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SU bl MAltY

The sub,Sects addressed in this do(mment ar(, int(,s(l¢,d t_) l)m)vid( ,

l)aekgroum! info)'mation o)i v:_r'ioLls a,nl)(,('ls asso('iut(_d with lie, d(_v(,lol)-

)'0ent of re,t,ru]ati0ns re]arty(! to tloi,_o (_,lliS_4[on l't'o;)i I(_W y l)i)Ulill'zlc'[Hl'od

trucks.

Section I " "PrologUe" sets forth the legal basis l'or the regulatb)os

_, which may be promulgated under the autlmrity of the Noise Control Act

of 1972, the procedure followed in the promulgation of such regulations

x_" Bnd 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

i, information about the U. S. truck industry, It covers industry statistics
i

_'i on sales, number of trucks manufactured, financial data on manufac-

turers, weight classification system and other useful descriptive ma-c

! terialo

Section 4 - "Information 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 5 - "Available Noise Abatement Technology. ') In order to

establish regulations restricting truck noise emissions it is necessary

• toknowhowmuchnoise reduction iris presently possibleto achieve. Sec=
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tion5 reviews the various components of truck nOiSE: noise radiated

_rom the enginesurface, ran,intake,e:<haustand tiren_)Jse.

This diseussion[nc]udesl)_lhlhe ImL_e genernli|.l IH'_H'._._ :uld

noise quieting techniques. ConsidEration is given io tile total Iru_fl_

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 I) which array costs to reduce sound levels for

some present day trucks to varying levels. These data serve as a

basis for development of the cost and economic analyses presented in

section 7.

Section 6 - "Health and Welfare. " In terms of health and welfare,

this sectioll addresses how much improvement various standards, or

sequences of regulatory standards, would provide. An analysis using

traffic streams and population densities is employed to compute the

noise impact prior to and subsequent to the enactment of the various

regulatory standards. The percent reduction in impacted population

is considered as an approximate estimate of the effectiveness of a reg-

ulation.
g

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 engaged in activities such as conversing, doing

work requiring mental concentration, sleeping, etc. These activities
i

are conducted in various well defined interior spaces (homes, offices,

apartments) or outdoors. Each scenario is located at a specific distance

i
2
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from a highway traversed by trucks. Associated with each s¢_tmaric_

is an ambient level appropriate to the particular activity. The passby

noise produced by each separate truck ts considered as an inLruslon

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-

'_l sented as the level at which severe annoyance begins. The scenarios

are presented in tables which permit ready identification of those cases

whtchare satsifactory and those which arc not when it is assumed that

a truck produces a specified noise level.

Section 7 - 'tEcoaomin 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

Q truck retirement, and truck annual mileage are also given. These are

combined to show 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 industry to solve

them are considered.

Section 9 - "Measurement Methodology. " This section addresses

EPA test procedures which could be associated with new truck regu-

lations, z/

Section I0 - "Enforcement." Enforcement of new product noise
b

emission standardsapplicabletonew medium and heavydutytrucks are

discussedthrough productionverificationtestingofvehicleconfigura-

tions,assembly linetestingusing selectiveenforcement auditingor

continuoustesting{sample testingor 100% testing)ofproductionvehi-

clesand In-use compliance requirements. EPA considerationof the

measurement methodology which could be used both for production

verificationtestingand assembly linevehicle testingis based upon

the SAE 1366b test. Additionaltests are outlinedin 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 naturalresource con-

surnptlon,and landuse considerationsare evaluated.

The discussionindicatesthatthe process ofquietingnewtrucks win

produce no significantadverse environmental effects. Itwillresult

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

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

by EPA andfts contractors of the many areas associated with the prom-

ulgation of a noise emission regulation for new trucks. An effort has

been made to produce a document covering all the major issues and it

is hoped that it will 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

aohle,._e: thelevels at whtch health and welfare criteria may be assessed,

and the costs and economic impacts associated with various levels_

.h
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SECTION ONE

PROLOGUE

Statutory Basis for Action

Through the Noise Control Act of 1972 (86Stat. 1234)0 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 noise rests with State and

local governments, Federal action is essential to deal with major noise

sources in commerce, control of which requires national uniformity of

treatment. "As part of that essential Federal action, subsection 5(b)(1)

requires tbeAdministrator, after consultation withapproprtate Federal

agencies, to publish a report or series of reports "identifying products

(or classes of products} which in his judgment are major sources of

noise." Further, section 6 of the Act requires the Administrator to

publish proposed regulations for each product, which is identified or

which is part of a product class identified as a major source of noise,

, where in his judgment 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 medium and heavy duty trucks as a major

source 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

1-1



noise reduction achievable through the application of the best available

technology, and the cost of compliance,"

Preemption

Under subsection6(e)(1)oftheNoise ControlAct, afterthe cffective

date ofa regulationunderSestion6ofnolse emissions from a new prod-

uct, no Stateor politicalsubdivisionthereofmay adoptor enforceany ,C

law or regulationwhich setsa limitofnoise emissionsfrom such new

product, or components of such new product, which isnot identlcalto

tl_estandardprescribedby theFederal regulation. Subsection6(e)(2).

however, provides that nothingin Section 6 precludesor denies the

rightof any Stateor politicalsubdivisionthereofto establishand en-

force controlson envtronmentalnoise(orone or more sourcesthereof)

through the licensing,regulationor restrictionoftheuse, operation

or movement of any productor combinationor products.

The noise controls which are reserved toStatsand local authority

by subsection6{e)(2)include,butare notlimitedto. thefollowing:

I. Controls on the manner ofoperationof products

2. Controls on thetime inwhich products may be operated

3. Controls on the placesinwhich products may be operated

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

gether

5. Controls on noise emissionsfrom the property on which products

are used

6. Controls on the lieenslngofproducts

7. Controls on environmentalnoise levels

i-2



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 sale of such products, if they differ from the Federal regulations.

•,_. Conversely, State and local authorities are free to enact regulations

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

r.-" tions.

I-3



SECTION 2

IDENTIFICATION OF TRUCKS AS A MAJOR SOURCE OF NOISh',

In pursuit of subsection 5(b) of the Noise Control Act of 1972,

," Sthe Administrator has published a report (I;'EDERAI. RLGI, TER, Vol.

39, No. 121, pp. 22297-9) 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-

I}/ , fled by the manufacturer as the loaded weight of a single vehicle.
J The following paragraphs will briefly describe the basis on which

trucks with a GVWR of 10, 000 pounds or more were identified as a

major source of noise.

LEGISLATIVE BASIS

Subsection 6(a) of the Noise Control Act sets forth four categorLes

of products 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

PRIORITYBASIS

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 public health and welfare stipulate that at this time

first priority has been given to products that contribute to community

noise exposure. Community noise exposure is that exposure exper-

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

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

product.

DAY-NIGHT SOUND LEVEL BASIS /

The day-night sound level. Lnd, has been specifically developed

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

measure, It can De used to identifyareas where noise sources operate

i continuously or where sources operate intermittently hut are present

enough of the time to emit a substantial amount of sound energy in a

24 hour period.

EPA has identifiedan outdoor Ldn of 55 dB as the day-night sound

level requisite to protect the public from all long-term adverse public

health andwelfare effects in residential areas, and 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:

2-2
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TABLE 2-1

NUMBER OF PEOPLE SUBJECTED (IN MiLLiONS)

Urban Traffic Freeway Traffic
OutdoorLdn(dB) Noise Noise

70 4-12 I-4
65 15-33 2-6
60 40-70 3-6

_,. 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 Ldn of 60 dB. Thus, the sur['aee transpor-

tation equipment category has been selected by EPA for regulatory

attention because of the extensive community exposure to noise emanat-

ing from products in this category.

PRODUCT BASIS

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

surface transportation equipment category which are major contribu-

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

identify residential areas selected from a composite derived from a

cross section of U. S. 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 tn the highway surface transportation

t 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 eraitted per day by all existing models of each product.

2-3 !
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TABLE 2-2
MEASURES OF NOISE ASSOCIATED WITII TRANSPORTATION VEIIICLES

Products in the Typical SPL Estimated Total
Transportation Equipment at 50 feet Sound Energy Per

..... Category dB(A) Day(Kilowatt-hrs)

• Trucks (greater than 10, 0O0 lbs GVWR) 94 5800
Automobiles (sports compacts) 75 1150
Automobiles (passenger) 69 800
Trucks (less than 10, 000 lbs GVWR) 72 570
Motorcycles(highway) 82 325
Buses (city and school) 73 20 :,P
Buses (highway) 82 12

S,ource: BBN Report No. 2638, 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 suggests which products, when they are

operated alone, will be perceived as noisy by the community. The

estimated total sound energy per day is useful because it is an aggre-

gate measure that takes into account the sound energy emission rate i

of the product, the number of products operating and the amount of

time they are operated each day. For trucks with a GVWR of 1O, 0O0

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 urhan 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 I0, 000 pounds

or more are louder than other transportation vehicles and contribute

the most daily sound energy to the community environment of any

product in the surface transportation equipment category.
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SECTION 3

THE TRUCK INDUSTRY

THE ROLE OF TRUCKS IN DOMESTIC TRANSPORTATION MARKETS

Or the major means by which goods are transported, Table 3-1

implies that trucks are far from being the least expensivc_ yet, be-

cause of convenience, trucks account for over 80% of the total dollars
5,

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)

is considerably more expensive than the cost (approximately 1.5 cents

per ton-mile) for shipping by rail, the next largest carrier of goods.

However, as can be inferred from Table 3-1, trucks on the average

carry more goods over shorter distances, 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 street and roadway of the

country.

Over the period 1967 to 1972, 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 _d more goods

to be moved by truck. It is expected that this trend will continue and

that each year there will be more trucks on the nation's freeways,

highways, and city and residential streets.
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TABLE 3-i
DOMESTIC FREIGHT TRANSPORTATION _KET, 1970

Y_ TOns Ton-M/les Revenue _llars

Transportation Millions Percent Millions Percent Millions Percent

-_z_/ck 1,684 34.2 412,000 18.7 $69,084 81.3

Rail 1,572 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 1,396 1.6

Air . . 3 0.0 3,400 0.i 720 .8

TOtals 4,916 i00.0 2,212,000 100.0 $84,971 i00.0

* Includes Domestic Deepsea, Great lakes and Inland Waterways.

Source: Transportation Facts and Trends, TAA Quarterly Supplement, April 1973.

I
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TRUCK DESCRIPTION FOR GENERAL PURPOSES

In describing trucks with gross vehicle weigh! ralings (C,\'WI_)

greaterthanl0,000pounds, a wide range of vehicle types are inwflvcd.

At one extreme of the vehicle characteristics {'or different types of

trucks there are gasoline-powered 2-axle single vehicles with 4 Hres

and GVWR of less than 13,000 pounds. At the other extreme there

are ll-axle combination vehicles with 42 tires, turboeharged diesel

engines and GCWR in excess of 130,000 pounds. Ilere C,CWlt, the gross

_ combination weight rating, means the value specified by the manufac-
r£

turer as the maximum loaded weight of a combination vehicle for which

it is designed.

Trucks can be described in terms of the following attributes: the

gross vehicle weight rating, the major designed use, the number of

axles, the type and size of engine, and the style of the cab.

Truck designation in terms of GVWII for trucks with OCWR over

I0, 000 pounds has been defined by the Motor Vehicle Mannfacturers

Association (MVMA} and is shown in Table 3-2.

TABLE 3.2

TRUCK DESIGNATION BY OVWR (POUNDS)

,. 10,001- 14,000
14.,001- IB,000
16,001- 19,500
19,,501- 2B, 000
26,001 - 33,000

over 33,000

Source: MVMA's 1973 Motor Truck Facts.
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There are three truck design designations which reflect the major

uses for trucks with GVWR greater than 10,000 pounds. A ruggedly

built cab-chassis unit for mouotlngdump beds, concrete mixers, etc.,

is often referred to as a construction truck while a light cab-chassis

unit for mounting van bodies, etc., is designated as a delivery truck.

A truck-tractor for pulling trailers, etc., is called a line-haul truck.

The number of axles by which engine p_wer is transmitted as

traction at the road surface can also be ased for truck designation.

For trucks with two axles, one of which drives the truck (as in an 3

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 is a4x4ora 6x 6.

In terms of truck designation by the type of engine, tracks can

be designated simply as having either a gasoline engine or a diesel

engine. The horsepower rating of the engine can also be used for

truck classification purposes.

Trucks can also be designated by the style of the truck or truck=

tractor cab. The two main styles of cabs are the conventional cab

(sometimes termed a "fixed" cab) style and the cab-over engine {COE) ,-

style. In a conventional cab, the driver sits behind the engine. Con-

ventional cab styles may be either "short" (see Fig. 3-1) or "long"

(see Fig. 3-2), depending on the length of the hood. in the COE

style, the driver is positioned above and to the side of the engine.

COE style may be either "low" (see Fig. 3-3) or "high" (see Fig.

3-4), depending on the distance of the deck, or floor, of the cab above

the ground.

3-8
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TRUCK CLASSIFICATION FOR PURPOSES OF NOISE IIEGUI,ATtON

The truckattributesmost closely associated with tr'ueknoise

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. For example, a truck with a large GVWR will tend

to have more axles and will more likely be powered by a large dieselk

engine than a truck with small GVWR. GVWR is a prime candidate

t¢ for defining regulated truck classification. As Table 3-2 indicates,

the MoterVehicle Manufacturers Association uses GVWR 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 noise regulation since gasoline and diesel engines differ

somewhat in their noise characteristics (Reference 2). However, this

engine noise 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 gasoline pow-

ered. Conversely, more than 96% of the trucks with GVWR greater

than 26, 000 pounds can be expected to be diesel powered.
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Accordingly. inthis document, trucks with a gross vehicle weight

rattnl_ in excess of I0,000 pounds /lave been categorized as "medium

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

Table 3.3 arc truck GVWR groups within each of these GVWR categories.

TABLE 3-3

GVWR Truck Categories

GVWR Category GVWR Grou[_ Range of GVWR

Medium Duty Trucks 1 10. 001-14, 00O
(10, 001-26, 000 lbs) 2 14,001-16, 000

3 16, 001-19, 500
4 19, 501-26, 000

Heavy Duty Trucks 5 26, 001-33, 000
(over 26, 000 lbs) 6 over 33° 000

In addition to the 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 uses of the truck population in the United States, which was col-

lected andmade avaiIabletoEPA by theBureau of the Census, provides

an estimate Of the total truck population in the United States in 1972. .-

(For details, see Appendix O. ) The total truck population with GVWR

in excess of 1O, 000 pounds in 1972 was estimated to be 3, 533, 00O

trucks. The distribution of these trucks by GVWR category and type

of engine is shown is Table 3-4.
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TABLE 3-4

TOTAL TRUCK POPULATION. 1972

GVWR Gasoline Engine Diesel Engine Total

Category Number Percent Number Percent Trucks

Medium Duty 2, 335, 0O0 98 41, OO0 2 2, 376, O00

Heavy Duty 509, 0OO 44 648, O00 56 i, 157, OO0

Totals 2, 844, 0O0 80 689. 000 20 3,533, 0O0

Source: A. T. KearneyReport to EPA, April 1974.

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

selected years between 1966 and 1972, shews a trend toward fewer

medium 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.

{ 3-11



( ( (

TABLE 3-5 /

PERCENT OF DIESEL TRUCKS TO TOTAL TRUCKS BY CATESORIES FOR SELECTED
YEARS, 1966-72

Medium Duty Trucks lie_vy Duty Txmeks

Year GVWR Group GVWR Group
Total Total

1 2 3 4 5 6

1966 0_ 9_ 1_ 3_ 4,_ 5_o 19_ 24_

1968 O O O 2 3 4 21 25

1970 0 0 0 3 3 4 28 32

1972 " 0 O O I 1 3 30 33
ta
I

Source: 5WMA 1973 Motor Truck Facts,



TABLE 3.6

NEW TRUCK PRODtJCTION, 1972

'GVWR Gasoline Engine Diesel Euginc 'To];il
Category Number Percent Nnmber Percent T rtll'ks

Medium Duty 227,263 98 5,045 2 232,308
Heavy Duty 41,994 23 138,044 77 180, 938

Totals _'97"2"5V "fig _ ]]'5"

GVWR
k Group

1 44,221 1O0 0 0 44,221
? 9,397 98 215 2 9,612
3 25,330 IO0 31 0 26, 371
4 147,315 97 4, 789 3 152. 104
5 25,364 65 13,563 35 38,927
6 16,630 12 124,481 58 141,111

Totals "2"gD?'Jb"7 _ _ _

Source: (Reference 1)

Medium duty trucks account for the larger share of new trucks

with GVWR in excess of 100090 pounds produced in 1972.

MAJOR TRUCK USERS

A listing of the major users of trucks to move goods is given in

Table 3-100 As shown, the agricultural industry is the principal user

of trucks and. in particular, the largest user of medium duty trucks.

As _2so shown in Table 3-10, the largest user of heavy duty trucks

is tile truck-for-hire industry.

TRUCK MANUFACTURERS

The number of new trucks produced by the major truck manu-

facturers in 1972 are shown in Table 3-7. Four truck manufacturers,

General Motors (including its Chevrolet Division), Ford, International

Harvester and Dodge, produce almost 98% of all medium duty trucks

and approximately 60% of the heavy duty trucks,
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The financial clmracteristics of the parent companies of the major

truck manufacturers is shown inTablc 3-_]. Of these parent companies,

the five that are considered large, have sales and assets in excess

of $1 billion; two have sales or assets between $500 million _nd $1

billion; and four smaller companies have less than $100 million in

sales and assets.

In general, it can be expected that tile larger parent companies

would have the least difficulty financially in complying with the new

truck noise regulations. Smaller companies, without equivalent in-

house research and development programs, may have to rely on the

noise reduction provided bythe suppliers of truck components in order

to comply with the noise regulations.

The suppliers of truck components which may be particularly

affected by truck noise regulation are those producing engines, mufflers

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-

ru]et and GMC dieselengines. Mack Truck uses an integrated approach

to produce mated engines and transmissions.
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TABLE 3-3

FINANCIAL CHARACTERISTICS OF TI_UCK MANUFACTURER*S
PAPd_NTCO}_ANY, 1972 ($ H111lons)

Parent Companyof Net
Truck Manufacturer Sales Income Assets Net Worth Comments

General Motors Curporation $30,d55 $2,163 $1_,273 $11,083 Truck producing divisions are
Chevrolet and GMC.

Ford Motor Comp:my 20,104 870 11,534 5,061 For year ended 10/31/72.

Chrysler Corporation 9,759 221 5,497 2,489 Truck producing subsidiary Is
Dedge Trucks. Inc.

International liarvester Company 3,527 87 2,574 1,198

The Signal Company (Mack) 1,481 41 1,328 653 Truck producing subsidiary is Mack.
hmludlng Brookway, a Division of Mack.
had consolidated sales of $713 mllllon
and net income of $35 million.

White Motor Corporation 943 9 573 222 Truck producing divisions are Auto-
T ear, _,lfltc, Frcightliner and Western

Star. Total truck sales of these

groups were $611 million wltll
earnings of $27 million in 1972.

Pacc_tr,Inc. 595 30 268 170 Truck producingsubsidiariesare
Kenworth and Peterbilt,On and off-
highway trucksproduced by Peterhilt.
Kenworth and I)at*trepresentsabout
75% of sales.

Diamond Reo Trucks, Inc. 83 7 30 5

Hoedrlckson ManufacturingCo. 44 Not 23 15 Salesincludetruclm,speciattruck
Available equipment, and tr_ck modtfl_'ttions.

FWD Corporation 23 .4 25 6 Sales primarily trucks, year end
9/30/72. FWD Is a subsidiary of
Ocwen Corporation,;tadinvestment
Company°

Oshkosh Truck Corporation 22 .3 14 7 Salesprimarilytrucks.

Source_ (Reference 1)
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TABLE 3'-9

SU/:'PLIE]_SOF DIESEL ENGYNES USED B_/'iq_UCK MANUFACTUIIERS, 1972

Truck Allis- Detroit Vabis i Tot,_lManufacturers Chalmers Cetevpill:trCummins Diesel GMC IIIC Mack Perkins Seaaia

Chevrolet ...... 308 3,388 135 ............. 3,831

Diamond R_o --- 129 2,038 1,0d0 .......... r ..... 3,207

Dodge ...... I,046 434 ......... 278 --- I,758

FWD --- 1 165 448............... 614

Ford --- 9,336 4,759 7,739 ............... 21,834

GiVIC ...... 1,255 I*i,599 609 ............ 16,463

LqC "-- 747 II,830 14,475 --- 2,742 --- 628 --- 30,476

Mack 22 331 2,612 I,584 ........ 21,121 --- 661 26,331

I V,'hito .14 779 !5,513 5,501 --_ ............ 21,857

Others --- 3,736 8,9S3 3,999 ................ 16,718

' 'ik_taIS 06 15_079 48,509 53,207 7"14 2,742 21,121 960 061 142,089



TAIlLI_ 3-10

DISTIiII1UT]ON O1,' 'I'IC[ICKS I]Y hIA,R)I{ USEIIS) 1:)72

Major User ofTrucks Medium Duty llea',/y Duty U',Jhll

Agrictflture 32.5% 10. g_ 2_, 3r;[,

V/holessIe and Retail Trade 19, 8 18.3 19, 4 _'

Construction I1, 1 19.1 13, 4

!r,'or-llri re 6.3 30.6 13.4

Services 9.5 2.5 7. ,5

Persomtl Transportation 9.0 1.0 6.7

_'anufacturing 3.6 8.5 5,0

Utilities 3.4 1.9 2.9

Forestry and Lumbering 1.7 3.6 2.3

Mining .6 l'. 9 1.0

All Other 3.0 2.3 2.1

Source: Developed from Truck Inventor). and ffse Survey, 1972 Census o-f"
_,_ Transporter;ion,

}

i
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SECTION FOUR

INFORMATION BASE

SOURCES USED FOR DEVELOPING INFORMATION

The information presented in this document was developed h'om

(i) studies performed by staff personnel of the Standards and Regu-

lations Division, Office of NoiseAbatemeni told Control (ONAC) , U. S.

_. Environmental Protection Agency; (2) studies performed under con-

tract to ONAC; (3) submissions by other Federal agencies; (4) sub-

missions by the private sector; and (5) the open literature.

The studies dealing with considerations of public health and wel-

fare were prepared by ONAC personnel. The data used are based large-

ly on previous EPA reports (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

effects of various possible regnlatory standards on the noise reduction

achievable and the change in the equivalent number of people i:npacted

by vehicle noise in urban areas of the United States. Numerous truck-

community scenarios (see section 6 of this document) were also de-

velo:.oed to evaluate the situational impact of truck noise 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

largsly the result of data acquired by firms under contract to EPA.

The technulogy to reduce truck noise from current levels is presented
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in r'epcn'ts prepared I)5' I_11, Ih_rmu_k arid N_wt',_:,m, In(,. (l{¢,l'(!l'(!e('(,

7) and by wyh, Lahnratl_rh's (l_,eFc.ren_:e _g). Th¢_s(! I,l_por,ts als(I pr'c_-

vide their estil'nates o1" the coasts associated w{Lh Lh(! l(!chnoh)_.y appli-

cations they cite. An economic impact analysis is discussed in a l'epoct

prepared by A. T. Kearney {Reference 9). This report uses cost

data as an impact for projections on such quantities as changes tn truck

sales and truck operating costs.

The National i_ureau of Standards. working under an Interagency

Agreement with EPA. provided assistance in the review (Reference 10)

of truck noise test procedures. Stattstlcal use was made ofthc truck

resource information provided by the Bureau of the Census of the

Dcpartrnent of Commerce (Reference 11). The Department of Traesp¢)r-

tation provided reports 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. S. EPA Headquarters. 401 M Street,

S. W.. Washington, D.C. 20460.

Addltionalsourees of pertinent information, particularly published

articles from journals and the like, are also included in the references

shown z:t the end of each section of this document.
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BASELINE NEW TI_UCK NOISE LEVELS

']'he baseline noise levels, for considering alternative regulatory

optieris in the development of the new truck noise regulation, are those

noise levels generated by current production trucks. This Bection dis-

eusse_ these baseline noise levels for different truck categories as

well as the test procedure used to determine the noise levels indicated.

TEST PROCEDURE USED

The most widely used test in #he United States for measuring noise

levels fortrucks with a GVWR in excess of 10,000 pounds is that

established by the Society of Automotive Engineers (SAE) for determ-

ining the "Exterior Sound Level for Heavy Trucks and Buses" and is

commonly referred to as the SAE J366 test. In April 1973 the test

was ruvised, making it an SAE Standard (J366b) rather than an SAE

Recommended Practice. The majority of the truck noise level data

in thie; 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 site for performing the SAE J366b exterior truck noise

level ';est is illustrated in Figure 4-1. A microphone is located 50

feet frum the truck path. The truck approaches the acceleration point

with tile engine operating at about two thirds of maximum rated or

goverJ]ed engine speed. At the acceleration point, the accelerator
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ls fully depressed and the truck accelerates, reaching the maximum

raLed or governed RPM within tileend zone of tileacceleration lane,

Several runs are performed in different directions and tileaverage

A-weighted sound level of the two highest readings within 2 dB of

each el:her corresponding to tile noisiesL side of the vehicle are

End Zone In Which
To RoachMax,
RatedRPM

Acceleration
Point

F¢.-=1_I .l Acceleration
VehiclePath Leno

10eFt.
100 Ft. Radius
Radius

Microphone

Mlcrophorze Point

MoosurolNorit

100Ft. Area
Radius

Figure 4-1 Test Site for SAE J366b.

reporLod. During the test, the truck never exceeds 35 mph. Since

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

marily anindicatorofpropulsion noise, including noise fromthe coaling

fm_, alp intake, engine, exhaust, transmission, and rear axle.

- A :histogram of the noise levels of new diesel trucks, measured
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100-: 'i'otal TruGks: 384

Mean Level: 84.7 dB(A)
-- 5td. Deviation: 2.24 dB(A)

80-- __,-

6q

40--
Z

<) ,

J-- I " -[._
78 80 82 84 _6 B8 9D 92

$OUt"D L_VEI. (dR (A)

[ FIBure 4-2 Histogram of )JewDiesel Trl,ckNo[_ ],_vel.r,.
m

Source: BBN Report No. 2"i0, Jon*laryL974.
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according to the SAE J366 test procedure, is shown in l_'i_tre 4-2.

For the total of 39,I diesel trucks measured, the mean noise level

was 94.7 d]3(A) with a standard deviation of 2.24 dB(A). The trucks

measured included trucks from the eight truck manufacturers which

produced approximately 85% of the new diesel trucks sold in 1971.

Not included in this total are experimental trucks such as lhose devel-

oped under the Quiet Truck Program of lhe Department of Trunsporta-

tinn 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 file histogram shown in FigUre 4-3. For the tolal 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 is 1.2 dB(A).

10

Total Trucks: 18
Meon Lsvoh 85.5 dB (A)

Std. Deviation: 2,35 dS (A)

r , ] ,

w t
1'0 75 BO 85 90

._._:-:, SOUND LEVEL (dB'(_))

Figure 4-3 Noise Level Histograms of Gasoline-Powered Trucks.

Source: BBi_I Report No. 2710, January 1974.
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A cumulative distribution of Lhe new diesel truck noise levels is

shown in Figure 4-4. Approximately 1% of newly manufactured [973

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 df3(A.).

_, Histograms of the noise levels measured for new gasoline-powered

medium and heavy duty truek._ are shown irt Figu_.e 4-5. Tim mean

noise level for medium duty trucks appears to be less than 2 dB(A)

lower than the mean noise level for heavy duty, gasoline powered n,:w

trucks.
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MEDIUM DUTY

• _ Total TruckS: 11
MoonLevel: 82..9 clS6%)
Old.Devlotlon:Z.63 dB(A)
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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 90 dB(A) which has been proposed for interstate motor car-

tiers.

In the Surveys presented in this section, an effort was made to

maintaIn standard conditions st almost all sites. Suitable instrumen-

tation was used; sound level meters met the requirements of ANSI S1.4-

1971, American National Standard Specification for Sound Level Meters.

Microphone calibrationwas performed by an appropriate procedure and

at prescribed intervals. An anemometer 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 site for passby measurements was an open space free of sound

reflecting objects such as barriers, walls, bills, parked vehicles, and

signs. The nearest reflector to the microphone or vehicle was more

than 80 feet away. _The road surface was paved, and the ground

between the roadside and the microphone was covered by short grass

inmost cases.
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The standard site for the stationary runup test included ._puce

requirements that were the same as for pass-by measurements, and

the surface between the microphone and vehiclewas paved. Micro-

phones for stationary and pass-by measurements were located 50 feet

from the eenterline of the vehicle or lane of travel, 4 feet off the

** ground, and orlentedas per manufacturerfs instructions, Variations

from the standard measurement sites and microphone locations wer ,_

allowed if the measurements were suitably adjusted to be c.]u[valeLt

to measurements made via the standard methods. Exact procedures

for the tests are included in the appendLx.

T1.ck noise surveys have been conducted in California in 1965

and 1971, intheState of Washington in 1972, andinNew Jersey in 1972.

In 1973, EPA contractors conducted additional truck noise surveys of

6, 878 trucks operating at speeds over 35 mph In the states of Califor-

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

,
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In almost all cases, measurements were made at a distance of 50

ftfromthe center ofthefirst (outer)lane of travel, using A-weighting and

fast response of the sound level meter, in the 1973 surveys, the type of

truck andnumber ofaxles were recorded inorder to permit detailed anal-

yses of the noise level distributionsfor various types of trucks,

In addition, a study ofnoise levels of 60 trucks produced during a sta-
y

tionary run-up test was carried out by EPA in Virginia in _ebruary 1974.

Figure 4.6 shows cumulative probability distributionsfor the peak passby _'

noise levels measured at 50 ftunder high-speed freeway conditions in the

surveys conducted prior to J973. The data shown are for heavy trucks;

5,838 diesel trucks in California in 1965, 172 combination trucks in Cal-

ifornia in 1971, 531 trucks with 3 or more axles in Washington in 1972,

and i,000 trucks with 3 or more axles in New Jersey in 1972. The data

are in close agreement: typically, 50% of the trucks were observed to

exceed 87 to 88 dB(A) and 90% were observed to exceed 99 dB(A).

Figure 4.7 shows that under high-speed freeway conditions, buses are

about 2 dB quieter than heavy trucks. Approximately 59% 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 wheels that were observed to exceed 90.0 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 percentage drops to 22.6%. When the data are weighted by the number

of registered trucks above 1O, 0O0 lb C!VWR/GCWR, the percentage drops

to 21, 9_.,
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_.. Table 4- 7 ,

ALL TRUC]C._ABOVE 10,000 I, BS GVWJt Oft GCW21

Mean Noise _ .Above
_ _ Level __ Mean Speed 90__.._0dB(A}

"_ CA W,L. 85.4de(A)(a) S.0_
CO BBN 84.6 51. ?mph 10. 0

_ IL BBN 89,_ 57.2 42.0%

_I BBN 88.8 61.3 40. 0
" MD Md. DOT BB.I

' 30,0NJ
! BBN 87.2 56.5 20.0

_"._',* BBN 88.8 60, 0 43.0
P _

, PA W.L. 86.2 (a) 13.0

TX BBN 83,7 5_.l 12,.q

WA WA-?2 86.6 (a);' " 16.0

. mean percentege exceeding 90 d_lA) = 23, lg.
.i,

o+

_:, (e,) meg/-.

t=

I

I ,

i

I
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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 riB(A) ranges from 1.9% of 2-axle trucks to

39. I% of S-axle trucks.

A crucial distinction must now be made. The fact that approx-

imately 23% of all trucks observed in these surveys exceeded 90.0
2'

dB(A} does not mean that 23% of all registered trucks above 10. 009

lb GVWR/GCWR will exceed this level. This is because larger trucks

operate many mere miles per vehicle per year than smaller trucks do

and accordingly show up more frequently in surveys than their actual

numbers would indicate. For example, 2-axle trucks average 10. 600

vehicle miles per year, while 5-axle trucks average 63,000 vehicle

miles per year (60).

Ueing data from the 1972 Census of Transportation - Truck Inven-

tory and Use Survey, the following breakdown was obtained for the

population of registered trucks above 10,000 lb GVWR]GCWR.

TABLE 4-2

2-axle straight truck 71.7%
S-axle straight truck 10.6%
S-axle combination truck 2.4%
4-axle combination truck 5.3%
5-axle combination truck 8.1%
Not reported or other 1.9%

lo0.0_o

Table 4-4 shows that when the percentages shown in Table 4-2

are multiplied by the mean percentages of each type exceeding 90.0

dB(A) from Table 4-3, a total of about 7% of all registered trucks above

10, 00O lh GVWR/GCWR exceed 90. 0 dB(A) at freeway speeds.
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Table 4-3

2AXLE STRAIGHT TRUCK. ABOVE 10,000LBS GVWR

Mean Noise %Above

State Source Level Mo,'m Speed 90.0 riB(A)

CA W.L. 81.0dB(A)(a) I.2%

CO BBN 80.4 50.9mph I. 9

IL BBN 83.1 55.7 1.0

KY BBN 82.9 57.7 1.0

MD NId. DOT 83.9 3, 5

NJ BBN ' 82.3 55.7 0.6

NY BBN 85.1 59.4 6.0

PA W.L. 81.2 (a) - O.9

'IX BBN 78.6 54.6 0.6

mean percentageexceedinggiven
noiselevel: 1.9%

8 AXLE STRAIGHT TRUCK

CA W.L. 85.2 (a)(b) - 8.0 "

CO BBN 84.1 47.7 1.2 '
IL BBN 85.8 54.5 9.0

KY BBN 87.7 59.9 *

MD Md.DOT 87.5 - *

NJ BBN 84.7 57.4 *

NY W.L. 88.0 (a)(b) 26.0

PA W.L. 84.5 (a)(b) _.0

TX BBN 84.8 50.8 *

mean percentageexceedinggiven
heine level: 9.3%

(a) median

_,) all3axletrucks

• insuffdclent (hta
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Table 4-J (Lontlnuuu;
e

8 AXLE GOMIilNATION _'_UCK

Mean Noise % Above
State Source Level Mean Spend 90.0 dB(A)

CA W.L. 85.2 (a) (b) - 8.0%

CO BBlq 83.8 51.9 *
#

IL BBN 86.0 55. ? *

KY BBN 87.8 59, 0 *

MD Md. DOT 88. 8 17.0

"" NJ BBN 85.7 $7.2 1.0

NY W.L. 88.0 (a) (b) 26.0

PA W.L. 84,5 (_)(b) 2.0

TX BBN 88.0 '$6.8 *

mean pcrcent,%ge Qxeeeding Kivcn
noise level: I0.8_

4 AXLE COMBINATION TRUCK

_- CA W.L. 84.2 (a) - 8.0

CO BBN 84.8 49. O 9.0

IL BBN 87.1 85.4 22.0

ICf BBN 88.0 61.0 24.0

MD l%Id.DOT 87.9 26.0

NJ BBN 86.7 57.7 II.0

NY BBN 88.8 88.8 26.0

PA W.L. 85.7 (a) 9.0

TX BBN 83.9 88.4 4.8

mean percehtage exceeding glvea
noise level: 18.0_o

I (a)medJ_
(b) all 3 a_le _ueks

• insufficient data
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Tab/o 4-3 (Contlnued)

6AXLE COAiBINATION TItUCK

Mean No/so ,_Abnvo
St,_i9 Source Level ]_eanS])eed 90.0(lB(A)

CA W.L. 85.9(a) 7.0%

CO BBN 87.0 53. ? 18.0

IL BBN 90.2 57.? 51.0

'; KY BBN 90.6 62,6 5G.0

MD Md.DOT 89.7 • - 42.0

NJ BBN 88.3 88.? S2.0

NY BBN 9L 2 61.6 74.0

PA W.L. 87.G (a) 22.0

TX BBN 87.5 67.9 23.0

mean percentage exceeding glwn
nolscleveh 36.I_

_" (a) mcdlan

k_,
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Tnblo4-4

TRUCKS EXCEEDING 90.0dBA AT SPEEDS OVER 35 MPII

% of all _ of type goof all trucks
trucks above exceeding abovo] 0,000 Ibs
10,000Ibs(a) 90.0dB(A) affected(a)

2 axle str:dght truck 71.7% 1. OR 1.4go 7

•q a_¢]estraight truck I0.6 9.3 I. 0

3 _xlecombination 2.4 I0.S 0.3

4 axlecomhit_stlon 5.3 15.0 0.8

B axlecomblnatlon 8.1 86.1 2.9

Allother(b) 1.9 .36.1(c)" 0..7

100.7% 7.1%

(a) Estimatesare foralltrucksover 10,000poundsG%_VR or GCWR,
includingtrucksnotinvolvedininterstatecommerce.

(b) "Allother"includesstraighttruckwithtrailer,oombinaiionswith
6 or moru axles,andcombinationsnotspecifiedinthe1972Census

_.._ ofTransportationsurvey.

(u) No dateavailable.Percentageexceedingnoiselevelisassumed to
bc thesame as for._axlecombinations°
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It Is useful to note that truck noise which is predominantly t[r_,

noise may be estimated by the empirical formula given on Page 5-15.

In particular the effect of a velocity change from speed Vj. mph to v2

mph corresponds to a decrease in noise level ( _ ) of 40 loq l0 (vl / v2)

dB(A). When (vl) is 65 mph and (v 2 ) is 50 mph the noise level reduction

is 4, 6 dB(A). Thus trucks travelling at 65 rnph and which generate a

nolse level of 90 dB(A) would produce 85.4 (approximately 86 riB(A)

_, at 50 mph. This is of significance in comparing noise levels measured

in the high speed test described in this document.
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SECT[ON 5

NOISE ABATEMENT TECHNOLOGY

COMPONENT NOISE CONTROL

Of the truck components that contribute to total truck noise

levels, the most significantare the engine, fan, intake, exhaust,

nod tires, The relative importance of each of these sources variee

according to the type of truck operation. This section describes

noise abatement techniques for reducingthe component source levels.

Internal combustion engines convert the chemical energy of fuel

to meehasieal energy through the controlled combustion of fuels ina

colnbustion of fuels J.na sylinder, The n'|otionof engine composents

and the sudden increase in cylinder pressure occurring during com-

bustion excites the engine structure, eauslng vibration of the external

surfaces and attendant sound radiation, The magnitude of the radiated

noise depends prlma1"ilyon engine type ;{nddesign, not on engu'lesize

or power.

Gasoline-fueled engines tend to be quieter than diesel-fueled

engines, The reason for this is that in present production diesel

engines the combustion forces are greater, especially in _he mid

to high frequencies where resonant structural modes are present in

the engine.

Figure 5-I shows engine noise sourcelcvels at 50 feetas a func-

tionof engine horsepower. Figure 5-I is a histogram of these source
i

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

76 to 85 dB(A}, with groupings at 76 to 77, 79 to 81. and 85 dB(A).
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Possible noise control treatments include modifications to the

engine itself and modifications to 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 entail a reduction in engine output power.

An alternative approach is to smooth out the rapid rise tn pressure

{Reference 1). One methodof 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 to use a turbecharger on

4-stroke cycle engines. Turbocharging increases peak cylinder pres-

sures while decreasing the rate of pressure rise. Still another tech-

nique is to redesign the combustion chamber and injector spray pat-

tern (Reference 2), At present, all these solntiens are being tested

by the major enginemanufactnrers. 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 structuz, al response of

the engine. Investigators are experimenting with better ways to sup-

port the piston in the cylinder and are trying to obtain better balance

and closer tolerances in production engines. This technique, in corn-
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I)inaL[on wHh LurhochargJng, wa,'4 um_d by ()no manufacfar(,r Lo re{hi('(,

tile overall noise of a diesel-pewercd truck to 75 dl](A).

Several engine manufacturers are presently marketing quieting

packages that attenuate engine structural noise by altering its trans-

mission path. Depending on the particular quieting package and truck

configuration, engine noise reduction ranges from 0 to 4 riB(A), with

most packages providing about 2 to 3 dB(A) reduction. The packages

r, 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-

ers (Reference 4). Thien (Reference 5) reports that close_fitting

covers which extend over the entire engine structure provide about

15 to 20 dB{A}reduetion 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 resolved.

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, Freightllner) under contract

to the U.S. Department of Transportation (DOT) have investigated

enclosure designs for cab-over engine trucks. The enclosures

involved a tunnel configuration with the cooling fan at the enclosurel
: 5-5



entrance. Air flows through the enclosure and around the engine vla

acoustically lined ducts, All three manufacturers have built proto-

type vehicles generating less that 80 dB(A). The Frelghtllner 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 he necessary to reduce the overall noise of

trucks equipped with standard diesel engines to low levels (75 dB(A)

and hnlew). Some eurrcml l_reducthm Irucks wlth_)ut,,nelosurns_mn

be quieted to 80 dB(A). This reduction, however, Is dop,!udentupl,n

engine type.

Fan

Truck cooling fans have been designed with primary emphasis

on purchase price rather than on aerodynamic efficiency or noise

abatement. Accordingly, most fans are made of stamped sheet metal

blades riveted to a hub that is turned by means of a belt and pulley

arrangement connected to the engine. The fans tend to be small

and operate at high speeds, which leads to high noise levels, since

fan noise generation is proportional to fan speed. The fan cress

section 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 ,A1 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 favorableconditions,

the fan would move air axially;in the usually cramped engine

compartment, the flow is mostly radial, with a nonuniform velocity

distribution.

Norse data for various truck fans are shown in Figures 5-3 and

5-4 as a function of engine flywheel horsepower. The brackets on

the five points in the 300 to 400 hp region designate limits of uacer-
b

tainty resulting from 0.5 dB(A) levels of uncertainty in the measure-

meats used to estimate the fan noise levels. Fan 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 to have a

significant effect of diesel-powered truck 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 fan shroud, and, of course, the fan

itself. Data presently available to ONAC are inadquate to quantity

the exact relations between radiator size, heat transfer coefficient,

and fan noise.

Radiator design is closely related to fan performance and noise,

Radiators designed with low airflow requirements allow the use of

slower 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 3 dB(A} througl, modifications to radiaterdesign (Reference 7).
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Thermostatically c'on_rollcd sl_eiters are used on many trucks

to regulate air flow through the radiator. 'Pile 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

shutters are closed and air _low to the fan is substantially reduced,

the fan blades stall and generate more noise.

Shrader (Reforenec 7) reports a 5 dH(A) increase in fan noise

as a result of closed 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 reeircula-

tion of hot air back lhrough the radiator. Shrouds that do not channel

this air smoothly into the fan can lead to stalled blade tips with an

attendant increase innoise. Shrafler (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 dl3(A) reduction in noise for a constant volume flow

rate. The extent to which fan diameter may be increased is limited

by the configuration of the radiator and essential structural members

of the truck.
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The Cab Over I_ngine (COE) tractor is particularly suitable for

a large, slow fan. Because of the large, blunt froat on tile COE,

tile forward motion of the truck lends to develop a high pressure

rise in front of the radiator that supplements the flow created by

the fan. Using this type of cab and a large radiator with a frontal

area of 2, 000 square inches, Freigbtliner achieved a fan noise lc'_,_J

of 66 dB(A) (Reference 8). Tbe fan. which is thermostatically

_- cnntrolled, operates for aboutonly l%of the time. Per the remelnder

of the time, tbe forward motion of the truck is able to force sufficient

cooling air through the radiator.

The data in Figures 5.3 and 5.4 indicate that mast fans generate

less than fl0 dB(A). Those that are noisier can be 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 cores, larger and slower fans, careful design of fan shrouds, i

and a thermostatically controlled fan clutch that is phased with a

shutter thermostat to prevent fan operation while the shutters are

closed.

Intake

Air intake systems supply truck engines with tbe continuous flew

of clean air needed for fuel combustion. These systems can range

in size and complexity from a simple air filter mounted on top of a

carbureter to an external air filter with ducts leading is the engine

and a cab-mounted snorkel unit. Noise is generated by unsteady
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flow of air into engine cylinders. Supercharged engines with Rooies

bIowers also e_hiblt tones associated with the blade-passage frequen-

cy of the blowers. Turbochargers tend to smooth flow irregularities

associated with cylinder charging.

Two DOT reports on exhaust systems (References 8, 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 additional air filters are installed on these

engines. Source levels that have been measured for air intake sys-

tems on gasoline-fueled trucks are all less than 69 to 72 riB(A) at

50 feet.

Intake systems may be readily quieted by air filters, Hunt, eL

al. (1973) and DOT (i973) (References 8 and 9) report that the intake

systems they examined could in all cases be quieted to source levels

below 75 dB(A) and in some case to below 65 dB(A). It is expected

that no performance change in alr intake systems will be needed to

achieve overall truck levels of 83 or 80 dB(A). To achieve overall

truck levels of 75 dB(A), for example, it may be necessary to add

silencers to some engines.

TABLE 5-1

AIR INTAKE SOURCE LEVELS

Air Intake Source
Engine Type hp Level at 50 Feet

.. [dS(A)].

Naturally aspirated, 4-stroke 250 82
Turbocharged, 4-stroke 350 70
Eootes Blower, 2-stroke 238 82
Turboeharged, 4-streke 238 83
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Exhaust

Exhaust outlet noise emanates item the exhaust system term-

inus andis generated bythe pt'essure pu]s_:sofexhaustl.ases item the

engine. Shell-related exhaust noise vonslsts of radial[on fron', ih,

external surfaces of the pipes and nmf[lel.s of tileexhaust system.

Itis generated by two mechanisms, the transmission and subsequent

radiation of engine vibration to tileexhaust system and [he trails-

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 to

105 dB(A) at 50 feet. Exhaust shell noise is low enough that very

few trucks require modifications to this source to reach overallle~

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 muffling

exhaustoutletnoiee, usingdouble-wall construction on pipes and muf-

flers to reduce radiation from e:_haust line elements andincorporating

vibration-isolated clamps connecting the exhaust pipe to the engine

to reduce the engine vibration source of shell noise.

In selecting a muffler, the work the engine must expend on push-

ing exhaust gases out the exhaust port, with resulting degradation

of overall engine performance, should be considered.

Manufaoturers are able to etloose 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 are avail-

able to reduce the exhanst source levels of S 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 mufflers presently manufactured can reduce the source level of

these engines, say, to 75 dB(A), the available technology could enable

manufacturers to design such a muffler system, or combine present

designs into a dual configuration.

The antlcipated method of reducing exhaust noise on 12-cylinder0

2-stroke diesel engines to overall levels of 83 or 80 dB(A) is to

use dual or series muft]ers.

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, turboeharging greatly

increases the ease of obtaining overall truck noise level reductions.

Tire Noise

Truck tires generate noise by interacting with read 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 iKeseareh Board,

Rentz and Pope (Reference ii) compiled truck tire noise data from

seven sources and developed the following regression equation for

5-14
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A-weighted tire noise levels [, at 50 feet:
W

L = B + 40 log 10 ('v-r)4u+ 10 log 10 (4500) + 10 log 10 (N)

Here B is a constant, tllevalue of which depends on the tread pattern

and state of wear, V is the vebicle velocity (in mph), W is the

tire load (in Ibs) and N is the numher of axles on the truck. When

this equation was used to predict tirenoise associated with 47 loaded

_" tractor-trailer combinations, noise levels were found to be within

a mean error of 1.:3 dB(A)anda standard deviatinn of 2.2 riB(A) com-

parsd with measured datIi.

There are at least two techniques that may be tlscd Lo (:(retrial

tire noise: (1) substitute quiet tires noisy ones, and (2) design quiet

tires from the start. When considering substitution, based on pros-

ently available tires, it would be desirable to consider equipping

trucks entirely with ribbed tires. It should be noted, however, that

cross-lug tires are typically used on the drive wheels of tractor-

trailer trucks because of tractive requirements.

The design of tires that are significantly quieter than these now

being manufactured requires 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, funda-

mental noise-producing mecbanisms have not been quantitatively

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 limits for

overall truck noise. (Tire noise control is not included in this dis-

cussion. ) In general, the noise control strategy is determined by

%]lesource level of the noisiest and most difficult-to-control compon-

ent, usually ihe engine. Gasoline-fueled and dlesel-fueled t_'ucks

are discussed separately because of the difference in their engine

source levels.

The combinations of source levels suggested in this section for

achlevlng specified overall truck levels are intended to be represent-

ative of practical examples. In some cases, a manufacturer may

prefer to have one source level higher and another lower than sug-

gested, As a guar_mtee of the component levels, tolerances could

be placed on each component. For example, to ensure an 81 dB(A)

fop the engine, the manufacturer would design the engine for a 79

dB(A) level %vlth a 2 dB(A) tolerance. Likewise, £he expected toler-

ances forths fan and the exhaust mlgh£ be 2 dB(A). These tolerances

must be subtracted from the maximum listedvalues.
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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 75-85

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 fans

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 atl 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)

Engine _-811

Fan z 75 _ 83

Exhaust z. 75

All others "_ 703

fitted with quieter exhaust systems, quieter cooling fans, and/or
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engine noise control packages.

The primary design problem willlikely be the cooling fan. Truck

manufacturers may purchase quieter fans from vendors, but fan noise

is influenced by the operating environmen_ as much as by fan design.

floweret, manufacturers may elect to use larger, slower fans with

well-deslgned shrouds and replace radiator shutters wilh a bypass

tubing to achieve greater noise reduct|ou.

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 attention to meet

this level. Engine noise will be a prime target 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 noisierdieselengines, whlchare used in about _2% of present

production trucks, will require a partial engine enclosure, entailing

redesign of the cab, or redesign of the engine itself to reduce struc-

tural and combustion noise. Alternatively, truck manufacturers may

elect to use one of the quieter engines already available.

To obtain an 80 dB(A) overall level, manufacturers will also

have to quiet other components. They may be able to compensate

TABLE 5-3
COMPONENT SOURCE LEVEL COMBINATIONS FOR

AN 80 dB(A) OVERALL TRUCK NOISE LEVEL

Component Noise Level, dB(A)

Engine _ 75_

Fan _-_74 _--80
Exhaust "_--75
All Others _ 70 J

for a slightly too noisy engine by lowering exhaust levels more.
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Table 5-4 shows a combination of component levels that will

produce a truck with an overall uoise level of 75 dB(A). To achieve

this level, most trucks will rcqsii'e s(uue type of c111tineenvlosuru

built into the cab. In addition, olhcr components will require £reat-

ment with the best available technology.

TABLE 5-4
COMPONENTS SOURCE LEVELS FOR A 75 dB(A)

OVERALL TRUCK NOISE LEVEL

_. Component Noise Level. dB(A)

Engine __-70
Fan _ 65½ _ 75
Exhaust _ 68(
All Others _'- 70 .)

Gasoline-Fueled Trucks

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

Engine Fan Exhaust

75-77 89-85 80

Table 5-5 lists a set of component 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 ofquieting fan noise by using

a larger_ slower fan and incorporating a better exhaust system.

TABLE 5-8
POSSIBLE COMPONENT SOURCE LEVEL COMBINATIONS

FOR SPECIFIED OVERALL TRUCK NOISE LEVELS

83 dB(A)

Component Noise Level, dB(A)

Engine __ 7!1

Fan _- 80 _ 83
Exhaust 75
All Others 7
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Alist of component soem,e hwcls that will permit a truck in

meet an overnll lev¢fl nf II0 dll(A) ts glv¢_n In Tnbh_ 5.{_. Menur.,.-

lurers will have no significant problems In aehievin_ cn_Jne and _x-

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 5-6
POSSIBLE COMPONENT SOURCE LEVEL COMBINATIONS FOR

SPECIFIED OVERALL TRUCK NOISE LEVELS

80 riB(A)

Component Noise Level, dB(A)

Engine _ 75 "_
Fan _ 74_ 80
Exhaust -_ 75 /
All Others _ 70 d

Table 5-7 lists component source levels that will give an overall

truck noise level of 75 dR(A). Manufacturers will probably be able

to quiet engine noise by means of engine covers and quieting kits;

e.g., under-hood cab treatment, side shields, and reclrculation

panels.

TABLE 5-7
POSSIBLE COMPONENT SOURCE LEVEL COMBINATIONS FOR

SPECIFIED OVERALL TRUCK NOISE LEVELS

75dE(A)

Component Noise Level. dB(A)

Engine _ 7C_

Fan 65 _75

Exhaust 68J
' All Others 70

5-20



REFERENCES FOR SECTION 5

I. Tiede, D. D. and Kubele, D. V. "Diesel l'3ngineNoise Reductien
by Combustion and Structural Modifications, " S(_('[oiV o1' Auleme-
tire Engineers, Paper No. 730245. 1973.

2. Priede, T. et al. "Combustion-Induced Noise in Diesel Engines."
presented at the General Meeting of the Institute of Marine En-
gineers. 1967.

3. Ungar, E. E. and Ross, D. "Vibrations and Noise Due to
Piston-Slap in Reciprocating Machinery," J, Sound Vib. 2, 1965.

4. Jenkins, S. H. and Kuehner, H. K. "Diesel Engine Noise Reduc-
e" lion Hardware for Vehicle Noise Control, " Society of Automotive

Engineers, Paper No. 730581, 1973.

5. Thien, G.E. "The Use of Specially Designed Covers and Shields
to Reduce Diesel Engine Noise, " Society of Automotive Engin-

i eers, Paper No. 730244, 1973.

6. Averill, D. and Patterson, W. "The Design of a Cost-Effective
Quiet Diesel Truck," Society of Automotive Engineers, Paper
No. 730714, 1973.

7. Shrader, J. T. "Cooling System Noise Reduction on Heavy Duty
Diesel Trucks," Noise-Coo 73 Proceedings, pp. 68-73, 1973.

8. Bender, E. K. and Patterson, W. "Diagnosis and Noise Control
of Freightltner Trucks," BBN Report No. 2317c (Freight-
liner Report No. 3), 1974.

9. Hunt, R. et al. "Truck Noise VIA. Diesel Exhaust and Air
Intake Noise," DOT-TSC-OST-73-12, PB222642, 1973.

10. DOT. "Truck Noise VIB. A Baseline Study of Parameters
Affecting Diesel Engine Intake and Exhaust Silencer Design" (in
draft}, 1973.

11. Rentz, P. and Pope, L. "Description and Control of Motor
Vehicle Noise Sources, " BBN Report No. 2739, 1974,

: 5-21



SECTION 6

HEALTH AND WELFARE

INTRODUCTION

Section 2(b) of the Noise Control Act of 1972 states: "The

Congress declares that itis the policy of the United States to promote

an environment for all Americans free from noise that jeopardizes

their healt]1 or welfare .... " Consistent with this policy and as [,art of

• the regulation development process, two analyses have been conducted

to evaluate the effects of new truck noise on public health and welfare.

In one analysis, discussed here, the effects on the American pop-

ulation of new track 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.

Ix* a second analysis, environmental situations defined by scenarios

were evaluated to estimate truck noise levels that might allow human

activities to be carried on at various activity sites without evocation

of annoyance by intruding truck noise. These levels can then be com-

pared with different new truck noise levels to assess the type of environ-

mental situations resulting.

Both analyses use the same basic information. The principal dif-

ference is in the presentation of the results. The statistical model

considers the change in the average day-night noise ener&q level, Ldn.

The individual case model considers the maximum noise level intrusion

due to single events of truck passby noise.
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EF'FECT OF NEW TRUCK NOISE I,t_VEhS ON PUBI,[C III_ALTII AND

WELFARE I'IN THE LARGE"

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 he 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 wellwith the overall long-term

effects of noise on the public health and welfare. This measure was

developed as a result of theNoise Control Act of 1972, which required

that EPA present information on noise levels that are "requisite to

protect the public health and welfare with an adequate margin of

safety. "

In accordance with this directive. EPA has selected those noise

measures believed most useful for describing environmental noise

and its effect on people, independent of the source of the noise. That
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is. the noise produced, whether by meter, vehicles, aircraft. ¢*r iu-

dustrial facilities, is evaluated on Lho basis of a common moasllr,,

of noise. Further. the magnitude of environmental noise, as de-

scribed by this measure that EPA considers desirable from a long-

term view of public health and welfare, has been selected for a variety

of occupied space and land uses.

In the following sections, the measures to be used in

evaluating environmental noise, the numerical values for those levels

EPA. will consider in assessing impact, and a general methodology

for 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 Leq and Ldn

Environmental noise is defined in the Noise Control Act of 1972

_' as the "intensity, duration, and the character of sounds from all

sources." A measure for quantifying environmental noise must not

only evaluate these factors, but must also correlate well with the

._ various modes of response of humans to noise and be simple to mess-

" ure (or estimate).

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

t as its general measure for environmental noise (Reference 1). The
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9c,Ii(,i,al sy:_d)(l[ lop _!quLvalerlt l: vt'l i_; l,,.q, alld it:_ l):t_;[:' (leI'dlition

is:

WIIOPL! l_-- t I 1_ th(? LYltel,val ()f [tHI_) t)veY wIl[c:h thl! I(!vt*lH apt! (!v_]l-

uated, p(t) is the timo varyin_ ;_ound i)PessuPe of" tile noise, p.!ld [_

iN :i rcfePenee pressure, standaz'dized at 20 l:liePopagea[, When

expz'ess¢!d [n LcPiTIs of ='_wei_lltod SOtlzld level, LA, tlm eclllivalent

A-weighted sound level, ],uq, l_qa.y be defined as;

L._ =/OLor,,o (_I"-:'_-, " • d_."_ <6._1
Ther(' are two lime [nLerva]s of [I]terest it] the use of Leq fop irnl)act

a_Nesslllent. '.Phe smal[est inte,_'v:d of irltePest For vehicle noLse on

highways [_ one hour, often the "design hour" of a day. '£he pi'imary

interval r)f interest for' Posidential and si£nilar land tines i.s a '-'4-ttour

period, with a weighting applied tonighttm_e noise levels to account

h_r the increased sensitivity of people associated with the decrease

irl baekgroundnnise levels atni_ht, This 24-hour weighted equivalent

level is called the Day-Night 12quivalent L{.'vel, and iN symbolJ.zed

aN ida. The basic definition or [,dn tn terms of the A-weighted

-o=""'-'", r,."°",..,+0._.: ,o_.°,,0._..tyo ._ + ,

o,. r -i,o <'-'"*:¢
74 __

where Ld is the equivaIent level, obtMned between 'i a,m. and
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10 p.m. and Ln ks the equivalent level obtained between 10 p.m.

and 7 a. ln. of lhe following clay.

Assessment of hn|)aet dlm tc_ l_nvlrotlmentnl Noise

TIw Lmdel,],_/in,l_ cnnel._pl fol' rloise imlmcL _js_(!s_nll!rll. in Ibis _ln_l-

ysis is to cmnpare tile change in expected imp_Iet, in terms at' number

o|" people involved, to the change expected in tile noise onviPonment.

Three fundamentnl eompcments ,'lPe involvnd in lhe analysis: (I) del'-

_. inition of initial ac_usttcal environment, (2) definition of final m:¢_us-

ttcal environment. (3) relationship between any specified noise cnvir-

onlYlent and expected human impact.

Tile first two components of the assessment are entirely site or

system specific, relating to eitber estimates or measurement of the

environmental noise before and after the action being considered.

Tim same approach is used, conceptually, whether one is examining

one single house near roleproposed road or all the houses near the

entire national highway system. The methodology for estimating tile

noise environment will vary widely with the scope and type of prob-

lem, but the concept remains the same.

In contrast tattle widely varying possible methodologies for esti-

mating the noise environment in each case, the relationships Ln

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 individtmls have the same susceptibility to

noise; they do not. Even groups of people may vary in response,
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depeoding on previous exposuPo, age, socio-oconomi.c status, polit-

ical cohesiveness, and other' social variables. In the aggregate.

however, for resideniial h_cations /he average response of grc_ups _ff

people is quite stably related to cmnniattve noise expc_sure as e×-

pressed in ameasure such as Ldn. The response to be used is the

general adverse: reaction of people to noise. This response is a com-

bination of such factors as speech interference, sleep interference,

desire for a tranquil environment, and the ability to use telephones,

radio, and television satisfactorily. The measure of this response

is related to the percent of people in a population that would be ex-

pected to indicate a high annoyance to noise at a speelflcd level of

eoise exposure.

For schools, offices, and similar spaces in which criteria for

speech communication or risk of damage to hearing are of primary

concern, the same averr, ging process can be used to estimate the

potential response of people as a group, again ignoring the individ-

ual variations among people, in both instances, then, residential

(or like)areas and nonresidential, how the average response of people

varies with environmental noise exposure is considered.

A detailed discussion :)f the relationships between 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 activity interference, and annoyance

are related to Leq and Ldn in the EPA Levels Document (Reference

1). For the purposes of this study, two sets of criteria have

been adapted from these EPA documents. It will be considered
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Ihai if t.ht_. levels identified in the previous document are met, no

impact exists.

The level of environmental noise identified as requisite to prok._et

the public he,"dth and welfare with reference to speech c!()mmen[calion

indoors ts a day-night sound level (Ldn) of 45 dl] (Reference 1). A

noise 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 I. 0 (Reference 2).

The inteUigibility 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 identifiedlevel, and to

50% when the level is increased by approximately 26 dB (Reference

i)., 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 intelligibilityof conver-

sational speech deteriorates rapidly with each decibel of increase.

For this reason, a level wilich is 20 dB above the identified level

is considered to result in 100_0 impact on the people who are exposed.

For environmental noise levels which are intermediate between 0
!

and 20 dB above the identified level, the impact is assumed to
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vary linearly with level; i,e., a5 dBexcess constitutes a 25% impact

and a 10 dB excess constitutes a 50'_'0 impact.

A similar conclusion can be drawn from the community reaction

and annoyanccdata containedin Appendix l) cff Reference l. The com-

munity reaction data show that the expected reaction to an identifiable

source of intruding noise changes from "none" to "vigorous H when

the day-night sound levelincreases from 5 dB below the level existing

without the presence of the intruding noise to 19.5 dB above the pro-

intrusion level. Thus, 20 dB is a reasonable value to associate with

a change from 0 to 100% impact. Such a change in level would

increase the percentage of the population which is highly annoyed

by 40% of the total exposed population (Reference 8).

For convenlenee of calculation, these percentages may be ex-

pressed as fractional impact (F[). An FI of ] represent'n art impact

of 100%, in accordance with the following formula:

FI = 0.05 (L-Lc) for L_Lc
(6.4)

FI = 0 for Ls Le

where L is the appropriate Leq for the enviromnental noise and Lc

is the appropriate identified criterion level. (Note that Pi can exceed

unity. )

The appropriate identified criterion level for use in calculating

fractional impact is obtained from Table 4 of l:_eferenec 1. For

the analysis of the impact of the noise of motor vehicles on people

living in residential areas, the appropriate identified level is an

Ldn of 55 dB, which exists outdoors. For other aoalyses concerned
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wilh hi'fleebuilding_ and c,thcrt,lpcsof spaces when indoor speech

communication i.q tl_ princlpsl L'actor_f com_ern, the appl_opri_|tf_

identifiedcriterionlevel is nn Ldn of 45 d13 (indnor._), which is I,rans-

fated to _n outdoor Levelby tlsin_{a s(_und level reduction appropriate

Lo lhe type of structure.

l)ataon the reduction of n se uffn-d,_cby a range of residential

structures are available (Refercnce 3). These data indicate that

,_ house_ can he approximately categorized into "warm climate" and

"cold climate" fypes. Additionally, data arc available for typical

open-window and closed-wlndow conditions. These data indicate that

the sound level reduction provided by buildings within a given com-

nlunity has awlde range due to differences in the use of materials,

building techniques, and individual building plans. Nevertheless,

for planning purposes, the typical reduction in sound level from out-

side to inside a house can be summarized as shown in Table 6-1.

The appro×in'late l'iationalaverage "window open" condition corre-

sponds to an opening of 2 square feet and a room absorption of 300

sabins (typical average of bedrooms and livingrooms). This window

open condition has been assumed here in _stimating conservative

values of the sound levels inside dwelling units which result from

outdoor noise.

The final notion to be considered is the manner in which the

number of people affected by environmental noise is introduced into

the analysis. The magnitude of totalimpact associated with a defined
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level of environmental rlo[sc a'_ay be assessed by rnul+il+lying tht+

number of people exposed to that level of environmental noiee by tile

fractionalimpact associated with this level of the environmental noise

as follows:

Peq=(FI)P (6.5)

where Peq ls the magnitude of tile impact on the population and is

numerically equal to the equivalent number of peeple all of which would

have a fractional impact equal to unity (100%) impacted). F[ is the

fractional impact for the defined level of environmental noise and

P is the population affected by this level of environmental noise.

TABLE 6-1

SOUND LEVEL REDUCTION DUE TO HOUSES* IN

WARM AND COLD CLIMATES, WITH WINDOWS

OPEN AND CLOSED

(Reference 3)

Windows Windows

Open Closed

Warm Climate 12 dB 24 dB

Cold Climate 17dB 27 dB

Approximate Natlonal 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.

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

i _ _ assemblage of noise sources, the levels of environmental noise asso-

i 6-10
I



tinted with the source(s) decrease as tile dist.anc'e between the sc)urce

and receiver increase. In this case, the magnitude of tile total impact

may be computed by determining the number of people exposed at

each level, and summing tileresulting impact. The total impact is

given by the following formula:

P,. FI, (0.G)
Z

where F[, is tilefractional impact associated with the i " level and

I', is the popelation associated with [ level.

The change in impact associated with an action leading to noise

reduction, or change in population through a change in land use, may

be 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

expressiou:

(P e_}(before} - Peq (After})
A = i00 P eq (betore) (6.7)

Note that the percentage change may be positive or negative de-

pending upon whether the impact decreases (positive percentage

reduction) or the impact increases (negative percentage reduction).

_ Thus, a i00 percent positive change in impact means that the

i environmental noise has been reduced such that none of the population

is exposed to noise levels in excess of the identifiedlevels.

In order to place this concept in perspective, an exan'|pleis first

considered, In the EPA study. "Population Distribution of the

United States as a Function ofOutdoor Noise Level" (Reference 9),

an estimate is provided for the number of people in the United
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_ta[os exposed to various levels o[' urb:m Oc_J_C, ']'hc al)ovu voncop_H

can be used to illustrate the currcul /mpact of ibis exposure, and

then to assess the change in impact if all noise sources were reduced

5, I0, or 15 decibels. In the following computation, using the data

taken from this study. Pi is defined as the population between succes-

sive 5 decibel increments of Ldn. This population is assigned an ex-

posure Ldn midway between the appropriate successive Ldn levels.

17or this example, the identified criteria ]cvcl is an Ldn of 55 dB

measured outdoors.

The result, provided in Table 6.2, shows that a 5 dB noise

reduction results in a 55°/, reduction in impact, a 10 dB noise re-

duction results in an 85% reduction in impact and a 15 dB noise

reduction results in a 96go reduction in impact.

The impact assessment procedure may be summarized by the fol-

lowing steps:

I. Estimate theLeq 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 5

decibels, for all land use areas.

3. Define the population, Pr , associated witb each of the sub-

areas of step 2.

4. Calculate the FI_' values for each Ldn ," and Lcq,', obtained

in step 2.

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

I 6. Obtain the equivalent impacted population for the condition
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existing before the change being evaluated.

Peq_, -_ F[_' x P_',

by summing the individual contributions of step 5.

7. Repeat steps i-6 for the noise environment existing ever the

area of interest after the change being evaluated takes place,

thus obtaining PeqA. (Note that the sub-areas defined here

will not in general be congruent with those of step 2 above.)

8. Obtain the percent reduction in impact from%

= I00- PeqB

Application of Assessment Technique to New Truck I:te_ulation

The methodology presented in the previous section can be

directly applied for assessing the effects of motor carrier operating

rules, together with the effects on the United States population

of different noise levels for new production trucks. The foIlowing

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 highway noise model presented in the Highway Research Board

Design Guide (HRBDG). Furthermore, the following assumptions

have been made for the urban traffic situation:

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

1974, asdeecribed in the noise emission standards for motor

carriers in interstate commerce proposed by EPA under
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Section 18 of the Noise ConLrol Act (38 IZl:t 20102 July 27.

1973), Carrier operating standards require that all medium

and heavy duty trucks over 10, 000 pounds g_'oss vehicle weight

rating (GVWR) not exceed the level of 96 dB(A) usdcr any

conditions of operation wheu traveling at speeds less than

35 mph. In the urban environment, since the average speed

through urban streets is 27 mpb (Reference 1). this baseline

assumption is a suitable starting pc)inl for the determination

of noise level changes resulting I'rnn'l a new t,'uek regulath,n.

2. The vehicle mb_ture is assumed to be 1% heavy duty trucks,

6% medtum duty trucks and 93% automobiles (Reference 8).

3. The population densLty in the vicinity of urban roads for noise

impact assessment is that recently reported by EPA (Refer-

ence 9).

4. State and city noise ,_egulations becoming effective during

the 1975 model year will force a 4 dB reduction in the tmise

produced by new production automobiles. The 4 dB reduction

predicted to occur for automobiles and the expecl:ed use

of quiet tires are estimates based on current trends in

local and Federal noise ordinances. A_ this time, it is not

known if such events will actually occur.

Freeway Traffic

This analysis has been performed in terms of constant speed

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

reductions observed during cruise conditions. The data used are those

i presented in HRBDG volume 5, page 11, table 2. The actual net
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TABLE 6-2

ESTI_TE OF THE I_ACT OF SUCCESSIVE _EDUCTION OF ALL URBAN NOISE SOURCES IN

5-DECIBEL INCREmeNTS

Current Conditions Ldn Noise Reduction in Dec[bals

Population 0 5 _ !0 15

d

Ldn exposed to Pi { ...._B higher Ldn % millions
millions FIi FliP" Fli FIiPi FIi FI;Pi FIi FliPi

- mllllons - millions i - millions - millions

55 93.4 34.4 0.125 4.3 0 0 0 0 0 0
60 59.0 34.7 0.375 13.0 0.125 4.3 0 0 0 0
65 24.3 17.4 0.625 10.9 0.375 6.5 0.125 2.2 0 0
70 6.9 5.8 0.875 4.9 0.625 3.5 0.375 2.1 0.125 0.7

75 1.3 1._ 1.125 1.4 0.875 I.i 0.625 0.8 0.375 0.5
80 0.1 0.i 1.375 0.i 1.125 0.i 0._76 0.1 0.625 0.i

Total Equivalent PeopleImpacted 34.6 15.5 5.2 1.3

Percent Reduction in

I Impact 0 55 85 96



noise reduction during SAE J366 lest ls ff_'eater than the nel

noise reduction du]'ing cruise due to the effeeL o[' th-e noLse st high

speeds.

For this analysis, the l'ollowing assumptions were made:

1. A tire noiselevelof 77 dB(A)when measured at a cruise speed

of 55 n_ph and at a distancc_ 50 feel away I'rnn_ the vehieR_. An

_zs_Llrnptl()rl was mini,, lhlll. _'HDss-r'ih lir'(_ _,t)tlhl I._ I'_'(_(,d

out or use as a Fe_,]ult i}J' hnc:reasillgly s(wt.'rl! Ill!{l_ sp(:(_(I IlIJlSl' ?

standards being instituted by EPA under authorization c_

section 18 of the No_se Control. Act. This assumption of the

future extensive use of straight I"Lb£i_:esfuTLher sup-)orts the

choice of a tire noise level of 77 dB(/i) athigh speeds.

2. The mixture of vehicles is 10_/0trucks and 90_'_automobiles

(HRBDG).

3. [['hersare 8,000miles of freeways throughout the UniLed States

in urban areas (Federal [-iighway Administration 1972

Highway Needs)

4. Since there existveryl[ttledaLa concerning the popula%ion den-

sity around highways, the average population density around

urban highways is assumed equal, to that found in urban areas

for the nation as a whole. The 1970 c._nsus data indicated

ihat the average population deusi%y in urban al'eas {'or Lhe

nation as a whole is 4,950 people per square mile: thus, the

number chosen forthe present analysis is 5,000 people/squat-e

mile. Furthermore, ifthe populatioodistrlbution around high-

ways is assumed homogenous, it is estimated that there are
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40 million people (8.0OO x 5,000) presently living within I/2

mile of (eaeb side) an urban frm_wny.

5. A basle highway is level and has sir. lanes of traffic, I_'or the

ptlrpese of calculating attenuaiRm of noise on the 1 _way,

it is assumed that the typical he,use ts c)n a lot 100 fact Icing,

50 feel: wide, and 70 I'_ct rrom th_ ncslr,tst lam_ of the_ fr_,_way.

6. Dnstgn hour' is pr(_di_,atl!d c_rl I.r,;d'fic_ flew t_1'7, 2()() vl,l_ic_l_s

per hour traveling at an av(:rago spe,_d _ff 55 mph.

7. As of October' 1975, Interstate M(*t_)r Carrh,r operatblg rl_lc:s

will permit noise levels from medium and heavy duty trucks

to be no greater than 90 dB(A) at speeds greater than 35

i raph, measured at 50 feet from the eenterline of the vehicle!

"i path. The data potnts used from which further extrapolations

i may be made are at 83, 80 and 75dB.}

8, 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 lb GVWR wJ.ll be re-

quired not to exceed the following noise levels

(in dB(A)) after October of tbe year indicated:

83 1976
,)

80 1980

75 1982

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

standards, as proposed, are in effect.

6-17

l



Model 2 - Same as Model I with the following dates:

83 l.q76

80 1977

75 l.qgo

Model 3 - Same asModel ], wttheffective dates used to separate

gas engine and diesel engine powered trucks:

Gas Diesel

80 83 1976

80 83 1977

75 80 1980

75 75 1982

The following analysis considers operations under three condi-

tions:urban freeways only, urban streets only, and the aggregate of
0

the two. The analysis derives the change in Ldn, for each condition,

for various years 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 as a function of time, relative

to 1974 noise levels.

Table 6-4 - Number of equivalent noise impacted people

for the baseline case and the three models

as a function of time.
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Table G-5 - Percentage challge LU number of L_cluiw_h'rll

noise impacted people for the baseline case

zlndthe thrl,("n]_*(b!lsrelativet_ 1974.

The h211)a(:testimat_s indi(:at,,Ihz,tM,*,h,lsIsi_,I:IIu,v,,lh,,s.,,i,,

results, whereas Model 2 aec(:h;raL(_s lhe rcdncti()r* in in_lm.rt by

approximately 2 years. The percent reduction inimpact from free-

way traffic is slightly greater than that for urban streets (6:] or 57'7,).

The estimated percentage reduction for the combined impact of traf-

fic on urban streets is 58%, reflecting that the preponderance of the

expected impact is attributable to traffic ¢_nurban streets.

Further analysis indicates that the remaining estimated inlpact

from traffic on urban streets in 1.992 apptwtiosed te_ Lrurk sour_:es

is appro×imately as follows:

Medium duty trucks 37%

Heavy duty trucks 6%

To achieve an additional significant reduction in impact requires

further reduction of the levels for medium duty trucks and automo-

biles, l_'or example, if ooth were reduced by an additional 6 dB, the

above percentages would be decreased by a factor of 4 to 9.2% for

medium duty trucks and 14.3% for automobiles. This change would

reduce the day/night sound level resulting from traffic on urban

streets by approximately 5.3 dB. This decrease in level would

reduce the estimated equivalent number of people impacted after the

regulation is fully effective from 15.9 million to 5 million, a reduction

of over 88% from the 1974 baseline condition.
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Table 6.3

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

Item Year

1976 1980 1982 1990 199'2

Freeways

Operating rules and new autos
only....................... 2.4 2.4 2.4 2.4 2.4 4

Model 1..................... 2.4 3.6 5.0 8.4 8.6

Model 2................ 2.4 4,4 6.2 8.6 8.6

Model 3............. 2.4 3.6 5.0 8.4 8.6

Urban Streets

Operating rules and new autos
only........... 0.7 1.2 1.4 2.0 2.0

Model 1 0.7 1.5 2.1 4.9 5.3

Model 2............ 0.7 1.8 2.5 5.0 5.5

Model 3......... 0.7 1.5 2.1 4.9 5.3
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Table 6.4

Noise Im_gacted People
(In millions)

Year

Item 1974 1976 1980 1982 1990 1992

Operatin_j rule and new
autos only

Freeway 2,.7 2.1 2.1 2.1 2.1 2,1
Urban,.. 34.6 31.5 29.4 28.4 26.0 26.0

Total. 37.3 33.6 31.5 30.5 28.1 28,1

Model1

Freeway............... 2.7 2.1 1,8 1.6 i.i 1.0
Urban ................. 34.6 31.5 28.0 25.6 15.9 14.9

Total ........... 37.3 33.6 29.8 27.2 17.0 ].5.9

Model 2

Freeway............... 2.7 2.1 i.7 I.4 i.0 i.0
Urban ............. 34.6 31.5 27.0 23.2 14.9 13.8

Total.......... 37.3 33.6 28.7 24.6 15.9 14.8

Model 3

Freeway............... 2.7 2.1 1.8 i,6 i.I i.0 i
Urban.. 34.6 31.5 28.8 25.6 15.9 14.9 i

i
Total........ I 37.3 33,6 29.8 27.2 17,0 15.9

I
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Table 6.5

Percent Reduction in Equivalent Noise Impacted Population Re]_tive
to 1974 I]ase]Jne

Year
Item

1976 1980 1982 1990 1992

Freeway Only

Operating rules and new autos
only....................... 22 22 22 22 22

Model 1..................... 22 33 41 59 63 ,

Ymdel 2 ..................... 22 37 48 63 63

Model 3..................... 22 33 41 59 63

Urban Streets Only

Operating rules and new autos
only ....................... 9 15 18 25 25

Model 1..................... 9 19 26 54 57

Model 2..................... 9 22 33 57 60

Y_del 3..................... 9 19 26 54 57

Total

Operating rules and new

autos only ............... I0 16 18 25 25

Model 1................... i0 20 27 54 57

Model 2 ................... 10 23 34 57 60

Model 3 ................... I0 17 27 59 57
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EFFECT OF NEW TRUCK NOISE I,EVEI,SON PUBI.[C I.[EAI.TU AND

WELFARE "IN INDIVIDUAL CASES"

This section considers the public health and welfare in individual

cases, the descriptions of the environmental situatlon models studied,

a discussion of the basic equation derived for analysis purposes, and

the presentation of the results obtained from analysis of the environ-

mental situations described,

Description of Enviromnenta] Situations Studied

For the purpose of tillsmodel, an environmental situation was

defined as fellows: "An environmental situation is a common every-

day activity at which a human being spends considerab]c time and in

which intrusive noise of sufficient magnitude would evoke a feeling

of annoyance. " Since this definition of an environmental situation is

broad in nature, human activities and sites where human activity occurs

were selected to typify those environmental situations thought most

prevalent.

Tile three broad categories of human activity selected were

(1) normal conversation, (2) thought process and (3) asleep. For

each activity category, additional definitions are made below to qualify

the conditions and to set quantitative guidelines for the study.

Definitions were selected with the intent to limit the number of

environmental situations investigated but not to exclude nol, com-

promise conditions highly germane to the model.

In the normal conversation category, the model was limited

to the passby interference of trucknoise on normal conversation. Nor-
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real conversation was defined as an nativity in which imc_llle rould c_Jm-

municate at a comfortable voice lev(_l or hear television or radio e_und

ata volume setting that would be comfortable in the absence ef tntrusiw_

noise. A level of 60 dB(A) was selected as an acceptable ambient specc, h

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

trusive noise. The 60 dB(A)level selected was based on (1)actual

measurement, in a typical living room, doting television listening at

a comfortable volume setting and (2) analytical calculations or the no,otis-

tie energy in a typical living room due to speecb sound power levels

Reference 4).

in the thought process category, the model was limited to tile

influence of noise on reading, writing or studying. A level of 45 dB(A)

'was selected as the acceptable ambient indoor level during the perform-

ance of any or all of these activities. The rationale for choice of the

45 dB(A) level is its common selection as that level which will permit

uninterrupted thought activity due to intrusive noise in a quiet office

(References 5 and 6). A second level, that of 51 dB(A), was selected

as the outdoor ambient level to comfortably perform outdoor thinking.

The rationale for this selection is based on the fact that outdoor ambient

noise levels are typicallyhigher than interior ambient noise levels (Ref-

erence 7). . ]

In the asleep category, the model was limited to the passby in-

Fluence of truck noise on sleeping. A level of 40 dl3(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 nighttime ambient

level (Reference 7).
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The five categories selectc, cl I'm' slt.es where haman activity

enactment occurs were (i) an apartrner_t interior, (2) a corner rc_om

interior of a frame house, (3) an office interior, (4) an outdoors

residential location, and (5) an urban sidewalk location.

For the apartment interior site a room, with height to width to

length dimensions of 8 ftto 15 ft to 20 ft, was selected as representa-

tive of a typical medium sized apartment. Further, it was assumed that

the apartment contained a single window (closed and airtight) in a

wall exposed tothe exterior and subject to the i,ncident intrusive noise.

Otherarchitectural-acoustic descriptions of the apartment interior site

appear in Appendix B.

The frame house (corner room) interior siLe description

was selected to duplicate most of the dimensions and acoustical char-

acteristics of tbe apartment interior with the added condition that the

room contained two adjacent wails with (closed and airtight) windows

exposed to intrusive noise incident on the exterior windowed surfaces.

Appendix B contains more architectural-acoustic description of the

corner room in the frame bouse interior site.

The office interior site room size was maintained at tbe 8 ft

x 15 ftx 20 ft dimensions of the apartment interior site, bat was

modeled to architectural-acoustic qualities though_ representative

of a typical office. Appendix B contains additional information to further

define the architectural-acoustic description of the office interior site.

The outdoors residential site was defined as a generally open,

free-field area void of obstructions that might cause sound reflections.
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The urban sidewalk site, lil(e the outdoors residential site,

was defined as a free field. However, tbis is a special environmental

situation in that it was assumeda person walking on a suburban side-

walk where the ambient level is 73 dB(A) would become annoyed, for

whatever reason, ifthe amblentis appreciably raised. The 73 dB(A)

level is that typical on an urban sidewalk (Reference 7).

Discussiqn of Equation Derived for Analysis

Having defined an environmental situation and several

categories of haman activitiesand activity sites, it is necessary

to calculate the truck noise levels in dB(A) measured at 50 feet

from the truck which, if permitted, would raise, for a particular

human activity, the sound level at a selected activity site by a

specified level above the acceptable ambient level assumed to have

existed prior to the passage 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 inAppendix A.

Equation (6.8), which is identical to Equation (A. 33)

in Appendix A, gives the noise level _o in dB(A) of a truck,

measured at a distance _, whose passby will produce a noise

• . level _ dB(A) inside a particular room located at a distance from

the specified truck operation. The transmission and absorption

characterties of the part£cular structure involved as ,',ellas the

6-26



L .i

truck noise, which ave all generally frequency dependent, are

jointly ll_corporated into the parametcrq given by

h

q = _qp = _ Tp. Jop (6.9)
p p Ap

Here, the summation subscript p identifiedthe p th

octave band° of interest to the study, while Ap and Tp represent,

for the p th octave band, the interior absorption and structural

transmittance, respectively, for the particular activity site. Also,
A
JoplS the normalized A-weighted _h octave band intensity component

of the noise spectrum for the specified truck operatiol%.

: As an example of the use of Equation (6,8), suppose that it

is desired to calculate the truck noise ]eve] in dB(A) measured at

50 feet which wouhl llrel:hld(, :_ul,ffleslh.] llello.yluivl, a.,_,locint_d will*

the disruption of a person's tlmught process during study lush/c. Ihe

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

byihis and even lesser amounts could cruise annoyance. The l0

dB(A) might be considered as that amount of increase where sub-

stantialannoyaneebegins to occur. Thus, with this criteria, 'the noise
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h,vcl Lnsh:h_ th._ rp)¢:ml ..I'r)r ,the, pm'Iicular (mvlr_mmcmlnl sitnati,m h(qul_,

considered; Le.. Ihblkin._ in an ApnJ,tmmll 50 I't_t_l I'rmll the, r,cmd, is

6 r " aecel_teble nmhienl level _- 10dB(A)

6 r = 45 _ I0 = 55 dl_(A)

From the interior description oF the Apartment site given in

this section {and Appendix B). the sound absorption characteristics of

theAparl, ment activity space can be determined. The steps necessary

to calculate the total absorption for each octave band of interest for the

Apartment activitysite are summarized in Table C-I ofAppendix C. In

Table C-l, values for the absorption coefficients, etc., ['orthe various

site components were obtained frol_nthe references cited in Appendix B.

As shown inTable C-l, Column 6 provides octave barn] absorptions, in cm

absorption units, for the octave bands listedin Column I.

from the wall structure description of the Apartment site given

in this section (and Appendix B). the transmission characteristics of the

Apartment structure can l_e determined. The steps neecssary to cal-

culate the total transmittance for each octave band of interest for the

Apartment structure are summarized in Table D-1 of Appendix D. in

Table D-I, values for the transmission coefficients ;_ were obtained

from the relation

- I,°
_" _0 (6.10)

where @e is the transmission loss in decibels. Values for the various

transmission losses were obtained as follows: for the windows, the

I
best estimate of ¢_._is that obtained from the "mass law" (Reference 10).I
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Thus, values of _'_ were obtained frem the equation

t= 10log (I + 1.366x 10-3p 2f2) (6.11)I0

where p is the surface density, Ibs/ft_" , of the window and f is the

frequency tn Hz. For the walls, values of _$ were obtained 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 truck opera-

tion is shown in Figure E-I of Appendix E. To facilitate its usage

in the analysis, the truck noise spectrum of Figure E-1 was normal-

ized to a total sound intensity of one watt/era . Table F-1 of Appendix

F summarizes the steps taken in this normalization process for the

low speed, high acceleration truck operation noise spectrum.

The situational factors in Equation (6.9) can now he de-

termined. The s_eps 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

is seen that the parameter can be calculated to be

q = /: qp _ • 000675 (6. 12)
P

The noise level ( _a ), measured at a distance (a o) of 50 feet,
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that the truck involved in this situational example can generate without

producing a noise level (d r) of 65 riB(A) inside the Apartment located

at a distance (r) of 50 feet from the road without causing substanlial

annoyance to a person who is studying in the Apartment can thus be

calculated from Equation (6.8). Using tbe above information and the

value of q from Equation (6.12)0 it follows that

t (502)( 1 ))
o = 55 + i0 Io_ (_'0_} = 87 dB(A) (6.13) "

Itshould be emphasized thatthisallowable truck noise levelfor the

environmental situationstudiedis for a one oecurence singletruck

operation lasting over a relatively short time duration.

The procedure used in the above example to illustrate how th,_

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 situations.

Results for Environmental Situations Studied

The procedure outlined in Appendix tl was used to determine

the truck noise levels at 50 feet which, if allowed, would cause sub-

stantial annoyance for each of a total of 1 13 environmental situations.

The environmental situations studied included various combinations

of activity sites, human activities, and distances from the road.

The results forthese environmental situations are presented in Tables

6.6 and 6.7 for low speed, high acceleration and constant high speed

truck operation, respectively,
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TABLE 6.6

LOW SPEED, HIGH ACCELERATION TRUCh: OPERATION NOISE I,EVI,_'I.,S
AT 50 FEET TO PRECLUDE ANNOYANCE IN VARIOUS

ENVIRONMENTAL SITUATIONS

Environrnental Situation Truck Noise
at 50 Feet

ltuman Distance from to Preclude

Activity or Road Centerline Annoyance
Activity Site Condition (it) (dB(A))

Apartment Interior Normal 200 114
Conversation

Office[nterlor Nnrmal 200 Iil
¢:onversation

Frame House Normal 200 110
Interior Conversation

Apartment Interior Normal 100 108
Conversation

OfficeInterior Normal i00 105
Conversation

Frame House Normal 100 104
Interior Conversation

Apartment Interior Normal 50 102
Conversation

Office Interior Normal 50 99
Conversation

o

Apartment Interior Thought 200 99
Process

Frame House Normal 50 99
Interior Conversation

Office Interior Thought
Process 200 96 :

Apartment Interior Normal 25 96
Conversation

Frame House Thought 200 95
Interior Process
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TABLE 6.6 (CONTINUED)

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

ENVIRONMENTAL SITUATIONS

Environmental Situation Truck Noise
at 50 Feet

Human Distance from toPreclude

Activity or Road Centerline Annoyance
ActivitySite Condition (ft) (dB(A))

Apartment [nLez'tor Asleep 200 94

Frame House Normal 25 03
Interior Conversation

OfficeInferior Normal 25 93
Conversation

Apartment Interior Thought 100 93
Process

Office Inferior Thought 100 90
Process

Frame House Asleep 200 90
Interior

Apartment Interior Normal 12.5 90
Conve rsation

Frame House Thought 100 89
Interior Process

Frame House Normal 12.5 88
Interior Conversation

Apartment Interior Asleep 100 88

Office Interior Normal 12.5 87
Conversation

Apartment Interior Thought 50 87
Process

I Frame House Asleep 100 84
J Interior

Office Interior Thought 50 84
Process

Frame House Thought 50 _4
Interior Process
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TABLE ft.6 (CONTINUED)

LOW SPEED, HIGH ACCELERATION TRUCb: OPERATION NOISE LEVELS
AT 50 FEET TO PRECI,UDE ANNOYANCE IN VARIOUS

ENVIRONM ]']N'['A I, SITUATIONS

l!',nvironmenta[ Situation 'l'ru(dc Nt)isc
at 50 b'(!t!t

Human Distance from to ]'rechalc_
Activity or Road Ccnterlino Annoyance

Activity Site , Condition fit) (dB(A))

Urban Sidewalk Ambient Level 50 83

Outdoor Normal 200 82
Residential Conversation

Apartment Asleep 50 82
Interior

Apartment Interior Thought 25 81
Process

Frame House Asleep 50 79
Interior

Frame House Thought 25 78
Interior Process

Office Interior' Thought 25 78
Process

Urban Sidewalk Ambient 25 77
Level

Outdoor Normal 100 76
Residential Conversation

Apartment Asleep 25 76
Interior

Apartment Thought 12.5 75
Interior Process

Frame House Asleep 25 73
Interior

Oatdonr Thought 200 73
- Residential Process

[ Frame House Thought 12.5 73
Interior Process

...... Office Interior Thought 12.5 72
Process
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TABLE 6-6 (CONTINUED)

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

ENVIRONMENTAL SITUATIONS

Environmental Situation Truck NeIse
at 50 Feet

Human Distance from to Preclude

Activity or Road Centerl/ne Annoyance

ActivitySite Condition (it) (dB(A))

Urban Sidewalk Ambient 12.5 71
Level

Outdoor Normal 50 70
Residential Conversat ton

Apartment Interior Asleep 12.5 70

Frame House Asleep 12.5 68
Interior

Outdoor Thought 100 67
Residential Process

Outdoor Asleep 200 66
Residential

Outdoor Normal 25 64
Residential Conversation

Outdoor Thought 50 61
Residential Process

Outdoor Asleep 100 60
' Residential

Outdoor Normal 12.5 58
Residential Conversation

I

: Outdoor Thougi_t 25 55
Residential Process

Outdoor Asleep 50 54
Residential

Outdoor Tlmught 12.5 49
- Residential Process

!

Outdoor Asleep 25 48
Residential

Outdoor Asleep 12.5 4 2
Residential

6-34



"['ABI+E 6.7

CONSTANT tIIGH-SPEED TRUCI,[ OPERATION NOISE LEVIg,S
AT 50 FEET TO PRECLUDIL' ANNOYANCE IN VARIOUS

ENVIRONMENTAL SITUATIONS

Environmental Situation Truck Noise
at 50 Feet

' lIuman Distancefrom to Preclude
Activity or Road Centerline Annoyance

ActivitySite Condition (it) (dB(A))

Apartment Normal 200 i17
Interior Conversation

Office Normal 200 I15
Interior Conversation

Vrame House Normal 200 114
interior Conversation

Apartment Normal IO0 III
Interior Conversation

Office Normal I00 109
interior Conversation

Frame House Normal I00 10g
Interior Conversation

Apartment Normal 50 105
Interior Conversation

Office Interior Normal 50 103
Conversation

Apartment Thought 200 102
Interior Process

Frame House Normal 50 102
Interior Conversation

Office Interior Thought 200 I00
Process

Frame House Thought 200 99
Interior Process

Apartment Normal 25 9,0
Interior Conversation
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TABLE 6.7 (tlt)NTINUEI))

CONSTANT II[GII-SPEI'_I) TI{tlC.K OI_I']RAT[ON NOISE I,EVI",I,S
AT 50 FEET TO PRECLUDV ANNOYANCI.,' [N VARIOUS

I'_NViI_,ONM ENTAI, SITUATIONS

Environmental Situation Truck Noise
at 50 Feet

Human Distance from to Preclude
Activity or Road Centerline Annoyance

Activity Site Condition , (ft) (dB(A))

Apartment Interior Asleep 200 97

Office Interior Normal 25 97
Conversation

Frame House Normal 25 97
Interior Conversation

Apartment Interior Thought 100 96
Process

Frame House Asleep 200 94
Interior

Office Interior Thought I00 94
Process

Apartment Interior Normal 12.5 93
Conditions

Frame House Thought 100 93
Interior Process

Frame House Normal 125 92
Interior Conversation

Apartment Asleep 100 91
Interior

Office Interior Normal 12.5 91
Conversation

Apartment Thought 50 90
Interior Process

Office Interior Thought 50 88
Proeoss

Frame House Asleep 100 88
: i Interior

Frame House Thought 50 87
Interior Process
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TABLE 6-7 (CONTINUED)

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

ENVIRONMENTAL SITUATIONS

Environmental Situation Truck Noise
at 50 Feet

Human Distance from to Preclude

Activity or Road Centerline Annoyance
Actlvit_/Site Condition (ft) (dE(A))

Apartment Asleep 50 85
Interior

Apartment Thought 25 84
Interior Process

Frame House Asleep 50 82
Interior

Outdoor Normal 200 82
Residential Conversation

Office Interior Thought 25 82
Process

Frame House Thought 25 82
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

l Apartment Asleep 12.5 73
1 Interior
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TABLE 6=7 (CONTINUED)

CONSTANT HIGH-SPEED TRUCK OPERATION NOISE LI_VELS
AT 50 FEET TO PRI_CLUDE ANNOYANCE IN VARIOUS

ENVIRONMENTAI •SITUATIONS

Environmental Situation Truck Noise
at 50 Feet

lluman Distance from to Preclude
Activity or Road Ccnterline Annoyance

Activity Site Condition (ft) (dB(h))

Outdoor Thought 200 73
Residential Process

Frame House Asleep 12.5 72
Interior

Outdoor Normal 50 70
Residential Conversation

Outdoor Thought I00 67
Residential Process

Outdoor Asleep 200 66
Residential

Outdoor Normal 25 64
Residential Conversation

Outdoor Thought 50 61
Residential Process

Outdoor Normal 12.5 58
Residential Conversation

Outdoor Thought 25 55
Residential Process

Outdoor Asleep 50 54
Residential

Outdoor Thought 12.5 49
Residential Process

Outdoor Asleep 25 48
Residential

Outdoor Asleep 12.5 42
' Residential
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As t+(mst.rucicd. Tables 6-6 and 6-7 ur()vid(> values t)l+ee']'t'u(!]+.Ned,q(,H

_lt 50 ]i'('(.i tr) |_rec|ade AallIJyau_'c+_ar I'l)r' the vari(lus i_evirc)am_rlts]

sit;i;_._i(_n+q (leflncd. Tbc valuea hi' L}_s_, m_isn ](_ve| (!a|c'ub<'tLir_rls wl, re

based on the quantitativeguidelines defined previously in this section

(and Appendix B). The guidelinesdefined include the acceptable ambient

noise levels for selected human aetivltiesat particular activitysites,

the archltectural-acoustlc 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. Thn net adjustment is simply added alge-

braically to the values given in the column entitled "Truck Noise at

50 Feet to Preclude Annoyance." For example, if it is desired to

ruplace the I0 dB(A) intrusion noise criterion with a 5 dB(A) criterion,

tilechange is -5 dB(A). If.in addition, it is feltthat a selected am-

bient level for a particular environmental situation is Leo low and that

itought to be increased by 7 dB(A), then the net adjustment is -5 +7 or

42 dB(A)o l_ach entry in the above mentioned column is then decreased

by 2 dB(A) to accommodate this situation.

I
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This section, using the three hypol, hetical models described

earlier in this document, evaluates tilesevePal standards and respec-

tive effective dates ill terms OC costs, and, to n limited degree

economic impact to determine the degree of disruption thal might

result among truck manufaeturm's and associated industries. The

ba sis for tim majority of data contained inthis section is derived from

rye studies performed, under EPA sponsorship, for the purposes

of thts study (References i and 2).

Economic impact is of particular importance in assessing pro-

duction lead Lime. A more detailed discussion of typical trunk

manmacturcr lead times to implement design changes of the type

envisioned to meet noise control requirements is given in

Appendix N.

Model 1 postulates a new diesel engine truck noise level of

83 dB(A) effective in ]977. A two-year period to comply with this

]e,,e] wou]d 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

sr]soet_ted with gasoline tz'ueks. 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 an the

time schedule proposed in rondel 20 hut at the levels cited for diesel

trucks in model 1 and for gasoline trucks in model 2.

The cost data contained in this section are based to a substantial

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

Chan_es in Truck Manufacturin G 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 three different trucknoise levels.* Possible price increases

are grouped by engine duty class, fuel type, and manufacturer.

Gasoline 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.
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TABLE 7-i ESTIY_TED RET,_IL.PRICE l iNCREASES

Engine Family/ Model 1 Model 2 Hodel ] Estimated Market Share

Engine _/amuaeturer 83 dB_A) 80 dB(A) 75 dB(A)1 ..by Engine (percenti4

Gasoline Engines

All M,'mtffaeturers $ 0 $ 125 $ 300 65.00

Mcdium-duf.y
Diesel Engines 2

Manufaeturer:
D $125 ' $ 210 $'I, 250 2.2
F 100 300 I, 250 0.77
C- 125 275 I,250. .0.17

Heavy-duty
¢_ Diesel Engines 2

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 325 800 1,000 6.0
C I00 400 I,250 0.47
C 0 125 525 . 4.8
TJ 0 150 lp250 .... 1.5
F 125 325 I,250 .23
}_ 0 1251 525 .02

Notes: ICost is stntedin terms of retail list price increases.

2Refers to scverity of service rather than Gross VehiCle Ne_ght (GVW}.

3Multiple listings for individual manufacturers indicate major groupings of that maker's engL_e_.

4Based on 1973 produc_iono



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

the medium duty and heavy duty classes (but not between classes),

Substitution of gasoline engines for medium duty diesel engines is

possible. Possible noise centre] measures and their individual

estimated contributions to overall retail 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 medlnm 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 Compliance Testing, ,t page 7-10.

Figure 7-I gives manufacturers' estimates of the increase in the

retail cost of trucks when quieted to various illustrative levels as

well as independent estimates from Table 7-1, which shows that_

1, Retail list price increases are generally lower for gasoline

engine powered trucks than for diesel engine powered trucks.

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

increases among diesel engine powered trucks,

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

first two models, with the exception of engine manufacturer

- , Bj
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Gasoline engine powered trucks lend Io cosl less 1o quieL thun

diesel engine trucks because they are generally quieter to begin

with. The main reason for the price difference among diesel engines

is that those produced by some manufacturers are inherently noisier

than eihers and, therefore, require different noise control methods,

as shown in Appendix I. The increase appearing in model 3 eam-

pliaaee costs occurs because at these modeled levels most, if not

all, diesel trucks will require an engine enclosure. Based on current

practice, such an enclosure would probably be bullt as an integral

part of the truck cah structure. This enclosure will involve major"

retoollng from currant production machinery. The costs shown are

believed to be "worst case" costs that could be dirdetly ascribed

to measures taken as a specific result of Federal noise standards.

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 i and

2 indicate that most manufacturers may have to make primary

chmlges in the cooling system. These changes may Include, for

exmnple, 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 thermostaL A fan clutch

would eliminate the need for shatters on trucks operating in all but

the coldest environments, and would eliminate fan stall as a noise

source. Model 3 reveals the likelihood that a high-technology
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fan system could he required. "l'h_, cnsI_ el" [rnplon_entlng lheso

measures are detatled In Apl_,mlix I.

Model 1 shows thai: I'_,w ,Ih,scq I,re_'l_lt will rq_quh'v (,xhlllltd,

system modifications, llowever, aclvaneed exhau,q[ system:t, in-

cluding mufflers with outer wrapping and vibration-isolated clamps

for mountingthe exhaust pipe to the engine, could be required to meet

the standards hypothesized in model 2. For model 3, exposed
o*

exhaust pipes may require lagging (wrapping) Lo Increase the trans-

mission loss andisoIate 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

(GVW), the backpressure imposed on the engine by the muffling sys-

tem, and the power required to run accessories such as the fan.

C,hanges in these parameters will, in general, change the truck's

fuel consumption per mile and, hence, the annual fuel costs incurred.

This change in fuel costs and the incremental cost of maintaining the

truck designed to meet more stringent noise levels tha.n at present

constitute the two elements of annual operating cost addressed here.

Other possible effects of equipment modifications to achieve noise

_.batement are reduction of the truck's maximum speed, resulting

from decreased engine power available to drive the wheels, and

reductional thetruck's maximum payload, resulttngfrom an increase

in tare (empty) weight. The second effect appears to be negligible

when averaged over the entire truck fleet (Reference 1) and so is
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not developed further, This leaves tile problem el' redta'ed

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. Moreover, although trucks maybe designed

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

be presumed that they will remain within the legal limits; hence

design speed as a bench mark may be of 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 cost referred to above,

The development of operating and indirect capital cost increases

is eontainedinAppandix J. The results of that development are sum-

marized here. Changes in operating expenses are shown in Table

7-2a.

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 control

effort. However, (I) it is possible that truck operators will simply

use the fan power savings to increase speed; and (2) market forces

may eventually dictate such a beneficial design modification, even
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without considerations of noise reduction. Therefore. the operating

costs have been computed to exclude the fan horsepower savings to

again develop a worst case scenario. The results are shown in Table

7-2b.

TABLE 7-2a
CHANGES IN ANNUAL COST (FUEL PLUS MAINTENANCE
EXPENSES) CAUSED BY NOISE CONTROL TREATMENTS

(INCLUDES FAN SAVINGS)

Annual Cost Chan[_e

Model 1 Model 2 Model 3

Gasoline - medium ($ 53) ($ 96) ($ 84)

Gasoline - heavy ($120) ($238) ($210)

Diesel- medium ($ 63) ($ 53) $ 51

Diesel- heavy ($224) ($ 66) $116

Note: Parentheses denote net savings.

TABLE 7-2b.
CHANGES IN ANNUAL COST (FUEL PLUS MAINTENANCE
EXPENSES) CAUSED BY NOISE CONTROL TREATMENTS

(WITHOUT FAN SAVINGS)

Annual Cost Increase

Model 1 Model 2 Model 3

Gasoline - medium 0 $ 9 $ 21

Gasoline - heavy 0 $ 19 $ 44

Diesel - medium $ 9 $ 9 $123

Diesel - heavy $19 $176 $359

<
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The cost of extra horsepower needed to maintain the original

level of service is shown in Table 7-3a. The fan savings result

in a smaller required total engine oulpui and, hence, a reduction In

inlttalprice. For the reasons listed in tilepreceding paragraph,

however, tl_ese savings may not be realized. The indirect capltal

cost increase is therefore shown in Table 7-3b with fan savings ex-

cluded. The apparent cost of extra horsepower required by noise

control treatments is small.

Cost of Compliance Testing

Another noise control cost will be the cost of testing production

trucks to ensure end-product corapliance. The cost thus incurred by

the manufacturers will depend on various factors, such as the ease

with which the necessary or required tests can be performed. The

enforcement procedure described in Section 10 appears to involve

only a nominal cost and no detailed cost analysis is lhersfore pre-

sented, Should an enforcement procedure significantly differ from

that described in Section 10 further cost impact analysis will be

llecE_ssaryo

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 llModel S

Gasoline - medium {$ 30) ($ 60) ($ 58)

Gasoline - heavy ($ 98) ($210) ($204)

' Diesel - medium ($ 96) ($ 06) ($ 85)

Diesel - heavy ($360) ($336) ($326)
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TABLE 7-:th,
CHANGES IN CAPITAl, COST [NI)II_E'CTI,Y CAIISEI)

BY NOISE' CONT_{OI, TI{I'_ATMEN'I'S
{WlTIIO[IT I,'AN SAVINGS)

Capil:nl C,ost Increase

Model 1 Model 2 Model 3

Gasoline - medium 0 0 $ 2

Gasoline - heavy 0 0 $ 6

Diesel - medium 0 0 $ ll

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 by any

future price increases or increases in truck operating costs. To

account for both of these possible effects, a worst case equivalent

prioe 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-

alellt 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-II



7-7). Tim l'i.gurcsin 't'al_le7-4 we,re dcrived by ,'tmlpuMng the

CClULValcntprice increases explicitly l'or'each ma.ior I.ruclcgroup and

then taking an average, weighted accerding to each group's market

share. The details of this computation are given tn Appendix K.

Where savings from reduced fan power outweighother cost increases,

the net gain in income could be assumed to be lost to the operator

under worst case computations, competitive pressures forced a low-

ering of freight rates, A worst case "zero" is consequently entered

for such eases.

Representative Prices

Gasoline Diesel

Medium $ 5, 746 $ 7,248

Heavy 11,434 25, 213

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

dq/q = (-0.7). p

where q is volume, dp is the change in equivalent price (Table 7-4),

and p is the prise shown above.
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TABLE 7.4
EQUIVALENT PRICE INCREASES FOR QUIETED TRUCKS

Model 1 Model 2 Model 3

With Fan Savin_s

Gasoline- medium 0 0 0

Gasoline - heavy 0 0 0

Diesel - medium 0 0 $1357

Diesel-heavy 0 0 $1506

W_thout Fan Savings

Gasoline-medium 0 $ 180 $ 431

Gasoline - heavy 0 $ 242 $ 576

Diesel - medium $160 $ 319 $I, 986

Diesel - heavy $311 $I, 581 $3. 360

Source: Appendix K.

To estimate the impact of the equivalent price increases in

Table 7-4on possible future 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 to -0.9. The midpoint of this range. -0.7, was

assumed as a working value. The percentage reduction in sales for

a giver: price increase was then obtained by multiplying the percentage

price increase by the elasticity. The percentage sales decreases

corresponding to the price changes as shown in Table 7-4 are given

in Table 7-5.
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The differences among the three noise models used relates to

thetimes at which the various noise levels in the models become

effective, The three models are shown in Tab]e 7-8.

TABLE 7-5

ESTIMATED PERCENTAGE REDUCTION IN ANNUAL VOLUME

Model 1 Model 2 Model 3

With Fan Savings

Gasoline - medium 0 0 O

Gasoline - heavy 0 0 O

Diesel - medium 0 0 13. ll_a

Diesel - heavy 0 O 4.18a/0

Without Fan Savings

Gasoline - medium O 2.20% 5.25%

Gasoline - heavy O 1.48% 2.53%

Diesel - medium 1.54_o 3.09% 18.31_o

Diesel - heavy O. 86_o 4.39_o 9.33_o

Based on "average IIor "representative" truck prices (see A. T..
Kearney, 1974).

TABLE 7-6

ALTERNATIVE NOISE REDUCTION SCHEDULES

Model 1 Model 2 Model 3

All Trucks All Trucks Gasoline Diesel

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

Level 2 - 80 dB(A) 1981 1978 1978 1981

Level 3 - 75 dB(A) 1983 1981 1981 1983

7-14



Tbc absolute redecli(ul in I'nttll'_, silh,_l i_ llhlnhll,,l hy inilllllilyllll.(

the percentages in Table 7-5 by ihe bast, lhu_ viilUllle fllri,unsll t,l,o,

projected future sales of unquieted trncks, The Im,_elim, pt*(I,iei'Linn

is given in Table 7-7, Complete tables (iffuture volumes for'each

of tbe 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 should not be included in tbe sales forecasts. At this

point, a hypothesis is made concerning the inclusion of fan savings

in the impact analysis. Any design change which produces net cost

savings in and of itselfwill 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 design improvements earlier than would otherwise

be the case. The noise control program can, therefore, claim

credit for fan savings during the period prior to the time when market

forces would otherwise result in introduction of the quiet fan. This

period is assumed tobe three years, The composite volume reduction

forecasts are therefore constructed from the tables in Appendix L by

tncludJ_ag fan savings for the first three years under model 1 conditions

(lg77-1979inclusive)anc_excluding fan savings thereafter (1980-2000).

The composite volume forecasts are shown in Figures 7.2 through

7.5 for each truckeategory. In each figure, the baseline forecast and

the revised forecasts are laid out for each of the three models. The

7-15
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figures show that from the models used the maximum differential

impact occurs between 1980 and 1982. depending on the truck

category. In general, model 1 shows more unitsbeing soldduring

thisperiodthan does Model 3; Model 2 is intermediate. In the case

ofheavy gasolinetrucks, for example, 793 more units are sold in

1980 in model I than in models 2 and 3. For heavy diesels, models

1 and 2 result in 11, 125 more units being sold than would be in model

3 in 1982.

To estimate the relativeimpact on track manufacturers, the

cumulative impact on dollop salesiscomputed for each model over

the period1977-1995.the periodwithinwhich themodels differ.The

percent reductionin totaldollarsales of alltypes of trucks over

the period1977-1993 is shown in Table 7.8. Model 3 produces the

greatestimpact whilemodel i gives the leastimpact. The effect

of quietinggasoline engines on a shorter-term schedule than dlesel

engines (model 3) shows a slightlygreater adverse impact than if

all truckswore quietedon a longer-term schedule.
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TABLE 7-7

BASELINE FORECAST OF DOMESTIC TRUCK SALES BY ENGINE TYPE I

• . (*rIIOUSA/_DSOF TRUCKS)

Medium-Duty Trucks l[ea%y-DutyTrucks Total

_ _ Gasoline Diesel Total Gasoline umse/ -- Total (AllTrucks)

197(] 203.9 3.1 - 207 40.4 ]84.6 2(_5 412
]997 200.8 3.2 210 39.4 173.6 2]3 423
1978 209.8 3.2 2]3 38.1 184.9 223 436
1979 212.8 3.2 216 38.4 194.G 233 449
19,¢:0 215.7 3.3 219 38.6 204.4 2.13 462
1981 218.7 3.3 222 38.7 214.3 253 ,t75
1982 221.6 3.4 225 38.8 : 225.2 2(]4 .189

' ',0 ' _81983 ,,-4.6 3.4 _, 33.8 238.2 275 503
_1984 228.5 3.5 232 35.7 2.|8.3 287 . 519
1985 231.5 3.5 235 38.6 260.4 299 53
1980 234.4 3.6 238 35.4 273.G 312 55Q
1987 237.4 3.0 2.tl 3_.1 287.9 326 567
1988 241.3 3.7 243 37.7 302.3 340 '5_5
!989 • 244.2 3.7 2.18 37.2 310.8 354 602
1090 248.2 3.8 252 36.6 333.4 370 622
1991 251.2 3.8 2.55 35.9 350.1 3t;6 6.'1

)-1992 255.1 3.9 ,,9 35.0 367.0 4(]2 661
1993 258.1 3.9 2(]2 33.9 385.1 419 681
lfl9.1 262.0 4.0 266 32.8 ,104.2 437 703
1995 ,,0o. 9 4.1 270 31.3 424.9 450 7211
1096 269.9 4.1 270 ,,_._''"_" 443.2 476 750
lf'97 273.8 't. 2 278 34.2 461.8 490 774
11;.__ 276.8 4.2 281 35.7 481.3 5!7 99_.
1999 zSO.9 4.3 289 37.2 501.8 539 824
2000 284.7 " 4.3 289 38.8 823.2 562 851

1Source: A. T. I<earney. 1974. Fo':eem_ts for years 1976-1978 based on market research..Forec-a_----_
for years 1979-2000 based on _'oIlowin_ annu_ g,rc._h rat_s:

/ G,asoHne - mediums : 1.4

Gasoline - heavy : -"3..3
Di(,_sel - _etllt:n: : I.5

i.)_ose_, • .y :- _.Or,',, 5.0
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'FABLE 7-8
CUMULATIVE COST IMPACT OF ALTERNATIVE

QUIETING SC HEDULES

Cuelulative
Reduction In

Cumulative Sales due to Percent
Baseline Sales* Quieting Options Reduction

1977-1983 1977-1983 in Cumulative
($ millions) ($ millions) Sales, 1977-1983

Model 1 48. 080 I, 430 3.0

Model 2 48,080 1,560 3.2
.

Model 3 48,080 1,120 4.4

Source: Figures 7-2 through 7-4.

_' Assumes the following average prices (A. T. Kearney 1974):

Gasoline - medium $ 5, 746

Gasoline - heavy $ 11,434

Diesel - medium $ 7.246

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 be to eliminate many of them as variations in a given model

family.

In models 1 and 2, the addition of acoustic treatments such as

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

quire some modifications in fabrication and assembly operations.
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Model 3 indicates that changes ia production operation may occur

because virtually all trucks would appear to require at ]east partial

engine enclosures. Such enclosures could entail redesign of same

cabs. The costs of these design and retooling actions may or may

not be attributable wholly or in part to noise abatement standards.

dependant on style or design changes that may be cffected whether or

not l_ederal 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 7-9
ESTIMATED TOTAL ENGINEERING, DESIGN, AND TEST INVEST-
MENT COSTS TO TRUCK MANUFACTURERS FOR NOISE CONTROL

It/ THE MEDIUM AND HEAVY DUTY TRUCK INDUSTRY

Total Cost
(Millions of Dollars}

Model1 20

Model2 40

Model3 120

Source: Discussions wlth truck manufacturers.

Several of the larger manufacturer representatives expressed

concern over what they consider to be potentially large development

costs 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 be expected to withdraw from the low-volume

segments of the market and possibly eliminate those vehicle models

which have low potential volume and require high development costs.
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The overall impact frum thesc_nl_w_s on n_urmfac,hlr[_rs'shoc_s of

the market would, however, oil th_ wlndc, appear U_be minor.

Because of the basically strong position of" the truck manufactur-

ing industry inthe economy at this time, the potential volume changes

that could occur as the result of Federal noise control regulations

would in general appear to have little overall impact on most firms.

The truck manufacturing industry has been growing at a rate of 7

to 8% per year {in current dollars) from 1966-1972. The value of

shipments was estimated at $7.5 billion in 1972 and value added is

estimated at $2. O billion. These figures include light, medium, and

heavy duty trucks, imports were about 10-11% of 1973 domestic

shipments and exports about 6-7%.

In 1,q73, truck manufacturing accounted for about 120, 000 jobs

in the U.S. Again, this represents employment in the production of

all classes of trucks.

As a generalization, the major manufacturers are better able

than small ones to adapt to the significant equipment changes that may

be required as a result of certain noise standards. This ability

reflects superior financial resources and a larger scale of operation

which supports specialized personnel resources and organized re-

search and development efforts that can be brought to hear on the

adjustments required.

Tsble 7-10 indicates the market share of each manufacturer in

the medium and heavy duty market.

Most truck manufacturers seem to anticipate few significant

equipment modifications in truck manufacturing assembly operations
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if partialengine enclosures are net required to meet noi:e standards

which may be imposed. Cost increases resulting fresh noisoabate-

merit hardware are expected to be passed on to customers. In

addition, no change in pricing practices or dealer policy isantici-

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 %

Chevrolet 14.2

General Motors 11.7

Diamond Reo I.l

Dodge 12.i

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 engaged intruck 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 (BASED
ON YEAR IN WHICH VARIOUS STAADARDS COULD TAKE EFFECT) l
($ THOUSANDS)

MnFIeli - 1977 Model 2 - Ig78 Model 3 - 1981

Pot' Truck S Total 3 Per Truck 2 Total s Per Truck 2 Total 3

Gasolble -
mhdlum $ 0 $ 0 S125 $ 25,650 $ 300 $ 62,]60

Gasoline -
heax.y 0 0 125 4,693 300 11,199

Diesol -
medium 104 328 264 818 I,_29 3,048

,.4
j D_ese]- "

heavy 195 _ 487 86_092 1,119 2.17,+122¢.

Total $33,888 $217,253 $293,329

1Excludes indirect capital cost savings due to fan treatments (seo Section 7-2).

"Source: Figures from Table 7-1 averaged withii _,each truck category.

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



on the trucking industry have been projected in several ways. These

include increases in annual capital (,uilays, annual ('ants of clperaticn

(luringthe firstyear'thatvarit,usn,,is,:h,vtqs h(,t't,am(_fl',_ctIvc,and

annual costs of"operation at such first;is the (_ntil'(;fleet consists

of quieted trucks.

Table 7.11 portrays the increased capital outlay (excluding the

effects of fan savings) which tile trucking industry could potentially

be impacted by in the first full year in which various noise levels

would hypothetically become effective, _.: 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 model 3, for

which $294 million extra couht possibly be paid at retail for that

year's tracks. 'Puking the l[)l}l pr(,jccted unit salcs from Tables

D-1 through D-4 and the average unit prices from Table 7-it, ihn

increase represents about 4.5% of tim ttJtal new vehicle capital outlay

for that year.

Table 7.12a and 7.12b simw computations for the without- and

with-fan savings cases, respectively, of the additional annual cost

(including depreciation, interest, operating, and maintenance

expen,,3es) for the first full year daring which ','ariouB noise levels

could become effective, The basis 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
used, however, are not substantially different from those given
here,
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annual costs associated with olmrating quiet t;'ueks duri, nR the fLu'st

year nf (,aeh t)l' the till'co, lU,lil,'lS IlSl'(I ill('l*l'ltHl',_ fl'(llll $i t Illi Hi(el I'cu'

model 1 tn $1611 millhm rm. IIl,lcll,I 2. TI;llh, 7. 12b, t)rl Ihp q_lln.r

hand, shows that these costs arc nlore /ban offset ir one considers

the savings due to the use of ]ower-powcred fans.

The maximum annual cost resulting from noise abatement is

reached when the truck population is 100% quieted° Cost estimates

were made for both 1990 and 2000. Making these estimates required

project.too 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 a manner similar to first-

year costs as described in the previous paragraph, but with operating

costs scaled to the trucks' annual average mileage rather than to

first-year mileage. Population forecasts were obtained by using the

model described in Section 8 and the volume forecasts presented in

Appendix L.

Those volume estimates for the period 1976 to 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 adjustment re-

sulting from increased purchase and operating costs (which are the

result of noise 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 Model2 - 1978 Model 3 - 1981

Per Truck I Total2 Per Truck I Total2 Per Truck I Total2

Gasoline -

medium $ O. $ 0. $ 46.00 $ 9.44 $108.40 $ 22.46

Gasol_e -
heavy O. 0. G0.0O 2.25 142,20 5.31

Diesel -
medium 23.84 0.11 65.00 .20 404.02 1.09

I Diesel -

heavy 64.92 11.17 335.52 59.31 715.86 139.10

Total $11.28 $71.20 $167.96

1Source: AppendixM.

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



TABLE 7-12b

MODELS OF POSSIBLE INCREASED ANNUAL COST INCLUDES

FAN SAVINGS) ($ MILLIONS) (RASED (IN YEAR IN'WHICH
VARIOUS STANDARDS COULD TAKE EFFECT)

;_ode_ I - 1977 Model'•2 - 1978 Model 3 - 1981

.Per Truck 2 Total 3 Per Truck 2 Total 3 Per Truck 2 Total 3-

Gasoline -
medium ($107.00) ($22.13) ($208.00) ($,13.64) ($144.60) ($31.62)

Gasoline -
heavy (219.60) (8.65) (453.36) (16.59) (368.00) (14.1G)

Diesel -
medium. (85.12) (.27) (96.36) (.18) 135.82 .39

-4

Diesel-I

_: heavy (321.70) (56.85) (58.68) (I0.85) 1.66 .24

Total ($86.90) ($71.26) ($45.05)

Iparentheses denote net savings.

2Source: AppendLx M.

2Truck volume for_asollne trucks in each of the models is the same as baseline volume (Table 7-7).
Truck volume for dieseltrucks obtainedfrom Appendix D, Tables D-5 and D-6.



The two tabk's below gh't' tilt, possible anntml coral cose of etl |e_tng by

type o_ truck as well ss to_al_ for .'_11 types (or I'lt}0 and 2000.

TABI.I,: 7-| :}a
INCREASEDTOTALANN_IAI,COSTS ?EAI{ 1990

(_ thous,and_)

Type Merle1 1 Model 2 Model 3

Gasoline - medium 115,280 114,008 100, 007

Diesel - medium 0,695 5,860 5,860

Gasolhle - heavy 26,374 26,194 22,408

Diesel - heavy 1_ 034_ 875 91,1t .(108 91 lr 360

Total for all types 1,183,430 ij 001,020 1,039,647

TABLE 13b
INCREASED TOTAL ANNUAL COST YEAR 2000

._thousands)

Type Hodel.1 Hodel 2 ."4odel .3 '

Gasoline - medium 147,462 147, d31 1,t5,970

Diesel - medium 8,637 6,023 8,523

Gasoline - heavy 28,633 28,033 26,080

Diesel-heavy 1,900T866 11,878,459 1,877_717

;: Tolal for aLl types 2,085,638 2,063,046 2,060,290
I:

I
I
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These cost estimates do sol include any fuel savings which may

be bL'ought about by the use of fan _!lul:ches. The costs iscrcose I'rom

1990 to 2000, becansc tile Iotal population increases and thn

percent of quieted trucks increases. In 1990, for example, with

the three models used, there are 699,000 tmquieted trucks (all over

10 years old) and in 2000 there are 24,000 unquieted trucks (all

over 10 years old).

These cost increases are large in the absolute, but are not

necessarily a large percentage of the cost of operating a truck nor

of the annual revenue earned by a truck. For example, a for-hire

heavy diesel truck averaging 50,000 miles a year with an average

payload of 10 tons at a freight rate of $0.17 per ton-mile will earn

$85,000 per year. The $532 annual cost per truck of operating as

shown 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

chte._ income is from a source other than trucking, the cost in-

crease can be spread over an even larger income base.

Changes in truck retail prices and operating costs could con-

ceivably affect freight rates and the quantity of trucking services$

supplied by the trucking industry. The elasticity of the quantity of

trucking services with respect to the price of trucks is estimated

to l=,e between -. 31 and -. 18. Thus, if noise abatement increases

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

# "Trucking services" is here defined as the number of trucks times
the average lifetime mileage per truck.
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ina reduction in trucking "services" of 0.76 to 1.24%. This does

not represent the decrease in trucking acLivity in terms of annual

ton-miles offreight or annual revenue; rather, it is the reductioo

in the stocks of trucks and the increase in the lifetime miles a truck

is driven.

A 4c70increase for new Lrucks could theoretically resultin a reduc-

tion in the stock of trucks of from 0.8% to 2.[14%. Inaddition, 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-

ticityo["demand for freight service. The elasticity of demand for

freight service is assumed to he between -0.5 and -0.3. Depending

upon the degree ofcompetition within the trucking industry, the extent

of competition from other modes, and the regulatory policy of the

[CC, 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 stilldetermine the amount of the

cost passed on. In addition, private truck fleetsoperated 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 costs to total costs. All otherthings being equal, the

_ larger the proportion of trucking cost to total cost, the more likely

it is that the firm will absorb part of the increased tracking costs.
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Clearly, these impacts may he ¢liffer(_nt for different geographi¢_al

regions, since the same products produced in different regions have

different magnitudes of transportation inputs.

The impact of noise standards and the resultant eqtl[pment

modifications that may be necessary upon all classes of truck users

(i. e., line haul, contract, and private} would appear likely to be very

small from the information resulting from the three models used,

since the cost 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,

smaller trucks are found primarily in private fleets, which is the

user class that should experience smallest impact.

The relatively small size of the cost increases can lead to the

conclusion that the impact on the trucking industry and on freigbt

rates will be negligible. This conclusion is further reinforced when

it is considered that, inthe case of model 3, costs have been depicted

as an upper bound, or worst case scenario. The one segment of the

industry that may be altered is the owner-operator (contract} group.

Owner-o.oerators tend to be credit-limited (l. e., have poorer credit

ratings}, have less sophisticated accounting contracts, pay higher

prices for fuel and parts, and have poorer maintenance programs

than fleet operators. Given these disadvantages, an increase in

the price of trucking services (i. e., higher prices for new trucks

and/or increased fuel and maintenance costs} may impact directly

and severely on marginal producers. Trucking industry marketing

specialists estimate, however, that the majority of owner-operators
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will not be adversely affected by tile worst case shown in m_deI 3.

Impacts on Industries Associated with 'Pruck Manufacturers

Changes in the design of trucks and in the number of trucks sold

will affect industries that supply goods and services to truck manu-

facturers.

En_:ine Manufacturers. The major diesel-engine manufacturers

are large, financiallysound companies with strong teclmlcal capabil-

[ties. They will likely find it advantagous and/or necessary to invest

resources in development programs aimed at reducing engine noise.

The specific pruduct 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 to tile 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

il years could be required to modify the engine for compliance with the

standa::ds 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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nlll_-II'tlt'k n_[It'kL,l,'4, witll _l I'III1NI'(]III'III illl'l'lbil_l ' ill tim i'l_lnll(,lilic_llT_

._hUl'{, _f lho IruL'k market. 'l'hi.q .qihL:Hilut ix ¢liMcu.M,_,d iut d_,lail

in Al>p_.ndixI,'.

Murmur _V_LLntll_s[_tl.ll,l_rs. A ¢'ll:nl_q,ill Ibm. prcuh_,l,llii_:It1"inHrl'l.r

sales will ILl{elyoccur, iftilenoise standards reqairo mnrcl, echnl-

tally sophisticated and higher-priced designs.

It 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 anybetter competitive position than any ether in relation

to the noise standards tlmt were modeled. '['he 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

appear 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 varb)us 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 benef_.ts of fan clutches

in perspective,
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l][stori('a]ly, nltl,_t tl'm'l _, (*wm,v_ Ii:lv** iit_1 ill_l;li[*,d I';HI cliih,h,,:_

or have licit been ahlc" to hLk_' _Ldv:ml:l_, _l' 1ILL, t'nt,I _lvhu_,_ il' lh_,y

were installed, l_an cIutc,]a!s h_lv_ luld _ew, ral I.t_._lrli_._l :l_ld z,_,ii_l-

bil(ty problems that halvJp(zred their use; dlCSO ]_t,_l_l_l_s re,c, llt_W

considered to be solved. Truck owners who have installed fan elutcht_s

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. It could be expected that most, and possibly all. medium

and heavy duty trucks would include fan clutches under models 2

or 3. As a rough approximation, employment in the fan clutch

industry could increase by 1,500 to 2,000 Lf this implication were

realized°

In short, significant growth in the fan clutch market would appear

likely, provided that historic resistance to fan clutches is overcome.

Federalnoise emission standards could very well provide the impetus

to accelerate widespread fan clutch acceptance.

Truck Distributors. Channels of distribution and truck distribution

operatb_ns would not be expected to change materially as a result of

the not.,m emission standards modeled because sales volume changes

would be relatively small. Some accelerated buying immediately

before and after noise regulations become effective may occur as

customers try to avoid potential price increases. ITowever, this

effect is expected to be minimal since the price increases apparent

fremthe hypothetical standards modeled would be small in compar-

ison to total truck retail price. Lowered distributor sales volume
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wnLdd be orf,_et by }ligi)er dn][ur s[d[,_ v[flnllle fc)r, quJeb_d trLicks and

a poteatially slight increase in truc[_ i.etltai anf_ 1L'_lS[ng. Ih_wever,

rental and leasing costs ['or quieted trucks eould be expected to rise

based on costs associated with quieting.

Truck retail price increases, under model 3 conditions, appear

to be less than 5% of current prices. Generally, tim requirement

to finance this increased ('osl could be met by end usm's. At the

same tiln(_, marginal credit opl_rafDl'S wit1 he somewhat more mar-

ginal, However, this ]ew:l of price change, particularly with lead

times of several years to allow for appropriate planning, would seem

to be within the range which could be accommodated in the normal

course of business, and hence result in no disruptive effects in the

economy in general or related industries in particular,

IMPACTS ON THE NATIONAL ECONOMY

Transportation and Trqekin_ in tile U.S. Economy,.

Tim total transportation sector within the U.S. economy has

doubled since World War ii, while truck transport has increased

about sixfold. During this period, truck transport has grown from

82 billion ton-miles to 470 billion ton-miles, Truck transport

accounted for IB. 7_o of the totalton-miles in 1970 and 81.3% of the

totalrevenue. These figures indicate that trucks haul those products

for which relatively high rates per ton-mile are charged.

Trucks are generally faster 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 freight, in addition.

trucks provide door-to-door service.

The greater speed of truck transport, together with smaller

volume for truckload shipments than for carload shipments by rail

gives the trucking ndustry a strong cnmpeLitive position. Speed

reduces inventory costs by allew/ngfirmstohold smaller inventories.

'Phisapplies more to products having high value per unit weight than

to bulky low-valued products.

Inaddition to the advantages trucks have as a primary means

of transport, theyare also complementary to other modes. [_'or(}x/iro-

ple. rail or water shipments ar(:(d't(,_nbrought te nnd l'r(>mtcr.nlinul

facilities by trucks.

Impacts on Exports.

As models one and two illustrate, the extent of product modifi-

cations, will probably consist basically of specifying quieted com-

ponents from vendors. Domestic truck producers would be able to

export both quieted and unquieted products to farcign 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 d/fferent situation exists under model S conditions.

however, because redesign of some truck models may be necessary.

In the case of redesigned models, domestic producers may have to

+ ship trucks incorporatin_ at least some noise control measures and
• I

associated costs, even though the foreign market competition and
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regulations may not recluirc qui('Lcd trucks° On the. oLIler hand,

foreign markets that require tru<'ks I<_ lUOL_L, say. the shmdards

used in model 3 probably wouhl not pr()vich_ (sough re>lust+ lhem-

selves to economically cause truck manul'acturers to quiet their

vehicles to that level without the impetus of U,S. regulates. In such

circumstances Federal noise regulation will make American conl-

panies competitive where they would otherwise not have been.

Study of information from truck manufacturers indicates that they

expect no changes in export patterns due £o Federal noise regulations.

impacts on Imports.

Imports are not a large factor in the U.S. market for medium

and hen,,5, duty trucks. The general reputation of medium and heavy

duty trucks of foreign manufacture isthatthey do not have the quality

to stand up to the tough line-haul conditions prevalent in the U.S.

It seems unlikely that Federal noise regulations will alter the po-

sition of imports within the U,S. market,

l{owe,_ver,the United States has tilelargest motor vehicle market

in the world, which has attracted intense import competition. The

heavy duty truck market appears to have good growth potential and

may well attract import competition regardless of the 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 "availablc technology achievable at reasonable cost"i

base from which Federal regulations could be derived. This would
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potentially offer a unique and highly competitive advantage to foreign

manufacturers and a new doer to American markets unless such tech-

nology was competitively adopted by U,S. firms.

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

above, models 1, 2 and 3 indicate that no probable material impact

on the balance of trade would be anticipated.

Summary

This economic study, based on the three hypothical models cited,

indicates that the anticipated overall economic impact of tbe various

modeled noise regulatory levels on tile truck manufacturing indus-

try, and industries dependent on trucks, would be expected to be low.

Tile following summarizes the impacts postulated from each of the

three models employed. Generally, the amount of cost increases

and levels of change in tile industry volume are estimated as low.

As a result, disruptive impacts arc not anticipated in most cases.

I. Model 1 - 1977. Cost cllanges 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 - 19Bli No disruptive impacts are indicated if a six-

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

"noisy" engines by 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-

creased costs would not appear to have a significant impact
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on in(hlstry ac!tivity. No tlOOml)lc_yolont t)r advers(_ iml)a(:ts

would be anticipated.

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

for some limited market disruption as some vehicles could

have to be removed from production due to inability to meet

the standards. This may be attenuated overall, however, by

increased production of otlml' m_)dels.

4. Model 3 - 1983. Changes in vc)lume and higbercosts than

for either models I or 2 could be anticipated, The eigi}t-

year period hypothesized as being available for plan-

ning and making adjustments for the growth of the industry

over the period would apparently be sufficient to avoid

disruptive impacts. The modest volume changes from the

baseline forecasts and the continued growth of industry would

indicate no disruptive impacts. No unemployment would be

anticipated.

7-42



REVERENCES FOH SECTION 7

1. A. T. Kearncy, Inc. "A Study to Determine tile Economic impact
of Noise Emission Standards in the Medium and Heavy Duty Truck
industry. " 1974.

2. Bonder, E. K. and W. N. l'atterscm. "The Technology and C,_st

nf Quieting Medium and Ileavy Trucks," BBNReport No. 2710,
I f}74.

'.l. I,'a×. (-I. 1_. "Costs of Operating Quiet Trucks." BBN Teeh Memo
No. 190, 1974.

4. OH and Gas Journal ]_etroleum l_ubilsh_ng Co., Tulsa, Okla.,
March 1:[. 1974.

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

i •

li

7-43



S]_(_T[ON 8

TItIICK ACOIISTIC I+NI",I+.GY CIIANGI,',S AND I,I,]AD TIMI',' I+.EOLJIIIEMI'_NTS

'l'his s(!_l.i(_rl (,xamhleS the _,l'f(!(_l+s()1' ii(_ssible alLernativ(_ rl(_w I.ru(_k

noise standards, using the three Jllo(Ic_ls (Isseribed (,arlier, t()

endeavor to ascertain (i) the change in acoustic energy generated

by tim future truck population and (2) tile 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 B-1 on the

rul,ure acoustic energy generatml hy trucks with a GVWR in excess

or 10: ooo pounds are analyzed in this study. Taken into account arc

the distributions of trucks likely to be in use in future years, by

gross vehicle weightratlng, 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
Model Option 1 Option 2 Option 3
Year Gasoline Diesel Gasoline Diesel Gasoline Diesel

1977 83 83 83 83 83 83

197B 80 80 83 83 83 93

1979 80 80 80 83 83 83

1980 80 80 80 83 83 83

1981 75 75 75 80 80 80

1982 75 75 75 80 80 80

__. 1983 75 75 75 75 75 75
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]3ate utilized in development of the models used are premised on

the following: that for anY given cah,ndar year, the truck generated

a(_oustic ,._nergy along a typical hiRhway will I1(! Ih(._ "inilcag(!-

weighted 'r summation of the i}rochn!tof (u) the acoustic: (_nergy

produced l)y each category and model year of truck, (b)the number

of such trucks registered, and (c) the annualmileage such trucks are

driven. Annual mileage is explicitly considered because it affects

the frequency with which a truck of a given category and age is

encountered on the highway. For the purposes of these calcuZatiens,

it is assumed that no truck noise control retrofit program ts in

effect, so that each truck produces the same noise level over its

entire lifespan.

Thus, to assess tile impact of alternative regulatory options on

future changes in the acoustic energy generated by trucks, it will

be necessary to know:

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

model year for each category of truck

2. The totaI truck production by truck model year for each cate-

gory of truck i

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

c_'tegory el' truck.

Each of these aspects, as itis related to calculation of the acoustic

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

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

categerics of trucks traveling at highway speedsare summarized in

Table 8-2 as a function of (,he now truck rloisc Itw_,ls _:onside:'ed i_l

the three alternative models°

TABI.,I'_ 8.2
MEAN PEAK NOISE LEVi_I, AT 50 VIOleT

Ili_hway Nnisc Levels
Regulated

New Truck Medium Duty I/envy Duty

Nl?isq Lcvel Gasoline I)i(!sol Gum_line Diesel

Nnne 114dB(A), lit dll(A) il7 dlt{A) 119dtl(A)

Model 1 (63 dl_(A)) 114 ll4 lid f14

Model 2 (80) 82 B2 ll2 LI2

Model 3 (75} 79 79 79 79

The highway noise levels assumed for all unregulated trucks are

mean noise levels computed from measurements obtained for EPA

by contractors, Noise levels 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 model years

are summarized in Table 8-3. Total figures for 1961 through

1972 are actual production figures reported by the Motor Vehicle

Manufacturers Association (MV'MA), 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 production figures adjusted in accordance
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with the truck survival rate model described below to produce the

estimated number of such trucks still in use as of 1972. Produc-

tion figures for 1973 and beyond are based on estimates of truck

production growth rates (Reference 2). For example, it is assumed

that medium duty gasoline engine truck production will grow by 1.4%

per year and that heavy duty diesel engine truck production will grow

by 4.3% per year.

The fraction of trucks still in use as a function of truck age can be

determined by generating a survival rate model for each category of

trucks. Truck production data (Reference 2) and registration data

(Reference 3) have been used to develop a truck survival rate curve

for heavy duty diesel engine trucks. This survival rate curve is

shown in Figure 8-1. For other categories of trucks, the Census

truck registration data does net correspond well with the MVMA

truck production data. For example, the MVMA reports that in 1971,

193,900 medium duty gasoline engine trucks were produced (exclud-

ing buses and experts but including imports from Canada). The 1972

Census data, however, show that 295, 00O such trucks were regis-

tered. Thus 53% more trucks were registered than were produced.

In view of the fact that all medium duty gasoline truck-tractors appear

as heavy duty trucks in the Census data, it has been concluded that

a substantial number of trucks with GVWR below 10, 000 lbs are prob-

ably appearing as medinrndutytrucks in the Census data, Because of

i this type of inconsistency in the truck production
versus registration

! data, the truck survival rate obtained for heavy duty diesel engine
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trucks has been assumed to apply to all other categori.es oF trucks

as well.

The average annual mileage for various categorios of trucks as

a function of truck age were also obtained from projectinns based

on the Truck Inventory and Use Survey Data. Table 8-4 shows the

projected a*muaI mileage per truck for each category being consid-

ered as a function of the age of the truck.

is0,- - i i"' I ! ....

!i'°°"":"":_,.,.,,

_0- .'-'.._... . -

o ! I .! n ,, "_ "-
5 10 15 20 25

TruckABe_Y_n)

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

, Discussion of the Truck Inven2ory and Use Survey Data and the

analysis used in obtaining the acoustic energy generated by trucks,
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tiletolol and ccmlpnnents nf the trllck poptdation, tileSUPV[VU] Pstc,

and the nnnoal n_ih,age estiil_[tt(!s I'or trucks n]uy be rnulld in Al_l)t_n(lix

O.
Thai ,IS8-I

ANNUAL iVlILI_,AGI'_Pl'_l_.'FI_UCK (iN TIIOUSANDS)

Age of Medium Duty Heavy Duty
Truth Gasoline [',_t.._cl Gasoline DJ e:_,:_.

1 Year 23 30 33 73
2 20 27 29 67
3 16 24 25 61
4 13 22 21 55
5 Ii 39 18 50
6 10 17., 16 45

7 .9 ]5 ]5 40
8 8 ]3 13 37
9 7 12 12 34
I0 7 Ii i0 31
II 6 l0 ,9 28
12 6 9 8 25
13 5 8 7 22
14 5 7 6 20

15 5 •7 6 18
16 4 6 5 16
17 4 5 5 15

18 4' '" 5 4 14
' 19 4 .5 4 13
20 3 5 3 12
21 3 5 3 12
22 3 5 3 ii
23 3 ' 5' 3 i0
24 3 5 3 i0
25 3 5 3 I0

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

energy generated by trucks with GVWR in excess of 1O, 0O0 lbs are

shown in Figure 8-2. The acoustic energy level refers to the

1972 acoustic energy of such trucks. Note that for any new truck

regulation, the increasing truck population produces an increase in
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acoustic energy level of apl_rc_xiu_ately 1 dlt every 5years. On the

olhcr band, with all of the three models Old,played for this study, the

the acoustic energy level continues to decrease until approximately

19.92. Actually, as older, noisier trucks are retired, the individual

nnise level of the average track on the highway will continue to

dt_crease until about the year 2000. IIowever, the assumed growth

rate in now truck lmeduetion eventually outweighs the rate of cider,

noisier trucks being retired, causing the acoustic energy level to

hegin increasing again in about 1995. Finally, note that both models

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

inant contribution to the acoustic energy level comes from heavy

duty diesel engine trucks that are regulated sil'ailarly in both models

2 and 3. The m_ximum difference in acnustic energy level between

models 1 and 3 is about 1 riB, which occurs around 1985.

In assessing the relative mer[ts of alternative new truck r.oise

levels in terms of the acoustic energy generated, it is important to

observe how the truck population component for a given production

period in years builds up and/or decays as a function of calendar

year. Figures 8-3 through 8*5show these results for new truck pro-

duction in the context of the three models studied. [t is also instruc-

tive to note the total truck-miles driven by the various truck popul_tion

components as a function of calendar year. This relationship is shown

in Figure 8-6 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 population component decays more rapidly than its

c_antribution to total truck population.
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Figure 8-2 Changes in M[leaee-Wei_hted Acoustic Energy Level.
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1.l';:\l) 'rlMl.?, I_I.,'QUII_.I'_II'_N'I'S

'l'h_' In,ri_d I)tqwt,el% th(! inll'l_clllt'tillll tlf a design g(lal I'(_r ;i ilrtldtlt.I

arid the limt_ the (lesigtl _o_tl is m_.'t is (fftel'L tt, rmed "lead lill_t_, tl

The actual lei_gth of time is directly related to the c_mlplexity am]

the resources available to implement the new designs° la general

the sequence of events involved in modifying a new production truck

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

of market or legislative pressure. The engineering groups responsi-

ble fez' the respective truck components then examine the design prob-

lem for possible solutions. Promising solutions are then either in

a prototype version or modeled for testing and evaluatieff. Finally,

one or more solutions are selected for complete product analysis and

testing. This often includes a field test of durability.

The complexity of noise control design changes may be classified

into two basic modes of engineering operations. For changes in the

peripheral engine system (such as mufflers, air filters, cooling fans,

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

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

systems, air filters, fan configurations, and pulley sizes. Such mod-

ifications are made vla an "engineering change order. " For changes

in the basle frame or cab configuration (such as part£at enclosures

or larger radiators), a complete design sequence could well be re-

quired, including some reliability testing.

B-14



The lead time required for either category of design changes var-

ies with the complexity of the change and available staff, hut some

estimates may be made. It would appear that from 30 to 180 days

are necessary for most manufacturers for an englocering change

order to be completed. Tbe length of time required for a major now

design varies for normal production and assembly planning l'rom 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 o£-

fered. Discussions with manufacturers indicate that a 1-year lead

time is adequate in terms of being nondisruptive of regular produc-

tion, but that extensive overall truck redesign could require up to

a full 4-year period. An example of a 4-year development cycle

is given in Reference 4. Figure 8-7 has been reproduced from this

reference. Concurrent development of similar noise control options

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

PROP[II_[OU[NC[ANDTI_I_U

'l 10 P_OOUC[k Q_ALI;, ;,LI[,IJ_ ,

Ill I i

,, "lH'l"'JJNIll'"'"l""'JIJ*_'llll'""_il I
- "_ FOURY(AR$ ,.

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. All truck manufacturers have an engineering staff whose

- O-15



size is generally proportional to sales volume. Consequently, the

larger companies have bigger staffs with more specialized capabil-

ities, includingstaffspeeiallzedinnoise control. The smaller com-

panies may be dependent on their vendors for noise control to a

greater degree than will the larger firms. Also, smaller companies

will tend to rely on copying tl_e 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 smaller

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 certain noise analyses andreductiens 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-

fleeting some manufacturers' apparent efforts to comply with the Slate

of Califoruia limit of 83 dB(AL 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 to be available. Noise control packages

are also apparently available at this time for those engines that would

require them to meet the California standard.

8-16



The primary design problem will be to modify the coelin_ I'an,

All truck manufacturers purchase the fans from yen,Jots;coil_e-

quently, in an attempt to quiet fan noise, they will typically buy a

"quiet" fan. However, fan noise is as much a funcLion 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 rotatingfans with proper shrouding. In ad-

dition, the radiator shutters may require replacement by a bypass

type of water temperature control, or be operated in conjunction with

a thermostatically controlled fan such that the fan never operates with

the shutters closed.

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 feasible within 1 to 2

years from the date of promulgation of an 83 riB(A) standard.

Most truck manufacturers indicate that nationwide compliance wi_h

an 83 dB(A) level could be achieved by the 1976 model year, with

no significant disruptions in production. This was assuming that new

truck noise regulations were promulgated in the fall of 1974. There

are indications, however, that even without a Federal standard of

93 dB(A) in 1974, 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 noise

levels under 80 dB(A). Engine noise is a prime candidate in the

quieting strategyfor meetingthis level, and certain currently popular

diesel engines will likely require some sort of enclosure to meet
8-17
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it. 'Phus, the lead time necessary for a given track to be prodnced

which rneets the 80 dB(A) level will vary depending on the engine.

'rc_ accomm¢_date these differences, truck lead times will b.. dis-

cnssed in terms of gasoline engines, _qatet N di¢,sel ¢_ll_is_s. _1t_1

Nnoisy r diesel engines.

For gasoline engines, which power 65% of all new medium ned

hcav_ duty trucks, engln_ and exhaust noise do not appear to be

significant problems and no major cab redesign is anticipated, other

than possible modification of the radiator. Thus, gasoline engine

new trucks could reasonably be assumed to be able to be quieted

to meet an 80 dI:l(A) level in the same time span as for an 83 dB(A)

level, that is, I to 2 years from the effective regulation date.

The quieter diesel engines, which are incoporated in about 23%

of the tracks currently produced, could need noise control covers

or kits to obtain the necessary reduction in engine noise. Such kits

are not presently available for all these engines. Some development

work could be required for this efforts however. St 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 three

years appear adequate for such comprehensive development, which

would appear to encompass all models of vehicles now being produced.

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

turers to apply underhoedacoustic treatment. S_.milarly, some cool-

ing system designs could require a modest refinement effort of from
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2 to 3 years. Exhaust systems are now generally available to meet

thd 80-dB(A) level. All these measures can, therefore, be relatively

easily 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 partialengine enclosure, or development of engine quieting tech-

niques to reduce engine noise. This would be considered a major

redesign and a design sequence similar to tlmt illustrated in Figure

8-7 would be necessary. Cab redesign would probably include

enlarging the cab tunnel or uoderhood area to accommodate sound-

absorptive treatment and larger radiators. Accordingly, about 4

years could be needed todevelop a new cab, keeping within a normal.

that is non-disruptive, production planning and implementation cycle.

Most manufacturers offer several truck models each of which could

require individual major redesign. Unlike automobiles, such truck

redesign is not normallydone annually; however, by staggering design

efforts at, say, one year intervals, three cabs could be redesigned

in about 6 years with more efficient utilization of engineering staff

than would be possible with parallel efforts and. consequently, even

less cost impact than would reasonably 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 either to quiet them with noise control

covers or kits or with structural or combustion modifications• One
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major engine manufacturing company indicated that if quiet engines

wet'e required, it would provide them to its customers. Assuming

that lhis company does have tile ability to quiet its engines within a

3-year lead time, then major cab redesign would not be required

and the lead time for trucks with these engines would be the same

as for the quieter diesel engines; i.e., 3 years from tiledate of

promulgation of the 80 dB(A) standard.

Freightliner currently is operating on the highway a 72 dB(A)

prototype developed under the DOT Quiet Truck Program. Other

manufacturers have built prototype test trucks with overall noise

levels as low as 72 dB(A), but have not operated them extensively on

the highway.

Quieting strategies and lead times which may be necessary for

limiting truck noise to 75 dB(A) are again appropriately discussed

according to whether nev¢ production trucks are powered by gasoline

engines, quiet diesel engines, or noisy diesel engines. Some diesel

engines (approximately 5% of the current totalnew truck production)

are only slightlyholster than gasoline engines. Quieting techniques

could be developed using present production llneteehnolo_;S,to reduce

their engine source levelto less than 70 dB(A). These engines could

then be used to power trucks builtwithout enclosures. Itis believed

thatthe nondisruptlve lead time would be on the order of that for

80 dB(A) tr,,eks, but, with added tlme allowed to develop the engine

noise control covers and kits, mufflers, and fan systems. This as-

sumes 2 years to _-eflnecertain mufflers to obtain a 68 dB(A) source
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h,vt)],u _'oneurrent one-year period todevelop engine noise control

k_ts. and a two-year development time by manufacturers for the fan

and all other systems, if a maximum total lead time for both large

and small manufacturers of about six years was allowed, following

promulgation of a 75-dB(A) standard, no significantdisruptive effects

would be anticipated within the truck manufacturing or parts industry.

That is, small manufacturers could perform three successive model

cbanges in six years and larger firms with additional resources could

do go,no o2 +h3 v;ork concurrently.

Noisy diesel engines will in all likelihood require enclosures.

Allowing two additional years for enclosure development beyond that

required to meet 80 dB(A), the redesign of current production noisy

trucks to meet a 75-B(A) level could take about 8 years. However,

new developments in diesel engine technology, such as better covers

for existing engines or improved structural desig_, could reduce this

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 consequently 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 produced will

meet the specified 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" "Noisy"
Noise Level Gasoline Engines Diesel Engines Diesel Engines

83 dB(A) i-2 years I-2 years 2 years

80 dB(A.) 3 years 3 years 6 years

75 dB(A) 6 years 8 years 8 years

8-22



III,:I,'I_RI,]NCES FOR S[,IC'Pi{)N |l

1. "1973 Mr)for Truck Farts," M¢}tc}r V_,ll[c!Ie MauufactuPers f_sstl-
elation, 1973.

2. "AStudy to Determine the I_eenomi¢' impact er Noise Emissi¢m
Standards In the Medium and lleavyDuty Truck Industry," A.
T. Kearney Report {Draft).April 1974.

3. "t972 Truck Inventory and Use Summary" {MagneticTape),
U. S. Department of Commerce, Bureau of the Census, 1972.

4. "Proceedingsof theConference onMotor VehicleNoise," General
Motets CorporationReport, ,]use1973.

[:

8-23

I
1 E

i ,,,i,

M



SECTION 9

MEASUREMENT METIIODOLOGY

INTRODUCTION

The procedure l'or determining whether or not a new truck

complies with a prescribed noise level involves two basic elements,

namely: a method for performing a test on a selected truck and

a method for selecting trucks. This section deals with the testinfi

of selected trucks, while section 10 discusses a possible selection

process.

Several tests currently in existence were considered by the

E.P.A. as methods for testing new production trucks. 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 consideration as a test that could be utilized effectively

in the near term without extensive further evaluation as to i_s

efficacy. It is described in detail in the following paragraphs.

In addition to the Low Speed 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

i : the Low Speed High Acceleration Test to solicit comment and to ob-

ii tain suggestions which could be useful. In particular a High Speed
Sound Emission Test is described. This is a modif_eation or thef]

t,

Ii SAE J 57. It is described in some detail because, 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, IIIGII ACCI_I,I_I{A'I'It)N 'I'I*L_T

Introduction

This test establishes the procodure, envil,c.lmeni, and in-

strumentation for determining the maximum exterior sound low, l

for motor trucks, truck tractors, and huses, 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.

1. A sound level meter which meets the Type 1 requirements of

of ANSI S1.4-1971, Specification for Sound Level Meters.

2. As 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 5184.

3. A sound level calibrator.

4. An engine-speed tachometer.

Test Sites

1. A suitable test site shall consist of a level open space free

of large reflecting surf/ces, such as parked vehicles, sign-

boards, buildings, or hillsides, located within 10O 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 ft (1.2 m) above the ground

plane. The normal to the vehicle path from the microphone

9-2



I. 100 (30) ZoneIn Which

_m To Reach

.: 60 Max RatedRPM •.

Acceler;,tion
Point i

.'" EndPoint

VehiclePath

100 (30) Radiut 100 (30) Rodlu=

.: " 60(15) _., /

r . t=== lePoint . _ _;

• _L , " Mollurlmlnt _i /"X
' DimanslonJIn _ , " 100 1301Radiusq

Faot (M=t=rs) %"__ . .

J

FIGURE._-]. r']IHIMI.NUNIDIRECTIONAL TEST SITE,



shall establish the microphone on the vehicle path.

3. An acceleration point shah be established on the vehicle path

50 ft (15 m) before the microphone point.

4. An end point shall be established on the vehicle path I00 ft (30 m}

from the acceleration point and 50 ft (15 m) from the micro-

phone point,

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

end point.

6, The measurement area shall be the triangular area formed by

the acceleration point, the end point, and the microphone

locution.

7. 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

front of the vehicle except as follows:

a, If the horizontal distance from the front of the vehicle

to the exhaunt ,outlet is more than 200 in (5000 ram),

tests shall he made using both the front and rear Of the

vehicle as reference points.

b. If the engine is •located rearward to the center of the chas-

sis, the rear of the vehicle shall be used as the reference

point.

8, During measurement, thesurfaceof the ground withinthemea-

surement area shall be free from powdery snow, lon E grass,

loose soil, and ashes,

9. Beeauee bystanders have an appreciable influence on meter re-

sponse when they are in the vicinity of the vehicle or micro-

phone, not more than one person, other than the observer
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reading the meter, shall be within 50 ft (15 m) of the vehicle

path or instrument, and that person shall be directly behind

the observer reading the meier, on a line tbrough the micro-

phone and the observer.

1O. The ambient sound /eve! (including wind ct'_ects) _'omhlg

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 extr,'meous 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 usedur-

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 numericel ratio and an initial vehicle spent!

such that at wide-open throttle the vehicle will accelerate

from the acceleration point):

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

rated or of governed engine speed.

b. Reaching maximum rated or governed engine speed

within the end zone.

c. Without exceeding 36 mph (56 km/h) before reaching the

end point.

4. Should maximum rated or governed rpm be attained before

reaching the end zone, decrease the approach rpm in 100

rpm increments until maximum rated or governed rpm is
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attained within the end zone.

5. Should maximum rated or governed rpm riotbe attained until

beyond the end zone, select the next lower goat" until

maximum rated or governed rpm is attained within the end

ZOne,

6. Should the lowest gear stillresult in reaching maximum rated

or governed rpm beyond the permissible end zone, unload

the vehicle and/or increase the approach rpm in I00 rpm

increments until tbe maximum rated or governed rpm is

reached withln the end zone.

7. For tile acceleration test, approach the acceleration point

using the engine speed and gear ratio selected in paragraphs

1 - 6 and atthe acceleration pointrapidly 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.

8. Wheel slip which affects maximum sound level must be

avoided.

9. For the deceleration test, approach the microphone point

at maximum rated or governed engine speed in the gear

selected for the acceleration test. At the microphone point,

close the throttle and allow the vehicle to decelerate to one-hal f

• of maximum rated or of governed engine speed. The vehicle

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

hicle is eaulooed wi_h .no _vh_u_t _-,_,ou,% +_'_• .. ............... _ doceleratzon 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 fur "fast B_ response and rheA-

weighted network used.

2. The meter shall be observed during the period While the

vehicleisacceleratingordecelerating.The applicablereading shall

be the highest sound level obtained for the run. The observer shall

rerun the test if unrelated peaks should occur due to extraneous

ambient noises. Readings shall be taken on both sides of the vehicle.

3. The sound level for each side of the vehicle shall be the uver-

age of the two highest readings within 1 rill (ff each ntlmr. I{(UJ(wl,

the sound level for the side of the vehicle with the highest readings.

Gcneral Comments

I. Measurements sllall be made only when wind velocity is

below 12 mph (19 km/hr).

2. Technically trained personnel shall select the equipment to

be used for the test measurements and the tests shall be conducted

only by persons trained in the techniques of sound measurement.

3. Proper usage of all test instrumentation is essential to obtain

valid measurements. Operathag manuals or ether literature furn-

ishe d by the instrument manufacturer shall be referred to and shall

be the principal reference for both recommended operation of the

instrument 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:
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a. The effects of ambient weather conditions on the performance

of the instruments (for example, temperature, humidity, and baro-

metric pressure) should be taken into account.

b. Proper signal levels, terminating impedances, and cable

lengths should be maintained on all multi-instrument measurement

systems.

s. The effect of extension cable and other components should be

taken into account in the calibration procedure, Field calibration

Bhall be made immediately before and after each test sequence.

Internal calibration means Is acceptable for finld use, provided

that external calibration is accomplished immediately before or

after field use.

4. Vehicles being teated shall not be operated in a manner such

that the break-in procedure specified by the manufacturer

Is violated.

References

Suggested reference material is as follows:

ANSI S1.1-1980, Acduetical Terminology

ANSI $1.2o1967_ Physical Measurement of Sound

i ANSI S1.4-1971, Specification for Sound Level Meters

i Applicationsfor copies of these documents ahoaldbe addressed to

the American National Standards Institute, Inc., 1430 Broadway,

New York, New York 1001B.

!

!
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MODIFICATION TO SAE-J366b

The process of developing a suitable test for truck noise emission

is a continuing one. The present SA P. J366b is the third stage in the

SAE effort, the first and second stages being labelled SAE J368 and

SAE J366a, A fourth modification, suggested by the National Bureau

of Standards, is described in reference (1). In the following sections

some of the difficulties identified by the U. S. _,. P.A. associated with

SAE J36b'b are discussed, and considerations are presented wi_ich

may be helpful in the generation of the next modificatfon_ or in the

development of other future tests.

Nature of the Source

As the truck, under test, traversesthe vehicle path (Fig. 9.2.3.1)

itbehaves as avariable acoustic source. For example, exhaust noise,

engine surface radiated noise and cooling fan noise all vary with time

during thetest. This implies that during the tsstj the truck (regarded

as an acoustic source)is changing its acoustic power output, its

t directivity pattern and its spectrum as a function of time and conse-

quently also as a function of its position. A truck under test is a

If complicated acoustic source and the 'optimum manner to charac-

I terize its acoustic behavior would appear to warrent furtber study.

{ Modifications

Several areas in the present SAE J3gb'b standard which appear

worthy of further study are:
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GeometrT: The total]ength orpath 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 achieve maximum engine rpm inside the presently de-

fined end zone.

It is necessary 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. In addition, a time base is needed

to define simultaneity for multimicrophone data. For example, in

the SAE J366b Standard a constant power source at the beginning of
t

the end zone produces about a 2.8-dB higher sound level reading at

the test microphone than the same source located at the far end

of the end zone. Knowledge of truck position would minimize this

type of discrepancy. Position/time measurements are also neces-

sary to establish the directivity characteristics of the truck radiated

noise.

Microphones. The measurement of a moving variable source,

such as a truck moving on s straight path, requires more than one

microphone if significant results are to be obtained. For example,

if it is assumed that the sound levels anywhere on a line parallel

£o 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 single fixed microphone will see only what the source radiates
It I
I at a single angle at a single distance at a single instant of time.

At that same instant of'time the sou/'ee dtreetivity pattern may be

i 9-10
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such as to radiate a higher intensity of sound in some other directi(m

than that of the microphone. Since the directivity pattern can be

changed with time, tile microphone may never have detected this

higher intensity if it had occurred. A suitable ensemble of micro-

phones would have detected it. Another case could occur in which the

single microphone would not see a maximum directivity pattern; that
!,

is, if the maximum occurred 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 both the front and rear of the truck.

Of the 180 degrees of horizontal direetivity 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 directivtty 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 ensemble requires attention. This includes a study

of the optimum number of microphones as well as their three-

dimentional spatial distribution.

Test Site

At the "test site, there certain parameters not adequately

covered in SAE 3366b. 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 cases. It, therefore, is desirable to specify
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the surface nf the test site so that this sf_uree of error is

2, ']'h(!r(_have l)(,(_uIn{li(!nthnlslhtll.,wb(!iiLh(,l,(,Htsit(,surrar,,

deviates from plannrity, anomalous acr)usti(:a] results are

obtained. This question requires further study and a deter-

mination should be made of the degree of flatness necessary

for accurate acoustic mt_asurcnlents.

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

pressure and humidity all affect the acoustic levels measured

in any given test. An effort should be made to develop suitable

correction procedures for these variations.

4. An additional effect is that of temperature gradient. The

size of this effect in not presently known in truck noise emis-

sion tests. It could be important, especially at sites where

the surface is asphalt. [n the summer the hot asphalt surface

could produce a substantial t(:mp(+rature gradi(:nt. The gra-

dient tends to bend sound "rays" and could produce diffm'enL

readings at a test microphone than if there were no gradient.

5, Noise emission tests are presently conducted in the open air.

This is satisfactory from an acoustic point of view, How-

ever, it makes the test schedule weather dependent, The

usefulness of developing a practical weatherproof structure

in which a pansby test could be performed is suggested for

. consideration,

8, The instrumentation delineate.d in 'SAE "J396b has been largely

superseded by rapid advances in this field, It is consequently
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dated as it impli(,s inuuuaL data ecflh_,ti_m urld data pr_-

ecssing. These techsit|ucs c.atl Lm tlF)clatt;¢l and aut_m_at_d L_y

the use or digital computers, it should I)e possible to) have

the test result displayed within seconds after the truck has

driven past the ensemble of test microphones.

I[IGH SPEND SOUND EMISSION TEST PROCEDURE

This is a test procedure for measurtng the sound level produced

by tires intended primarily for highway use on motor trucks, truck

tractors, trailers and semitrailers, and buses. The procedure pro-

vides for the measurement of the st_und generated by tires, mounted

on a motor vehicle at specified tire lead and operated at 50 mph (80

km/h).

Specifications for the instrumentation, the test site, and the opera-

ties 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:

l
1. A sound level meter that satisfies the type 1 requirements of

t
] . ANSI S1.4-1971, Specifications for Sound Level Meters; or

2. As an alternative to making direct measurements using a sound

level meter, a microphone or sound level meter shall be used

with a magnetic tape recorder and/or a graphic level recorder

or i_ldicating meter, providlngthe system meets the requirements

of SAE J1840 with "slow" response specified in place of "fast"

response.

9-13
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3. An acoustical calibrator for establishing the calibration of the

sound level meter and associated instrumentation.

4. An anemometer.

Test Site

The testsite must be located in a fiatarea free of reflecting surfaces

(other than the ground), such as parked vehicles, trees, or buildings

within I00 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 eenterline of

the vehicle path at a height of 4 ft(l.2 m) above the ground plane.

The normal to the vehicle path from the microphone shall establish the

microphone point on the vehicle path. See Fig. 9-2.

The test zone extends 50 ft(15 m) on either side of the microphone

point along the vehicle path. The measurement area is the triangular

area formed by the point of entrance into the test zone, point of exit

from the test zone, and the microphone.

The measurement area shall be surfaced with concrete, asphalt or

similar hard material, and in any event shall be free of powdery

snow, grass, loose soil, orashes, or other sound-absorbing materials.

The ambient sound level (includingwind effects)at the test site shall

be at least I0 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 first person who 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 to the maximum load and inflation pressure,

provided the load is not less than 75_/0of the maximum rated load.

Because thismay cause small differences in(sound) levels, such levels

may not be reportedab_.:J*uL._u,,i_ssthey are identifiedwith the percent

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

must be corrected by addingthe quantity _ [0 L o_.,o (_-_J
to the measured values.

Procedure

Thetest vehicle shall be operated in such a manner (e. g. 0 coasting)

that the sound level due to tim 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/hL

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 tile Lest re,tilL'k,, _,xchuting r,,adings wiu_r_, ket_wn

acoustical interferences have concurred.

Alternatively, each pass of the test vehicle shall be reenrdod cm

magnetic tape and subsequently analyzed with a sound level meter

and/m, graphic level recorder.

There shall be at least three measurements, The number of

measurements shall equal or exceed Lhe range tn decibels of the level

obtained.

The sound level rope)tied shall be the average _)L'the two highest read-

ings within 2 dB of each other.

General Comments

Measurements shall be made only when wind velocity is below 12 mph

(19km/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 obtain valid

measurements. Operating manuals or other literature furnLshed by

the instrument manufacturer shall be referred to and shall be the prin-

cipal reference for both recommended operation of the instrument and

precautions to be observed, except where they may be in conflict with

the EPA prescribed procedures, 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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2. Tile effects of ambient weather conditions on the performance of

the instruments (e,g., temperature, humidity, and barometric

pressure) should be taken into aeeounL.

3. Proper signal levels, terminating impedances, andcable lengths

should be maintained on all multi-instrument measuremerLL

systems.

4. The effect of extension cables and other components shou]d be

taken into aecountinthe calibration procedure. Field calibration

should be made immediatclybefore andafter each testsequence.

Internalcalibration means are acceptable for field use, provided

that external calibration is accomplished immediately before or

after field use.

5. The effect of extension cables and other components should be

taken into accountln the calibration procedure. Field calibration shall

be made immediately before and after each test sequence. Internal

calibration means are acceptable for field use, provided that external

calibration is accomplished immediately before or after field use.

OTHER TEST PROCEDURES

In the course of preparing this document test procedures other

than SAE J366b were considered. They included:

i. Stationary Run-Up (Idle - Maximum - Idle - IMI). In this

test the engine is initiallyin an idle condition. It iS rapidly

accelerated by maintaining a wide opec 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 (Steady State). In this test the truck

wheels are required to drive u load. The engine is then ac-

celerated to maximum rpm and maintained there for a short

time. This type of tO,st permits more time for conducting

the test and itdoes not depend upon transient peak noise

emission as in the [M[ test. However, the development of

a satisfactory leading procedure, which itselfdoes 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 use 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 a]so been 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 oftest track with a canopy

that can adequately shield the track from the elements. At

a certain portion ot_ 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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missionloss but is also strong enough to be reasonably weather

resistant. The measuring micro)phones are placed outside

the thin canopy at essentially the same pos/t/ons tl_ey occupy

in open air testing. They too are protected by coverings

of the same thin, tough plastic.

The feasibility of developingthis kind of test is by no means

means assured° However, its ultimate utility and its initial

apparent "do-ability" §uggest that it should be considered

further.

All of the above tests appear to have the capability of being de-

veloped into short (approximately 2 minute)tests and this aspect of

the test development should be carefully considered.

SUMMARY

This section has presented:

I. 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 other tests considered for use in the

measurement ofnew 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 testingof 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 vehicle testing can be carried out bythe 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 Test.

CERTIFICATION

Certification is the testing of selected prototype products by u

manufacturer orby the government in order to determine whether the

products 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 last for some period 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-

figurations tested are then considered representative of the other

untested configurations in a category.

The concept of certification has associated with it the issu{_ 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 conform with

fl_e standard prior to any distribution into commerce of that model.

Production verification does not involve any formal governmental

,,! approval or issuance of certificates subsequent to manufacturer
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testing, nor is any extensive testing required or the governm(ml.

Any regulations would require that prior to dial ribution into commerce

of any manufactured configuration, as dcl'ined wiU_inthe regulnti_ns.

the configuration must undergo produclion verifical:ion. A vehicle

model would be considered to have been production verified after tile

manufaeturer has shown, based on the application of the noise

measurement tests, that a configuration or configurations of that

model conform to the standard. Production verification testing of

all configurations produced by a manufacturer may not be required

where a manufacturer can establish that the noise levels of some

configurations within a model are consistently higher than others or

are ahvays representative of other configurations. In such a case,

the higher emitter would be the only configuration requiring verifi.

cation. After initial verification manufacturers must re-verify when-

ever they implement engineering changes to their products that are

likely to adversely affect noise emissions. Additionally, further

testing on some continuing or other periodic basis of production lice

products will still be necessary to ensure, with some confidence,

that all products being manufactured conform to the standards prior

to being distributed into commerce.

Production verification provides the government with confidence

that production models will conform to the standards. It also limits

the possibility that nonconforming vehicles will be distributed in eom-

i
metre because initial testing is performed on pilot line or first

production models. Because the possibility still exists that subs equent

models may not conform, assembly line vehicle testing should be
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made a part of any enforcement strategy in order to determine,

whether production vehicles continue to conform to tilestandard.

ASSEMBLY LINE TESTING

Assembly linetesting of production vehicles is a process by which

vehiclesj as they are completed on the assembly line, are tested to

determine whetherthey conformto applicable standards. This deter-

ruination as to whether production vehicles comply with the standard

can be made by the use of either continuous 100% testing of newly

assembled vehicles, or testing of representative samples of newly

produced vehicles and drawing inferences with regard 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 noLse attentuation technology,

the use 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, lOOn/0 testing can be

costly and time consuming and in most cases unnecessary in the

absence of some justification to the contrary since sample testing

can yield the desired result. At this time, 100% testing is net pro-

posed as a primary enforcement tool; however, 100% testing may be

required should a manufacturer be discovered producing noncon-

forming vehicles.

Sample Testin_

Sample testing involves the testing of a percentage of vehicles
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on some continuous basis or the auditing of production Iine vehicles

on some random basis or for cause. An auditing strategy would enable

the government to determine ifproduction vehi(flesmeet promulgated

emission standards and provide a deterrent to the distribution in

commerce of noneonformingproducts. An auditing strategy involves

the testing of a representative number of production vehicles in a

random fashion. Because the number of vehicles tested under an

auditing strategy is nominal, the cost and effortassociated with imple-

mentation of such a strategy for a conforming manufacturer is only

a fractionof the cost ofa program involving continuous testingbecause

fewer vehicles are involved.

Any sampling strategy adopted by the government would not

necessarily impose a quality controlor quality assurance scheme upon

a manufacturer, but would merely audit tileconformity of his products

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

forming products.

ENFORCEMENT ACTION

The prohibitions in the Act would he violated where the manufac-

turer failsto properly certify or verify the conformance of production

vehicles, where itisdetermined on the basks of assembly 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 penalties associated with violath_ns

of the prohibitions of the Act. wi_h'h in(_htdc fines and imprts(mm(,nl.

the Administrator has the option ¢)f issuing an c_r(ier specifying snell

relief as he determines necessary to protect 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 regulations, 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 commerce not in conformity

with the applicable noise emission standards.

LABELING

Any enforcement strategies could be accompanied by the require-

ment for labeling of products being distributed into commerce. The

labelwill 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 also indicate the associated

liability for such removal or rendering inoperative.

I

inoperative.

IN-USE COMPLIANCE

If the goal of protectin_ the public health and welfare is to he

fullyachieved, the noise 'levels of vehicles must not degrade above
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the standards prescribed for assembly line vehicles. The standards

should therefore extend over tilelifeof the products, as authorizc:d

by tileAct. Several compliance strategies can be used to ensure the

maintenance of standards. The manufacturer isrequired (by Section

6(d)(1))to wart"ant for thelife of the vehiclethatitconformed to stand-

ards at the time of initialsale. Recall is an appropriate remedy

(under Section It(d)(1))to require the manufacturer to remedy a class

of vehicles that fails to conforrn while inactual use, despite proper

maintenance and operation. The tampering with noise emission con-

trol devices and elements t)fdesign is pvnhthitt!dby Seci:i(in 19(n)(2).

Finally, the manufacturer can he r'e(luir'cd(flySccti,_n 6(,_)(l))h,

provide instructions to purchasers specifying tile maintenance° use,

and repair to keep the vehicle within standards.
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SECTION i1

ENV[RONMENTAL 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 pollutinn,solid waste disposal,

energy and natural resource consumption, and land use considera-

tions will be evaluated.

Itis useful to recall that the principal sources of truck power

train noise are the fan, engine, and exhaust. Fan noise control

involves the use of more efficient, large, slowly turning fans and

fan clutches that disengage the fan entirely when fan cooling of the

engine is not required. Engine noise reduction is achieved by means

of damped and vibration-isolated engine components and enclosures.

Exhaust noise is principally 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 increase in exhaust system back pres-

sure (Reference 1). Truck exhaust mufflers have been 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
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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 emissions.

WATER AND SOLID WASTE

There are no significant impacts that would apparently result from

truck noise control on either water quality or solid waste

disposal.

ENERGY AND NATURAL RESOURCE CONSUMPTION

There are several ways in which noise control may affect energy

consumption. The major factor is the use of fans that can be dis-

engaged when not required. Fax (Reference 2) develops the following

estimates of fuel savings in gallons per mile per unit of accessory

horsepower not used.

Truck Category
Medium Heavy

Engine Type Duty Duty

Gasoline .0035 .0019

Diesel .0019 .001O

A] so, the following annual mileages by truck category apply::¢'

Truck Category
Me dium Heavy

Engine Type Dut_ Duty

Gasoline 10, 900 18,000

Diesel 21_O00 54b000

• _ Data reduced from U.S. Bureau of Census. 1973.
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llinally the following number c)l' trucks were in use in 1972 (see:

Sections 3 and 8).

Truck Category
Medium Iloavy

/_ngine Type Duty Duly

Gasoline 2,335, 000 509, 000

Diesel 41,000 648.000

Combining the data in the above three tables, 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 trucks were

equipped with large thermostatically controlled fans, approximately

one billion gallons of fuel would have been saved in 1972, more than

that actually consumed.

A secondary energy effect might involve decreases in engine ef-

ficiency as a result of increased exhaust system back pressure.

Since exhaust systems can generally be made to meet engine manu-

facturers back pressure specifications, any effect on fuel consump-

tion in this area is expected to be minor. Further, there is no

empirical evidence that acoustically effective mufflers necessarily

create high back pressure.

Another potential secondary effect on fuel consumption is the

increased truck rolling resistance attributable to the weight of noise
J

control materials. The weight of noise-reducing materials varies

from a few pounds for a thermostatic fan clutch or compliant engine

mounts to 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 the total vehicle weight of medium and heavy

trucks. Since only a small fraction of the energy generated by a truck

engine is used to overcome rolling resistance (most is used to ever-

come aerodynamic drag), the effect of additional weight on energy

and hence on fuel consumption ls considered inconsequential.

Effects on the consumption of other natural resources are expected

to be small. As indicated, no mere than the addition of several

hundred pounds per truck arc likely to be required for noise treatment.

under models 2 and 3 used earlier in this document. This is a small

fraction of the roughly 25.000 to 30,000 lbs per tractor/traih_r

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 streets 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
L

case. it can certainly be stated that Federal regulations would not

adversely affect land use.
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AI'I'I!]NI)IX A: I)I_HtlVA'I'ION ()1" BASIC SiTUATIONAl, MOI)I,;I, NQIIATIONH

in Section 6, Tables 6-6 and 6-7 presented the calculated truck

noise levels (in dB(A) measured at 50 ft from the truck}, which, if

permitted, would raise the sound level at a particular site 10 dB(A}

above the appropriate ambient level assumed to have existed prior

to the passage of the truck. These calculations are based on the

standard acoustic concepts presented below.

A truck is regarded as a random isotrepicacoustic source whose

acoustic power output is characterized by a spectral density 'V_(_) in

.watts per heYtz at frequency _. It is also assumed that this acoustic

polver is radiated into n half space. These assumptions in]ply lhal

Ifi(" O, the i,ltensity sl,eetral density of the sou,.ce, i,i tim sam,, _,*,

tile sm'l'ace td" any hemisphere in tile half space which has tim s_,urcc
4

at its center. It is given by

: ',4(-D
= - c:,: tta per

tlz. )_ (A.I)

i

where _t [.s the distance in em from the source to a field point

of interest. ]'or tile purposes of this analysis it will he assumed that

tile "activity site strtl¢:Lul-o, lip/in %vhit!h th_tt.tlld_ ii(_is¢_ rl}li Ilres

is at some single representative distanc:e I've,n, the NIJU/'f:f!, This

7distance is the]r, in L_ uatmn (A.1).
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Now let the" surface area of the structure of interest be composed

of t_ different types ofpartltions (i.e,, wails, windows, etc.)n.d

let tile --¢_type have an area _L and a transmissit,n coefficient "t:;,[J'¢i,

Also let "_;.[_ be the intensity spectral density transmitted It l

the _tk type surface. Then the total power spectral density _1_(_)

transmitted into the structure is

t,%

f, +

tlere,

Thus,

wT(_) = I_(;). Z A(_(C.).
°m+
&+ (A.4)

The transmittance T _ for the composite surface is dcl'£ned by

In

U,'I

B.y Equations (A. 4) and (A. 5)+

wr(_:): r_+).IA(4:)= TW +w(._)

A-2
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It is noted that transmission coefficients _;.(._) are not custom-

isus,any_v_nin(,_,ci_ols.The"qua,,titic.,.._'_(_:),,,_I_(_)
are re]atec|as follows:

mt(_: ) = I0 L-IO-J (A.a)

The acoustic eno,rgy_produced by the truck with acoustic

power density _{)j_;hieh has been transmitted from the outside

environment to the activity site interior can now be estimated.

For thisathe well-known archite_l.uralacousties formula

AL_) _mean_nt0ssity,spe0tr_l,|e_sity (A.al
(watts per cm "/_ per Hz)

inside the room

A<_.)' "is employed, where _._ the total number of absorption unit//h_side

the room In cm '_', /_(_')is customarily given in square feet and is

then chlled Sabine, Absorption units in on/l" are more convenient in the

present instance,
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The absorption A{'_ivan he cmnputed as follows, lintthe h_lerior

of the room be bounded by _i different types of surfaces (i.e., plaster

wail, carpets, etc.) and let each type surface have an area illij".:l.n.'.rg,'i-

and an absorption coefficient g_ . In addition, let the room cot'htutn

M objects oaoh contributing %(,{) absorption ,,nits. Then the total

number of absorption units in the room is

N

' li'i

Values of _j_.D and '_'_('_} are tabulated for ,nany surfaces and objects

and arc readily available in the literature.

Combining Equations (A, 6) and (A. 9). on_, of the basic formulas

"--- ofthisanalyss isobtained: !

I_(_)= L?._p_..A_,q Wff). (a.ll_

, Equation (A. II) relates the intensity spectral density if|sidethe
}

room to the spectral density of the acoustic power of the source, the

distance of the source from the structure, the transmittance and ab-

sorption te_cms associated with the r.ooni, The equation is valid for a

single frequency 50 If itwere desired to compute the total unwotghted

intensity between two frequencies _ and ,4,_" ' then one simply inte-
iI

grates:

.,..,. a'(,i,__1= !,¢_)a._(_a_tslc_',
(A._2)
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"-" Now, in this project report, the quantity used for intunsity is the

A-weighted intensity, this means thnt ea¢,.h component _.($) is

weightedbya _actsrp(._).V_,nosorfC_),:an,,ooht._nodin_ri.,,s
places such as Referencel.

' g¢(f)The curve A in Figure 2.3 of llefercnce 1 plots _'$. {

,8C_)- 1o , (A._,_I

A fexv typical values, of]_('_) are as shown in Table..'A-l"

A -I TYPICAL VALUES OF _('_)
TABLE

50 .0008
i00 .0100
200 .0790
500 .5000
i000 i.0000
5000 1.0000

The formula for A-weighted intensity which corresponds to Equation

(A. 12) is
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By Equations (A. I1) and (A. 15):

= - A(÷}
Equation (A. 16) applies te any frequency band where }t_ "_-_l.'

However, most measurement data are available in octave bands and so

some simplifications are made in Equation (A.18) in order to use the

(mtave band data. First the nmst c(mmmnly employed o(q.av(,}_Itsrls

are defined in Table A-2,

TABLE A-2

OCTAVE BANDS AND SYMBOLS

Octave Octave Octave
Band Band* Band

Octave Octave Band Center Lower Upper
Band Intensity Freq. Freq. Freq.
NO. Jp fc fl fu
p (Watts/ore) (Hz) (Kz) (Hz)

1 J 31.5 22.3 44.6

2 J 83 44.6 89.2

3 J 125 88.4 176.8

4 J 250 176.8 353.6

5 J 500 353.6 707.1
t

6 J 1, O0O 707.1 1,414.2

7 J 2,800 1,414.2 2, 828.4

8 J 4, 800 2, 828.4 5, 856.9

9 J 8,000 5,856.9 I1,313.7

A-8
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In Table A.2,

_G = Center frequency of _ ioetsve band )

;[. = Lower frequency of J_'_ octave band )

{_ Uppcrrroquoncyor-t?hoctavsband.

Some relations between octave band frequencies are:

For convenience, the following notation is adopted:

• By Equations (A-16) and (A-18),

_I

In order to make use of available data for the evahmtion of th:.,

' i%:" ' is
.. integral of Equation (A. 19) I inside the _ 9_l.ave band it

] assumed 'that the quantitie_"_ (_.)t _(_) and W(_J are all constan'

]

• A-7
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and have values eorreeporulLru_ lu "_ _ the. _ center rrcquency cff ih(_

octave band. That is. AU:) . %t÷) _,n,, W(._ a,'*, rol,lac*,d in ._o

integrandoC Equatlen (A'I,_))by the co.stams A_, T',..f_,,,,dW;/:,:).

Further.donotin hesc a.d ,'.'q,,ai,.n
(A.19) becomes

'3"_= _ % W_ "l_:l,_,..,9, (A._O_

where

/.?k

The quantityp_ may be estimated in various ways, but since it

does not appear in later formulas, It will no_ be considered further.

Equation (A, 20) gives Lhe octave band intensity _ inside a

room in"terms of the acoustic power spectral density of tilesource

We. Or_:narily,the W.l, i_notknown.Thus,thi__ua_tiiyis r_placod
by a quantity which is known and measured_ namely the dB(A) level i

' produced in a pass-by test at a prescribed distance. The distance

iS usually 50 feet but here it is allowed to be arbitrary _o in cm.
E

Using Equation (A. 1) and integrating Equation (A. 15) gives

b

If the s_.me approximations are made in Equation (A. 22) as were

made inEquation (A. 20)/hen Equation (A. 22) becomes
..... i
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Using Equation (A. 23)_'_4_ can be eliminated from Equa£ios (A.2fl).

Thus, Equation (A.20) be¢omes

Equation (A.24) gives a sinnl)h:ro]utien bctwu_m the A-weightr'd

octave band levels inside the room and those at the standard lost

distance 2_a.

At this point, it is useful to introduce a normalized spectrun'Lfor

the source. Define the normaliziod A-weighted _D octavo band

component as _ ;that is,

I

^ _fO_=_J.+

having the same shape as_f_'._,)theone actually moas-Now2spect ra

uteri)but having different intensities can be generated by simply
A

multiplying all _'a_a by the same constant 9_ • Thus, fo'ra typical

candeterminc_mdraise or lower the totalpower, keepingcase_ one

the spectrum shape the same. This was donehcre usingtwo spectra,

one for low speed high acceleration truck operation and the other

for high constant speed truck operation. Thosu spectra are shown

• V , ,_ O
in Flg%i_'esZ,.I and ].... respsotlve]y I of Appendix E.
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InEquationIA.24),_is rcp]e_-,,d,_y"_1:_op t_ .booo_.o'

The total intensity inside the' room. summed over all the octave

bands, is defined as _G" and is given by A

'
For convenience, define the parameter % as

"r_¢_, _^.:',)

and, thus

The intensity at the reference distance _ is _summed over _

_-" I ' •

The overall dBLE) level of the source st _o is

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

[
I

......i _._

[
i A-IO

i



"'-" By Equations (A. 29), (A. 31) "lltd(A. :12),then

;]_qoation fA.,3S) gives the overall dl3fA) level _o of a truek_hav-

ing a prescribed sf_ectrum and measurecl at distance .lie , which

will produce a (IB(A)level _11 ina room which is at a distance

and has specified absorption and tr_nsm£ssion loss. [;'_wthe

calculations in this project rcDsrt, _ was taken as i0 d]](A)

above the ambient for the given scenario.
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APPENDIX B: ARCHITECTURAL-ACOUSTIC DESCRIPTION OF TIIE

ACTIVITY SITE STRUCTURES

Two fundamental considerations enter into the arcbitectural-

acoustic description of the structure at a particular activity site. These

considerations involve (1) the loss of acoustic energy on sound passage

through the partition of a structure and (2) the absorption of sound

by the surfaces within the activity space of the structure,

To account for the phenomena associated with these considerations,

each activity site was defined in terms of physical geometry, structural

material, and interior furnishings. Tables B-I, B-_ and B-3 provide

architectural-acoustic data for the apartment room, I'rame house rt}om,

and office room, respectively, considered in this study.
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, TABLE B, 1

DESCRIPTION OF APARTMENT ROOM

SiteComponent Description

Exterior Wall 80 ft transmission area.

Construction: brick, laid on edge with

gypsum plaster on both sides.

Transmission loss: see Reference 1, page 434.

Window 30 ft transmission area.

Constructhm: single 1/B inch thick pane

with 1. 628 lbs/ft surface density.

Transmission loss: see Reference 2, page 108.

Interior Walls & 740-it surface area.

Ceiling Construction: plaster, gypsum, scratch

and brown coats on metal lath on wood studs.

Absorption: see reference 1, page 425.

Floor 30Q-it surface area.

Construction: pile carpet on 1[8 Inch felt.

Absorption: see Reference 1, page 424.

Dl'aperies 120-it surface area.

Construction: 18 oz. ]yd velours.

Absorption: see Reference 10 page 424.

People Four adults seated in American loge chairs.

Absorption: see Reference 1, page 426.
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TABLE B. 2
DESCRIPTION OF FRAME HOUSE ROOM

Site Component Description

Exterior Wall 280-ft transmission area.

Construction: 1/2 inchthh_kIimc plaster:'

en w()odlath.

TransmissIon h)ss: sc:eReferenc(_I, I)ag(-• 42li.

Windows 70-ft transmissionarea.

" Construction: single 1/8 inch-thick pane

with 1,626 lbs/ft surface density.

Transmission loss: see Reference 2, page 109.

Interior Walls S00-ft surface area.

Construction: plaster, gypsum, scratch and

brown coats on metal lath on wood studs.

Absorption: see Reference 1, page 425.

Ceiling 300-ft surface area.

Construction: 1-inch thick type M-2 acoustic

Celotex 12-inch x 12-inch tiles.

Abs'orptinn: see Reference I, page 409,

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.

People Two adults.

Absorption: see Reference 1, page 426.
J
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TABLE B. 3
DESCRIPTION OF OFFICE ROOM

Site Component Description

Exterior Wall 60-it transmission area.

Construction: brick, laid on edge with gypsum

plaster on both sides.

Transmission loss: see Reference 1, page 434.

Windows 60-it surface area.

Construction: single I/8 inch-thick pane

with i,62S Ibs/it 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.

Absorption: see Reference 1, page 425.

Ceiling 300-it surface area.

Construction: l-inch thick type I%{-2acoustic

Celotex 12-inch x 12-inch tiles.

Absorption: see Reference I, page 409.

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.

People Two adults.

Absorption: see Reference 1, page 426.
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APPENDIX C: CALCULATION OF TIIE 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 surfaces within the ac-

tivity space of the site of interest. Here, an absorption unit is 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 Table

C. 1

TABLE C. 2 COMMENTS ON TABLE C. 1

Column Comments

1 Octave band center frequencies, Hz.

2, 3, 4 = absorption coefficient (see Appendix B).

A = surface area, em o

A = Absorption, Absorption Units.

5 Absorption for four persons, absorption units

(see Appendix B).

8 These values are the sum of (1) the A data

of columns 2 through 4 and (2) the data of

column 5, absorption units.
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TABLE C-i

ABSORDENCY OF TIIE APARTMENT'INTERIOR

COLUMN _tUMBENS

I , -1 2 I' 3 4 5 6

Octave Dand - Walls and

Center Carpeting Ceiling Drapes OctaveBand

Frequency A = 276,'709 cm2 A = 687,500 cm 2 A = iii,500 cm 2 People TotalAbsorption

Hz s _A _ aA e aA

125 .ii 30,700 .02 13,800 .05 5,600 i1,200 61,100

260 .14 39,000 .03 20,600 .12 13,400 • '14,100 87,200

500 .37 103,100 .04 27,500 .35 39,000 16,700 186,400

1000 .43 119,800 .06 41,300 .45 50,200 18,600 229,800

2000 .27 75,300 .06 41,300 .38 42,40Q 19,300 178,200

4000 .25 69,700 ' .03 20,600 .36 40,100 20,300 150,500

I



APPENDIX D: CALCULATION OF THE TOTAL TRANSMITTANCE

OF THE APARTMENT ACTIVITY SITE

The total transmittance for the structure associated with each

environmental activity site was calculated by summing the transmit-

tance associated with major sound transmitting partitions for each

partiottlar 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 activity site. Table D. 2 provides some

comments on the column data in Table D. 1.

TABLE D-2 COMMENTS ON TABLE D-1

Column Cgmments

1 Octave band center frequencies, Hz.

2, 3 = transmission coefficient (see Appendix B)

A = surface area, em

= transmittance, transmissioe units.

4 These values are the sum of the data of columns

2 and 3.
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TABLE D-I.

TRANSMITTANCE OF _{E APARTMENT STRUCTURE

Colu,nn N11nlDers

1 2 _ , h

Ck'ta\,cBand Windows Walls "Octave Band

Center A = 2.;_7 :,:104 c_': A ---8.361 X l0 Gcm 2 Tota'l
]_'requ,]_ncy Trans mlt tance

• Hz "[. ZA "_ TA

,. , 8125 17.430 :': 10-3 485.8 12.5 9 X 10-4 " 105.3 591.1
I

• 250 4.41_ X 10-3 123.1 1.000 X 10 -4 8.4 131.5

500 i.I08 1_.10-3 30.9 2.000 X 10 -4 16.8 47.7

1000 .277X 10-3 7.7 .126X 10-4 i.I 8.8

2000 .069 >: 10-3 1.9 .013 X 10-4 .i 2.0

4000 .017X 10-3 0.5 .006X 10-4 0 , .5



APPENDIX E: TYPICAL MEASURED TRUCK OPERATION NOISE

Noise spectrum associated with the two most common truck

operations were selected for study. These were (1) low speed, high

acceleration truck operation and (2) constant high speed truck operation.

Review of available literature led to the selection of the overall noise

levels and spectrum for the particular truck operations below.

Truck Noise at Low-Speed, High-Acceleratlon 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 of noise. The data shown in Figure

E-1 are considered typical and representative of noise associated with

the subject truck operating condition (Reference 1),

Truck Noise at Constant High Speed Operation

Constant 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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•_ ) 1IAPPENDIX F: CALCULATIONS TO NORMAI.,IZI'] Till',' i,OW .ql I I D
HIGH-ACCELERATtC)N TIZ_ICTKNOl,ql_ ,qI_HCTIt.LIM

To facilitate their usage tn lh¢_ j)recedt_r(_ dcvo[cq)(_d to c_bl,Stll

the truck "noise ]evels at 50 fe¢_t thai might preclude annoyancu,

the truck noise spectra of Figures E-1 and E-2 wore normalized

to a total sound intensity of one watt/cm .

Table F-1 'summarizes the steps taken in this normalization

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 TuhI,, t.'- !.

TABLI_ I_. 2

COMMENTS ON'TABLE F. 1

Column Comments

!1 Octave band center frequencies, Hz

::2 Sound level data from Figure E-1

t' 3 Column 2 data converted to sound intensities

!
:4 Individual column 5 data divided by the sum

t'
of the column 5 values.

! ,

P-1

I

q,

n1
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TABLE F-1

NORMALIZATIONOF THELOW-SPEED, HIGH-ACCELERATIONTRUCKNOISE SPECTRUM

Column Numbers

1 2 _ 3 4

Octave Band

Center Octave l]and, • Octave Band ' Normalized"

Frequency Saund I,_wi 5.)uj,d Inben._itY Octave Band
Solti:d( t_ _a_

Hz dE(:i; Watts ]cm z " '

!2 72 1.58_ 10-9 .036

350 78 6.31x 10-9 .146

500 _2 15.84 x 10-9 .366

_000 81" 12.59 X !0-9 ,290

2_000 77 5.01 X 10-9 .116

%000 ; 73 2.00 x 10-9 .046



APPENDIX G: CALCUI_ATION Ol,' ACTIVITY SITE I,'AC'TOIIS I,'O1_

TIIE APAIVPMENT A(."I'IVITY SITE

The activity site factor, qp for the pth octave lmnd, is
/

defined as

qp= Tp _op (G. I)
Ap

where Ap and Tp are the pth octave band absorption and trans-

mission loss for the particular activity site structure of interest
,%

and Jop is the normalized A-weighted sound intensity of the truck

th
noise for tbe p octave band. These activity site factors summed

over all octave bands of interest to give the parameter q. See

Equation {A. 28) of Appendix A.

Table G. 1 summarizes the steps taken to obtain the activity

site factors for the apartment activity site, Table G. 2 provides some

comments on the column data in Table 0.1.

TABLE O. 2 COMMENTS ON TABLE 0.1

COLUMN COMMENTS

1 Octave Band Center Frequencies

2 Data from Column 6 of Table C. 1,

Absorption Units

' 3 Data from Column 4 of Table D. 1,

Transmission Units

4 Data from Colurmn 4 of Table F, I

5 These values are the product of the data of

Columns 3 and 4 divided by the data of

Column 2 (see Equation (O. 1)
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TABLE G-I

CALCULATION OF SITUATIONAL FACFORS FOR THE APARTMF/_TACTIVITY SITE

C¢,!u_n Numbers

1 2 3 4 5

Octave'i_and • Octave Band OctaveBand
Octave Band Octave Sand

C,en_er Normalized Situational

_rcquency Absorption . Transmittance Truck_Noise Factor

125 61,000 591.1 .036 348_ X 10 -7

250 87,200 131.5 .146 2202 X 10 -7

500 186,400 47.7 .366 937 X.10 "7

i000 229,800 8.8 .290 iii X 10 -7.

2000 178,200 2.0 .116 .13 X 10 -7

4000 150,500. .5 .046 2 X i0 -_
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APPENDIX I-I:PROCEDURE USED TO OBTAIN THE TRUCK NOISE LEVELS

AT 50 FEET THAT MIGHT PRECLUDE ANNOYANCE

The following steps wore taken to obtainthe desired truck noise levels:

Step 1: Depending on the human activity and activity site (e. g..

a thought process in an apartment), the acceptable ambient

noise level was increased by 10 dB(A) to represent the level

, of the extraneous intrusive noise likely to provoke a strong
i
I . feeling of annoyance.

Step 2: Using the appropriate absorption data for the activity spaces

(e. g., an apartment interior), the total absorption units

i: for each activity site were calculated.

[_ Step 3: Using the appropriate transmission loss data for the activity

i: site (e. g., an apartment building), the transmittance of the

': structure separating the activity space from the truck

: noisewas calculated.

;, Step 4: Using the appropriate truck noise spectrum, a normalized

: noise spectrum was calculated to facilitate the analysis.

i Step 5: Using the data generated in Steps 1 through 4 above, truck

l noise levels at 50 feet that might preclude annoyance were

calculated for different human 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 c_msidered in this analysis are listed

in Table I-1. Table I-2 shows which treatments apply to a given

vshic]e as afunctton of noise level, and the truck retail price increase

associated with the treatments.

I i-1
i



TABLE 1.1 'NOISE CONTROL KEY

Source Level or

System Code Description of Noise Control Measure Noise Reduction

'Fan al Use of larger slower burning fan 80 dB_
with shrouding

a2 Larger slower burning fan with 75 dB_
thermostat control to eliminate

shutters or control their opening

a3. Best technologyfan system 65 dB_

Exhaust bl Best availablesystem 75 dB_

7" b2 Advanced system berber th_n pres- 75 dB_
entlyavailable

b3 Best technologyexhaust system 65 d_

Engine el Close fitting covers and isolated 2 --3 dB_
or damped exterior parts supplied Noise Reduction
by engine manufacturer

Cab dl Undezhoodtreatmentsuch as acous- 2 --4 dI_ •
tic absorbing maberlal, side

d2 Partial or full engine enclosures I0 --15 dHA)
Noise Reduction
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TABLE Z.2 ESTIMATED CUSTOMER PRICE HVCREASES FOR QUIETED TRUCKS

CTass'l Mar_, . Hodel i, 83 dB(A) Model 2, 80 dB(A) Model 3, 75 dB(A)• [_91ne Share _ Fan Exhaust Engfne Cab Total Fin Exhaust [n71,e CJb Tot4l F_n [xh_ust [nTIne Cab TotJ]

_.D. O_:oline 655 $100 ! 25 $ 125 $150 5 50 $100 $350
En_lne_ Jl t12 bl _] b2 dl

I ]
fI.D. Dle_l £ngIne_ 12$ SlO0 5 50 $150 $100 S 50 $200 7 39o $150 51o0 . _/_C- 'l:g:_-
:,;_nuFa:tumel, A a2 bl a2 bl cl a3 b2 1_0 ';'"

• t$c5J- '"''-
if*D, _1.-_1 gn£:ne_ 6% 5100 I $ 50 52_'5 - $_25 1100 $ 50 1850 $1000 $150 $100 .....

F!_nu ra .'t u._eP 9 a2 bl cl a_ bl e2 ol 02 _2

' 1
II.D. Pi-._el Engine_ 6J[ 51OO 7 25 $200 * $725 510I) $ 25 $g75 $ _OO $150 I 75 571g $I_
_arur_:turer e 12 bl ¢,_ 12 bl d2 _I b_ d2

HID. D_e:el _,nglne_ _,81 $O $1_)0 $ 25 - $ 125 $_70 5 7_ 5200 11;0 15r._
HM_u fa; turor C a2 bl ' a] b2 el d'-

I!*D. Diesel EnRlnes 2._ 51DO $ 2_ $125 $I00i $ 35 5 _ 1_.00 $ 210 $I_0 $ 75 ._TT_- I ;::12-
t ;_enufactu_'er D [ _2 bl a2 _1 : ¢1 dl a_ b? _5 • _,i:_

1 H.O. I_le_el Enslfle_ 1._I $I00 I 50 " 5 150 $1_0 $1_O .
1250 :5-';

:'.'anu rac _ u z'el _ D 11 a2 I}! a] b2 d2

H.D. D_e_cZ Engtnes O.91 5100 7100 I_50 1_001 1_00 $200 $ _00 $_0 1170 "_:_J" I "*;22;"
Z_,_ura¢ Curer A a2 b2 12 b2 cl a] b_ 12

;_.P. Dle_el gnslne_ O._TS $100 . $I00 $100: $ 25 1177 $ 300 71_0 5 75 12r5 [ "_"
:e_n_r_e_urer g _2 _2 I bl cl a] b2 _,- I ....

H.D. D|e_el Eng_ne_ 0._71 5100 - ' IlO0 $100J $ 25 $175 $ _;00 1170 5 7_ $_-j 1;g-'-'-
12;5 j _5:_

• $;T5- ' I;;_=-
_I*D* Df*elel Kn£1nel 0.2271 5100 $ 2_ " I 1125 $100 $ _5 $205 $ 325 1150 5 75 I2T_ J !_..'_
N_.n,rae_urer P _2 bl a2 bl cl a3 b2 _. !

:¢.D. Die,el gnglne_ O.17I 1100 7 25 - 5125 $100 $ 75 1150 - 5 ;_75 5150 $ 75 1275 _ 15_I
:_::_nugact_ureP (; a2 bl a2 bl cl _] b2 _12 [

if.D. Dletel Engines O.0151 - ! 50 $i00 5 25 - $ 125 5170 $ 75 7200 $_00 I 1515
T

'.snurae_urer H I a2 b$ a] b2 _1 dl

IM.D. • medf.U_l duty_ _.D. • heavy dUCF* H.D* nnd H.D. _'efer r.o _ever_ty of =e_vlce. Exchftn6e_
of a noisy ert_;lne by a qule¢ en_lne le pos_lb$e withifl H.D. and H.D. c$_lae=.

2percenC of medium and heavy duly trucks powered by indicated engine family, 1972.



APPENDIX J: COSTS O[,' OI'I,:I{A'I'IN(I _@tlll,:'l' TI',II','ES

As was described in Section 7, "Chan_es in Operating Costs, r'lh_,

effects of adding noise control devices to trucks are (I)to ehan_c the

cost of their operation and (2) to change their operating capabilities.

This second effect,tn turn,can I._(IiItmtlfted[n terms of the extra _'itl)-

itnlcost necessary to maintain th(.,trtlc]trsprevious level of s(_r'vh._.

This appendix contains the detailcd cahmlation of these cost changes.

Tables J-I and J-2 show the effect of changes in vehicle char_mter-

istLcs on fuel consumption per mile and the gross engine power need(n!

to maintain truck performance. 'l'hcd(_veh)pm(_nl,of tlwsu flgt|r_,His

based on the references at the end ()fSectiorl7.

TABLE J.] EFFECT OF CHANGES IN VEHICLE'CIIARACTEIIISTICS

ON FUEL CONSU_IPTION

Effect of Change in

GV_R B_ck p_essure Accessory Horse-
(gpm/]b) (gpm/in. Hg) power (gpm/hp)

Gasoline - medium 3.25 x 10-G 0 .0035

Gasoline - heavy 3.25 x i0-e 0 .0019

Diesel - medium 1.77 x I0-s .00050 .0019

Diesel - heavy 1.77 x i0 -e .00021 .0010 i

Source: Reference No. i.

I J-i



TABLE J 2 EFFECT OF £11ANGES IN VEIIICLE CHARACTERISTICS ON

GROSS ENGINE POWER NEEDED TO MAINTAIN A GIVEN TOP SPEED

Effect of Change in ....._I

GVWR Back presBure Accessory llorse-
(hp/Ib) (hp/in. Hg) power (hp/hp)

Gasoline - medium .0020 1.4 I

Gasoline - heavy .0020 2,1 1

Diesel - medium .0020 2.0 1

Diesel - heavy .0020 3.0 1

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

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

age and the average price of fuelper gallon. Values for these quantities

are given in Table J-3. The corresponding annual costs are shown in

Table J -4.

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

Annual Mileage I Fuel Price 2
(lO_ mi/yr) ($/gal)

Gasoline- medium l0 .50

Gasoline - heavy 18 .50

Diesel- medium 21 .30

Diesel - heavy 54 .30

*Souree: Data reduced from U.S. Bureau of Census
(tape), 1973.

2Estlmate based on 0£_ and Cae Journa_j March ii,
1974.
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TABLE .I-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-'
($/lb) (S/in. Hz) power ($/hp)

Gasoline - medium .016 0 17.50

Gasoline - heavy .029 0 17.10

Diesel - medlula .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 ]. indi-

cate that the average price per horsepower for medium and heavy duty

diesel engines is $16 and $24, respectively. Assuming that gasoline

engines cost 60% o2 their diesel equivalents, the corresponding 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 capital

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

J-3



TABLE J 5 INDIRECT INCREASE IN CAPII'AL COST AS A RI,SUL1 Dl

CHANGES IN GVW, BACIKPRESSUR[, AND ACCESSORY IIONSI:I'UfflI{

Capital Cost Increase Per Unit

GVWR Backpressure Accessory Jlerr, c-
($11b) (S/In. lhl) pcw.r ($1hp)

0aso11ne - medium O20 i;I O ](I

Gasoline heavy 028 29 4 ]Ii

Diesel medium 032 32 0 16

Diesel heavy 0118 7; O ;';I

To obtainthe actualcosts associatedwith the variousnoise levels

modeled we must multiply the cost coefficientsof Tables J 4 and J-B

by the changes in truck characteristics which would be induced by the

necessary noise control measures. These changes are shown In Table

J-B for the noise control treatments listed in Table I-1 of Appendix

I. The total cost increase (operating or indirect capital) for a particular

level and truck category is thus obtained by finding the changes

in truck characteristics for those treatments (Table J-6), multiplying

these by the operating or,indirect capital cost coefficients (Tables J-4

and J-5) as appropriate, and Bumming the results over all treatments

forthat truck category' and level. When this is done for

operatingcosts,the resultsshown inTable J-7 are obtained,

J-4



TABLE J_ CHArIGES IN TRUCK OPERATING CHARACTERISTICS FOR

NOISE CONTROL TREATMENTS:

I

aback pressure AMaintenance

AGVW (Ib) (in. H=O) ahp Cost ($/yr)
Code Treatment Med Hvy Med Hvy Med Hvy Med Hvy

al LargeFan (3) (7)

a2 Large Fan with
Thermostat Control (6) (15)

a3 Best Tech. Fan
System (6)(15)

bl Beat Available

Muffler 0 0 0 0 $ 9_ $ 19 _

b2 AdvancedMuffler i00 200 0 0 $ 19_ $ 38_

b3 High Teeh. Muffler i00 200 15 15 $ 38_ $ 76 _

ol Covers 0 0

dl Underhood Treat-
ment 0 0

d2 Enclosure 250 500 $150 z $3003

*Source: Estimates by noise control engineers based on past truck-quleting
experience •

2Represents l0 man-hours per year at a burdened labor rate of $15/man-hour,

3Represents 20 man-hours per year at a burdened labor rate of $15/man-hour.

_Includes incremental cost of replacing muffler three times in B years.
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TABLE J.7. CHANGES IN ANNUAL COST (FUEL PLUS MAINTENANCE

'EXPENSES) CAUSED BY NOISE CONTROL TREATMENTS

(INCLUDES FAN SAVINGS)

Annual Cost Change l

Mod_l ] Model 2 Model 3

Dasollas - medium $ 53) ($ 96) ($ 8;I)

Oasollne- heavy ($120) ($238) ($21())

Diesel - medium ($ 63) ($ 63) $ !,I

Diesel - heavy ($2211) ($ 66) $]16

IParentheses 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 beneficial

design modification 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.

J-B
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TABLE'S-8 CHANGES IN ANNUAL COST (FUEL PLUS NAINTENANCE

EXPENSES) CAUSED BY NOISE CONTROL TREATMENTS

(WITHOUT FAN SAVINGS)

Annual Cost Increase

Model i Model 2 Model 3

Gasoline - medium 0 $ 9 $ 21

Gasoline - heavy 0 $ 19 $ 41J

Diesel - medium $ 9 $ 9 $123

Diesel - heavy $19 $176 $359

The cost of extra horsepower needed to maintain the original level

of service 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 reasons listed 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-

. power required by noise control treatments is negligible,

]
1

I J-7
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TABLE J-9 CIIANGES IN CAPITAL COST INDIRECTLY CAUSCL_BY

"- NOISE CONTROL TREATr4ENTS (INCLUDES FAN SAVINGS)

Capital Cost Change
( ) Denotes Net Savings

Model 1 'Model 2 Model 3

Gasoline - medium ($ 30) ($ 60) ($ 58)

Gasoline- heavy ($ 98) ($210) ($204)

Diesel - medium ($ 96) ($ 96) ($ 85)

Diesel - heavy ($360) (3336) ($326)

,f"

(

TABLE JAO CHANGES IN GAPITAL COST INDIRECTLY CAUSED BY

NOISE CONTROL TREATMENTS (WITHOUT FAN SAVINGS)

Capital Cost Increase

Model i Model 2 Model 3

Gasoline - medium 0 0 $ 2

Gasoline - heavy 0 0 $ 6

Diesel - medium O 0 $II

Diesel - heavy' 0 $12 $35

/
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APPENDIX K: COMPUTATION OF EQHIVALENT TRUCK I_IttCE

INCREASES

This apppendix contains the detailed calculations for the resells

summartzedin Table 7-6 in the test. The equivalent price increase

for a given truck category is obtained by summing the direct price

change (Table 7-1), the indirect price change {Table 7-3a or 7-3b)

and the net present value of the charge in operating cost

(Table ?-2a or 7-2b). Net present value is nwtluatnd _wo,c 10 y(mcs

st 10% interest.

Tables K-I through K*3 show the computation of ¢,quivult_nt p;.i,.o

changes for each of the three models employed in this document,

K-1

I

B
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TABLE K_ CALCULATION OF EQUIVALENT PRICE FACTOR - MODEL 1

Present Value
Direct Indirect of Change in

Type Price Change* Price Change 2 Operating Cost 3 Total,

Without Fan Savings

Gasoline - medium $ O $ 0 $ 0 $ O

Gasoline - heavy 0 0 O O

Diesel - medium - 104.16" 0 55.30 159.46

Diesel - heavy 194.56 0 116.74 311.30

With Fan Savings _

Gasoline - medium $i00.00 ($ 30) ($ 325.63) ($ 255.63)

Gasoline - heavy i00.00 ( 98) ( 737.28) ( 735.28)

Diesel - medium 120.83 ( 96) ( 387.07) ( 362.24)

Diesel - heavy 21_._5 (360) (1,376.26) (1,521.61)

*Source: Table 7-i.

2Source: Tables 7-3a and 7-3b.

3Source: Tables 7-2a and 7-2b. :;etpresent value computed over I0 years at 10% interes _
(PV factor = 6.144).

'_The "with fan savings" case assumes that all trucks will adopt fan treatments, thereby
incurring both costs and benefits.



TABLE K-2 CALCULATION OF EQUIVALENT PRICE FACTOR - MODEL 2

Present Value
Direct Indirect of Change in

Type Price Change _ Price Change 2 Operating Cost _ Total,

Without Fan Savings

Gasoline - medium $!25.00 $ 0 $ 55.30 $ 180.30

Gasoline- heavy 125.00 0 116.74 241.74

Diesel - medium 264.16 0 55.30 319.46

Diesel - heavy 487.62 12 1,081.34 1,580.90

With Fan Savings

Gasoline - medium $125.00 ($ 60) ($ 589.82) ($ 524.82)

Gasoline- heavy 125.00 (210) (1,462.27) (1,547.27)

Diesel - medium 264.16 ( 96) ( 387.07) ( 218.91)

Diesel - heavy 487.62 (336) I ( 405.50) ( 253.88)
f

l_IQ._rce: Table 7-i.

ZSource: Tables 7-4a and 7-4b.

_Source: Tables 7-3a and 7-3b. Net present value computed over I0 years at 10% interest
(PV factor = 6.144).



TABLE K-3 CALCULATIO_I OF EQUIVALE_4_ PRICE FACTOR - MODEL 3

Present Value •
Direct Indirect of Change in

Type Price ChangeI Price Change2 Operating Cost3 Total

Without Fan Savings

Gas -_:edlum $ 300.00 $ 2 S 129.02 $ 431.02

Gas -heavy 300.00 6 270.34 576.34

Diesel - medium" 1,129.12 Ii 755.71 1,895.8_

" Diesel_ heavy i,!19.32 33 ."- 2,205.70 "3,360.02

With Fan Savings

Gas - medium • $ 300.00 ($58) (_5!6.10) ($274.103

Gas - heavy 300.00 (20_) (1,290.24) (.I,!9_.2_)

Diesel - medium 1,129.12 (85) 313.34 1,357.46

Diesel- heavy 1,119.32 (326) 712.70 1,506.02

i. Source: Data from table 7-1;oompuCatlonalprocedurefrom page7-16

2. Source: Tables 7-4a and 7-4b.

3. .Source: Tables 7-3a and 7-3b. Net presen= ,,=_'=.__u.cc_cu_ed, over I0 years a: 105
interest _V factor = 6.144).



APPENDIX L: IMPACT OF QUIETING OI'_IONS ON TRUCh: V(3LII_']I,:

This appendix presents detailed forecasts of truck velu_e l'_,r't_,aeh

truck category under the three models developed with hy_Jothetical

standards and effective dates. The method of eomputatien is described

in Section 7.

t



L-I REVISED VOLUME FORECAST (WITHOUT'FAR SAVINGS) GASOLINE --MEDIUM _UTY

Vo]ume Reduction
Baseline

Year Forecast Model 1 Model 2 Model

1976 203,900 0 O 0
1977 206,800 0 0 O
1978 209,800 0 4,616 4,616
1979 212,800 0 4,682 4,682

1980 2]5,700 0 4,746 4,745
1981 2]8,700 4,81] 11,482 I],482
1982 221,600 4,875 II,634 11,634
1983 224,600 11,792 11,792 ]1,792
1984 228,500 11,996 11,996 1],996

1988 23],600 12,1 4 ]2,1s4 72,164
1986 234,400 12,306 12,306 12,306
1987 237,400 12,464 12,464 12,464
1988 241,300 12,668 12,668 12,668
1989 244,300 12,826 12,826 12,826

1990 248,200 13,03] 13,03l 13,031
]991 251,200 13',188 13,188" 13,188
1992 255,100 13,393 13,393 13,393
1993 258,100 13,550. 13,550 13,560
1994 262,000 13,765, 13,765 13,755

1996 268,900 13,960 13,960 13,960
1996 269,900 14,170 14,170 14,170
1997 273,800 14,375 14,375 14,375
1998 276,800 14,532 14,532 14,632
1999 280,700 14,737 14,737 ]4,737
2000 284,700 14,974 14,974 14,947

,,, ,,_
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REVISED V0LUME FORECAST (WITIIOUT FAN SAVINGS) GASO'LINE - HEAVY DU?¥

Volume Reduction
Baseline

Year Forecast Model i Model 2 Model 3

1976 40,400 0 0 O
1977 39,400 0 0 O
1978 38,100 0 564 564
1979 38,400 0 568 868

1980 38,600 "'0 571 J 571

1981 38,700 573 1,365 1 1,366

1982 38,800 574 1,370 1,370
1983 38,800 1,370 1,370 1,370
1984 38,700 1,366 1,366 ],366

d
1985 38,600 ],363 1,3_3 ' 1,363

]986 38,400 1,356 1,336 1 1,356
1987 38,100 1,345 1,345 i 1,345
1988 '37,700 ],331 1,331 I ],33l
]989 37,200 ],313 1,313 I 1,313

1990 36,600 1,292 1,292 l ],292
1991 35,900 1,207 1,267 ! 1,267
1992 35,000 1,236 I._o i 1,236

]993 33,900 1,197 1,197 I 1,197
1994 32,800 1,158 1,15S I 1,158

., I_ : 1 1121995 31,500 1,112 t _ "_ '_=_ ' 1 158
1996 32,800 1,158 I ''.... _ :
1997 34,200 1,207 I 1,237 1,207
1998 35,700 1,260 ! " _;_ i 1.260

" _'" * 1,3131999 37.200 1.313 ,,+,_
2000 38.800 1,370. i ',-'_-" : 1,370

I
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L-4 REVISED VOLUME FORECAST (WITHOUT'FAN SAVINGS) DIE'SEL - HEAVY DUTY

Volume Reduction
Baseline

Year Forecast Model 1 Model 2 Model 3

1976 164,600 O 0 0
1977 173,600 1,493 1,493 1,493
1978 184,900 1,590 1,590 8,117
1979 194,600 1,674 1,674 8,543

1980 204,400 8,973 8,973 8,973
1981 214,300 9,408 9,408 19,994
1988 225,200 9,885 9,886 2],011
]983 236,200 22,037 22,037 22,037
1984 248,300 23,166 23,166 23,166

1985 260,400 24,295 24,295 24,295
1986 273,600 25,527 25,527 25,527
1987 287,900 26,861 26,861 26,86]
1988 302,300 28,205 28,205 28,205
1989 316,800 29,557 29,557 29,557

1990 333,400 31,]06 3],I06 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 37,712, 37,712 37,712

1995 424,500 39,606 39,606 [ 39,606

1996 443,200 41,351 41,351 1 41,351

1997 461,800 43,086 43,086 43,086
]998 481,300 44,905 44,905 44,906
1999 501,800 46,818 46,818 46,818

2000 ] 523,200 48,815 4D,815 } 48,815
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L-5 REVISED VOLUNE FORECAST (WITH FAN SAVINGS) DIESEL - MEDIUH DUTY

Volume 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 0
1981 3,300 0 0 433
1982 3,400 0 0 445
1983 3,400 446 446 446
1984 3,500 459 459 459

1985 3,500 459 459 459
1986 3,600 472 472 472
1987 3,600 472 472 472
1988 3,700 485 485 435
1989 3,700 485 485 485

1990 3,800 498 498 498
1991 3,800 4'98 498 498
1992 3,900 511 511 811
1993 3,900 511 911 511
1994 4,000 524 524 524

1995 4,100 538 538 538
1996 4,100 538 588 538
1997 4,200 551 551 551
1998 4,200 551 551 551
1999 4,300 564 564 564
2000 4,300 564 564 564



L--6 REVISED VOLUME FORECAST (',,;ITHFA;_SA'/I_IGS)DIESEL - HEAVY DUYY

Volume Redu'ction
Baseline

Year Forecast Model i Model 2 Model 3

1976 164,600 0 0 0
1977 173,600 0 O O
1978 184,900 0 0 0
1979 194,600 0 0 0

1980 204,400 0 0 0
1981 214,300 0 0 8p958
1982 225,200 0 0 9,413
1983 236,200 9,873 9,873 9,873
1984 248,300 I0,379 10,379 10,379

1985 260,400 I0,885 10,885 10,885
1986 273,600 II,436 II,436 I],436
1987 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

1990 333,400 13,936 13,936 13,936
1991 350,100 14,634 14,634 14,634
1992 367,000 15,341 15,341 1B,341
1993 385,100 16,097 16,097 16,097
1994 404,200 16,896 16,896 16,896

1995 424,500 17,7_4 17,744 17,744
1996 443,200 18,526 18,B26 18,526
1997 461,800 19,303 19,303 19,303
1998 481,300 20,I18 20,118 20,I18
1999 501,800 20,975 20,975 20,975
2000 523,200 21,870 21,870 2],870



APPENDIX M: FIRST-YEAR OPERATIN(: COSTS I_'OH Q[HI_:TI':I) '['FHJC'I<,_

This appendix presents the basis Put the clara o,mtaint,d ir_ 'l'ahlos

7-13a and 7-13b. Annual costs p('i' teut_k weft! c)btaim_d h y sumnd),/L

for each truck category, the depreciation, cost of capital, and c)l)(_t'_tlieg

and maintenance expenses. Depreciation was computed using a I0-yeav

straight-line method. The costofcapitalwas assumed robe 10%. Annual

operating and maintenance costs were obtained from Tables 7-la anti

7-2b. The figures in those tables were computed using average annual

mileages_ since the first-year mileages are of interest, the numbers

in the tables were multiplied by the scale factors in Table M-I below.

The scale factors represent the ratio of first-year to average annual

mileage as obtained from analyzing U. 8. Bureau of the Census data

(see references, Section 7).

TABLE M-1 SCALE FACTORS FOR COMPUTING FIRST-YEAR OPER-

ATING AND MAINTENANCE COSTS

Cats_nry ScaleFactor

Gasoline - medium 2,30

._ Gasoline - heavy I.83

Diesel - medium 1.43

" Diesel - heavy I.35

The first-year annual costs computed in this manner are shown in

Tables M-2 through M-4.

M-I
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TABLE M-2 INCREASED FIRST-YEAR COS'TS PER TRUCK - MODEL 1

( ) REPRESENTS SAVINGS

Quantityand I
Depreciation _ Cost of Capital 2 Maintenance 3 Total

Without Fan Savings

Gasoline- medium 0 0 0 O

Gasoline- heavy 0 0 0 0i

Diesel - medium $10.42 $10.42 $ 13.00 $ 33.84

Diesel - heavy 19.46 19.46 26.00 64.92

I
W_thFanSavings

/Gasoline - medium $ 7.00 $ 7.00 ($121.00) ($I07.00)

Gasoline - heavy .20 .20 (220.00) (219.60)

Diesel- medium 2.48 2.48 ( 90.00 ( 85.12)

Diesel- heavy (1Q.35) ' 14.35) (303.00) (321.Z0)

:IO-year straight-llne depreciation.

_10N cost of capital.

3Obtained from Tables 7-2a, 72-b, and M-I.
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TABLE M-3 INCREASED FIRST-YEAR COSTS PER TRUCK - MODEL 2

( ) REPRESENTS SAVI_4GS

Quantity
and

Depreciation _ Cost of Capital 2 Maintenance _ Total

Without Fan Savings

Gasoline- medium $12.50 $12.50 $ 21.00 $ QG.O0

IGasoline- heavy 12.50 12.50 35.00 60.00

Diesel - medium 26.42 26.42 13.00 65.84

Diesel - heavy 48.76 48.76 238.00 335.52

WithFanSavings

Gasoline- medium $ 6.50 $ 6.50 ($221.00) ($208.00)

Gasoline - heavy ( 8.50) ( 8.50) (436.00) (453.00)

Diesel - medium 16.82 16.82 ( 90.00) ( 56.36)

Diesel - heavy 15,16 15.16 ( 89.00 ( 58.68)

:10-year stralght-line depreciation.

10,_cost of capital.

3Obtslned from Tables 7-2a, 7-2b, and M-l.
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TABLE M-4 INCREASED FIRST-YEAR COS'TS PER TRUCK - MOD_L 3

( ) REPRESENTS SAVINGS

I Quantity

and

Depreciation _ Cost of Capital 2 Naintenance J Total

Without Fan Savings

Gasoline- medium $ 30.20 $ 30.20 $ 48.00 $108.40

Gasoline - heavy 30.60 30.60 81.00 i_2.42

Diesel - medium i14.01 1i4.01 176.00 404.02

Diesel- heavy 115.43 115.43 485.00 715.86
I

WithFanSavings

Gasoline- medium $ 2a.20 $ 24.20 ($193.00) ($144.60)

Gasoline - heavy 9.'60 9.60 (385.00) (365.80)

Diesel - medium i04.41 104.41 ( Z3.00) 135.82

Diesel - heavy 79.33 79.33 (157.00) 1.66

*10-year straight-line depreciation.

210% cost of capital.

_0btained from Tables 7-2a, 7-2b, and M-1.
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Acoustical consultants have cstimated that. at the current sttite 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 eaglnes now constitute 30% to 40% of the truck market. Most

• of the noisy 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 pregram 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 effort possibl./

utilizing "new" as opposed to "available" technology 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 noise 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
"l

competitive disadvantage. In the longer term, it is believed that

this producer has the demonstrated financial, business management,

arid technical resources to compete effectively. Within a few years

of the effective date of the levels used in model 2, or possibly months,

the competitive disadvantage would be eliminated. Any one of a number

of factors could cause this:

N-1



1. Results of a new R&D pregrana that was not ready for the

effective daic c_f M_del 2 er its equivalent.

2. '['he possible introduction _t' new engines new in development,

which are quieter.

3. Implementation of a standard similar to that in model 3 which

imposes the same general level of technological requirements on 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 those "noisy" engines in model 2.

4. After three yearn 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 models to less than 3 years after enforcement of a

standard similar to that [n 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, envisioned that the weak- ;"

hess of this producer of truck engines will be taken advantage of by

other engine producers who could be expected to respond with a major

effort to penetrate the large and growing truck market. Again, since

the weakness will probably be only temporary, it is unlikely that there

would,be long-term investments that would reflect the "noisy" pro-

ucer's absolute decline in the market.
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The noisy engine producer can be expected to make short-tern}

concessions and take other actions to protect }}ismarket position

against competitive inroads while bringing about a solution to the prob-

lem he may face by having lagged behind ofther truck engine manu-

facturers in the area of noise control.

According to U.S. Department of Commerce data. 439. 310 diesel

engines were produced tn 1972. Of these. 41'_awere for the auto-

motive industry, ofwhicb almost 100_,were for medium or heavy duty

trucks. Tr'scks are thn Inr,gl_,_L single market segnlont for dh}sel eo-

gim!s. 'l'h,!nIlisy I!ll;_is,';*t ri,llri,ti,,lllI:).'}_,f(, lll'_,'d'lh,'hil;l]'li".,'l

engine marlteL. (.'Urrent]y, I.[t{_ (lie,s(!l I}llJ_irl(! Imu;.l_l,I. is ('lll,lu,'ily (',,fl-

strained - some producers arc on allocation and new c_rder Iced times

are often over one year.

In the short run. based on the above factors, the following scenario

has been developed to consider the possible consequences if noise

standards cannot be met by the noisy engines:

I. A shortage of diesel engines occurs in the truck mar!_et, since

noisy engines cannot be used or require much higher costs to use.

1 2. The supply of quiet engines is capacity constrained. Prices

are fir m and profits of producers of quiet engines are high. Quiet

* engines are allocated to truck manufacturers. Allocations will reflect

an attempt to develop long-term relationships, with each manufacturer

of quiet taking best advantage of his pattern of parts distribution, ser-

vice, and other competitive strengths. Quiet engines are shifted from

other leas noise-sensitive markets to the truck market, reflecting both

N-3



the t)pportunLty in the truck market and the strong price competition

in the other markets from noisy engines which cannot be used in

trucks. Manufacturers of quiet engines will compute less in small

markets which show little growth opportunity.

3. The producer of noisy engines will shift sales emphasis from

the truckmarket 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 9
l

to six months would result in' a loss in competitive position that would

take years to regain.
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APPENDIX O: PROJECTIONS BASED ON TRUCK POPULATION AND

USE DATA

Many of tables and figures in Sections 3 and 8 were derived from

data acquired by the Bureau of the Census. in this appendilx, tile

census data base and the operations performed with these data arc

discussed.

DATA BASE

The Bureau of the Census has conducted surveys of a statistical

sample of trucks registered in the 50 states and the District of Col-

umbia in 19630 1967, 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 included at

the end of this appendix.

The data obtained from this survey are available in the form of

a magnetic tape which consists ofrecords 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 associated 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. S. Truck Population. For example,

there ts a large number of pickup trucks in use, many of which have

similar physical and usage characteristics. Therefore it is not nec-

essary to sample as large a proportion of pickup trucks as, say,

medium dutydiesel trucks, since under these conditions, pickup 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 populatlon

of the various states varies widely. To obtain equal confidence limits

on data sampled for each state, it is m_t necessary to samp]o 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, and engine type as shown intheTable 0-I. Each

truck identified by model year, category and engine type is character-

izcd by two parameters: the expansion factor F and the mileage

factor /_ The mileage factor is the truck mileage driven during

the 12 months prior to the time tile census questionnaire was filled out

TABLE O-1 TRUCK IDENTIFICATION TABLE

Model Mediura Du=_. Truck . ll.eavy Duty Truck

' Diesel Diesel

Year Gasoline Gasoline

p1 _.
1931,] _/93_, 1

1931 F 1 . ,I
1931,2. "%1931,2

• • a

1932

1933

19" 2

0-2



by each truck owner. Inthese factors, the subscript m represents the

model year, i the lth truck f(}und in a particular truck category for a

given model year, and the superscript k designates truck category as

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

k = 4 represents diesel engine heavy duty trucks

To project future truck population from past production estimates,

it is necessary to know the percentage of trucks that survive as a

function of age. This is computed from the equation

k pkS = i0

j P _ 1971-j,i
1971-j ((3.I)

Here, the subscript j denotes the age of the truck, and k is a truck

category superscript and sot a power. Thus the survival factor S

is the fraction of trucks in truck category k still surviving j years

after production. The number 10 in the right hand side of Equation

(O-1) is used to extend the results from the 10, 000 truck sample to

.) 100,000 surveyed.
k

Thw terms P are simply the expansion factors for each truck in
1971-j,i

'_ 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)

surviving after five years:

#
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With the survival rate available from Eq. (A.I), the truck

population T k in calendar year c for truck category k is computedC

from the equation

Tk 2_ pk

= c-J S (o.2)
a O '

k
where Po-_ is the number_of trucks in cateEory k produced in the

year e-J. Eq. (0.2) represents the convolution of the survival

function S with the production function P. 9

Some of the curves inSection 8 show growthand decline of truck

populations manufactured in a several year period from model years ..

mI through m 2. These populations are computed from

9-m2

T¢,ml,m 2

•. j=c-ml

Thus, for example, the total truck populatlon 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

T 1 ....
1990,1977,1977.+ T_990,1977,]q_)+ T 3 " 4' T41990,1977,1977 ]990,]977, ]980.

r . .

The average mileage M_ traveled by trucks j _f_ars old in truck

category k is given by _ '

[k

'M_ .... (0,4)

"Finally, the mileage-weighte_ acoustic energy level Ec produced by
the total population of trucks in calendar year c is computed as

#

k
_-_ where No. j is the noise level for a truck In category k produced

in the year c-J.

- 0-4
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O_ r_{ InhllJuleel i_'lligetaled v*_ll

Oe .E'J01,¢: Ic,p v._,, 07 [_ 3_ ,_,_dI.:;_n Ih;_,*41

Ot L'T]All llllier el;cl(aeed_'nntl on EJ 41 or mole

t l [] Ulillly (I,_ly rluii'./;nd/r.rmob{l_

_{_ (IUI ;e _ e_ll Ca I1{ } ()'l CIcl

ll L--'IGn;l>a_ecr lulu_e collector _ I
i I ) L] _Tinch or crane, other Illnil _*tecket I

/

, _" DO o _pec [y bad) ze,or e e y _s: ,,e t_,,_k,, --'<'I _ ,_ '
,1_( ] lil,le or I{'r.ll_8 [ I
I I [_] t_lulo Ili*i*',{Irall

lO [] IJump Itlack or coinblzl_ll_ll I i t_lillii_ily of ll_liill {wille/ I,.vel _*'ithOlil .l,l* l,_.,l_l {c.ble )nil.*)

I 21 {'+l linT,,r 5 It {-J I0 it, II.9 1_ {_{ lll Iti 1{9 'l

Ii i ii L.i f' I" 6.° 2_[.J12 to 1.I.rJ ."_I , ] _0 I_a2_)<l
I II [_J7 ill 0,9 Ii, []J is tel 17.£I 2,s LJ 3o ul i_il.le/

,i 0 f-i .l'{ini ifll{.k of i:ornbiliiillon (I.r Iiqultl,.i) .--t_ i l,lqli_ i'np_t'liy of inlik (t_,,lI.J,.i

i

L 1 i )l [-}l.¢'.,I Ihil:l { O00 Is {TI 4,ill)O IO fi.t199

I _l[ }l,O00tnl,¢a'a'i _cIl f.,ll(1011,?,i)_i)I -
i _){-].".liuo,,,'.,.9,_o _TiLJ fl,OliOio I1,999

lit {" } ,_,OOO it, '] fiiJ,) Ill {_ } I 7.(l{Ifl ni lliOir I......................................... ;..._..t ...... = .............................................. i

,,oL.'l'r..l ,_,01<o,, {lilll,i ( r r;, liillc) ...... _.-il ,yh,Ii _,.l,, lly(,.,li, l,,l)
I il rl I.,.,,. iI,,,il 31ifi 4i _" } !if,:, Io I.lO3

l 41 I J 3 (,¢)l,if*'i'a ,i.*,I j J l.'_f,) I,_1.4'/'II
i il I'] OIH'J i,I /;(i(I 4,_ L } I ,f,r',D at inore

_.0 ["{ (_tiliCti, it. till ll1.l I.i..-I (:Ul"l':hy i_l ll,i_c,.r(c,hie)'l,hl_l)
I
I _lr-ll,c_._lh,,.(, ,,r"! tll., fig z? .rT_It,,_ll.'* ,

" _ "'[ _i°_.<" ;_1 l 0,o 'i.0 _of"lilor_,_,, i_llr_lliil,.,,I..,i I ,,.,--



h.,. 12- '/. IIv, I.K [(H: L_i

Isshllv,,hicl_-. sln,llounllhue!,.,,risit ()ue_lhi_v_hidQhaw.a liltcab?
_.. q ttuck-tr(icl_,? N.,

,I.zls_,,.n.,,,,_,,,,,,_, ,[IT,.,_.,,,,,,,,,I._,..........L[_!
....... [-'7II._;';.Ibm 16- TYPE OF FU[!L13 AXLE AI{IIAtlGChAENT

_Yhulh+p.ofh,(.li_u_c.dwilhll,kv,.hich,?
t_l_,r_ (.ll'J t_%'l h..( thld iIIl¢_tl_,r¢,+l Ih.i ,t._t.l':

/It_1_At,'l;t_!lC4'i',,fthin ftH. I_,'ttl,t,l_.ttnrfo# I [ I (',ll',i,lill(, ;+I' I l);* ',,'] J ( I 1,I'(; or i_llt_'l
Wtfl) Ih(' (tnlli,ltC I,IHI t_lOll tte¢jl_eHI/}* sJt,,,¢l WltJJ _--- ............

ih" ;.uw,,t."il'. 19_"[Icm |7 --I,_AIII'I I_I_[AI|C|" (','-#iI

t ['-],-_i 'iYheil},_AJOR tel,(lii_,wvle needed on Ibis [

T_w_._ vchicl_, wen,Ihey wually doneby: I

......................................._ I _] You,'lel(? }".

' _,._zL-__.-C,#-_ -"F:T,oo__<.o,o,o,io_,o,_,.,oo<,,.> ._ Own repolr _hlip (sut up _p,,clfi_olly
lot mnlnl _rllirlce)?

.............................. ..J .......... •
" L--_Indcpen,lent_i_g_? I

' [.'TJ_:_ ;;_"It,_ IB- ARF.AOr OPER/,i'ION "L_._.4;_<_ "_ _._o,o*..,t,,,._<.,,_o,o,,,os_Lyo_o,o,.._. I
_l O _,l_..lt,..,,,_...t ,.._._ #'la'll (._> Cl_w'_ b,, <,lily, II_______._[i--=_.., --.-.-_ t [Z] filer.ill, ii, llie Ioc. I ar=a (ill or <.,,ull_ tll_ eil , .,,,I

I_UllUll,il, i_r I_illilil ii hlliirl tlit.lilliClf O1" Iiie It,nit
........................................ l_cl(.)., illlnl! I lit pli.'e _'l_lilclc i_ _lIIllOlled),

I _ I,l!illll]l)' li¢)1 Illel(! IIlilll '.]]l(I inile_ o le wl y o
Ille I,io_,tIh,,Imll .'.lUll hIHil tile pl_c. ".','}{ich,

L.....................:.... ,.
........................................ I 1811 ,,()( llliCP fine l_illlIo I II_lllC,si _'li_lilill

I _+_ . t, lOjl I'ililil Jl[lll+l, Illl_ _rhlclc is t,lililon_.el, i
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n
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_ _I AND T|(AILERSOPERATED FROI,I"BASIZ
......................................... OF OPERA'I IOHS"
I [] I( nr_ileuf th. i_l_nve.I,Pli_l. pluii._ iildlcnt_ ,, '

iotiil i,umber of IlliCit oni .l_'_'l,l'_l i_xl,'_ How mliny lrucl;s, Iruck-ltaclo/l on J i/ailol'l ota• .. ' ' you op_tuling tr,l'_ the b{l_n naml,_ in ilem 4 oi_

Tr.c_: or tcUcklliUctor, .... , , f/ po_jo 17 tte'>,,tt If_filf n._h_r tt¢lu I i11 _ ve#l OIs

I" wh ¢ I you du$crib_d i'11 I_ll'l _llO_lljo_l_l_llt_.

rrllillni! iltlilt_.) ........... ( Tllln] ---

,lilmi4 ' P_-WEIIEI)AXLES L_ lli¢l:il I% I_lill_l_i,niuhi- -.....

Illcll'_ or Wlllk'ililt .......... I" 31 I
IIo.lmDn, dii',in, (p,l.._.l,din.lo,,ihill,,ihi,+ Otli<rirucl.n ............. / --- {:_ '
vihlehl have? I_'i"#t fluvial"hi iixt_fl _1I, llilll illll_..

litEl_l"rw.O"_ ,_['7II".,,,rl'tl'l'h,,.< i'n,ck-lr.cl_, ............. / - I-.l1:77I
, him 70 - i,i,llll_ _.i[ Illlr!,illl I(, i, lilli,WI /%lldtc.l.fl i_4i/lli/ll.f lilliJ _ttl._r,¢itl, .I.Inlc" ;#.*l lill_,li.) Ill f, ,ll Ii,; (,,lifo C_IO

rl'l_lli_l'lllll IIiill rl_lilill / nllmhet, citOll_lanJ *

- helli ;il - ..ll_ll.hlil, ,l_ llVlt,-rl WCll*l,liliH Ihl_i i.llurl. J illl_ [l);i_;_
I
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