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SUMMANRY

The subjects addressed in this document arce inlended to provide

hackground information on various aspeeld associated with the develop-
ment of regulations relalive to noise emisaton from newly manofoeloeod
trucks,

Section 1 - "Prologue' sets lorth the legal basis lTor the repulations
which may be promulgated under the authority of the Noise Control Act
of 1972, the procedure followed in the promulgation of such regulationsg
and a brief statement relative to preemption of state and local regula-
tions by Federal regulations.

Section 2 - "Identification of Medium and Heavy Duty Trucks as a
Major Source of Noise.' This section addresses the acoustic energy
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 classification system and other useful descriptive ma-
terial,

Section 4 - “[nformation Base," provides a synopsis 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 § ~ "Available Noise Abatement Technology.' In order to
establish regulationa restricting truck noise emissions it is necessary
to know how much noise reduction itis presently possible to achieve, Sec-

1
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tion & reviews the varioug components of truck noise: noise radiated
[rem the enpgine surface, lan, intake, exhausi and tire noise,

This discussion includes botll the noise pgeneration process and
noise quieting techniques, Consideration is pgiven Lo the tolal lruck
noise control problem. The technology is 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 1) which array costs to reduce sound levels for
some present day trucks to varying levels. Tlese data serve as a
basis for development of the cost and economic analyses presented in
section 7.

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

The second method of assessment is directed at health and welfare
in terms of specific cases. It considers a set of specific scenarios
in which people are engﬁged in activities such as conversing, doing
wdrk requiring mental concentration, sleeping, etc. These activities
are conducted in various‘well defined interior spaces (homes, offices,

apartments) or outdoors., Each scenario is locatedata specific distance
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from a highway traversed by trucks. Associated with cach scenario
is an ambient level appropriate lo the particular activity. The passhy
noise produced by each sgeparate truck is congidered 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 increment are
computed. The 10 dB(A) increment is arbitrary; however, it is pre-
sented as the level at which severe annoyance begins., The scenarios
are presentedintables which permit ready identification of those cases
which are satgifactory and thogse which are not when it is assumed that
a 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 opera-
tional efficiency are also included, Using these data as a basis, the
impacts on truck manufacturers, truck users, and truck associated
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., Thege are
combined to shm;.r population distribution of trucks corresponding to
the various standards which could be proposed,

A mileage-weighted acoustic energy level is presented for each of

the various possible regulatory options,
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Lead times required for various equipment modifications are dis-
cussed. The problems and the time required for the indusiry to solve
them are considered.

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

Section 10 -~ "Enforcement.'" Enforcement of new product noise
emission standards applicable to new medium and heavy dutytrucks are
discussed through production verification testing of vehicle configura-
tions, aasembly 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 used both for production
verification testing and assembly line vehicle testing is based upon
the SAE J366b test. .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 this sectionthe single effects of truck noise control on air and water
pollution, solid waste disposal, energy and natural resource con-
sumption, and land use considerations are evaluated.

The discussion indicatesthat the process of qniefing new trucks will

produce no significant adverse environmental effects. It will result

in a medest saving of fuel, however, if it is credited with the benefits

asgociated with thermostatically controlled fans.
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Finally, this document constitutes an exposition of the studies made

by EPA andits contractors of the many areas agsociated with the prom-~
ulgation of a noise emission regulation for new trucks, An effort has
been raade to produce a document covering all the major issues and it
is hoped that it wiil be found useful,

Throughout the document, there are references to three data collec-
tion points at which technology, cost, and health and welfare data were
collected and evaluated., Interpolations between the points or extrapo~
lation to levels below the points provide information from which deter-
mination can be made as to truck noise emission which technology may
achieve, thelevela at which health and welfare criteria may be agsessed,

and the costs and economic impacts assocliated with various levels,

=
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SECTION ONE

PROLOGUE

Statutory Baais for Action

Through the Noise Control Act of 1972 (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,
while primary responsibility for control of noige rests with State and
local governmments, Federal action is essential to deal with major noise
gources in commerce, control of which requires national uniformity of
treatment. " As part of that essential Federal action, subsection 5(b){(1)
requires the Administrator, after consultation withappropriate Federal
agencies, to publish a report or series of reports "identifying products
(or clagses 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 noise 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 tmedium and heavy duty trucks as a major
gource of noise. As required by Section 6, the Administrator shall
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




noise reduction achievahle through the application of the best available
technology, and the cost of compliance, "
Preemption
Under suhsection 6{e){1) of the Noise Control Act, after the effectlive
i daté ofa regulation under Section 6 of noise emissions from a new prod-
uct, no State or political subdivision thereof may adopt or enforce any s
law aor regulation which sets a limit of noise emigsions from such new
product, or components of such new product, which is not identica) 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 authority
by subsection 8{e¢}(2) include, but are not limited to, the following:
1. Controls on the manner of operation of prodacts
2, Controls on the time in which products may be operated
3. Controls on the places in which products may be aperated 5
4. Controls on the number of products which may be operated to-
gether “
5. Controls on noise emigsions from the property on which products
are used
8. Controls on the licensing of products
7. Controls on environmental noise levels

1-2
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Federal regulations promulgated under section 6 preempt State or
local regulations which set limits on permissible noise emissions
from the new products covered by the Federal regulations at the time
of pale 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.

1-3
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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 10172,
the Administrator has published a report (FEDERAL REGISTER, Vol.
39, No. 121, pp. 22297-8) which "identifies medium and heavy duty
trucks having a gross vehicle weight rating (GVWR) in excess of 10, 000
pounds as a major source of noise.' GVWR means the value speci-
fied by the manufacturer as the loaded 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 a15 a
major source of noise,
LEGISLATIVE BASIS
Subsection 6(a) of the Noise Control Act sets forth four categories
of prdducts for which a noise emission standard can be proposed for
each product identified as a major source of noise. The categories
are:
1, Construction equipment
2. Transportation equipment ({including recreational vehicles
and related equipment)
3. Any motor or engine (including any equipment of which an
engine or a motor is an integral part)
4. Electrical or electronic equipment
PRIORITY BASIS
The criteria developed 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 pubklic health and welfare stipulate that at this time
first prierity has been given to products that contribute to community
noise exposure, Community noigse exposure is that exposure cxper-
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, Lnd, has been specifically developed
as a measure of community noise, Since it is a cumulative energy
meaisure, 1t can be used to identify areas where noise sources operate
continuously or where sources operate intermittently but are present
enough of the time to emit a substantial amount of sound energy ina
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
health and welfare effects in residential areas, zm'.d an Leq of 70
{roughly equivalent to an Ldn 70) as the threshold of hearing impair-
ment,

POPULATION BASIS

The estimated 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 80 dB is shown in Table 2-1 below;

B A e S R e T T s i v 3o e 1L
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TARBLE 2-1
NUMBER OF PEQOFLE SUBJECTED (IN MILLIONS)

Urban Traffic IFreeway Trafflc
Qutdoor Ldn {(dB) Noise Noige
70 4-12 i-4
85 15-33 -6
60 40-70 -6

Lo o

.. Source: BBN Report No. 2636, September 1973,

As indicated by Table 2-1, more than 70 million people in
residential areas are subjected to noise from surface transportation
equipment at or the outdoor L.dn of 60 d3. Thus, the surface transpor-
tation eguipment category has been selected by EPA for regulatory
attention because of the extensive community exposureto noise emanat-
ing from products in this category.

PRODUCT BASIS

A two-step approach has been used to identily products within the
surface transportation equipment category which are major contribu-
tors to community noise exposure. First, the L.dn has been used to
identify residential areas selected from a composite derived from a
cross section of U, 8, 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 presently 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 models of each product,
2-3
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Source: BBN Report No. 2636, September 1973,

The typical sound pressure level in dB(A) at 50 feet is a measure
of the perceived loudness at that distance from the product when it
is operating, This measure sugpgests which products, when they are
operated alone, will be perceived as nolsy by the community. The
estimated total sound energy per day is useful because it is an aggre-
gate measure that takes into account the sound energy emission rate
of the product, the number of products operating and the amount of

time they are operated each day, For trucks with a GVWR of 10,000

" pounds or more, this measure was estimated on the basis that there

are about 3.5 million trucks in use for an average of 4 hours per day.
These estimates are for a composite of both urban and freeway traffic
conditions. . Note that the levels cited in Table 2-2 are estimated
average levels and, in the case of trucks, the actual level is probably
higher than that listed,

As indicated by Table 2~2, trucks with a GVWR of 10, 000 pounds
or more are louder than other transportation v;ehicles and contribute
the most daily scund energy to the community environment of any
product {n the surface transportation equipment category.

2-4

TABLE 2-2
MEASURES OF NOISE ASSOCIATED WITIH TRANSPORTATION VEIIICLES
Products in the Typical SPL Fstimated Total
Transportation Equipment at 50 feet Sound Energy Per
Category dB(A) Day (Kilowatt-hrs)
" Trucks (greater than 10,000 lbs GVWR) 84 5800
Automobiles (sports compacts) 75 1150
Automobiles {passenger) 69 800
Trucks (less than 10, 000 Ibs GVWR) 72 570
Motorcycles (highway) 82 azs
Buses (city and school) 73 20
Busges (highway) ' 82 12
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SECTION 3
THE TRUCK INDUSTRY
THE ROLE OF TRUCKS IN 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, he-
cause of convenience, trucks account for over 80% of the total dollars
spent on moving domestic freight,

As shown in Table 3-1, trucks carry the largest share in tons
of domestic freight. The cost per ton-mile {approximately 17 cents)
15 coneiderably 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 flexibility that

cannot be achieved by other modes of transportation, Thus, the ac-

cepted presence of trucks on the nation's highways is supplemented by

their pervasive presence in virtually every streel and roadway of the
country.

Over the period 1967 to 1872, total new truck sales increased 1.3
times as fast as the gross national product; new heavy duty truck
sales increased more than 2.5 times as fast, (Reference 1). The
trend over the past several years has been for more and more goods
to be moved by truck. It is expected ihat 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 Percent Millions Percent

Truck 1,684 34.2 412,000 18.7 $69,084 8l.3

Rai.‘l._ 1,572 i 32.'1 771,000 34.8 11,869 14.0

Water* 867 17.6 595,000 26.9 1,902 2.3

Pipeline 790 16.1 431,000 19.5 1,356 1.6

S awr .3 0.0 3,400 0.1 720 .8

Totals 4,916 100.0 2,212,000 100.0 $84,971 100.0

* Includes Domestic Deepsea, Great 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 vehicle weight ratings (GVWR)
greaterthan 10, 000 pounds, a wide range of vehicle fypes are involyed,
At one extreme of the vehicle characteristics for different types of
trucks there are gasoline-powered 2-axle single vehicles with 4 tires
and GVWR. of less than 13,000 pounds. At the other extreme there
are 11-axle combination vehicles with 42 tires, turbocharged diesel
engines and GCWR in excess of 110, 000 pounds, lere GCWR, the gross
combination weight rating, means the value specified by the manufac-
turer asthe maximum loaded welght 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 cah.

Truck designation in terms of GVWR for trucks with GCWR over
10,000 pounds has been defined by the Motor Vehicle Manufacturers
Assgociation (MVMA) and is shown in Table 3-2.

TABLE 3.2
TRUCK DESIGNATION BY GVWR (POUNDS)

10,001 - 14,000
14,001 - 16, 000
16,001 - 19,500
19,501 ~ 26, 000
26,001 - 33,000
over 33,000

Source: MVMA's 1973 Motor Truck Facts.

3-3
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There are three truck design designations which reflect the major
uges for trucks with GVWR greater than 10, 000 pounds. A ruggedly
built cab-chassis unit for mounting dump bheds, concrete mixers, etlc.,
is often referred to as a construction truck while a light cab-chassis
unit for mounting van bodies, ete., i8 designated as a delivery truck,
A truck-tractor for pulling trailers, ete., is called a line-haul truck,

The number of axles hy which cngine power is transmitted as
traction at the road surface can also 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, a tan-
dem axle, truck-tractor is designated as a 4 x 6 and an all-wheel drive
truck isa4x 4 or a 6 x 6.

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

Trucka 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-over engine {COE)
style. In a conventional cab, the driver sits behind the engine. Con-
ventional cab styles may he either 'short" (see Fig. 3-1) or "long"
(see Fig. 3-2), depending on the length of the hood. In the COR
atyle, 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 cab above

the ground,
3-8
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TRUCK CLASSIFICATION I"OR PURPOSES OT" NOISE REGULATION

The truck attributes most closely associaled with truck naisc
level include the gross vehicle weight rating, the number of axles,
and the size and type of the engine, All these attributes are some-
what related. Tor example, a truck with a large GVWR will tend
to have more axles and will more likely he powered by alarge diesel
engine than a truck with small GVWR., GVWR is a prime candidate
for defining regulated truck classification. As Table 3-2 indicates,
the Motor Vehicle Manufacturers Association uses CVWR as a primary
variable in reporting its production figures., In 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 be redundant as the size of the
engine selected for a given truck is inherently dependent on its design
GVWR.

The type of engine is another possible candidate for truck class-
ification for nolse regulation since gasoline and diesel engines diifer
somewhat in their noise characteristics (Reference 2}, However, this
engine noige level difference becomes less pronounced, as the engine
component is considered 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 gasaoline pow-
ered. Conversely, more than 96% of the trucks with GVWR greater
than 26, 000 pounds can be expected to be diesel powered.

3-9
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Accordingly, inthis document, lrucks with a gross vehicle weight
rating in excess of 10,000 pounds have been categorized as "medium

duty' or “heavy duty' trucks as defined in Table 3.3, Also defined in

Table 3, 3 are truck GVWR groups within each of these GVWR categories.

TABLE 3-3
GVWR Truck Categories
GVWAR Catepgory GVWR Group Range of GVWR

Medium Duty Trucks
{10, DD1-285, 000 1bs)

! 10, 001-14, 000
2 14, 001-16, 00O
3 16, 001-19, 500
4 19, 501-26, 000
b
6

Heavy Duty Trucks
{over 28, 000 lbs)

26, 001-33, 000
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 statistical analysis of the census data on the characteristics
and useg of the truck population in the United Stateg, which was col-
lected and made available to EPA by the Bureau of the Census, provides
an estimate of the total truck population in the United States in 1972,
{For detlails, see Appendix 0.} The total truck population with GVWR
in excess 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 T'able 3-4.
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TABLIE 3-4
TOTAL TRUCK POPULATION, 1972

GVWR Gasoline Engine Diesel Engine Total
Category Number Percent  Number TPercent  Trucks
Medium Duty 2, 335, 000 a8 41,000 2 2,376, 000
Heavy Duty 509, 000 44 648, 600 58 1, 157, 000

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

Source: A. T. Kearney Report to EPA, April 1574,

Table 3-5, a breakdown for diesel engine trucks by GVWR for
selected years between 1966 and 1872, shows a trend toward fewer
mediuom duty trucks being powered by diesel engines and a trend toward
increased 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
GVWR category and group as well as type of engine, is shown in Table

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

transportation.
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PERCENT OF DIESEL TRUCKS T0 TOTAL TRUCKS BY CATEGORIES FOR SELECTED

TABLE 3-3

YEARS, 1966-72

Medium Duty Trucks

Heavy Duty Trucks

Year GVWR Group GVWR Group
1 o 3 1 Total 5 8 Total
1966 0% 0% 1% 3% 4% 5% 199 24%,
1968 0 0 0 2 3 4 21 25
1970 0 0 0 3 3 4 28 32
1972 0 0 0 1 1 3 30 33
Source:; MVMA 1973 Motor Truck Facts.
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TABRLLE 3.6
NEW TRUCK PRODUCTION, 1072

GVWR “Gageline Engine Diesel Engine Tolal
Category Number Peorcent Nurmber DPercent  Trueks
Medium Duty 227,263 08 5,045 2 232,708
Heavy Duty 41,004 23 138, 044 77 180,038

Totals 289,957 G5 143,089 T5 IT8,7348

GVWR

Group

1 44,221 i00 0 o 44,221
2 9,307 98 215 2 9,612
3 26,330 100 n 0 26, 371
4 147,315 87 4,789 3 152,104
b 25, 364 65 13,563 35 38, 027
6 16, 830 12 124,481 88 141,111
Toials 260, 257 B5 139,080 35 AEHE

Source: {Referencel)

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 of 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.
Ag 2lso 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 ihe major truck manu-
facturers in 1972 are shown in Table 3-7. Four truck manufacturers,
General Motors (including its Chevrolet Division), Ford, International
Harvesgter and Dodge, produce almost 98% of all medium duty itrucks
and approximately 60% of the heavy duty trucks.

3-13
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TABLE 3-7

NUMBER OF NEW TRUGKS BY MANUTFACTURER, 1972

Medium Duty Trucks

Heavy Duty Trucks

Truck
Manufacturer Gasaline Diescl Total Gasoline Dicsel Total
| Chavrolct 53,722 135 813, 867 1,602 3, 606 3,208
Diamond Reo a7 - k¥ 1,044 3, 207 4,251
Dodge 45,042 278 45,320 3,623 1,480 5,103
FWD 4 8 12 301 606 207
Ford 63, 544 3,010 6G, 554 13,952 18,824 32,776
GMC 25,568 146 26,014 8,126 16,017 24,143
mec 39,064 1,165 40,229 12,230 29,311 41,541
Mack 0 0 0 25 26,331 26,356
White 0 3 3 753 21,554 22,607
Others 282 g 282 338 16,718 17,056
Totals 227,263 5,045 232,308 41,994 138,044 180,03%
Sourde: (Reference 1)
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The financial characleristics of the parent companies of the major
truck manulacturers is shown in Table 3-8. Of these parent companies,
the five that are considered large, have sales and assgets in excess
of $1 billion; two have sales or assets beiween $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 parent companies
would have the least difficulty financially in complylng 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 bytruck poise regulation are those producing engines, muiflers
and fans. -Most truck manufacturers rely heavily on two major diesel
engine suppliers, Cummins 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

to produce mated engines and transmissions,

3-15
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TABLE 3-3

FINANCIATL, CHARACTERISTICS OF TRUCK MANUFACTURER'S
PARENT COMPANY, 1972 (§ Hillions)

Parent Company of Not
Truck Manufacturer Sales Income Asuets Net Worth Comments B
Geaeral Motors Corporation $30, 435 32,163 $15,278 $11,683 Truck producing divisions are
Chevrolet and GMC,
Ford Metor Company 20,194 870 11,634 5,961 For yenr ended 10/31/72,
Chrysler Corporation 9,759 221 5,497 2,489 Truck producing subsidiary 1s
Dodge Trueks, Ine,
Internittional lHarvester Company 3,527 B7 2,574 1,198
The Signal Company (Mack) 1,481 41 1,328 653 Truck producing subsidlary s Mack,

Including Brockway, a Division of Mack,
had consolidated snles of $713 miilion
and net Income of $35 million,

White Motor Corporation 943 9 573 . 222 Truck producing diviaions are Auto-
car, White, Freightliner and Western

Star. Total truck sales of these
groups were $611 million wilh
earnings of $27 millien In 1972,

595 30 268 170 Truck produclng subsidinries are
Kenworth and Peterbilt, On axnd off-
highway trucks produced by Peterbilt,
Kenworll: and Dart represents about
75% of sales,

Pacenr, Ine,

Diamond Reo Trucks, Inc, | 83 7 30 5
Hondrickson Manufacturing Co, 44 Not 23 15 Sales Include trucks, special truck
Available equipment, and truck modifleations,
FWD Corporation 28 .4 25 8 Sales primarily trucks, year end
9/30/72, FWD {8 a subsidiary of
Oewen Corporation, find investment
compiny,
Oshkosh Truck Corporation ©o22 .3 14 7 Sules primarily trucks,
Source: (Reference 1)
' - had ~
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39

SUPPLIERS OF DIESEL ENGINES USED BY TAUCK MANUFACTURERS, 1972

| ¥ am.ff;.l:.g:r ers C;:alll;? ;rs Caterpillar Cummins g::é.:g;t GMC IHC Mack Perkins Svc;t:lji; Total
Chevrolet —— —— 308 3,388 135 ——— - -— 3,831
Damond Ruo - 129 2,038 1,040 ~— - - - ——— 3,207
Dodge - e 1,046 434 —mm e 278 ——— 1,738
WD ——— 1 163 44 ——— ——— ——— — 614
Tord - 9,336 4,759 7,739 ==- —_—= == - --- | 21,834
GWMC — -— 1,255 14,5399 609 - —— m—— 16,463
If1C — 747 11,830 14,470 --- 2,742 --- 628 - 30,476
Mack 22 321 2,612 1,584 --- == 21,121 -— 661 26,331
White pe it 15,513 5,801 === —— e ——— ——— 21, 857
Others ~—- 3, 736 8, 983 3,005 --- e e - -— 16,718

Totals 6o 15,079 48, 509 53,207 744 2,742 21,121 960 G61 143,088
1,
Szutca:  (Reference 1)




TALLE 3-10

~ DISTRIBUTICN OF TRUCKS 3BY MAJORR USRS, 1971
Major User of Trucks Medium ity Itcavy Duly Solal
Apgriculture 32.5% 10,9% 2a, 3%
Wholesnle end Retnil Trade 19,8 18.3 19,4 oF
Censtruction 11.1 9.1 13.4
For=Hire G.3 30.6G 13.4 3
Services 9.5 2,5 7.5
‘Personul Transporiation 9.0 1.0 6.7
: Manufacturing 3.6 8.5 5.0
J Utilitiea 3.4 1.9 2,9
Forestry and Lumbering 1.7 3.6 2.3 ,
Mining .6 1.9 1.0
i All Other 3.0 2.3 2.1 :
; Source: Developed from Truck Inventory and Use Survey, 1972 Census of
| N Transportation. ;
| I
I
}
|
I
!
i
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SECTION Ou R
INFORMATION BASE
SOURCES USED FOR DEVELOPING INI'ORMATION

The information presented in this document was developed (rom
(1) studies performed by staff personnel of the Standards and Regu-
lations Division, Office of Noise Abatement and Centrol (ONAC), U, S.
Environmental Protection Agency; {2) studies performed under con~-
tract to ONAC; (3) submissions by other Tederal agencies; (4) sub-
missgions 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. Thedata used are based large-
ly on previous EPA reports (References 1, 2, 3, 4 and 5) and resulted
from intensive analysis of existing information, such as the proceed-
ings of an international conference on noise as a public health problem
(Reference 6). The methodology developed assesses the statistical
effecis of various pessible regulatory standards on the noise reduciion
achievable and the change in the equivalent number of people impacted
by vehicle noise in urban areas of the United States. Numerous truck-
community scenarios (see section 6 of this document) were also de-
veloped to evaluate the situational impact of truck ncise 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 associated truck component industries were
largely the result of data acquired by firms under contract to EPA.

The technology to reduce truck noise from current levels is presented

4-1
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in reports prepared by Boil Beranck and Newman, Ine. (Helerence
7) and by Wyle Laboratories (Reference 8), These reports also pro-
vide their estimates of the costs anssociated wilth the leehnology appli-
cations they cite. An economic impact analysis is discussed in a reporl
prepared by A, T, Kearney (Relerence 9), This report uses cost
data as an impact lor projections on such quantities as changes in truck
gales and truck operating costs,

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

Information was also provided by the public sector in response
to the Advance Notice of Proposed Rule Making (ANPRM) for new
medium and heavy duty trucks published in the FEDERAL REGISTER
on February 27, 1974 (39 FR 7955). The responses {Reference 13)
received 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. 8, EFA Headquarters, 401 M Street,
5. W., Washington, D.C., 20460,

Additional sources of pertinent information, particularly published
articles from journals and the 1like, are also included in the references

shown zt the end of each section of this document.
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BASELINE NEW TRUCK NOISE LEVELS

The haseline noise levels, for considering alternative regulatory
options in the development of the new itruck noise regulation, are those
noise levels generated by current production trucks. This section dis-
cusses these baseline nolse levels for different truck categories as
well asthetestprocedure used to determine the noise levels indleated,
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 Society of Automotive Engineers (SAE} [or determ-
ining the "Exterior Sound Level for Heavy Trucks and Buses' and is
commonly referred to as the SALE J366 test, In April 1873 the test
was revised, making it an SAE Standard (J366bh) rather than an SAE
Recommended Practice, The majority of the truck noise level data
in thisz document was measured using the SAE J366a recommended
practice test procedure. No significant changes in the test procedure
were made in this SAE J366b revision. Accordingly, the previous new
truck noise level data based on J366a are used herein as the base-
line noise levels for current production trucks. A brief description
of the SAE J366b test procedure follows, with a detailed description
of the test is included in Section 9.

The test gite for performing the SAE J366b exterior truck noise
level weat is illustrated in Figure 4-1. A microphone is located 50
feet from the truck path. The truck approaches the acceleration point
with the engine operating at about two thirds of maximum rated or
governed engine speed. At the acceleration poini, the accelerator

4-3
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is [ully 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 hiphest readings within 2 dB of

each other corresponding to the noisiest side of the wvehicle are

P
End Zone in Which
To Rench Max.
Hated RPM #
Accoloration
Paint 100 Ft.
60 Fe.-» Accelaration
AN '1 -
Vahiclo Path -\ bet= 50 Ft. -] Rraianny Lano =
¥ NN -
;_ —~— TP — -~ \\\\_& ¥
/ - :
50 Ft. 100 Ft. L
700 Ft. Radius ;
Radius Microphone i
Microphona Polnt
Measuremont
100 F1. Area
Radius
Figure 4-1 Test Site for SAE J366b.
reported.  During the test, the truck never exceeds 35 mph. Since -

tires are relatively quiet at low speed, the J366 test results are pri-

marily anindicator of propulsion noise, including noise fromthe cooling

fan, air intake, engine, exhaust, transmission, and rear axle,

A histogram of the noise levels of new diesel trucks, measured

4-4
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Figure 4-2 Histogram of ilew Ddesel Truck Naiasv Levelrn.

Source: BAN Report No. 210, Joannarvy 1974,
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according to the SAE Ji66 test procedure, is shown in Pigurce 4-2.
For the total of 384 diesel irucks measured, the mean ncise level
was 84.7 dB(A) with a standard deviation of 2,24 dB(A). The frucks
measured included trucks from the eight truck manufacturers which
produced approximately 85% of the new diesel trucks sold in 1971,
Not included In this total are experimental trucks such as those devel-
oped under the Quiet Truck Program of the Department of Transgporta-
tion or those trucks developed by various truck manufacturers without
government sponsorship.

Data on the noise levels of new trucks with gasoline engines are
presented in the histogram shown in Figure 4-3. 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 diesel powered new trucks ig 1.2 dB(A)

Tatal Trucks: 18
Meon Level: 83.5 dB(A)
5td. Daviation: 2,35 dB {A)

5__1

. i |
L1 m | ! y
10 5 80 es 20
3. GOUND LEVEL (dB(a)

\l
ay

Figure 4-3 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 truck 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 noise levels in excess of 90 dB(4).

Histograms of the noiselevels measured for new gasoline~powered
medium and heavy duty trucks ave shown in Figuvre 4-5, Tho mean
noise level for medium duty trucks appears {o be less than 2 AR(A)

lower than the mean noise level for heavy duty, gasnline powcered now

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 generated by trucks travelling at
relatively high speed is examined. This information was extracted
from a draft of the "Background Document for Interstate Motor Carrier
Noise Emission Regulations," It constitutes the basis for regulatory
level of 80 dB(A) which has been proposed for interstate motor car-
riers.

In the surveys presented in this section, an effort was made to
maintain standard conditions at almost all aites, Suitable instrumen-
tation was used; sound level meters met the requirements of ANSI 51, 4~
1971, American National Standard Specification for Sound Level Meters.
Microphone calibration was performed by an appropriate procedure and
at prescribed intervals. An anremometer was used to determine wind

velocity, and microphones were equipped with suitable wind screens.

Restrictions were made to prevent measurements during unfa-
vorable weather conditions (e.g., wind and precipitation). The stand~
ard sité for passby measurements wag an open space free of sound
reflecting objects such as barriers, walla, hills, parked vehicles, and
signs. The nearest reflector to the microphone or vehicle was more
than B0 feet away. :The road surface was paved, and the ground
between the roadside and the microphone was covered by short grass

in most cases,

4~10
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T he standard site for the stationary runup test included gpace
requirements that were the same as for pass-by measurements, and
the surface between the microphone and vehiclewas paved. Micro-
phones for atationary and pass-by measurements were located 50 feet
from the centerline of the vehicle or lane of travel, 4 feet oif the
ground, and orientedas per manufacturer's instructions, WVariations
from the standard measurement sites and microphone loecations wern
allowed if the measurements were suitably adjusted to be equivalei.t
to measurements made via the standard methods. Exact procedures
for the teats are included in the appendix,

Ttack noise surveys have been conducted in California in 1965
and 1971, intheState of Washington in 1972, andinNew Jeraey in 1972.
In 1873, EPA contractors conducted additional truck noise surveys of
8, 875 trucks operating at speeds over 35 mph In the atates of Califor-

nia, Colorado, Florida, Maryland, Missouri, Texas, and Virginia,

4-11

R b i, 1



1
1
i
3
|
|
i
1

v T R Lt P e AL . RN .
R 85 L s S TR e it T i Y T S ST T LD

In almost all cases, measurements were made al a distance of 50
ft fromthe center of thefirst (outer) lane of travel, using A-weighting and
fast responsge of the sound level meter. [ﬁ the 1973 sur\;'eys, the type of
truck andnumber of axles were recorded in order to permit detailed anal-
yses of the noise level distributions for various types of trucks,

In addition, a study ofnoise levels of 60 trucks produéed (ﬁuring a sta-
tionary run-up test was carried out by EPA in Vifginia in February 1974,
Figure 4.6 s‘hows cumulative probability distributions for the peak passhy
noise levels measgured at 50 ft under high-speed freeway conditions in the
surveys conducted prior to 1973, The data shown are for heavy trucks;
5, 838 diesel trucks in California in 1865, 172 combination trucks in Cal-
ifornia in 1971, 531 trucks with 3 or more axles in Washington in 1972,
and 1, 000 trucks with 3 or more axles in New Jersey in 1872. The data
are in close agreement; typically, 50% of the trucks were :;bserved to
exceed 87 to 88 dB(A) and 20% were observed to exceed 90 dB(A),

Figure 4. 7shows that under high-speed freeway conditions, buges are
about 2 dB quieter than heavy trucks, Approximately 50% exceed 85 dB(A)
and 6% exceed 90 dB{A), These data were obtained in New Jersey in 1973,

Table 4.1 shows the mean noise levels and percentages of all trucks
with six or more wheela that were observed to exceed 80, 0 dB(A) under
high-speed freeway conditions in ten states, These data were obtained in
1973, except for the Washington state data, which were obtained in 1972.
The arithmetic mean of the percentage of trucks exceeding 90 dB(A) is
23. 1%, When the data is weighted by the sample size obtained in each state,
this percentagedropsto 22, 6%. When the data are weighted by the number
of registered trucks above 10, 000 1b CVWR/GCWR, the percentage drops

to 21, 0%,
4-12
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Tﬂ.ble 4.1 t

ALL TRUCKS ABOVE 10,000 L.BS GYWR OR GCWR

© Mean Noige % Above
Biate  Source Level Mean Speed 90,0 an(A)
CA W, L. 85.4dB(A) (a) - 5, 0%_

co BBN 84.6 51. 7mph 10,0
, iL BBN 89,1 : 57,2 42,0
o XY  BBN  gs.g 61.3 40.0
N MD Md.DOT 88,1 ~ . 30,0
NJ BBN 87.2 56.5 20.0
NY BBN 88.8 &0, 0 43.0
PA W.L.  86.2 () - 13,0
TX BBN 83,7 56,1 12.5
WA  WA-72 6.6 fa) - 16,0

mean percentage exceeding 90 dB(A) = 23, 1%,

{8) median
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Table 4-3 shows the same results by type of truck for the nine
states in which data were obtained in 1973. The mean percentages of
trucks exceeding 90.0 dB{A) ranges [rom 1,9% of 2-axle trucks to
36. 1% of 5-axle trucks.,

A crucial distinetion must now be made, The fact that approx-
imately 23% of all trucks observed in these surveys exceeded 90.0
dB(A) does not mean that 23% of all registered trucks above 10, 000
1b GVWR/GQGCWHR will exceed this level, This is because larger trucks
operate many more miles per vehicle per year than smaller trucks do
and accordingly show up more irequently in gurveys than their actual
numbers would indicate. For example, 2-axle trucks average 10, 600
vehicle miles per year, while b-axle trucks average 63,000 vehicle
miles per year (G0).

Using data from the 1972 Census of Transportation - Truck Inven-
tary and Us.e Survey, the following breakdown was obtained for the
population of registered trucks above 10,000 1b GVWﬁlGCWR.

TABLE 4-2

2-axle straight truck 71, 7%
3-axle straight truck 10, 6%
3-axle combination truck 2.4%
4-axle combination truck 5.3%
5-axle combination iruck 8.1%
Not reported or other 1. 9%

- o

Table 4-4 shows that when the percentages shown in Table 4-2
are multiplied by the mean percentages of each type exceeding 80,0
dB(A) from Table 4~3, a total of about 7% of all registered trucks ahove
10,000 Ib GVWR/GCWR exceed 90, 0 dB(A) at freeway speeds.
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Table 4-3

% AXLE STRAIGHT TRUCK ABOVE 10,000 LBS GVWIR

Menn Nelse % Abovo
State Source T.evel Mean Speed 00. 0 JR{A)
CA W.L.  81.0dB(A) (a) - 1. 2%
coO BBN 80,4 50. 9mph 1.9 .
IL BBN 83.1 65,7 1.0
KY BEN  82.9 ' 57.7 1.0
MD Md.DOT B3,95 - 3.5
NJ BBN * 82,3 65.7 ' 0.¢
NY BBN B5.1 59.4 6.0
PA W.L. 81.2(a) - 0.9
TX BBN 78, 6 ' 54.6 0.6
mean perceniage exceeding given
noise level: 1. 9%

3 AXLE STRAIGHT TRUCK

CA W.L, 85,2 {a) () - g.0 "
co BBN 84,1 47,17 1.2
1L BBN 85.8 54,6 9.0
KY BBN 87.7 59,9 *
MD Md.DOT B87.5 -. .k
NI BEN = 84.7 57.4 *
NY - W.L, 88.0 (z) () - 26,0
PA w.L. 84.5 (a) (b) - 2.0
™ BBN 84.8 50.8 *
maean percentage exceeding given

neise level: 9.3%
(n)} median

) all 3 axle trucks
*  insufficient data
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Table 4-3 (LOonTinueu}

8 AMLE COMBINATION TRUCK

Mean Noise % Above

Stato Source Level Mean Speed 90.0 dB(A)
CA W, L. 85.2 (a) (b) - 8.0%
Cco BBN 83.8 51,9 *
IL BBN 86.0 55.7 *
KY BBN 87.8 59,0 «
MD Md.DOT 86.6 ) - 17.0
NJ BEBN 85.7 517.2 1.0
NY Ww.L. 88.0 (a} (b - 26.0
PA Ww.L. 84.5 (n) (b) - 2.0
X BEBN 83.0 - 66.5 *
mean pereentage exceeding given
noise level: 10. 8%

4 AXLE COMBINATION TRUCK
CA Ww.L. 84.2 (n) - 3.0
co BBN 84.8 49,0 9.0
L BBN 87.1 65.4 22,0
KXy BBN 88.0 61,0 24.0
MD Md.DQT B7.9 - 26.0
NJ BBN 86.7 877 11.0
NY BBN BE.8 58.8 26.0
PA W.L. 85.7 () - 9.0
TX BBN 83.9 ' 56.4 4.5
mean percé’ntage exceeding given
noige level: 15.0%

{a) median
{h) all 3 axle trucka

~* ingufficient data
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Table 4-3 (Lontinyed)

§ AXLE COMDBINATION TRUCK

Mean Nolse % Above
Statle Source Level Mean Speod 90. 0 (AB(A)
CA Ww.L. 85.9 (r) - 7.0%
co BBN 87.0 53.7 18.0
1L BBN 90.2 577 51,0
KY BBN %0.6 82, 6 56,0
MD Md.DOT 89,7 ' - 42,0
NI BBN 88,3 68,7 32.0
NY BBN 91,2 61.6 74.0
PA W.L. 87.6 (a) - 22,0
TX BBN  81.5 67,9 23,0
mean percentage excecding given
noisc level: 36.1%

.

(2) median
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N " Tablo4-4
TRUCKS EXCEEDING 90.0 dBA AT SPEEDS OVER 36 MPH
% of all % of type % of all trucks
trucks above exceeding above 10, 000 lbs
10, 000 ibs (1) 90, 0 dI3{A) affceled (a)
2 axle straight truek 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
R 4 axle comhination 5.3 15,0 0.8 f
‘ § nxle combination 8.1 36.1 2.9
All other (b) ) , 98,1 (e) 07
100.7% 7.1%

{a} Estimates are for all trucks over 10,000 pounds GVWR or GCWR,
Including trucks not involved in interstate eommorce,

(b) "AIL other" includes straight truck with traflor, combinations with
8 or moro axles, and combinations not specified in the 1972 Census
of Transportation survey.

Nt
{c) No datn avajlable. Percentoge oxceeding noise level is assumed to
be the same as for § axle comhbinations. -
| |
’ ;
420
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[t {8 useful to note that truck noise which ia predominantly lire
noise may be estimated by the empirlcal formula given on Page 5-15,
In particular the effect of a velocity change from speed ¥i mph to vy
mph corresponds to a decrease in noise level {§) of 40 109 1 (vl / v2)
dB(A), When (vl) is 66 mphand (vy) ia 50 mph the noise level reduction
is 4, 6 dB(A), Thus trucks travelling at 65 mph ard which generate a
nolse level of 90 dB{A) would produce 85,4 (approximately 86 dB{A)
at 50 mph. This is of significance in comparing noise levels measured

in the high speed test described in this document,

e —————
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SECTION 3

NOISE ABATEMENT TECHNOILOGY
COMPONENT NOISE CONTROL

Of the truck components that contribute to total truck noisc
levels, the mosgt significant are the engine, fan, intake, exhaust,
and tireg. The relative importance of each of these sources vavieo
according to the type of truck opcration. Thig section deseribes
noise Abatement techniques for reducing the component source levals.
Engine

Internal combustion engines convert the chemical energy of fuel
to mechaniecal energy throngh the controlled combustion of fuels in a
combustion of fuels in a cylinder, The maotion of engine components
and the sudden increase in oylinder pressure occurring during com-
bustion excites the engine structure, causing vibration of the external
surfaces andattendant sound radmtion.. The magnitude of the radiated
noise depends primarily on engine typa and design, not on engine size
or power,

Gasgoline-fueled engines tend to be qguieter than diesel-fueled
engines, ‘The reason for this is that in present production diesel
engines the combustion forces are greater, especially in the mid
to high frequencies where regonant structural modes are present in
the engine, '

Figure 5-1shows engine noige sourcelevels at 50 feet as a func-
tion of engine horsepower, Figure 5~1 is a histogram of these source

levels. The three gasoline-fueled engines are in the 75 to 77 dRB(A)

-~
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range, and the diesel fueled engines have source levels ranging from

76 to 85 dR(A), with groupings at 76 to 77, 79 to 81, and 85 dR{A).
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Possible noise control treatments include modifications to the
engine itself and modifications tn control the path by which engine
structural noise is radiated to the exterior, '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 noise would be particularly de-
sirable for diesel engines. However, reducing this noise by reducing
combustion power would also entaila reduction in engine output pawer,
An alternative approach is to smocth out the rapid rise in pressure
{Reference 1), One method of doing this is to control the fuel delivery
rate, but with present production tolerances in the injection system
this would be difficult. Another method is {o use a turbocharger on
4-gtroke cycle engines, Turbocharging increases peakcylinder pres-
sures while decreasing the rate of pressure rise. Still another tech-
nique ig to redesign the combustion chamber and injector spray pat-
tern (Reference 2). At present, all these solutions are being tested
by the major engine manufacturers. One major manufacturer is phas-~
ing all naturally aspirated engines out of production and replacing
them with turbocharged models.

Control of machinery-related forces (e.g., oscillating pistons
slapping 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 halance

and closertolerances in production engines. This technique, in com=-
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hinatton with turbocharging, was used by one manufacterer Lo reduee
the overall nolse of a diesel-powcered lruck to 75 d3{A),

Several engine manufacturers are presently marketing guieling
packapges that attenuate engine structural noise by altering its trans-
migsion 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 covers or air intake manifolds
and crossovers and, possibly, dampingtreatment on sheet metal cov-
aors (Reference 4). Thien (Reference 5) reports that close-flitting
covers which extend over the entire engine structure provide ahout
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~
ceptable for production utilization because problems with cooling and
service access have not yet been resoclved,

To obtain the lowest possible overall truck noise level, most
engine manufacturers appear to prefer an enclosure built into the
truck cab rather than fitted onto the engine. Three truck manufac-
turers (International Harvester, White, Freightliner) under conlract
to the U.S. Department of Transportation (DOT) have investigated
enclosure desgigns for cab-over engine trucks, The enclosures
involved a tunnel configuration with the cooling fan at the enclosure

5-5
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entrance. Air flows through the enclosure and around the engine via
acoustically lined ducts, All three manufacturers have buill proto-
type vehicles gencrating 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 underside of the cab gives the cool-
ing air room to flow past the engine, Thus, full or partial engine
enclosures built into the cab structure are technologically feasible,
'These enclosures will be necessary to reduce the overall noise of
trucks cquipped with standard diesel engines to low levels {75 dB(A)
and helow).  Some current production Lrueks wlthout enclosures can
be quieted to 80 dB{A). 'This reduction, however, I8 depondent upon
engine type.

Fan

r——

 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 he small
and operate at high speeds, which leads to high noise levels, since
fan noise pgeneration 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 11 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 conditiong,
the fan would move air axially; in the usually cramped engine
compariment, the flow is mostly radial, with a nonuniform velocity
distribution,

Noise data for various truck fans are shown in Flgures 5-3 and
5-4 ag a function of engine flywheel horsepower. The brackets on
the five points in the 300 to 400 hp repgion designate limits of uncer-
tainty resulting from 0.5 dB(A) levels of uncertainty in the measure-
ments used o estimate the fan noise levels. I'an noise on gasoline-
powered 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 te have a
significant effect of diesel-powered trucic fan noise.

The control 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 lan shroud, and, of course, the fan
itself. Data presently available to ONAC are inadquate to quantify
the exact relations between radiator size, heat transfer coefficient,
and fan noige.

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

Shrader (Reference 7} reports 0 5 dB3(A) increaae in fan noise
ag a resuit of clesed shutters. One manufacturer reported approxi-
mately a 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 ducts 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
this air smoothly into the fan can lead to stalled blade tipa 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 congtant volume flow
rate, The extent to which fan diameter may be increased is limited
by the configuration of the radiator and essential structural members
of the truck.,
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The Cab Over lngine (COLE}) tractor ig parlicularty suitable for

a large, slow fan. Because of the large, bluni fronl on the COIL,
the forward motion of the truck tends to develop a high precsure
rige in fronl of the radiator that supplements the Mow created by
the fan. Using this type of cab and a large radiator with a frontal
area of 2,000 square inches, Freightliner achieved a fan noige luval
of 66 dAB(A) (Reference 8). The fan, which is thermostatically
conirolled, operatesfor aboutonly 1% of the time. Tor the remainder
of the time, the forward motion of the truck is able o force sufficient
cooling air through the radiator.

The data in Figures 5.3 and 5.4 indicate that most fana generate
less than 80 dB(A), Those that are noisier canbe replaced by a slightly
different fan model! and fan/engine speed ratio. Reduction of fan
noise 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 coresg, larger and slowerfans, careful design of fan shrouds,
and a thermostatically controlled fan cluteh that is phased with =
shutter thermostat to preveni fan operation while the shutlers are
closed,

Intake

Air intake systems supply truck engines with the continuous {low
of clean air needed for fuel combustion. These systems can range
in size and complexity from a siinple air filter mounted on top of a
carhbureter to an external air filter with ducte leading to the engine
and a cab-mounted snorkel unit, Noise ig 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 {requen-
cy of the blowers. Turbochargers tend to smooth flow irregularities
associated with cylinder charging.

Two DOT reports on exhaust systemg (References B, 9} include
studies 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 additicnal air filters are ingtalled on these
engines, Source levels that have been measured for air intake sys-
tems on gasoline-fueled trucks are all legs than 69 to 72 dB(A) at
50 feet,

Intake systems may be readily quieted by air filters. Hunt, et.
al. (1973} and DOT (i973) (References 8 and 9) report that the intake
systems they examined could in all cases be guieted to source levels
below 75 dB{A) and in some cage 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 necesgary to add
silencers 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
5-12
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LExhaust

Exhaust outlet noise emanates {rom the cxhaust system term-
inug andis generaled by the preasure pulaes of exhausl gases rom the
engine. Shell-related exhaust noise vonsists of readiatlon rom v
external surfaces of the pipes and mufflers of the exhaust system,
It is generated by two mechanisms, the transmission and subsequent
radiation of engine vibration io the exhaust system and the trans-
mission of internal sound to the exterior of the pipe.

Hunt et al. {Reference 9 & 10 -} found that the source levels of
unmuffled outlet noise for diesel engines can range from 82 tfo
105 dB(A) at 50 feet. Exhausi shell noise is low enough that very
few trucks require modifications to this scurce to reach overall le~
vels of 83 dB(A)., However, some modification is required to
achieve overall levels of 80 dB(A) and lower.

Noise control techniques for exhaust noise consist of mufiling
exhaust outletnoise, usingdouble-wall construction on pipes and muf-
flers to reduce radiationfrom exhaust line elements andincorporating
vibration-isolated clamps connecting the exhaust pipe to the engine
to reduce the engine vibration source of shell noige,

In selecting a muifler, the work the engine must expend on push-
ing exhaust gases out the exhauat port, with resulting 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 more cost
or higher back pressure than noisier mufflers. Mufflers ave avall-
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
cost increase,

The unmuffled source levels of popular 2-stroke engines are at
least 10 dB(A} higher than for other engines, Although apparently
no mulflers presently manufactured can reduce the source level of
these engines, say, to75 dB(A), the available technology could enable
manufacturers to design such a muffier system, or combine present
designs into a dual configuration, ‘

The anticipated method of reducing exhaust noige on 12-cylinder,
2-stroke diesel engines to overall levels of 83 or 80 dAB{A} is 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
increases the ease of obtaining overall truck noise level reductions,
Tire Noise

Truck tires generate noige by interacting with road surfaces,
Numerous factors affect tire noise, including pavement surface, tire
tread design, tire load, whether the pavement is wet or dry, and
vehicle speed. In a recent study for the Highway Research Roard,
Rentz and Pope (Reference 11) compiled truck tire noise data from

seven sources and developed the following regression equation for
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A~weighted tire noise levels L, at 50 feet:

W
L =B+ 40 log 0 (%0) + 10 log 10 (“5500) + 10 log 19 (M)

Here B is a constant, the value of which depends on the tread patlern
and state of wear, V is the vehicle velocity (in mph}, W ig the
tire load (in 1bs) and N is the number of axies on the truck. When
this equation was used to predict tire noise associated with 47 loaded
tractor-trailer combinations, noise levels were found to be within
a mean oerror of 1.3 dB{A)anda standard deviation of 2,2 dB{A) com~-
parcd with measured data,

There are at least two techniques that may be used Lo counlrol
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 be desirable to consider equipping
trucks entirely with ribbed tires. If should be noted, however, that
crogs-lug tires are typically used on the drive wheels of tractor-
trailer trucks because of tractive rsquirements,

The design of tires that are significantly quieter than those now
being manufaciured reguires a technology base that is not now exist-
ent, Some efforts have been applied to developing new technology;
for example, tire manufacturers have found that by randomizing tread
patterns, pure tones can be spread in the frequency spectrum with
a concomitant reduction in community annoyance. However, {unda-

mental noise-producing mechanismsg have not been quaniitatively

assessed.
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TOTAL TRUCK NOISE CONTROL

The component noise control measures described above may
be combined in a variety of ways to meet specified limiis for
overall truck noise. (Tire noise control is not included in this dis-
cuasion.} In general, the nolse control strategy is determined by
the gource level of the noisiest and most difficult-to-control 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 section 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 acurce 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 ensure 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.
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Diesel-Fueled Trucks

Present production medium and heavy duty diesel trucks display

the following ranges of measured source levels (in dB(A))

Engine Fan Exhaust
76-85 75-85 15-85

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 production trucks first., Thus, trucks
having engines with source levels of 80 to 85 dB(A) have quieter {ans
and exhaust systems than trucks with quieter engines.

Table 5-2 shows one combination of source levels that will
yield a production line truck that generates an overall noise level
of less than 83 dB(A}). More than 30% of trucks presently being pro-
duced already generate noise levels less than 83 dB(A). Of those
trucks not meeting this level some will require only a few modifica-
tions, while others will require engine or underhood treatment.
Nevertheless, all manufacturers could produce trucks that would
achieve this level with all engine types, using off-the-shelf hardware,
This may require that such trucks, depending on the model, be

TABLE 5.2

COMPONENT SOURCE LEVELS FOR AN 83 dB(A)
OVERALL TRUCK NOISE LEVEL

Component Noise Level, dB(A)
HEngine < 81

Fan < 75| <83
Exhaust = 75

All others £ 70

fitted with quieter exhaust sygter':?is. quieter cooling fans, and/or
-1
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engine noise control packages.

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 environment as much as by fan design,
However, manufacturers may elect to use larger, slower [ans with
well-deglgned shrouds and replace radiator shuttera wilh a byposs
tubing to achfeve greater noige reduclion.

Component source levels which will yield trucks whose overall
noise level is, for example, 80 dB(A), are shown in Table 5-3, Vir-
tually all trucks produced today will require quieting aitention to meet
this level. Engine noise will be a primetarget for quieting. The quieter
diesel engines, which are used in about 23% of the trucks currently
produced, will require covers or quieting kits to reduce their noise,
while the noisierdiesel engines, whichare usged 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 nolse. 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

TABLE 5-3

COMPONENT SOURCE LEVEL COMEINATIONS FOR
AN 80 dB(A) OVERALL TRUCK NOISE LEVEL

Component Noige Level, dB{A)
Engine = 75
Fan = 74 = 80
Exhaust = 175
All Others = 70

for a slightly too noisy engine by lowering exhausi levels more.
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Table 5-4 shows a combination of component levels that will
produce a iruck with an overall noise level of 75 dB(A). To achieve
this level, most trucks will requive some lype of engine enclosure
built into the cab. In addition, olher components will require treal-
ment with the best available technology.

TABLE 5-4

COMPONENTS SOURCE LEVELS FFOR A 75 dB(A)}
OVERALL TRUCK NOISE LEVEL

Component Noise Level, dB(A)
Engine = 70
Iran = 66 \ =175
Exhaust = 68

All Others 70

Gasgoline-Fueled Trucks

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

Engine Fan Exhaust

75=T77 80-85 80
Table 5-5 lists a set of componeni source levels that will pro-
duce a truck with an overall noise level of 83 dB(A). Noise control
to meet this level will consist primarily of quieting fan noise by using
a larger, slower fan and incorporating a better exhaust system.,
TABLE 5-5

POSSIBLE COMPONENT SOURCE LEVEL COMBINATIONS
FOR SPECIFIED OVERALL TRUCK NOISE LEVELS

83 dB{A}
Component Noige Level, dB{A)
Engine = 78
FFan < B0\ <83
Exhaust = 75
Al Cthers < 70
5-19
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A liat of component source levels Lthat will permit a truck to
meel an overall level of B0 dB3(A) fs ghven in Table 6.6, Manulfne-
turers will have no significant problems in achleving engine and  ox-
haust 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 5-8

POSSIBLE COMPONENT SOURCE LEVEL COMBINATIONS FOR
SPECIFIED OVERALL TRUCK NOISE LEVELS

80 4B(4A)
Component Noise L.evel, dB(A)
Engine £ 75
Fan < 74 \ 80
Exhaust = 75
All Others = 170

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 recireunlation

panels. .
TABLE 5-7
POSSIBLE COMPONENT SOURCE LEVEL COMBINATIONS FOR
SPECIFIED OVERALL TRUCK NOISE LEVELS *
75dB(A)
Component Noise Level, dB(A)
Engine = 70
Fan <« 65 L £75
Exhaust = {8
All Others < 70
5-20
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SECTION 8

HEALTH AND WELFARE
INTRODUCTION

Seciion 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 frec [rom noise that jecpardizes
their health or welfare...." Consistent with this policy and as part of
the regulation development process, two analyses have been condueiad
to evaluate the effects of new truck noise on public health and welfare.

In one analysis, discussed here, the effects on the American pop-
ulation of new truck operating rules, together 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, environmental situations defined by scenarios
were evaluated to estimate truck neise 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 new truck noise levels to assess the type of eaviron-
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 considers the maximum noise level intrusion
due to single events of truck passby noise.

6~1
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ERFFECT OF NEW TRUCK NOISE LEVELS ON PUBLIC HEATL/PIL AND

WELFARE "IN THE LARGRE"

Introduction

In this section the effects of differing new production truck noise
levels onthehealthand 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 approach.

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

To performthe analysis presented in this section, a noise meas-
ure is utilized that condenses the information 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 noise on the public health and welfare. This measure was
developed as a result of theNoige 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 thuse noise
measures believed most useful for describing environmental noise
and itg effecton people, independent of the source of the noise, That

§-2
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is, the nolse produced, whether by motor vehicles, aireraft, orin-
dustrial facilities, is evamated ot the bagis of a common measure
of noise. Further, the magnitude of environmental noise, us de-
scribed by this measure that EPA congiders desirable [rom a long-
term view ofpublic health and welfare, has been selected for a variety
of occupied space and land uses,

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

Definition of L.eq and L.dn

Environmental noise is defined in the Noize Control Act of 1872
as the "intensity, duration, and the character of sounds from all
sources." A measure for quantifying environmental noise must not
only evaluate these factors, but must alsc correlate well with the
various modes of response of humans to noise and he 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

6-3
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aseneral symbob for equivalent Tevel is 1o, and ity hasie definition

I -
fb-“‘“’@.) A
bge o= AU (U SN LAY £ SN T
g FO Lc:c,m et E;.

where to- 1 s the interval of time over wflicrh the levels are oval-
uated, p(t) is the time varying szound pressurae of the noise, and By
is a reference pressure, standardized at 20 micropascal,  When
expressed n lerms of A-weighted sound level, LA, the equivalent
A~weighted sound level, Leq, may be defined as;

él
[-qufé)/ib:ﬂ B 9
Laﬁ = IOLo&m {_;j:-:_;; . 16 2 (6.2)

e,

There are lwo time intervals of interest in the ase of Leqg for impact
aggessment.  The smallest interval of interest for vehicle noise on
highways ig one hour, often the "design hour' of a day. The primary
interval of interest for residential and similar land uges is a 24 -hour
period, with a weighting applied (o nighttime noise leveis to aceount
for the increased sensitivity of people associated with the decrease
in backgroundnoise lovels atnight, This 24-hour weighted cquivalernt
level is called the Day-Night Equivalent I.evel, and is symbolized
as lddn,  The bagic definition of Ldn in terms of the A-weighted

sound level is: 20 / OTee
£ o Ladeifro
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where Ld is the equivalenl level, chiained belween 7 a,m. and
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10 pom. and Ln is the cquivalent level obtained between 10 p,m.,
and 7 a, m, of the following day.

Assessment of Impact due to linvironmental Noise

The underlying conce for neise impact assessment in this anael-
ysig isto compare the change in expected impact, in terms of number
ol people involved, to the change expected in the noise covironment,
Three fundamental components are involvnd in the analysis: (1) defl-
inition of initial acoustical environment, (2} definition of final acous-
tical environment, (3) relationship hetween any specified noeise enviir-
onment and expected human impact,

The first two components of the assessment are entirely site or
:-:ystém spuecifie, relating to either estimates or measurement of the
environmoental noise bhefore and after the action being considered,
The same approach is used, conceptually, whether one is examining
one 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 methodolegies for esti-
mating the noise environment in each ecase, the relationships lo
human response can be quantified by a single methodology for each
site or noise producing system considered in terms of the number of
people in occupied places exposed to noise of a specified magnitude.
This is not to 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, socio-economic status, polit-

ical cohesiveness, and other social variables. In the agpreogate,
however, lor residenlial tocations the average response of groups of
peaple is quite atably related to cumulative noise cexposure as ox-
pressed in a measure such as l.do. The response to bhe used is the
general adverse reaclion of people to noise, This reasponse is a com-
bination of such [actors as speech interlerence, sleep interference,
desire {for a tranquil environment, and the abilily to use telephones,
radio, and television satisfactorily. The measure of this response
is relaled to the percent of people in a population that would he ex-
pected to indicate a high annoyance lo noise at a specilied level of
noise exposure.

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

A detailed discussion »f the relationshipsbetween noise and human
response is provided in several published EPA documents. For ex-
ample, the different forms of response to noise such as hearing
damage, speech or other zctivity interference, znd annoyance
are related to Leq and Ldn in the EPA Levels Docurnent {Relerence
1), For the purpnses of this study, two sels of criteria have
been adapted from these EPA documents. It will be considered

G6-6
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that if the levels identified in the previous document are mel, no
impact exisis.

The level of envirenmental noise identified as requisite Lo protect
the public health and welfare with reforence to speech communicalion
indoors is a day-night sound level (Ldn) of 45 di3 (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 (first presentation to listeners)
drops to 90% when the level of the noise environment is increased by
approximately 19 dB above the identified level, and to 50% when the
level is increased by approximately 24 dB, The intelligibility for
sentences (known to listeners) drops to 90% when the level is
increased by approximately 22 dB above the identified level, and to
50% when the Ievel is increased by approximately 26 dB (Reference
1).'! Thus, considering 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 more
than 20 dB above the identified level, the intelligibility of conver-
sational speech deteriorates rapidly with each decibel of increase.
Tor this reason, a level which iz 20 dB above the identified level
is considered to result in 100% impact on the people who are exposed,
For environmental nolse levels which are intermediate hetween 0

and 20 dB above the identified level, the impact is assumed to
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vary linearly with level; i.e., a5 JdB cxcess constitutes a 25% Ilmpact
and a 10 dB excess constilules a 50% impact.

A similar conclusion can be drawn from the community reaction
and annoyance data containedin Appendix D of Reference 1. The com-
munity reaction data show that the expected reaction Lo an identifiable
source of intruding noise changes {rom 'none' to 'vigorous' when
the day-night sound levelinereases{rom 5 dB below the level existing
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 anncyed
by 40% of the totasl exposed population (Reference 8).

For convenience of calculation, these percentages may be ex-
pressed as fractional impact {FI). An FL of 1 represents an impacl
of 100%, in accordance with the {ollowing formula:

FIL = 0.05 (L~Lc) for L#Le

(6.4)

FI =0 for La L¢
where L is the appropriate l.eq for the environmental noise and Lic
is the appropriate identified criterion level, (Note that 'l can exceed
unity.)

The appropriaie identified criterion level for use in calculating
fractional impact is obtained rom Table 4 of Reference 1. For
the analysis of the impact of the noise of moior vehicles on people
living in residential areas, the appropriate identified level is an
Ldn of 55 dB., which exlsts outdoors. For other analyses conecerned
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with office buildings and other types of spaces when indoor specech
communication is the principal factor of concern, the appropriete
identificd criterion level is an Ldn of 45 di3 (indoors), which is Lrans-
lated Lo an outdoor level by using o sound level reduction appropriate
to the type of siruclure.

Data on the reduclion of noise afforded by o range of residential
structures are available (Reference 4},  These dala indicate that
houses can he approximately categorized into "warm climate' and
"eold elimaie" types. Additionally, data are available for typical
open-window and closed-window conditions, 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 technlques, and individual building plans. Nevertheless,
for planning purposes, the typical reduction in sound level from out-
gide 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 reom absorption of 300
gabins (typical average of bedrooms and living rooms), This window
open condition has been assumed here in estimating conservative
values of the sound levels inside dwelling units which result from
outdeor 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
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level of cnvironmental noise may he assesseoed by multiplying the
number of people exposed lo that level of environmental noige by the
fractional impact associated with this level of the environmental noise
as follows:

Peq = (FI} P {6.3)
where Peq is the magnitude of the impact on the population and is
numerically equal tothe equivalent number of people all of which would
have a fractional impact equal to unity (100%) 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, WITIH WINDOWS
OPEN AND CL.OSED

(Reference 3)

Windows Windows

Open _Closed
Warm Climate 124dB 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
accordingly.

When assessing the total impact of a given noise source or an

agsemblage of noise sources, the levels of environments! noise asso-
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ciated with the source(s) decrease as the distance between the source
and receiver increase, Inthis case, the magnitude of the total impact
may be compuied by determining the number of people exposed at
each level, and summing the resulting impaect. The total impact is

31’2 Pe-FI, (6. 6)

given by the following formula:

where FL,; is the fractional lmpact associated with the i " level and
P, is the population associated with i level,

The change in impact agsociated with an action leading to noise
reduction, or change in population through a change in land use, may
be assessed by comparing the magnitude of the impacts for the ''be-
fore" and "after" conditions. One useful measure is the percent

reduction in impact (4), which is calculated from the following

expression:

{P ¢y tbefore) ~ Pag (After))
A =100 P eqlbelore) (6.7)

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

Thus, a 100 percent positive change in impact means that the
environmental noise has been reduced such that none of the population
is exposed to noise levels in excess of the identified levels,

In order to place this concept in perspective, an example is [irst
considered, In ithe IEPA study, ''Population Distribution of the
United States as a Function of Outdoor Noise Level" (Reféerence 9),
an estimate is ﬁrovldr:d for the number of people in the United
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Stales exposed to various levels of urban noise, The above concepis
can be used to illustrate the current impact of this exposure, and
then lo assess the change in impact if all nolse sources were reduced
5, 10, or 15 decibels. In the following vomputation, using the data
taken from this study, Pi is defined as the population between succes-
sive § decibel inerements of l.dn. This population is assigned an ex-
posure Ladn midway between the appropriate successive Ldn levels,
For this example, the identified criteria level is an Ldn of 55 dB3
measured ocutdeors.

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-
duetion regults in an 85% reduction in impact and a 15 dB noise
reduction results in a 96% reduction in impact.

The impactaé.raessment procedure may be summarized by the fol-
lowing steps:

1. Estimate theL.eq or Ldn produced by the noise source system

as a function of space over the area of interest,

2, Define sub-areas of equal Leq or Ldn, in increments of §

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

4, Calculate the FI,; values for each Ldn < and Leq:, obtained
in step 2.

5, Calculate FI: x P. for each sub-area in step 2.

8. Obtain the equivalent impacted population for the condition

612
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exiating before the change being evaluafed,
Peq, = FL; x Py,
by summing the individual contributions of step 5.

7. 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,)

8. Obtain the pereent reduction in impact from

Peqy Peqy .
A . (6. 8)
=100\ T P

Application of Assessment Technique to New Truck Regulation

The methodology presented in the previous scction can he

directly applied for assessing the effecls of motor carrier operating
ruies, together with the effects on the United States population
of different noise levels for new production trucks, The following
information provides a quantitative comparison 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 hlghway noise model presented in the Highway Research Board
Design Guide (HRBDG). Furthermare, the following agsumptions
have been made for the urban traffic situation:

1. The baseline conditions for trucks will exist as of October

1974, asdescribed in the noise emission standards for motor
carriers in interstate commerce proposed by EPA under
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Scction 18 of the Noise Control Act (38 IFR 20102 July 27,
1973). Carrier operating standards require Lhat all medium
and heavy duty trucks over 10, 000 pounds gross vehicle weight
rating (GVWR) not exceed the level of 86 dB(A) under any
conditions ol operation when iraveling at speeds leas than
35 mph. In the urban environment, since the average speed
through urban streets is 27 mph (Reference 1), this baseline
assumption is a suitable starting poinl for the delermination
of noise level changes resulting 'rom a new Lruck regulation,

2, The vehicle mixture is assumed to he 1% heavy duly trucks,
6% medium duty trucks and 93% autornobiles (Reference 8).

3. The population density inthe vicinity of urban roods for noise
impact agsessment is that recently reported by EPA (Refer-
ence 9).

4, State and city noise repulations becoming 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 vccur for automobiles and the expecled use
of quiet tires are estimates based on current trends in

local and Federal noize 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

(556 mph)} cruise on level ground, and has made use of actual noise

! reductions observed during cruise conditions. The data usedare those
; presented in HRBDG volume 5, page 11, table 2. The actual net
6~-14
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TABLE 6-2

ESTIVATE OF TYE IMPACT OF SUCCESSIVE REDUCTION OF ALL URBAN NOISE SQURCES IN

Current Conditions

5-DECIBEL INCREMENTS

Lan Noise Reductien in Decibels

Population 0 5 Lo 15
Lgp ©¥posed to Py
' higher Lgne millions 5
dB dn3 FI, FIiP; FI; FI;Pi | FI; FI;P; | FI; FIqP;
nillions -*  millidns -*  millions{ - milliens| -  millions
55 93,4 34.4 0.125 4.3 0 0 0 0 ¢ 0
GO0 59.0 34.7 0.375 13.0 0.125 4.3 0 0 0 0
&5 24.3 17.4 0.625 10.9 0.375 6.5 |0.125 2.2 a 0
70 6.9 5.6 0.875 4.9 0.625 3.5 10.375 2.1 |0.125 0,7
75 1.3 1.2 1,125 l.4 0.875 1.1 [0.625 0.8 |0.375 0.5
80 .1l 0.% 1.2375 0.1 il.125 0.1 {0.97¢ 0.1 i{0.625 0.1
Total Eqguivalent People
Impacted 34.6 15.5 5.2 1.3
Percent Reduction in
Impact 0 55 BS 926
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reduction during SAE J366 test is pgreater than the net

noise reduction during cruise due in the effect of tire noise at hiph

speeds,

For this analysis, the followityg assumptions were made:

1.

A tire noise levelofl 77 dB{A)when measured at a eruise speed

of 556 mph and al a distance 50 feael away from the vehicle, An

agaumption was mivde thal eross-rib res condd biv Tapreod

oul of uge as 8 resull ol inereasingly sovere high mpeod nalse

gstandards being instituted by EPA under authorization of
gection 18 of the Noise Control Act. Thiz agzsumption of the

future extensive use of straight rib tires further suvprorts the
choice of a tire noise level of 7T dB(A} ai high speeds.

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

(HRBDG),

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

Since there exist verylittle data concerning the population den-
sity around highways, the average population density arcund

urban highways is assumed equal ¢ that found in urban areas

for the nation as a whole. The 1970 census data indicated
that the average population densiiy in urban areas for the
nation ag a whole is 4, 950 people per square mile; thus, the
number chosen forthe presentanalysis is 5,000 people/square

mile. Furthermore, if the population distribution around high-

ways s assumed homogenous, it ig estimated that there are
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8.

40 million people (8, 000 x 5, 000) presently tiving within 1/2
mile of {each side) an urban freocway.
A hasic highway is level and has six lanes of traffic, [Por the
purpose of calculating attenuation of noise on the highway,
it is agaumed that lhe typical house is on a lot 100 feel long,
50 feclt wide, and 70 feol from the nearest lane of Lthe frecway,
Dealgn hour g prediented on tealTic flow of 7, 200 vehicled
per hour traveling al an average apeed of 55 mph,
As of October 1975, Interstate Motor Carrier operating rules
will permit noise levels from medium and heavy duty Lrucks
to be ne greater than 90 dB{A) at speeds preater than 35
mph, measured at 50 feet from the centerline of the vehicle
path. Thedatapoints used from which further extrapolations
may be made are at 83, 80 and 75 dB.
For purposes of health impact assessments three models
have been developed with varying effective dates, These are:
Model 1~ New trucks of over 10,000 1b GVWR will be re-
quired not to exceed the following noise levels

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

83 1976
80 1080
75 1982

and the U.S8,E.P.A. Intergtate Motor Carrier

standards, as proposed, are in effect.
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Model 2 - Same as Model 1 with the lollowing dates:

B3 1ave
80 1977
75 1980

Madel 3 - Same asModel 1, with effective dates used to separale

gas engine and diesel engine powered trucks;

80 83 1976
80 83 1977
75 80 19580
75 75 1982

The following analysis considers operations under three condi-
tions: urban freeways onl.y. urban streets only, and the aggregate of
the two. The analysis derives the change in Ldn, for each condition,
for various yeara between 1974 and 1992, 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 ag a function of time, relative
to 1874 noise levels.
Table §-4 - Number of equivalent noise impacted people
for the bageline case and the three models
as a function of time.
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Table 6-5 ~ Percentage change in number of equivatlent
noise impacted people for the baseline case
and the Lhree madels relative to 1074,

The tmpuct estimates indicate o Models 1 and 3 have the dime
results, whercas Mode!l 2 accelerales the reduction in lmpael by
approximately 2 years. The percent reduction in impact trom free-
way traffic is slightly greater thanthat for urban streets {63 or 57%).
The estimated percentage reduction for the combined impact of traf-
fic on urban étreets ig 58%, reflecting that the preponderance of the
expected impact is attributable to traffic on urban streeis.

Further analysis indicates that the remaining estimated impack
from traffic on urban streets in 1992 apportioned lo truck sources
is upproximately as {ollows:

Medium duty trucks 37%
Heavy duty trucks 6%

Teo achieve an additional significant reduclion 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 decreased by a factor of 4 to 8,2% 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 decreage in level would
reduce the estimated equivalent number of people impacted after the
regulation is fully effective from 15, 8 million to 5 million, a reduction
of over B6% from the 1974 baseline condition.,
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Table 6.3

Reduction in Day-Night Level in Decibels Relative to 1974
Values, as a Function of Years

Ttem Year
1976 1980 loa2 1990 1992
Freeways
Cperating rules and new autos
ONlY.civeueeasssnsnsnuasons 2.4 2.4 2.4 2.4 2.4 ’
Model 1..i.eeviericniirannaea 2.4 3.6 5.0 8.4 B.6
Model 2, ... i.iiiiiiiiinennn 2.4 4.4 6.2 8.6 8.6
Model d..eieiiiiinrnionnanaa 2.4 3.6 5.0 B.4 8.6
Urban Streets
Operating rules and new autos
ONLY eneacansnorssnsnaancan 0,7 1.2 1.4 2.0 2.0
Model  J.ueneevocnnianansanss 0.7 1.5 2.1 4.9 5.3
Model 2iaeaseoertotnnrancnns 0.7 1.8 2.5 5.0 5.5
Model 3..iiviiancsisacirncss 0.7 1.5 2.1 4.9 5.3
i
|
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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
Preeway..cseeeearrvaes=] 2.7 2.1 2.1 2.1 2.1 2.1
Urban. ..c.eeeceasas vee-| 34.6 31.5 29.4 28.4 26.0 26.0
Total..eeveeronnenea| 37.3 33.6 31.5 30.5 2B.1 28.1
Model 1
PreeWaY .« erssersnionsa 2.7 2.1 1.8 1.6 1.1 1.0
Urban. ceceeecennsaesss | 34.6 31.5 28.0 25.6 15.9 14.8
Totale.ieiesawaassass| 37.3 33.6 29.8 27.2 17.0 15.9
Model 2
PreeWaY.coeettavancnss 2.7 2.1 1.7 1.4 1.0 1.0
Urhan.. cieieiimeeasass ] 34006 31.5 27.0 23.2 14.9 13.8
Totalsisvseessveoonnesa| 37.3 33.6 28.7 24.46 15.9 14.8
Model 3
FPreeWaY csraorncsncansn 2.7 2.1 1.8 1.6 1.1 1.0
Urban.i.ccivcivneenanss] 34.6 31.5 28.0 25.6 15.9 14.9
Totaleiseewnreasaeea| 37.3 33.6 29.8 27.2 17.0 15.9
6~21
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Table 6.5

Percent Reduction in Equivalent Noisce Impacted Population Relalive
to 1974 Basoline

Year
Itenm
1976 1980 1982 1990 1992
Freeway Only
Operating rules and new autos
ONlYesicvnenosansnnnssaannsns 22 22 22 22 22
Model de s ieiar st 22 33 41 59 63
Model 2t iii it a bt a e 22 37 48 63 63
Model K 22 i3 41 59 63
Urban Streets Only
Operating rules and new autos
ONlY¥e iceeronsincrannsonaans 9 15 18 25 25
Model desraanereriaransnansne 9 19 26 54 57
Mexlel 2easusirensnasaarnanna 9 22 33 57 60
miel 3.--.--.-------------- 9 19 26 54 57
Total
Operating rules and new
AULO8 ONlY.ieevsossnnscas 10 16 18 25 25
Model P 10 20 27 54 57
Model . 10 23 34 57 60
! Model Jee it etiactiraiannen 10 17 27 59 57
i
i
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EFFECT OF NEW TRUCK NOISE LEVELS ON PUBLIC HEALTIT AND
WELFARE "IN INDIVIDUAL CASES"

This section considers the public health and welfare in individual
cages, the descriptiong of the environmental situation models studied,
a discussion of lhe basic cquation derived for analysis purposes, and
the presentation of the resulis obtained fram analysis of the environ-
mental situations described,

Description of Environmenial Situations Studied

For the purpose of this model, an environmental situation was
defined as follows: "An environmental situation is 2 common every-
day activity at which a human being spends considerable time and in
which intrusive noise of sufficient magnitude would evoke a feeling
of annoyance." Since this definition of an environmental situation is
broad innature, humanactivities and sites wherehuman activity occurs
were selecled to typify those environmental situations thought mast
prevalent.

The three broad categories of human activity selected were
(1) normal convergation, (2) thought process and (3) aslaep. 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 investigpated but not to exclude nor com-
promise conditions highly germane to the mode],

In the normal conversation category, the model was limited

to the passby interference of trucknoise on normal conversation. Nor-
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mal ceonversation was defined as an activity in which people could com-

municate at a2 comfortable voice level or hear welevision or radio sound

ata volume setting that would be comfortable in the absence of intrusive

nolse. A levelof 60 dB{(A) was selected as an acceptable ambient specch

level for normal conversation indoors or ouldoors in the absence of in-

irusive noise. The 60 dB{A) level selected was baged on (1) actual .
measurement, in a typical living room, during television listening al
a comfortable volume setting and {2) analytical calculations of the acous-
iic 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 noisc 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
uninterrupled thought activity due to intrusive noise in a qulet office
(References 5 and 6). A second level, that of 51 dB{A), was selected
as the outdoor ambient level to comforiably perform outdoor thinking,
The rationale for this selection is based on the fact that outdoor ambient .
noise levels are typically higher than interior ambient noise levels {Ref-
erence 7).

In the asleep category, the model was limited to the passby in- i
fluence of truck noise on sleeping. A level of 40 dB(A) was selected
as that occurring in a typical urban bedroom. A level of 44 dB{A) was
selected as that representative of a typical outdoor nighitime ambient
level (Reference 7). f?
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The five calegories gclecled for sites where human aclivity
enactment occurs were (1) an apartment interior, (2) a cornor voom
interior of a frame house, (3) an office interior, (4) an outdoors
residential location, and (5) an urban sidewalk location,

For the apartmentinterior site a room, with height to width to
length dimensions of 8 ft to 15 ft to 20 It, was selected as representa-
tive ofatypical mediurn 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.
Otherarchitectural-acoustic descriptions of the apartment inlerior site
appear in Appendix B.

The frame house (corner room) interior site description
wag selected to duplicate most of the dimensions and acoustical char-
acteristics of the apartment interior with the added condition that the
room contained two adjacent walls with {closed and airtight) windows
exposed to intrusive noise incident on the exterior windowed surfaces.
Appendix B conizins more architectural-acoustic description of the
corner room in the frame house interior site.

The office interior site room size was maintained at the 8 {1
x 15 ft x 20 ft dimensions of the apartrment interior site, but was
modeled to architectural-acoustic qualities thought representative
of a typical office. Appendix B contains additional information to further
define the architectural-acoustic description of the oifice interior site.

The cutdoors residential site was defined as a generally open,

free-figld area void of obstructions that might cause sound reflections.
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The urban sidewalk site, like the outdoors residential site,
was defined as a 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 dBB{A) would become annoyed, for
whatever reason, if the ambientis appreciably raised. The 73 dB(A)
level is that typical on an urban sidewalk (Reference 7).

Discussion of Eguation Derived for Analysis

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

assumptions, are presented in Appendix A.

§, = da + 10 LOGW{{%)L' (-g,;)} (6. 8)

Equation (8.8), which is identical to Equation (4, 33)
in Appendix A, pgives the noise level 5, in dB(A) of a truck,
measured at a distance 1o+ whose pagsby will produce a noise
level é;dB(A) ingide a particular room located at a distance from
the specified truck operation, The transmission and ahsorption
chnract_ertics of the particular structure involved as well ag thc
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truck noise, which ave all generally frequency dependent, are

jointly incorporaied into the parameterg given by

A
qQ=5qp =g Ip- Jop
P p Ap

Here, the summation subscript p identified the p th

(6.9}

octave band, of interest to the sludy, while Ap and Tp represent,
for the p th octave band, the interior absorption and structural
transmittance, respectively, for the particular activiiy site. Also,
Jopls the normalized A-weighted ﬁh octave band intensity component
of the noise spectrum for the specified truck operation.

As an example of the use of Equation (6.8), suppose thal it
is desired to calculate the iruck noisc level in d3{A) measured at
50 feet which would preclude subatnplie]l annoynnee txnoeiatoed with
the disruption of a person's thought process during study lneide the
Apartment Interior activity site, 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 noise level increase of
10 dB{A) above the acceptable ambient levels identified in this sec-
tion will initiate a substantial degree of annoyance for all of the
human activities defined, The 10 dB(A) ambient noise increase is
derived from Reference 3, where it is indicated that an increase
bythis and even lesser amounts could cause annoyance, ‘The 10
dB(A) might be considered as that amount of increase where sub-

stantial annoyancebegins to occur. Thus, with this eriteria, the noise

s

e ————



rumnrawe.

" .

-

level inside the reom  for Lthe poarticular eavironmental gitualion heing
congidered; i.e,, thinking in an Apartment 50 Teot ferom the rond, is
§r - aceceplable ambient level + 10 di3(A)
d r = 45 + 10 = 55 dI3(A)

From Lthe interior descriplion of the Apartmeat site given in
this seclion {and Appendix B), the sound absorption characteristics of
the Apartment actlivity space can be determined. The sleps necessary
to calculate the total absorption lor cach octave band of interest for the
Apartment activity sile are summarized in Table C-1 of Appendix C. In
Tabhle C-1, values for the absorption coefficienis, ete., lor the various
site components were obtained from the references cited in Appendix B,
As shown in Tahle C-], Column 6 provides octave band absorptions, in em
absorption units, for the octave bands listed in Column 1,

From the wall structure description of the Apartment sile given
in this section (and Appendix B), the lransmisgsion characteristics of the
Apariment structure can he determined, The steps necessary lo cal-
culate the total transmitlance for each octave band of intercst for the
Apartment structure are summarized in Table D-1 of Appendix I, In
Table D-1, values for the iransmission coefficients ¥ were obtained

fram the relation
| - Sefio
= i0 (6. 10)

where Je is the transmission loss in deeibels, Values for the various
transmission losses were oblained as follows: for the windows, ihe

best estimate of ‘ft is that obtained (rom the "mass law" (Refercnce 10),
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Thus, values of &c were obtained from the cquation

§ .= 101log (1+1,366 x 103p2€?) (6. 11)
10

where p is the surface density, lbsfl't." ., of the window and { ig the
frequency in Haz. [For the walls, values of Jn were obtalned from
the reference cited in Appendix B.

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

The situational factors in Kquation (6,9) can now be de-
termined. The sieps taken to obtain these situational factors for
the environmental situation being presented are summarized in Table
G-1 of Appendix G. From the data of column 5 of Table G.2, it

ig seen that the parameter can be calculated to be

4 = £ qp =.000675 (6. 12)
% .

The noise level ( &, ), measured at a distance (lao) of 50 feet,




that the truckinvolved in this siiuational example can generate without
producing a noise level {§ r) of 56 AB({A) inside the Apartment localet
at a distance ( y) of 50 feet from the road without causing substaniial
annoyance to a person who is studying in the Apartment can thus be
calculated from Equation (6.8). Using the above information and the

value of g from Equation (6.12}, it follows that

{ (5 1))
§ = 55+10 10%(53‘)2){'01)11?5’7’3} = 87 dB(A) (6.13)

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

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

Results lor Environmental Situations Studied

The procedure outlined in Appendix H was used to determine
the truck noise levels at 50 leet which, if allowed, would cause sub-
stantial annoyance for each of a total of 113 environmental situations.
The enviranmental situations studied included various combinations
of activity sites, human activities, and distances {rom the road.
The results forthese environmental situations are presentedin Tables
6.6 and 6.7 for low speed, high acceleration and conetant high speed
truck operation, respectively.
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TABLL 6.8

LOW SPEED, HIGH ACCELERATION TRUCK OPERATION NOISIZ LITVIILS

AT 50 FEET TO PRECLUDE ANNOYANCE IN VARIOUS
ENVIRONMENTAL SITUATIONS

Environmental Situation

Truck Noise

o T RTINS e

at 50 Ifeel
[Turman Distance from to Preclude
Activity or Road Centerline Annoyance
Activity Site Condition {ft) {dB(A))
Apartment Interior Normal 200 114
Canversation
Office Interlor Normal 200 111
Conversation
Frame House Normal 200 11¢
Interior Conversation
Apartment Interior Normal 100 108
Conversation
Office Interior Normal 100 105
Conversation
Frame House Narmal 100 104
Interior Conversat‘;on
Apartment Interior Normal 50 102
Convergalion
Office Interior Normal 50 99
Conversation
Apartment Interior Thought 200 0%
Process
Frame House Normal 50 a9
Interior Conversation
Office Interior Thought
Process 200 96
Apartment Interior Normal 25 98
Conversation
Frame House Thought 200 a5
Interior Process
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TABLLE 6.6 (CONTINUED)

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

nvironmental Situation Truck Noise
at 50 Feet
Tuman Distance {rom lo Preclude
Activity or Road Centerline  Annoyance
Activity Site Condition {ft) {di3(a))
Apartment Interior  Aslecp 200 04
Frame louse Normal 25 93 .
[nterior Conversatian )
Office Interior Normal 25 93
Conversation
Apartment Interior  Thought 100 83
Process
Office Interior Thought 100 90
Process |
Frame House Asleep 200 90 ;
Interior
Apartment Interior Normal 12,5 80
Conversgation
Frame House Thought 100 89
Interior Process
Frame House Normal 12,5 88
Interior Conversation
Apartment Interior  Agleep 100 88
Office Interior Normal 12,5 87 )
Convergation ’
Apartment Inferior  Thought 50 87
Process
Frame House Asgleep 100 B4
Interior
Office Interior Thought 50 84
Process :
Frame Housge Thought 50 B4 I
Interior Process
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TABL.E 6.6 (CONTINUED)

LOW SPERD, HIGH ACCELIERATION TRUCK OPERATION NOISE LEVIELS

AT 50 FEET TO PRECLUDIZ ANNOYANCIE IN VARIOUS

ENVIRONMENTATL SITUATIONS

nvirenmental Siluation Truck Noise
00 Meol
Human Distance 'rom Lo 'reclude
Activity or Road Coenterline Annoyance
Activity Site Condition (dB(A))
Urban Sidewalk Ambient Level 83
Outdoor Normal B2
Residential Conversalion
Apariment Asleep 82
Interior
Apartment interior Thought 61
Process
Frame House Asleep 79
Interior
Frame House Thought 78
Interior Process
Office {nterior Thought 78
Process
Urban Sidewalk Ambient 77
Level
Outdoor Normal 76
Residential Conversation
Apartment Asleep 76
Interior
Apartment Thought 75
Interior Process
Frame House Asleep 73
Interior
Outdoor Thought 73
Resgidential Process
Frame House Thought 73
Interior Process
Office Interior Thought 72
Process
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TABLE 6-6 (CONTINUED)

LLOW SPEED, HIGH ACCELERATION TRUCK OFPERATION NOISE LEVELS
AT 50 FEET TO PRECLUDIZ ANNOYANCTE IN VARIOUS
ENVIRONMENTAL SITUATIONS

Environmental Situation

Truck Nojse

at 50 Feet
ITurnan Distance from to Preclude
Activity or Road Centerline Annoyance
Activity Site Condition (ft) {dB{A))
Urban Sidewall: Ambient 12.5 71
Level
Qutdoor Normal 50 70
Residential Conversation
Apartment Interior Aslecp 12,5 70
Frame House Aslecp 12,5 6o
Interior
Outdoor "Thought 100 67
Residential Process
Qutdoor Asleen 200 G6
Residential
Qutdoor Normal 25 64
Residential Conversation
Outdoor Thought 50 61
Resgidential Process
Qutdoor Asleep 100 80
Resldential
Qutdoor . Normal 12.5 58
Regidential Converaation
Outdoor Thought 25 55
Residential Process
Qutdoor Asleep 50 54
Residential
Outdoor Thought 12,5 49
Reasidential Process
Outdoor Asleep 25 48
Residential
QOutdoor Asleep 12,5 42
Resgidential
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TABLE 6.7

CONSTANT HIGH-SPEED TRUCK OPERATION NOISEE LIZVIELS
AT 50 FEET TO PRECLUDIE ANNOYANCIE [N VARIOUS

ENVIRONMENTAL SITUATIONS

Environmental Situation

Truck Noise
at 60 Feet

Human Distance from lo Preclude
Activity or Road Centeriline  Annoyance
Activily Site Condition (ft) (dB(A))
Apartment Normal 200 117
[nterior Conversation
Office Normal 200 115
[ntericr Conversation
I'rame House Normal 200 114
[nterior Conversation
Apartment Normal 100 111
interior Conversation
Office Normal 100 109
[nterior Conversation
Frame House Normal 100 108
Interior Conversation
Apartment Normal 50 105
[nterior Conversation
Office Interior Normal 50 103
Conversation
Apartment Thought 200 102
[nterior Process
Frame House Normal 50 102
Interior Conversation
Office Inierior Thought 200 100
Process
Frame House Thought 200 99
Interior Process
Apartment Normal 25 09
Interior Conversation
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CONSTANT HIGH-SPERED TRUCK OPERATION NOISE L.EVIELS

TARLTE 6.7 (CONTINUILLD)

AT B0 FTEET TO PRECLUDI ANNOYANCE IN VARIOUS

ENVIRONMENTAIL SITUATIONS

Environmental Situation

Truck Noise
at 50 Feet

Human Distance from to Preclude
Activity or Read Centerline Annoyance
Activity Site Condition {it) (dB(A))
Apartment Interior  Asleep 200 97
Office Interior Normal 25 a7
Conversation
Frame House Normal 25 97
Interior Conversation
Apartment Interior  Thought 100 96
Proceas
Frame House Asleep 200 94
Interior
Office Interior Thought 100 84
Process
Apartment Interior Normal 12,5 893
Conditions
Frame House Thought 100 93
Interior Process
Frame House Normal 125 92
Interior Conversation
Apartment Asleep 100 91
Interior
Office Interior Normal 12.56 g1
Conversation
Apartment Thought 50 90
Interior Process
Office Interior Thought 50 88
Process
Frame House Agleep 100 88
Interior
Frame House Thought 50 87
Interior Process
6..36
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TABLE 6-7 (CONTINULED)

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

ENVIRONMENTAL SITUATIONS

Environmental Situation

Truck Noisc
at 50 PFoet

Human Distance from to Preclude
Activity or Road Centerline Annoyance
Activity Site Condition {ft) (dB3(A))

Apartment Asleep 50 85
Interior
Apartment Thought 25 84
Interior Proceass
Frame House Asleep 50 82
interior
Qutdoor Normal 200 82
Residential Conversation
Office Interior Thought 25 82

Process
Frame House Thought 25 B2
Interior Process
Apartment Asleep 25 79
Interior
Apartment Thought 12,5 78
Interior Process
Frame House Asleep 25 77
Interior
Frame House Thought 12,5 77
Interior Process
Outdoor Normal 100 76
Residential Conversation
Office Thought 12,5 76
Interior Process
Apartment Asgleep 12,5 73
Interior
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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 eel
Human Distance from to Preclude
Activity or Road Centerline Annoyance
Activity Site Condition {ft) (dB(AD

Outdoor Thought 200 73
Residential Process
Frame House Asleep 12,5 72
[nterior
Qutdoor Normal 50 70
Resgidential Conversation
Outdoor Thought 100 67
Residential Process
Qutdoor Asleep 200 66
Residential
QOutdeor Normal 25 64
Residential Conversation
Outdoor Thought 50 81
Resgidential Process
Outdoor Normal 12.5 58
Residential Conversation
Outdoor Thought 25 55
Residential Process
Outdoor Apgleep 50 54
Residential
Outdoor Thought 12,5 49
Residential Process

Outdoor Asleep 25 48

! Residential

i Outdoor Asleep 12,5 42

! Reaidential
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As vonstrucled, Tables 6-6 and 6-7 provide values of "I'vuck Noise"

al 50 IPeet to Proclude Annoyance" for  ihe  various environmoentol
situations defined,  The valués; of Lthese noise level caleulations weree
based on the guantitative guidelines defined previously in this scctlion
(and Appendix B), The guidelines defined include the aceeptable ambient
noise levels for selected human activities at particular activity sites,
the architectural-peoustic descriptions of the activity sites, and the
ambient noise level increase criteria for substantial annoyance, Ad-
justment in any or all of these quantitative guidelines for the analysis
procedure are easily made. The net adjustment is simply added alge-
braically to the values given in the column entitled "Truck Noise at
50 Feel to Preclude Annoyance.'" [For example, if it is desired to
replace the 10 dB(A) intrusion noise criterion with a 5 dB(A) criterion,
the change is -5 dB{A). I, in addition, it is felt that a selected am-
bient level for a particular environmental situation is oo low and that
it ought to be increased by 7 dB{A), then the net adjustment is -5 +7 or

+2 dB(A). Kach entry in the above mentioned column is then decreased

by 2 dB{A) to accommodate this situation.
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STHCTION 7

FBCONOMIC CONSEQUENCES O NOJSE CONTROL

INTRODUCTION

Thig scetion, using the three hypolhetical models deserlbed
earlier in this document, cvaluaies Lhe several standards and respec-
tive offeclive dates in terms of cosls, and, 1o a limiled degree
cconomle impact to delermine the degrec ol disruption that might
result among truck manufacturers and associated industries. The
hasis forihe majority of data containedinthis section is derived from
tvro stucdies performed, under 1PA sponsorship, [or the purposes
of this aiudy {References 1 and 2},

Econowmle impact is of particular importance in assessing pro-
duction l2ad time. A more detailed discussion of typical truck
mamtuacturer lead times to implement design changes of the type
envigioned to meet noige control regquirements is given in
Appendix N,

Meodel 1 postulates a new dlesel engine truck noise level of
83 dB(A) cffective in 1977. A two-year period to comply with this
level would be followed with a level of 80 dB(A) effective for 1981
model year new trucks, A level of 75 dB(A) for 1983 model year
trucks is further evaluated in this model.

Model 2 is the same as model 1, However, it looks at the costs
spusocintied with gasoline trucks, An 80 dB(A) level effective in 1978

and a 75 dB(A) level in 1981 were postulated,
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Model 3 models both gasoline and diesel engine trucks on the
time schedule proposed in model 2, bhul at the levels cited lor dicac]
trucks in model 1 and for gasoline trucks in model 2,

The cost data contained in this section are basged to a subgtantial
degree on studies performed under EPA sponsorship (References 1
and 2}, Cited costs were arrived at by independent noise control
engineers using known noise control techniques and hardware.

COST OF COMPLIANCE

Changes in Truck Manufacturing Costs

Table 7-1 gives to the new truck purchaser the anticipated retail
price increases that could result from incorporating noise abatement
measures which have been hypothesized as being potentially necessary
to meet threedifferent trucknoise levels.* Poasible price increases
are grouped by engine duty class, fuel type, and manufacturer,
Gagoline engines have, for purposes of cost analysis herein, been

considered as a single class,

#*Cost increases are presented in terms of possible purchaser retail
price increases to protect proprietary confidential manufacturing
cost information.

7-2
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TABLE 7-1 ESTIMATSD RET;‘:ILv FRICE o iNCREASES

Engine Family/ Model 1 Model 2 Model 3  Estimated Market Share
Engine Manugpcturer 83 dB(A) BO dB(A} 75 dpiayl by Engine {percent)®
. Gasoline Engines
: All Manufacturers 50 5 125 $ 300 65.00
\ Medium-duty
: Dicsel Engines®
; Manufz eturer:
D $125 ‘S 210 $1, 250 2,2
F . 100 300 1,250 0.77
G 123 . 275 1,250 . . 0.17
= Heavy-duty )
o Diesel Engine52
Manufacturer;3
A $200 $§ 400 $1,350 0.9
A 150 . 350 1,250 12.0
B 425 1,000 1,300 6.0
B 325 §00 1,000 6.0
C 100 400 1,250 0.47
o] 0 125 525 4.9
- L 0 150 1,250 - ’ 1.5
. F 125 : 325 1,250 .23
H ¢ 125 525 .02

Notes: 1Cost is stated interms of retail list price increases.
Refers to severity of service rather than Gross Vehicle Weight (GVW).
3Multip‘[e listings for individual manufacturers Indicate major groupings of that maker's engizss.

43ased on 1973 production.




Substitution of a quieter engine for a noisy one is possible within

the medium duty and heavy duty classes (but not between classges).
Substitution of gasoline engines for medium duty diesel engines is
possible. Tossible noise conirol measures and their individual
eatimated contributions to overall retasil price increases are given
in Appendix I, Tables I-1 and I-2, Additional insight into the
relative impact of various noise control measures is provided by
Table 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 processes and adequate lead time. They do not
include considerations of factory testing, prototype certification, or
other compliance costs that may be imposed by regulatory actions;
these are dealt with in "'Cost of Cornpliance Testing," page 7-10,
Figure 7-1 gives manufacturers’ estimates of the increase in the
retail cost of {rucks when q}lieted to wvarious illusfrative 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. Madel 3 imposes a greater cost increment than either of the
first two models, with the exception of engine manufacturer

B,
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Gasoline engine powered irucks lend to vost tess 1o quiel than
diesel engine trucks because they are generally quieter to hegin
with. The main reason for the price difference among diesel engines
is that those produced by some manufacturers are inherently noisier
than othera and, therefore, require different noise control methods,
as shown in Appendix I. The increase 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 enclosurc would probably be bullt as an Integral
part of the truck cah structure. This enclogure will lnvolve mujor
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 specific result of Federal noise stanciards.
In fact, such retooling may be required over time due to design,
performance or safety requirements.

In addition to the engine other noise sources that may well have
to change include the cooling and exhaust systems. Models 1 and
2 indicate that most manufacturers may have to make primary
changes in the cooling system, These changes may include, for
example, replacing 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 noilse

source, Model 3 reveals the likelihood that a high-technology
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fon system could be required.  The cogtds ol implementlng these
measutes ara detniled In Appendis |1,

Model 1 shows ihat Tew Hesol Lracks wlll requbre oxhoagasl
system modificalions. Tlowever, wdvanced exhauval syslemd, In-
cluding mufflers with outer wrapping and vibration-isolated clamps
for mounting the exhaust pipe to the engine, could be required to meet
ihe standards hypothesized in model 2. 1For model 3, exposed
exhaust pipes may require logging (wrapping) to increase the trans-
missionloss and isolate shellvibration. The cost of these treatments
are listed in Appendix I.

Changes in Truck Operating Costs

Adding noise control devices to trucks has the effect of changing
various physical characteristics: primarily the gross vehicle weight
{3VW), the backpressure imposed on the engine by the mulfling sys-
tem, and the power required {o 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 fue! costs and the incremental cost of maintaining the

iruck designed to meet more stringent noise levels than at present
consgtitute the two elements of annual operating cost addressed here.
Other pogsible effects of equipment modifications to achieve noise
gbatement are reduction of the truck's maximum speed, resulting
from decreased engine power available to drive the wheels, and
reduction of the truck's maximum payload, resulting from an increase
in tare {empty) weight, The second effect appears to be negligible
when averaged over the entire truck fleel {(Reference 1) and so is

7-7
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not  developed [urther, 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
make this a major issue. Morcover, although trucks maybe designed
to operate at a speed higher than legally aliowable, obviously it must
be presumed thal they will remain within the legal limits; hence
design speed as a bench mark may be of questionable validity.

The approach to the problem of speed reduction taken here is
to assume that the purchaser of 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 case indirect change in the owner's capital cost, in addition
to the direct impact on capital cest referred to above,

The development of operating and indirect capital cost increases
is containedin Appendix J. The results of that development are sum-~
marized here. Changes in operating expenses are shown in Table
7-2n,

Table 7-2a indicates that the horsepower savings associated with
quiet fans resultin a net cost savings for most trucks at most levels.
Theoretically, such savings could be ascribed to the noise conirol
effort.  However, (1) it {s possible that truck operators will simply
use the fan power savings to increase apeed; and {2) market forces
may eventually dictate such a beneficial design modification, even

7-8
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without considerations of noise reduclion, Therelore, ihe operating
costs have been computed to exclude the fan horsepower savings to
apain develop a worst cage scenario. The results are shown in Table
7-2b,
TARBLE 7-2a
CHANGES IN ANNUAL COST (FUEL PLUS MAINTENANCE
EXPENSES) CAUSED BY NOISE CONTROL TREATMENTS
(INCLLUDES FAN SAVINGS)

Annual Cost Change

Model 1 Model 2 Model 3
Gasoline - medium (% 53) {$ 96) ($ 84)
Gasoline - heavy ($120) ($238) ($210)
Diesel - medium ($ 63} (8 B3) $ 51
Diesel - heavy ($224) {$ 66) $118

Note: Parentheses denote net savings,

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

Annual Cost Increase

Model 1 Mode} 2 Model 3
Gasoline - medium 0 $ 0 21
Gagoline - heavy 0 $ 19 $ 44
Diescl - medium 3o $ 9 $123
Diesel - heavy $19 $176 $359

7-9
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The cost of extra horsepowcer needed to maintain the original

level of service is shown in Table 7-3a, The [apn savings result
in a smaller required total engine oulput and, hence, a reduciion In
initial price. TI'or the reasons listed in the preceding paragraph,
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
confrol ireatments is small.

Cost of Compliance Testing

Another noise control cost will be the cost of testing produciion
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 cosi analysis is therefore pre-
sented. Should an enforcement procedure significantly differ from
that described in Section 10 further cost impact analysis will be
necessary.

TABLE 7-3a
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
Gasgoline ~ mediom {$ 30) {3 60) {$ 58)
Gasoline - heavy {3 98) {$210) ($204)
Diesel ~ medium (% 96) ($ 96) ($ 85)
Diegel - heavy ($360) ($336) ($326)
7-10
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TARLE 7-3b,
CHANGES IN CAPITAL COST INDIRECTLY CAURED
DY NOISE CONTROT, TREATMENTS
(WITHOUT IFAN SAVINGS)

Capital Cost Increase

Model 1 Model 2 Model 3
Gasoline - medium 0 o $ 2
Gasoline - heavy 0 0 $ 6
Diesel -~ medium 0 0 $11
Diesel - heavy 0 $12 $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 as equivalent price increases, with attendant normal
markup added on. Future sales may potentially be affected hy any
future price increases or increases in truck operating costs, To
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 7-4 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
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7-7).  The figures in Table 7-4 were derived by compuling the
cquivalent price increases explicilly Tor cach major truck group and
then taking an average, weighted according to cach group's markel
share, The details of thiz computation are given in Appendix K.
Where savings from reduced fan power cuiweigh other cost increases,
the net gain in income could be assumed to be lost to tHe operator
under worst case computations, compeltitive pressures forced a low~-
ering of freight rates. A worat case "zero' is consequently entered

for such cases,

Representative Prices

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

The midpoint estimate of elasticity (&) of -0. 7 is used.

d
dq/q = ("0.7) a _pE

where q 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 FOR QUIETED TRUCKS

Modet 1 Maodel 2 Model 3

With Fan Savings

Gasoline - medium o 0 0
Gasoline - heavy 0 0 0
Diesel - medium 0 0 $135%7
Diesel - heavy 0 0 $1506
Without Fan Savings
Gasoline - medium 0 $ 180 § 431
Gasoline - heavy 0 $ 242 $ 576
Diesel - medium $160 $ 319 %1, 986
Diesel - heavy $311 $1,581 %1, 360

Source: Appendix K,

To estimate the impact of the ecquivalent price increases in
Table 7-4 on possible {uture sales, an estimate of the price elasticity
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 tu -0,9. The midpoint of this range, -0.7, was
assumed as a working value. The percentage reduction in sales for
a given price increasge was then obtained by multiplying the percentage
price increase by the elasticity, The percentage sales decreases
corresponding to the price changes as ghown in Table 7-4 are given

i T'able 7-5.
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The differences among the three noise models uged relates to
thetimes at which the various noise levels in the models become
effective, The three models are shown in Table 7-8.

TABLE 7-5
ESTIMATED PERCENTAGE REDUCTION IN ANNUAL VOL.UME
Model 1 Model 2 Model 3

With Fan Savings

Gagoline -~ medium 0 0 0
Gasoline - heavy 0 0 0
Diegel ~ medium 0 0 13,11%
Diesel - heavy 0 0 4,18%
Without Fan Savings
Gasoline - medium 0 2,20% 5.25%
Gasoline - heavy 0 1.48% 2.53%
Diesel - medium 1.54% 3.08% 18. 31%
Diesel =~ heavy 0.86% 4.39% 9. 33%

Based on "average'' or "representative" truck prices {see A. T,
Kearney, 1874},

TABLE 7-6
ALTERNATIVE NOISE REDUCTICN SCHEDULES

Model 1 Model 2 Model 3
All Trucks All T'rucks Gagoline Diesel

Level 1 - 83 dB(A) 19717 1977 1977 1877

Level 2 ~ 80 dB(A) 1981 1978 1878 1981

Level 3 - 75 dB(A) 1983 1981 1981 1983
7-14
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The absgolute reduclion in fulure sales is oblained by multiply g
the percentages in Table 7-5 by the bascline volume forecast; e,
projected future sales of unquieted trucks, The baseline projection
is given in Table 7-7, Cémpletc tables of future volumoes for cach
of the three quieting options, with and without fan savings, are given
in Appendix L.

So far, no judgment has been made as to whether fan savings
should or ghould not be included in the sales forecasgts, At this
point, o 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 fans. The probable effect
of new truck noise control regulations, however, may be to cause
adoption of such desipn improvements earlier than would otherwise
be the case, The noise control program can, therefore, claim
credit for fan savingsduring the period prior to the time when market
forces would otherwise result in introduction of the quiet fan, This
period is assumed tobe 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 1conditions
(1977-1978 inclusgive)}and excluding fan savings thereafter (1980-~2000)
The composite volume forecasts are shown in Figures 7.2 through
7. 5 for each truck category. In each figure, the basgeline forecast and

the reviged forecasts are laid out for each of the three models, The

7-18

e e P L s e £ 1% R £ T 1 i Mt e P 35 e ] 4 g iR




T 2 L b MR e e L i T ML ek ke b PR iy ey e s It

figures show that from the madels used the maximum differential
impact occurg between 1980 and 1982, depending on the truck
category. In general, model 1 shows more units heing 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 sold in
1980 in model 1 than in models 2 and 3. TFor heavy diesels, models
1 and 2 result in 11, 120 more units being gold than would be in model
3 1in 1982,

To estimate the relative impact on truck manufacturers, the
cumulative impact on dollar sales is computed for each model over
the period 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 gasoline engines on a shorter-term schedule than diesel
engines (model 3} shows a slightly greater adverse impact than if

all trucks were quieted on a longer-term schedule,

7-186
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- TABLE 7-7

DASTLINE FORECAST OF DOMESTIC TRUCK SALLS BY ENGINE '.I‘Y13"E1

(THOUSANDS OF TRUCKS)

Medium-Duty Trucks Ifeavy-Duty Trucks Total
Gasoline Dicscl Total ~ Gasoline Dicsel Total (All Trucks)

1976 203.9 3.1- 207 40, 4 164, 6 205 412
1977 206.8 J.2 210 39.4 173.G 213 423
1978 209.8 3.2 213 38.1 184.9 223 436
1979 212.8 3.2 214 38.4 194.6 233 449
1980 a15.7 3.3 210 35.¢6 20%. 4 243 462
1981 18,7 3.3 223 : 38.7 214.3 253 475
1982 221.6 3.4 225 8.8 225.2 2064 489
1083 S N 3.4 Ukt 38.8 a36.2 - 275 ) 503
1084 H28.5 3.5 232 38,7 248.3 287 . 519
1985 231.5 3.3 235 35,6 260. 4 298 a3t
19805 231.4 . 3.6 238 38,4 273.6 J12 530
14957 237.4 3.6 a1 38,1 257.9 a26 3G7
1988 241, 3 3.7 © 245 37.7 302, 3 340 BEE]
1089 - 244,3 3.7 BAE] 37.2 316. 8 J54 6n2
1890 T 248.2 3.8 252 . 356.6 333.4 370 ' G22
1091 251.8 - 3.8 255 53,9 350.1 366 G4l
14992 255,11 3.9 239 35,0 367.0 402 661
1902 £8.1 3.9 262 3.9 385.1 419 ’ 651
1994 2¢2.0 4,0 266 3z.8 404, 2 437 703
1945 65,8 C 4,1 270 31.3 424, 5 456 725
1086 269.9 1.1 270 3z.5 443, 2 176 Tal
1697 n73.8 4.2 278 5e.2 461. 8 496 T
1803 $76.8 4.2 251 35.7 481, 3 517 798
1499 280.7 4.3 285 37.2 501.8 539 ' 82%
2000 284,17 B 259 35,8 523.2 562 851

|
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130urce: A, 7. Kearney, 197, Foreecasis lor vaars 157G-1978 based on market research, -Forecas
for years 1979-2000 based on following annuzl grewth rates:

! Gnszoline ~ medium ;. 1.4
Gasoline - heavy @ =-0.8
Diesel - madivny
Digspd = peavy
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TABLE 7-8
CUMULATIVE COST IMPACT OF ALTERNATIVE
QUIETING SCHEDULES

Cumulative
Roeduetion In

Cumulative Sales due to Percent
Basgeline Saleg Quieting Options Reduction
1977-1983 1977-1083 in Cumulative
{§ milliona) {($ millions} Spleg, 1977-1983
Model 1 48, 080 1,430 3.0
Model 2 48, 080 i, K60 3.2
Model 3 48, 080 1,120 4.4

Source: Figures 7-2 through 7-4.
* Agsumes the following average prices (A. T. Kearney 1874):

Gasoline - medium $ 5,746

Gasoline - heavy $ 11,434
Diesgel ~ medium $ 17.248
Diesel -~ heavy $ 25,213

In addition to possible sales volume changes, other impacts on
truck manufacturers could be a standardization of the productoffering
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 he to eliminate many of them as variations in a given model
family,

In models 1 and 2, the addition of acoustic treatments such as
gide panels, sheet metal supports, and fan modifications may re-

quire some modifications in fabrication and assembly operations.
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Maodel 3 indicates that changes in production operation. may occur
because virtually all trucks would appear to require at least partial
engine enclosures. Such enclosures could entail redesipgn of some
cabs. The costs of these design and retooling actions may or may
not be attributable wholly or in part to noise abaternent standards,
dependant on siyle or design changes that may he cifected 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
result in employment increases of several hundred personnel.
TABLE 7-0
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
Muodel 3 120

Source: Discussions with truck manufacturers.

Several of the larger manufacturer representatives expressed
concern over what they consider to be potentially large development
coats for noise levels such as those used in model 3, They state that
if such development costs appear too high in relation to volume, the
manufacturers could he expected to withdraw from the low-volume
gegments of the market and possibly eliminate those vehicle models
which have low potential volume and require high development costa,
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The aoverall Impact from these moves on manufaclirers' 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 thistime, the potential volume changes
that could oceur as the result of TFederal noise control regulations
would in general appear to have little overall impacl on most [irms,
The iruck manufacturing industry has been growing at a rate of 7
to 8% per year {in current dollars) from 1866-1073. The value of
shipments was estimaied at $7.5 billion in 1972 and value added is
estimated at $2. 0 billion. These figures include light, medium, and
heavy duty trucks. [mports were about 10-11% of 1973 domestic
shipmentis and exports about 6-7%.

In 1573, truck manufacturing accounted for about 120, 000 jobs
in the U.8, Again, this represents employment in the production of
all classes of trucks.

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

Table 7-10 indicates the market share of each manufactiurer in
the medium and heavy duty market,

Most truck manufacturers seem to anticipate few significant
equipment modifications in truck manufacturing assembly operations
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if partial engine enclosures oare not required to meet noi: e siandards
which may be imposed. Cost increases resulting from noise abate-
ment hardware are expecied to be passed on to customers, In
addition, no change in pricing practices or dealer policy is antiei-
pated; thus it could be anticipated that the customary markup will be
added to such manufacturers' costs, resulting in the price increases
postulated elsewhere in this study.
TABLE 7.10
MARKET SHARE OF MEDIUM AND HEAVY DUTY TRUCKS
BY MANUFACTURER

Truck Manufacturer

o

Chevrolet 14.2
General Motors 1.7
Diamond Reo 1.1
Dodge 12.1
Ford 23.7
Duplex .1
FWD .2
International Harvester 20,2
Mack 6.3
White 5.9
Other 4,5

Impacts on Truck Users

Firms engagedintruck haulage will be affected by new truck noise
control measures through changes in their capital costs and cost of
operation, Using the estimated increases in purchase price and
operating cost developed in the models used in Section 7, the effects
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TABLE 7-11

MODELS OF POSSIBLE INCREASED. CAPITAL COST (RASED
ON YEAR IN WHICH VARTOUS STAMDARDS COULD TAKE EFFECT)‘I
{$ THOUSANDS)

_Mogel 1 - 1977 Model 2 — 1978 Model 3 - 1981
- Per Trucks Total® Fer Truck® Total® Per Truck2 'I‘otn13
Gq.solme -
medium 3 0 g 0 8125 $ 25,650 $ 300 $ 62,160
Gasoline -
heavy 0 0 125 4,603 300 11,199
Piesel -~
medium 104 328 264 519 1,129 3, 048
I Diesel - -
& heavy 195 33, 560 487 86,002 1,119 _217,422
Total $33, 888 $117,253 $293, 320

1E‘xc:]udes indirect capitat cost savings due to fan treatments (sec Section 7-2).

2]

“Source: Figures from Table 7-1 averaged within each truck category.

3Numhers of trucks sold by category for each yesr obtained from Tables D-1 - D=4,

~
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on the trucking indusiry have been projected in several ways, These
include increases in annual capital oullays, annual costs of operation
during the firat year thal various noise levels hecome effective,  ond
annual costs of operation al such time as the entire fleel consisis
of quicted 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 first full year in which various noise levels
would hypothetically become elfective,* This represents the change
in purchase price for each truck category times that year's sales
for that category. The largest effect is observed in maodel 3, for
which $294 million extra could pnssibly be paid at retail lor that
year's trucks. Taking the 1081 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, 12b show computations for the without- and
with-{an savings cases, respectively, of the additional annual cost
(including depreciation, interest, operating, and maintenance
expenses}) for the first full year during which various noise levels
could become effective, The baais for these tables is presented in

Appendix E, The models in Table 7.12a show that possible extra

*In Tables 7-12, 7-13a, and 7-13b, only one initial year per noise
level is considered; optional implementation schedules are not
shown. The costs which would be shown if different schedules were
;lzsed. however, are not substantially different from those given
ere,
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annual costs associated with operating quiel trucks during the first
year of vach of the theee mndels used inervases from $1 T mitlion for
mode] 1 to 168 million for model 20 Table 7, 00, on dhe odher
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 cest resulting from noise abatement is
reached when the truck population is 100% quieted, Cost eslimates
were made for both 1990 and 2000, Making these estimates required
projection of truck population and average 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 & manner similar to first-
year costs asdescribed in the previous paragraph, but with operating
costs scaled to the trucks' annual average mileage rather than te
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 1978 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 estimates
that were adjusted downward to reflect the quantity adjusiment re-
gulting from increased purchase and operating costs (which are the
result ofnoige abatement}, Since these estimates are simple extrap-
olations, change in technology, demand for transportation services,
and other factors could result in the actual population in future years
being larger or smaller than the predicted population.
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TABLE 7-12a

MODELS OF POSSIBLE INCREASED ANNUAL COST
(EXCLUDES FAN"SAVINGS) ($ MILLIONS)
(BASED ON YEAR TN WHICH VARIOUS STANDARDS COULD TAKE EFFECT)

Modell - 1977 Model?2 - 1978 Model 3 - 1981
Per Truckt Total? Per Truckl Total2 Per Truck? Total

Gasoling -

medium 3 0. g 0. 5 46.00 $ 9,44 $108.40 $ 22.46
Gasoline -

heavy - 0. 0. G0.00 2,25 142, 20 5.31
Diesel -

medium 33.84 0.11 65,00 .20 404,02 1.09
Diesel =

heavy 64, 92 11,17 335.52 59,31 715,86 139,10
Total 311,28 871,20 $167.96

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




0€-L

TABLE 7-12b

KODELS OF POSSIBLE INCREASED ANNUAL COST (INCLUDES

FAN SAVINGS) {$ MILLIONS) (BASED ON YEAR IN WHICH
YARIOUS STANDARDS COULD TAKE EFFECT)

Hodel 1 ~ 1977 Model: 2 -~ 1978 Model 3 - 1981

- _Per Truck? Total’ Per Truck? . Totald Per Truck? Totald
Gasoline - - '

medium’ {$107.,00) (522.13) (5208, 00) (343, 64) {5144, 60) {531.62)
Gasoline -

heavy ( 219.60) { 8.65) { 453.36) { 16.39) { 365.00) ( 14.16)
Dicsel -

medium ( 85.12) ( .27 { 56.36) ( .18) 135,82 .39
Diesel - .

heavy { 321.70) ( 55.85) ( 58.68) ( 10, 85) 1.66 .34
Total ($86.90) (371.26) (545.05)

lParentheses denote net savings,

2Source: Appendix M,

3Tt'm:k volume for-gascline trucks in each of ‘the models is the same as baseline volume (Table 7-7).
Truck volume for diesel trucks ohtained from Appendix D, Tables D-5 and D 6.
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The two tables below give the poasible anntal total cost of guleting by

type of cruck as well as totals for all tvpes for (9% awd 2000,

TABLE 7-11a
INCREASED TOTAL ANNUAL COSTS YEAR 1990

{§_thousands)

Type Model 1 Model 2 Model 3
Gasoline - medium 115,286 114,594 100, 007
Dicsel - medlum 0,895 5, BG6 5, BGG
Guasoline - heavy 26,374 26,194 22,408
Diesel - heavy 1, 034, 875 914, 968 91}, 360
Total for all types 1, 183,430 1,061, G26 1,039,647

TABLE 13b
INCREASED TOTAL ANNUAL COST YEAR 2000
{$ thousands)

Type Model.l Model 2 Model - 3 °
Gasoline - medium 147,482 147,431 145,970
Diesel - medium B, 637 8,523 8,523
Gusaollne - heavy 28,0633 28,633 28,080
Diesel - heavy 1, 900, 886 1,878,458 1,877,717
Total for all types 2,085,638 2,063,040 2,060,290
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These cost estimates do nol include any fuel savings which may
e brought ahout by the usc of (un clutches, The costs Inereage lrom
1990 to 2000, because ihe iotal population Increasces and the
percent of quieted trucks increases. In 1990, lor example, with
the three models used, there are 699,000 unguieted trucks (all over
10 years old) and in 2000 therc are 24,000 unquieted tlrucks (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 operaiing as
shown in 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
chie? income is from a source other than trucking, the cost in-
crease can he spread over an even larger income base.

Changes in truck retail prices and operating costs could con-
ceivably affect freight rates and the guantity of trucking services#
gupplied by the trucking industry. The elasticity of the quantity of
trucking services with respect to the price of trucks is estimated
to Le between -.31 and -.1B. Thus, If noise abatement increases

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

# "T'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 [.24%. This doos
not represent the decrease in trucking activily 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
ia driven.

A 4% increasefornew trucks could theoretically resultin a reduc-
tion in the stock of trucks of from 0,8% to 2.84%. [n 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 freight rates and the elas-
ticity of demand for freight service. The eclasticity of demand for
freight service i3 assumed to be between ~0.5 and -0.3, Depending
upon the degree of competition within the trucking industry, the extent
of competition [rom other modes, and the regulatory policy of the
ICC, some part of any possible increased cost of trucking services
will be passed on to shippers. This, of course, applies only to
common carriers. For contract haulers, the [CC does not regulate
rates but competition will likely still determine the amount of the
coat passed on, In addition, private truck fleets operated by firms
producing products other than transportation services may easily
pass 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 elasticity of demand for the product and the
ratios of trucking coststototal costs, All otherthings being equal, the
larger the proportion of trucking cost to total cost, the more likely
it 1s that the firm will absorb part of the increased trucking costs.
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Clearly, these impacts may be different for different geographical
regions, since the same products produccd in different regions have
different magnitudes of transporlation inputs,

The impact of noise standards and the resultant cquipment
modifications that may be necessary upon all classes of iruck uaers
(i.e., linehaul, contract, and private) would appear likely to be very
small from the information resulting from the three moedels used,
since the cast of noise abatement 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,
gmaller trucks are found primarily in private fleets, which is the
user clags that should experience smallest impact.

The relatively small size of the cost increases can lead to the
conclugion that the impact on the trucking industry and on freight
rates will be negligible. This conclusion is further reinforced when
it is conaidered that, inthe case of model 3, cosis have been depicted
ag an upper bound, or worst case scenario. The one segment of the
industry that may be altered is the owner-operator {contract) group.
QOwner-~ojerators tend to be credit-limited (i.e., have poorer credit
ratings), have less sophisticated accounting contracts, pay higher
prices fer fuel and parts, and have poorer maintenance programs
than fleet operators. Given these disadvantages, an increase in
the price of trucking services (l.e., higher prices for new trucks
and/or increased fuel and maintenance costs) may impact directly
and severely on marginal producers. Trucking industry marketing
specialists estimate, however, that the majority of owner-operators
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will not be adversely affecied by the worst ease shown in model 3.

Impacts on Industries Associated with Trueck Manufacturers

Changes in the deszign of trucks and in the number of trucks sold
will affect industries that supply goods and services to truck moanu-

facturers.,

Engine Manufacturers. The major diesel-engine manufacturers

are large, [(inancially sound companies wilh strong techntcal capabil-
lties, They will likely find it advantagous and for necessary to invest
resources in development programs aimed at reducing engine noise,
The gpecific product 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 eliminated 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
years izould be required to modify the engine for compliance with the
standa:rds used 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 as those described for model 2
be Federally adopted. One possible result of this disadvantage could

be a shift in sales emphasis on the part of the manufacturer toward
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non-frack markets, with o consequent ineeease in the compebition's

share of he truck macket, Thig gilanlion ig discussed in detii)
in Appoendix 17,

Muffiecr Manwlfacturera. A change in the praduclt nns ol molTlep

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

[t is unlikely that the changes in truck volume forecasted would
have a significant impact on muffler manufacturers, assuming ade-
quate lead time for production realignments, No changes in market
shares would be expected, since no muffler manufacturer is consid-
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 possible impact of the Federal noise emission standards on their
business; raw material shortages and capacity constraints do not
apnear likely to result from the noise standards 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 various noise control equipment options and strategies outlined
in this analysis. Not only can fan clutches reduce noise but also
result in significant fuel savings, A review of the past market
acceptance of fan clutches puts the potential henefits of fan clutches

in perspective,
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Historically, mosl bruck owners hivve nol insialled moelalehaes

or have not been able Lo lake wdvintage of the fuel savinges 6 ey
woere installed, [fan clutches have had several technienl and reline-
hility problems that hampered their use; these probloms are now
considered tobe solved. Truck ownors who have instalted fan clulches
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. Iteould be expected that most, and possibly all, medium
and heavy duty trucks would include fan clutches under models 2
or 3. As a rough approximalion, cmployment in the fan clutch
industry could incrcasec by 1,500 Lo 2,000 if this implication werne
realized,

In short, significant growih in the fan cluteh market would appear
likely, provided that historic resistance io fan clutches is avercome.
[federal noise emission standards could very well provide the impetus
to accelerate widespread fan clutch acceptance.

Truck Distributors., Channels of distribution and truck distribution

operationg would not be expected to change materially as a result of
the nolse emigsion gsiandards modeled because sales volurne changes
would he relatively small. Some accelerated buying immediately
before and after nolse regulations become effective may occur as
customers try to avoid potential price increases. [owever, this
effect is expecied to be minimal since the price increases apparent
from the hypothetical standards modeled would bhe small in compar-

ison to total truck retail price. Lowered distributor sales volume
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would be offset by higher dellar sales volume for quicted Lrueks and

a polentially slight increase in truck rental and leasing, However,
renlal and leasing costs for quicted trucks could be expected to rise
hased on costs agsociated with quieting,

Truck retail price Increasecs, under maodel 3 conditions, appear
to he less than 5% of current prices, Generally, the requirement
o finance this increased cnst could be met by end users. At the
same time, marginal credit operators will be somewhat mora mar-
ginal, Mowever, this level of price change, particularly with lead
times of several years to allow lor 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 effecis in the
economy in pgeneral or related industries in particular,

IMPACTS QN THE NATIONAL ECONOMY

Transportation and Trucking in the U. 8, Econgmy.

The total transportation seclor within the U. 8. economy has
doubled since World War LU, while truck transport has increased
about gix{old. During this period, truck trangport has grown from
82 billicn ton-miles to 470 billion lon-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.

Trucks 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 mode except air {reight. In addition,
trucks provide door-tn-door service.

The greater speed of truck transport, together with smaller
volume for truckload shipments than [for carlead shipments by rail
gives the ilrucking industry a strong competitive position., Speed
reduces inventory cosls by allowing firms tohold 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 transport, theyare also complaemeniary to other modes, For exam-
ple, rail or waler gshipments are olten brought to nnd feom Lerminal
facilitiea by trucks.

Impacis on Exports.

As models one and two illustrate, the extent of product modifi-
cations, will probably consist basically of specilying quietied com-
ponents from vendors. Domestic truck producers would be able to
expori both quieted and unquieted products te foreign countries,
depending on local foreign noise regulations. U,S$. manufacturers
will be in an improved competitive position in foreign markets that
require quiet trucks since they will have experience in the appli-
cation cf noise technology to their products,

A different situation exists under model 3 conditions,
however, hecause redesign of some truck models may be necessary,
In the case of redesigned models, domestic producers may have to
ship trucks incorporating at least some noise control measures and
associated costs, even though the foreign market competition and
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regulations may aol require quicted trucks,  On the olher hand,
foreipn  markets that require trucks to meol, say, the slandnrds
uged in model 3 probably would not provide cnough volume ihem-
selves to economically cause truck manufacturers to quiet their
vehicles to that level without the impetus of U, S, regulaton. In such
circumstances Iederal noise regulation will make American com-
panies competitive where they would otherwise not have been,
Study of information from truck manufacturers indicataes that they
expect no changes in exportpatternsdue to Federal noise regulations,

Impacts on Imports,

Imports are not a large factor in the U,5, 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 iough line-haul conditions prevalent in the U, S.
It seems unlikely that Federal noise regulations will alter the po-
gition of imports within the U.S. market,

However, the United States has the largest motor vehicle market
in the world, which bhas attracted intense import competition. The
heavy duty truck market appears to have good growth potential and
may well attract import compelition regardless of the noise 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 technology achievable at reascnable cost"

bage from which Federal regulations could be derived. This would
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potentially ofler a unique and highly competitive advantage to foreign
manufacturers and a new doorto American markets unless such tech-
nology was competitively adopted by U.S. firms,

Impacts on Balance of Trade. Bascd on the foreign trade factors

above, models 1, 2 and 3 indicate that no probable material impact
on the balance of trade would be anticipatad.
Summary

This economic study, based on the three hypothical models ciled,
indicates that the anticipated overall economic impact of the various
modeled 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 result, disruptive impacts are not anticipated in most cases,

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

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

2. Model 2 - 1881, No disruptive impacts are indicated if a six-

year lead time is provided, The time is adequate to quiet
"noisy" engines hy using immediately available technology.
Additionally the development of lower-cost techniques would
be possible and the economics of doing so might even indicate
that such development would be likely. Volume changes and in-
creaged costs would not appear to have a significant impact
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on industry activity, No unemployment or adverse impacls

would he anticipated.

Model 2 - 1978, The three-year lead iime has the potential

for some limited market disruption as some vehicles could
have to be removed from production due to inahility to meet
the slandards. This may he altenuated overall, howoever, by
increased produclion of other models,

Maodel 3 - 1083, Changes in volume and higher costs than

for cither models 1 or 2 could be anticipated, The cigit-
year period hypothesized as being available for plan-
ning and making adjusiments for the growth of the industry
over the period would apparently be sufficient Lo avoid
disruptive impacts, The modest volume changes from the
bascline forcecasts and the continued growth of industry would
indicate no disruptive impacls. No unemployment would be

anticipated.

7-42




SRR T e v i

T

REFERENCES IFOR SECTION 7

1,

A. T, Kearney, Inc, "A Study to Deotermine the Eeonomic Impact
of Noise Emission Standards in the Medium and Heavy Duty Truck
Industry, "' 1974,

lBender, B. K, and W. N, Patterson, '"The Technology and Cost
of Quicting Medium and lleavy Trucks,"” BBN Report No, 2710,
1174,

I‘ax, (i, 13, "'Costs of OQperating Quict Trucks,"”" BBN Tech Memo
No, 190, 1974,

011 and Gas Journal IPetroleum Publishing Co,, Tulsa, Okla.,
March 11, 1074,

U.S. Department of Commerce, Bureau of the Census, ''1972
Truck Inventory and Use Survey' (magnetic tape), 1972,

7-43

 —— e o3 e 0 el Pl s e -

A A M iV E



et = e

PRSI

SECTION 8

PTRUCK ACOUSTIC BNIRGY CHANGES AND LEAD TIME REQUIREMIINTS

This geckion examines the effocls of possible allernative new Lruek
noise standards, using the three models described ecarlier, Lo
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 modifications 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
fulure acoustic encrgy generatod hy trucks with a GVWR in excess
of 10, 000 pounds are analyzcd ih this study. Taken into account are
the distributions of trucks likely to be in use in future years, by
gross vehicle weight rating, type of engine, age, and annual mileage.
This makes it possible to estimate the possible change in the future
acoustic energy from such trucks along typical highways,

TABLE 8.1
ALTERNATIVE PRODUCTION NOISE LIMITS, dB(A)

New Truck
Meodel Option 1 Option 2 Option 3
Year Gasoline Diesel Gasoline Diesel Gasoline Diesel
1977 83 ' 83 83 83 83 83
1978 80 80 83 83 83 83
1978 BO 80 80 83 83 83
1980 80 80 80 83 83 83
1981 75 75 75 80 80 80
18982 75 75 75 80 80 80

> 1983 75 76 75 75 75 75
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Dutn utilized in development of the models used are premised on
the following: that for any given calendar year, the iruck generated
acoustic  energy  along a lypical highway will he the "mileage-
weighted"  summation of the product of (a) the acouslic cnergy
produced by cach category and model year of truck, (b} the number
of such trucks registered, and (c) the annual mileage guch irucks are
driven. Annual mileage is explicitly considered because it affeets
the frequency with which a truck of a given category and age is
encountered on the highway, T[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 itls
entire lifespan.

Thus, to asgess the impact of alternative regulatory options on
future changes in the acoustie cnergy gencrated 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 as a function of truck age for each

category of truck.

Each of these aspects, as itls related Lo calculation of the acoustic

energy generated by trucks for any future calendar year, will he

considered.
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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
Pable 8-2 as a function of the new truck noise lovels condiderad in
the three alternalive mordels,

TABLL 8,2
MEAN PTAK NOISE LRVEL AT 50 FEET

lighway Noise Levels

Regulated
New Truck Moedium Duly Hoavy Duly
Noige Lovel Giasoline Diasael Gaanline  Dicwe!
None B dI3(A) BT dIS(AY BT JI3(A)  BRdBIA)
Maodel 1 (83 dBA )Y 84 i1 H4 fiq
Model 2 {80} 82 y2 02 B2
Model 3 (75) 79 79 7a 79

The highway nolse levels agsumed for all unregulated trucks are
mean noise levels computed from measurements obtained for EPA
by contractors, Noiselevels assumed 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 noise level,

The total new truck production projected for truck meodel years
are summarized in Table 8-3. Total figures for 1981 through
1972 are actual production figures reported by the Motor Vehicle
Manufacturers Association (MVMA), excluding buses and exported
trucks, but including imported trucks from Canada (Reference 1).

The truck production figures for 1960 and before are weighted

sums of previous preduction figures adjusted in accordance

8-3

A iy ot g o o o e e — .




PR o T T INY Aadarn)

e e ot o st Rt . e et s e gt T

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 (Heference 2), For example, it is assumed
that medium duty gasoline engine truck production will grow by 1.4%
per year and that heavy duly diesel engine truck production will grow
by 4.3% per year,

The fraction of trucks still in use ag 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 rate curve is
shown in Figure B-1. For other categories of trucks, the Census
truck registration data 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 buges and exports but including imports from Canada), The 1972
Census data, however, show that 285, 000 such trucks were regis-
tered., Thus 53% more trucks were registered than were produced.
In view of thefact that all medium duty gasoline truck-tractors appear
as heavy duty trucks in the Census data, it has been concluded that
a gsubstantial number of trucks with GVWR below 10, 000 lbs are prob-
ably appearing as medium duty trucks in the Census data, Because of
this type of inconsistency in the truck production versus registration
data, the truck survival rate obtained for heavy duty diesel engine

8-4
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TADLE B3

~ LHEUAL PROLUCTION: OF TRUCKS (IN THOUSANDE)

Model ‘Medium Duty Heavy Duty .

Yeoar Gasoline Dicsal Gasoline nicsel
£1960 1473 1 427 124
1961 177 1 34 .24
. 1962 211 3 30 35
1963 222 4 39 43
1964 205 9 16 47
1965 228 9 41 63
1966 228 6 45 71
1967 189 5 .39 64
‘ to1968 199 5. 42 18
: ' 1969 219 k| 41 96
14970 178 3 40 i1
; 1971 . 193 ‘3 kY| 1
P , 1972 245 3 39 126
: 1973 198 3, 40 133
g 1974 200 3 40 . 144
: © 1975 T 202 3 40 155
: - Y1976 . 204 3 40 165
P~ 1977 207 3 -39 174
; 1978 210 3 is 185
g 1979 213 3 38 195
: 1980 216 3 39 205
; 1981 219 3 39 214
j 1982 222 3 39 225
! 1983 225 3 39 236
i 1984 229 3 39 248
. ‘ 1985 232 4 39 260

{ o 1986 234. 4 38 274 .
- 1987 237 .4 38 288
| © 1988 241 4 38 302
| - 1989 244 4 37 . 317
J 1990 248 1 37 333
1951 251 4 C36 . 350
l 1992 255 4 1 35 367
] 1993 258 q ST 34 385
1594 262 4 33 . 4D4
; 19965 266 4 32 425
; 1946 270 4 33 443
1997 274 4 34 462
g 1998 277 A 36 481
3 1999 281 4 37 : 502

f
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trucks has been assumed to apply to all other categorics of trucks
as well.

The average annual mileage for various categoriecs of trucks as
a function of truck age 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,

150

Z§ 100 1--....,,_.7\&\, -
3 Y
N
ol N _
>~ ’ .
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1 \. »
° \"'\ N
0 ! ] L .ﬂ.\\.'"""‘ﬂ
i} 4] 10 15 20 25

Truck Ane (Yoars)

Figure 8-1 Percentage of Heavy Duty Diesel Trucks Surviving as

a Funection of Age,

Discuagion of the Truck Inventory and Use Survey Data and the
analysis used in obtaining the acoustic energy generated by trucks,

8-6
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the total and components of the truck population, the survival rate,

and the annual mileage eatimales for trueks muy be found in Appendis

0.
TALLLE 8-4
ANNUAL MILEAGE PER TRUCK (LN THOUSANDS)
hge of ' Medium Duty Heavy Duty
Trucl Gasoline innal Gasoline Bicsnd
1 Year 23 30 33 73
2 20 . 21 29 67
3 16 24 25 6l
4 13 22 21 55
5 11 19 18 50
& 10 17, 16 45
7 9 15 15 40
8 8 13 13 37
9 7 12 12 34
10 7 11 10 31
P11 6 1o .5 28
-2 6 9 8 25
13 5 8 7 22
14 5 7 6 20
15 5 v 7 6 18
16 4 6 5 16
11 4 5 5 15
18 14 5 q 14
- 19 4 .5 4 13
20 3 5 3 12
21 3 5 3 12
122 3 5 3 11
23 3 "5 3 10
24 3 5 3 10
25 3 5 3 10

The results of this study of the projected changes in the acoustic
. energy generated by trucks with GVWR in excess of 10, 000 lbs are
shown in TFigure B8-2, The acoustic energy level refers to the i
1972 acoustic energy of such trucks. Note that for any new truck
regulation, the increasing truck population produces an increase in !

8-17 '
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acoustic encrgy level of approximalely ! dB cevery 5 years. On the
other hand, with all of the three models cmployed for this study, the
the ncoustlic energy level continues to decrease unlil approximately
1992, Actnally, as older, noisier trucks are retired, the individual
noise lavel of the average truck on the highway will continue to
decrease unlil about the year 2000, However, the assumed growth
rale in noew truck production eventually cutweighs the rate of older,
noisier trucks belng retired, causing the acoustic energy level to
bhegin increasing again in about 19953, Finally, note that both models
2 and 3 indicate nearly identical results. This is because the dom-
inant contribution to the acoustic cnergy level comes from heavy
duty diesel engine trucks that are regulated similarly in both models
2 and 3. The maximum difference in acoustic energy level between
models 1 and 3 is about 1 dB, which occurs around 1985,

In assessing the relative merits of alternative new truck roise
levels in terms of the acoustic energy generated, it is important to
obscrve how the truck population component for a given production
period in years builds up and/or decays as a function of calendar
year, Figures 8-3 through 8-5show these results for new truck pro-
duction in the context of the three models studied. It is also insiruc-
tive to note the total truck-miles driven by the various truck population
components as a function of calendar year. This relationship is shown
in Figure B-6 in the context of model 3, A comparison of Figure
8-6 with Figure 8-5 reveals that the total truck-miles contribution
of a given truck populatiorf component decays more rapidly than its
contribution to total truck population,

8-8
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LIAD PIME REQUIREMINTS

The period between the infroduction of a design geal Tor o prodoe
and the time the design goal is met is ofien tormed "ond time,"
The actunl length of Lime is directly related o the complexity and
the resources available io implement the new designs,  In pgeneral
the sequence of events involved in modifying a new production truck

is as follows, First, a design goal is usually sclected on the basis

of market or legislative pressure. The engineering groups responsi-

ble forthe respective truck compenents then examine the deslgn prob-
lem for possible solutions. Promising solutions are then either in
a prototype version or modeled for testing and evaluation, TFinally,
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 baszic moedes of enginecring operations, For changes in the
peripheral engine system (such as muiflers, air filters, cooling fans,

and thelike), noise control solutions would be implemented by modi-

-fying present production trucks; i.e., by specifying certain exhaust

gystems, airfilters, fon configurations, and pulley sizes, Such mod-
ifications are made via an "engineering change order," For changes
in the basic frame or cab configuration (such asg partial enclosures
or larger radiators), a complete design sequence could well be re-

quired, including some reliability testing,

8-14
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The lead time required for either category of design changes var-
ies with the complexity of the change and available stalf, lbut some
estimates may be made. It would appear that from 30 to 180 days
are necessary for most manufacturers for 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, enclosing the engine could require cab modi-
fications that could take as much as a year {for each cab model of-
fered. Diascuseions with manufacturers indicate that a l-year lead
tirne is adequate in terms of being nondisruptive of regular produc-
iion, 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. Tigure 8-7 has been reproduced from this

reference. Concurrent development of similar noise control options

PROPER SEAUEKCE AND TIMING

could shorten the overall lead time for a complete product line.

_ 10 PROBUCE & nw.uu muu
RN ” ’ i ' ||
DOILOPHERY I ! ‘ L]
Hl: | l|

M
I el sl.,r.za‘ st [
HIHI||Il|llil|‘|ll|||ll.i|

—- FOUR YEARS

Figure 8-7 Estimated Lead Time for Redesigning a Truck,

Source: Reference 4.
An additional factor in lead time is engineering staff size and ca-

pability., Al truck manufacturers have an engineering staff whose

e et



size is generally proportional to sales volume. Consequently, the
larger companies have bigger staffs with more specialized capabil-
ities, including staff specializedin noise control, The smaller com-
panies may be dependent on their vendors for noise confrol to a
greater degree than will the larger firms. Also, smaller companiés
will tend to rely on copying the noise control designs used by the
more advanced companies or those described in the open literature.

The increased lead time over large firms required by the smalier

manufacturers is compensated for in part by the relatively fewer -

models they produce. Thus, while a large firm may have eight dif-
ferent 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 noise levels
for new trucks considered in the three models' scenarios., At each
noise level, the complexityof the change and the capabilities required
to achieve ceriain 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 effortsto comply with the Staie
of California limit of 83 dB{(A), which becomes effective in 1975,
many models must be fitted with quieter exhaust systems, cooling
fans, and engine noise control packages. All these modifications can
be implemented by engineering change orders. The necessary engine
exhaust systems appear ito be available. Noise control packages
are also apparently available at thistime for those engines that would
require them tc'v meet the California standard.

8-16
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The primary designy probiem will be to modify the cooling ran,

All truck manufacturers purchase the fans from vendldors; consc-
quently, in an attempt to quiet fan noise, they will typically buya
"quiet" fan. However, fan noise ig ag much a flunction of a fan's
environment as its design. At the present time, certain techniques
are available that consistently reduce cooling fan noise; i,e., using
larger diameter, slower rotating fans with proper shrouding. In ad-
dition, the radiator shutlers may require replacement by a bypass
type of water temperature conirol, or be operated in conjunction with
a thermostatically controlled fan such that thefan never operates with
the shutters closed.

Incorporating the modifications that may be necessary to continue
producing essentially the same trucks now being produced but satis-
fying the 83 dB(A) noise level appears to be femsible 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 modeal year, with
no significant disruptions in production. This was assuming that new
truck neoise regulations were promulgated in the fall of 1974, There
are indications, however, that even without a Federal standard ol
83 dB{A) in 1874, the majority of trucks produced in the 1976 model
year will be able to meet that level,

Of the trucks measured for sound level, 1% are now at nocise
levels under 80 dB(A), Engine noise iz 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



it. Thus, the lead time neccessary for a given truck to be produced
which meets the 80 dB(A) level will vary depending on the engine.
To accommedate these differcences, truck lead times will be dise
cussed in terms of gasoline cngines, ''quiet" diesel ongines, and
"naisy" diesel engines.

For gasoline engines, which power 65% of all new medium and
heavy duty trucks, engine and oxhaust noise do not appear Lo be
simificant problems and no major cab redesign is anticipated, other
than possible modification of the radiator. Thus, pasoline engino
new trucks could reasonably be assumed to be able to be quieted
to mect an 80 dB(A) level in the same time span ag for an 83 dB(A)
level, that is, 1 to 2 years from the effective regulation date,

The quieter diesel engines, which are incoporated in about 23%
of the trucks currently produccd, could need noise control covers
or kits Lo obtain the nccegsary reduction in engine noise. Such kits
are not presently available for all these engines. Some developmenl
work could be required for this effort; however, it is not believed
that this would be a major development 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 thrce
years élpp(‘:ar adequate for such comprehensive development, which
would appear to encompass all models of vehicles nowbeing produced.
During this period it may also be necessary for some truck manufac-
turers to apply underhoodacoustic treatment, Similarly, some cool-
ing system designs could require a modest refinerment effort of from
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2 to 3 years. Exhaust systems are now generally available io mecol
the 80-dB(A) level. All these measures can, therefore, be relatively
casily accomplished to provide the necessary production capacity
parts and installation within a maximum of 3 years of promulgation
of a regulation requiring 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 enclosure, ordevelopment of engine quieting tech-
niques to reduce engine noise. This would be considered a major
redesigm and a design sequence similar to that illustrated in Figure
8-7T would be necessary, Cab redesign would probably include
enlarging the cab tunnel or underhood area to accommodate sound-
absorptive treatment and larger radiaters. Accordingly, about 4
years could be needed todevelop a new eab, keeping within a normal,
that is non-disruptive, production planning and implementation cycle,
Most manufacturers offer several truck models each of which could
require individual major redesign. Unlike automobhiles, such truck
redesign is notnormallydone annually; however, by staggering design
efforts at, say, one year intervals, three cabs could be redesigned
in abhout 6 years with more efficient utilization of engineering staff
than would be peossible with parallel efforts and, consequently, even
less cogt impact than would reascnably be expected to result if a
shorter period of time were required.

An alternative solution to truck redesign would be for the manu-
facturers of noisy engines cither to quiet them with noise control

covers or kits or with structural or combustion modifications, One

8-15
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major engine manufacturing company indicated that if guiel engines
wore required, it would provide them lo its customers., Assuming
that this company docs have the ability to quiet its engines withina
d-year lead time, then major cab redesign would not be required
and the lead timce for trucks with these engines would be the same
as for the quieter diesel engines; i,e., 3 years from the date of
promulgation of the 80 dB(A) standard.

IFreightliner currently is operating on the highway a 72 dI3(A)
prototype developed under the DOT Quiet Truck Program, Other
manufacturers have built prototype test trucks with overall noise
levels as low as 72 dB(A)}, but have not operated them extensively on
the highway.

Quieting sirategies and lead times which may be necessary for
limiting truck noise 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 engines. Some diesel
engines (approximately 5% of the current total new {ruck production)
are only slightly noisier than pasoline engines. Quieting techniques
could be developed using present production line technology to reduce
their engine source level to less than 70 dB(A). These engines could
then be used to power trucks built without enclosures., It is helieved
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
noise control covers and kits, mufflers, and fan sysiems. This as-
sumes 2 years to refine certain mufflers to obtain a 68 dB(A) source
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level, a concurrent cne-year pertod to develop engine noise cantrol
kits, and a two-year development tiime by manufacturers for the fan
and all other systems. If a maximum total lead time for both large
and small manufacturers of about six years was allowed, following
promulgation of a 75-dB({A} standard, no significant disruptive cifecis
would be anticipated within the truck manufacturing or parts industry,
That is, small manufacturers could perform three successive model
changes in six years and larger firms with additional resources could
do gome of the work concurrently.

Noigy diesel engines will in all likelihood require enclosures,
Allowing two additional years lor enclosure development beyond that
required to meet B0 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 existing engines or lmproved structural desipgn, could reduce lhis
lead time considerably,

In summary, the lead times required by truck manufacturers to
quiet their products are best classified by the engine used in the
truck, The most difficult quieting problem, and conseguently that
contributing most to establishing the production lead time, is engine
structural noise, Table 8-5 lists the estimated lead times required
by all truck manufacturers to ensure that all trucks preduced will
meet the gpecified noise levels, Lead times are defined as starting
from the date of promulgation of a standard.
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TABLE 8-5
ESTIMATED LEAD TIMES FOR TRUCK PRODUCTION

* "Quiet" "Noiay"
Noige Level Gasoline Engines  Diesel Engines  Diesel Engines
83 dB(A) 1-2 years 1-2 years 2 years
80 dB(A) 3 years 3 years 6 years
75 dB{A} 6 years 8 years 8 years
g-22
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SECTION 0
MEASURLEMENT METHODOLQGY

INTRODUCTION

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

Several tests currently in existence were considered by the
E. P, A. as methads [or testing new production irucks. The Society
of Automotive Engineers test designated SAE-J366-b seems
to be the only test available with a sufficient data base to permil
its congideration as a tlest that could be ulilized eflectively
in the near term without extensive further evaluation as to its
efficacy. It is described in detail in the following paragraphs.

In addition to the Low Spced High Acceleration Test, (which is
the only test which will be used for regulatory purposes), other
tests have been considered and these are presented along with the
the Low Speed High Acceleration Test to solicit comment and to ob-
tain suggestions which could be useful, I[n particular a High Speed
Sound Emission Test is described. This is a modification of the
SAE J 57, Ii is described in some detail becauge, should a high
speed truck noise test be needed this test or a modification of it
could be utilized.

9-1
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LOW~SPEED, HIGH ACCELLERATION 1151
[ntroduction

This test establishes the procedure, environmeni, and in-
strumentation for determining the maximum exlevior sound lovel
for motor trucks, truck lractors, 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 required,

l. A sound level meter which meets the Type 1 reqguirements of
of ANSI S1,4-1871, Specification for Sound Level Meters.,

Z. Ag an alternative to making direct measurements using a sound
level meter, a microphone or sound level meter shall be used
with a magnetic tape recorder and/or a graphic level record-
er or indicating meter, providing the system meets the re-
quirements of SAE J184,

3, A sound level calibrator.

4. An engine-speed tachometer.

Test Sites .

1, A guitable test sita s‘hall consist of a level open space {ree
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.

2, The microphone shall be located 50 ft {15 m) from the center-
line of the vehicle path and 4 it (1,2 m) above the ground
plane. The normal to the vehicle path from the microphone

8-2

ity s Ao Sk e T o 5§ g o R et i * ke

ok S i e




Acceleration

Point \

o oeiTR T T o s—

60 {18}

o 50!15)'-—:'
[

ﬂ_ﬁ_ 100 {30} _um.-—-ng

Vehicle Path

100 (30} Radius .

Pimansions In
Foat {Mators)

*
. ..

*, 0‘\':" - Microphona foint:
Microphona-e* \ -Moasurament

Zone |n Which
To Aeach )
Max Ratad RPM N

» End Point

100 (30) Radius -

Area

100 {30} Rudius

FIGurRe. 9-]  [INIMUM UNIDIRECTIOMAL TEST SITE.




v aE ———

5.

6,

7

shall establigh the microphone on the vehicle path.

An acceleration point shall be catablished on the vehicle path
50 ft (15 m) before the microphone point, - i

An end point shall be egtablished on the vehicle path 100 ft {30 m)
from the acceleration point and 50 ft (15 m) from the micro-~
phone point,

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. l

The reference point on the vehicle, to indicate when the ve-
hicle is at any of the points on the vehicle path, shall be the

l front of the vehiclg exf:ept ag follows:

a, If the horizontal distance from the front of the vehicle
to the exhaust .outlet I8 more than 200 in (5080 mm), '
teﬁts shall be made using both the front and rear of the ‘
vehicle as reference points,

b. If the engine is 'Iocntéd rearward to the center of the chag~
sig, the rear of the vehicle shall be used as ﬁhe reference

point.

8, During measurement, the surface of the ground within the men-

surement area shall be free from powdery snow, long grass, .

loose soll, and aghes,

9. Because bystanders have an apprecinbie influence on meter re-
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sponse when they are in the vicinity of the vehicle or micro-
phone, not more than one person, other than the observer

D-4 .




s e e e

reading the meter, shall be within 50 t {15 m) of the vehicle
path or instrument, and that person shall be directly behind
the observer reading the mefer, on a line through the micro-
phone and the observer.

10, The ambient sound level (including wind efleets) 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

asphalt, free of extraneous material such as gravel,

Procedure

1, 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 use dur-
Ing measurements.

2. Select the highest rear axle and/or transmission gear
{"highest gear' is used in the usual sense; it is synonymous
to the lowest numerical ratio and an initial vehicle speed
such that at wide-open throttle the vehicle will accelerate
from the accelevation point):

3. a. Starting at no more than two-thirds (66%) of maximum

rated or of governed engine speed,

h., Reaching maximum rated or governed engine speed
within the end zone.

c. Without exceeding 35 mph (56 km/h) before reaching the
end point.

4, Should maximum rated or governed rpm be attained hefore
reaching the end zone, decrease the approach rpm in 100

rpm inerements until maximum rated or governed rpm is
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5.

7.

9.

attained within the end zone,

Should maximum rated or governed rpm not be attained until
beyond the end =zone, 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 rated
or governed rpm beyond the permissible end zone, unlcad
the vehicle and/or increase the approach rpm in 100 rpm
increments until the maximum rated or governed rpm is
reached within the end zone,

For the acceleration test, approach the acceleration point
using the engine speed and gear ratio selected in paragraphs
1 ~ 6 andat the acceleration point rapidly establish wide-open
throttle, The vehicle reference shall be as indicated in para-
graph 7. Acceleration shall continue until maximum rated
or governed engine speed is reached,

Wheel slip which affects maximum sound level must be
avoided.

For the deceleration test, appreach the microphone point
at maximum rated or governsd engine speed in the pear
selected for the acceleration test. At the microphone point,
close the throttle and allow the vehicle to decelerate Lo one-half
of maximum rated or of governed engine speed. The vchicle

reference shall be as indicated in paragraph 7. If the ve-

.hicle is equipped with an exhaust brake, this deceleration test

is to be repeated with the brake full on immediately following
closing of the throttle.
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Measurements

1, The meter shall be set for "fast" response and the A-
weighted network usecd.

2, The meter shall be obaerved during the period while Lhe
vehicle is accelerating or decelerating, The applicable reading shall
be the highest sound level obtained for the run. The ohserver shall
rerun the test if unrelated peaks should occur due to extrancous
ambient noises, Readings shall he taken on both sides of the vehicle.

3, The sound level for cach side of the vehlele shall be the aver-
ageof the two highest readings within 1 dl3 of cach other, Reporl

the mound level for the side of Lthe vehicle with Lhe highest readings,

General Comments

1. Measurements shall be made only when wind velocily is
below 12 mph {19 km/hr).

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

3, Proper usage of all test instrumentation is essential to obtain
valid measurements, Operating manuals or other literature furn-
ished by the instrument manufacturer shall be referred to and shall
be the principal reference for both recommended operation of the
ingtrument and precautions to be observed, except where they may
be in conflict with theE, P, A, prescribed procedures, in which case
the latter shall govern, Specific items to be considered are:

8-7
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a. The effects of ambient weather conditions on the performance
of the instruments (for example, temperature, humidity, and baro-
metric preasux;e) should be taken into account,

b. Proper signal levels, terminatﬁg impedances, and cable
lengths should be maintained on all multi-ingtrument measurement
gyatems. |

c. The effoct of e:densfon cable and other components should be
taken into account in the calibration procedure. Field calibraiion
ghall be made Immediately before and after each test sequence,
Internal calibration means is acceptable for field use, provided
that external calibration {8 accompligshed immediately before or
after field use.

4. Vehicled being tested shall not be operated in a manner such
that the break-in procedure specified by the manufacturer
is vlolaied.

References
Suggested reference material ig as follows:

ANSI S1,1-1880, Acoustical Terminology

ANSI S1.2-19687, Physical Measurement of Sound

ANSI S1.4-1971, Specification for Sound Level Meters
Applicationa for coples of these docurmnents ghould be addressed to
the American National Standards Institute, Inc., 1450 Broadway,
New York, New York 10018,
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MODIFICATION TO SAE-J366b

The proceas of developing a suitable test for truck noise emisgion
is a continuing one, The pregsent SAE J366b i the third stage in the
SAL effort, the first and second stages belng labelled SAE J366 and
SAE J366a. A fourth modification, suggested by the Natlonal Bureau
of Standards, is described in reference (1). In the following sections
gome of the difficulties identified by the 1I.S, E. P. A. agsoclated with
SAE J366b are discussed, and congiderations 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

As the truck, under test, travergesthe vehicle path (Fig, 9.2.3.1)
it behaves as avariable acoustic source. For example, exhausinoise,
engine surface radiated noise and cooling fan noise all vary with time
during thetest, This implies that during the test, the truck (regarded
as an acoustic source) is changing its acoustic power output, its
directivity pattern and its gpectrum as a function of time and conse-
quently also as a function of its position. A truck under test is a
complicated acoustic source and the *optimum manner fo charac-
terize its acoustic behavior would appear to warrent further study.
Modifications

Several areas in “the present SAE J366b standard which appear

worthy of further study are:
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Geometry: The total length of path available to the test 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 zihleve maximum engine rpm inside the presently de-

fined end zone.

it is necegsary to know where a vehicle is located when it is

‘radiating sound during a test. This information is needed to prop-

erly combine and/or interpret sound level readings taken simultan-
eously at several microphones. [n addition, 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
ti"ze 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, Knowlédge of truck position would minimize this
type of discrepancy, Position/time measurements are also neces-
gsary to eétablish the directivity characteristics of the truck radiated
noise,

Microphones, The measurement of a moving variable sou:.'ce.
guch as a fruck 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 anywhe're 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 is clear
that a gingle fixed microphone will see only what the source radiates

at a single 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 ag to radiate a higher intensily of sound in some other dircetion

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. Another case coﬁld occur in which the
single microphone would ln_ot see a maximum directivity pattern; that
is, if the maximum occu;red in the angular range, 0 to 45 degrees
where the angle is measured from the line of travel to the maximum,
This would be true for beth 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 J368b microphone looks at only 90.
That is, only one half of the angular spread of the directivity pattern
is examined. Trucks are not omnidirectional sources, as the data in
references 1 and 2 show. The question of how best to deploy a multi-
microphone test engemble requires attention. This includes a siudy
of the optimum number of microphones as well asg their three-

dimentional spatial distribution.

Test Site

At the -test site, there certain parameters not adequately
covered in SAE J366b, These are:
1, The accoustical characteristics of the surface of the site.

Acoustically "hard" surfaces such as concrete tend to absorb

less acoustic energy than soft ones, such as dirt, grass cover,

or fresh asphalt., Also, acoustic interference effects are

different for these casges, It, therefore, is desirable to specify

e i b g2,
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the surface of the Lest site so that this source of error is

climinaled,

Je There have been indications thot, when the Lest sile suefivee

deviates from planarity, anomalous acouslical results are
obtained. This question requires further study and a deter-
mination should he made of the degree of flatness necegsary

for accurate acoustic measurements,

3. The air temperature at the sites as well as the barometric

5.

. 8

b 8 e e i R AR

pressure and humidity all affect the acoustic levels measured
in any given test. An effort should be made to develap suitable
correction procedures for these variations.

An additional effect is that of temperature gradient, The
size of this effect ig not presently known in truck noise emis-
sion tests. It could be important, especially at sites where
the surface is asphalt., In the summer the hot asphalt surface
could produce a substantinl lemperature gradient. The gra-
dient tends to bend sound '"rays" and could preduce dilferent
readings at a test microphoné‘ than if there were no gradient,
Noise emission tests are presently conducted in the open air.
This is gatisfactory frem an ac-oustic point of view, How-
ever, it makes the test schedulé weather dependent, The
usgefulness olf developing a praétical weatherproof ‘structure
in which a passby test could be pérformed is suggested for
consideration, L o

The instrumentation delineated in SAE T366b has been largely
supergeded by rapid advances in this field, It is conseguently
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dated as it implics manual  diata collection  and data pro-
cessing, These techniques can bo updated and aulomatoed by
the use of digital computers, It should be possible to have
the test result displayed within seconds after the truck has
driven past the ensemble of test microphones.,
HIGH SPELRD SOUND EMISSION TEST PROCEDURE
Thisis a test procedure for measuring the sound level produced
by tires intended primarily {or highway use on motor trucks, truck
tractors, trailers and semitrailers, and huses, The procedure pro-
vides for the measurement of the sound gencrated by tires, mounted
on a motor vehicle at specified tire load and operated at 50 mph {80
km (h).
Specifications for the instrumentation, the test site, and the opera-
tion of the test vehicle are set forth to minimize the effects of extran-
eous sound sources and to define the basis of reported levels,

Instrumentation

The following instrumentation shall be used:

1, A sound level meter that satisfies the type 1 requirements of
ANS1 S1.4-1871, Specifications for Sound l.evel Meters; or

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

9-13
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3. An acoustical ecalibrator for e¢stablishing the calibration of the

sound level meter and associated instrumeniation.

4, An anemometer.

Test Site

The test site must be locatedin a flat area free of reflecting surfaces
{other than the ground), such as parked vehicles, trees, or buildings
within 100 ft (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 at a height of 4 It (1.2 m) above the ground plane.
The normal to the vehicle path from the mierophone shall establish the
microphone point on the vehicle path, See Fig., 3-2,

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, peint of exit
from the test zone, and the microphone,

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

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

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

(19 km/hr)._
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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 is delivered
to the firgt person whe in good faith purchases the motor vehicle for
purposes other than resale, The tire specifications must be recorded
for each tire,
Tires

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 exceeding 50 mph {80 km/h).

If 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 load is not léss than 75% of the maximum rated load,
Because this may cause gmall differences in (sound) levels, such levels
may not be reported absuiuwe w.iess they are identified with the percent

of load used. .Sound levels obtained when the loading is {P) percent

must be corrected by adding the guantity’ 1O L 0G, (I;ﬂ)

to the measured values,
Procedure
The test vehicle shall be operated in such a manner {e.g., coasting)
that the sound level 'due to the engine and other mechanical 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 meter shall be set for "slow" response and the A-

weighting network. The observer shall record the highest level attained
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during each pass of the test vehicle, excluding readings where known
acoustical interferences have occourred,

Alternatively, each pass of the lest vehicle shall be recorded on
magnetic tape and subgequently analyzed with a sound leve! meter
and/or graphic 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 ol the Lwo highest read-
ings within 2 dB of cach other,

General Comments

Measurements shall be made only when wind velocity is below 12 mph
(18 km /hr).

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 measurements,

Proper usage of all test instrumentation is essential to obtuin valid
measurements.  Operating manuals or other literature furnished by
the instrument manufacturer ghall be referred to and shall be the prin-
cipal reference for both recommended operation of the instrument and
precautions to be ohserved, except wher¢ they may be in conflict with
the EPA prescribed procedure_s,. in which case the latter shall govern,
Specific items 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.
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{Assume that the sound source is located al the microphone

point, )

2. The elfects of ambient weather conditions on the performance of

the instruments (e.g., temperature, humidity, and barometric
presgure) should be taken into account,

3. Proper signal levels, terminatling impedaneces, andcable lengths
should be maintained on all multi-instrument measuremernt
systems,

4, The effect of extensilon cables and other components should be
taken into aceountinthe calibration procedure. IField calibration
should be made immediately hefore and after each test sequence.
Internal calibration means are acceptable for field use, provided
that external calibration is ac.complished immediately before or
after field use.

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

In the course of preparing this document test procedures other
than SAE J366b were considered, They included:

1. Stationary Run-Up ({Idle - Maximum - Idle - IMI). In this
test the engine is initially in an idle condition. It is rapidly
accelerated 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,

b. Stationary-Run-Up (Slteady State), In this test the truck
> wheels are required te drive a load. The engine is then aec-
; celerated to maximum rpm and maintained there for a shorl

time, This type of tgst permits more time for conducting

the test and it does not depend upon transient peak noise
* emission as in the ITMI test, However, the development of
a satisfactory loading procedure, which itself does not pro-
‘duce noise {which could interfere with the test), is 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 uge the vehicle's own brake as a loading device.

The use of dynamometer rollers, either free or loaded, has

also been suggested.,

The possibility of performing stationary run-up tests inside

an enclosure, in order to make the procedure weatherproof,

has also heen considered.

: 3., In addition to stationary run-up-type tests there exists the
. possibility of developing a weatherproof passby test. This

entails covering a suitable 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. This thin

canopy is light enough to exhibit a very small acoustic trans-
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migsionlossbut is also strong enough to be reasonably weather

resistant,. The measuring mierophones are placed oulside
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 feasibllity of developingthis kind of test is by no means
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 (approximaltely 2 minute) tests and this aspect of
the test development should be carefully considered,

SUMMARY

This section has presented:

1. The details of the SAE J366b noise emission test as a can-

didate for the standard test for new truck noise emission

regulation
2, Some considerations for further development of SAE J366b
3. A brief discussion on pther tests congidered for use in the

measurement of new truck noise
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Enforcement of new product noise emission standards applicable
to new medium and heavy duty trucks may be accomplished through
certification or production verification testing of vehicle configura-
tions, assembly line testing using continuous testing {sample testing
or 100% testing), or selective enforcement auditing of production
vehicles and in-use compliance programs. The predominant portion
of any certification or production verification testing and assembly
line vehicletesting canbe carriedout 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 same test or else correlative so that compliance may
be accurately determined. Measurement methodologies which
appear applicable both for certification or production verification
testing and any assembly line testing are the EPA Low Speed High
Acceleration and the EPA High Speed Tesgt.

CERTIFICATION

Certification is the testing of selected prototype products by a
‘manufacturer or by the government in order to determine whether the
produets conform to a standard. Certification serves the purpose of

verifying that a manufacturer has the technology in hand or '"avail-

“-able" and, where required, it may be used to verify that the applied

technology will lagt for some periad of use.
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Certification may involve the testing of every configuration of
a manufactuturer's production to verify whether each conforms, or
configurations may be grouped into categories with similar emission
characteristics and only selected configurations tested. The con-
figpurations tested are then considered representative of the other
untested configurations in a category.

The concept of certification has asscciated with it the issue of
approval by the government 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
mean that actual production line vehicles will also conform, Veri-
fication that production models conform can be made only by actual

testing 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 process. The tested
pilot line models {or first production models) must confortn with
the standard prior to any distribution into commerce of that model.

Production verification does not involve any formal governmental

approval or issuance of certificates aubsequent to manufacturer
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testing, nor is any extensive testing required ol the governmont.

Any regulations would require that priorio distribution into commerce
of any manuflactured configuration, as delined within the regulationg,

the configuration must undergo production verification. A vehicle
madel would he considered to have been production verified after the
manufaciurer has shown, hased on the applieation of the nolse
measurement tests, thal 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 manufacturer can establish that the noise levels of some
configurations within a model are consistently higher than others or
are always representative of other configurations. 1In such a case,

the higher emitter would be the only configuration requiring verifi:

cation. After initial verification manufacturers musl re-~verify when-
ever they implement engineering changes to their products that are

likely to adversely affect noise emissions. Additionelly, further
testing on some continuing or other periodic basis of production line
products will still he necessary io ensure, with some conflidence,

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 standarde. It also limits
the possibility that nonconforming vehicles will be distributed in com-
merce because initial testing is performed on pilot line or [first
production models. Because the possibility still exists that subsequent
models may not conform, assembly line vehicle testing should be
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made a part of any enforcemenl sirategy in order to determine
whether preduction vehicles continue to conform to the standard,
ASSEMBLY LINE TESTING

Assembly line testing of production vehicles is a process by which
vehicles, as they are completed on the assembly line, are tested to
determine whetherthey conform to applicable standards, This deter-
mination as to whether production vehicles comply with the standard
can bhe made by the use of ecither continuous 100% testing of newly
asgsembled vechicleg, 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 case
of the production of nominally identical vehicle configurations, which
exhibit the same or similar noise emission characteristics through
the application of the same or similar noise attentuation technology,
the uge of sample testing is a realistic way of determining compliance
by other untested vehicles produced by a manufacturer,

Continuous 100% Testing

In the absence of a short, inexpensive test, 100% testing can be
costly and time consuming and in most cages unnecessary in the
absence of some justification to the contrary since sample testing
can yield the desired result. At this time, 100% testing is not pro-
posed as a primary enforcement tool; however, 100% testing may he
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 basis or the auditing of production line vehicles
on some random basis or for cause. An auditing strategy would enable
the government to determine il production vehicles meet promulgated
emission standards and provide a deterrent Lo the distribution in
commerce of nonconforming products. An auditing strategy invalves
the testing of a representative number ol production vehicles in a
random fashion. Because the number of vehicles tested under an
auditing strategy is nominali, the costandelfort associated with imple-
mentation of guch a strategy for a conforming manufacturer is only
a fraction of the costofa program invelving continuous testing because
fewer vehicles are involved,

Any sampling strategy adopted by the government would not
necessarily impose a qualily 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 noncen-

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 itis determinedon the basis of ass embly line testing,
or other information, that nonconforming production vehicles are
knowingly being distributed into commerce, or where the manufac-
turer fails to comply with an Administrator's order specifying appro-
priate relief where nonconformity is determined,
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REMEDIES

In addition to the criminal penaltics associated with vielations
of the prohibitions of the Act, which include fines and imprisonment,
the Administrator has the option of issuing an order specilying sueh
relief ag he determines 'necessary to proiect the public health and
welfare, Such an  order could include the requirement that a
manufacturer recall products distributed into commerce not in con-
formity with the repgulations, and that a manufacturer effect any
remedies whether or not the manufacturer had knowledge of the non-
conformity, Such recall orders would be issued in situations where
assembly line testing demonstrated that vehicles of a particular
configuration had been distributed into coinmerce not in conformity
with the applicable noise emission standards,
LABELING

Any enforcement sirategies could be accompanied by the require-
ment for labeling of products being distributed into commerce, The
label will provide notice to a buyer and user that the product is sold
in conformity with applicable regulations, that the vehicle possesses
noise attenuation devices and that such items should not be removed
or rendered inoperative, The label should algo indicate the associated

liability for such remaoval or rendering inoperative.

inoperativa,
IN-USE COMPLIANCE .
If the goal of protecting the public health and welfare is to be

fully achieved, the nolse 'levels of vehicles must not degrade above
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the standards preseribed for assembly line vehicles. The standards
should therefore extend over the lile of the products, as authorized
by the Act, Several compliance strategies can be used o ensure the
maintenance of standards, The manufacturer is required (by Section
68{d)(1)) to warrant for the life of the vehicle thatit conformed Lo stand-
ards at the time of initial sale, Recall is an appropriate remedy
{under Scction 11(d){1)) to require the manufacturer to remedy a class
of vehicles that fails to conform while in actual use, despite proper
maintenance and operation, The tampoering with noise emission con-
trol devices and clements of design is prohibited by Section [H{al2),
Finally, the manufacturer can be required (hy Section G{e)(1)) Lo
provide instructions to purchasers speceilying the maintenance, use,

and repair to keep the vehicle within standards,
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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 this section the single effects of
truck noise control on air and water pollution, solid wasie disposal,
energy and natural resource consumption, and land use considera-
tions will be evaluated.

1t is useful to recall that the principal sourcesg of truck power
train noise are the fan, engine, and exhaust. Fan noise control
involves the uge of more efficient, large, slowly turning fans and
fan clutches that disengage the fan entirely when fan cooling of the
engihe is not required. Engine noise reduction ig achieved by means
of damped and vibration-isolated engine components and enclosures.
Exhaust noise is pfincipaily controlled through the use of more

effective mufflers.

AIR

The major potential effect on air pollution from the noise con-
trol measures described above would be an increase in engine exhaust
emissions as a result of an increage in exhaust system hack pres-
gure (Reference 1), Truck exhaust mufflers have heen designed
and tested that adequately reduce exhaust noise without exceeding
engine manufacturers back pressure specifications, Accordingly,

no increase in air pollution is to be expected from noise control

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

performance or increase air emiasions.

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

dispesal.

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 . 0035 . 0018
Diesel ' .0019 . 0010

_ Also, the following annual mileages by truck category apply:*

Truck Category

Medium Heavy

Engine Tme Duty Dutz
Gasgoline 10, 000 18, 000
Diesel ' 21, 000 54, 000

* Data reduced from U.S5. Bureau of Census, 1973.

11-2
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i"inally, the following number of Lrucks were in use n 1972 {(sce

Scctions 3 and 8).

Trueck Calegory

Medium Tteavy

Engine Type Duly Duly
Gagoline 2, 335,000 509, 000
Diesel 41,000 648, 000

Combining the data in the above (hrec iables, as well as the
estimated savings of 6 hp for gasoline trucks and 15 hp for gaso-
line trucks and 15 hp for diesel trucks, shows that if all irucks werc
equipped with large thermostatically controlled fans, approximately
one hillion gallons of fuel would have heen saved in 1972, more than
that actually consumed.

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

Another potential secondary effect on fuel consumption is the
inc.reased truck rolling resistance attributable to the weight of noise
control materials, The weight of noise-reducing materials varies
from a few pounds for a thermostatic fan clutch or compliant engine
mounts te potentially several hundred pounds for an engine
enclosure. Even several hundred pounds, however, represents only a

ii-3
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fraction of one percent of thelotal vehicle weight of medium and heavy
irucks, Since only a small fraction of the energy generated by a truck
engine is used to overcome rolling resistance (most is used to over-
come acrodynamic drag), the effect of additional weight on energy
and hence on fuel consumption is considered inconsequential,

BEffects on the consumption of other natural resources are expected
to be small. As indicated, no more than the addition of scveral
hundred pounds per truck arc likely to be required for noise treatment,
under models 2 and 3 used carlier in this document. This is a small
fraction of the roupghly 25,000 Lo 30,000 1bs per tractorfirailer

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 gstreets could become more desirable for residential
and commercial use as the environmental noise from medium and
heavy trucks is reduced. However, should the foregoing not be the
case, ii can certainly be si:ated that Federal regulations would not

adversely affect land use,
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APPENDIX A: DERIVATION O BASIC SETUATLIONAL MODIL BQUATIONS

[n Section 6, Tables 66 and 6-7 presented the caleulaled Lruck
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
standard acoustic concepts presented below.

A truck is regarded as a random isotr.opic acoustic source whose
acoustie power output is characterized by a spectral deasity W(-F) in

-walkts per hoertz at frequency -F It is also assumed thal this acoustic
power is radiated into a bhalf space. These assxumptiéns imply ihat

Iﬂ({)' the intensity spectral density of the source, is the same on
the surface of any hemisphere in the half space which hig the source

at its center. IU is given by

—"-r-}-}-l—i- Watts per om® per Hz.)) A1)
o l

In(‘” =
where #  is the distance in ¢m from the source lo a field point
of interest, For the purposes of this analysis it will be assumed that
the activily site structure, upon which the teoek neise impinges
is at some single representative distunce from e sourere,  ‘Fhis

distance is the /l in Equation (A, 1),
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Now lel the surface area of the structure of interest be composcd
of M different types of partitions {i.c., walls, windows, ete.)nnd
let the 'Lihty;w have an arca AL and a transmission eoefficient ‘t;(’}j,
Also let 'I‘H-) be the intensity speetral density transmiited throuyh

the 'Lﬂ" type surface. 'Then the total power speetral density \\[X‘G)

transmitted into the siructure is

m
: wilf) = 2 Apli, Caw

il
[
'Here,

T8 = wp) 108, (A.2)

Thus, .
: : m
W) = Inl) 2 AT,

(A.4)

The transmittance T {f) for the composite surface is defined by

m
T = :‘.i ALt F). s

By Equations (A, 4) and (A.B)y

TE - W)

2 I'LQ' (A, 6)

Welf) = Te): T,(6) =
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then called Sabins., Absorption units in om

It is noted that trangsmission coefficients T;(—F) are not custom-
arily reported dircetly in the literature, Transmission loss Q.CL.F)

is usually given in decibels.  The quantities ’t’t(-F) and St(ﬂ

arc relaled as follows:
)
Set) = 10 dog [TulS)] .

v§) = lo"[é'%ﬂ]

Thus,
(A.8)

The acoustic energy,produced by the truck with acoustic

power density \N(;),which has been transmitted from the outside

environment to the activity site interior can now be estimated.

For this)the well-known architeetural acoustics formula

I/‘(H= “\%ng)‘ - mean intensity spectral density  (A.8)

{watts per e per MHz)

inside the room

) . A . Lo
ig employed, where A(} i the total number uf'ubsorpnon unlts’msmu
the room i{-;'cm". A(f,ls cusiomarily given in square leet and is

ke are more convenicent in the

present instance,

. A3
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The absorpiion A(ﬂ evan he compuled as follows, et the interior

of the room be bounded by [N different types of surfaces {i,e¢., plaster

wall, carpets, ete,} and let each type surface have an aren AJ in m
and an absorption coefficient OCJ . In addition, let the room conlain
M objects cach contributing LL({) absorption units. Then the total

number of absorption units in the room is

N M
Al) = %A,- () + {T U6 . oo
| -,

Values of dj(f-) and vh('” are tabulated for many surfaces and objects

and arc readily available in the l.iterature.

Combining Equations (A, 6) and (A.9), on2 of the hasic formulas

of this analysis is obtained:

T)
Tnih) = [211 R= . Alf)

} W) (A.11)

Equation {A, 11} relates the intensity spectral density inside the
room to the speciral densily of the acoustic power of the source, the
distance of the source from the struclure, the transmitlance and ab-
sorption te;ms‘associatcd with the room, The equatioﬁ is valid fora
single frequency f. IT it were desired to compute the total unweighted
intensity belv\.:-een two frequencies ;F-. and {z , then one simply inte-

gratess s

:r ({‘ ’_{_1) = S lﬁ(';)a'g (Watts/clmz') . {AL1D

{
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Now, in this project report, the guantily used for intensity is the

A-weighted intensity. This means that each component

In.(") is

weighted by a factor P(F) . Values of /Bf-f-) can be oblained in variouy

.places ~such ag Refercncel.

The curve A in F.igure 2,3 of Reference 1 plots SF('F) Vs, f

where

Thus,

$605) = 10 b, B4,

(A.13}

(A .14)

A few typical valucs.ofﬁ({:) are as shown in Table A-1,

TABLE A -1 TYPICAL vALUES or g({)

§ (na)

50
100
200
500

1000
5000

A%

.0008

.0100 -

- 0790
.5000
1.0000
1.0000

The formula for A-weighted intensily which corrcsponds to Eduation

(A, 12) ia

%
J(5,4) = S}_ LORUGE

{A.15)



By Equations (A, 11) and (A, 15):

ennt ACH

Equation (A, 16) applies to any frequency band where -F‘é ‘F(:';:.'

A :
JG,R)= 3 S—F T@: £ W (e

However, most measurement data are available in octave bands and so
gsome simplifications are made in Iquation (A.16) in order to use the
octave hand data.  1Mrsl the moedt commonly employed octave handd
are defined in Table A-2,.
TABLE A-2
OCTAVE BANDS AND SYMBOLS

Qctave Octave Octave

Band Band* Band

Octave Octave Band Center Lower Upper

Band Intensity Fredq. Freq. Freq.
NO. Jp fc f fu

p (Waits fem ) (Hz) (Hz) (Hz)

1 J 31.5 22,3 44,6

2 J 63 44,6 89,2

3 J 125 88,4 176.8

4 J 250 176, 8 353.6

§ J 500 353.6 707.1

6 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 5,6506.9

9 J 8, 000 5,656.9 11,313,7

v
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Iin Table A, 2.

-

1]

Center frequency of 4’ ;octave band 4

i

Lower l"roquency of +ﬂ‘ octave band ,

£
‘ 'F th
_ W Upper frequency of -’p octave band ,

Sowe relations between octave band frequencics arc:

fu= 28,
}':U.- -ﬁ_ = Band w-idth (ﬁ ‘f,{koctave hand

'fc. “{1._‘ \("‘" * ,f‘ A7)

For convenience, the following notation is adopted:
J(‘F‘_,’-ﬁ‘) - J-J]: = A-weighted intensily in Jpﬂﬁctave band, (A, 18)

By Equations (A-Ib:) and (A-18),

e J’*“ T p03)
zant J, AlL$)

v

Ip = W) 4

(A.19) |

In order to make use of available data for thc. evaluation of tho

integral of Equation (A, 19)yinside the J’,’l'h octave bangd il 18

assumed "that the quantities‘l'ﬁ (.[.)’ T(#) ana WH) are all constant

A-T




' . ! s
and have values corresponding lo ;'c. ) the center Irequeney of the

oclave band . That is, Alf) . T(f‘) ant W urn replaced in Lhe

integrand of Bquation (A-18) by the constanis A(,»f-c), T(f,) il ‘Nf;'r"),

Turther, denoiing these quantilics by A,p T.i, anc ‘W)P, then lguation

(A, 19) becomes

‘3‘+,= ) Tngj_P?, L., (20

wletre

The quantity ﬁP may be estimated in various ways, but since it
does not appear in later formulas, it will not be considered further.
Equation (A. 20} gives the octave band intensity ‘TP inside a

room in terms of the acoustic power spectral density of the source
- -

- £, S
/61,"'"[ ﬁ('F)cH'_ (A.21)

W»p‘, Ordinarily, the WP is not known. Thus, this quantily is replaéed

by a quantity which is known and measured, namely the dB(A) level
produced in a pass-by test at a prescribed distance, The distance

is usually 50 feet but here it is allowed to be arbitrary flg incm,

Using Equétion {A.1) and integrating pquation (A.15) gives

b

y
Jo'p = msﬂ ﬁbf)-\\f(&)é'? . (4. 22)

1f the same approximétions are made in Equation {(A.22) as were

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

-
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Ia-p = M (A, 23)

21 hE

Using Equation (A,ZB),W? can be eliminaled from Equation (A.20),
' Thus, Equaticn (A.20) becomes

Ty = (‘%Y{%Lﬁ . '(A.24)

Equation {A,24) gives a simple relation between the A -weighled
octave band levels inside the room and those at the standard fest

distance M, -

At this point, it is useful to introduce a normalized spectrum for
the source, Defme the normalizied A -weiphted Jbﬂ‘ octave band

component as J;.‘, ; that is,

IO == = (4, 25)

Now’spectra having the same shape as J;?,the one actually meas-
ured but havmg different mtensr.ttes can be genecrated by simply
multliplying all .J:,p by the same constant . Thus, for a typical
case’one candetermine -fP:md raise orlower the total power, keeping
the spectrum shape the same. This was donehere usingtwo speclra,
one for low speed high acceleration truck operation and the other
forhigh constant speed {ruck operation. These specira are shown

in Figures I.land I, 2, respectively, of Appendix E.

A-9
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A
In Equalion (A.24), Jai;is replaced by q-l 3'01, tu bacome

JIp = ('I}IE&)L' % N a'\o‘p . (A 26)

‘The total iﬁtensity inside the room. summed over all the oclave

bands, is defined as JO' and is given by A

2 ate Tk
Ja"""ig\ Ip = Tﬁ('%) —h2h

For convenience, define the parameter % as
A
g T Jop
(A, 28)
I3 A P " .

=)

-—
———

and, thus

Je = 11%(%)1- (A, 29)

A
The intensity ut the reference distance Jig i nlJ;{,summed over Ib H

A 91\
Jop = Jot =
én e e =

The overall dB(A) level of the source at g is

and the ;dB(A) level inside the room at. R is

Al . (A.’2"?)-

Sn = 10 ,anﬂ @-—‘,’_—}a) . | (p;.. 32)
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By Equations (A, 20}, {A, 31) and (A, 32}, then

S = 8y + 10 0og, [(%")1(%)] . Ca. )

Xquation (A,33) gives the overall dB(A) level So of a truck,hav—

-ing a pregcribed spectrum and measured at distance Mg ., which

will produce a d13{A}) level 5;1 in a room whieh is at a distance J{
and has specified absorption and traiiomission loss. $*or the
calculalions in this project report, Sﬂ wasg taken as 10 JdB(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 deseription of the s;tructure ata particular activity site. These
considerations involve {1) the loss of acoustic energy on sound passage
through the partition of & 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 wag defined in terms of physical geometry, structural
material, and interlor furnishings. Tables B-i, B-2 and B~3 provide
architecturat~acoustic data for the apartment room, frame house room,

and office room, respectively, considered in thig study,
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. TABLE B,1
DESCRIPTION OF APARTMENT ROOM

Site Component Description
Exterior Wall 90 ft tranamisgsion area,

Construction: brick, laid on edge with
gypsum plaster on both sides.
Tranamisaion loss: see Reference 1, page 434,
Window 30 ft transmission area,
Construclion: single 1/8 inch thick pane
with 1, 626 1ba/ft surface density.
Trangmission loss: see Reference 2, page 108,
Interior Walls & 740-ft aurface area,
Ceiling Construction: plaster, gypsum, scratch
and brown coats on metal laith on wood studs,
Absorption: see reference 1, page 425,
Floor 30Q-ft surface area,
Construction: pile carpet on 1/8 inch felt.
Absorption: see Reference 1, page 424,
Draperies 120-ft surface area,
Construction: 18 oz./yd velours,
Absorption: see Reference 1, page 424.
People Four adults seated in American loge chairs,

Absorption: see Reference 1, page 426.
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TABIL.E B. 2
DESCRIFTION OF FRAME HOUSE RCOM

Site Component Description
Exterior Wall 2B0-ft transamission area,

Consatruction: 1/2 inch thick lime plugter
on wood lath,
Tranamisgsion logys: see Reference 1, page 128,
Windows 70-ft transmirslon area,
Construction: single 1/8 inch~thick panc
with 1, 626 lbs/ft surface density.
Transmission loss: see Reference 2, page 109,
Interior Walls 500-ft surface area.
Construction: plaster, gypsum, scratfch and
brown coats on metal lath on wood atuds,
Absorption: see Reference 1, page 425.
Ceiling 300-ft surface area,
Construction: l-inch thick type M-2 acoustic
Celotex 12-~inch x 12-inch tiles.
Abéorption: see Reference 1, page 408,
Floor 300-ft surface area, ‘ '
Construction: linoleum on concrete, ‘
Absorption: see Reference 1, page 424,
Chairs Two tablet arm chairs with seats down,
upholstered with Durano plastic seat
covering and mohair side vents,
Absorption: see Reference 1, page 426. j‘
People Two adults.

Absorption: see Reference 1, page 426,

B-3
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. TABLE B.3
DESCRIPTION OF QFFICE ROOM
Site Component Description
Exterior Wall §0-ft transmission area,

Construction: brick, laid on edge with gypsum
plaster on both sides,
Transmigsion logs: see Reference 1, page 434.
Windows 60-ft surface area.
Construction: single 1/8 inch-thick pane
with 1, 626 1bs/ft surface density.
Transmission loss: see Reference 2, page 109.
Interior Walls 500-ft surface area,
Construction: plaster, gypsum, scratch and
brown coats on metal lath on wood studs,
Abscrption: see Reference 1, page 425,
Ceiling 300-ft surface area,
Construction: l~inch thick type M-2 acoustic
Celotex 12-inch x 12-inch tiles,
Absorption: see Reference 1, page 409,
Floor 300-ft surface area,
Construction: linocleum on concrete,
Absorption: see Reference 1, page 424,
Chairs Two tablet arm chairs with seats down,
upholstered with Durano plastic seat
covering and mohair side vents,
Abgorption: see Reference 1, page 426,

People Two aduits, ?

PINrAW LI

Absorption: see Reference 1, page 426,
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APPENDIX C: CALCULATION OFF 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 associated with major sound absorbing surfaceg within the ac-
tivity space of the site of interest, Here, an absorption unitis defined
as the product coefficient of a surface and the related surface area.

Table C. 1 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 Tabkle

C.1
TABLE C.2 COMMENTS ON TABLE C. 1
Column Comments
1 QOctave band center frequencies, Hz.
2,3,4 = abgorption coefficient (see Appendix B},
A = gurface area, cm .,
A = Absorption, Absorption Units.
5 Absorption for four persons, abzorption 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 6§, absorption units,

B i



TABLE C-1
ABZORBENCY OF TIE APARTMENT  INTERICOR

COLUMN MUMBERS '

1 3 4 5 6
Octave Band ) walls and - Octave Band
Center Carpeting Ceiling Drapes .
Frequency = 278,700 cm2 [A = 687,500 om2| A = 111500 em2 [ TeORIe | TORAL

Hz (o] aA G af ] oA ’

125 L1100 30,709 .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 .37 103,100 .04 27,500 | .35 39,000 16,700 185,400
1000 .43 119,800 .06 41,300 .45 50,200 18,600 229,800
2000 .27 75,300 .06 41,300 .38 42,400 19,300 178,260
4000 .25 69,700 .03 20,600 .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 gtructure associated with each
environmental activity site was calculated by summing the transmit-
tance associated with meajor sound transmitting partitions for each
particular structure. Here, transmittance is defined as the product
of the transmission coefficient of a partition and the related surface
area,

Table D.1 summarizes the steps taken to obtain the total trans-
mittance for the apartment actlvity site, Table D, 2 provides some

comments on the column data in Table D, 1.

TABLE D-2 COMMENTS ON TABLE D-1

Column Comments
1 Octave band center frequencies, Hz.
2,3 = transmission coefficient (see Appendix B)

A = surface area, cm

transmittance, transmission units,
4 "These values are the sum of the data of columns

2 and 3.
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TABLE D-1,
_;'_‘I'RANS!fﬂ'fTANCE OF THE APAR'I'.MI'.':NT STRUCTURE
Column Numbers
1 2 3 L
Outave Band Windows ~ Walls ‘Octave Band
Craquney | T2 E 100 e A 8361 X206 i o e
icE i TA o TA
" 125 17.430 x 1073 435.8 12.589 x 1074 105.3 591.1
250 4.415 ¥ 1073 123.1 1.000 x 2074 8.4 131.5
500 1.108 x 1073 30,9 | 2.000 x 2074 16.8 47.7
1000 277 % 10°3 7.7 .126 x 1074 1.1 8.8
2000 .069 % 1073 1.9 013 x 1074 .1 2.0
4000 017 X 1073 0.5 . .006 X 1074 0 - .5
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APPENDIX E: TYPICAL MEASURED TRUCK OPERATION NOISE

Y3 o LR, a S T

L

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 spectrum for the particular truck operations below.

Truck Noise at Low-Speed, High-Acceleration Operation

Low speed high acceleration truck operation usually occurs when a
truck at standstill begins movement. This condition has been recognized
as one producing relativelyhigh levels ofnoise. The data shown in Figure
E-1 are considered typical and representative of noise associated with

the subject truck cperating condition (Reference 1},

Trucic Noige at Constant High Speed Operation

Congtant high speed truck acceleration usually occurs when a truck
is operating on a freeway. Noise levels generated during this mode of
operation have also received considerable attention. The data shown

in Figure E~2 are considered typical and representative of noise gener-

" ated during constant high-speed truck operation (Reference 2),
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Figure E-2 Typical feasured Constant High-Speed Truck Operation Noise.

i E-3

|
I
|
f
u
!

e et A i s 2 4L



TR AR PERSAN A

REFERENCES I’OR APPENDIX T

1, Wyle Laboratories Communication R/89161 with EPA, Table 2
{SAE T366 data), January 1974,

2. "Truck Noise III-A; Preliminary Nolse Diagnosis of Freightliner
Datum Truck-Tractor, ' Department of Transportation Report
DOT-TST~73-6, May 1074,

i
i
I
i
.
|
.
}
P 5

1

At AR g i 2Tt bar i AL bty



e e e et g e T e P Y

APPENDIX F; CALCULATIONS TO NORMALIZE T LOW S 1KKD
HIGH-ACCELERATION TRUCK NOISI SPECTRUM

To'facilitate their usage in the procedurce developed Lo ohlain
the truck noise levels at ‘50 fect that might preclude annoyuncc,
the truck noise spectra of Figures [5-1 and E-2 were normalized
to a total sound intensity of one watt/ cm'g'.

Table F-1 '‘summarizes the steps taken in this nermalization
‘process for ‘the noise spectrum associated with the low speed, high
acceleration truck operation, Table F-2 provides some comments

on the column data in Table -1,

TABLI #, 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 values.
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TABLE F-1

NORMALIZATION OF THE LOW-SPEED, HIGH-ACCELERATION TRUCK NOISE SPECTRUM

Column Numbers

1 2 . 3 4.
Octave Band : N lized
Coenter Qctave Band, Octave Band Normalize
Frequency - Sound lavel Souiud Inbensity Octave Band |
: : i Sould Tntenuily
Hz A Watts/em? e
1 72 1.58 % 10-? .036
256 78 6.31 x 10=9 .146
500 g2 15.84 x 1p=9 .366
1000 01 12.59 4 109 £290
3000 7 5.01 x 10~ 9 .116
000 O 2.00x 10"9 .046




APPENDIX G: CALCULATION OF ACTIVITY SITI FACTORS 1"'OR
THE APARTMENT ACTIVITY SITI

The activity site factor, q’:J for the pth octave hund, is
defined as 5\
q,= _Tp Jop (G.1}

. where Ap and TP

mission loss for the particular activity gite siructure of interest

are the pth octave band absorption and trans-

and {I\op is the normalized A-weighted sound intensity of the truck
noige for the pth octave band. These activity site factors summed
over all octave bands of interest to give the parameter gq. See
Equation (A.28) of Appendix A,

Table G.1 summarizes the steps taken to obtain the activity
gite factors 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 COMMENTS
; 1 Octave Band Center Frequencies
5 2 Data from Column 8 of Table C.1,

Absorption Units

D Y

3 Data from Column 4 of Table D. 1,

e

Transmisgion Units
4 Data from Column 4 of Table F. 1

5 These values are the product of the data of

I e

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 4 5 .
betave Bandl o ve Band Octave Band .Octave Band Oitave Band

Centes - . Normalized © Situational

Froguency Absorption . Transmittance Trur:kANoisc Factor

Hz AJb -r? To‘p ‘Z&b
126 61,000 591.1 .036 3488 x 10”7
250 87,200 131.5 .146 2202 x 1077
500 186,400 47.7 - .366 937 x.1077
* 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

4000
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APPENDIX H: PROCEDURE USED TO OBTAIN THE TRUCK NOISE LEVELS

AT 50 FEET THAT MIGHT PRECLUDE ANNOYANCE

The following steps were takento obtain the desired truck noise levels:

Step 1:

Step 3:

Step 4:

Step 5:

i

e i e o e P P F F

Depending on the human activity and actlvity site (e, g.,
& thought process in an apartment), the acceptable ambient
noise level wag increaged by 10 dB(A) to represent the level
of the extraneous intrusive noise likely io provoke a strong
feeling of annoyance.

Using the appropriate absorption data for the activity spaces

(2. g., an apartment interior), the total absorption units
for each activity site were calculated,

Using the appropriate transmission loss data for the activity
site (e.g.,, an apartment building), the transmittance of the
atructure  separating the activity space from the truck
nolse was calculated,

Using the appropriate truck noise spectrum, a normalized
nolse spectrum was calculated to facilitate the analysis.
Using the data generated in Steps 1 through 4 above, truck
noise levels at‘50 feet that might preclude annoyance were
calculated for different hurman activities in various activity

spaces at particular activity sites.

H-1
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APPENDIX I DETAILED INITIAL COST ESTIMATES TO QUIET
MEDIUM AND HEAVY DUTY TRUCKS
The noise control treatments conaidered in this analysis are listed
in Table I-1, Table I-2 shows which treatments apply lo a given
vehicle as afunction of noise level, and the truck retail price increase

agsociated with the treatments.

I-1

e kil
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TABLE I.1 ' NOISE CONTROL KEY

Spurce Level or
Noise Reduction

System Code Description of Noise Control Measure
Fan al Use of larger slower turning fan 80 4By
wlth shrouding
az2 Larger slower turning fan with 75 ABA
thermostat contrel to eliminate
shutters or control their onening
a3- Best technology fan system 65 apd
Exhaust bl Best avallable system 75 aEA
b2 Advanced system better than pres- 75 4Bl
e ntly available
b3 Best technology exhaust system 65 dEA
Engine ¢l Close fitting covers and isclated 2 — 3 dBEA
or damped exterlor parts supplied Noise Reduction
by engine manufacturer
Cab dl Underhood treatment such &s acous- 2 -4 dH4
tic absorbing material, side
d2 Partial or full engine enclosures 10 — 15 dHa)

Noise Reduction




TABLE I.Z2 ESTIMATED CUSTOMER PRICE INCREASES FOR QUIETED TRUCKS
farke Model 1, 83 dB(4A) Model 2, 80 dB{A) Model 3, 75 dB(A)

, Engtne clus'l si'um:2 Fan | Exhaust | Engfne| Cab| Tota) Fan| Exhaust | Engline Cab Total Fin Exhsust | Engine Cab Tatal
¥,D. fasaline 65% - - - steo| 4 25 - - $125 | 8150 4 50 - $100 s360
Enginea al ad bl 21 b2 a1
#.D. Diesel Engines | 125 | $100| § 50 - - |sse [sroof 4 50 $200 - | 280 | s150 | a0 e s
Hanufazturer A a2 ot az bl el a3 b2 a2 i
H,D. Sizsel Enpines | 65 |$100( $50 | s275 [ - [s425 || s100] 5 50 - s8s0 | a0 [ 4150 | #100 - fEEr
Mapulaztyrer B a2 bl cl a2 bl LH] al b2 a3 Ea
0.0, Pleael Engires | 68 |3lo0| $ 25 s200 | - j3325 || s10n| 25 - $615 | & Bpa [ 150 $ 75 - 1775 | siz22
Marufgzturer B a2 bl ol a2 bl az al b2 a2
H.D. Diesel Engines ] 4,83 - - - - | 30 $100{ $ 25 - - $ 125 150 § 75 s$200 5120 4505
Yanufasturer € a? b1 ' al b2 cl H
1D, Dlesel Enatnes | 2.2% | $100 | & 25 - - [s125 | sro0{ £ 25 £95 | sioc | 8 210 | s150 | 3 7% - 1238 it
Hanufacturer D n2 bl a? vl el d1 a3 b2 ) T
H.D, Dleael Enginea | 1.5% - - - s200( 4 50 . - $150 | $150 | $ico - i -41:535'
Manufacturer D 8l a2 31 al b2 ] bosss
H.D. Dlesel Enginea | 0.5% | 3100 2100 - - {3200 | ei00f 3100 1200 - 3 Log | s150 3150 - 3—5:5" 1-5;7:3‘
Hinufacturer A a2 | bz 2 | b2 el a3 b2 Mo
1.D. Dlesel Enginea | 0.775 | $100] - - - lstea || sto0d s 25 8175 - s 300 | $150 | 875 - DLITL oAyt
Manufastuper E a2 a2 bt el a) b2 L

k. rar- el -
H.D. Diesal Engines | .47 | $100| = - - taoo | sio0] 3 25 3175 - 400 [ 5150 | 375 - S I:;:5
Hanulfacturer € a2 a2 bl el Tal vl 4 b
M., Dteael Engines | 0.2258) 3100 | § 25 - - | 8125 || sr00| 3 25 3209 - s 325 | s150 1§78 - IR
Maqufgeturer F a2 bl a2 bl el a) b2 e
%D, Diesel Enzinea |0.175 | §100| & 25 | - - [n2s [[asoo| s25 | s150 - [aars [ ss0 | w1 - T e
Yanulactures G a2 bl a2 ul el al T prg b
.0, Dlesel Engines (0.0158( - - - - |3 $100] ¢ 25 - - | 3125 ] s150 | $ 75 s200 | sroa | 8583
Manulacturer H a2 bl a3 b2 el dl
IM.D. # nedium duty, H.D, = hsavy duty. M,.P, and H.D, refcr to Severity uf service, Exchange!

of a nolay engine by & qulel engine 1n posailbdle within H.D, ond H.D. classra.
2parcent of medium and heavy duty trucks powsred by indicated engine

family, 1972.




APPENDIX J:

As was described in Section 7, "Changes in Operating Costs, " the

efiects

COSTS O OPERATING QUIINT TRUCKS

of adding noise control devices to trucks are (1) to change the

cost of their operatlon and (2} to change their operating capabilities.

This second effect, in turn, can he quantitled In tarma of the exlra cap-

ital cost necesaary to mainlain the irack's previous level of Borvien,

This appendix contalns the detailed calculation of these cosl changes.

Tables J-1 and J-2 show the effcet of changes in vehicle character

istics on fuel consumption per mile and the gross engine power noeeded

to maintain truck performaonce,

The developmaoent of these lgured Id

based on the references at the end of Section 7,

TABLE J.]

ON FUEL CONSUMPTION

EFFECT OF CHANGES IN VEHICLE CHARACTERISTICS

Effect of Change in ' ‘

e e A

LSl et ko sk £

GVHR Back pressaure Accessory Horse-
(gpm/1b) | (gpm/in. Hg) | power (gpm/hp) :
Gasoline - medium | 3,25 x 10™° 0 L0035 :
Gasoline - heavy | 3.25 x 107°® 0 .0019 '
Dlesel ~ medium 1.77 x 10™° .00050 L0019
Diesel - heavy 1.77 x 107 .00021 .0010
Source: Reference No. 1.

o — b 1wy s,



TABLE J 2 EFFECT OF CHARGES IN VENICLE CHARACTERISTICS ON
GROSS ENGINE POWER NEEDED TO MAINTAIN A GIVEN TOP SPEED

Effcct of Change in

R A 4 e b —

GVWR Back pressure | Accecsory Horse-
(hp/b) | (hp/in, Hg) power (hp/hp)
Gasoline - medium L0020 1.4 1
Gasoline - heavy .0020 2.1 1
Diesel - medium 0020 2.0 1l
Diesel - heavy L0020 3.0 1

The fuel consumption sensitivities in Table J-1 can be converted

into coat coefficients by multiplying gallons per mile by the annual mile-

age and the average price of fuelper gallon.

are given in Table J-3.

Table J .

Values for these quantities

The corresponding annual costs are shown in

e e e =

TABLE J-3  ANNUAL MILEAGE AND FUEL PRICES BY TYPE OF TRUCK

Annual Mileage! | Fuel Price?
‘ (10% mifyr ($/ga1)
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,

2Estimate based on 0il and Gas Journal, March 11,

1974,

et T s Yok A T b s b b e
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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 cost
per unit horsepower, Manufacturers' data reported in reference 1, indi-
cate that the average price per horsepower for medium and heavy duty
diesel englnes ia $16 and $24, respectively. Assuming that gasoline
engines cost 60% of their diesel equivalents, the corregponding unit
prices for gasoline horsepower are approximately $10 and $14, Multiply~-
ing these unit costs by the figures in Table J-2 gives the indirect capifal

cost per unit change in vehicle characteristics, as shown in Table J-5,

T et i e




TABLE J,5. INDIRECT INCREASE IN CAPITAL COST AS A RLSULT O
CHANGES IN GVW, BAC‘KPRESSURL’. AND ACCESSORY HORSEPUNIR

! Capita] Cost lncr‘vaw Pnr' UnH.
GVW N Backpressure Accnq or'y llur‘ v-‘-m
($/1b {$/0n. Ny) power ($/hp)
Gasoline - medium .020 1.0 10
lasoline - heavy .028 29.4 1h
Diesel - medium .032 37.0 10
Diesel ~ heavy 048 .0 M

To obtain the actual costs associated with the various noise levels,
modeled, we must multiply the cost coefficients of Tables J-4 and J-5
by the changes in truck characteristics which would be induced by the
necessary noise control measures. These changes are shown in Table
J-8 for the noise control treatments listed in Table I-1 of Appendix
1. The total cost increase (operating or indirect capital} for a particular
level and tiruck categor;‘r is thus obtained by finding the changea
in truck characteristics for those treatments (Table J=-68), multiplying
these by the operating or indirect capital cost coefficients (Tables J~4
and J-5) asg appropriate, and summing the results over all treatments
for that truck category and level, When this is done for

operating costs, the results shown in Table J-7 are obtained.

J-4
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TABLE 76 CHANGES IN TRUCK OPERATING CHARACTERISTICS FOR
NOISE CONTROL TREATMENTS!?
1
ABack pressure AMaintenance
AGYVW (1b) {in. H,0) ahp Cost ($/yr).
Code Treatment Hed Hvy | Med Hvy | Med Hvy | Med Hvy
al Large Fan (3 (7
a2 Large Fan with
Thermostat Control {6) (19)
a3 Best Tech. PFan
Systen (6) (15)
bl Best Available
Muffler 0 0 0 $ 9% $ 19*
b2 Advanced Muffler 100 200 0 $ 19% § 38°
b3 High Tech. Muffler | 100 200 15 15 $ 38% 3§ 76
cl Covers ’ 0 0
ai Underhood Treat- ‘
ment 0 o]
d2 Enclosure 250 500 $150% #3007
!Source: Estimetes by nolse 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,
*Tneludes incremental cost of replaclng muffler three times in

years.




TABLE J.7. CHANGES IN ANNUAL COST (FUEL PLUS MATNTENANCE
'EXPENSES) CAUSED BY NOISE CONTROL TREATMENTS
{INCLUDES FAN SAVINGS)

Annual Cost Change!
Model 3 Model 2 Mode; qm
gasoline - medium .5 53) ($ 96) (4 81)
Gagsoline ~ heavy {$170) ($238) ($210)
Diesel - medium 1 (% 63) ($ 63) o4l
blesel - heavy ($22h) (% 66) $116

'paprentheses denote net savings.

The table shows that the changes in operating cost, as computed, are
almost always net savings, due to the reduced power requirement of the
fan, Such savings could be ascribed to otherthan the noise control effort,
however, because (1) truck operators could use the fan power savings
to increase speed; and (2) market forces could dictate such a heneficial
design modlification eventually, even without considererations of noise
reduction. Therefore, the operating costs have been recomputed to
exclude the fan horsepower savings. The results are shown in Table

J. 8,
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TABLE"JA-E CHANGES IN ANNUAL COST (FUEL PLUS MATNTEMNANCE
EXPENSES) CAUSED BY NOISE CONTROL TREATMENTS
(WITHOUT FAN SAVINGS)

Annual Cost Increase
L. Model 1 Model 2 Model 3
? ‘ gGasoline - medium 0 § 9 § 21
. Gasoline - heavy 0 3 19 $
Diesel - medium $ 9 $ 9 $123
|
f Diesel -~ heavy $19 $176 $359

The cost of extra horsepower needed to maintain the original level
‘ of gervice is shown in Table J-9, The fan savings result in a smaller
required total engine output, hence a reduction in the initial price., For

the reasona lisied in the preceding paragraph, however, these savings

may not be realized, The indirect capital cost increase is therefore
shown in Table J-10 with fan savings excluded. The cost of extra horse-

1o power required by noise control treatments is negligible,

- e T B bt
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TABLE J-3  CHANGLS TN CAPITAL

COST INDIRECTLY CAUSLD BY
NOISE CONTROL TREATHINTS (INCLUDES FAN SAVINGS)

Capital Cost Change )
{ ) Denotes Net Savings
Model ;- ‘Model 2 Model 3 X
Gasoline - medium ($ 30) (¢ 60) (4 58)
Gasoline ~ heavy ($ 98) ($210) ($204) .
Diesel ~ medium {($ 96) ($ 96) ($ 85)
Diesel - heavy ($360) ($336) ($326)

TABLE J-10 . CHANGES 1IN CAPITAL COST INDIRECTLY CAUSED BY
NOISE CONTROL TREATMENTS (WITHOUT FAN SAVINGS)

Capital Cost Increase .

Medel 1 Model 2

Model 3

Gasoline - medium
Gasoline - heavy
Diesel - medium
Diesel -~ heavy

o o o o

$12

§ 2
$ 6
$11
$35

J-8
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APPENDIX K: COMPUTATION OF®F EQUIVALENT TRUCK I°RRLC)0
INCREASES

Thia apppendix containg the detalled calculations for the resulls
summarized in Table 7-6 in the test, The equivalenl price increasc
for a glven truck category is obtained by summing the direct price
change (Table 7-1), the indirect price change (Table 7-3a or 7-3h)
and the net present  value of the charge in operating cost
(Table 7-2a or 7-2b), Net preseni value is evaluated over 10 yoars
at 10% intereat,

Tables K-1 through K~3ghow the computation of equivalenl price

changes for each of the three models employed in this document,
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TABLE Kjﬂ 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 $
Gasoline - heavy 0 0 0 ) .
Diesel - medium 104.16 0 55.30 159. 46
Dlesel -« heavy N 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) { 1735.28)
Diesel - medium 120.83 ( 96) ( 387.07) ( 362.24)
Diesel - heavy 214,68 { 360) {( 1,376.26) ( 1,521.61)

'Source: Table 7-1.
‘Source: Mables 7.32 and 7-3b.
‘Source: Tables 7-2a and 7-2b. He% present value computed over 10 years at 10% interes:
(PV ractor = 6.144), : .
‘“The "with fan savings" case assumes that all trucks will adopt fan treatments, thereby
incurring both costs and benefiss,




TABLE k-2 CALCULATION OF EQUIVALENT PRICE FACTOR — MODEL
Present Value
Direct Indirect of Change in
Type Price Changel. Price Change? Operating Cost? Total.
Without Fan Savings
Gasoline — medium $125.00 $ 0 $ 55.30 $ 180.30
Gasoline — heavy 125.00 116.74 L. T4
Diesel - medium 264,16 55.30 319.45
Diesel - heavy 487.62 12 1,081.34 1,580.90
=
G
With Fan Savings
Gaseline -~ medium $125.00 ($ 60) (3 589.82) {$ 524.82)
Gasoline - heavy 125.00 { 210) ( 1,462.27) ( 1,547.27)
Diesel - medium 26k .16 ( 96) ( 387.07) ( 2x8.851)
Diesel - heavy h87.62 ' ( 336} { 405.50) { 253.89)
'Source: Table 7-1.
‘source: Tables 7-4a and 7-4b.
’Source: Tables 7-3a and 7-3b. Net present value computed over 10 years at 107 interest

{PV factor = 6.144),




TABLE K-3 CALCULATION OF EQUIVALENT PRICE FACTOR - MODEL 3
Present VYalue
Direct Indirect of Change in '
Type Price Change! | Price Change? | Qperating Cost? Total
Without Fan Savings
Gas = medium $ 300.00 $ 2 5 129.02 $ L3l.c2
i Gas ~ eV 300.00 6 270. 34 576.3%
Diesel - medium’ ©1,129.12 11 755.71 1,895.83
T Diesel _ poayy '1,119.32 35 2,205.70 . 3,360.02
With Fan Savings
Gas - medium - $ 300.00 (558 ($516.10) (8274.10;
Gas - heavy 300.00 (20%) (1,290.24) (1,194,24)
Diesel ~ medium 1,129.12 (85) 313.34 1,357.46
Diesel - heavy 1,119.32 ) {328) 712.70 1,506.02
1. Source: Data from tuhle 7-1; computational procedure frow page 7-16
2. Source: Tables 7-4a and 7-lb.
3. Sgurce: Tables 7-3a and 7-3b., Net present value computed over 10 yesrs a2t 105
interest (pv factor = 6.144).

-3




AFPPENDIX L: IMPACT OF QUIETING OPTIONS ON TRUCK VOLUMIL
This appendix presents detailed forccasts of truck volume for cach
truck category under the three models developed with hypothetical

standards and effective dates. The method of computation is described

in Section 7.
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TABLE L= REVISED YOLUME FORECAST {WITHOUT FAN SAVINGS) GASOLINE — MEDIUM DUTY

Yolume Reduction
Baseline

Year Forecast Model 1 Model 2 Model 3
1876 203,900 0 0 0
1977 206,800 0 g 4]
19478 209,800 | 4,616 4.616
1979 212,800 0 4,682 4,682
1980 215,700 0 4,745 4,745
1981 218,700 4,81 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 11,9986 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
19940 248,200 13,031 13,031 13,0317
1891 251,200 13,188 13,188 13,188
1992 255,100 13,393 13,383 13,393
19493 258,100 13,550 13,550 13,550 !
19294 262,000 13,755, 13,7585 13,755
1985 265,900 13,960 13,960 13,960
1896 269,900 14,170 14,170 14,170 i
1997 273,800 14,375 14,375 14,3735
1998 276,800 14,532 14,532 14,532
1989 £280,700 14,737 14,737 14,737
2000 284,700 14,974 14,9714 14,947

{




TABLE L~2  REVISED VOLUME FORECAST (WITHOUT FAN SAVINGS) GASOLINE — HEAVY puty

Yolume Reductian
Baseline
Year Forecast Model 1 Model 2 Model 3
1976 40,400 0 0 0
1977 39,400 o 0 0
1978 38,100 0 564 564
1979 38,400 0 568 568
1980 38,600 0 571 571
1981 38,700 573 1,365 1,366
1982 38,800 574 1,370 1,370
1983 38,800 1,370 1,370 1,370
1984 38,700 1,366 1,365 1,366
1985 38,600 1,363 1,383 ' 5,363
1986 38,400 1,356 1,255 | 1,356
1987 38,100 1,345 1,235 1,345
1988 37,700 1,331 1,331 1,331
1989 37,200 1,313 1,313 1,313
1990 36,600 1,292 1,282 I 1,292
1991 35,900 1,267 1,267 1,287
1992 35,000 1,236 1,236 i1,236
1993 33,900 1,197 1,187 1,197
1994 32,800 1,158 7,158 t 1,158
1995 31,500 1,112 SARE Co1,112
1996 32,800 1,158 1,158 . 1,158
1997 34,200 1,207 1,227 L 1,207
1998 35,700 1,260 EooT, 280 1,260
1994 37,200 1,313 1,303 1,313
2000 38,800 1,370 i 1,37 1,370




TABLE L—3 REVISED VOLUME FORECAST (WITHOUT FAN SAVINGS) DIESEL — MEDIUM DUTY

Volume Reduction
Baseline
Year Forecast Model 1 Model 2 Model 3
1976 3,100 0 0 0
1477 3,200 49 49 49
1978 3,200 49 49 99
1979 3,200 49 49 99
1980 3,300 51 51 102
1981 - 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 3,600 659 659 659
1988 3,700 677 677 677
1989 3,700 677 677 677
1890 3,800 696 696 696
RN 3,800 696 696 696
1992 3,900 714 714 714
1963 3,900 714 714 - 14
1994 4,000 732 732 732
1495 4,100 751 751 751
1986 4,100 751 751 751
1997 4,200 769 769 769
1998 4,200 769 769 769
1999 4,300 787 787 787
2000 4,300 7187 787 787




G—1

REVISED VOLUME FORECAST (WITHOUT-FAN SAVINGS) DIESEL — HEAVY puTY

TABLE L4
(ﬁ Volume Reduction
Baseline
Year Forecast Model 1 Model 2 Model 3
1976 164,600 Y 0 0
1977 173,600 1,493 1,493 1,493
1978 184,900 1,590 1,590 8,117
1679 194,600 1,674 1,674 8,543
1380 204,400 8,973 8,873 8,973
1981 214,300 S,408 9,408 19,994
1982 225,200 9,886 9,886 21,017
1933 236,200 22,037 22,037 22,037
1984 248,300 23,166 23,166 23,1658
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
198¢ 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 367,000 34,241 34,241 34,24)
1993 385,100 35,930 35,930 35,930
1994 404,200 7. nz, 37,712 37,712
1995 424,500 39,606 319,606 39,606
1995 443,200 41,3571 41,351 41,351
1987 461,800 43,086 43,086 43,086
1998 481,300 44,905 44,905 44,905
1999 501,800 46,818 46,818 46,818
2000 523,200 48,815 48,815 48,815

c e E—————
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TABLE L™5  REVISED VOLUME FORECAST (WITH FAN SAVINGS) DIESEL — MEDIUM DUTY

Yolume Reduction
Baseline
Year Forecast Model 1 Model 2 Model 3
1976 3,100 0 0 0
1977 3,200 0 0 0
1978 3,200 0 0 0
1979 3,200 0 0 0
1980 3,300 0 ¢ 0
1981 3,300 0 0 433
1982 3,400 0 0 446
1683 3,400 446 448 446
1984 3,500 459 459 459
1985 3,500 459 459 459
1986 3,600 472 472 472
1987 3,600 ar2 472 472
1988 3,700 485 483 435
1989 3,700 485 485 485
1890 3,800 498 498 498
1991 3,800 4938 498 498
1992 3,900 511 511 A1
1993 3,900 51 511 81
1994 4,000 524 524 524
1995 4,100 538 538 538
1996 4,100 538 28 538
1997 4,200 551 581 551
1958 4,200 551 581 551
1899 4,300 564 56 564
2000 4,300 564 564 564
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TABLE LG REVISED VOLUME FORECAST (WITH FAMN SAVINGS) DIESEL — HEAVY puTty
Volume Reduction
Baseline
Year Forecast Model 1 Model 2 Model 3
1976 164,600 0 0 0
1977 173,600 0 0 0
1978 184,900 0 0 0
1979 194,600 ¢ 0 0
1930 204,400 0 0 0
1581 214,300 ] 0 8,958
1982 225,200 0 0 9,413
1583 236,200 9,873 9,873 9,873
1984 248,300 10,379 10,379 10,379
1985 260,400 10,8854 10,885 10,885
1986 273,600 11,436 11,438 11,436
1687 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
1980 333,400 13,936 13,936 13,936
1997 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
1494 404,200 16,896 16,896 16,896
1995 424,500 17,724 17,744 17,744
1996 443,200 18,5326 18,526 18,526
1997 461,800 19,303 19,303 19,303
1598 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




APPENDIX M: FIRST-YEAR OPERATING COSTS OR QULETED TRDCKRS
This appendix presents the basir for the duta contained in Tahles
7-13a and 7-13b. Annual costs per truek were obiained 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 costof capital was assumed tohe 10%. Annual
operating and maintenance costs were obtained from Tables 7-1a and
7-2b. The figures in those tables were computed using average annual
mileages; since the first-year mileages are of interest, the numhers
in the tables were multiplied by the scale factors in Table M-I below.
The scale factors represent the ratic of first-year lo average annual
mileage as ohtained from anailyzing U.8. Bureau of the Census data

(aee references, Section 7).

TABLE M~-! SCALE FACTQRS FOR COMPUTING FIRST-YEAR OPER-
ATING AND MAINTENANCE COSTS

Category Scale Faclor
Gagoline - medium 2,30
Gasgoline - heavy 1, 83
Diesel - medium 1,43
Diesel =~ heavy 1. 35

The first-year annual costs computed in this manner are shown in

Tables M-2 through M-4.
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TABLE M-2

INCREASED FIRST-YEAR COSTS PER TRUCK — MODEL 1

{ ) REPRESENTS SAVINGS

Quantity
and
Depreciation' | Cost of Capital?® | Maintenance’® Totat

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
Casoline - 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 ( 14,35) ( 14.35) ( 303.00) { 321.70)

}10~year straight-line depreciation.

%105 cost of capital.
30btained from Tables 7-2a, 72-b, and M.l.
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TABLE M-3

INCREASED FIRST-YEAR COSTS PER TRUCK — MODEL 2

{ ) REPRESENTS SAVINGS

Quantity
and
Depreciation? | Cost of Capital? | Maintenrance’® Total
Without Fan Savings
Gasoline - medium $12.50 $12.50 $ 21.00 5 46,00
CGasoline - heavy 12.50 12.50 35.00 6C.00
Diesel - medlium 26.42 26.42 13.00 65.84
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)
Dizsel - mediunm 16.82 16.82 ( 90.00) ( 56.36)
Diesel - heavy 15.15 15.16 ( B89.00 { 58.68)

110-year stralght-line depraciation .

210% cost of capital.
Obtained from Tables 7-2a, 7-2b, and M-1,




TABLE M-4

INCREASED FIRST-YEAR COSTS PER TRUCK — MODEL
{ ) REPRESENTS SAVINGS

Quantity
. and
Depreciation! | Cost of Capital? | Maintenance? Total
Without Fan Savings
| Gasoline - medlum $ 30.20 $ 30.20 $ 48.00 $108.40
Gascline - heavy 30.60 30.60 81.00 152,42
Diesél - medium 114.01 114.01 176.00 4ad4,02
Diesel - heavy 115.43 115.43 L85.00 715.86
With Fan Savings
Gasollne - medium $ 24.20 $ 24,20 ($193.00) {3144 .60)
Gaseline - heavy 5.60 9.60 ( 385.00) ( 365.80)
Diesel - medium 104,41 104,41 { 73.00) 135.82
Diesel - heavy 79.33 79.33 ( 157.00) 1.66

'10-year straight-line depreciation .

210% cost of capital.
Iobtained from Tables 7-2a, 7-2b, and M-1.
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APPENDIN N IMPACT O LEADTIMIES ON MANURACTURERS O
"NOISY" ENGINES

Acoustical consultants have esiimated Lthat, at the current stale of
the art, it will take six years on a normal, orderly lead time basis
to quiet noisy diesel truck engines to a noise standard such as that
used for model 2, The time required is almost the same under model
3. Noisy engines now constitute 30% to 40% of the truck market, Most
of the noiszy engines 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 possible that a priority R&D cffort possibly
utilizing "new" as opposed to "'available" teechnology could provide the
necessary modifications required to meet the standards in Model 2 in
three years, If noisy engines cannot, in fact, be quieted in three

years, a model 2 noige standard in that time frame will have impacts

"on that particular manufacturer, However, the competitive position

of this major producer of noisy engines would be one of a short-term
competitive disadvantage. In the longer term, it is believed that
this producer has the democonstrated financial, business management,
and technical resources to compete elffectively. 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 a number

"~ of factors could cause this:



1. Results of a new R&D program that was not ready lor the
effeetive dale of Model 2 or ils cquivalent,
2, The possible introduction of new engines now in developmenl,

which are quieler. ,

3. [Implementation of a standard s}milar to that in model 3 which
imposes the same general level of technological requirements on quiet
engines as noisy engines, Prior to the effective date of such model 3
levels, some new trucks would probably incorporate these designs
in an orderly changeover of'‘complete product lines. These trucks could
meet levels such as thoge "noisy" engines in model 2.

4, After three years have passed and the off-the-shelf 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 medels to less than 3 years after enforcemant of a
standard similar to that in model 2,

The reputation of the noisy engine producer with end users is very
strong, It is likely that this truck manufacturer would make an effort
to use his other popular engines, especially since the supply of overall

engines may be affected if the noisy engines cannot be utilized under

regular production conditions. It is, however, envigioned that the weak-

ness of this producer of truck engines will be taken advantage of by
other engine producers whe could be expected to respond with a major
effort to penetrate the large and growing truck market. Apain, since
the weakness will probablfr be only temporary, it is unlikely that there
would be long-term investments that would reflect the "noisy'" pro-
ucer's absolute deeline in ?he market.

N-2
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The noisy cngine producer can bhe expected lo make shori-term

concesslons and take other actions to protect his market position
againsgt competitive inroads while bringing about a solution to the proh-
lem he may face by having lagged behind ofther truck engine manu-
facturers in the area of noise control.

According to U,S. Department of Commerce data, 439, 310 diescl
engines were produced in 1872, Of these, 41% were f{or the auto-
motive industry, of which almost 100% were for medium or heavy duty
iruckda,  Trucks are the larpgest single market segment for dicgel en-
gined,  The noisy engines ceprodead 2% a0 108% of The dotal dicaiet
engine markel,  Currently, the diesel engine mnekol is capmeily con-
strained - some producers are on allocation and new order lead times
are often over one year,

In the short run, based on the above factors, the followipg 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 marke!, since
noisy engines cannot be uséd or require much higher costs to use,

2. The supply of quiet engines is capacity constrained. Prices
are‘firmi and profits of producers of quiet engines are high. Quiet
engineg are allocated to truck manufacturers. Allocations will reflect
an attempt to develop long-term relationships, with each manufacturer
of quiet taking best advanta}ge of his pattern of parts distribution, ser-
vice, and other competitive strengths, Quiet engines are shifted from
other less noise-gensitive marketsto the truck market, reflecting both

N-3
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the opportunity in the truck market and the stirong price competition
in the other markets from noisy engines which cannot be used in
irucks, Manufacturers of quiet engines will compute less in small
markets which show little growth opportunity.

3. The producer of nalsy 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 manufacturers 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 engines are to be used and,
at the same time, to prepare 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,
Market 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 three
to six months would résullc in a loss in competitive pogition that would

take years to regain.
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APPENDIX O: PPROJECTIONS BASED ON TRUCK POPULATION AND
USE DATA

Many of tables and figures in Sections 3 and 8 were derived from
data acquired by the Burcau of the Census, [n 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 o statistical
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 characteristics and use of the nation's truck resources. A fac-
simile of the questionnaire used in the 1972 survey is ineluded 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 sample of 99, 690 trucks
and the expansion factors necessary to extend this sample to obtain
estimates for the entire 1972 truck population,

The expansion factor asseciated with each truck is the number by

which the truck's statistical parameters are multiplied to estimate an

equivalent number of trucks in the U. 8. Truck Peopulation. For example,

there is & large number of pickup trucks in use, many of which have

similar phyeical and usage chérac'teristics. Therefore it is not nec~

" esgary to sample as large a proportion of pickup trucks as, say, =

medium duty diesel trucks, since under these conditions, pickﬁp trucks -
would have a higher expansion factor than medium duty diesel trucks,

0-1
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Also, the Census Bureau samples by state, and the truck population
of the various states varies widely.  To oblain equal confidence limits
on data sampled for each state, il is nol neecessary Lo sample the same
percentage of the state's truck population. 'Thus, data for each state
will tend to have separate expansion factors.
ANALYSIS OF DATA

It was felt that a sample size 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, andenginetype as shown intheTable 0-1. Each
truck identified by model year, category and engine type is character-
ized by two par'ameters: the expansion factor IF and the mileage
factor M . The mileage factor is the truck mileage driven during
the 12 months prior to the time the census questionnaire was filled out

TABLE O-~1 TRUCK IDENTIFICATION TABLE

Maodel Medium Duty - Truck Hoavy Duty Truck
Year Gasoline ' Diesel Gasoline Diesel
1 L.
Flea1,1 M™iy3i,:
--nl - !1 .
1931 4 #1931,2 "fo31,2
.'l *
[} &
L] L]
1932
1933
.
1972
—

0-2
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Thw terms F

by each truck owner. Inthese factors, the subscript m represents the
madel year, i the ith truck found in a particular truck category for a
given model year, and the superscripl k designates truck category nu
follows:

k = 1 represents gasoline engine medium duty trucks

k = 2 represents diesel engine medium duty trucks

k = 3 represents gasoline engine heavy duty trucks

represents diesel engine heavy duty trucks

1
kS

k
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

k K
8= 10 =7F
TS = 1971-9.1
19715 (©. 1)

Here, the subscript j denotes the age of the truck, and k is a truck
category superscript and not a power. Thus the survival factor 3
ig the fraction of trucks in truck category k still surviving j years
after production, The number 10 in the right hand side of Equation

{C-1) is used io extend the results from the 10, 000 truck sample to

100,000 surveyed.

k
are gimply the expansion factors for each truck in

‘ 1971-j.,4
a given truck category for a particular model year. As an example

of the application of Equation {O-1), consider the formula for com-

puting the percentage of gasoline engine heavy duty trucks (k=3)

aurviving after five years:

0-3
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With the survival rate available from Eq. (A.l), the truck
population Tg in calendar year ¢ for truck category k is computed
from the eguation “

e Py
s} 5o

JK (0.2
oy )

where Pg is the number ‘of trucks in category k produced in the
year ¢-]. Egq. {0.2) represents the convolution of the survival
functlion 8 with the production function P. : L

Some of the curves inSection 8 show growth and decline of truck
populations manufactured in a several year period from model years
my through . These populations are computed from

c-m2
k w S pk. gk {0, 3)
Tc,ml,m2 I: Pc-J Sj .
j=c-ml .

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

4 me S . ‘ 4.
T1990,1977,1977 T1990,197711qv 4

3 .
+ T
p 1990,1977,1977 1990,1977, 1980,

r . .
The average mileage M% traveled by trucks j vzars old in truck

category k is given by

[£2%

K
. “ k
, e T971-5,1 Flo71-4,1)
S

- (0,4)
L Fl571-4,1

‘Finally, the mileage=-weighted acoustic enerqy level Ec produced by
the total population of trucks In calendar year ¢ 13 computed as
L]

noo2b : k
L o> k ok koo AL
E, = 10 log [k=1 Jg% Pc-JSJ.MJ antilog ( ;0 } (0.5)

where Nk-d 1s the noise level for a truck in category k preoduced

in the year c-J. )
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e e M Tt A s et 0 s R



T - rrwr e ah

OMJ Wnc ALRIYOTEG Approva] Dniieen Necrpdrr 31, 1573

TS LT A IIALIT fiF L RG]

Vrared T4 20
DU A4 0TI LD

(T beT 1)

1977 CENSUS OF TRANSPORTATION
TRUCK IHYENTORY AHD USE SURVEY

el ands
haieed i

HEOTICT — dienpence 1o thin Suguiry s vequinsd by davw {(Figle )3
.5, Cuaired, !
dential, Nogy e sren only by swon Genons ceglayres ond py
for nstival purpancn, file faw {

Bty bhe wnene Law, yous teporl 40 the Coproan areay 15 cont,
' 1

Ve

Prevides ar coyie,

]

yuat Diles aee i Tram legind praey

FHSTRUCTIONS

I correspondence pertaining tn this

1 (Itionn vorreed jpy entur in e dadd adiress Ineioding 210 rode)

2

report,  plesse include State and
license number,
’ Return the fonn in the enclosed pras
addiesscd postagespid envelope uot
Jater than 15 day's alter recalpt Lo
% Burrou of the Census
ATT: Transpartotion Division
Wachingten, D,C. 20233
o+ lMom 1 = YEHICLE IDENTIFICATION
Plegse carrect any errors ur evnissions in the identificotion of the vehicle,
wae | e Hegiarond weighs Ste Liocnse o
] 3 4 I 5
et E1 Please comnlete this form whether of not you ore still the awner of the vehicte identified In item I,
> lom 2 - OWNERSHIP OF VEHICLE Li__,;' Item & = YEHICLE MILES
Are you still the nawner [or licanse holdor) ANNUAL MILES
or lessco of this vohlcle? Miles
[ Yeu ‘ a. YWhot are the total milos 1
2 I__L_]Nn Honth nnd yeau 1his‘ vehiclo wos driven .
When did you sell, frade, during the post 12 menths?, ., ]
orotherwiso dispase ol 117 .. v .. It vebicle wan dle for the yrar enter
. UMane.t fIess than 12 menths, estlmate
5 Item 3 — ACQUISITION OF YEHICLE K probabla miles for 4 yoor.
3 How did you acquire this vehiclo? LIFE TIME MILES
+ [ Purchaned new Milan
2 {7) Purchased used ~ Specity yenr b. Whot orc the totel miles E
¥ i e iy vehicle fios boen

3 ] Leancd frum someone el

driven sinconew? « o vy v

Glva wpmedtamatne {odometer) toading

ltom 4 ~ DASE OF UPERATION

o, What was the principol place fram which
the velicle was cporated?

or il net indicated by wpevilumoion,
fiva yeur binst sotimain,

St ltem b = LI ASED TO OTHTKS

City o lowm

WITHOUT DRIVER

Duriry the past 12 months, did you use

this vahicle MOSTLY for leasing o

N g b e o e e e oyt G ke e 4 1o S8R i a2

Cuounty E L!‘.. LT % l 7 renting {without driver) to etnors?
SOST ELRRURT AR DS S 1 [ No = Goto ftom 7 on pago 2
b, Was thiv vehicle cperated aimost aniiraly L_[_J_J + 1{7) Yuen = Was this vehicle vsually
Inthe Stute nomed in 4o7 leased or rented o
VD) Yen v, Less thon 30 doyst.
AL o5 2 {2130 days or longer®
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l ot 7 o= WAJUR BLu O FHE beads Wi LU [4‘
How was tha vehicle mostly wsrd during e poar 12 mootlie? (snad (X1 boovl
1 the volilly .h' wwne Bl fa deme e g fan fn-frh--'rr dilvvahtor oot o A kg gneaey ek (X OXE, o
that tlawcr v the bungoeas of 1 peiveg of Covageaity dowhione cou feanad the veln I the fongang (npn,
o {7 F Chwn far or ranek or ather o | 2 For persosal tranapartation -
npticultueal netivity Used fu pliee of an nutonadile te go
oz [T} In furentey or humbering from hame 1 vork for antdaor
03 [7] In mining or quutrying . l'l.?l.'r.l'.lllillull: cotaping; Tinhing; eie.
o4 (7] In conntruction, buildisgs ar ronds o [T} utilities = telephone,
- i e electric, v, cte,
08 [7] In munnwlucturing or proveasiog - ! |
o6 []ln wholesnle sod/or remmil 1o [Jlu seevicen = hotel, nutnmub:. ¢
Y Ferdiine . “:III"”I Taundiv, Tuneral services,
01 L] Forhite trimsporiation - udvertising, plumbing repaie, ele.
Tnchudes truekiep services known ns A A S R
druylunu, iuc.'}l- cartser, hnn:‘.r-huld ) Oiher = I nesse of the abave applics to the
pomls movers, conviva er eontract use yuu make of the vehicle, describe the
ﬂlt}ll.lr IRNASTU RN 1:0::|Hlvf(..h|1 ln:‘nll ur wain vse of the vehicle here,
enntivri, lensed with diver, M owner-
eperutora’’ under Jonse or contracet, . —_— .
:;} ltem B ~ PRINGIPAL PRODUCTS CARRIED ] it

ot [Z] Farm producta (fruir, grain, livestock,
pouliry, duiry preducis, florist und
nursery products, ete.)

02 [7 ] Mining produety

o3 (7] Loga and other forent products

o4 [T} Peocenned foads {dreaced meat,
bevernges, tolaccn, c1e.)

as [7) Textile mill products, vocduding
apparel nnd leather gouds, ete,

o6 [} Building matecials (onher, millwork,
sand, prnvel, gluss, concrete, clel)

07 [T} Hounchold goods {moving)

oo ) Furniture ar hurdware {not including
howsorhodd paudy maving)

s [ ] P'uper pooducts, includiag printing
and publishing producin

14 [ Chemicenls or related peoducrs (ineluding
drugu, painty, fertilizers, et}

Mark (X) ONE Loy which lodicates peotust uspa lly coerlod by this volile I,

v Petrolewm or petealeum pmoducgs

12 [T Primury meval prodirers Ginget,
bill(‘lﬂ. [ii]'t h, sheets, e,

13 2] Fubricuted nmtal producin execept
muchinery snd transportation eguipment

V4 [Tt Machinery except elesteicnl

15 [J] Rlecteicel woschine ry, equipment, und -
supplies, including houschald npplionees

ve ] Tranzportation equipment (motor vehieles,
trailers, Louts, motorcyelus, etel)

12 (2] Serap, sefune, ond garbage

va [T] Mised enrpou

13 L[ Uscd lnnilll)‘ fur [ll'l?CUIIIII ll.’lll‘i[lﬂl‘l-lliﬂn
or us A kervier vehicle such ann
“traveling workshop' or in equipped
with a ¢rane, compressor, cie .t

20 [) Other = Doxenbo ~z

> ltem # ~ PICKUP, PANEL, MULTI-STOP OR WAL KN
a. Doos this truck have a pickup, panel,
multiastop or wolkein body?
V] Na
2 [CJ Yeu — bauk (X) the box in front of iltustra.
tion uf typa and snswer Y0 and et
1 [ Mickup track LI

fomid e

. "
-t - .-

: 2 Punel tracd .

[/.l_l "
nomm—g b

L LR R T F P R

nr.a-wel

o

—_ N et e 2 e
3 [ Multicotap o wall-ia
A
..f---.*, o .
o tad -

s e e b L T AW Tk s e et

b, Does this pickun, punel,
multi-stop or walkein truck
hove d.wlacl deive?

1] Yeu
2 [ No

¢ Is thie pickup, pan=l, mulii. step
ur wolkein truek eauipped with o

comper budy or ethar special
copiping equipment?

1) Yen
2 [ No
D=t

——————
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ol 10 = GRONS YRINCLE MEIGHT AN

Floch g3 0005 Bear thnt Lo nenresd Hhe vt iinm e wed By ty et hE of vebide fe pdua coeried fomif)
ttwhieh tie frnck of combinotion wan eputatod duseng e po 0 8 entha,

o1 [T 6,0 e Jenin 06 [27 19,561 1o 20,0 1T) GO0l L 10,00
u2 (1) 6,000 g 10,000 er [T]a 2o g 12[2] PO e Wi, GOl
o [T 10,011 1 14,000 oo [ unch! e 30,000 1T] 00 1 100,000
ot 14,00 10 16,000 o9 {7] 40,408 14 60,00 v [T 100,000 14 130,000
oy [7) 16,001 1 19,500 10 {7 N0l L0050 v ] 1ol sral pyar

v"’ Bom 11 ~ TYPE AND SIZE OF BODY

Mark (X} GNE oy fadenriibe the (s oo of bely of
the frucd or coptreation, Hophe powes wil iy o
truckeerctor, mparf body fppa of tha e nebient]on
meat froguently uscd with the pawer wrmif

BODY TYPE

of [T Pickup, anel, melti-ntop, walkejn

02 [ ] Plactonm with mlded deviien o
nuch on feed, Teeliljere, ligae
or yintet spreuder; duraping
device, vie,

o) Uher platfora = incladine wnke,

- p,ruin! flathed, low bed, de presucd

center, cte,

04 [7] tinttle rurk (hopn, cnlvens, and
other liventock)

03 (7] Insulated nenerelrigersted van

06 [_] Instuted velrigerated von

07 |”] Furniture von

08 [ ] Open top van

— o# [7) All other encloned vapu

1o [} Beverage

il Wiiliy {Bedy equipgind Tor mobile
repair pud service, e, telephone
line truck, elecirical utiiity, cte.) J

12 [7) Garbage cr tefuse collretor

13 [[]) Winch or crane, other than wrecker

14 ] Weeeker et

A8 ] Pule or fogring

16 [ Avte trunspon

L T e e L T LRt T R

20 ] Bump 1ruck of combinativn ——m————————— e

Mark (X3 ONF Liox ta indaonte Tepgth of Tand space
or capud ity M fwo o ere frnclugt unils, (8) box
for condienod Jondth w iepnity,

17

Fiength of Tead <poce (lec))

ot [_] Under 1o

02 110 nad Teen tlonn 33

03 [T] 13 upd Jesn thou 16

o4 [C716 aud Jess than 70
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