
efforts at, say, one year intervalg, three cabs could be redesigned
in about 8 years with more efficlent utilization of engineering staff
than would be possible with parallel efforts and, cénsequently.-even
legs cost impact than would reasonably be expected to result if a
shorter period of time were reguired,

An alternative solution to truck redesign would be for the manu-
facturers of noisy englneé either to quief them with noise control

covers or kits or with structural or combustion modifications., One

§-19

L

- —




PV I LAY aaaa

e T ek e L TE

e

major engine manufacturing company indicated that if guiet engines
were required, it would provide them to its customers. Assuming
that this company does have the ability to quiet its engines within a
3-year lead time, then major cab redesign would not be required
and the lead time for trucks with these engines would be the same
as for the quieter diesel engines; i.e,, 3 years f{rom the date of
promulgation of and 80 dB(A) standard.

Freightliner currently is operating on the highway a 72 dB{A)
prototype developed under the DOT Quiet Truck Program. Other
manufacturers have built prototype test trucks with overall noise
levels ag low as 72 dB(A), but have not operated them extensively on
the highway. '

Quieting strategies and lsad times which may he necessary for

lirniting truck nolse to 75 dB(A) are again appropriately discussed

according to whether new production trucks are powered by gasoline
engines, quiet diesel engines, or noisy diesel enginea, Sorne diegel
engines (approximately 5% of the current total new truck production)
are only slightly noisier than gasoline engines. Quieting techniques
could be developed using present production line technology to reduce
their engine source level to leas than 70 dB(A), These engines could
then be used to power trucks built without enclopures, It is believed
that the nondisruptive lead time would be on the order of that for
80 dB(A) trucks, but, with added time allowed to develop the engine
nolse control covers and kits, mufflers, and fan systems, This age
sumes 2 years to refine certain mufflers to obtain a 68 dB(A) source
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level, a concurrent one-year period to develop engine neise control

kits, and a two~year development time by manufacturers for the fan
and all other systems. If a maximum total lead time for both large
and smaill manufaci;urers of about six years was allowed, following
promulgation of a 75-dB(A) standard, no significant disruptive cffects
would be anticipated within the truck manufacturing or parts industry,
That i8, small manufacturers could perform three successive model
changes in six years and larger firms with additicnal resources could
do some of the work concurrently.

Noisy diesel engines will in all likelihood require encleosures.
Allowing two additional years for enclosure development beyond that
required to meet 80 dB(A), the redesign of current production noisy
trucks to meet a 75~B(A) level could take about 8 years. However,
new developments in diesel engine technology, such as better covers
for exiating engines or improved structural design, could reduce this
lead time considerably,

In summary, the lead times required by truck manufacturers to
quiet their products are best clagsified by the englne used in the
truck, The most difficult quieting problem, and consequently that
contributing most to eatablishing the production lead time, is engine
structural noise. Table B8-5 lists the estimated lead times required
by all truck manufacturers to ensure that all trucks produced will
meet the specified noise levels, Lead times are defined as starting
from the date of promulgation of a atandard.
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TABLE 8-5

ESTIMATED LEAD TIMES FOR TRUCK PRODUCTION

“Quiet" "Noisy"
Noise Lievel Gasoline Engines Diesel Engines  Diesel Engines
33 dB{a) 1-2 years 1-2 years 2 years
80 dB(A) 3 years 3 years 6 years
75 dB(A} 6 years 6 years . 8 years
§-22
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SECTION 9
MEASUREMENT METHODOLOGY

INTRODUCTION

The procedure for determining whether or not a new truck
complies with a prescribed noise level involves two basic elements,
namely: a method for performing a test on a gelected truck and
a method for selecting trucks. This section deals with the testing
of selected trucks, while section 10 discusses & poasible selection
process,

Several tests currently in existence were congidered by the
E,P.A, as methods for testing new production trucks, The Society
of Automotive Engineeras test designated SAE-J366-b seems
to be the only teat available with a sufficient data bage to permit
its consideration as & test that could he utilized effectively
in the near term without extensive further evaluation as to its
efficacy. It is degcribed in detail in the following paragraphs.
LOW-SPEED, HIGH ACCELERATION TEST
Introduction

This test establishes the procedure, environn"lent, and in-~
strumentation for determining the maximum exterior sound level
for motor trucks, truck tractors, and buses, when they are oper-
ated under conditions of low speed (under 35 mph) and high acceler-
ation.

Instrumentation

The following instrumentation shall be used, where applica-

ble, for the measurement reguired.
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1,

2,

3.

4-

A sound level meter which meets the Type 1 requiremoants
of ANSI S1,4-1971, Specification for Sound lL.evel Metzrs,
As an alternative to making direct measuremaents
using a sound level meter, o microphone or sound l:vel
meter shall be used with a magnetic tape recorder anc for
a graphic level recorder or indicating meter, providirg
the system meets the requirements of SAE J184.

A sound level calibrator.

An engine-speed tachometer.

Test Siteg

A suitable test site ghall consist of a level open space free
of large reflecting surfaces, such as parked vehicles, sign-
boards, buildings, or hillsides, located within 100 ft (30 m)
of either the vehicle path or the microphone, See Fig. 9-1.
The microphone shall be located 50 fi {15 m) from
the centerline of the vehicle path and 4 ft (1.2 m) above the
ground plane, The normal tothe vehicle path from the micro-
phone_ shall establish the microphone on the vehicle path,

An acceleration point shall be established on the vehicle path
50 ft {15 m) before the microphone point.

An end point shall be established on the vehicle path 100 ft
{30 m) from the acceleration point and 50 ft {15 m) from the

microphone point.

9-2




End

Accaloration "
Point Poim
[C 100 {30} L
ol 50 {18) = /
e 50 {15 pmmisnmniin
— o e = Vehiclo Path - —— —ﬁ-——--——,'-{l—- — == = = = Acceleration Lane — — -— -
100 (30} Rediva 50 (15} \0. 100 (30) Redius

Microphone Point

Menuremant
Ates

100 {36} Radius
Dimensiom la
Feat (Maten)

F.. ' *1 Minimum Undires, . ! Tost Sito




r———— v B EE W R bl

5.

8,

8,

The end zone is the last 40 ft (12 m) of vehicle prior to the
end point,

The measurement area shall be the triangular area formed
by the acceleration point, the end point, and the microphone

location.

- The reference point on the vehicle, to indicate when

the vehicle is at any of the points on the vehicle path, ghall

be the front of the vehicle except ag follows:

a, If the horizontal distance from the front of the vehicle
to the exhaust outlet is more than 200 in (5080 mm),
tests shall be made using both the front and rear of the
vehicle as reference points,

b. If the engine is located rearward to the center of the
chagsis, the rear of the vehicle shall be used as the ref-"
erence point.

During measurement, the surface of the ground within the
measurement area shall be free from powdery snow, long
grass, loose soil, and ashes.

Becausge bystanders have an appreciable Influence on meter
response whenthey are in the vicinity of the vehicle or micro-
phane, not more than one person, other than the observer
reading the meter, shall be within 50 ft (15 m) of the vehicle
path or instrument, and that person ghall be directly behind
the observer reading the meter, on a line through the micro-
phone and the ohgerver,
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10. The ambient sound level (including wind effects) coming

from sources other than the vehicle being measured shall

be at least 10 dB{A) lower than the level of the tested vehicle.

11. The vehicle path shall be relatively smooth, dry concrete or

1,

3.

4

agphalt, free of extraneous material such as gravel,

Procedure

Vehicle operation ~ full throttle acceleration and closed
throttle deceleration tests are to be used, A beginning engine
speed andproper gear ratio must be determined for uie dur-
ing measurements,
Select the highest rear axle and/or transmission gear
{"highest gear" is used in the usual sense; it i3 synonymous
to the lowesl numerical ratio and an initial vehicle speed
such that at wide-open throttle the vehicle will accalerate
from the acceleration point):
a, Starting at no more than two-thirds (66%) of maximum
rated or of governed engine speed.
b, Reaching maximum rated or governed engine speed
within the end zone.
e, Without exceeding 35 mph (58 km/h) before reaching the
end point,
Should maximum rated or goverped rpm be attained before
reaching the end zone, decrease the approach rpm in 100
rpm increments until maximurn rated or governed rpm is
attained within the end zone,

B-5
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Should maximum rated or pgoverned rpm not be attained until
beyond the end 2zone, select the next lower gear until
maximum rated or governed rpm is attained within the end
zone,
Should the lowest gear still result in reaching maximum ratoed
or governed rpm beyond the permissible end zone, unload
the wvehicle and/or increase the approach rpm in 100 rpm
increments until the maximum rated or governed rpm .is
reached within the and zone,
For the acceleration test, approach the acceleration point
using the cngine speed and gear ratio selected in paragraph
4,1, 1 and at the acceleration point rapidly establish wide-open
throttle, The vehicle reference shall be as indicated in para-
graph 3, 7. Acceleration shall continue until maximum rated
or governed engine speed is reached.
Wheel alip which affects maximum sound le.vel must he
avoided.
For the deceleration test, approach the microphone point
at maximum rated or governed engine speed in the gear
selected for the acceleration test, At the microphone point,
close the throttle andallow the vehicle to decelerate to one-half
of maximum rated or of governed engine speed. The vehicle
reference sghall be as indicated in paragraph 9,3, 7. If the ve-
hicle is equipped with an exhaust brake, ithis deceleratlon test
is to be repeated with the brake full on immediately following
closing of the throttle.
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Measurements

1. The meter sghall be set for 'fast" response and the A-
weighted network used,

2. The meter shall be observed during the period while the
vehicleis accelerating or decelerating, The applicable reading shall
be the highest sound level obtained for the run, The observer shall
rerun the test if unrelated peaks should occur due to extraneous
ambientnoises. Readings shall be taken on both sides of the vehicle,

3. The gound level for each side of the vehicle shall be the aver-~
age of the two highest readings within 1 dB of each other, Report
the sound level forthe side of the vehicle with the highest readings.

General Comments

1. Mensurements shall be made only when wind velocity is
below 12 mph (12 km/hr),

2, Technically trained personnel shall select the equipment to
be used for the test measurements and the tests shall be conducted
only by persons trained in the techniques of sound measurement.

3. Proper usgage of all test instrumentation is esaential to cbtain
valid measurements. Operating manuals or other literature furn-
ished by the instrument manufacturer shall he referred to and shall
be the principal reference for both récommended operation of the
instrument and precautiona to be chaerved, except where they may
be in conflict with the E. P, A. prescribed procedures, in which case
the latter shall govern. Specific items to be congidered are:

87
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a. The effects of ambient weather condltions on the performance
of the instruments (for example, temperature, humidity, and baro-
metric pressure) should be taken into account,

b. Proper signal lewels, terminating impedances, and cable
lengths should be maintained on all multi-instrument measurement
systems.

¢. The effect of extension cablep and other components should be
taken Into account in the calibration procedure, Field calibration
ghall be made immediately before and after each test sequence,
Internal calibration means is acceptable for fleld use, provided
that external calibration 1s accomplished immediately before or
after fleld use.

4, Vehicles being tested shall not be operated in a manner such
that the break-in procedure specified by the manufacturer
i3 violated.

References
Suggested reference material is as follows:

ANSI S1.1~1960, Acoustical Terminology

ANSI S1.2~1987, Physical Measurement of Sound

ANSI £1.4~1971, Specification for Sound Level Meters
Applications for copies of these documents should be addressed to
the American National Standards Institute, Inc., 1430 Broadway,
New York, New York 10018,
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MODIFICATION TO SAE-J366b

The process of developing a guitable test for truck noise emission
is a continuing one. The present SAE J366b is the third stage in the
SAR effort, the first and second stages being labelled SAE J386 and
SAE J366a, A fourth modification, suggested by the National Bureau
of Standards, is described in reference (1). In the following sections
some of the difficulties identified by Fhe U.S. E. P. A, associated with
SAE J366b are discussed, and considerations are presented which
may be helpful in the generation of the next modification, or in the
development of other future tests.

Nature of the Source

Ag the truck, underteat, traversesthe vehicle path (Fig, 9.2,3,1)
it behavos as a variable acoustic source. For example, exhaustnoiae,
engine surface radiated noise and cooling fan noise all vary with time
during the tegt. Thip implies thaot during the tést, the truck (regarded
a8 an acoustic source) 18 changing its acoustic power output, its
directivity pattern and ita apectrum as a function of time and conage-
quently algo as a function of its posgition. A truck under test is a
complicated acoustic source and the r»r optimum manner to charac~
terize its acousdtic behavior would appear to warrent further study.
Modifications

Several areas in the present SAE J366b standard which appear
worthy of further study are:




Geometry: The total length of path available to the tesi vehicle
is 100 feet, It may be that increasing this distance, as well as
that allotted to the end zone, would reduce the number of trials
required to achieve maximum engine rpm inside the presently de-
fined end zone,

It ig necessary to know where a vehicle is located when it is
radiating sound during a fest, This information is needed to prop-
erly combine and/or interpret sound level readings taken simultan-
eously at several microphones. In éddition, a time base is needed
to define simultaneity for multimicrophone data, For example, in
tPe SAE J366b Standard a constant power source at the beginning of
the end zone produces about a 2.8-dB higher sound level reading at
the test microphone than the same source located at the far end
of the end zone, Knowledge of truck pesition would minimize this
type of discrepancy. Position/time measurements are also neces-
gary to establish the directivity characteristics of the truck.radiated
noige.

Microphones, The measurement of a moving variable acurce,
such as a truck moving on a straight path, requires more than one
microphone if significant results are to be obtained. For example,
if it is assumed that the sound levels anywhere on a line parallel
to and spaced 50 ft away from the line of travel of a truck is the
significant quantity for truck noise measurement, then it ig clear
that a single fixed microphone will see only what the source radiates

at o gingle angle at a single distance at a single instant of time,

‘At that same instant of time the source directivity pattern may be
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such as to radiate a higher intensity of sound in some other direction
than that of the microphone, Since the directivity pattern can be
changed with time, the microphone may never have detected this
higher intensity if it had occurred. A suitable ensemble of micro-
phones would have detected it. Anocther case could occur in which
the single microphone would not see & maximum directivity pattern;
that is, if the maximum occurred in the ‘ang'ular range, 0 to 45
degrees is the angle meagured {rom the line of travel to the maximum.
Thia would be true for both the front and rear of the truck.

Of the 180 degrees of horizontal directivity pattern that exists
on one side of a truck, the SAE J386b microphone looks at only 90.
That i8, only one half of the angular apread of the directivity pattern
is examined. Trucks are not omnidirectional sources, as the data in
references 2 and 3 show. The question of how best to deploy a
multimicrophcne test ensemble requires attention., ‘This includes
a atudy of the optimum number of microphones as wellas their three-

dimennsional spatial distribution,

Test Site

At the test site, there ore certain parameters not adequately,

covered in SAE J386b, These are: '

1. The acouatical characteristics of the surface of the aite,
Acoustically "hard" surfaces such as concrete tend to absorb
less acoustic energythan soft ones, suchasdirt, grass cover,
or fresh osphalt, Also, acoustic interference effects are
diffarent for these cases. It, therefore, is desirable to specify
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5.

B.

the surface of the test gite so that this source of error is

eliminated,

There have been indications that, when thel test site surface
deviates from planarity, ancmalous acoustical results are
obtained. This question requires further study and a deter-
mination should be made of the degree of flatness necesgsary
for accurate acoustic measurements.

The air temperature at the sites as well as the barometric
presgure and humidity all affect the acoustic levels measured
in any given test. An effort should be made to develop suitable
correction procedures for these variations,

An edditional effect ig that of temperature gradient. The
gize of this effect is not presently known in truclk noise emis~
sion tests. It could be important, especially at gites where
the surface is agphalt. In the summer the hot asphalt surface
could produce a substantial temperature gradient. The gra-
dient tends to bend sound "rays' and could produce different
readings at a test microphone than if there were no gradient,
Noise emission tests are presently conducted In the open air.
This is satisfactory from an acoustic point of view. How-
ever, it makes the test schedule weather dependent. The
ugefulness of developing a practical weatherproof structure
in which a passby test could be performed is suggested for
consideration.

The instrumentation delinegpted i:‘ EAE J386b has buen iargely
superseded by rapid advances in this field. It is consequently
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dated so as to imply manual data collection and data pro-
cessing, These techniques can be updated and automated by
the use of digital computers., It should be possible to have
the test result dispilayed within seconds after the truck has
driven past the ensemble of test microphones.
HIGH SPEED SOUND EMISSION TEST PROCEDURES
Thigis & test procedure for measuring the sound level produced
by tires intended primarily for highway use on motor trucks, truck
tractors, trailers and semitrailers, ar'ld busea.‘ The procedure pro-
vides for the measurement of the sound generated by tires, mounted
on # rnotor vehicle at specitied tire load and operated at 50 mph (80
ki fh).
Specifications for the instrumentation, the test aite, and the opera-
tion of the test vehicle are set forth to minimize the effects of extran~
eous sound sources and to define the baeis of reported levels.

Instrumentation

The following inatrumentation shall be used:

1, A sound level meter that satisfiea the type 1 requirements of
ANS] 81, 4-1971, Specifications for Sound Leve]l Meters; or

2, As an alternative to making direct measurements using a sound
level meter, a microphone or sound level meter shall be used
with o magnetic tape recorder and/or a graphic level recorder
or indicating meter, providingthe system meets the requirements
of SAE J184, with "slow" response specified in place of "fast"
response. |

8-13
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3. An acoustical calibrator for establishing the calibration of the
sound level meter and associated instrumentation,

4, An anemometer.

Test Site

The tesatsite mugt be locatedin a flat area free of reflecting surfaces
{other than the ground), such as parked vehicles, trees, or buildings
within 100 {t (30 m) of the measurement area,

The vehicle path shall be relatively smooth, semipolished, dry, port-
land concrete free of extraneous surface material,

The microphone shall be located 50 ft (15 m) from the centerline of
the vehicle path &t a height of 4 ft {1, 2 m) above the ground plane,
The normal to the vehicle path from the microphone shall establish the
microphone point on the vehicle path. See Fig. §-2.

The test zone extends 50 ft (15 m) on either side of the microphone
point along the vehicle path, The measurement area is the triangular
area formed by the point of entrance into the test zone, point of exit
from the test zone, and the microphone,

The measurement area shall be surfaced with concrete, asphalt or
gimilar hard material, and in any event shall be free of powdery
snow, grass, loose soil, orashes, or other sound-absorbing materials, -

The ambient sound level (including wind effects) at the teat site shall
be at least 10 dB below the level of the test vehicle operated in accord-
ance with the test procedure,

The wind gpeed in the measurement area shall be less than 12 mph

(19 m/hr)o
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Vehicle

The vehicle shall be a motor vehicle equipped with the set of tires it
will have when it enters commerce, that is, when it in delivered
to the firat pergon who in good faith purchases the motor vehicle for
purposes other than resale. The tire specifications must be recorded
for each tire,

The tires shall be inflated to the maximum pressure and loaded
to the maximum load specified by the Tire and Rim Association for
continous operation at highway speeds exueeding 50 mph (B0 km/h),

1f local load limits will not permit a full rated load, the test may
be conducted at the local limit with inflation pressure reduced to pro-
vide a tire deflection equal tothe maximum load and inflation pressure,
provided the lcad is not less than 75% of the moximum rated load,
Because thismay cause amall differences in {sound) levels, auch levels
may not be reported absolute unless they are identified with the percent
of lond used. Sound levels obtained when the loading is (i?) percent
must ba corrected by adding the quantity 10 Logl0 (_1_1%9_) to the measured

values.

Procadure

The test vehicle shall be operated in such a manner (e.g., coasting)
that the sound level due to the engine and other mechanicul sources
is minimized throughout the test zone. The vehicle speed at the micro-
phone point shall be 50 mph (80 km/h). |

The sound level meler shali be set for slow" response and the A-

weighting network, The observer shallrecord the highest level attained
9-15A
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during each pass of the test vehicle, excluding readings where known
acoustical interferences have occurred.

Alternatively, each pass of the test vehicle shzll be recorded on
mapnetic tape and subsequently analyzed with a sound level meter
and/or graphie level recorder,

There shall be at least three measurements. The number of
measurements shall equal or exceed the range in decibels of the level
obtained,

The sound level reported shall be the average of the two highest read-
ings within 2 dB of each other,

General Comments

Meagurements shall be made only when wind velocity is below 12 mph
(19 Itm /hr).

Technically trained personnel shall select the equipment to be
ugsed for the test measurements and the tests shall be conducted only
by persons trained in the techniques of sound measurements,

Proper usage of all test instrumentation is essential to obtain valid
meadurements., Operating manuals or other literature furnished by
the instrument manufacturer shall be referred to and shall be the prin-
cipal reference for both recommended operation of the instrument and
precautions to be dbserved, except where they may be in conflict with
the EPA prescribed procedures, in which case the latter shall govern,
Specific itemna to be considered are:

1, Specifications for orientation of the microphone relative to the
ground plane and the source of sound should be adhered to.

9-16
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(Assume that the sound source is located at the microphons
point. )

2, The effects of ambient weather conditions on the performance of
the instruments (e, g., temperature, humidity, and barometric
pressure) should be taken into account,

3. Proper signal levels, terminating impedances, and cable lengths
should be maintained on all multi-inatrument measurement
systemas.

4. The effect of extension cables and other components should be
taken into account inthe calibration l;:.roc:edure. Field calibration
should be made immediately before ‘and after each test aequence,
internnl calibration means are acceptuble for field use, provided
that external calibration is accomplished immediately before or
after field use,

5. The effect of extension cables and other components should be
taken into accountin the calibration procedure. Field cnliiaration ghall
be made immediately before and after each test sequence. Internal
calibration means are acceptable for field use, provided that external
calibration is accomplished immediately before or after field use.
OTHER TEST PROCEDURES

In the course of preparing this document test procedures other
than SAE J368b were considered. They included:

1. Stationary Run-Up (Idle ~ Moximum - Idle ~ IMI), In this
test the engine is initiolly in an idle condition. It ia rapidly
accelarated by maintaining a wide open throttle and then decel-
erated by quickly closing the throttle, In this test, the engine's
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own intertia provides the load.

Stationary-Run~Up (Steady State), In thig test the truck
wheels are required to drive a lead, The engine {8 then ac-
celerated to maximum rpm and maintained there for a short
time. Thia type of test permits more time for conducting
the test and it does not depend upon transient peak noise
emission as in the IMI test. However, the development of
a satisfactory loading procedure, which itself does not pro-
duce noigse (which could interfere with the test), {s a matter
of some uncertainty. Several loading techniques have been
suggested, such as coupling an inertia load to the wheels and
at the same time jacking up the rear wheels, Another sug-
gestion is to use the vehicle's own brake as a loading device,
The use of dynamometer rollers, either free or lecaded, has
also been suggested,

The poasibility of performing stationary run-uptests inaide
an enclosure, in order to make the procedure weatherproof,
has alao been considered,

In addition to stationary run-up-type tests there exists the
possaibility of developing & weatherproof passhy test. This
entails covering a sultable length of test track with a canopy
that can adequately shield the track from the elements. At
a certain portion of the track the heavy weather resistant
canopy is replaced by a thin, tough plastic canopy. Thig thin
canopy is iight encugh to oxhibit a very amall acoustic trans-
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mission loas but s also gtrong enough to be reasonably weather
registant, The measuring microphones are placed outgide
the thin canopy at essentially the same positions they occupy
in open air testing, They too are protected by coverings
of the same thin, tough plastic.

The feasaibility of developingthis kind of test i8 by no meansg
means agsured. However, its ultimate utility and its initial
apparent ''do-ability" suggest that it should be considered
further,

All of the above tests appear to have the capability of being de-
veloped into short (approximately 2 minute) tests and this agpect of
the test development should be carefully considered.

SUMMARY

Thie section hag presented:

1. The details of the SAE J366h noise emiasion test as a can-
didate for the atandard test for new truck noise emissaion
regulation

2, Some congiderations for further development of SAE J366hb

3, A brief discusaion on other tests considered for use in the

meagurement of new truck noise

9-19
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SECTION 10
ENFORCEMENT
GENERAL

Enforcement of new preduct noise emission standardg applicable
to new medium and heavy duty trucka may be accomplished through
certification or production verification testing of vehicle configura-
tiona, assembly line testing using continuouz testing {sample testing
or 100% testing), or gelective enforcement auditing of production
;.rehicles and in-use compliance programs, The predominant portion
of any certification or production verification testing and assembly
line vehicletesting cﬁnbe carried out by the manufacturer and audited
or confirmed by authorized government personnel as necessary,

Any test used for certification or production verification testing,
and any test used for assembly line testing of production vehicles,
should be the some test or else correlative so that compliance may
be accurately determined, Measurement methodologies which
appear applicoble both for certification or production verification
testing and any assermnbly line testing are the EPA Low Speed High
Acceleration and the EPA High Speed Test, |
CERTIFICATION |

Certification is the testing of selected prototype products by a
manufacturer orby the government in order to detarmine whether the
products conform to & standard. Certification serves the purpese of
verifying that a manufacturer hns the technology in hand or "avail-
ahle' and, where required, it may be used to verify that the applied
technology will lagt for some period of use,

10-1




S AS s SRR RW L

e e e e e e et g

Certification may involve the testing of every configuration of
a manufactuturerts production to verify whether each conforms, or
configurations may be grouped into categories with similar emission
characteristics and only selected configurations tested. The con-
figurations tested are then considered representative of the other
untested configurations in a category.

The concept of certification has asgsociated with it the issue of
approval by the goverqment after a manufacturer has demonstrated
conformity through testing.

Because certification normally deals with a few prototype vehi-
les, it does not give any indication of the conformance of the manu-~

facturer's product with standards, The ability of a manufacturer

to apply the technology to a prototype model does not necessarily '

mesan that actual production line wvehicles will also conform, Veri-
fication that production models conform can be made only by actual

tesating of production models,

PRODUCTION VERIFICATION

Production verification is the testing of selected pilot line (first
production) models'by a manufacturer or by the government to verify
whether a manufacturer has the technology in hand and is capable
of applying the technology in a manufacturing procesg, The tested
pilot line models (or first production models) must conform with
the standard prior to any distribution into commerce of that model.

- #

Production verification does nol Lhivolve any formal governmental

approval or issuance of certificates subsequent to rmanufacturer

10-2
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testing, nor is any extensive testing required of the government.
Any regulations would require that prior to distribution into commerce
of any manufactured configuration, as defined within the regulations,
the configuration must undergo production verification. A vehicle
model would be congidered to have been production verified after the
manufacturer has shown, based on the application of the noise
meagurement tests, that a configuration or configurations of that
model conform to the standard., Production verification testing of
all configurations produced by a manufacturer may not be required
where a n:lanufacturer can establish that the noise levels of some
configurations within a model are consistently higher than others or
are always representative of other configurations. In such a case,
the higher emitter would be the only configuration requiring verifi-
cation. After initial verification manufacturers muat re-verify when-
ever they implement engineering changes to their products that are
likely to adversely affect noise emissions.  Additionally, further
tenting on gome continuing or other pericdic basis of production line
producta will still be necessary to ensure, with some confidence,
that all products being manufactured conform to the standards prior
to being distributed into commerce,

Production verification provides the government with confidence
that production models will conform to the standards and limits the
pogaibility that nonconforming vehicles will be distributed in com-
merce becausge Initinl teating is performed on pilot line or first
production models, Because the posalbllity still exista that subsequent

models may not conform, &gsembly line vehicle testing should be

10-3 -
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made a part of any enforcement strategy in order to determine
whether production vehicles continue to conform to the standard.
ASSEMBLY LINE TESTING

Asgsembly line testing of production vehicles is a process by which
vehicles, as they are completed on the assembly line, are tested to
determine whether they conform to applicable standards., This deter-
mination asg to whether production vehicles comply with the atandard
can be made by the use of either continuous 100% testing of newly
agsembled vehicles, or testing of representative samples of newly
produced vehicles and drawing inferences withregard to the conform-
ity with the standard of other newly assembled vehicles, In the cage
of the production of nominally identical vehicle configurations, which
exhibit the same or similar noise emission characteristica through
the application of the same or similar noise attentuation technology,
the use of sample testing is a realistic way of determining compliance
by othef untested vehicles produced by a manufacturer,

Contihuous 100% Testing

In the absence of a short, inexpensive test, 100% testing can be
costly and time consuming and in most cases unnecessary in the
abgence of some justification to the contrary since sample testing
can yleld the desired result. At this time, 100% testing is not pro-
posed a8 a primary enforcement tool; however, 100% testing may be
required should a manufacturer be discovered producing noncon-

forming vehicles.
Sample Testing

Sample testing involves the testing of a percentage of vehicles
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on some continuous bagis or the auditing of production linc vehicles

on some random basis orfor cause. An auditing strategy would enable
the government to determine if production vehicles meet promulgated
emission standards and provide a deterrent to the distribution in
commerce of nonconforming products, An auditing strategy involves
the testing of a representative number of production vehicles in a
random fashion, Beacauge the number of vehicles tested under an
auditing strategy is nominal, the cost and effort aggociated with imple-
mentation of such a strategy for a conforming manufacturer is only
a fraction of the costof a program invelving continuous testingbecause
fewer vehicles are involved.

Any sampling strategy adopted by the government would not
necegsarily impose a quality control or quality assurance scheme upon
a manufacturer, but would merely audit the conformity of his products

and provide a deterrent to the distribution in commerce of noncon-

forming products.

ENFORCEMENT ACTION
The prohibitions in the Act would be violated where the manufac-

turer fails to properly certify or verify the conformance of production
vehicles, where itisdeterminedon the basis of assembly line testing,
or other information, that nonconforming productlion vehicles are
knowingly being distributed into commerce, or where the manufac-
turer fails to comply with an Administrator's order spacifying appro-
priate relief where nonconformity is determined.
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SECTION 11
ENVIRONMENTAL EFFECTS

Whenever action is taken to control cne form of environmental
pollution, there are possible spinoff effects on other environmental
or natural regource factora. In this gection the single effects of
truck noige control on alr and water pollution, solid waste dispoaal,
energy and natural! regource congumption, and land use considera-
tions will be evaluated,

It is useful to recall that the principal sources of truck power
train noise are the fan, engine, and exhaust, Fan noise contr&
involves the use of more efficient, large, slowly turning fans and
fan clutches that disengage the fan'entiz‘ely when fan cooling of the
engine is not required, Engine noise reduction is achieved by means
of damped and vibration-igolated engine components and enclosures,
Exhaust nolse is principally controlled through the use of more

effective mufflers,

AlIR

The major potentinl effect on air pollution from the noise con-
trol meaﬂures. described above would be an increase in engine exhaust
emiassions as a result of an increase in exhaust system back pres-
sure (Reference 1), Truclt exhaust mufflers have been designed
and tested that adequately reduce exhaust noise without exceeding
engine manufacturers back presauré specifications, Accordingly,

no inerease in air pollution is to be expected from ncise control

11-1
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related toexhaust mufflerg, Air intake systems modifications, should
they benecessary, are not expected to result in any change in vehicle

performance or increase air emissions,

WATER AND SOLID WASTE
There are no significant impacts that would apparently result from
truck nofse control on either water quality or solid waste

disposal,

ENERGY AND NATURAL RESOURCE CONSUMPTION

There are several ways in which noise control may affect energy
consumption, The major factor is the use of fans that can be dis-
engaged when not required. Fax (Reference 2) develops the following
eatimates of fuel savings in gallons per mile per unit of accessory
horsepower not used,

Truck Category

Medium Heavy
Engine Type Duty Duty
Gasoline . D035 ,0018
Diesel . 0018 .0010

Aiso. the following annual mileages by truck category apply:*

Truck Category

Medlum Heavy

Engine Type Duty Duty
Gasoline 10, 000 18, 000
Diesel 21, 000 54, 000

* Data reduced from U, S. Buresu of Census, 1973,
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Finally, the followlng number of trucks were in use in 1872 (see

Sections 3 and 8).

Truck Category

Medium Heavy
Engine Type Duty Duty
Gagoline 2,335, 000 508, 000
Diesel 41,000 848, 000

Combining the data in the above three tables, as well as the
estimated savings of 8 hp for gasoline trucks and 15 hp for gaso-
line trucks and 15 hp for diesel trucks, shows that if all trucks were
equipped with large thermostatically controlled fans, approximately
one billion gallone of fuel would have been saved in 1972, more than
that nctually consumed,

A secondary energy effect might involve decreases in engine ef~
ficiency as o result of increased exhaust system back pressure.
Since exhaust systems can generally be made to meet engine manu-
facturers back pressure specifications, any effect on fuel consump-
tion in this area is expected to be minor. Further, there iz no
empirical evidence that acoustically effective mufflers necessarily
create high back presaure, .

Another potential éecondary effect lon fuel consumption is the
increased truck rolling resistance attributable to the weight of noise
control materinls. The weight of noise-reducing materials varies
from o few pounds for a thermostatic fan clutch or compliant engine
mounta to potentially several hundred pounds for an engine
enclosure. Even several hundred pounds, however, represents oniy a

11-3

e e e h o T, R Lo e Spmereap e S S




fraction of one percent of the total vehicle weight of medium and heavy

trucks, Since only a small fraction of the energy generated by a truck
engine is used to overcome rolling resistance (most ig used to over-
come aerodynamic drag), the effect of additional weight on energy
and hence on fuel consumption is considered inconsequential.

Effects on the consumption of other natural resources are expected
to be small. As indicated, no more than the addition of several
hundred pounds pertruck are likely tobe required for noige treatment,
under models 2 and 3 used earlier in this document, This is a small
fraction of the roughly 25,000 to 30,000 lbs per tractor/trailer

vehicle.

LAND USE

The expected effect of a Federal new truck regulation on land use
could conceivably be favorable. For example, land bordering on
highways and streetz could hecome more desirable for residential
and commercial use as the environmental noise from medium and
heavy trucks i8 reduced. However, should the foregoing not be the
cage, it can certainly be stated that Federal regulations would not

adversely affect land use.
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APPENDIX A: DERIVATION OF BASIC SITUATIONAL MODEL EQUATIONS

In Section 6, Tables 8-86 and 8-7 presented the calculated truck
noise levels {in dB(A) measured at 50 ft from the truck), which, if
permitted, would raise the sound level at a particular site 10 dB(A)
above the appropriate ambient level assumed to have existed prior
to the passage of the truck, These calculations are based on the

atnndnrd acoustic concepts preaented below.

A truclc is regarded as a random isotropm acoustic source whosc
ncoustic power outpu_t is characterized by a spectral density W(-F} in‘ .
.watts per hertz at frequency f. It is also assumed that this acoustic
power is radiated into a half space. These assumptions imply thal
I“({) the mtensity spectral density of the source, is the same on
the surface of any hemlsphere in the half space which has the sourer

at ita center, It is given by

wi i)

b ~ 2. )
I“(‘F’ - W | ,mat?s .ger .c‘m pe? Hz.)’

(A.1)
where {1 is the distance in em from the source to a field point
of interest, For the purposes of this analysis it will be assumed thai
the actlvity site " gtructure, upon which the truck noise impinges

is af gome ‘single representative distance [rom the source, Thit

distance is the /U in Equation (A. 1)

.
At ~

-
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Now let the surface area of the structurc of interest be composed
of M different types of partitions (i.e., walls, windows, etc.)and
let the '(.“‘type have an area Ap and a transmission coefficient ‘t;(&),
Also let I;(-F) be the intensgity spectral density transmitted through
the {th type surface, Then the total power spectral density Hr(-F) '

transmitted into the structure is
i

: Weth) = :2; AL, L ws
‘pere,
T '=. T I, (A.3)
Thus, |

X . . . m
W () = I06) Z‘ Ay TA9).

(A.4)
The transmittance T Gf.) for the composite surface is defined by
| m |
T = LE_I Aet ). SRV )
-

By Equations (A, 4) and (A, 5y

TE W IE)
2up> .

(A, B)

W) = TW) Tf) =

i
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It is noted ;hat transmission coefficients ‘t;, (-F) are not rustom-

arily reported directly in the literature. Transmission loss StU)

is usually given In decibels. The quantities 'l:';[‘F and Sﬁ('”

are related as follows:

SCL-H = 10 fnﬁm[":;(-‘)]“i, (A7)

Thus,

'.I‘he acoustzc energy’ produced by the truck with acoustic

i) = ilo-[

)

o

(A, 8)

power density W(f),which hag been transmitted from the outside

environment to the activity site interior can now be estimated.

For this, the well-known architectural acoustics formula

1h= 28

Al

= mean intensity spectral density (A, 9}

(watts per cm®

+

per Hz}

inside the ronm.

is employed where A('F) ia the total number of absorptmn un tts’inslde

present instance.

T

_then chlled Séfains. Absorption units in em

: the room in cm®, A(F)ls customarily given in square feet and is

are more convenient in the

Y 1
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The absorption A(ﬂ can be computed as follows, Let the inlerio'r
of the room be bounded by N difl:é;ent typéé of surfaces {i.c., pla.stcr
wall, carpets, etc,) and let each type surface haye.an area"AJ in r',m?.'
and an absorption coefficient ij . In addition, let the room crl:mtain
M objects each contributing VLlf) absorption units, Then the total

number of absorption units in the room is

S

N ) M
Al = 2 Aoyl + hZ‘ ud) . e
| - ,

b

Values of d"w and Uk(‘” are tabulated for many surfaces and objects
and are readily available in the literature. '
Combining Equations (A, 6) and (A, 9), ong of the basic formulas

of this analysis is obtained:-

Iath = | = n;r.(g‘:.(ﬂ ]w('f). 3. 11

Equation (A, 11) relates the intensity spectral density inside the
room to_the spectral density of the acoustic power of the source, the
di'stance of the source from the structure, the transmittance and ab-
gorption ﬁe%qs'associated with the room. The equation is valid for a
single frequéncyf. If it were desired to compute the total unweighted
intensit)'r between two freguencics ﬁ and {; , ‘then one simply Intle-

grates:

ek .
T('Fn'f'z) = Sf In('{)df (Watts/cm®) o (A.12)
‘ - .
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Now, in this project report, the quantity used for intenéity is the
A-weighted intensity. Thig means that each component Inu’) is
weighted by a factor P({) . Values of Iﬂﬁ) can be obtained in various

-places such ag ‘Referenc.e 1,

3

The curve A in Figure 2.3 of Reference 1 plots SFH') ¥s. -f

" where ‘Spu)."" 10 *Q'?.,F(‘Fj- | (&.13)
ua, . éﬁ-‘ﬂ
N plE)= 10 [ ' ] . _‘ (A .24)

-

A few typical values of /9(-[3) are.as_shown in 'i'ab.'lzfe- A-l,

TABLE A TYPICAL VALUES OF 8(f)

3 (42) ACH)
50 L0008
100 ' L0000
200 . .0790
500 . ’ , 5000
1000 . ' . 1.0000
5000 “1,0000 -
— -

The formula for A~weighted intensity' which correasponds to I:éuation
(A.12) is

TR = [PAE L@,
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By Equations (A, 11) and (A, 15):

+ :
J.G\ 1{"&) = '21:-“_2- S‘F T(S:\tﬁ (L) W(n J{' . (4,16)

. ' o S -
Equation (A, 16) applies to any frequency band where -F.&{-‘.-r,;

However, most measurement data are available in octave bands and so
gome simplifications are made in Equation {4.16) in order to use the
octave band data, First the most commonly employed octave bands
are defined in Table A-2,
TABL.E A-2
OCTAVE BANDS AND SYMBOLS

QOctave Octave Octave
Band Band* Band
Octave Octave Band Center Lower Upper
Band Intensgity Freq. Freq. Freq.
NQ- Jp fc f fu
p (Watts/em ) {Hz) (le) {Hz)
1 h) L5 22.3 44,8
2 J 63 44,6 88,2
3 J 126 88,4 176. 8
4 J 250 176.8 363.6
o J 500 353.6 707.1
8 J 1, 000 707.1 1,414, 2
7 J 2,000 1,414, 2 2,828,.4
8 J 4,000 2,828,4 5, 856.9
9 J 8, 000 ‘ 5, 866, 9 11,313.7
A=0
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In Table A. 2

Center frequency of )} (octave band

i

Lower frequency of -ﬁ“‘ octave band ,

;
'F L th
= Upper frequency of -b octaveband ,

Some relations between octave band {requencies are:

1 T TN

.-.2%-

-Fu' nﬁ_ = Band width of -bt"\octave band,
R CICE S

For convenience. the following notation is adopted:

e

J(&Lc,'ﬁa) ] 'dea 2 A-~weighted intensity in ‘P“&ctave band, {A. 18) -

By Equations (A-16) and {A-18),

fu
T =, i f T plf)

e ) - W
T 2UN '{'\. Al W (A, 18}
In order to make uge of avail:iblr.' data for the evnluatton of the
integral of Equation (A, 10)y ingide the 4:“1 pctave band it is
sagumed. “that the quanmic“ A T(:F) And W) are all con: tant
&

w

A_7 ] ‘ )(‘J.
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and have 'vz;lues corresponding to -Fc.’ thfe' center frequency of the
octave band . That is, Al) . T and W) are replaced in the -
integrand of Equation (A-19) by the constants A(-Fc), TH:,) and ‘N{ﬂ)_
Further, denoting these quantilies byAP. T‘i’ and Whthen Equation

(A.19) becomes

b TewWs, - 1,2..,8 (A
b P A.p F‘P’ '4,12 9, (A.20)

where

- s

. ) -
Py = I} At (A.21)

'
I \

The guantity ﬂP nlnay‘be estix?a'aited_ in various ways, but since it
do‘es not appear in later formulas, it will‘not be considered further,

Equation (A, 20) gives the octave band intensity IP inside a
room -in' t'erms‘ of the acoustic power spectral density of the source
W.p', Ordinarilyg the W'P is not known. Thus, this guantity is___répln;:ed
by a quantity whi.ch is known and measured, namely the dB(A) level '
produced in a pass-hy test at a prescribed distance. The distance
ig usually 50 feet but here it is allowed to be arbitrary Qg in cm.
Using Equétlon (A, 1) and integrating szqm?tion (A.l'S) gives I

]

A b
Jop = msﬂ ﬁ(ﬂ-V('F)J-F . (4. 22)

If the same approximétioné are made in Equation (A.22) as were

made in Equation {A. 20),then Equation (4, 22) becomes

i
o
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\Ta-t; = M (A, 23)

Using Equation (A.ES) Wc‘, can be eliminnted from Equation (A, 20)

'Thua Equation (A.zo) becomes

T = (—h}l-‘;)q' % s . I(A.24)

Equation- (A ,24) gives a simple relation between the A-weighted

octave band levels inside the room ahd thoge at the standard test

distance f{ .

At this point, it is useful to introduce a normalized spectruin for

the aource. Define the normalizxed A-weighted "bﬂ\ octave hand

component ns ?"P ; that is,

I, = Top _ Job
Q‘P §50+ a Tod‘ *

Now'spectrahaving the same shape as J;’,the one actually m:as-

(A, 25)

ured ,but hfwing different mtensities can be generated by simply
multiplying all J:‘b by the same constant n- Thus, for a typical
cageyone con determmc f?and raise orlower thetotal powor, keoping
the spectrum shape the same, This wasdonehere usingtwo spectra,
one for low speed high acceleration truck operation and the other
for high constant speed truck operation. These apecira are shown

in Figures E.1 and E, 2, respectively, of Appendix-.E_

A-9
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In Equation (A,24), Ja,,is replaced by M IQ.P‘ tu become '
Rt T T
Iy = (3 A5 .29

The tolal intensity inside the’ rooem, summed over all the octave

bands, is defined as 30' and is given by A '
1o 37y = () S ke :
= T . (-AO'27 "
c* et T N7 El Ab )
For com.renience. define the parameter % as

9 N
T 304
% =?ﬂ Ab . A28

and, thus

2
Je = 11%(%) . . (A, 29)

N
The intensity at the reference distance Ji, is fylfg#summed over IP H
2, A L
A A .
g Jop = E Jokh = (a. 30)

The overall dB(A) level of the source at g i's: _
o '
= A T s
Sﬂ - lO ﬂoﬁ]ﬂ(la- ) s . -
and the :dB(A) level inside the room -at. R is

odalln),
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By Equations (A. 28}, (A,31) and (A, 32}, then
. n“ 1_' ]
So = S,‘ -+ |0 .aajn [('ﬁ_) (‘%) . (a. 33)

Equation (A ,33) gives the overall dB{A) level 5° of a truckhav~

-ing a prescribed spectrum and measured at distance Mg , which

will produce & dB(A} level Sn in 2 room which is at a distance J{

_and has specified absorption and tracsmission loss. For the

calculatiuns in this project report, Sft was taken as 10 dB{(A)

above the ambient for the given scenario,

-
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APPENDIX B: ARCHITECTURAL-ACOUSTIC DESCRIPTION OF THE
ACTIVITY SITE STRUCTURES

Two fundamental considerations enter into the architectural-
acoustic description of the structure ata particular activity site, Thege
congiderations involve (1) the logs of acoustic energy on sound passage
through the partition of a structure and (2} the absorption of sound
by the surfaces within the activity space of the structure.

To account for the phenomena associated with these considerations,
each activity site wagdefined interms of physical geometry, structural
material, and interior furnishings. Tables B-1, B~2 and B-3 praovide
architectural~acoustic data for the apariment room, frame house room,

and office room, respectively, considered in this study.

B-1




Site Component

Exterior Wall
Window

:

| Interior Walls &
j Ceiling
|
1

Floor
Draperies

People

TABLE B, 1
DESCRIPTION OF APARTMENT ROOM

Degeription

9¢ ft transmission area,

Construction: brick, laid on edge with

gypsum plaster on both sides,
Transmission loss: see Reference 1, page 434,
30 ft transmission area.
Construction: single 1/8 inch thick pane

with i. 626 1bs/ft surface density,
Tranamission logs: see Reference 2, page 109.
740-ft surface area,
Construction: plaster, gypsum, scratch

and brown coats on metal lath on wood studs.

Absorption: see reference 1, page 425.

300-ft surface area.
Consgtruction: pile carpet on 1/8 inch felt,
Absorption: see Reference 1, page 424,
120~ft surface area.

Congstruction: 18 oz./yd velours.
Absorption: see Reference 1, page 424,

Four adults seated in American loge chairs,’

Abgorption: see Reference 1, page 426.

B-2
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TABLE B, 2

DESCRIPTION OF FRAME HOUSE ROOM

Site Component

Exterior Wall

Windows

Interior Walls

Ceiling

Floor

Chairs

People

DescriEtion

280-ft transmisgsgion area.

Construction: 1/2 Inch thick lime plaster
on wood lath,

Transmission loas: see Reference 1, page 428,

T0-ft transmission area.

Construction: single 1/8 inch-thick pane
with 1,826 1bs/ft surface density.

Transmisgaion loes: see Reference 2, page 108,

500-ft surface area,

Construction: plaster, gypsum, scratch and
brown coats on metal lath on wood studs.
Abhgorption: sBee Reference 1, page 425,

jo0o0-ft surface area,

Conatructlon: 1l~-inch thick type M-2 acoustic
Celotex 12~inch x 12~inch tileg.

Absorption: see Reference 1, pnée 408,

300-£t surfacelare,a.

Construction: linoleum on concrete,

Abgorption; see Reference 1, page 424,

Two tablet arm chairs with seats down,
upholstered with Durano plastic seat
covering and mohair side vents.

Abgorption: see Reference 1, page 428.

Twa adults.

Abgorption: see Reference 1, page 423,

B-3
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Site Component

Exterior Wall

Windows

Interior Walls

Ceiling

Floor

Chairs -

People

TABLE B, 3

DESCRIPTION OF OFFICE ROOM

Description

60-ft transmiasion area.

Construction: ' brick, laid on edge with gypsum
plaster on both sides.

Transmission loss: see Reference ], page 434.

60-ft surface area.

Construction: agingle 1/8 inch-thick pane
with 1, 626 1bs/ft surface density,

Transmissgion losrs: see Reference 2, page 109,

500-ft surface urea,

Congtruction: plaster, gypsum, scratch and
brown coats on metal lath on wood studs,
Absorption: sre Reference 1, page 425,

300-ft surface urea.

Construction: l-inch thick type M-2 acoustic
Celotex 12-~inch x 12-inch tiles,

Abgorption: see Reference 1, page 409.

300-ft surface zrea,

Construction: lincleum on concrete.

Absorption: see Refercnce 1, page 424,

Two tablet arm chairs with seats down,
upholgiered with Durano plastic geat
covering and mohair side vents,

Absorpticn: see Reference 1, page 426.

Twe adults.

Absorption: see Reference 1, page 428,

- Z
B-4 _ 47
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Publishing Co., 1953.
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APPENDIX C: CALCULATION OF THE TOTAL ABSORPTION FOR
THE APARTMENT ACTIVITY SITE

The total absorption of each activity space for the environmental
activity sites was calculated by summing the number of absorption
units agsociated with major sound absorbing surfaces within the ac-
tivity space of the site of interest, Here, an absorption unitis defined
as the product coefficient of a surface and fhe related surface area.

Table C, l summarizes the steps taken to obtain the total absorp-
tion for the apartment environmental activity site.

Table C, 2 provides some comments on the column data in Table
C.1

TABLE C.2 COMMENTSE ON TABLE C. }

Column Comiments
1 Octave band center frequencies, Hz,
2,3.4 = absorption coefficient (see Appendix B).

A

surface area, cm .
A = Abgorption, Absorption Units.
& Absorption for four persons, absorption units
(see Appendix B).
8 These values are the sum of (1) the A data
of columns 2 through 4 and (2) the data of

column 5, absorption units,

'
'
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ABSORBENCY OF THL APARTMENT- INTERIOR

TARLE C-1

COLUMN MUMBERS

) T3 1 5 6
Qctave Band Walls and I
Center Carpeting Ceiling Drapes Octave Band
Frequency N = 278,700 cm? | A = 687,500 cm2| A'= 111,500 cm? Peop_lg Abggtgtion
Hz ] aA ‘ [ ah a ad ’ '
125 11 30,700' .02 13,800 .05 5,600 11,200 61,100
250 .14 39,000 .03 20,600 .12 13,400 - 14,100 87,200
500 .37 103,109 .04 27,500 .35 39,000 16,700 186,400
1000 .43 119,800 .06 41,300 .45 50,200 18,600 229,800
2000 .27 75,300 .06 41,300 .38 42,400 19,300 178,200
4000 .25 69,700 "' .03 20,0600 .36 40,100 20,300 150,500
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APPENDIX D: CALCULATION OF THE TOTAL TRANSMITTANCE
OF THE APARTMENT ACTIVITY SITE

The total transmittance for the structure associated with each
environmental actlvity site was calculated by summing the transmit-
tance associated with major sound transmitting partitions for each
particular structure. Here, transmittance is defined as the product
of the tranamisgsion coefficient of a partition and the related gsurface
area,

Table D, 1 summarlzes the steps taken to obtain the total trans-
mittance for the apartment activity site. Table D. 2 provides some

comments on the celumn data in Table D, 1.

TABLE D-2 COMMENTS ON TABLE D-1

Column Comments
1 Octave band center frequencies, Hz.
2,3 = transamission coefficient (see Appendix B)
A - = gurface srea, cm

]

tranamittance, i{ransmission units.
4 These values are the sum of the data of columns

2 and 3.

e

b et



TABLE D-1,

N . * 2
TRANSMITTANCE OF THE APARTMENT STRUCTURE

" .

Coalunn Numbors

1 2 3. L
Qutave Band Windows ‘ Walls Octave Ban d
Conler A=2.787 x 109 o2 A S 8.36L X 104 cy? Total
Frequency ” : < Transmittance
' T TA T TA
T o125 17.430 % 10~3  485.8 | 12.589 % 10”9 105.3 591,1
250 4.416 X 1073 123.1 1.000 ¥ 1074 8.4 131.5
500 1.108 % 103 30.9 | =2.000 x 2074 | 16.8 47,7
1000  .277 x 103 7.7 .126 x 1074 1.1 8.8
2000 " 069 % 103 1.9 .013 x 1074 .1 2.0
' ' -4
4000 017 % 107 . 0.5 . .006 X 10 0o - -
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APPENDIX E: TYPICAL MEASURED TRUCK OPERATION NOISE

Noise spectrum associated with the two most common truck
operations were selected for study. These were (1) low speed, high
acceleration truck operation and {(2) constant high speed truck operation.
Review of available literature led to the selection of the overall noise

levels and apectruh for the particular truck operations below,.

Truck Noise at Low-Speed, High-Acceleration Operation

Low speed high acceleration truck operation usually cccurs when a
truck at standstill begins movement. This condition has been recognized
as one producing relativelyhigh levels ofnoise. The data shown inFigure
E-1 are considered typical and representative of noise associated with

the subject truck operating condition (Reference 1),

Truck Noise at Congstant High Speed Operation

Constant high speed truck acceleration usually occurs when a truck
ig operating on a freeway. Noige levels generated during this mode of
operation have also received congiderable attention. The data shown
in Figure E~2 are congidered typical and representative of noise gener-

ated during constant high~speed truck operation {Reference 2),

=
t
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REFERENCES FOR APPENDIX E
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{SAE J366 data), January 1974,
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Datum Truck-Tractor, " Department of Transportation Report
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APPENDIX F: CALCULATIONS TO NORMALIZE THE LOW SPEED
HIGH-ACCELERATION TRUCK NCISE, SPECTRUM

To facilitate their usage in the procedure developed to obtain
the truck noise levels at 50 feet that might preclude annoyance,
the truck noise spectra of Figures E-~1 and E-2 were normalized
to a total sound intensity of one watt/em

Table F~1 summarizes the steps taken in this normalization
process for the noise spectrum assoclated with the low speed, high
acceleration truck operation, Table F~2 provides sume comments

on the column data in Tabhle F'-1,

TABLE F. 2
COMMENTS ON TABLE F. 1

Column Comments
1 Octave band center frequencies, Hz
2 Sound level data from Figure E-1
3 Column 2 data converted to sound intensities
4

Individual column 5 data divided by the sum

of the column 5 valués.

e i o’ et



TABLE F-1

NORMALIZATION OF THE LOW~SPEED, HIGH=-ACCELERATION TRUCK NOISE SPECTRUM

Column Numbers

Qctave Band
Center

.Frequency

Qctave Band,

* Sound Lavel

Octave Band
Soutd Intensity

Watts/cm?%

Normalized

Qctave Band
Sound Inbengity

iz dB(n;
12 72 1.58 x 10=7 .036
250 78 6.31 x 10°9 .146

© 500 B2 15.84 x 30°9 .366
1600 g1 12.59 x 109 .290
2000 . 5.01 % 1079 .116
4000 ‘73 2.00x 10"9 . .046
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APPENDIX G: CALCULATION OF ACTIVITY SITE FACTORS FOR
THE APARTMENT ACTIVITY SITE

The activity site factor, gp for the pth octave band, is

defined as

-where A and T

p

qp= P 902 {G.1)
Ap

are the pth octave band absorption and trans-

mission loss far the particular activity site structure of interest

A
and Jop is the normalized A-weighted sound intensity of the truck

noise for the pth

octave band. These activity site factors summed

over all octave bands of interest to give the parameter q. See

Equation (A, 28) of Appendix A,

Table G.1 summarizes the steps taken to obtain the activity

site foctors for the apartment activity site, Table G.2 provides some

comments on the column data in Table G.1,

TABLE G.2 COMMENTS ON TABLE G.1

COLUMN
1
2

COMMENTS

Octave Band Center Frequencies

Data from Column 6 of Table C. 1, :
Abgorption Unita - |

Data from Column 4 of Table Du 1,
Transmission Units

Data from Column 4 of Table F. 1

These values are the product of the data of
Columns 3 and 4 divided by the data of
Column 2 (see Equation (G.1)

G-1
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CALCULATION OF SITUATIONAL FACTORS FOR THE APARTMENT ACTIVITY SITE

TABLE G-1

Column  Numbers

1 2 3 P 5.
Octave Band foe _6ctave Band Octave Band
Center Octave 13'ar.td Octave Band Normalized . Si'tual-:ion.al .

Froguency MAbsorption . Transmittance - 'ﬁ&uckJVoise. Factor

Hz A B Jop %5
125 61,000 591.1 .036 3488 x 1077
250 87,200 131.5 ,146 2202 x 10~7
500 186, 400 47.7 - .366 937 x.2077-
' 1000 229,800 8.8 .290 111 x 1077
2000 178,200 ) 2.0 .116 13 x 1077
150,500, .5 .046 "2 x 1077

41000
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APPENDIX H: PROCEDURE USED TO OBTAIN THE TRUCK NOISE LEVELS

The following steps were taken to obtain the desired truck noise leveis:

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

AT 50 FEET THAT MIGHT PRECLUDE ANNOYANCE

Depending on the human actiivity and activity site {e. g..
& thought process In an apartment), the acceptable ambient_
noise level was increased by 10 dB{A) to i'epresent the level
of the extrancous intrusive noise likely to provoke a strong
feeling of annoyance.

Using the appropriate absorption data for the activity aspaces
(e.g., an apartment interior), the total absorption units
for each activity site were calculated,
Using the appropriate transmission loss data for the activity
Bite (e, g., an apartment building), the transmittance of the
structure separsting the activity space from the truck
noise was calculated,

Using the appropriate truck noise spectrum, a normalized
noise spectrum was c‘alculated to facilitate the analysis.
Uéing the dota generated in Steps 1 through 4 above, truck
noise levels at 50 feet that miéht preclude annoyance were
calculated for different human activities in various activity

spaced at particular activity sites,

[ —
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APPENDIX | DETAILED INITIAL COST ESTIMATES TO QUIET
MEDIUM AND HEAVY DUTY TRUCKS
The noise control treatments considered in this analysis are listed
in Table I-1, Table [-2 shows which treatments apply to a given

1
vehicle as afunction of noiselevel, and thetruck retail price increase

assgociated with the treatments.

I-1
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TABLE I.1 ' NOISE CONTROL KEV

Source Level or

System | Code | Description of Noise Control Measure Noise Reduction
Fan al Use of laré;er slower turning fan 80 4Ep
with shrouding
a2 Larger slower turning fan with 75 da®®
thermostat control to eliminate
shutters or contrel their opening
a3 Best technology fan system 65 dBi
Exhaust bl Best available system 75 488
b2 Advanced system better than pres- 75 4B
ently avallable
b3 Best technology exhaust system 65 aBA
Engine cl Close filtting covers and isolated 2 -3 ann
or damped exterior parts supplied Hoise Reduction
by engine manufacturer
Cab dl Underhood treatment such as acous— 2 -4 daBa .
tic absorbing material, side
a2 Partial or full engine enclosures 10 - 15 dE)

Noise Reduction

bty it v A b6 2 L4 i AL el i el i O,




TABLE I.2  ESTIMATED CUSTOMER P!IUCE INCREASES FOR QUIETED TRUCKS

Murbe Model 1, 83 dB(A) Model 2, 80 dR(A) Model 3, 75 dB(A)

, Engine I:Nu'l Shareg Fin | Cxhaust | Engine| Cab | Total Fan | Exhavst | Engine Cab | Totat Fan Exbaust | Engine Cab Total
%.5, Gasolina 653 - - - f1c0| ¢ 25 - - $.12% | s15e 450 - $100 $300
Engines al as b a3 b2 al
H.D. Diesed Engines | 12f | #3100 # %0 - - | 8150 || s100] s 50 | sa00 B AFIETYH YT 3100 - HEST IR
Manufacturer A aZ bl a2 bl el a3l b2 b4 2
#,D, Dissel Engines | 68 | 3100 $ 50 #2715 | - {su2s || sio0( 50 - 850 | sio00 [ 4150 t100 - 150 | ‘B
anulasturer B az bl al B2 bl a2 83 p2 a3 *
K.D, Disoel Enginea | 65 | #100] $ 25 $200 | - {4325 {| fla0] #25 - 4675 | § 800 | 150 175 - #7275 | sa
Manulecturer B a? bl cl a2 [ q2 23 b2 d2
H.D. Diesel Engines | ¥.0% - - - - |30 $100] § 25 - - 2225 | ns0 $ 75 s200 | #1900 | 8525
Janufazturer C ) a2 bl . a3 w2 cl dl
.0, Diesel Engines [2.25 | s100] 3 25 - - fa125 [ sa00| s a5 | e85 | sa00 | #20 f omse | 875 - S NS
Manufacturer B az bl a2 bl el dr [3] b2 5? i
H,0. Dlesel Engines [1.55 - - - sip| 50 | - - | viso | uiso [ oo - [ it
fanufacturer o al a2 bl 53 bve 43 .
H.D. Dleazl Engines [0.9%5 | $100| 9100 - - {3200 { s00| #2100 s200 - | 3400 | nso 1150 - f;:‘g' L
Nsnufacturesr A a2 b2 a2 b2 cl 1) b2 It A
4.0, Dlesel Engines |0.778 | 3100 - - [ - fsren [amo] s L mzs [ - [ w00 [mso [ ars | - [ 3R] GG
Hanyfacturer E a2 a2 bl 33 a3 b2 & ’
H.D, Diessl Engines |0.47% | $l00] - - - [ two || s100] 4 25 075 - $ boo | 3150 LR - 1’5;,5" 1{;:5'
ranyfacturer ¢ az az bl cl ) B2 13" M
H.D. Diesel Enginen |0,2251] s200] 3 25 - = [ #2s I nool 325 | s200 - [ azes | ase | 895 P 12O IR HE
¥rauractursr # a2 bl a2 bl cl a3 b2 i3 :
.0, plasel Engines | 0.175 | 4100) ¢ 25 - | - [ n2s | stoo| s25 | #iso - | sers | ngo | 815 Rt S
¥inufdcturer § a2 bl a2 bl cl 1} Tob2 42
8.0, Dlesel Engines | 0,0158] - - - - | 0 $100]. % 2% - - s 125 | nse $ 75 $200 | sroo | 535
Manufacturar H a2 bl a} b2 39 dl

‘8.0, * pediun duty, H,0, » heavy duty, N.D. and H.D. refer to iaverity ol service, Exchange:
ef a nhelay englne by & quist englipe Ip pospible within M.D. and M.D. clanzes.

2percent of medium and heavy duty trucks powered by indicated engine family, 1972,
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APPENDIX J: COSTS OF CPERATING QUIET TRUCKS

As was described in Section 7, '"Changes in Operating Costs, " the
effecta of adding noise control devices to trucks are (1) to change the
cost of their operation and (2) to change their operating capabilities.
Thig second effect, in turn, can be quantified in terms of the extra cap-
ital cost necessary to maintain the truck's previous level of service.
This appendix contains the detailed calculation of these cost changes,

Tables J-1 and J-2 show the effect of changes in vehicle character-
istics on fuel consumption per mile and the gross engine power needed
to maintain truck performance, The development of these figures is
baged on the references at the end of Section 7,

TABLE J.1. EFFECT OF CHANGES IMN VEHICLE CHARACTERISTICS
ON FUEL CONSUMPTION

Effect of Change in

2 e b Sy

T g T e e

- GVHE Back pressure | Accessory Horse-

(gpm/1b) | (gpm/in. Hg) | power {gpm/hp)
¢asoline ~ medium | 3.25 x 1076 0 .0035
Gasoline - heavy | 3.25 x 107¢ 0 .0019
Diesel - medium 1,77 % 10™¢ . 00050 L0019
Diesel - heavy 1,77 x 107® 00021 L0010
Source:; Reference No. 1

J-1



TABLE J 2 EFFECT OF CHANGES IN VEHICLE CHARACTERISTICS ON
GROSS ENGINE POWER NEEDED TO MAINTAIN A GIVEN TOP SPEED

Effect of Change in
GVWR Back Ppressure | Accecsory Horse-
(hp/1b} (hp/in. Hg) power (hp/hp)
Gascline ~ medium . 0020 1.4 1
fGasoline - heavy .0020 2.1 l
Diesel - medium .0020 2.0 1
Diesel - heavy . 0020 3.0 1

The fuel consumption sensitivities in Table J-1 can be converted
into cost coefficients by multiplying gallons per mile by the annual mile-
age and the average price of fuelper gallon, Values for these quantities
are given in Table J-3, The corresponding annual costs are shown in

Table J ~4.

TABLE J-3  ANNUAL MILEAGE AND FUEL PRICES BY TYPE OF TRUCK -

Annual Mi'leac);e1 Fuel Price?

(10° mifyr ($/921)
Gasoline - medium 10 .50
Gasoline ~ heavy 18 .50
Diesel - medium 21 .30
Diesel - heavy 54 .30

!Source; Data reduced from U.S. Bureau of Census
(tape), 1973.

ipgtimate based on Cil and Gas Journal, March 11,

1974,

[
1
a

—— e e P w4 4m A e e © TS At 1 S S T T




e - IW TIFIAE ANOG

TABLE J-4

ANNUAL OPERATING COST INCREASES AS A RESULT OF
CHANGES IN GVWR, BACKPRESSURE, AND ACCESSORY HORSEPOWER

Annual Operating Cost Increase Per Unit

GVWR Back, pressure Accessory Horse-

($/1b) ($/in. Hz)} power ($/hp)
Gasoline - medium 016 0 17.50
Gasoline -~ heavy .029 0 ’ 17.10
Diesel - medium 011 3.15 11.97
Diesel - heavy .029 3.40 16,20

The cost of the incremental horsepower requirements shown in Table
J-2 can be computed by multiplying the horsepower figures by the coat
per unit horsepower. Manufacturers' data reported in reference I, indi~
cate that the average price per horsepower for medium and heavy duty
diesel engines is $16 and $24, respectively. Agsuming that gasoline
engines  cost 60% of their diesel equivalents, the corresponding unit
pricea for gagoline horsepower are approximately $10 and $14. Multiply~
ing these unit costa by the figures in Table J-2 gives the indirect capital

cost per unit change in vehicle characteristics, as shown in Table J-5.

T U P
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TABLE 9,5, INDIRECT INCREASE IN CAPITAL COST AS A RESULT OF
CHANGES IN GYW, BACKPRESSURE, AND ACCESSORY HORSEPQOWER

Capital Cost Increase Per Unit

GVWR B?ckpr‘essure Accessory Horse-

($/1b) $/in. Hg) power {$/hp)
Gasoline ~ medium .020 14.0 10
Gasoline - heavy .028 29.4 S Y
Diesel - medium .032 32.0 16

Diesel - neavy .048 72.0 24

To obtain the actual costs associated with the various nolse levels,
modeled, we must multiply the cost coefficlents of Tables J-4 and J~b
by the changee in truck characteristics which would be induced by the
necessary noige control measures, These changes are shown in Table
J-6 for the nolse control treatments listed in Table I-1 of Appendix
I, The total cost increase {operating or indirect capital) for a particular
level and truck category is thus obtained by finding the changes
in truck characterigtics for thoae treatments (T'able J«8), multiplying
these by the operating or indirect capital cost coefficients (Tables J-4
and J-5) as appropriate, and summing the results over all treatmenté
for that truck category and level. When this is done for

operating costs, the results shown in Table J-T are obtained,

J-4
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TABLE J-6 CHANGES IN TRUCK OPERATING CHARACTERISTICS FOR
NOISE CONTROL TREATMENTS!

T

ABack pressure AMaintenance
AGVW (1b) (in. H,0) Ahp Cost ($/yr)
Code - Treatment Med Hvy Med Hvy Med Hvy Hed Hyvy
al Large Fan (3 (N
a2 Large Fan with i
Thermostat Control {6) (15)
a3 Best Tech, Fan ‘
System (6) (15)
bl Best Available
| Muffler 0 0 0 0 $ 9% % 19"
b2 Advanced Muffler 00 200 (| 0O 0 $ 19 $ 38°
b3 | High Tech. Muffler | 100 200 15 15 $ 38 $ 76+
cl Covers ’ 0 0 .
dl Underhood Treat-— '
ment 0 0
d2 | Enclosure 250 500 _ $150%  $300°

!Source: Estimates by noise control engineers based on past truck-quleting
experience .

2Represents 10 man-hours per year at a burdened labor rate of $15/man-hour.
'Represents 20 man-hours per year at a burdened labor rate of $15/man-hour,
*Includes inecremental cost of replacing muffler three times in 8 years.

Fraw masana



TABLE J.7. CHANGES IN ANNUAL COST (FUEL PLUS MAINTENANCE
EXPENSES) CAUSED BY NOISE CONTROL TREATMENTS
(INCLUDES FAN SAVINGS)

Annual Cost -Change!
Model 1 Model 2 Model 3
- GeEsoline - medium $ 53) ($ 96) ($ 84)
Gasoline ~ heavy {$120) ($238) ($210)
Diesel - medium ($ 63) ($ 63) $ 51
" Diesel -~ heavy ($220) ($ 66) $116

Tparentheses denote net savings.

The table shows that the changes in operating cost, as computed, are
almost alwaya net savings, due to the reduced power requirement of the
fan. Such savings could be ascribed to otherthan the noige contro} effort,
however, because (1) truck operators could use the fan power sﬁvings

to increase speed; and (2} market forces could dictate such a beneficial

reduction, Therefore, the the operating conmts have been recomputed to

exclude the fan horsepower savings.

I]-I B.
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design modification eventually, even without congidererations of noise

The results are shown in Tahle
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TABLE J-8 CHANGES IN ANNUAL COST (FUEL PLUS MAINTENANCE
EXPENSES) CAUSED BY NOISE CONTROL TREATMENTS

. ‘ (WITHOUT FAN SAVINGS)
.
? - Annual Cost Increase
i Model 1 Model 2 Model 3
Gasoline - medium o] $ 9 $ 21
: Gasoline - heavy 0 $ 19 $ 44
! Diesel -~ medium $ 9 $ 9 $123
! Dlesel - heavy $19 $176 $359

i of service is shown in Table J-9.

power required by noise control treatments is negligible.

The cost of extra horsepower needed to ‘maintain the original level
The fan savings result in a smaller
i required total engine output, hence a reduction in the initial price. For
] the reagons listed in the preceding paragraph, however, these savings
may not be realized. The indirect capital cost increase is therefore

shown in Table J -0 with fan savings excluded. The cost of extra horse-
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TABLE J-9

CHANGES IN CAPITAL COST INDIRECTLY CAUSED BY

NOISE CONTROL TREATMENTS (INCLUDES FAN SAVINGS)

Capital Cost Change
{ ) Denotes Net Savings

Model } Model 2 Model 3
Gasoline -~ medium ($ 30) ($ 60) {($ 58)
Gasoline - heavy ($ 98) {$210) {$204)
Diesel - medium (3 96) {3 96) (¢ 85)
Diesel - heavy ($360) ($336) ($326)

v

TABLE i-ID . CHANGES IN CAPITAL COST INDIRECTLY CAUSED BY

NOISE CONTROL TREATMENTS (WITHOUT FAN SAVINGS)

Capital Cost Increase

Model 1 Model 2 Model 3
qasoline ~ medium 0 0 $ 2
Gasoline - heavy 0 0 $ 6
Diesel - medium 0 0 $11
Diesel - heavy 0 $12 $31

J-8 §

- »




pr—— T L I L e

APPENDIX K: COMPUTATION OF EQUIVALENT TRUCK PRICE
INCREASES

This apppendix contains the detniled calculations for the results
summarized in Table 7-6 in the test, The equivalent price increase
for a given truck category is obtained by summing the direet price
change (Table 7-1), the indirect price change (Table 7-3a or 7-3b)
and the net present wvalue of the charge in operating cost
(Table 7-2a or 7-2Zb)., Net present value is evaluated over 10 years
at 10% interest.

Tables K-1 through K-3 show the computation of equivalent price

changes for esch of the three models employed in this document.
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TABLE K4 CALCULATION OF EQUIVALENT PRICE FACTOR —~-MODEL 1
Present Value
Direct Indirect of Change in
Type Price Change! [ Price Change? | Operating Cost® Total.
Without Fan Savings
Gasoline - medium $ 0 $ 0 $ 0 $ 0
Gasoline - heavy 0 0 0 0
Diesel - medium 104.16 0 55.30 159, U¢
Diesel - heavy 194.56 0 116.74 311.30
With Fan Savings®
Gasoline - medium . $100.00 {$ 30) ($ 325.63) ($ 255.63)
Gasoline - heavy 100,00 ( 98) ( 737.28) { 735.28)
Diesel - medium 120,83 { 96) ( 387.07) { 362.24)
biesel ~ heavy 214,65 o { 360) { 1,376.26) ( 1,521.61)

!Source:
2Source:
igource:

Table 7-1.

Tables T.3a and 7.-3b.

Tables 7-2a and 7~2b.

Net present value computed over 10 years at 10% interest
{PV factor = 6.144). : .

. '*The "with. fan savings" case assumes that all trucks will adopt fan treatments, thereby

Incurring both costs and benefits.
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TABLE KQ2 CALCULATION OF EQUIVALENT PRICE FACTOR — MODEL 2
Present Value
Direct Indirect of Change in
Type Price Change! | Price Change? | Operating Cost’ Total.
Without Fan Savings
Gasoline - medium $125.00 $°0 $ 55.30 $ 180.30
Gasoline - heavy 125.00 116,74 241,74
Dlesel - medium 264,16 55.30 319.46
Diesel - heavy 487.62 12 1,081.34 1,580.90
With® Fan Savings
_ Gasoline - medium $125.00 {$ 60) ($ 589,82} {$ 524.82)
Gasoline - heavy 125.00 { 210) ( l,ﬂ62.27) ( 1,547.27)
Diesel - medium 264.16 { 96) ( 387.07) ( 218.91)
Diesel - heavy 487.62 ( 336) { 405.50) ( 253.88)

lsouprce:
isnurce:
*Source:

Table T-1.

Tables 7-Ua and 7-4b.
Tables 7-3a and 7-3b.

{PVv factor = 6.14Y4),

Net present value computed over 10 years at 10% interest



TABLE K-3 CALCULATION OF EQUIVALENT PRICE FACTOR - MODEL 3

. Present Value
.o Direct ' Indirect of Change 1in )
Type Price Change! | Price Change? | Operating Cost? Total .

Without Fan Savings

Gas - medium $ 300.00 3 2 $ 129.02 $ Uu31.02

gas ~ heavwy 300,00 6 270.34 576 .34

Diesel - medium 1,129,12 11 755.71 1,895.8%

Diesel . pegvy 1,119.32 .| 35 ... 2,205,70.° . - | 3,360.02
With Fan Savings

Gas =~ medium - $ 300.00 tssa) ($516.10) ($274.10)

028 - heavy 300.00 {204) (1,290.24) © (1,194.24)

Diesel - medium 1,129.12 {85) 313.34 1,357.46

Diesel - heavy 1,119.32 ' (326) 712.70 1,506.02

1. Source: Data from table 7-1; cémputnt:ional procedure frow page 7-16

2. Source: Tables 7-la and 7-4b.

3. Source: Tables 7-3z2 and 7-3b. Net ﬁresent value computed over 10 years at 10%
interest {(py factor = 6.144). '
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APPENDIX L: IMPACT OF QUIETING OPTIONS ON TRUCK VOLUME'
This appendix presents detailed forecasts of truck volume for each

truck category under the three models developed with hypothetical

standards and effective dates. Th;: method of computation i desecribed

in Section 7.
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REVISED VOLUME FORECAST {WITHOUT: FAN SAVINGS) GASOLINE — MEDIUM puTY

TABLE L+
Volume Reduction
Baseline
Year Forecast Model 1 Model 2 Model 3
1976 203,900 0 0 0
1977 206,800 0 0 0
1978 209,800 0 4,616 4,616
1979 212,800 0 4,682 1,682
1980 215,700 0 4,745 4,745
1981 218,700 4,811 11,482 11,482
1982 221,600 4,875 11,634 11,634
1983 224,600 11,792 11,792 11,792
1984 228,500 11,996 11,996 11,996
1985 231,500 12,154 12,154 12,154
1986 234,400 12,306 12,306 12,306
1987 237,400 12,464 12,464 12,464
1988 241,300 12,668 12,658 12,668
1989 244,300 12,826 12,826 12,826
1990 248,200 13,011 13,031 13,031
1991 251,200 13,188 13,188 13,188
1992 255,100 13,393 13,393 13,393
1993 258,100 13,550 13,550 13,550
1994 262,000 13,755 13,755 13,755
1995 265,900 13,960 13,960 13,960
1996 269,900 14,170 14,170 14,170
1997 273,800 14,378 14,375 14,375
1998 276,800 14,532 14,532 14,532
1995 280,700 14,737 14,737 14,737
2000 284,700 14,974 14,974 14,947
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REVISED VOLUME FORECAST (WITHOUT FAN SAVINGS) GASOLINE — HEAVY buTy

TABLE Li—2
Volume Reduction
Baseline
Year Forecast Model 1 Model 2 Model 3
1876 40,400 0 8] 0
1977 39,400 0 0 G
1978 38,100 0 564 564
1979 38,400 0 568 568
1980 38,600 1) 571 571
19817 38,700 573 1,366 1,366
1982 38,800 574 1,370 1,370
1683 38,800 1,370 1,370 1,370
1984 38,700 1,366 1,366 1,366
1985 38,600 1,363 1,363 1,363
1986 38,400 1,356 1,356 1,356
1987 38,100 1,345 1,345 1,345
1988 37,700 1,331 1,331 1,331
198¢ 37,200 1,313 1,313 1,313
1990 36,600 1,292 1,292 1,292
149} 35,500 1,267 1,267 1,267
1992 35,000 1,236 1,236 1,236
1993 33,900 1,197 1,197 1,197
1994 32,800 1,158 1,158 1,158
1995 31,500 1,112 1,2 1,112
1936 32,800 1,158 1,158 1,158
19497 34,200 1,207 1,207 1,207
1998 35,700 1,260 1,260 1,260
1999 37,200 1,313 1,313 1,313 .
2000 31g,800 1,370 1,370 1,370
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REVISED VOLUME FORECAST (WITHOUT: FAN SAVINGS) DIESEL - MEDIUM puTY

TABLE L3
Yolume Reduction
Baseline

Year Forecast Model 1 Model 2 Model 3
1976 3,100 0 0 0
1977 3,200 49 49 49
1978 3,200 49 49 39
1979 3,200 49 49 89
1980 3,300 51 51 102
1881 3,300 102 102 604
1982 3,400 105 105 623

- 1983 3,400 623 623 623
1984 3,500 641 641 641
1985 3,500 641 641 641
1986 3,600 659 659 659
1987 - ,3,600 659 659 b59
1988 3,700 677 677 677
1989 3,700 677 677 677
1890 3,800 696 696 696
1991 3,800 696 696 696
1992 3,900 14 714 714
1993 3,900 714 714 - 714
1994 4,000 732 7132 732
1995 4,100 - 7581 751 751
1996 4,100 751 751 751
1697 4,200 769 769 769
1998 4,200 769 769 769
1999 4,300 787 787 787
2000 4,300 787 7187 787
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REVISED VOLUME FORECAST (WITHOUT: FAN SAViNGS) DIESEL — HEAVY pUTY

TABLE L4
Volume Reduction
Baseline
Year Forecast Model 1 Model 2 Model 3
1976 164,600 0 0 0
1977 173,600 1,493 1,493 1,493
1978 184,900 1,590 1,590 8,117
1979 124,600 1,674 1,674 8,543
1980 204,400 8,973 8,973 8,973
1981 214,300 9,408 9,408 19,994
1982 225,200 9,886 9,886 21,011
1983 236,200 22,037 22,037 22,037
1984 248,300 23,166 23,166 23,166
1985 260,400 24,295 24,295 24,295
1986 273,600, 25,527 25,527 25,527
1987 287,900 26,861 26,861 26,861
1988 302,300 28,205 . 28,205 28,205
1989 316,800 29,557 29,557 29,557
1990 333,400 31,106 31,106 31,106
1991 350,100 32,664 32,664 32,664
1992 357,000 34,24 34,241 34,20
1993 385,100 35,930 35,930 35,930
1894 404,200 37.ne 37,712 7. nz
1995 424,500 39,606 39,606 39,606
1996 443,200 41,351 41,351 41,351
1997 461,800 43,086 43,086 43,086
1998 481,300 44,905 44,905 44,905
199§ 501,800 46,818 46,818 46,818
2000 523,200 48,815 48,815 48,815
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TABLE L™5 RtVISED VOLUME FORECAST (WITH FAN SAVINGS) DIESEL — MEDIUM DUTY

Volume Reduction
Baseline
Year Forecast Model 1 Model 2 Mcdel 3
1976 3,100 0 0 0
1977 3,200 0 0 0
1978 3,200 0 0 0
1879 3,200 0 0 0
1980 3,300 0 0 o}
198} 3,300 0 1] 433
1982 3,400 0 0 446
1983 3,400 4146 446 448
1984 3,500 459 459 459
1985 3,500 459 459 459
1986 3,600 472 472 472
1987 3,600 472 472 472
1988 3,700 . 485 485 485
1589 3,700 . 485 485 485
1890 3,800 498 498 - 498
1991 3,800 498 498 498
1692 3,900 51 &1 511
1993 3,900 511 511 511
1994 4,000 524 524 524
1995 4,100 538 538 538
1996 4,100 538 538 538
1997 4,200 551 551 581
1998 4,200 551 551 581
1999 4,300 564 564 564
2000 4,300 564 564 564

i i S b
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TABLE L™6 'REVISED VOLUME FORECAST (WITH FAN SAVINGS) DIESEL - HEAVY puTy

Yolume Reduction
Baseline
Year Forecast Model 1 Model 2° Model 3
1376 164,600 0 0 0
1977 173,660 0 0 0
1978 184,900 0. 0 0
1979 194,600 t] o 1]
1980 204,400 0 0 0
1981 214,300 0 0 8,958
1982 225,200 0 o 9,413
1983 236,200 5,873 9,873 9,873
1984 248,300 10,373 10,379 10,379
1985 260,400 10,885 10,885 10,885
1986 273,600 11,436 11,436 11,436
1947 287,900 12,034 12,034 12,034
1988 302,300 12,636 12,636 12,636
1989 316,800 13,242 13,242 13,242
1890 333,400 13,936 13,936 13,936
1991 350,100 14,634 14,634 14 634
1992 367,000 15,341 15,341 15,341
1993 385,100 16,097 16,097 16,097
1994 404,200 16,836 16,896 16,896
1995 424,500 17,744 17,744 17,744
1996 443,200 18,526 18,526 18,526
1997 461,800 18,303 19,303 19,303
1998 481,300 20,118 20,118 20,118
1999 501,800 20,975 20,975 20,975
2000 523,200 21,870 21,870 21,870
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APPENDIX M: FIRST-YEAR OPERATING COSTS FOR QUIETED TRUCKS
This appendix presents the basis for the data contained in Tables
7-13a and 7-13h, Annual costs per truck were obtained by summing,
for each truck category, the depreciation, cost of capital, and operating
and maintenance expenses, Depreciation was computed using a 10~year
straight-line method, The cost of capital was assumed tobe 10%. Annual
operating and maintenance costs were obtained from Tables 7-la and
7-2b. The figures in those tables were computed using average i nnual
mileages; since the first~-year mileages are of interest, the nwabers
in the tables were multiplied by the scale factors in Table M-1 Lalow.
The scale factora represent the ratio of first-year to average nnnual
mileage as ;c:btainéd f:'-om analyzing U, 8. Bureau of the Census dsta

{see references, Section 7).

TABLE M-1 SCALE FACTORS FOR COMPUTING FIRST-YEAR OPER-
ATING AND MAINTENANCE COSTS

Category Scale Factor
Gasoline ~ medium 2,30
Gasoline - heavy 1.83
Diesel - medium . 1,43
Diegel = heavy \ 1,356

The first~year annual cosats computed in this manner are shown in

Tablea M-2 through M~4,

.




TABLE M-2 INCREASED FIRST-YEAR.COSTS PER TRUCK — MODEL 1
. { ) REPRESENTS SAVINGS

Quantity
and
Depreciation! | Cost of Capital?® | Mafntenance?® Total

Without Fan Savings
Gasoline - medium 0 0 0 0
Gasoline - heavy 0 0 0 0
Diesel -~ medium $10.42 $10.42 $ 13.00 $ 33.84
Diesel -~ heavy 19.46 19.46 26.00 64,92

With Fan Savings
Gaséline - medium | - $ 7.00 . % 7.00 ($121.00) ($107.00)
Gasoline - heavy .20 . .20 { 220.00) { 219.60)
Diesel - medium 2.48 2.48 { 90.00 {( 85.,12)
Diesel ~ heavy { 14.3%) ! { 14.35) ( 303.00) ( 321.70)

110-year straight-line depreciation.
210% cost of capital.
‘obtained from Tehlnc 7.2a, 72-b, and M.l.

P gy




E-Rw

TABLE M-3

-INCREASED FIRST-YEAR COSTS PER TRUCK ~ MODEL 2

( ) REPRESENTS SAVINGS

Quantity
and
Depreciation' | Cost of Capital® | Maintemance® Total
Without Fan Savings
Gasoline - medium $12.50 $12.50 4 21,00 $ 46,00
Gasoline - heavy 12.50 12.50 35.00 60.00
Dliesel -~ medium 26.42 26.42 13.00 £5.84
Diesel - heavy 48.76 48.76 238.00 335.52
With Fan Savings
Gasoline - medium $ 6.50 $ 6.50 ($221.00) ($208.00)
Gasoline - heavy ( 8.50) ( 8.50) { 436.00) ( 453.00)
Diesel - medium 16.82 16.82 { 90.00) { 56.36)
Diesel ~ heavy 15.16 15.16 ( 8g.00 ( 58.68)

110-year straight~line depreciation .

210% cost of capital.
3obtained from Tables 7-2a, 7-2b, and N-1,
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INCREASED FIRST-YEAR COSTS PER TRUCK — MODEL 3

TABLE M~4
) { } REPRESENTS SAVINGS
Quantity
. and
Depreciation' | Cost of Capital? | Maintenance?® Total
Without Fan Savings
Gasoline - medium $ 30.20 $ 30.20 $ 48.00 $108.40
Gagsoline - heavy 30.60 30.60 81,00 142,42
Diesel - medium 114,01 114,01 176.00 404,02
Diesel - heavy 115.43 115.43 485 .00 715.86
With Fan Savings i
Gasoline - medium $ 24.20 $ 24.20 ($193.00) {4144 .60)
Gasoline - heavy 9.60 9.60 { 385.00) ( 365.80)
Diesel - medium 104.42 104,451 ( 73.00) 135.82
Diesel - heavy 79.33 79.33 ( 157.00) 1.66

110-year straight-line depreciation .
210% cost of capital.

‘obtained from Tables 7-2a, 7-2b, and M-1.
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APPENDIX N: IMPACT OF LEAD TIMES ON MANT FACTURERS OF
"NQISY" ENGINES

Acoustical consultants have estimated that, at the current state of
the art, it will take gix years on a normal, orderly lead time basis
to quiet noisy diesel iruck engines to a noise standard such as that
used for model 2, The time required is almost the same under model
3. Noigy engines now congtitute 30% to 40% of the truck market. Most
of the nolsy enginea are produced by one of the major engine manu-
facturers with a strong market position. It would appear that the
stance of the manufacturer on this matter is that only a three-year
quieting program would be required and that he is not at a competitive
disadvantage with respect to quieting his engines.

Furthermore, it is posgible that a priority R&D effort potugibly
utilizing "new'' as opposed to "available'' technology could provide: the
necessary modifications required to meet the standurds in Model 2 in
three years, If noisy engines cannot, in fact, be quieted in three
years, a model 2 noigse standard in that time frame will have impacts
on that particular manufacturer, However, the competitive position
of thig major producer of noisy engines would be one of a short-term
competitive disadvantage, In the longer lerm, it is believed that
this producer has the demonstrated financial, business management,
and technical resources to compete effectively. Within a few years
of the effective date of the levels used in model 2, or possibly months,
the competitive disadvantage would be eliminated. Any one of & number

of factors could cause this:
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1. Results of a new R&D program that was not ready for the
effective date of Model 2 or its equivalent\.

2, The possible introduction of new engines now in development,
which are quieter,

3. Implementation of a standard similar to that in model 3 which
imposes the same general level of technological requirements on qulet
engines as noisy engines. Prior to the effective date of such model 3
levels, some new irucks would probably incorporate thege designs
in an orderly changeover of complete product lines, These trucks could
meet levels such as those "noisy" engines in model 2.

4, After three years have passed and the off-the-sghelf technology
has been applied to permit use of "noisy" engines. On a priority basis
the normal, orderly lead time should be able to be cut for some large-
volume truck models to less than 3 years after enforcement of a
standard similar to that in model 2.

The reputation of the noisy engine producer with end users ia very
strong, It is likely that this truck manufacturer would make an effort
to use his other popular engines, especielly since the supply of overall
engines may be affected if the noisy engines cannot bie utllized under
regular production conditions, It is, however, envisioned that the weak-
ness of this producer of truck engines will be taken advantage of by
other engine producera' who could be expected to respond with a mnajor
effort to penetrate the large and growing truck market. Again, since
the weaknegs will probably be only temporary, it is unlikely that there
would be long-term investments that would reflect the ”noiay"' pro-

ucers absoclute decline in the market.
N-2
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The noisy engine producer can be expected to make shork-term
concessions and take other actions to profect his market poaition
againgt competitive inroads while bringing about a solution to the prob-
lem he may face by having lagged behind ofther truck engine manu-
facturers in the area of noise control,

According to U,5. Department of Commerce data, 438, 310 diegel
engines were produced in 1972, Of these, 41% were for the auto-
motive industry, of which almast 100% were for medium or heavy duty
trucke, Trucks are the largest single market se;ment for diesel en-

gines. The noisy engines represent 12% to 16% of the total diesel

engine market. Currently, the diesel engine market is capacity con-"

strained - some producers are on allocation and new order lead times
are often over cne year,

In the short run, based on the above factors, the following scenario
has been developed to consider the possible consequences if noise
standards cannot be met by the noisy engines:

1. A shortage of diesel engines occurs in the truck market, since
noigy engines cannot be used or require much lﬁgher costs to uie,

2. The supply of quiet engineg is capacity constrained. Prices
are firm and profits of producers of quiet engines are high. Quiet
engines are allocated to truck manufacturers, Allocations will reflect
an attempt to develop long~term relationships, with each manufacturer
of quiet taking best advantage of his pattern of parts distribution, ser-
vice, and other competitive strengths, Quict engines are shifted {rom
other less noise~sensitive markets tothe truck market, reflecting both

N=-3
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the opportunity in the truck market and the strong price competition
in the other markets from neoisy e¢ngines which cannot be used in
trucks., Manufacturers of quiet engines will compute less in small
markets which show little growth opportunity, '

3, The preducer of noisy engines will shift sales emphasis from
the truck market toless noise-sensitive markets, To maintain volume,
price weakness will become common, Temporary noise rebates may
be made to truck rmanufacturers by engine manufacturers as partial
compensation for customizing required to use noisy engines.
Cooperative programs will be established with primary truck manu-
facturer customers to speed the development of such changes as cab
redesign, which will be required if noisy engineg are to be used and,
at the same time, to pi-epare for lower future noise levels. The engine
horsepower specifications will be derated if this will improve noise
characteristics, The volume of noisy engine production will decline.
Marlket share of the truck market will decline; his profits will decline;
and unemployment will occur in plants producing noisy engines,

The extent of time over which the above scenario will take place
depends on the length of time required for the noisy engine manu-
facturer to become fully competitive again, Anything longer than threc
to six months would result in a loss in competitive position that would

take: years to regain.

N-4
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APPENDIX O: PROJECTIONS BASED ON TRUCK FOPULATION AND
USE DATA

Many of tables and figures in Sections 3 and 8 were derived from
data acquired by the Bureau of the Census. In this appendilx, the
census data base and the operations performed with these data are
discussed.
DATA BASE

The Bureau of the Census has conducted surveys of a s'atistical
sample of trucks registered in the 50 states and the District of Col-
umbia in 1963, 1867, and 1972,in order to collect and publish data
on the characteristice and use of the nation's truck resources, A fac-
simile of the questionnaire used in the 1572 survey ig included at
the end of this appendix.

The data obtained from this survey are available in the form of
a magnetic tape which consists of records for a gample of 89, 810 trucks
and the expansion factora necessary to extend this sample 1o obtain
estimates for the entire 1972 truck population,

The expansion factor associated with each truck is the humber by

which the truck's statistical parameters are multiplied to est mate an

equivalent number of trucks in the U. S, Truck Population. For example,

there ig a large number of pickup trucks in use, many of which have
similar physical and usage characteristics, Therefore it is 1ot nec-
eggary to sample as large a proportion of pickup trucks a3, say,
medium duty diesel trucks, since under these conditions, picku) trucks
would have a higher expansion factor than medium duty diesel trucks.

0-1
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Also, the Census Bureou samples by state, and the truck population

of the various states varies widely. To obtain equal confidence limits

on data sampled for each state, it is not neceasury to sample the same
percentage of the state's truck population. Thus, data for cach state .
will tend to have separuate expansion factors.
ANALYSIS OF DATA

It was felt that a sample gize of 10, 000 of the 100, 000 trucks on
the Bureau of Census tape was adequate for statistical reliability.
Accordingly, every tenth truck on the tape was sampled and sorted by
model year, category, and enginetype as shown intheTable 0-1. liach

truck identified by model year, category and engine type i character~

ized by two parameters: the expansion factor F and the mileage

factor + The mileage factor is the truck mileage driven during

the 12 months prior to the time the census questionnaire was filled out

TABLE Q-1 TRUCK IDENTIFICATION TABLE

e ke e ———

Model . Medium Duty - druck. Heavy Duty Truck'
Year Gasoline ) Diesel Gasoline Diesel
1 L
Floa1,1 “1?31,17
"‘1 ) . AT )
1931 r 1931,2. 1'1:1931'2 i .
20t =
[} []
N . b
' 1932
1933
1972 '
- wr

0-2 e LT



.-

et AT ks vt = R E

o b el s =

by each truck owner. Inthese factors, the subscript m represents the
model year, i the ith truck found in a particular truck category for a
given model year, and the superscript k designates truck Icate gory as
follows:

k =1 represents gasoline engine medium duty trucks

k = 2 represents diegel engine medium duty trucks

k = 3 represents gasoline engine heavy duty trucks

k = 4 represents diesel engine heavy duty trucks

To project future truck population from past production estimates,

it is necessary to know the percentage of trucks that survive as a

function of age, This is computed from the equation

(O. 1)

Here, the subscript j denotes the age of the truck, and k i3 a truck
category superscript and not a power. Thus the survival factor §
is the fraction of trucks in truck category k still surviving j years
after production. The number 10 in the right hand side of Equation
{O~1) is used to extend the results from the 10,000 truck sample to
100, 000 surveyed, P ig the truck production term and the

are simply the expanslon factors for each truck in
a given truck category for a particular model year, As an example
of the application of Equation (O-1), consider the formula for com-
putihg the percentage of gasoline engine heavy duty trucks (k:3)

surviving after five years:

0-3 R
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With the survival rate available from Eg. {(A.1l), the truck

k

population Tc in calendar year ¢ for truck category k is computed

from the equation

.25 pk ok
e T, = Jfg:o e-J ! J

where P‘é is the number'of trucks in category k produced in the
year ¢-j. Eg. (0.2) represents the convolution of the survival
funetion 8 with the production function P.

Some of the curves inSection 8 show growth and decline of truck
populations manufactured in a several year period from model years
my through m,. These populations are computed from

c~m2
k (0.3)
Tc 3Ty S, E: Pc-J sj :

j=c-my -

Thus, for example, the total truck population in 1990 that
is projected to be built and thus will meet an 83 dBA level under
the option 2 noise regulation can be computed by summing

1 ) 2 L+ T3 ) . 4
T1990,1977,1517 + T1990,1977,1953 1590,1977,1977 f_T199o,1977, 1980.

+

' Thé average miieage M§ traveled by trucks j vszars old in truck

category k is givén by

‘ S F¢
. ' Mg- = ; lg?l"d Ii 1971-j ;i) (0,4}

}3 F1971—.-| L

' . “'

‘Finally, the mileage-weighteﬂ acoustic energy level Ec produced by
the total population of trucks in calendar year ¢ is computed as
L]

: y 25 S 3 X
~ ol I ko gy, Mo :
E, = 10 log [k=1 JZE P JSJ antilog G—Eai-l (0.5)

where NEJ 15 the nolse level for a truck in category Kk produced

in the year c-§.
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Poltem 7 - BAJCIULE OF THE THUCH

03 [C) Ona furm er rench or other
upricultural wetivity

02 [T} In torentry or lumbrring

03 [Z] In miniag ur yunerying

o4 [} 1o cunstruetion, buildings or rorda

o [] In munulucturing or proce suing .
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cwrricrs, lensed with driver, owner-
wperators’ under lease or contract,

RCCHMBITATION
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sehicle w ot Juancd to somear ofvo fueldthout deiveed [ee porioda of 30 daypa e marn, mark (X)) ONE bog
that doecriban 0 hustnwsy of the prscn or cunpaony to whoum you luasod the vehclo the lungust time,

o8 [T} For presonnd tronspartution —
Uned in ploce of nu autoinchile to go
from lume 10 wuik; for onldaor
recreatiaon; conaping; fishing vte,

09 1 In wlilities - telephone,
cleciric, gua, 1 t¢,
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o1 [} Hauseliold goudy (meving)

o8 I_] Furniture or hardware {unt including
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