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SECTION 1
INTRODUCTION

Background

This Regulatory Analysis presents the basic information relevant to the
development of noise emission standards for newly manufactured buses. The
topics of major concern are: the noise emissions of buses and the technology
for controlling the noise; noise measurement methodology; the environmental
noise impact caused by operation of buses in the community; the reduction in
noise impact expected from the establishment of noise limits for newly
manufactured buses; and the economic status of the industry and the potential
costs and economic effects of a noise regulation,

As a result of studies conducted under the authorities and duties given
to the Administrator of the Environmental Protection Agency under the Noise
Contro) Act of 1972 (the Act), buses were identified as a major source of
noise on May 28, 1975 (40 FR 23105). In order to ascertafn the basfc data
required to promulgate a noise requlation gonforming to the requirements laid
down in the Act, a program of detailed studies was undertaken by the Agency.
These studies dealt with the areas of concern outlined above, and entailed a
search of the pertinent industry and government statistics and the available
technical literature, measurements of the nofse emissions of a substantial
number of buses, both new and in service, and associated analyses. In
order to develop the factual data and gather the opinions of concerned persons
and organizations, germane to the regulatory provistons and process, contacts
were made with all segments of the affected 1industry, governmental units at
various levels (Federal, state and local) and the general public.

Based on the results of this information gathering process and under
the requirements of Sectfon 6 of the Act, the Agency published a proposed

1-1
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noise emission requlation for newly manufactured buses on September 12, 1977
{42 FR 45775). A ninety day public comment period was opened from September
12, 1977 until December 11, 1977 and haarings were held in Washington, D.C. on
October 25, 1977 and in San Francisco, California on November 1, 1977,
Numerous comments were received from many different segments of the public
through written submittals and at public hearings, and through communications
with industry associations, as well as by further testing and analysis. The
Agency thoroughly reviewed this information and, based on the results of this
review, made six major revisions to the regulation and a number of clarifying
changes. The public comments and the Agency’s responses are summarized in the
“Docket Analysis for the Final Noise Emfission Regulation for Buses", EPA
Document Number 550/9-80-213, a companion publication to this Regulatory
Analysis. The revisions to the regulation are detailed in the preamble to the
final regulation, which is published contemporaneously with this Regulatory
Analysis.

Public Participation

Throughout the development of this regulation an effort has been made
to allow all groups, organizations, and individuals who have an interest in,
or who may be directly affected by, bus noise emission standards, the oppor-
tunity to participate in the rulemaking process. This public participation
effort has included meetings with bus operator groups; bus industry associa-
tions; bus body and chassis manufacturers; bus distributors and concerned
state, county, and city officials. A list of the organizations and indivi-
duals contacted in the development of this regulation {s included as Appendix
A to the Docket Analysis.

As another step in the Agency's continuing public participation program,
an extensive effort is underway to inform the public of the benefits and
impacts of the noise emission standards for buses. This effort will include

direct mailings of information packets to the major groups affected by the
1.2
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regulation and briefings to selected groups. Appendix B to the Docket
Analysis lists the groups that are to be contacted in this informative public
participation effort.

Statutery Basis for Action

Through the Noise Control Act of 1972 (86 Stat. 1234), Congress

established a national policy "to promote an environment for all Americans
free from noise that jeopardizes their health and welfare." In pursuit of
this 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 reguires national uniformity of treatment."

As part of this essential Federal action, Section 5(k)(1) of the Act
requires that the Administrator of the U.S. Environmental Protection Agency,
after consultation with the appropriate Federal agencies, publish & report or
series of reports "identifying products (or classes of products) which in his
Judgment are major sources of noise." Section 6 {a}(l) of the Act requires
the Administrator to publish proposed requlations for each product identified
as a major source of noise and for which, in his judgment, noise standards are
feasible. Four categories of products are listed as potential candidates for
regulation; one of these is transportation equipment.

It was under the authority of Section 5{b)(1) that the Administrator
published the report on May 28, 1975 (40 FR 23105) that identified buses
as a major source of noise, and under the requirements of Section &(a)(l)
that the Administrator published the HNotice of Proposed Rulemaking

(42 FR 45775) to control the noise emissions of newly manufactured buses.
It is also under this authority and requirement that the final regulation is

pubtished.
1.3
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Preemption
Section 6(e){1) of the Noise Control Act states that after the effective

date of a Federal regulation "no State or political subdivision thereof
may adopt or enforce... any law or regulation which sets a limit on noise
emissions from such new product and which is not identical to such regulation
of the Administrator." Section 6(e){2), however, states that "nothing in this
section precludes or denies the right of any State or political subdivision
thereof to establish and enforce controls on environmental noise (or one or
more sources thereof) through the licensing, regulation, or restriction of
use, operation or movement of any product or combination of products.” The
central point to be developed here is the distinction between noise emission
standards on products, which may be preempted by Federal regulations, and
standards on the use, operation or movement of products, which are reserved to
the States and localities by Section 6{e)(2).

Section 6{e}{2) forbids States and local municipalities from controlling
noise from products through laws or regulations that prohibit the sale f{or
offering for sale) of new products for which different Federal noise emission
standards already have been promulgated. States and localities may augment
the enforcement duties of the EPA by enacting a regulation identical to the
Federal regutatfon, since such action on the State or local level would
assist in accomplishing the purpose of the Act. Further, State and local
municipalities may regulate noise emissions for all new products that were
manufactured before the effective date of the Federal regulation(s).

Section 6{e){2) explicitly reserves to the States and their political

subdivisions a much broader authority: the right to "establish and enforce
controls on environmental noise (or one or more sources thereof) through the
licensing, regulation or restriction of the use, operation, or movement of any

1-4
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product or combination of products.” Envirommental noise is defiped in
Section 3(11) of the Act as the "intensity, duration, and character of sounds
from all sources". Limits may be proposed on the total character and inten-
sity of sounds that may be emitted from all noise sources, "products and
combinations of products.”

In summary, the noise controls which are reserved to State and local
authority by Section 6(e)(2} include, but are not Timited to, the following:

(1) Controls on the manner of operation of products

{2) Controls on the time during which products may be operated

(3} Controls on the places at which products may be operated

(4) Controls on the number of products which may be operated
together

{5) Controls on noise emissions fram the property on which
products are used

{6} Controls on the licensing of products

(7) Controls on environmental noise levels.

State and local governments may regulate community noise levels more
efféctive]y and equitably than the Federal government due to their perspec-
tive on, and knowledge of, State and local situations. The Federal government
assumes the duties involved in requlating products distributed nationwide
because it is required and equipped to do so. Congraess divided the noise
emission regulation authorities in this manner to allow each level of govern-
ment to fulfill that function for which it is best suited. Through the
coordination of these divided authorities, a comprehensive regulatory program

can be affectively designed and enforced.

1-5
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Labeling
The enforcement strategies outlined in Section 9 of this document are

accompanied by the requirement for labeling products distributed in com-
merce, The label provides notice to a buyer that a product is sold in
conformity with applicable regulations. The label also makes the buyer
and user aware that the bus possesses noise attenuation devices and that
tampering with such items is prohibited. However, this labeling should not be
confused with thjat required under Secticn 8 of the Act,

Acoustical Assurance Period

The attainment of the estimated health and welfare henefits from noise
regulation is dependent upon the regulated products continuing to comply with
the Federal not-to-exceed noise emission standard for a set period of time or
use.

The Agency has given considerable attention to the question of product
noise degradation (increase in neise level with time), It is the Agency's
beljef that if a product is not built such that it is even minimally capable
of meeting the standard while in use over a specified initial period, when
properly used and maintained, the standard itself will be ineffective and
the anticipated health and welfare benefits will not be achieved.

Consequently, the Agency has developed the concept of an “Acoustical
Assurance Period" (AAP)., The AAP is defined as that specified initial period
of time or use during which a product must continue to be in compliance
with the Federal standard, provided it is properly used and maintained
according to the manufacturer's recommendations.

: The Acoustical Assurance Period is independent of the product's
. operational f{useful) life, which is the period of time between sale of the
product to the first purchaser and last owner's disposal of the product. The

Acoustical Assurance Period is product-specific and thus may be different for

different products or classes of products. The AAP is based, in part, upon:
1-6
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(1) the Agency's anticipated health and welfare benefits over time resulting
from noise control of the specific product, {2) the product's known or esti-
mated pericds of use prior te its first major overhaul, {3) the average
first owner turnover (resale) period (where appropriate), and (4) known or
best engineering estimates of product-specific noise level degradation
{increase in noise level) over time.

The AAP requires the product manufacturer to assure that the product
is designed and built in a manner that will enable it to comply with the
Federal noise emission regulation which exists at the time the product fs
introduced into commerce, and that it will continue to conform with the
applicable regulation for a period of time or use not less than that specified
by the AAP.

Summary of Regulatory Analysis

The subjects addressed in this document are intended to provide
background information on various aspects associated with the development
of the regulation. The material presented in the Regulatory and Docket
Analysis and the Tisted references constitute the basis for decisions revelant
to the regulation of bus noise emissions,

Section 2 - "Identification of Buses as a Major Source of Noise.,"
This section addresses the reasons for the classification of buses as a
major source of noise,

Sectien 3 - "The Bus Industry.' This section presents general informa-
tion about the U.S. bus industry. It covers industry growth statistics:
descriptions of intercity, transit and school bus systems; bus classifi-
cations; product life cycle estimates and other useful descriptive material,

Section 4 - "Bus Noise Data Base." This section details the results
of exterior and interior bus noise level measurements conducted by EPA on
transit, intercity, and school buses., Bus noise data from existing studies
and from industry submissions are also presented,

1-7
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Section 5 - "Noise Abatement Technolegy." In order to establish
requlations restricting bus noise emissions, it was necessary to determine
what constitutes the "best available technmology" for bus noise reduction,
Section 5 reviews the various components of exterior bus noise: noise
radiated from the engine surface, fan intake, exhaust system and chassis.
In addition to the exterior noise generating components, the interior noise
of buses is also discussed along with the associated technology needed to
reduce bus interior noise levels,

Consideration is given to the total bus noise problem. The technology
is examined to determine what modifications or redesign work might be per-
formed on buses in order to quiet them to levels below those which presently
exist.

Section 6 - "Potential Impact of Proposed Bus Noise Regulation Schedules
on the Environment." This section describes what health and welfare benefits
would accrue from the institution of various regulatory options for exterior
and interior bus noise. The percentage of the population affected by noise
and the extent of the effect is measured by the Level Weighted Population
{LWP} method. The reduction of potential equivalent impacts of sleep dis-
turbances, sleep awakenings, and speech interferences from the lowering of
exterior bus noise are detailed., In addition, the reduction of Level Weighted
Population of hearing Joss risk and speech interference effects from a low-
ering of interior bus noise are presented.

Section 7 - "Economic Impact of Bus Noise Control." In this section,
the economic impact of increased bus costs due to the basic engineering
changes {outlined in Section 5) that are believed to be required to achieve
various levels of interior ad exterior bus npise is presented. The potential
economic impacts on the three main types (intercity, transit, and school) of
bus manufacturers and bus operators are evaluated,

1-8
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Section 8 - "Measurement Methodology." This section reviews and
examines the various test procedures that have been used to determine nofse
levels for buses. The EPA designated procedures for the measurement of
exterior and interfior bus noise emissions are presented,

Section 9 - “Enforcement." Enforcement of new product noise emission

standards applicable to buses is discussed in terms of manufacturer self-certi

L}

fication through production verification testing of vehicle configurations,
assembly line testing using selective enforcement auditing procedures or
continuous testing of production vehicles, and in-use compliance provisions.

Section 10 - "Existing Noise Regulations Applicable to Buses.' This
section presents existing bus noise regulations, both foreign and domestic,
and the history of such regulations.

Appendix A - "Foreign Technolegy Buses." This appendix presents a
description of urban transit buses produced by European bus manufacturers.

Appendix B - "Thermostatically Controlled Fans," This appendix discusses

the various types of thermostatically controlled fans and the rationale

for requiring the fans to be engaged during compliance testing.

Appendix C - "Fractional Impact Procedure." This appendix summarizes
the procedure used in assessing the health and welfare impact and benefits to
be derived from regulating noise emissions.

Appendix D -~ "National Roadway Traffic Noise Exposure Mode].* This
appendix presents in detail the workings of the health and welfare model known
as the National Roadway Traffic Noise Exposure Model,

Appendix E ~ "Data on Interior Noise Levels." This appendix presents
data on interior bus noise levels,

Appendix F - "Additional Supporting Information for Health and Welfare
Analysis." This appendix provides various tables in support of the health and
welfare analysis presented in Section 6.

1-9
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Appendix G - "Bus Noise Abatement Costs." Presented in this appendix
are the estimated costs increases and decreases required to manufacture quiet
buses for the various technology levels discus'sed in Section 5.

Appendix H - "Estimates of Demand Elasticities for Urban Bus Transit and
Intercity Bus Transportation." This appendix reviews some pertinent economic
literature and reports estimates made of the fare elasticity of demand for both

transit and intercity riders.
Appendix I - "Uniform Annualized Costs of Bus Noise Abatement." This

appendix presents the annualized costs of the various bus noise abatement

reéulatur-y schedules.
Appendix J - "Model Noise Ordinance." This appendix provides information

for State and local governments to aid them in preparing local noise ordinances

for bus noise abatement.
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SECTION 2
RATIONALE FOR REGULATION OF BUSES

On May 28, 1975 buses were identified as a major source of noise and as
such was a candidate for requlation. This section presents the rationale
that was used to 1dentify buses as a major source of noise.

In determining whether a product (or class of products) is a major noise
source for regulation under Section 6 of the Act, the Administrator considers
primarily the following factors:

1. The intensity, character and/or duration of the noise emitted
by the product {or class of products) and the number of people impacted
by the noise;

2. Whether the product, alone or in combination with other products,
causes noise exposure in defined areas under various conditions, which exceed
the levels requisite to protect the public health and welfare with an adequate
margin of safety;

3, Whether the spectral content or temporal characteristics, or both,
of the noise make it irritating or intrusive, even though the noise Tlevel
may not otherwise be excessive;

4, Whether the noise emitted by the product causes intermittent single
event exposure leading to annoyance or activity interference.

The Agency has given first priority to those products that contribute
most to overall community noise exposure. Community noise exposure is defined
as that noise exposure, experienced by the community as a whole, which is the
result of the operation of a product or group of products: not only that
exposure experienced by the user{s) of the product(s).

The day-night sound level, Ldn’ has been specifically developed
as a measure of community noise. Since 1t is a cumulative energy measure,

it can be used to identify areas where noise sources operate continuocusly
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or where sources operate intermittently but are present encugh of the time
to emit a substantial amount of sound enevgy in a 24-hour period,

EPA has identified an cutdoor Ldn of 55 dB1 as the day~night sound
level requisite to protect the public from long-term adverse health and
welfare effects in residential areas, and a 24-hour equivalent sound level,
Leq {24), of 70 dB as the threshold of hearing impairment.

An abbreviated summary of the identified levels requisite to protect the

public health and welfare is given in Table 2-1.

TABLE 2-1
NOISE LEVELS PROTECTIVE OF HEALTH AND WELFARE

Human Response Leq Ldn
Hearing Loss (8 hours) 75 .-
Hearing Loss (24 hours) 70 --
Outdoor Interference and Annoyance -~ L1
Indoor Interference and Annoyance -- 45

Source: Reference 1

The fractional impact of a noise environment on an individual as used
by EPA is proportional to the amount (in decibels) that the noise level
exceeds the appropriate level identified in the "Levels Document” (Ref. 1) as
shown in Table 2-1. The fractional impact is zero when the nofse level is at
or below the identified level. The fractional impact rises to 1.0 at 20
decibels above the identified level and can exceed unity fn situations in
which the noise level exceeds 20 decibels above the identified level, The
range from 2ero to 20 decibels above the criterion level represents the range
between those noise levels that are totally acceptable and those noise levels

that are totally unacceptable to communities in terms of annoyance responses.

T ATT noise Tevels presented in this entire Regulatory Analysis are
expressed in terms of A-waighted decibels,
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The total Level Weighted Population (LNP)2 is then determined by summing
the individual fractional impacts for all people affected by the environment,

Thus, twn people exposed to 10 dacibels above the identified level
(fractional impact = 0.5) would be equivalent to one person exposed to
20 decibels above the identified level {fractional impact = 1.0).

Studies have been made of the number of people exposed to various levels
of community noise. Table 2-2 summarizes the 1974 estimated number of people
in residential areas subjected to noise from urban traffic, freeway traffic,

and aircraft operations at or above outdoor Ldn values ranging from 60 to B0
dB.

TABLE 2-2

ESTIMATED CUMULATIVE NUMBER OF PEOPLE IN MILLIONS IN
THE UNITED STATES RESIDING IN URBAN AREAS WHICH ARE EXPOSED
TO VARIOUS LEVELS OF OUTDOOR DAY-NIGHT SOUND LEVEL

Outdoor Urban Freeway Mrcraft
LdnExceeds Traffic Traffic Qperations Total
60 59.0 3.1 16.0 78.1
65 24.3 2.5 7.5 34.3
70 6.9 1.9 3.4 12.2
75 1.3 0.9 1.5 3.7
80 0.1 0.3 0.2 0.6

Source: Reference 1.

The table shows that many millions of United States residents are
subjected to day-night sound levels in excess of 60 dB; the bulk of the noise

exposure being due to traffic noise. In order to reduce this noise exposure

2 LWP term s used interchangeably with Equivalent Noise Impact (ENI) and
Equivalent Population (Peq).
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significantly, it will be necessary to apply noise control measures to many of

the major sources of noise in the environment,

Other Considerations

The preparation of npise emission regulations necessitates other
considerations. Included among these other factors are available noise
reduction technology, voluntary industry noise standards, the interrela-
tionship of regulations, lead time necessary for the development of a
regulation, economic impact, and the relative availability of data. All
these factors have been considered in the development of the regqulatory

noise levels for buses.
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SECTION 3
THE BUS INDUSTRY
GENERAL INDUSTRY BACKGROUND

Early buses, many of which utilized steam power, were designed and
constructed in Europe and America at various times during the 1800's,
Although some of these primitive buses were effective in passenger transpor-
tation, none of them were used for more than short periods of time. Reasons
for their lack of success included poor roads, competition from railroads and
stagecoaches, and the unreliable operating characteristics of the units
themselves.

Bus transportation, as it is now perceived, began to take form in
the early 1900's following the development of the internal combustion engine.
Bus service was started in New York City and on the Pacific Coast in 1905.
In many cases the vehicles used were ordinary passenger touring cars.

Development and {improvement of bus design and construction were begun
early and have continued to the present time. Touring car chassis were
elongated to provide somewhat larger passenger carrying capacity and even-
tually passenger carrying bodies were mounted on truck chassis to provide
the basis for the modern bus. During the middle 1930's, transit and inter=
city bus manufacturers began combining the chassis and body, utilizing
principles of airplane construction, At the same time, it became common to

mount the engine at the rear of the bus or under the floor instead of the
traditional underhood mounting at the front., These developments resulted in
greater strength and longer wear of buses, as well as greater comfort and
safety for passengers, better driving vision, greater passenger capacity, and

improved riding qualities.
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School bus manufacturers continue to produce most of their models by
mounting passenger carrying bodies on to truck chassis with forward mounted
underhood engines, Transit and intercity buses are generally integrally
constructed with under-floor rear mounted engines.

There is no reason to expect any change in these trends in the near
future. The only major production changes which have been made in recent
years were in the transit industry, where the 1959 standard "New Look"” buses
have been replaced by new Advanced Design Bus and articulated buses,

The Advanced Design Bus {ADB), built by both GMC and Flxible, was devel-
oped with the hope of reducing maintenance cost. Flxible eliminated the need
for a frame by using new integral construction techniques. ODue to the greater
accessibility of mechanical components, routine service was conducted more
quickly. The other manufacturer, General Motors, is employing a stainless
steel module approach to construct the bus shell. Snap or fiberglass panels
are designed to reduce maintenance problems caused when body damage occurs to
the riveted skin of existing transit buses. Both designs require fewer parts
and most of the changes have been designed to improve handiing, rider comfort
and appearance. The GMC and Flxible models are spinoffs of their prototypes
built for the Transbus program., The Urban Mass Transportation Administration,
through the Transhus program, is urging further modification, the most impor-
tant of which would include lowering the bus floor; however, the future of
this program is sti11 indefinite,

The articulated bus is widely used around the world but it has been,
unttl recently, virtually unknown in North America. The buses are 50 percent
longer than standard buses, but they have accordian pleats in the middle
that make them more manueverable than the regular models. These buses are
being used on rovtes with heavy ridership. Their purpose is to increase the
efficiency and productivity of the transit system,
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The Motor Vehicle Manufacturers Association estimates the current size
of the bus industry as follows:

1978 bus registrations - 500,362
1978 bus sales - 35,342

fhe general structure of the bus industry 1s schematically qut]ined
in Figure 3-1. The figure illustrates:

1, Bus manufacturing operations obtain raw materials and components
used in the manufacturing process from raw materials suppliers and component
manufacturers,

2,  Channels of distribution differ for integral (transit and inter-
city) buses and school! buses. Integral bus manufacturers deal directly with
end-users, while the distribution chanpel for most school buses is through
body and/or chassis distributors.

3. Finished products are sold to schoo! boards, intercity bus companfes,
transit authorities, sightseeing companies, or airports for passenger trans-
portat fon,

It should be stressed that Figure 3-1 is an overview of the structure
of the industry and not all buyer/operators of buses are represented. Most
significant of those excluded are government departments and agencies.
Also, some integrally constructed buses are used as school buses,

THE BUS MARKET

The bus market is comprised of bus users and operators who provide

multiple passenger transportation to the public. The market includes the

following:

33
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FIGURE 3-)
STRUCTURE OF THE BUS INDUSTRY
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- Commercial Intercity Class 1, 2 and 3 Carriers

- Local or regional transit systems

- School Boards or Administrations

= Churches, Private Schools and Related Organizations

- Federal, state and local government agencies
and departments

- A1l others
- Airports
- Hotels
- Demand response agencies or organizations
- Sacial services.
A brief cverview of the most significant end-users is presented below.
In 1978, three market segments - intercity bus carriers, transit authorities

and school boards - accounted for approximately 83X of the buses in use.

(a) Commercial Intercity Class 1, 2, 3 Carriers1

The intercity bus operation in the United States is performed by approx-
imately 1,050 operating companies utjlizing some 20,100 motor coaches {Table
3-1). They provide regularly scheduled service over 270,000 miles of highway
and employ an estimated 48,900 people. Intercity bus operations service over
15,000 cfties and towns and are the only public intercity transportation
service available to some 14,000 of them. In 1976, an estimated 340 million
trips were taken by passengers. In 1977, the intercity buses operated over

1.1 billion miles,

L Class designations are formed usingaannua1 revenue dollars:

Class 1 Carriers have revenues of $3,000,000 or more.
Class 2 Carriers have revenues between $500,000 and $3,000,000.
Class 3 Carriers have revenues less than $500,000,
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Humber of Operating Companies

(Class 1, 2, 3 Carriers)
Rumber of 3uses
Rumber of Employees
Miles Operated {Millions}

Revenue Passengars (Millions)
Operating Revenues (§ M{llians)
Operating Expenses (S Mi)lions)

Net Operating Reverues, Befora

Income Taxes ($ Millions)

SOURCES:

1970
1,000

22,000
49,500

1,209
a0l
901.4
812,2

89.2

TABLE 3~

INTERCITY BUS INDUSTRY OPERATING PROFILE

1871
1,600

21,900
50,200
1,202
395

§53.2

851.8

101.4

1972 1973 1974 1975
1,000 1,000 950 950
21,400 20,800 21,000 20,500
49,1G0 45,400 49,400 46,700
1,182 1,178 1,195 1,120
353 381 386 351
974.4 1,022.7 1,151,9 1,171.,6
882.1 937.9 1,070,0 1,103.2
92.3 84.8 ~ 8L.9 68.4

Mator Vehicle Manufacturers Association. - 1979 “Facts and Figures"

P = Preliminary

1976
1,000

20,100
46,000
1,118
340

1,231.9

1,179.9

52.0

Natignal Association of Motor Bus Owners, One-Half fentury of Service to America, 1576
American Bus Association, Bus Facts, 1978

1877
1,050

20,100
48,500
1,120
332

1978 (p) 1979(est )
1,100 -
20,205 21,100
43,600 -
1,082 -
- 1,500 +




Operating revenue of intercity bus lines was $1,231.9 million in 1978,
up 36.7% from the 1970 level. During this same period, the number of miles

operated and the number of revenue passengers declined 7.4% and 15.2% respec-
tively. In 1976, net operating revenues hefore income taxes declined 41,9%
from the 1970 figure.

{b) Transit Systems

In 1978, 965 transit systems utilized 52,866 buses and employed approxi-
mately 162,500 individuals. 1In 1976, they transported 4,168 million passen-
gers, (See Table 3-2). Operating revenue attributed to motor bus operations
reached $1,671 million in 1978,

Inspection of the total industry figures indicates that in spite of
continued increases in revenue, transit systems have shown operating losses
through the last eight years. These reyenues have increased 33.5% while
losses are 7.7 times larger than they ware in 1970. These losses were
$2,214.8 mitlion in 1977 and $288.2 million in 1970.

{c) School Boards or Administrations

Pupil transportation is provided by public school operations for both
public and private school children. These operations of the transportation
systems are either assumed by local hoards or contracted to independent
aperators. School bus operations are funded primarily with public monies,
although certain private schools receive no funding, Depending on the Jocal
tax base and the area covered by the school districts, these funds are allo-
cated on a per capita pupi) basis or on total miles driven by the school bus
flest,

In the 1977/78 school year, 21,660,839 public and non-public school
children were transported on a regular basis at an operating cost of $2,852.5
million. Table 3-3 shows the average cost of a pupil transported at public
expense during the 1977/78 school year to be $131,69. This average figure
reflects a continuing upward trend in the cost of pupil transportation since
the 1959/60 school year when the average cost per pupil was $39.78,
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TABLE 3.2

TRANSIT BUS INDUSTRY OPERATING PROFILE

1970 1971 1972 1973 1974 1975 1976 1977 1978

Number of Systems Utilizing Buses 1,075 1,059 1,040 N.A 941 941 950 1,004 965
Number of Buses 49,700 49,150 49,075 48,286 48,706 50,811 52,382 51,968 52,866
Number of Emp1oyees(1) 138,040 139,120 138,420 140,700 153,100 159,800 162,950 162,510  *162,500
Passenger Vehicle Miles

Operated {Mi11ions) 1,409.3 1,375.5 1,308.0 1,370.4 1,431,0 1,528,0 1,581 1,623.3 -
Revenue Passengers (Millians) 4,068.3 3,734.8 3,560.8 3,652.8 3,977.6 4,080.9 4,158 4,247 -
Operating Revenues ($ Millions) 1,236.3 1,280.2 1,230.1 1,262.9 1,377.3  1,437.7 1,486 1,584.4 1,671
All Transit Systems (1)

Operating Revenue ($ Millfons) 1,707.4 1,740.7 1,728.5 1,797.6 1,93%.7 2,002.4 2,161.1 2,280.0 -

Operating Expenses {$ Mjllions) 1,891.7 2,040.5 2,128,2 2,419.8 3,102.4 3,534.9 4,020.9 4,304.8 %3,342
Net Operating Revenues (Loss)

{$ Millions) (184.3) f299.8) (399.7) (622.2) (1,162.7) (1,532.5) {1,859.8) (2,024.8) -
All Taxes {$ Millions} 103.9 111.6 113.4 116.3 137.0 171.0 181.5 150.0 -
Net Operating Revenue {Loss)

After Taxes ($ Millions) (288.2) {411.4) (513.1) (738.5) (1,299.7) (1,703.5) (2,041.3) (2,214.8) -

* Approximate Figures

1. A1l Transit-Includes 6 Rail and 13 Multimode Systems

SOURCES:
Transit Association.

L AL i et i

American Public Transit Association, 1977/1978 Transit Fact Book, Phone Conversations With American Public
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TABLE 3-3

NUMBER AND PERCENT OF PUBLIC SCHOOL PUPILS TRANSPORTED
AT PUBLIC EXPENSE, AND CURRENT EXPENDITURES FOR TRANSPORTATION:
UNITED STATES, 1959-60 TQ 1977-78

Pupils transported Expenditure of
at public expense public funds
Percent of Total, excluding Average Cost
Total total capital outlay per pupil
School Year Enroliment Number Enrollment __{in thousands) transported
1959-60 32,477,440 12,225,142 37.6 $ 486,338 $39.78
1961-62 34,682,340 13,222,667 38.1 576,361 43.59
1963-64 37,405,058 14,475,778 38.7 673,845 46.55
1965-66 39,154,497 15,536,567 39.7 787,348 50.68
196768 40,827,965 17,130,873 42.0 981,006 57.27
1969-70 41,934,376 18,198,577 43.4 1,218,557 66.96
1971-72 42,254,272 19,474,355 46.1 1,507,830 77.43
1973-74 41,438,054 21,347,039 51.5 1,858,141 87.04
1975-76 41,373,473 22,757,316 55,2 2,285,840 100.44
1976-77 40,620,000 23,156,000 57.0 2,666,447 115.15
1977-78 40,034,908 21,660,839 54.1 2,852,543 131.69

Note: A1l Enroliment and Pupil Figures are Average Daily Attendance.

Source: U.S. Department of Health, Education and Welfare, National Center for Education
Statistics, Statistics of State School Systems.
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PRODUCT CLASSIFICATION AND CHARACTERISTICS

The most common bus classification is by end use which generally deter-

mines the manufacturing process and the finished product. Four general
classifications exist:

- Intercity

- Intracity or Transit

- School

- Special Purpose.

(a} Intercity Buses

Intercity buses are integrally constructed vehicles combining body
and chassis into a single unit. Size of these vehicles is determined by
practical limitations and state restrictions (Table 3-4).

As shown in Table 3-5 there are five principal producers of intercity
buses who, combined, offer some sixteen models. The most popular models
have passenger capacities of 41 or 49 passengers with a complete vehicle
weight of between 20,000 Tbs. and 29,000 1bs, However, large intercity
carriers will generally order buses with restroom facilities which reduce
passenger capacity by six seats. BDepending on the size of the vehicle, two or
three axles are utilized. Intercity buses usually have one door for passenger
boarding and exit. Product features generally include reclining seats,
individual reading lamps, air conditioning, and adequate storage space under
the floor of the passenger compartment,

The typical intercity bus is utilized by a company engaged primarily
in providing passenger transportation over regular intercity routes with
regular time schedules. Approximately 90 percent of the total bus miles in

the country are generated in regular route service. Charter and special
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TABLE 3-4
SPACE LIMITS ON BUS SIZE

dnd Yt
L] =l [=]
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Source: Commerc{al Car Journal, April, 1975.
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TABLE 3-5
INTERCITY BUS SPECIFICATIONS

Complete
Standard o, Vehicle
Passenger Wheelbase  of Length Width ‘Weight Engine
gake and Model Rating Type {In.) Axles  [Ft.) (In)) Ery ?lbs.) Make & Model
rown
RD568-11 49 IC 251 3 40 96 21000 Det D 8V-71IN
A426-11 37-41 1€ 232 2 36 95 21000 Det B G-714
Ad26T+11 37-41 1c 232 2 36 96 21000 Det 0 6-714
2A426-11 49.53 IC 258 3 40 a5 - Det D 6-71H
2A4267-11 49.53 IC 258 3 40 96 - Det D 6-71IN
ABS5T+11 37-45 Ic 232 2 36 86 - CUM  NHNT-290
2AB55T-11 49 IC 258 3 40 96 - CUM  NHHT-290
GHE .
HBHG49 49 IC  318-1/2 3 40 86 23027 Det D 8Y-71N
Motor Coach
Industries
MC-50
(Challenger) a1 IC 261 2 35 96 20500 Det D BY-71R
ME-9 ik
(Crusader 1) 49 1C 285 3 40 9% 26760  Det D 8V-TIC
Prevost
Champion TS 47  47,49,51 1C 280 3** 40 96 NeA, et D BV-7IN
Champion TS 102 47,49,51 IC 280 3 40 102 - Dot D BY-7IN
Prestige TS 47 47,49,52 IC,SS 260 40 96 N, Det B 8V-7IN
Prestige TS 10  47,49,51 IC,SS 280 T I 1/7) . Det D 8V-7IN
Le Mirage TS 47 47,49,5] IC,%5 280 3** 40 102 27600 pet 0 8Yy-71N
: S{lver Eagle
. 0-5 ag IC  285-1/2 40 9 26500  Det D BV-7IN

Optional third axle {s air operated retractable single whoel.

Third axle is a single non-drive bogie.

Cum=Cummings

Det B - Detroit Diesel

Silver Eagle is manufactured and distributed by Cagle International, Inc. )
Prevost models Prestige TS 47 and Prestige TS 102 are also marketed as sightseeing buses.

& *
i *4

Sourca: Manufacturer product 1iterature; Commercial Car Journal, October, 1979.
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service travel also play an important part fin the industry's operation. In
addition, sight-seeing bus operations and ajrports utilize a significant
number of intercity buses.

(b} Intracity or Transit Buses

Intracity or transit buses are similar to intercity buses in that both
are integrally constructed vehicles. Intracity bus vehicle size and weight
are determined by practical limitation and state restrictions. In 1978, as
shown in Table 3-8, three major domestic manufacturers produced some seven-
teen models of transit buses. AM General, while discontinuing production of
standard transit buses, 1s now manufacturing the new articulated bus.
In addition, Highway Products Inc. has withdrawn from transit bus production
entirely.

The most popular transit buses seat 35 to 53 passengers and approximate
a complete vehicle weight of between 20,000 lbhs. and 25,000 1bs, Transit
buses generally have two axles and utilize two doors for passenger boarding
and exit. Product features include seats designed for both durability and
comfort, and equal space capacity for standing and seated passengers.

GMC and Flxible have, however, discontinued production of the standard
“hew Look" buses to market the new Advanced Design Bus (ADB)., GMC's model,
the RTS-2, is a 47-seat, 40-foot long vehicle with 2 weight 4,000 pounds
hezvier than the old standard model. Flxible's model, the 870, has an overall
length of 40 feet and seats 48 passengers. Flxible officials claim the
design of the 870 will increase fuel economy and reduce the number of spare
parts. The previous Flxible transit coach consisted of about 31,000 parts
while the 870 has 9,000 parts. Both models were developed to improve han-

dling, rider comfort and appearance while reducing maintenance costs.
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Make and Model
xible

870 35096-6
870 35096-8
870 35102-6
870 35102-6
870 40096-6
870 40096-8
870 40202-6
870 40102-8

oHe
T7H 603
T7W 603
T7H 203
T7H 203
T84 503
T8N 203
TeH 603
T6H 203

Transportation

TRANSIT BUS SPECIFICATIONS

TABLE 3-6

Manufacturers Corp.
T-30 Citycruiser,

Complete
Standard No. Vehicle
Fating . Twe " ULe aetes (Fee) (im) ory fibs.) Hake's Hodel
a0 T 239 2 35 96 22777 Det D 6V.71H
40 T 239 2 35 9% 23177 Det D 8YV-71N
40 T 239 2 33 102 22027 Dt D GV-71N
40 1 239 2 B 102 23327 Det D 8Y-71N
48 1 299 2 40 96 23685  Det D &V-71N
a8 T 299 2 40 96 24085  Det D BV-71N
48 T 299 2 o 102 23875  Det.D 6V-7IN
a8 T 299 2 0 102 24275 Det.D BV-7IN
39 T 238-3/4 2 35 96 23509 Dot D, 6V-7IN
9 T 238-3/4 2 k1 96 23130 Det D GV-7IN
39 T 238-3/4 2 3 102 23251  Det D 6V-71N
39 T 238-3/4 . 2 /102 23680  Det O &V-71N
a7 T 298-3/4 2 40 95 24395  Det D 6V-71N
a7 T 298-3/4 2 o 102 24583 Det O 6V-71N
a7 T 298-3/4 2 0 9 24781  Det D BYV- 71N
47 T 298-3/1 2 0 102 25027 Det D 8V-7IN
32 T 180 2 0 9 18500  Det B EV-53N

Abbreviat fons _

Chy = Chrysler

et D - Detroit Diesel
Twin Coach 1s manufactured by Highway Products

Source: Manufacturer product literature; Commercial Car Journal, October, 1979,
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The new articulated buses are a significant departure from standard
bus design. This new design consists of a minimum of three axles and of twn
body sections; a forward section and a rear section which are permanently
connected by an articulated joint, This Joint allows the vehicle to bend in
the horijzontal and vertical direction and allows longitudinal rotation of the
rear section relative toc the forward section. Flexible, reinforced rubber
bellows maintain an environmental seal in the area of the joint. The passen-
ger compartment is uniformly lighted, heated and air conditioned. These buses
seat betwaen 52 and 73 passengers with gross vehicle weight ranging from
34,000 to 36,000 pounds. The articulated buses sold in the U.S, are an
international manufacturing venture. The main domestic distributor is AM
General, AM General receives bus body shells that are 55% complete from MAN
{Maschinfabrik Augsburg Nuremberg), a West German firm, and outfits them with
final interiors, electrical systems and air conditioning. Crown Coach Corp.,
another domestic firm, is the U.S. distributor of the Hungarian built Ikarus
286, Crown Coach alsp receives partially built buses which it transforms into
finished vehicles.

The typical intracity bus is utilized by a transit company engaged
primarily in providing passenger transportation over regular local routes
with regular time schedules. Charter and special service travel play a
relatively minor role in the total intracity operation,

{c) School Buses

The vast majority of school buses, over 98% in 1978, are manufactured in
a two~stage process. The chassis, which is primarily the same as a medium-
duty truck chassis, 15 produced by a manufacturer and then shipped as an

incomplete vehicle to another manufacturer who assembles the body on it, The
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chassis manufacturing process utilizes the assembly line concept, while the
body manufacturing and assembly pracess utilizes the station or bay system
concept.

Various configurations of two-stage school buses are available. The most
popular type, approximately 90% of school bus production in 1978, is the
conventional school bus, which has the engine located forward of the driver
and passengers, The other two types of two-stage school buses are the forward
control type which resembles a transit coach in appearance and parcel delivery
typa which utilizes a smaller chassis than does the conventional. Gas or
diesel engines are available for the above types of school bus with the
exception of the parcel delivery type school buses which are powered by
gasoline engines.

The remaining small number of school buses are integrally constructed
vehicles. The floor, sides, ends and roof are joined into a one-piece con-
struction to form the bus shell. These units are powered by diesel engines
located either at the rear or the mid-point of the bus, Only two firms,
Crown Coach and Gi111ig Brothers, presently offer integrally constructed
school buses.

The sfize and weight of all school buses are limited by state and local
restrictions. In the case of the two-stage vehicles, the chassis GYNR
(Gross Vehicle Weight Rating) is also & determining factor. Table 3-7
shows representative chassis specifications by manufacturer for the conven-
tional school bus. The most popular schcol bus models currently being
produced utjlize chassis with seating capacities of between 30 and 72 pas«
sengers and a GVWR of between 17,000 and 29,000 1bs.

Six firms build schoo) bus bodies which are assembled on the chassis.
Bodies are built according to customer specifications; consequently manufac-
turing flexibiTity is essential, Table 3-8 presents the various types
of bodies manufactured by the six companies.
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Make and Series

Chevrolet
B&PD42

Fard
B-600
B~700 ,
B-7000

GMC
B6P042

International
1723
1823
1853

Henrickson
RE-305
RE=-305

SOURCE:

et

—
To be reintroduced March or April 1980.

Axles

4x2

axe
4x2
ax2

4x2

ax2
4x2
4xz

4x%2
a2

Engines

oo

=N 2K~

TABLE 3-7

SCHOOL BUS CHASSIS SPECIFICATIONS

GVW Capacity

(1b.) (No. of Pupils)
20500-24000 42-66
17400-24500 36-60
23160-27250 60-72
26500-27250 66-72
19700-25300 42-56
16000-29000 48-66
20200-29000 60-66
17000-29000 60-66
24,000-33,800 4872

33,800 4872

Manufacturer product )iterature; Commercial Car Journal,

Cowl to End
of Frane
{In.)

267-3/4

210-3/4-322-1/4
332-1/4-369-1/4
349-1/4-365-1/4

267-3/4-348-3/4

217-387
217-387
217-387

October, 1979,

e O B

Overall Length
(In.)

322-1/4-403-1/4

274-1/2-386
386-433
413~433

322-1/4-403-1/4

271-1/2-441-1/2
271-1/2-441-1/2
271-1/2-441-1/2

345-417.75
420-474.75

Wheelbase
In.)

189-254

156-242-1/2
242-1/2-280-1/2
260~1/2-280-1/2

189-254

152-276
152-276
152-276

165-229
242-286

Gt
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TABLE 3-8

SCHOOL. BUS BODIES BY MANUFACTURER AMD TYPE

/ Forward Parcel
‘Manufacturer Conventional Control Delivery
Blue Bird X X X
Carpenter Body X X X
Superior Coach X X
Thomas X x1 X
Ward X x? X
Wayne X X

B —————

IChassis is built by Thomas
20n1y produced for export

SOURCE: EPA interviews with above manufacturers and with the Truck Body
and Equipment Association

e
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School bus bodies are designed for occupant safety and for durahility,
Typically, there is one door for passenger boarding and exit, with an emer-
gency door at the rear.

(d) Special Purpose Buses

Manufacturers will often custom-build a vehicle for an end-user's speci-
fic needs, such as airports, hatels, demand response agencies, amusement
parks, or prisons. These buses can be either two-stage or integrally con-
structed. From the manufacturer's perspective, such vehicles are generally
treated in the same manner as their standard units in terms of production and
sale statistics. 1In addition, firms not in the bus industry, such as recrea-
tional vehicle manufacturers, may occasionally convert one of their products

to fulfill an end-user's specific needs. Conseguently, for the remainder of
this overview of the industry, with the exception of the section devoted to

end-yse, these special purpose vehicles will not be treated separately.

SIZE AND GROWTH OF THE INDUSTRY

The demand for bus units is a derived demand based upon user/operator

requirements. This section will develop the current size of the market
for buses and identify the growth trends within each principal segment.

{a) Geographic Cancentration

In 1977 there were 491,674 buses registered in the United States (Table

3.9). Over fifty percent of these registrations were concentrated in eleven

states.
{b) Buses in Service by End Use and Product Classification

gnd-users generally utilize the type of bus that is manufactured and
designed for a specific application, In other words, intercity carriers
utilize intercity buses; transit systems utilize transit buses; and school
districts, private schools and churches utilize school buses. However,
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U.S. MOTOR BUS REGISTRATIONS BY STATES - 1977

TABLE 3-

9

Private and Commercial Total

Commercial School! and Publicly Owned School  Total
State Buses (1) Other (2) TFederal School (3) Buses Buses
ATabama 1,304 789 14 6,084 6,873 8,101
Alaska 728 425 26 235 660 1,414
Arizona 624 210 266 2,192 2,402 3,292
Arkansas 411 1,423 18 5,033 6,456 6,885
California 11,130 2,946 138 8,200 11,146 22,414
Colorado 578 982 3 3,985 4,967 5,576
Connecticut 1,881 5,617 4 584 6,201 8,086
Delaware 291 1,056 - 135 1,191 1,482
Florida 2,342 1,102 63 19,150 20,252 22,657
Georgia 1,149 2,577 30 8,580 11,157 12,336
Hawaii 1,844 552 B 164 716 2,568
Idaho 324 382 135 1,963 2,345 2,804
IMlinois 6,111 13,717 27 4,292 18,009 24,147
Indiana 3,711 4,188 27 7,636 11,824 15,562
Iowa 1,143 828 g 6,604 7,432 B,584
Kansas 349 943 5 2,321 3,264 3,618
Kentucky 594 669 61 6,507 7,176 7,831
Louisiana 1,092 12,957 11 3,766 16,723 17,826
Maine 186 547 5 1,603 2,150 2,341
Maryland 2,137 5,624 56 3,224 8,848 11,041
Massachusetts 4,082 6,988 2 464 7,452 11,536
Michigan 2,682 3,422 15 8,627 12,049 14,746
Minnesota 1,667 4,596 10 9,087 13,683 15,360
Mississippi 1,092 2,154 52 5,248 7,402 8,546
Missouri 903 2,777 60 5,697 B,474 9,437
Montana 422 780 49 826 1,606 2,077
Nebraska 437 665 4 2,194 2,859 3,300
Nevada 194 113 48 B29 942 1,184
New Hampshire 264 851 3 218 1,069 1,336
New Jersey 4,469 4,768 24 3,313 8,08l 12,574
New Mexico 556 2,434 336 338 2,772 3,660
New York 11,877 5,449 37 12,868 18,317 30,231
North Carolina 1,794 6,760 18 15,653 22,413 24,225
North Dakota 85 413 32 1,259 1,672 1,789
Ohio 5,592 2,892 28 14,200 17,092 22,712
Ok1ahoma 322 1,465 76 7,100 8,565 8,963
Oregon 971 1,645 42 4,650 6,295 7,308
Pennsylvania 8,470 12,563 36 5,596 18,159 26,665
Rhode Island 276 690 2 267 957 1,235
South Carolina 836 2,290 g 7,279 9,569 10,414
South Dakota 250 422 4] 1,972 2,394 2,685
Tennessee 1,534 1,408 40 5,792 7,200 8,774

"See footnotes at end of table, p. 3-21,"
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TABLE 3-9
U.S. MOTOR BUS REGISTRATIONS BY STATES ~ 1977 (Cont'd)

Private and Commercial Total
Commercial School and Publicly Owned School  Total
State Buses {1) Other (2) Federal School (3) Buses Buses
Texas 2,613 13,325 146 17,051 30,376 33,136
Utah 370 75 42 661 736 1,148
Vermont 80 383 _— 678 1,061 1,141
Virginia 1,960 34 61 8,990 9,024 11,045
Washington 511 2,687 108 7,366 10,053 10,672
West Virginia 868 7 10 1,616 1,623 2,501
Wisconsin 1,475 4,787 i2 3,414 8,201 9,688
Hyoming 1,092 144 2 1,075 1,219 2,318
Dist. of Columbia 2,191 35 142 261 286 2,619
Total 97,864 144,556 2,417 246,837 391,393 491,674

El; Includes municipal owned transft buses.

2) In some instances church, industrial and other private buses are included
here; and in other instances privately owned school buses could not be
se?regated from commercia) buses, and are included with the latter,

This column consists primarily of publicly owned schoo! buses but includes
a few privately owned school institutional and industrial buses registered
free or at a reduced rate.

SOURCE: U.S. Federal Highway Administration,
3.21
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exceptions do exist and an end user may utilize a type of bus which is
not necessarily designed for the specific application, According to manufac-
turers, trade associations, and end users, such situations are rare. Thus,
for purposes of analysis, Table 3-10, which is the basis for the following
discussion, treats end-use of the three types of bus according to the

traditional applications.

1. Total Buses. Bus registrations have fncrease 42% during the

period 1968 to 1978. The relative size of each segment in 1978 was as follows:

1978
Intercity 4%
Transit 10.6%
School 79.2%
Federal Government 5%
Others 5.7%

2. Intercity Buses. Intercity buses are utilized primarily by

Intercity Class 1, 2 or 3 Carriers, sightseeing bus companies, and firms
providing transportation te and from airport locations. The American Bus
Association estimates that in 1979, 21,100 intercity buses were operated
by intercity carriers. Robert A. Kaye, Director of the Bureau of Motor
Carrier Safety, Federal Highway Administration, has estimated that approx-
imately 23,000 buses were operated by sightseeing and airport bus lines 1in
1979,

The number of intercity buses utilized by Class 1, 2, 3 Carriers has
remained rather stable since 1968, However, a downward trend has developed
since 1970 when the population reached 22,000. In 1975, the population
was estimated to be 20,500, while estimates for 1978 are 20,100. A factor
influencing this downward trend has been a 15.2% decline in revenue
passengers (refer to Table 3-1),

3. Transit Buses Transit buses accounted for 10,6% of the total
bus population in 1978, The number of operating transit buses has increased
3-22

TR ik ey b A L

T e e
Fihiid s b



£2-t

Note

INTERCITY & TRANSIT BUSES

TABLE 3-10

BUSES IN SERVICE BY END USE AND PROBUCT CLASSIFICATION

SCHOOL BUSES {2)

Intercity Transportatfion  Transportation

Class 1,2,3 Transit Public Private Federal Total
Year Carriers Systems Others(l) Expense Expense Total Government{3) Buses
1479 . (est) ~ - - - - - -
1978 20,100 52,866 78,592 - - 396,387 2,417 500,362
1977 20,100 51,958 25,796 - - 391,393 2,417 491,674
1976 20,100 52,332 24,359 - - 379,178 2,320 478,339
1975 20,500 50,811 22,522 - - 365,982 2,329 462,144
1974 20,600 43,700 20,772 267,704 86,930 354,634 2,200 446,906
1973 20,800 48,236 20,390 262,579 71,313 333,892 2,159 426,527
1972 21,400 19,075 18,247 260,772 55,649 316,421 1,8:1 406,954
1971 21,900 49,150 17,566 245,608 61,677 307,285 1,682 397,683
15970 22,000 49,700 17,123 244,337 44,413 288,750 1,448 397,021
1969 21,600 49,600 17,792 238,103 35,871 273,973 1,317 354,282
1968 21,000 50,000 17,182 219,147 43,000 262,204 1,413 351,799

s: (2} The numbers given above are EPA estimates based on estimates by several reliahle sources of

the buses in use.

Certafn inaccuracies must be acknowledged and are listed below:

(1) End users of intercity and transit buses utilize a very small number of schonl buses in

{b) The numbers given above are estimates based on state registration data.
Department of Defense are not included,

their operations.

in the Intercity & Transit columns,

Such vehicles cannot be easily identified and consequently are included

Buses owned by the

In 1969, DOD buses were estimated to be 11,289,

Intercity buses used in sightseeing and airport operations accounted for an estimated

23,000 units in 1979,
Includes Class II schoo) buses which are estimated to account for approximately 10X of the

total,

3. Includes a1l types of buses. Only vehicles of the civilian branches of the Federal
Government are given,

Source:

U.S, Department of Transportation/Fedaral Highway Administration, Highway Statistics, 1968-1976,
Table MV-10; Department of Health, Educatfon, and Welfare, 0ffice of Lducation, Statistics of
State Schoo] Systems, 1967-68 to 1977-78; National Associetion State Directors of Pupi
Transpaortation Services, Growth of School Transportation in the U.S., 1975; Natiopal Association
of Mator Bus Owners, One-Half Century af Service to America, 1970; American Pubiic Transit
Association, Transit Fact Rook, . votor vehicle Manufacturers Association, Motor Truck Facts,
1870; Federal Wighway Administration/Bureau cf Motor Carrier Safety, Safe Transport, Intercity
Bus Industry in the U.S., 1975; Motor Vehicle Manufacturers Asscciation, Facts and Figures, 1979.




6.4% from 49,700 in 1970 to 52,866 in 1978, There has been a corresponding
2.7% growth in number of revenue passengers from a 1970 level of 4,058
million to 4,168 million in 1976. Operating revenues have increased from
$1,236.3 million in 1970 for $1,584.4 million in 1977, a 28.2% increase.
However, net operating losses after taxes climbed steeply from $288.2 million
in 1970 to $2,214.8 million in 1977, an increase in Josses of 668%.

4. School Buses. School buses accounted for a substantial
majority, 79.2% of total buses in 1978. Most school buses are utilized in
transportation of students, the handicapped, etc., at public expense. The
vehicles used in this function are owned either by a school district {or
other public entity) or by a private company which operates under contractual
arrangement with a school district. The remaining school buses are privately
owned and operated in a variety of situatjons without public funding. Common
examples of users include churches, private schools, and related groups or
organizations.

The number of school buses in use has increased dramatically since 1968
when 262,204 wvehicles were registered. In 1978, total registrations of
school buses had reached 396,387 units, a growth of some 51% since 1968.

These school bus figures include Class II school buses which are
generally converted light trucks, vans or station wagons. These vehicles
generally have a GVWR of less than 10,000 bs. 1In 1977-78 there were 36,199

Class 1I school buses in use.

f 5. Federal Government. Buses used by civilian branches of the

Eé Federal Gavernment represent only 0.58 of the total bus population. All
ﬁ three types of buses are utilized by this end-use segment. A significant
growth rate of almost 71%,({2,417 units in 1978 as compared to 1,413 units in
1968), has characterized this market segment.

6. Others. As discussed earlier in the intercity bus section, the
‘ majority of vehicles in this end-use category are buses used in sight-seeing
i 3.24
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and airport applications. The remaining buses in this category have many and
varied applications. For example, amusement parks, hotels, rental car
companies, etc., use buses to provide transportation in conjunction with some
other activity. This general end use category has grown almost 66% to 23,592
vehicles in 1978 from 17,182 1in 1868. From industry interviews with several
manufacturers, it appears that some part of the total 20,772 buses in this
segment are smaller than 16,000 1bs. GVWR and seat less than 16 passengers,

(c) New Product Shipments

In 1978 manufacturers of buses shipped 35,342 units., Table 3-11 pre-
sents a history of bus shipments from 1965 to 1977,
1. Intercity Buses, In 1977, the number of buses shipped to Class

I intercity carriers was 709, as compared with 619 in 1976. The American Bus
Association estimates that the average annual market for American made
intercity buses is about 1,300, Between 1,100 and 1,200 of these are sold in
the United States.

2. Transit Buses, Shipments of transit buses experienced constant
growth from 1970 tu 1975, when they reached 5,261 units, They declined during
the 1976 to 1978 perfod, partially because of the shift to Advanced Design
buses. In 1977, total shipments of new transit buses were 2,437 units.
3. School Buses. Total shipments of school buses will maintain a relatively
stable growth rate until 1999, Most new buses are presently being bought to
replace old ones as enrollment declines; however, this trend towards Tower
enrolIment wil) be counteracted by trends toward expanding services.

PRODUCT LIFE CYCLE

Beyond the end-use industry conditions outlined above, product 1ife cycle

dictates the replacement activity within bus fleets. It is very difficult

3-25
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TABLE 3-11

SHIPMENTS BY YEAR AND BUS CLASSIFICATION BASED ON REGISTRATIONS

Year
1977
1976
1975
1974
1973
1972
1971
1970
1969
1968
1967
1966
1965

Intercity
7001

s1a!
7732
1,350
1,276
1,353
977
1,064
NA
NA
NA
A
NA

*Approximate figures.

Transit

2,437
4,745
5,261
4,818
3,200
2,904
2,514
1,442
2,230
2,228
2,500
3,100
3,000

Schoal
* 30,000
* 30,000
* 30,000

29,561

30,039

30,635

28,358

27,468

28,064

29,015

28,214

26,419

24,276

1 Only shipments to Class 1 carriers; Class 1 revised to exclude carriers

with revenues less than $3,000,000.

2 Only shipments to Class I carriers.

Source:

3-26
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to determine an average product life for the three major types of buses.
Product 1ife is contingent on facters such as maintenance routines and
procedures, geographic location, miles traveled, and the economic conditjons
of the end-users, Given this situation, the following are estimated ranges
for product 1ife with the original owner:
Intercity -~ 12 to 15 years
Transit - 10 to 15 years
Schoo) - B8to 12 years
Certain factors can affect these ranges, For example, when a bus is
first put into operation it incurs its heaviest utilization. A typical
intercity bus will travel 250,000 miles during the first two years of
utilization. Transit buses, depending on the geographic location and the
attendant route size, will travel between 30,000 and 60,000 miles per year.
School buses travel an average of 38 miles per day, but individual mileage

totals vary substantially around this mean figure.

NATURE OF THE INDUSTRY

This section will describe the nature of the bus industry in terms

of channels of distribution, sales practices, pricing, and resale. It is
organized according to the three major product segments of Intercity, Transit,

and School Buses.

{a) Intercity Buses

The nature of the intercity bus segment is generally detarmined by

the following:
1. Channels of Distribution. The flow of new intercity buses

ts 1incorporated 1in Figure 3-1. Note that the manufacturer deals directly
with the end-user and that a dealer or distribution network does not exist,

3-27
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A1l intercity bus prices are F.Q.B (freight-on-board) factory, and
delivery of the vehicle is the responsibility of the end-user. Two alterna-
tives are primarily utilized: end-user personnel are sent to the factory to
drive the units to their destination, or an independent bus delivery company
will drive the completed unit from the factory to an end-user designated

locatijon,
2. Sales Practices. Manufacturers of intercity buses deal directly

with intercity operators. Generally, bus reguirements and specifications
are determined by the end-user, with custom units made in accordance with
a variety of special requirements, Each order is separately priced in
competitive bids.

However, certain exceptions to the above exist, for example, the
Greyhound Corporation, the largest Class I Intercity Carrier, purchases ijts
vehicles from a subsidiary, Motor Coach Industries. Continental Trailways,
another large end-user, has maintained & purchase agreement with Eagle
International.

3. Pricing. The American Bus Association estimates the average

price of buses delivered to Ciass I carriers as follows:

1975 $41,000
1875 £93,000
1977 $99,000

4, Resale/Used Buses. The 1impact of the resale of used buses

on the nature of the dintercity bus market is relatively insignificant.
Original end-users of fntercity buses generally utilize the vehicle through-
out the useful life of the unft. After the useful Tife of the vehicle {is
expended, the original end-user will either sell the unft for salvage; strip
the unit for useful parts and sell the remainder for salvage; or sell the
unit to another end-user, Purchasers of used vehicles generally are smaller
intercity carriers which usually do not purchase new vehicles,

3-28
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(b) Transit Buses
The nature of the transit bus segment is generally determined by the

following:

1. Channels of Distribution. The flow of new transit buses into

distribution as shown in Figure 3-1 is the same as the flow for new intercity
buses,

2. Sales Practices., In summary, manufacturers deal directly

with end-users and the coaches are custom made according to customer specifi-
cations, The significant difference is in the formality of the bid procedure
in the transit market segment. UMTA, which provides up to 80 percent of
the funding for local transit agencies to buy new buses, requires that all
federally funded bus orders be placed on a competitive bid basis. Each coach
is separately priced in competitive bids by industry. This formal bid
procedure is dictated by government guidelines which are prerequisite to the
awarding of grants and subsidies.

3. Pricing, Prices have climbed sharply with the introduction
of Advanced Design Buses. In 1977 the average price for 40 foot transit
buses was $77,142, The current average price of Advanced Design Buses is
about $110,000. The 60 foot articulated buses cost roughly $191,000,

4. Resale/lUsed Buses. Transit buses are generally utilized by

the original owner throughout their useful Tife, The original end-user
will dispose of a unit by either selling it for salvage; by stripping the
useful parts and selling the remainder for salvage; or by selling it to
another transit authority or end-user,

Transit authorities may occasionally purchase used buses to fill an
unexpected demand, to cover delays in new bus delivery, to obtain parts,
or to avoid costs of new bus purchases.

3-29
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{c) School Buses
The nature of the school bus segment 1is generally deterinined by the

following:
I. Channels of Distribution, As depicted in Figure 3-1, dis-

tribution of conventional school buses differs greatly from that of intercity
and transit buses. School bus distribution is a complex two-step distribu-
tion process. The difference principally is that either a chassis dealer
or a body dealer can sell the complete bus to the end-user. Most orders
will typically be handled by the school bus body manufacturer.

The distribution process begins when a bus body builder orders a chassis
that meets the specifications in his contract. The chassis is then shipped
to the bus body manufacturer's plant where the body is installed to end-
user specifications, Typically, when a chassis is used the regional chassis
manufacturer representative is notified and credit is given to the local
chassis dealer,

In the case where a chassis dealer takes an arder for complete buses,
the process is similar. The principal difference is that the local body
distributer is given commission on the sale of the body. In both cases
warranty service s provided on a local dealer basis for the part of the
product that each represents.

Z. Sales Practices. Que to the type of distribution, the

principal sales of school buses are through dealers. Mational selling
responsibility for each part of the product is maintained by body and chassis
manufacturers,

There is a slight difference between the setling efforts of chassis
and body manufacturers. Chassis manufacturers market their product to
both body builders and school boards while body manufacturers promote their
companies' products and services directly to the school administrations,
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The majority of school bus sales are made in public bids te predeter-
mined specifications. As previously noted, these specifications, beyond
meeting minimum safety standards, vary greatly from locality to locality,
The company, whether a chassis or body manufacturer, with the winning bid
will then manage the production of the complete vehicle.

3. Pricing. Due to the variety of schoo! bus model types, a single
price range would not accurately portray the proper perspective. Therefore,
Table 3-12 presents school bus prices by vehicle type,

4, Resale/Used Buses. School buses find a rather large resale

market. Typically, school authorities will sell used buses to brokers.
These buses in turn will be sold to such groups as churches, boys' clubs,

P.T.A.'s, Y.M.C.A.'s, and a wide variety of other groups.

BUS MANUFACTHRERS PROFILE

The remainder of this discussion will profile individual bus manufac-

turers in terms of a general description, financial resources, employment,
production facilities, and market share, It is organized into four sec-
tions, as determined by the basic bus classifications and market segments, as
follows:

- Intercity Bus Manufacturers

- Transit Bus Manufacturers

- School Bus Chassis Manufacturers

- School Bus Body Manufacturers.
The basic information used in this section is developed from composite
tables of manufacturers shown in Table 3-13 and 3-14. Market share data are
represented in Table 3-15 through 3-18,

(a) Intercity Bus Manufacturers

The firms, subsidiaries, or divisions shown below account for the vast

majority of intercity bus preduction:
3-3
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TABLE 3-12
May, 197¢ Prices for
COMPLETED SCHOOL BYS, BY TYPE OF BUS

Type of Bus Range of Prices Average Price
Gasoline Powered:
Conventional 13,000 - 22,000 19,000
Forward Control 35,000 - 42,000 38,000
Parcel Delivery 12,000 ~ 16,500 14,500

Diesel Powered:

Convent fonal 17,000 - 28,000 23,500
Farward Control 35,000 - 43,000 40,000
Integral Mid-engine 45,000 - 100,000 60,000

s Integral Rear-engine 50,000 - 70,000 55,000

é

t

;

i
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TABLE 3-13

BUS MANUFACTURERS FACILITY PROFILE, 1977

Production facilities

Corporate
Headguarters
Manuf acturer Location Location Products Manufactured
General Motors
Corporation Detroit, Pantiac, School bus chassis
Mich{gan Michigan medium duty trucks
Pontiac,
Michigan Transit buses
Ford Motor
Company Dearborn, Louisville, Schaal bus chassis
Michigan Kentucky
Windsor, School bus chassis
Ontario,
Canada
International
Harvester Co. thicago, Springfield, School Bus chassis
[1lingis Ohio medium duty trucks
Greyhound
Corporation Phoenix,
Arizona
Subsidiarias;
a. Transpore Roswall, Pembima, Transit buses
tation Manu- New Mexico North
facturing Corp. Dakota
b, Motgr-Coach
Industries Pemb ima, Intercity buses
North
Dakota
Wirnipeg, Intercity buses
Manitoba,
fanada
Fort Gary, Intercity buses
Manitaoba,
Canada
3-33
G M a8 i 38 i oy B 1o AR 8 Sl T et ity et R i L ek ST bt §



TABLE 3-13 (Continued)
BUS MANUFACTURERS FACILITY PROFILE, 1977

Production facilities

Carporate
Headguarters
Manufacturer Location Location Products Manufactured
Grumman Allied
Indystries,
Inc. Bethpage,
New York
Subsidiary:
Grumman FLXIBLE Delaware, Transit Buses
{originally Rohr ohio
Flxible)
Loudonville, Bus components
Ohio
Millersburg, Bus components
Ohio
i Indian Head
v Incorporated
: (Wayne Corp.) New York, Richmond, School bus bodies
¥ New York Indiana Ambulances
; Hearses
: Professional cars
: Sheller-Globe
] Corporation
: {Superior Div.) Toledo, |.ima, 14,500 School bus bodies
z Ohio Ohio

PPN

TR
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Thomas Built
buses

Blue Bird
dody Co., Inc.

High Point,
North
Carolina

Fort VYalley,

High Point,
North
Carolina

Fort Valley,

Schoa) bus bodies
Specialty vehicles

School bus bodies

; Georgia Georgia Specialty vehicles
£ Mount School bus bodies
4 Pleasant, Specialty vehicles
i Iowa
i
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TABLE 3-13 (Cont{nued)
BUS MANUFACTURERS FACILITY PROFILE, 1977

Corporate
Headquarters
Manufacturer Location
Crown Coach
Corporation Los Angeles,
California
Carpenter

Body Works,
Inc.

Ward School
Bus Manufac-
turing, Inc.
(Subsidiary
of Ward
Industries,
Inc.)

The Herrick
Corporation

Subsidtary:
Gillig Corp,

Overseas Inns

Subsidiary:
Eagle
International

Prevost Car

Mitchell,
Indiana

Conway,
Arkansas

Hayward,
California

Hayward,
California

Luxembourg
City,
Luxembourg

Ste. Claijre,
Dorchester,
Quebec,
Canada

Location

Production facilities

Products Manufactured

Los Angeles,

California

Mitchell,
Indiana

Conway,
Arkansas

Hayward,
California

Brownsville,
Texas

Ste, Claire,
Dorchester,
Quebec,
Canada

3-35

Integral school buses
Intercity buses
Specialty vehicles

School bus bodies
Specialty vehicles

Schoo?l bus hodies

Integral buses

Intercity buses

Intercity buses
Specialty vehicles
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TABLE 3-14

BUS MANUFACTURERS FINANCIAL CHARACTERISTICS, 1978

lanufacturer

deneral Motors Corporation

Detroit, Michigan

(GMC Truck & Coach Division)

Fard Motor Company
Dearborn, Michigan

International Harvester
Chicago, I11inois

Greyhound Corporation
Phoenix, Arizona

Subsfdiaries:

a. Transportation Manufac-

turers Corporation
b. Motor Coach Industires

Indian Head Incorporated
New York, New York
(Wayne Corporation)

Grumman Allied Industries,

Inc.
Bathpage, New York

Subsidiary:
Grumman Flxible

Financial Characteristics
(% Millions)

Net
Sales Income Assets Principal Bus Products
$54,961.3 $3,337.5 $26,658.3 Transit buses;
School bus chassis
37,841.5 1,672.8 19,241.3 Schoo! bus chassis
5,975.1 203.7 3,788.1 School bus chassis
3,841.5 82.5 1,586.5 -

- - - Transit buses
118.5 11.6 057 Intercity buses
603.8 7.4 390.0 Schoo) bus bodies

1,552.7 32.4 569.5 -
102.0 Transit buses and
components
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TABLE 3-14  {Continued)
BUS MANUFACTURERS FINANCIAL CHARACTERISTICS, 1978

Financial Characteristics
($ Millions)

Net

Principal Bus Products

nufacturer Sales Income _Assets

Sheller-Globe Corporation $ 600.3 § 16.5 § 297.9 School bus bodies

Toledo, Ohio

(Superior Division) (78.5)

Thomas Bufilt Busses -
High Point, North Carolina

Blue Bird Body Company, Inc. -
Fort Valley, Georgia

Carpenter Body Works, Inc. 20,0
Mitchell, Indiana

Ward School Bus Manufacturing, -

Inc.

Incorporated, Conway,
Arkansas (Subsidiary of Ward
Industries, Inc.)

Crown Coach Corporation 25.0

Los Angeles, Catifornia
The Herrick Corparation 10-14

Hayward, Califarnfa
Subsidiary:
Gillig Corporation -

3-37
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Schoel bus bodies
Spectalty vehicles

Schoo! bus bodies
Specialty vehicles

School bus bodies
Specialty vehicles

Schoo! bus bodies

Integral buses

Integral buses
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TABLE 3~14 (Continued)
BUS MANUFACTURERS FINANCIAL CHARACTERISTICS, 1878

Financial Characteristics
($ Mil1ions)

Net
Manufacturer Sales Income _ Assets Principal Bus Products
Overseas Inns - - - -
Luxembourg City, Luxembourg
Subsfdiary:
Eagle International - - - Intercity buses
Pravost Car - - - Intercity buses
Specialty vehicles

Ste. Claire, Dorchester,
Quebec, Canada

A A —

© R
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Hanufacturer
Motor Coach Industries

Transportation Manu-
facturing Corporation

General Motors
Eagle International

Others4

TABLE 3-15
ESTIMATED MARKET SHARE

19701 1074> 1078
47.8%3 45.9%°  35.0%
- - 25.9%
22.7% 32.1%  19.6%"
27.3% 17.5%  12.0%
2.2% 4.4%  6.5%

* As of June 1979, GMC ceased production of intercity buses.

1 United States Only.

2 North America.

3 MCI and TMC combined.

4 Includes units manufactured by Prevost and Crown Coach,

Source: Based upon interviews with the American Bus Asscciation,
Motor Coach Industries, General Motors Corporation; calculations by

A. T. Kearney and EPA.
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TABLE 3-16
TRANSIT BUS MARKET SHARES

ESTIMATED MARKET SHARES =~ TRANSIT BUSES: TOTAL TRANSIT BUS FLEE)
June 30, 1977,

Manyfacturer Market Share
General Motors 62.4%
Flixible 24,7%
A M General 9.2%
A1l Dthers* 3.7%

*Includes imported buses,

Source: EPA estimates based on data from
American Public Transit Association,
Fleet Inventory.

ESTIMATED MARKET SHARES - TRANSIT BUSES
NEW EQUIPMENT DELIVERED, 1974-1976

Manufacturer Market Share
General Motors 30.7%
Fixible 25.9%
A M General 32.7%
All Qthers* 10.7%

*Includes imported buses.

Source: EPA estimates based on data from
American Public Transit Association,
Fleet Inventory,

ESTIMATED MARKET SHARES - TRANSIT BUSES
g NEW EQUIPMENT DELIVERED, 1978

: Manufacturer Market Share
i} General Motors 60%

i Flxible 30%

B A1l Others* 10%

§ *Includes imported buses.

Source: EPA estimates based on interviews
with manufacturers,
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TABLE 3-17

U.S. DOMESTIC FACTORY SALES AND MARKET SHARES
SCHOOL BUS CHASSIS

1969 1971 1973 1975 1977

Market Market ~ Market Market Market
Manufacturer Units Shares Units Shares Units Shares Units Shares Units Shares
Chevrolet 9,105 29,6% 5,294 17.1% 3,793 11.2% 5,139 15.1% 3,335 11.0%
Dodge 1,511 4.9 1,676 5.4 677 2.0 - - 440 1.5
Ford 6,670 21.7 5,503 17.8 9,815 29,0 7,903 23.2 7,364 24.4
GMC 4,764 15,5 5,114 16.6 2,455 7.3 2,703 7.9 2,482 8,2
THC 8,117 26.4 12,399 41.1 15,510 45,9 16,654 49.0 15,262 50.5

aothers(t) g3 2.0 87 2.9 1,580 4.7 1,595 4.7 1,338 4.4
Total 30,770 100.0%* 30,883 100.0%* 33,820 100.0%* 33,996 100.0%* 30,221 100,0%

* Totals do not add up to 100X due to rounding.

1Nationa] Chassis Company; Perry, Georgia and Hendrickson Manufacturing
Company; Lyons, I11inois account for a significant number of units,

Source: School Bus Fleet: Interviews with General Motors, International Harvester and
ChrysTer,
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TABLE 3-18
ESTIMATED FACTORY SHIPMENTS AND MARKET SHARE: SCHOOL 8US BODIES,

1974
Manufacturer Shipments Market Share (units)
Blue Bird 6,592 22,3%
Sheller Glaobe 6,592 22.3
(Superior)
Indian Head 5,085 171
{Wayne)
Thomas 4,257 14.4
Carpenter 3,784 12.8
Ward 2,838 9.6
Al Others® 443 1.5

1Crorm Coach and Gillig account for the majority with integrally
constructed buses. Also includes units manufactured by firms not
in the bus 1industry such as recreational vehicle manufacturers.

Source: EPA compared estimated market share information provided by
body manufacturers with Dunn & Bradstreet sales estimates,
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- Crown Coach Corporation
- Eagle International Incorporated
« Motaor Coach Industries, Limited

~ Prevost Car.

1. Crown Coach Corporation. Established in 1904, this family

controlled business has operated on a profitable basis and has increased
net worth annually through retained earnings. 1In 1974, Crown had sales
of approximately $14 million, total assets of $18,165.223, and a tangible
net worth of $3,755,232. Sales reached $25 million in 1978. In addition
to intercity buses, the firm also manufactures integrally constructed school
buses and fire trucks. Crown is also a distributor of coaches and bodies
for other manufacturers and operates a coach maintenance division. The
firm's integrally constructed vehicles compete primarily in two market
segments, intercity and school, and accounted for less than 1X of total
sales in each market in 1978.

2, Eagle [nternational, Incorporated. This company, a subsidiary

of Overseas Inns, S.A., Luxembourg, was founded in 1973 to manufacture buses
primarily for Continental Trailways, the second largest U.S. intercity
carrier, Prior to 1973, another subsidiary of Overseas Inns manufactured such
buses 1in Belgium. MHowever, with the devaluation of the U.S. dollar, the
Belgian units could no Tonger be competitively priced and Eagle was formed.
Continental Trailways now buys Eagle buses which are built in Brownsville,
Texas. In 1978, Eagle accounted for approximately 128 of total intercity

bus sales.

3. Greyhound Corporation. This holding company has numerous

subsidiaries whose business activities can be categorized into six general
; groups: transportation, Teasing, consumer products and pharmaceuticals,

food, services, and food services. Greyhound holds two bus manufacturing
3-43

e ik e s i s . i i bvsepe st i = m e e
Sttt 41 A1 g s e 1o W e RTINS

IR TR e



companies, Transportation Manufacturing Corporation (TCM) and Motor Coach
Industries (MCI). TMC builds transit and intercity buses at a facility in
Rosewell, New Mexico. These intercity buses are used by Greyhound Lines, MCI
produces the same intercity buses for use by other operators. These buses
are produced at facilities in Pembima, North Dakota, and in Fort Gary and
Winnipeg, Manitobz. 1In 1978, Greyhound Corporation generated sales of
$4,358,848,000; derived a net income of $58,353,000; and retained total assets
amounting to $1,265,767,000. Greyhound employed 50,850 persons.
4, Preypst Car. This Canadian-based manufacturer was formed in

1957. Intercity buses account for approximately 60%¥ of total production,
motor homes account for 25% and the remaining 15% of production is accounted
for by specialty vehicles.

1974 sales were estimated to be $4.5 million with total assets of
between $2.5 million and $3.5 million,

Prevost Car was estimated to have a 3% share of the sales of the total
United States intercity bus market in 1978.

(b} Transit Bus Manufacturers

The following firms, subsidiaries or divisions account for the vast
majority of transit bus production:
- The Flxibte Company
= GMC Truck & Coach
- Transit Manufacturing Corporation

1. The Flxible Company. This subsidiary was acquired by Grumman

f Allied Industries, Inc. in 1978, In the sane year, Flxible built the last
of 1ts "New Look” buses and began building their advanced design bus, the
870, at a new final assembly plant in Delaware, Ohioc. The new bus is being
; produced according to a modular approach. The drive train, front suspension,
5 driver's console and several other components are produced in the company's
|

Loudonville, Ohia, and Millersburg, Ohio, plants and are then shipped to
i 3-44
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the Delaware facility. Flxible claims to have increased their market share
from 30% to 45% since production of the 870 started. Specific employment
and financial informatton is not available.

Grumman builds many types of transportation vehicles for both civilian
and military purposes. Its products include aircraft, ships, spacecraft,
canoes and buses. In 1978, Grumman had a net income of $32,397,000 on sales
of §1,552,695,000 and assets of $569,450,000. Grumman employed approximately

27,000 persons.
2. GMC Truck & Coach. In 1943, Gereral Motors Corporation

{6MC) acquired the assets of Yellow Truck & Coach Manufacturing Company.
Business formerly conducted by that organization is today being carried
on by the GMC Truck & Coach Division. [In 1978, General Motors had net
sales of $54,961.3 million; net income of $3,337.5 milljon; total assets of
$26,658.3 million; and employed approximately 797,000 persons. Specific
financtal information for GMC Truck & Coach Division is not available.

General Motors functions primarily as an operating corporation, carrying
on activities through its operating divisions. The firm also owns stock in
many other companies. Generally, GM is engaged in manufacture, assembly, and
distribution in the United Statas of various motor driven products, most of
which relate to transportation equipment. Subsidiaries and assocfated com-
panies conduct similar operations in Canada and other foreign countries.

Automotive products consist of passenger cars, trucks, buses, motor
homes, and their related components, as well as parts and accessories. The
greatest portion of such components, parts and accessories is used in the
manufacture of GM automotive products. In addition, substantial amounts of
these products are sold to outside manufacturers, and are also marketed
through distributors, dealers, and jobbers.
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In the United States there are 29 major operating divisions, while in
Canada, GM manufacturing operations are carried on by a subsidiary. Prod-
ucts are distributed to other world markets through the Overseas Operations
Division which has assembly and manufacturing operations in 21 countries.

GMC Truck & Coach operates two bus manufacturing facilities in Pontiac,
Michigan; one of which s devoted entirely to the preduction of transit buses,
while the other manufactures school bus chassis and medium duty trucks. An
existing facility, also in Pontiac, has been refurbished to accommodate
production of GMC's new transit bus, the RTS-2.

General Motor's “New Look" bus, designed in 1959, set the industry
standard for fifteen years. This bus is now produced only in Canada.
The new RTS Advanced Design Bus is now the only bus produced by General
Motors in the United States.

In 1978, GMC's respective estimated market shares were as follows:

Transit 62.4%
School 8us Chassis 8.2% (1977)

3. Transit Manufacturers Corporation. This subsidiary of the

Greyhound Corporation began production of the TC-30 Citycruiser in 1978
at a plant in Pembima, North Dakota. For a profile, see the information
on Motor Coach Industries, Limited in the Intercity Bus Manufacturers portion

of this section.
4, Highway Products Incorporated, This subsidiary of Midwest

Management Corporation halted production of transit buses in 1975,

5, AM General Carporation. This subsidiary of American Motor

Corporation has fulfilled its last contract for standard "New Look" buses. AM
General will, however, continue to manufacturer the new articulated bus, of

which 325 were s0ld in 1976.
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{C) Schaol Bus Chassis Manufacturers

The following firms or divisions account for the vast majority of
school bus chassis production:
- Ford Motor Company
~ GMC Truck & Coach
- International Harvester Company.

1. Ford Motor Company. Ford school bus chassis are produced

at plants located in Louisville, Kentucky and Windsor, Ontario, Canada.
Ford's 1977 share of the school bus chassis market amounted to 24.4%. Specific
financial, employment, manufacturing and marketing data for Ford's school bus
chassis production operation are not available,

The corporation is primarily an operating company with several subsid-
iaries, The manufacture, assembly and sale of cars, trucks and related parts
and accessories accounted for approximately 91% of sales in 1974, In the
United States, Ford ranks second in the industry in unit factory sales of
cars and trucks. OQutside the U.S., cars and trucks are manufactured by
several subsidiaries throughout the free world, The remaining 9% of sales
in 1974 was accounted for by operations dealing with tractors and farm imple-
ments, communications and electronic systéms, automotive production component
materials, the dealer organization, Tand developments, and public transit
"people mover" systems. Total sales in 1978 amounted to $37,841.5 million
which generated net income of $1,672.8 million. Assets total approximately
$19.2 billion. In 1978, Ford employed 479,000 workers.

2. GMC Truck & Coach, This General Motors operating division

markets its school bus chassis under the Chevrolet or GMC product line. For

a profile, refer to the Transit Bus Manufacturers portion of this section,
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3. International Harvester. International Harvester-manufactures

school bus chassis and medium duty trucks in their Springfield, Ohio plant.
In 1977, the company accounted for 50.5% of the total school bus chassis
market. Additional specific financial information is not available.

The corporation is primarily an operating company with numerous wholly-
owned subsidiaries. International Harvester's principal products are trucks,
agricuttural/industriat equipment and construction equipment. The company
is also a major producer of gasoline and diese) engines, primarily for use
with its products. International Harvester owns 17 manufacturing plants in

the United States, while its subsidiaries own 18 manufacturing plants

.throughout the free world. International Harvester has 93,160 employees.

Sales in 1978 amounted to $5,975,061,000 with a net income of $203,737,000.
Total assets amounted to $3,788,134,000.

4, Others, There are also several smaller chassis manufacturers,
such as Hendrickson Manufacturing Company, National Chassis Company, and
Oshkosh, who produce limited number of chassis for use in forward control
and pusher type school buses.

(d) School Bus Body Manufacturers

The following firms, subsidiaries or divisions account for the vast

majority of school bus body production:

- Blue Bird Body Company

- Carpenter Body Works

- Superior .

- Thomas Built Buses

- Ward School Bus

- Wayne Corporation

1. Blue Bird Body Company, Incorporated. A privately owned

company, Blue 8ird was originally started in 1927. The company wholly-owns
3-48
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five subsidiaries, all of which are associated with the school bus market.
Three of the subsidiaries are located in the United States, with gne in
Canada and the other in Guatemala, The main plant is located in Fort Valley,
Georgia.

Although Blue Bird is primarily a conventional school bus body manufac-
turer, it also produces forward control scheol bus bodies and motor homes.
In addition, one U.S. subsidiary manufactures school bus accessories and
parts. 1In 1974, Blue Bird had sales of approximately $30 million which
resulted in an estimated 22.3% (unit) share of the school bus body market,
Additional financial information is not available,

2. Carpenter Body Works, Inc. This privately owned company was

founded in 1918. The most significant portion of Carpenter's operation is
the manufacture and assembly of conventional school bus bodies; however, the
company also builds forward control and parcel delivery school bus bodies
mounted on special chassis according to customer specifications. The com-
pany operates a production facility, and is the largest employer in Mitchell,
Indiana. 1978 slales were reported at $20 million. Carpenter held a 12.8%
(unit) share of the total school bus body market in 1974,
3. Superior. An operating division of Sheller-Glgobe Corporation,
Superior was acquired in 1969. In addition to conventional school bus
bodies, Superior manufactures forward control and parcel delivery school bus
bodies, ambulances, funeral hearses and military vans, most of which are
mounted on chassis furnished by automotive manufacturers. One plant is
located in Lima, Chio while another is leocated in Koﬁciuskn, Mississippi.
The firm's estimated 1974 share of the school bus body market, in units
produced, was 22.3%.
Sheller-Globe is a diversified company which produces automotive parts
and accessories, general industrial products, office supplies, and precision
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instrumentation. In 1978, Sheller-Globe received $533.12 million in revenu.

and employed 14,000 workers,

4, Thomas Bujlt Buses. This operating company has two subsidi-

aries, one in Canada and the other in Ecuador. Conventional school bus
bodies represent the most significant portion of the operation, The firm is
also engaged in the manufacture and assembly of forward control school bus
bodies and other specialized vehicles. The firm operates a facility located
in High Point, North Carolina. Thomas also operates a plant in Woodstock,
Ontario, Canada. For the fiscal year ending March 31, 1975, Thomas reported
sales of approximately $30 million and assets of $14.6 millien. During the
prior fiscal year, net income was reported as $1.6 million. The firm's 1974
estimated share of the market, in units produced, was 14.4%.

5. Ward School Bus Manufacturing, Inc. This fanily owned business

is a subsidiary of Ward Industries, Incorporated which serves as a holding
company for three other subsidiaries, Manufacture and assembly of school
bus bodies 1s the primary operation of Ward School Bus Manufacturing. The
subsidiary operates a 234,000 square foot plant located in Conway, Arkansas.
Ward's estimated share of the 1974 school bus body market, in units produced,

was 9.6%.
6., Wayne Corporation. A subsidiary of Indian Head, Inc., this

corporation manufactures ambulances, hearses, postal delivery vehicles
and other specialty wehicles. However, the most significant part of the
gperation is the manufacture and assembly of school bus bodfes. The Wayne
Corporation operates & plant in Richmond, Indiana. The 1974 estimated share
of the market, in units produced, was 17.1%. Additional specific informa-
tion pertaining to this subsidiary is not availabie.

The parent corporation, Indian Head, Inc., reported 1978 sales of $604
mittion. Indian Head is a diversified company engaged in the manufacture
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and processing of glass containers, metal and avtomotive products, specialty

textiles, utilities and communications products, and micropublishing,

EXPORTS AND IMPORTS
With regard to all types of buses, the U.S, has experienced a favorable

balance of trade situation. 1In 1977, the U.S. exported a total of 4,893
new and used buses with a value of almost $77.2 million. During the same
year, the U.S. imported a total of 2,184 units valued at about $32.7 million,

(a) Exports

Table 3-19 shows U.S. bus exports in terms of units and value for both
new and used buses. New buses figures are listed according to engine type. In
1977, the U.S. exported 4,893 units at $77,281,300. In 1968, 4,929 units
valued at $27,513,075 were exported.

(b} Imports
Table 3-20 presents U,S. bus imports in terms of units and value by

country of origin. U.S. imports of 2,184 units in 1977 represents a signifi-
cant increase over the previous ten years. With the exception of certain
Canadian manufacturers identified in prior sections, such as Motor Coach
Industries and Prevost Car, only two foreign hus manufacturers have been the
source of significant imports to the United States. Mercedes Benz accounts
for virtually all buses imported from West Germany and a subsidiary of Over-
seas Inns ({parent company of Eagle International) accounts for all buses
imported from Belgium. As discussed in the Bus Manufacturer Profile section,
Cantinenfa] Trailways, the second largest intercity carrier, had maintained
bus purchase agreements with Overseas Inns (which has a subsidiary with a
plant in Belgium}., With the devaluation of the U.S. dollar, the manufacture
of such units outside the United States became economically unsound and Eagle
Internat fonal was formed in 1973. Production of the Belgian units was
gradually phased out in 1975 with Eagle International assuming production of
all Continental Trailways buses in the United States.
3-51
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TABLE 3-19

U.S. BUS EXPORTS

New Buses Used Buses
Gas Engines Diesel Engines

Year Units Yalue Units Yalue Units Value
1977 2,417 $30,083,419 1,523 $43,009,743 953 $4,168,148
1975 2,526 51,498,626 557 26,601,451 598 2,891,924
1975 4,621 86,101,082 432 21,909,768 620 4,349,393
1974 2,607 15,391,587 455 13,649,000 381 1,545,689
1973 2,068 11,188,240 287 5,830,917 324 1,175,850
1972 2,579 13,179,882 206 4,132,188 266 799,222
1971 3,33 14,435,144 414 4,664,188 355 1,271,542
1970 3,141 11,978,367 359 6,527,308 297 945,006
1969 2,686 11,001,298 180 3,888,541 307 704,549
1968 3,952 19,736,151 371 6,139,753 606 1,637,171
Source: U.S, Bureau of the Census, U.S. Exports, FT 410, Schedule B, Commodity

S e e
R g \.', L )

by Country, 1968-1977.
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1977
1976
1975
1974
1973
1972
1971
1970
1969
1968

£5-¢

TABLE 3-20
U.S. BUS IMPORTS

Total Imports Canada - United Kingdom Belgium West Germany Others
Units Value Units Value Units _Value Units Value Units ~ Value Units Value
2,184  $32,736,572 2,045 330,702,553 42 $125,315 - - 90 $1,674,983 4 310,446
1,118 42,775,336 927 37,435,730 46 960,152 35 $2,177,911 108 2,133,570 2 67,973

881 20,113,458 545 7,484,196 40 116,274 149 8,921,151 141 3,546,608 6 45,229
1,319 28,504,289 561 6,969,929 24 46,840 262 13,384,153 469 8,033,367 3 70,000
1,230 25,375,908 794 6,316,020 53 66,460 307 17,735,226 72 1,183,276 4 74,926
1,433 23,855,177 779 7,137,549 52 113,633 306 15,154,884 125 1,200,763 ! 248,348

959 21,456,271 370 3,342,758 27 26,027 328 15,911,197 234 2,176,289 - -

752 17,228,225 374 3,581,444 27 64,075 278 13,089,103 72 491,043 1 2,560

478 12,894,227 166 1,393,697 22 50,335 251 10,794,048 38 640,262 1 15,885

433 12,562,821 109 925,521 20 49,764 266 10,745,567 37 839,299 1 2,670

1Inc]udes 169 units valued at $181,934 from Japan.

Source:

UsS. Bureau of the Census, Imports, FT 135, Schedule A, Commodity by Country,
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RAW MATERIAL - COMPONENT - AFTERMARKET SUPPLIERS

As illustrated in Figure 3-1, bus manufacturers obtain raw materials and
compenents from suppliers and manufacturers. The bus aftermarket is served
by those same firms which are classified as component suppliers, These
suppliers and manufacturers also supply the large auto and truck manufacturing
industr ies.

An examination of sales figures developed by the Motor Vehicle Manufac~
turers Association presents the relative importance of the bus industry to
suppliers when compared to the much lafger auto and truck industries. In
1978, auto, truck and bus sales were estimated to be 7,654,889 units, of
which buses accounted for an estimated 35,342 units or 0.46% of the total.
Table 3-21 lists some suppliers which have heen identified during interviews

with bus manufacturers.

BASELINE INDUSTRY FORECAST

In order to measure the economic impact of the proposed bus nofse
emission levels selected for study, a baseline forecast of industry activity
was established. Against this forecast, estimated post-regulation activity
will be compared so as to measure the change.

{a) Transit Buses

Based upon the APTA Market Forecast and interviews with UMTA officials,
the future market forecast for transit buses has been estimated to be a

slowly growing market. Table 3-22 shows this expected market.
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TABLE 3-21

SELECTED SUPPLIERS TO THE BUS MANUFACTURING INDUSTRY

manufacturer

Bendix

Borg-Wagner
Caterpillar
“Cummins

Dana

Donaldson

Eaton

Garlock (Stemco)
Midland~Ross

Modine

Questor (A Parts)
Rockwell International
Wagner Electric
Wallace-Murray (Schwitzer)
West inghouse

Young Manufacturing

(5 W11 ione) " amponent
$2,481 Engine Accessories
1,768 Radiator
4,082 Engine
833 Engine
1,070 Transmission
120 Air Cleaner, Muffler
1,760 Axle
151 Muffler
415 Engine Accessories, Frame
128 Radiator
384 Muffler
4,409 Axle, Brake
236 Engine Accessories, Brake
330 Radiator Fan
5,799 Engine Accessories
36 Radiator

Source: Interviews with bus manufacturers; Dumn & Bradstreet.
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TABLE 3-22

BASELINE FORECAST: TRANSIT BUSES

Year Production {units)
1979 4600
1980 4700
1961 4800
1982 4850
1983 4900
1984 5000
1985 5050
1986 5150
1987 5200
1988 5300
1989 §400
g 1990 5450
: 1991 5500
f\ 1992 5600
d 1993 5675
§ 1994 5700
g 1995 5800

Source: EPA estimates based on telephone conversation with Mr. Wilbur Hare,
Transit Assistance, UMTA and forecast rangaes developed by the Ameri-

i can Public Transit Assoctation as described in United States Transit

i Industry Market Forecast.
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{b) Intercity Buses. The intercity bus industry has experienced a

recent increase in production. A survey of manufacturers indicated that a
steady increase in production can be expected throughout the rest of the

century, The estimated market is shown in Table 3-23.

(¢} School Buses, Industry and DOT officials indicate that slow
growth can be expected in the school bus industry. This market is dependent
upon many types of federal and local regulations and programs. A continued
shift toward diesel and parcel deljvery models can be expected. The estima-

ted demand for all types of school buses 15 shown in Table 3-24,
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TABLE 3-23

BASELINE FORECAST: INTERCITY RUSES

Year Production (units)
1580 1710
1981 1850
1982 1975
1983 2000
1984 2080
1985 2085
1986 2100
1987 2180
1988 2200
1989 2240

EPA estimates based on Commercial Car Journal, "Industry Trends
and Statistics®, June 1978; Automobile Manufacturers Association,
Motor Truck Facts, 1971; Department of Transportation, Interagency

Study of Post=1980 Goals for Commercial Motor Vehicles - Executive
Summary, July 1976; Telephone conversations with: Mr, Harold
Morgan, American Bus Association and Mr. Bi11 Chaddick, Hausman
Bus distributer,
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TABLE 3-24
BASELINE FORECAST: SCHODL BUSES

Year Production {units)
1979 30,000
1380 30,300
1981 30,500
1982 30,700
1983 31,000
1984 31,300
1985 31,500
1986 31,700
l9a? 32,000
1988 32,300
1989 32,500
1980 32,700
1991 33,000
1992 33,300
1993 33,500
1994 33,700
1995 34,000
1996 34,300
1997 34,500
1998 34,700
1999 35,000

EPA estimates based on telephone conversations with: Mr, David
Soula, Pupil Transportation Director, Department of Transporta-
tion; Mr. Jerry Dior, International Harvestor; Mr. James Buxton,
Truck Body and Equipment Association, Inc.; and Mr. Scott Sickler,
Ford Motor Company.
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SECTION 4

BASELINE BUS NOISE EMISSIONS
Noise emissions from urban transit buses, intercity buses and school
buses were measured by EPA In a series of tests., This section describes the
results of these tests plus additional noise emission data obtained from
existing studies and from industry. Noise levels were measured as A-weighted
sound levels at 60 feet using SAE J366b or the EPA test methodology in most
cases,

1. Urban Transit Buses

Exterior and interior noise level measurements for urban transit buses
are presented in this section. The data include noise Tevel measurements
conducted by EPA as well as data supplied by industry.

Exterior Noise Levels

Noise Tlevel measurements taken for EPA of 24 in-use "New-Look" type
urban transit buses along with mean levels and standard deviations are
presented in Table 4-1 for various measurement procedures.

The variation in noise levels between in-use buses of identical con-
struction is thought to be due to the following reasons:

The maximum noise occurs at transmission shift, which does not
always occur at the same engine rpm or test Jocation for each test
for older buses.

The rear engine compartment doors for the older buses tend to be
i11-fitting and failed to JTock on many of the buses tested causing
some variation between test runs.

The difference in noise Tevels between the curbside and streetside of
the buses occurred because the fan and radiator are located on the street-

side of the bus causing higher levels on that side.
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TABLE 4-1

Summary of Exterior and Interior Nc_n'se Levels
for In-Service "New Look" Transit Buses

MAKE AND EXTERIOH NOISE LEVELS {SOFT | .. .
WODFL NO, | TRANSMISSEON LSAE 1 Inhb) PULL-AWAY STATIONARY IM] INTEHIUH NOiSE
) STRLET SIDE | CUHB SIDE | STREE E | CURB SIDE | STREET SJDE | CURB SIPLE REAR
GM-6504 Ausambli i3 1 Lb 19.5 - . 81
{33) (80.7) (H6.5) (19.5) (818
GM 6302 Autumstic 52 .5 L 79.5 - -- T
(81.7) (78.7) (82) (19.5) thh.A)
GMe31d Autamatic 84 80 .53 Lk - - 895
(511 {19.7) (65} (4241 (Ba.H)
GMAGID Aulomatic LH [ Bl1S 76.25 - -- LA
(82 (L] (K2} ) (%)}
GM 6400 Automatic H 9.3 1} 7425 -~ -~ (1B
(B1.8} (14.1 (] (15 (8.2}
GM-£401 Aulomatic #4.24 831 B35 B0.5 . - B
(34 (824) #5.3) (80.3) 6.9y (== (137},
GM£121 Automatic 86.1 3.4 1] K125 e - B2
(85.7) (1.3 (85 8) (82) Bb) (==} {813}
GM 5408 Adlumati " L2 Hl 7618 e - Bl
(W.n (3 (80.7} (Ta.13) -~) (-~ [LER]]
Ghi6alh Aulomstic a s 23 i 8y - 20
(R} {T4.2%4 (8457} L) 186.7) -~ (18 4)
GM+450) Automatic - .75 BL1S - L1 - B7
== {Th.5) (815} nn [Li1] {--} {H5H)
GM+£702 Autamati His a5 ¥9.2% ™ b7 kL] BsH
(H1.0 (816} 149.25) (775} (T (T4) (844)
GM-6601 Anlomatic ALS ” 815 17 BT ™ B
i822) {m 18L.1) {76.8) (87 (¢17] {82 .H)
F1X.0808 Aulamalic Bl 40 b5 768 2] ™ 86
{B0.H) 180) 2.1 {18.5) (6%) [£23] (85.0)
FLX 6412 Automalic 8075 ™5 B 675 87 " 35
{e0.7) (19.7) {H1.25) {16.3) (3] my {8%5)
FLX-6R26 Aulomalic B0 T8.3§ LTS TS [L] kL) 86.75
{80) (18.5) {7 (26.0) {86) 1307] (858}
FLX-6800 Automulic 8228 5.3 A2 |1} 9l s BS
(4217} [L1]] [LIn} (81} v [§7] {64 B)
AM-1118 Autamstic 7974 2015 [1R]] .35 B 4] 1
: (1. (80.7) {B1.5) (78.3) (A%} (80) (a05)
AM:7120 Awtomati; L] BD.7% 1.5 1928 &9 6 &.75
. (EQ) (B0.7y (02.5) (19} 89) {78) anh
é AM-7130 Automatlc L) st [ 1B T1.7% 8 ™ 8018
H (80) (88) (83.3) (717.5) (84) (] (80}
- AM-713% Automatic 50 1 [N 7175 BK ™ a81.25
) (BO} (60.4) (82) mm (88) ™ (18]
‘ AM 1540 Automatic £1.7% 7.1 BO.5 % 33 7% £0.15
(81.2) (1.5) 30.3) {78.7) 43y (1) 1196)
, AM.T345 Autumatle I w .25 758 83 4o 435
A {11.5) {78.3) (™ 3} 1] 83) (RO} (80.5)
:‘ HM-50/51 Standard 1878 WIS Bl 17 1] ) 42,73
: (.7} {5.4) (131} {16.6) {58) (76} (194}
: FLX 6507 Automalic 8} 1] 825 9.3 88 1 a3
H 0.0 LX) (815} (%) (88) (76} #19)
. MEAN &L3 o b9 B 87.2 64 (1% )
. (%1.3) (19.8} (814} 78) 8.1} (7h.4) {834)
' £TD. 19§ 1.53 PR 1] 1.7 m b 1] 167
. (19 (1.44) (3.25) e {l.en (zan (287)
NOTE: Nunibers in p heses nra computed from all data, while numben nat In parenibises 3te compuled f20m the two highest nolis lawtls.

Bl gt s

e ——— L et



Histograms of in-service transit bus exterior noise levels under maximum
acceleration, pull-away, and stationary conditions under maximum acceleration
test conditions are shown in Figure 4«1,

Exterjor noise levels of two GMC "New-Look" transit buses tested in
Seattle, Washington under different operating conditions are given in Tables
4-2 and 4-3, (Ref. 1,) The buses are designated as #440D and #704. Attention
should be given to a comparison of the noise levels on the streetside and
curbside.

The Fixible Company has performed an extensive serjes of exterior noise
measurements on their "New-Look" type transit buses as summarized in Table
4-4,

The data presented for new and in-use transit buses indfcates that the
median design level of new transit buses should be 2 to 2.5 dB below a
"not-to-exceed" standard.

General Motors Corporatien has recently initiated a "Quiet Bus Program,"
(Ref. 2) For a GMC "New-Look" bus before it was "quieted," Model No. TBH53D7A
GMC reports a mean noise level of B80.5 dB using a modified SAE J366b test
procedure with the fan off, and B3.7 dB with the fan on. This model is a 40
ft, 53 passenger urban transit bus powered by an 8Y-71 diesel engina. GMC
also reports that for 15 identical transit coaches of this model (T8H 5307A)
using a modified SAE J366b maximum acceleration procedure (1ike the EPA Test
Procedure) a mean noise level of 81.2 dB with the fan off (standard deviation
of 0.43) was measured while a mean level of B83.9 dB was measured with the fan
on {standard deviation 0.75). {(Ref. 3)

In four trials, while using a special dual! muffler configuration, GMC
was able to lower the noise level of the "guieted coach” to just over 75 dB
under acceleration on the left side of the test coach and less than 71 dB on
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FIGURE 4-1(1)

Histograms of In-Service "New-Look" Transit Bus Exterior Noise Levels

SAE J36bh (Acceleration) Pull-Away, and Stationary Runup Test Levels.
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FIGURE 4-1(2)
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TABLE 4-2

Exterior Noise Levels at 50 ft, Bus #440D (GMC “New Look")

Test Description

Acceleration, J366h Test
Acceleration, J366b Test
Deceleration from 30 mph (no brakes)
QEceieration from 30 mph (no brakes)
Coast-by 30 mph

Coast-by 30 mph {hydraulic fan off)
Coast=by 30 mph {hydraulic fan off)
Coast«by 55 mph

Sound Level, dB

Interior
Accessories Curbside Streetside

OFF 77.5 84.0

~ON 77 81.5
OFF 67 66
ON 70 N
OFF 70 71
ON 71 71
OFF 68 70
OFF 77 80
ON 72 76

i Cruise 30 mph

: Source: Reference 1
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TABLE 4-3
Exterior Noise Levels, Bus #705
{GMC "New Look")

Sound Level, dB
Test Description Curbside Streetside
Curb ldle -5 ft 77 -
gg?o?g?é.wégirogg:ner ~ 5 ft 88 -
gggogg?é.wgggrogggr -~ 5 ft 90 -
10 mph Drive By - 50 ft 66 73
30 mph Drive By - 50 ft 72 78
55 mph Drive By - 50 ft 78 87
25 mph Acceleration - 50 ft 75 81
50 mph Acceleration - 50 ft 78 86
30 mph Deceleration - 50 ft 71 77
55 mph Deceleration - 50 ft 77 84
55 mph Coast By - 50 ft . 77 84

Source: Reference 1

T e, et Y i it - =

4-7

o e e e e e i i oo S i s e BTN e



TABLE 4-4

Flxible "New-Look" Type Transit Buses Exterior Sound Levels
at 50 feet Wide Open Throttle Acceleration

Sound Level, dB

Coach Number of
Length Engine Buses Models __CLurbside Streetside
(feet) Tested
Mean Standard Mean Standard
Deviation Deviation
40 6V-71 7 53096-6-1 80.46 0.55 82.25 0.69
53102-6-1
40 8v-N 9 53096-8-1 80,92 0.87 82.05 0,73
53102-8-1
35 6v-71 3 45096-6-1 82.16 1.26 83.17 0.76
35 BV-71 1 45102-8-1 80.50 82.00
Source: Flxible Company
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TABLE 4-5
GMC Quiet Bus Program {"New Look" Type)
Exterior Sound Levels 8 50 ft (Wide Open Throttle Acceleration)

Run Left Side (dB) Right Side (dB)
1 75.3 71.5
2 74.9 70.0
3 75.8 71.4
4 75.1 70.6

Source: Reference 2
the right, GMC indicates this developmental coach would meet a regulated
level of 78 dB. Exact results are shown in Table 4-5. The test used is a
modified SAE J366b test with the starting point adjusted so that the trans~
mission shift, and therefore maximum noise, is achieved in the test zone.
A1l cooling fans were running during the test,

General Motors and Flxible have virtually ceased production of "New Look"
transit buses in the U.S. A Canadian company, Flyer, still sells "New Look"
buses, but the supply of them is 1imited. Flyer buses are very similar to the
AM General "New Look" buses and can be expected to emit similar noise levels.

Both General Motors and Flxible have introduced a new line of Advanced
Design Buses (ADB's). The Urban Mass Transportation Administration (UMTA)
specifications for ADB's require these buses to meet an 83 dB not-to-exceed
exterior standards. These vehicles have been less extensively tested,
however, since their drive train {is essentially the same as the "New Look"
drive trains, their noise levels can be expected to be similar to those of
“New Look" buses,

Using the EPA test procedure, General Motors has found the exterior
noise levels for their RTS Il ADB's to range from 82 dB to 85 dB. The
average level is 83 dB, but 40% of the buses exceed that level, Grumman
Flxible tests of two of their 870 ADB's demonstrated exterior noise levels
of Bl1.25 dB and B4.5 dB, under the EPA test procedure,

4-9
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AM General does not produce ADB's but instead assembles articulated
buses which are imported frem the M.A.N. company in West Germany. These
buses employ in-line & cylinder turbocharged engines which are mounted under
the floor in front of the mid-axle. The drive train is quite different
from that of the "New Look" and ADB, however, the noise Tevels are similar.
AM Geperal says that the buses have average noise levels of about 83 dB,
which 1s sufficient to meet UMTA requirements. (Ref. 23)

Other than the “New Looks" ADB's and M.A.N. articulated buses, there
are few other types of transit buses in service in the U.$5. There are some
doubTe deck buses made by British Leyland and Neoplan in use, however, the
market for these is not strong. Similarily, articulated buses made by lkarus,
Yolvo, and Hamburger Hochbahn have been demonstrated in the U.S., however,
they have not captured a significant share of the market. These buses tend to
emit noise levels similar to those of standard North American buses except for
the Hamburger Hochbahn bus, which is somewhat quieter.

Interior Nojse Levels

The Fixible Company reported that the mean interior noise level measured
24 inches from the rear window of their “"New-Look" type transit bus under
maximum acceleration conditions was 83.5 dB with a standard deviation of
0.75. They also reported that interior noise levels of some coaches can be
87 dB at the shift point. (Ref. 4}

Figure 4-2 shows a histogram of interior noise levels of in-service
transit buses measured at the rear of the bus during statiomary run-up
tests, -

Interior noise level measurements of two GMC transit buses, presented
ifn Tables 4-6 and 4-7, indicate that carpeting will slightly lower the noise
level in the interior. Inside the non-carpeted buses, Table 4-7, no difference

4-10
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Histogram of In~Service Transit Bus Interior Noise Levels
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TABLE 4-6
Interior Noise Levels {Empty Bus), Bus #4400

(GMC “"New Look")

Test Description

Sound Level, dB
Without Carpet

With Carpet

Standing Seated Standing Seated

10 mph ~ Front

Middle
Rear
30 mph - Front
Middle
Rear
55 mph - Driver's Ear
Front
Middle
Rear
0~55 Acceleration - Front
Middle
Rear
55-0 Deceleration - Front
Middle
Rear

Standing ldle - Accessories Off, Middle
Standing Idle - Accessories On, Middle
10 mph - Accessories Off, M1dd1e

30 mph - Accessories Off, Middle

55 mph ~ Accessories (ff, Middle

68
70
74

73
75
80

79
79
84

B8]
82
78

78
80

67
71
74

72
76
B1
77
79
79
83
79
81
84
76
77
81
63
69
67
72

78

68
70

72
73
78

77
77
84

77
79
84

75

77
8]

67
70
75

71
72
78
77
75
77
83
76
79
84
74
77
83
61
68
63
69

76

Source: Reference 1
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TABLE 4-7

Interior Noise Levels (Empty Bus), Bus #705
{GMC “New Look")

Test Description

Sound Level, dB

Standin Seated
10 mph - Front 74 73
Middle 75 75
Rear 79 78
30 mph - Front 75 74
Middle 77 77
Rear 85 84
55 mph - Front 77 78
Middle 79 80
Rear 85 85
0-55 Acceleration - Front 78 18
Middle 82 81
Raar a9 86
55-0 Deceleraticn - Front 77 76
Middle 17 79
Rear 86 85
Source: Reference !
4-13
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in nolse level appears evident from a change in the height of the microphone
for noise levels taken at any one measurement location. This indicates that a
sitting or standing passenger in the same general area of the bus receives
the same noise exposure.

GMC also reported a reduction of interior noise levels for its "Quiet

Bus." The technical approach for quieting the bus is summarized as follows:

Nolse Source Quieting Method
Engine Enclose and acoustically insulate engine
Cooling system Install remote cooling system
Exhaust Install large volume double~wall insulated
muffler
{ Air conditioning Enclose and insulate air conditioner com-~

pressor compartment

Measurements were made at ear level in various coach seat positions
during wide open throttle acceleration and maximum sound levels were recorded.

Observed data are shown in Table 4-8.

TABLE 4-B
GMC Quiet Bus Program ("New Look“-Type) Interior Sound

Levels (Wide Open Throttle Acceleration)

Interior Standard Quieted
Microphone Coach Coach
Location (d8) (d8)
Rear 81 76
Center 79 72
Driver 73 70
% Source: Reference 2
4-14

T T e b b, o e A e

T s bRt



Component Neoise Levels

For diesel powerad urban transit buses of current configurations, the

important noise sources are the engine exhaust, engine case radiation, cooling
ifan, air intake system, chassis, and tires. Data on relative contributions of

these sources (minus tire noise) were obtained for a GMC "New Look" transit
bus during tests conducted by EPA., (Ref. 1) Additional data were obtained
from tests conducted an "New Look" type buses for the U,S. Department of
Transportation (DOT) by two major transit bus manufacturers, (Refs. 5,6) The
daté are summarized in Table 4-9. A1 buses were 40 feet long and had Detroit
Diesel 8¥-71 engines except for the Flxible bus which was a 35-foot bus with a
6V-71 engine. The GMC and Flxible buses demonstrated the potential of
feasible retrofit techniques to lower bus noise., The manufacturers' con-
tracts with DOT required them to make these retrofit parts available to
transit bus users, (It should be noted that the GMC data in Table 4-9 were
not obtained during their "Quiet Bus Program" but rather under the retro-
fit study for DOT.) (Ref. 5} An independent estimate of transit bus component
noise lavels conducted by Wyle Laboratories (Ref. 7) is alse included in Table
4-9,

The main contributor to interior noise for transit buses is the engine.
Engine noise is transmitted through the panels by vibration and by flanking
paths. The latter two sound transmission paths are very difficult to control
and are thought to be the limiting factor to interior noise reduction.
Air conditioning ventilation noise is alsoc a contributing source to interior

noise levels,

4-15
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TABLE 4-9

"New Look"-Type Transit Bus, Component Exterior

Noise Levels, dB at 50 Feet

GMC Fixible
h, T PLE SO

Engine Mechanical 75 73 A 79 75 79-80
Exhaust 80 76 74 79 65 80
Cooling Fan 81 84 73 17 73 78-85
Intake 70 60-75
A1l Other Source. 70 76 76 65 65 68-73
Overall Sound Level B84.5 85,5 80 83.5 78 84-87.5

Source: References 1, 5, 6, 7
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2. Intercity Buses

Exterfor and interior noise level data were gathered on intercity
buses for the three major U.S. intercity bus manufacturers (Eagle Inter-

natfonal, General Motors Corporation and Motor Coach Industries).

Exterior Noise Levels

Exterior noise level data, measured by EPA, of 12 newly manufactured
intercity buses under varfous test procedures may be found 1in Table 4-10
(Ref. 21}. The buses tested emitted average exterior noise Tevels at 50 feet
ranging between 82 and 87 dB under wide open throttle acceleration conditions
{SAE J366b) with a mean level] of 85.5 dB. In addition, SAE J366b deceleration
tests were run on two intercity coaches with engine brakes fully engaged.
The buses emitted average maximum nofse levels of 89.4 dB under the SAE J366b
deceleration procedure as compared to average maximum noise levels of 87 dB
under the SAE J366b acceleration procedure, The standard deviations exhib-
ited in the data indicate that 2-2.5 dB difference between an engineering
design Tevel and a "not-to-exceed" regqulatory level appears adequate for
intercity buses.

Data measured by using the SAE J366b procedure for a GMC manual trans-
mission production intercity coach Model PBM4905A (Ref, B8) are shown in Table
4-11.

TABLE 4-11
GMC Intercity Bus Exterior Noise Levels at 50 ft
Wide-Open Throttle Acceleration Test

Cooling Fan On Cooling Fan Off
Streetside Curbside Streetside Curbside

84.2 dp 81.4 dB 80.6 d8 79.1 dB

Source: Reference 8
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TABLE 4-10

Summary of Exterior Noise Levels at 50 ft. For Intercity Buses

AWEIGHTED SOUND LEVELS dB(A) AT S0 FEET
(SAE JIbob}
. STATHINARY MAXIMUM
‘nl:::{ wo, | MOBEL | TRANSMISSION MAXIMUM PULL-AWAY STATIONARY 1M1 GOVERHED SPEED
STREET SIDE | CURBSIDE | STREET SEDE | CURHSIDE | STHEET SIDE | CURM SIDE | STREET 3IDE | CURB SIDE
51 MC-8 Sundard L1 (73] %y [}] 195 ™5
11 1104) [[ERIT) .30 3R] 1o
L1351 4] NCS Stndard 8 31 (] .75 w "
[LL*]] (8.3 [(}5}] (79.80) (.34 (1)
51138) (] Aviomaile (22 ns 1] " 1128 w05 b
[FER]Y 1924} (83.82) (1R (17.24) (1) {0
11 U] Automack 13 “i BATS (331 26.2 . ] "
5.5 (31 aed) 8263) (H8) (#06) s 1]
513389 NC8 Aulomulic “s Tl “ [} 8678 " [IE} "
{4 25} {1975} [(32L]] {80.75) 854) 175.30) ™) 7.5
31022 MCSB | Sundud 1.1 s 90.15% e ] 5 » ”
L1} (298] {1933) e [11R]} (%38 oy (16)
123 WC-SH | Sundard st ¥l we " (R 2028 ] "
a50) 3] (025} o (15.23) 89 1 [1:1)]
X 19099 os Sitndard us B - -— "l BS g 113 [’X)
. (4.8 1445) LR [E1RT] (LN} ny
3 19704 ] Suadurd (1% ] LT - - ] s 53 "
) (84.3} (840} [LFA))] [LIN]] (8083 (81.6)
i vera 8 $ndnd 1) 13 - - n s » ns
: {84y ) [ ) 18213 (40.5} a3
977 os Standaid ] (7] -- .- LY ] us i} 1]
. (] [31]] (40.4) (829) (h08}
' - 17 Autoratis ans 1l - - hi) KT n4
(HL4) (196) may (118 7343 (220
R Mean AN a [2X] M4 "y na "3 (1] w1 Wi
: : (#45) 14194 (19) [tTRJ} ) (8.3} (e nn
; 2. Dy, Al A 133 109 1ot [F] 11 1 208 24
: {m (200) (L] wa) wo) Gm {191 [e 1]}
) Mass [T ) Al B 0e 1 ng 3] [ 03 e
¢ .0 {11k [{TR/] @an.n 353} ) (1) (134}
H £54. Dev. WC Al 26 [B1] 181 [EL] n 10 k. ] 154
; [ H {10} 1 a9 1131 i 42 owm { &5) [(AH]
! ein WCSH | Sundard wi n ne* [ [} 0e LIX] ”
: (0341 (L] 111 3] aes) LB ) [ H) ma
'i 14, Byr. NCB | Sandard .8 0 F T 5 3 A3 n [
; (] {04 {78} (] {.am { a0 {0 [}
1 [ 08 Sndart ” Y] -— - [ [}3] s
' 123 [[TF] s [LTF)] (E15)
! [17% % os Stundard 51 5 - - a8 k| 1 5]
l‘ [ 1] ] {an (.99 n (1A%}
| e L Avlomatic LIE] " - - L] ni A ns
i (LI} (o9 (M4 (7160 154} 1221
$1d. Do, 17 Automsile [ [ - - ] a8 it 0
. (. (14 In {141) (3 1803
i SDacabratich thus with sagine Maks.
E NOTE: Numbary bx pRIoaiiasH sh compdted 1om all da10, while psmibdh RO HN pAFTREMREY BTw GOMPULrd [ioih (DY 1w Rightil M Wvels,
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In addition, during a2 demonstration at the GMC noise test track in
Pontiac, Michigan, on December 16, 1975, wide open throttle acceleration (SAE
J366b) noise levels at 50 feet of 83.4 and 84.1 dB were measured on the
streetside of a GMC intercity coach while 82,8 and 83,2 dB were measured on
the curbside, (Ref., 1} The test was performed with the transmission in second
shift.

Motor Coach Industries (MCI) reports a curbside noise level of 82,5
dB and a streetside noise level of 85 dB using the SAE J366b procedure., At 70
mph cruise conditions, the same bus was said to produce 80.5 dB on the
curbside and 82.5 dB on the streetside. (Refs. 9,20)

Wyle Research {(Ref. 7) estimated wide open throttle acceleration noise
levels for intercity coaches at 84 to 86 dB, which is about the same as their
estimate of 85.5 dB for urban transit buses with BY-~71 engines,

Under high speed cruise conditions, tire noise levels at 50 feet may
reach 75 dB at 55 mph for rib-type tires used for intercity coaches.
(Ref, 6) This estimate is based on measurements conducted by DOT and the
National Bureau of Standards at Wallops Island, Virginia, on a loaded Inter-
national Harvester Truck (Model No. 1890} of 25,640 pounds GVWR.

Interior Noise Levels

Tabie 4-12 presents interior noise level data for 12 intercity coaches
recorded during varifous testing procedures. It is interesting to note that in
certain cases up to a 10 dB difference in noise level is present from the
front of the vehicle to the rear of the vehicle,

Besides the data reported in Table 4-12 Eagle International reports
ievels of 72 to 73 dB at the rear seat at 50 mph, (Refs. 10,21) after noise
treatment had been added around the engine compartment,

MCI reports levels of 70 to 71 dB at an unspecified seat location in
their MC-5 35-foot coach. (Refs. 9,20) MCI also conducted weasurements under

4-19



TABL

E 4-12

Interior Nofse Levels for Intercity Buses

AWEIGHTED SOUND LEVEL, dM{A} AT 50 FT.
L " STATIONARY
sy No. | MODEL | TRANSMISSION ”i’g&",’igﬁ” on | vurLaway | STATIONARY |~ maXamum
ACCELERATION i GAVERNED
SPEED
s MCK Standard Fren 5 7425
Mid 7113 73
Ress %25 3 4.3
51217 MCH Standard Frant 0,78 215
M n 72
Tear 1828 n 187
S11139 MC:H Aulvinatke From n n 73
Mid 1 " .y
Hear 75 EiE] 766 ILY )
12139 MC.H Automalie Frunt 73 1.7 12
Mid 4 428 118
Rear R0.2% ] 1.5 4
§ 1258 MCS Automatic Frunt il B 3
Mid 7 k] 0,15 »
Rear 1 1535 kL) i
$12302 MC.5h Suandany Front M6 .28 758
Mid 18 8.5 7828
Rear 9,13 19.25 185 1635
§$123323 MC-5B Stendard Frant 7128 5.1 pLR ]
Mid 16.78 T4.3 RN
Rear 1} 95 80,15 ]
19699 os Standap From T1.28 -— ns 0
Mid 76.5 1538 ——
Rear 81.75 . 5 .11
. 19704 L1 Standard Frem 8925 -- 1225 &
Mid 475 1238 10
Rear L]} X4 1)
9478 L) Sandard Fron 47,78 -~ W0 66
. MR 7 1128 T3
Reat 62 - %]
; 917 o5 Standard Fron! 7075 — n 9.5
. Mid n ) 175
. Rear a2 [ Y24 L]
- 17 Autosatic Front ki - ki1 7
- Mid 79.25 0% kks
G Hear B4 M 83
: Men M Al Tew #0.) 3 ™l 3
» Sid. Dy, Al Al Reat 108 1.16 281 136
Mean ML Al Réar ms 73 %6 743
¥ Sid. Dev, MC.8 Al Rear 137 L (M3} g8
, Mean Mesg | Sungara Rege U4 LY 13 9
iL §1d. Day, Me.Sp Standmd Reat i it L1 139
s Hewn 0s Standard Rear 517 - 52 L'}
‘ $1d. Dev, [1}] Standard Rear Al 29 ]
Men 17 Aulorslic Resr ™ - w“ 83
: S1d, Dev, 17 Automatle Rewt 1] 1} 0
i
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stationary and cruise conditions at various locations 1n the coach witn ana
without approximately 90 square feet of sound insulation (Baryfoil #10.25)
between the engine compartment and passenger compartment. This insulation
was found to have no consistent effect on interior sound levels, which are

summarized in Table 4-13,

TABLE 4-13
Interior Sound Levels 1in

Rear of MCI MC8 Coach, dB

Normal High Max1mum 60 mph

Idle Idle rpm Cruise
Standard Coach 64 65 69 73
Insulated Coach 63 65 72 72

Source: Reference 9,20

Bray (Ref. 11} reports average sound levels for intercity coaches of
74 to 78 dB at the front seat and 70 to B4 dB at the rear seat.

Levels under normal street acceleration conditions at the rear seat of
a new GMC intercity bus ranged from 80 to 84 dB, compared to 77 dB at cruise
(30 mph) and 72 dB at idle. (Ref. 1)

For intercity buses, interior noise levels at pass-bys of 55 mph are more
representative of actual driving conditions than the interior noise levels
measured under maximum acceleration. However, maximum noise levels are most
11kely to occur under maximum acceleration conditijons.

Current Component Noise Levels

Data on component levels of intercity buses are presently not available
but are believed to be closely aligned with Urban Transit Bus component noise
levels. This is believed to be true since many of the same noise generating

sources (engine, transmission, cooling system} are similar on identical to
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Urban Transit Buses. Almost all transit and intercity buses use Detroit
Diesel 6Y71 or 8V71 engines with Allison transmissions. The reader is refer-

red to the Urban Transit Bus discussion on component noise levels for inter-

city bus component levels.

3. Gasoline-Powered Conventional School Buses

Exterior Noise Levels

Measurements taken for EPA of in-service and newly-manufactured, gasoline
powered, conventional school buses indicate a wide range of noise levels
between 73 dB and 84 dB under wide open throttle acceleration. The SAE
J366b acceleration procedure and the EPA measurement methodology were used
{see Section 8). The data indicate that the noise level depends on engine
size and Gross Vehicle Weight Rating (GYWR). Table 4-14 presents a summary of
noise tests that were conducted on in-service school buses in December 1975 at
Fort Belvoir, Virginia, and in March 1979 at RFK Stadium in Washington, D.C.
(Refs. 1,12)

Newly manufactured school bus noise data presented in Table 4-15 includes
data from:

. New 1976 conventional gascline engine buses

. New 1978 Sheller-Globe coaventional gasoline engine buses

+ New 1978 Blue Bird gasoline and diesel engine buses.

Table 4-16 shows a comparison of the exterior noise levels of conven-
tional gasoline engine school buses. Table 4-17 presents the reported schoo)
bus exterior noise levels measured using the EPA test methodology. Chrysler
Corporation also provided some noise data based on a Dodge gasoline truck

chassts that has identical components to their conventional school bus

chassis. These data are summarized in Table 4-18,

4-22
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Tests Conducted at Ft. Belvoir, Va., December 1975

TABLE 4-14(1)

Exterior Noise Levels at 50 ft., In-Service Gasoline Engine Conventjonal School Buses

) T FULLAW r g

SCIHOOL BUS TYPE Acctutm:gﬁn TanAY j Ul;;;l\MAY suﬂmr?uv to'ﬁlsl'f\ :JY INTIJI;;]::; :dl'lAl

v | DATEQF | oo cission E;‘;’;“ curbsibt | stresvsion [euknssos kmeersioe | curnsioekrreersion| coresioe [streprsior] iront REAR
ANUTACTURE {ind) X s | x s | x] s |x]s |x]s|x]s | x]s]x[s = 5| x s
23,000 IGH Standaid 345 BO.L | 095793 | 113 [NA.| NA. | KA. | NA. [645 | 185 [608 [ 135 [NA. | NA| NA.|NA. (855 | 16L{NA. | NA
21,000 1973 Standard 161 s | ooolsos | 270)ms|in. |88 Lo |87 |ose |eso] s [eso | 1o ]| eso 1o sags | ars| s | o
3,000 1n Automatic 361 820 | osa|8ss | 1.36|175| 087|786 (042 [as0 | 226|654 ] 298 {Na. | NA N KA JB3e | 122] 774 | s
22,000 1975 Automatie 361 835 | tso|sns | usef12.8] t.01] 771 |05 Jees [ 148860 |08 [Na. | Na] ma vl [Bras | oras| A | Na
23,000 1975 Automatic 330 (820 | 1D |ene | wp |re0| e [1as|en. |ess (oo |aro(an. [nal | wal KA Ra (820 | 1D | Na | Na
21,200 1975 Standard 330 | mas| o2s|7.2s | oas|Na | Nana tna fono |10 [s20)z0 |[ma. | na] va | NaALJa3s | 0as|snas | oas
21,200 1974 Standard %1 70 | o[ 178 ) o1n [ Na Nana (A [s2e] e [ s oo [N | wA] N vadfB3e | e [nas | N
19,700 1978 Standard 0 | Mo | 1o |20 | 1o e Na NA Raes | in [ rss{an. [NAL ] NaS Na | NA B35 | oo [Na. | N
17,900 1974 Standard s 803 | reo{m2 | 206)m0)ro. |19 o {812 |2a9 ear] 200 |Na. | nal N NA. [353s | aasinal | Na.
11,900 1978 Standasd B0 [ w0 | e l1s | oep [ NafNA KA NA 820 (LD | 825 | 1D. [NA. [ Nl Na | NA (40 | 1D [NA ] N
12,400 1978 Standard 3 | Mo | 1o |8 | os |NA)NAfNA]NA TS [0S [eas{3s |ess | ep] o|ip [s20 | 0o |8ras | o3s
17400 1975 Avtomatic 330 | 10 | 1D Mo [ b | Na] Na NANa 765 D | 1eo| i, [ Na | Nal] naf vafBras | 1o ] s | oL,
Al Hus Types 193 | 268|798 | 294 18{ 00|72 oss |azr (35 | s2efam |er2s| 1o ns| oo fpas | oesa|ea | o

N.A. indicaies dsta was not avallsble for that rest.

L.D. indicates there was insufficient data 1o compuie mean ot standard devlatlon,

X indicates mean

S indicates standard deviation
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TABLE 4-14(2)

Noise Levels at 50 ft,

In-Service Gasoline Engine Conventional School Buses

(1978 Wayne/Ford B-700/GVWR 23,160 1bs.

§-Speed Manual Transmission)

Wide Open Throttle Acceleration Test

Measured Maximum Exterior Levelg**
Vehicle Maximum
Test No. Body Governed Front Reference Rear Reference
No
Spead* Right Left Right Left
Fan On 4] 3,700 75.5 76.0 75.0 75.0
Fan On 44 3,600 78.0 79.0 77.5 79.0
Fan On 52 3,800 77.0 78.5 77.0 79.0
Fan On 46 3,700 74.0 76.5 77.0 76.0
Fan On 49 3,800 78.0 78.5 77.0 77.5
y ne no
Fan On 54 3,750 77.0 71.5 reading reading
Fan On 51 3,750 75.75 75,75 75.25 76.25
Fan On 56 3,700 76.6 76.4 75.75 76.4
Fan On 40 3,750 76.5 76.5 76.0 76.8
Fan On 50 3,750 71.0 77.3 76.5 77.3
A1l measurements Mean 76.54 77.2 76,33 77.03
Fan On Standard Deviation 1.20 1.15 0.88 1.34
Fan Off 43 3,700 75.0 74.5 75.0 74.5
Fan Off 44 3,600 76.0 77.0 76.0 76.5
Fan Off 46 3,700 74,0 73.5 74.0 75.5
Fan Off 49 3,800 71.6 71.5 76.4 17.0
no no
Fan OfF 54 3,750 75.75 76.6 reading reading
Fan Off 81 3,750 75.3 74.6 74.2 75.4
Fan Off 56 3,700 74.3 76.3 73.3 74.3
All measurements Mean 75.42 5.1 74.82 75.53
Fan Off Standard Deviation 1.20 1.50 1.21 1.07

* Measured with transmission in neutral

#*Tegts conducted on Arlington County, Yirginia, School Buses in March 1979,
Acceleration tests in second gear with fan engaged according to modified
EPA test procedure.

Source: Reference 12

ﬁ[‘":"i'i‘bi‘ i R Mian e e
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TABLE 4-15(1)

Noise Levels at 50 ft, for New (1976) Gasoline Engine
Conventional School Buses--Wide-open Throttle Acceleration Test

ACCELERATION TEST'*! (SAE J366b)

GROSS VEHICLE NO. OF BUSES
WEIGHT RATING EXTERIOR NOISE LEVELS* TESTED/TOTAL
(POUNDS) STREETSIDE CURBSIDE NO, OF TESTS
MEAN  STD. DEV.  MEAN  STD. DEV.
23,600 81.4 0.78 80.2 1.19 3/18
(81.0) (0.78) °  (80.0) (1.13)
22,000 82.8 2.55 80.0 1.68 7/46
(83.4) (2.57) (79.6)  (1.56)
20,500 81.7 0.69 79.7 2.53 2116
(80,9) (1.42) (78.5)  (1.42)
19,700 81.6 0.64 81.1 0.89 2/12
(80.0) (1.46) (79.8)  (1.57)
19,200 81.6 1.06 81.4 1.30 2/14
(81.0)  (1.08) (81.0) (1.62)
15,700 82.6 0.64 82.8 0.58 /6
(82.5) (0.38) (82.5)  (0.30)
A1l Buses 82.1 1.80 80.4 1.67 -

(81.9) (1.99} (79.8) (1.70)

*Only one reading was taken.

{1) Top row of numbers are noise level values computed in accordance with
SAE Standard J366b, i.e., taking the average of the two highest readings
which were within 2 dB of each other, for each bus in the GVWR class.
Numbers 1in parentheses were computed by averaging all readings for all
busest13 each GVWR class. “A1) Buses® values (last line) were similarly
computed, :

Source: Reference 13
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TABLE 4-15(2)

Noise Levels at 50 ft for New (1978)
Sheller-Globe Gasoline Engine Conventional School Buses «-
Wide Open Throttle Acceleration Test

Maximum Exterior Nofse Level

. Engine Transmission Engine
Vehicle Displacement  (Speeds/Type) Fan Front Reference Rear Reference
3 Right  teft Right Left
{in.”}
B7046 366 d4/automatic On 80.4 82.6 79.6 81.0
B7045 366 4/Automatic On 80,0 81.9 79.8 Bl.2
B4183 366 5/Manual On 81,3 83.0 80.8 82.5
B4180 366 5/Manual On 8L.5 83.0 80.6 83.8
Mean 80.8 82.63 80.2 82.13
Standard 0.72 0.52 0.59 1,30
Deviation
87046 366 4/Automatic Off 75.8 76.7 17.2 80.2
87045 366 4/Automatic Dff 76.2 77.9 76.9 80.0
B4183 366 5/Manual off 75.5 80.1 76.6 80.6
B4180 366 5/Manual Of f 78,9 az.1 78.6 82,1
Mean 76.6 79.2 77.33 B80.73
Standard 1.56 2.3% 0.88 0.95
Deviation
Source: Reference 14
4-25
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TABLE 4-15(3)

Noise Levels at 50 ft New Standard Engine 1978 Model
Blue Bird Schopl Busas --
Wide Open Throttle Accelaration Test

Maximum Exterior Noise Level

Tail Pipe Wheelbase
VYehicle Engine Locat jon {inches) Front Reference Rear Reference
Right Left Right Left

42376 INT1603A Right 254 86 87 84.5 86
42230 Ford Right 222 77 18.5 76 8
B600330
Fa2497 Chevrotlet Left 218 80.5 83 79 85
42287 Ford Right 242 79.5 79.5 78 79
87003561 .
43836 GMC Left 254 78.5 81 77 82
FA0138 INT1703H Right 187 82.5 8l.5 80.0 81
F40258 Chevrolet Left 254 79.5 BL.5 78 82.5
43850 Chevrolet Left 218 a0 83 79.5 86
350
42257 GMC 6000 Left 254 81 82 78.5 80.5
Mean 80.5 81.8% 78.94 g2.22
Standard
Gasoline Engined Buses N=9 Deviation 2.57 2.42 2.42 2,94

Source: Blue Bird

427
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Comparison of Noise Levels at 50 ft of
Conventional Gasoline Engine School Buses
Wide Open Throttle Acceleration Test

TABLE 4-16

Maximum Exterior Noise Levels*

Number of Right Side Left Side
Data Source Buses Reference Standard Standard

Measured Mean Deviation Mean Deviation
EPA Measurements 17 80.4 1.67 82.1 1.80
of New 1976 Buses
Sheller-Glohe 4 Front 80.8 0.72 82.6 0.52
New 1978 Buses Rear 80.?2 0.59 81.1 1.30
Blue Bird 8 Front 80.5 2.57 81.9 2.42
New 1978 Buses Rear 78.9 2.42 82,2 2,94
In-Service Front 76.5 1.20 77.2 1.15
Wayne/Ford (1978) 10 Rear 76.3 0.88 77.0 1.34

Buses

*The reported levels are the means and standard deviations of the four recorded
measurements for each of the vehicle references (front, rear, and right side,
left side) reported separately,

b e =
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TABLE 4-17

Reported Vehicle Noise Levels
(Per EPA Test Methodology)
Conventional Gasoline Engine School Buses

Reported
Type of Bus Vehicle Noise Level
(dB)*
Mean Standard Deviation
Sheller-Globe (New 1978) 82.8 0.79
With Fan
Sheller-Glgbe (New 1978) 80,7 0.95
Without Fan ’
Blue Bird {New 1978) 82.7 2.65
Wayne/Ford
(In-service 1978) 77.4 1.10
With Fan
Wayne/Ford
{In-service 1978) 76.2 0.94

Without Fan

e SN SRS g G 5 gy bt bt el Lot s

* The reported levels are the means and standard deviations
of the maxima of the four recorded measurements for each
of the vehicle references {front, rear and right side,
left side).
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TABLE 4-18

Noise Data Supplied by
Chrysler Corporation

Equivalent Engine Exterior Sound Level
Model Bus Displacement (SAE J366h)
Chassis (ina) dB
D600 $600 318 76.8 to 81.6
D600 & 5600 & 361 79.2 to 8l.3
D700 §700
D700 5700 413 79.1 to 82.6
Source: Reference 1
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While there is no clear trend as to which side of the older, conventional
buses is noisier (Table 4-14), exterior measurements from the new school
buses tested fndicate that the strestside (left side)} of the buses is gen-
erally noisier than the curbside (right side). It is believed that the
difference in standard deviations between the streetside and the curbside
measurements of the older buses indicates that the variation in noise levels
is probably a function of the test conditions and the age of the bus rather
than bus design itself. These data and past vehicle tests indicate that
production buses, if tested under carefully controlled test conditions, will
all produce noise levels within four to five decibels of each other. There-
fore, an allowance of 2 to 2.5 dB appears appropriate between the mean design
noise level and a requlated "not to exceed" levels.

Figure 4-3 shows histograms of measured exterior noise levels on each
side of the gasoline powered in-service school buses along with interior
noise levels at the driver and the maximum levels from all the buses. Figure
4-4 presents the same data for the new 1976 buses. Reported sound levels
(per EPA methodology)} are shown separately.

Octave band spectra for gasoline-powered conventional school bus noise
are shown in Figure 4-5.

Interior Noise Levels

Interior noise level data measured during wide open throttle accelera-
tion are shown for in-service and newly manufactured school buses in Tahle
4-19. Specific data include:

Interior noise levels of in-service schoo) buses tested December 1975
at Ft. Belvoir, Virginia measured during wide open throttle accelera-

tion
4-31
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FIGURE 4-3

Histograms of In-Service Gasoline Engine
Conventianal School Bus Noise Levels
(Wide Open Throttle Acceleration Test)
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FIGURE #-4

Histograms of Noise Levels fo. .4 {1976) Gascline Engine

Conventional School Buses Acceleration Tests (SAE J366b)
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FIGURE 4-5

Typical Octave Band Spectrum of
Gasoline Engine Conventional
School Bus Noise
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TABLE 4-19 (1)

Interior Noise Levels for In-Service Gasoline Engine
Conventional School Buses -- Wide Open Throttle Acceleration Tests
(Ft. Belveir, Virginia, December 1975)

SCHOOL BUS TYPE INTERIOR (dB)*
{J366b)
DATE OF ENGINE FRONT REAR
GVWR MANUFACTURE  TRANSMISSION SIZE
3 X S X 5

{in”)
23,000 1972 Standard 345 85.9  1.61 N.A. N.A.
23,000 1973 Standard 361 84.75 0.75 77.75 l.D.
23,000 1973 Automatic 361 83.9 1.22 77.4 1.18
23,000 1975 Automatic 361 81,25 1.48 N.A. N.A.
23,000 1975 Automatic 330 §2.0 I1.D. N.A. N.A.
21,200 1975 Standard 330 83.9 0.35 80.75 0.35
21,200 1974 Standard 361 83.0 1.D. N.A. N.A.
19,700 1975 Standard 330 83.5 1.D. N.A. N.A.
17,900 1974 Standard 345 85.75 0.75 N.A. N.A.
17,900 1975 Standard 330 8.0 I1.D. N.A. N.A.
17,400 1975 Standard 330 83.0 0.0 81,25 0.35
17,400 1975 Automatic 330 g1.25 1.D. 78.75 I.D.
A1l Bus Types 83.5 1,53 79.2 1.74

A1l accessories on

oAt e an sard deviation
andar v 0
é. Ina$cates ata was not available for that test.

*
X
a
1 indicates there was insufficient data to compute mean or standard deviation.

4-35
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TABLE 4-19 (2)

Interjor Noise Levels for New (1976) Gasoline Engine
Conventional School Buses -- Enqine at Idle Conditions
Stationary Tests (Complete Data for A1) Buses and A1l Test Runs)
(EPA Tests at Sandusky, Chio, June 1976)

vglatlsglrE ?v:ﬁ:slsi: :::.'ﬁ:;g ”&r;é';fsc,,"nggf,“ TR“’?.:},'ES'ON hzlese " ENGINE ONLY S""""”"iggsa:«'gﬁﬁ'ﬁ'&"°'sj LE:IE('JSINE & ACCYSSGRIES
NUMBER (POUNDS) (IN3y hﬁﬁﬁm‘t‘m— “REAR | FRONT ] MIDDLE | REAR | FHONT | MIDDLE | REAR |
1 13,660 VHC/Superior Manual 2 569 541 $5.) 8.4 721 7o | 012 "1 134
k| 23660 IHC/Superiar Aulomatic 32 513 $5.8 $3.2 T4 T8 7t0 me 132 23
4 21560 HC/Superior Automatic kLM 547 518 53.8 768 0.1 8 | 12 124 A
4 21,000 Ford/Superior Manual 110 550 340 §3.5 " 27 ™S 8.6 743 5.1
9 11,000 Ford/Superior Manual 130 - - e 7.2 7248 7 M3 150 54
1 22,000 Ford/Superior Manual 1] 518 560 56.5 764 T ns | ma 715 nl
12 12,000 GMC/Superior Manual 150 - - - 773 7073 03 | 177 730 718
13 22,000 GMC/Superiar Marial 350 58.7 500 540 768 728 742 | w09 768 7.2
T} 12000 GMC/Supetlor Manual 150 543 533 518 7.2 122 744 | M2 735 3
15 22,000 GMC/Superiot Manual %0 60,5 566 550 714 711 700 | %09 U5 ne
16 20,500 Chev/Superiar Manual 150 - -- -— 758 716 06 | %2 71 04
}] 0,500 ChevfSuperior Manual 150 581 528 5.0 131 109 T | 158 72 254
] 15,700 HC{Superior Manual k7H] - - - 6.5 723 na | »a 154 6
6 19,700 1HC/Superior Manwl 345 - -— — 742 689 664 | 158 7.5 693
1 19,200 Ford/Supesior Manual 36! 5158 [3E] 528 785 M 753 | 0o 7%6.7 782
10 19,200 Ford/Superiar Manul 39 — - — 718 72 755 | 10 n1 %40
H 15,700 HHC/Supsrior Aulomatlc uSs 512 540 560 763 10 708 | W2 5.1 138
All Buses oSt [ Wws43 [us3B| Am768 [ R=7I8 [E=720{%n78S | X=740 | He240
19 |88 | 3w )62 |a= |69 s 042 | 3= 124 | ym2.44} 0099 1o A5 | 5=l
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TABLE 4-19 (3)

Summary of Interior Noise Levels for New (1978) Gasoline Engine
Conventional School Buses--Wide Open Throttie Acceleration Test
(EPA Tests at Sandusky, Ohio, June 1976)

—r———— — —_————— - m ————

GROSS VEWICLE INTERIOR NOISE LEVELS** NO. OF BUSES
WEIGHT RATING FRONT MIDOLE REAR TESTED/TATAL
(PQUNDS) MEAN  STD. DEV.  MEAN STD., DEV. MEAN STD. DEV.  NO. OF TESTS
23,660 89.2 0.50 3.0  0.10 B2.1 0.1 3/18
(87.2) (1.58)  (81.3) (1.68)  (80.1) (1.97)
22,000 87.0 0.28 83.0  0.10 8.2 0.36 7146
{85.9)  (0.68)  (81.4) (0.92)  (79.9) (1.13)
20,500 84.9 0.00 80.7  0.28 0.6 0.22 2/16
(84.8) (0.2)  (79.8) (1.11)  (78.9) (2.01)
19,700 87.2 0.36 8.8 0.78 0.8 0.28 2/12
{86.9) (0.37)  (83.3) (0.78)  (80.9) (0.20)
19,200 89.0 0.14 84.7  0.42 83.4  0.50 2/14
(88.0)  ({1.23)  {84.2) (0.75)  (32.2) (0.34)
15,700 88. 4 0.224 85.7%  0.14* 840 .22 1/6

{88.4)* (0.22)* (85.7)* {0.14)* (B4.0)* {0.22)*

A1) Buses 86.6 1.39 g2.2 1.94 80.8 1.85
(86.5) (1.38) (82.0) (1.49) (80.6) (1.86)

— - e

*Only one reading was taken.
**A11 accessories on.

(1) Top row of numbers are noise lavel values computed in accordance with SAE
Standard J366b, j.e., taking the average of the two highest readings which were
within 2 d8 of each other, for each bus in the GVHR class. MNumbers in paren-
theses were computed by averaging all readings for all buses in each GVMWR

class. "A11 Buses" values (last line) were similarly computed.

Source: Reference 13
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Reference 13

Source:

TABLE 4-19 (4)

Interior Noise Levels of Sheller-Glohe (New 1378 Model)
Conventional Gasoline-Engine School Buses
Wide Open Throttle Acceleration Test

Interior Noise Level

‘ Engine
Vehicle  Displacement Transmission Fan {Without Air Conditioner)
2 {Speed/Type) dBA
{in.%)
B7046 366 4/Automat ic On 83.5
off 78.3
B7045 366 4/Automatic On 84.2
off 78.8
B4183 366 5/Manual On 85.0
off 78.8
B4180 366 5/Manual On 83.9
of f 78.4
Mean On 84.15
Standard
Deviation On 0.64
Mean Off 78.58
Standard
Deviation off 0.26
Source: Sheller-Globe
4-38
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TABLE 419 (5)

Interior Noise Levels of Blue Bird (New 1978 Model)
Conventional Gasoline-Engine and Diesel-Engine School Buses
Wide Open Throttle Acceleration Test

i Interior Leve)
‘ Tai1 Pipe Wheelbase at Qperator
! ¥ehicle Engine Location {inches) Notes
Heater Heater
Fan On  Fan OFf

42376 INTI1603A Right 254 90 89 Hollow wall body construction
42230 8600330 Right 222 84 81 Hollow wall body construction
F42497 Chevrolet Left 218 85 a3 Hollow wall body construction
42287 B700361 Right 242 85 81 Hollow wall body construction
43836 GMe Laeft 254 82 81 Insulated wall body construction
F40138  INTI703  Right 187 B3 83 Hollow wall bedy construction
F40258 Chevrolet Left 254 B4 82 Insulated wall body construction
43850 Chgggolet Left 218 86.5 84.5 Hollow wall body construction
42257 GMCE000 Left 254 83.5 al Insulated wall body construction
Mean B3.17 81.33 Gasoline-engined huses with
Ensu}ated wall body construction
N=3
Standard 1.04 0.58
Deviation _
Mean B5.58 83.58 Gasoline-engined buses with
?n]l?w wall body construction
N=6

Standard 2.46 2.97
Deviation

Source: Blue Bird

4-39




TABLE 4-19 (6)

Interior Noise Levels of In-Service (1978 Model}
Conventional Gasoline Engine School Buses ~-
Ariington County, Virginia School Buses
Test at RFK Stadium in Washington, 0.C., March 1979
Wide Open Throttle Acceleration Test

Notes

Fan on - Second Gear
Fan off - Second Gear

Fan on - Second Gear
Fan off - Second Gear

Fan on - Second Gear

Fan on - Second Gear
Fan off - Second Gear

Fan on - Second Gear
Fan off - Second Gear

Fan on - Second Gear
Cardboard Removed

Fan off - Second Gear
Cardhoard in Radiator

Fan on - Second Gear
Fan off - Second Gear

Fan on - Second Gear
Fan off - Second Gear

Fan on - Second Gear

Fan on - Second Gear

Maximum Maximum Interior
Vehicle Gaverned Noise Level
Body No. Speed at Qperator
41 3,700 80.5
| a2
44 3,600 84.25
84.25
52 3,800 83.%
a6 3,700 85
a4
49 3,800 84.5
85
54 3,750 84.3
84.5
51 3,750 82.2
g 83.5
L 56 3,700 83.5
: Bl.8
40 3,750 83
: 50 3,750 82.75
i Mean with Fan On 83.35
4 {N=10)
; Standard Deviation 1.32
bi with Fan On (N=10)
i “Mean with Fan OFF 83.58
(N27)
Standard Oeviation 1.24

with Fan Off (Ns7]

Source: 'EPA
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Stationary and acceleration interior noise levels of new {1976)
gascline engine conventional school buses tested by EPA at Sandusky,
Ohio

Interior noise levels of new {(1978) Sheller-Globe conventional
gasoline engine school buses provided by Sheller-Globe.

Interior noise levels of npew {1978) Blue Bird conventional gasoline
and diesel engine school huses provided by Blue Bird

Interior noise levels of in-service (1%78) conventional gasoline
engine school buses measured March 1979 at RFK Stadium in Washington,
D.C.

Full results on interior noise levels are shown in Table 4-19 for hoth
in-use and new conventional gasoline-powered school buses, respectively.
Tasts on both in-service and new (1976) conventional school buses indicate
that the noise levels are significantly higher at the front of the bus than at
the rear of the bus (refer to Table 4-19 (1), {2), {3)). ODuring tests for new
buses involving an idling engine only, interior fan accessories only (heating
ang cooling fans), and then an 1idling engine and interior fan accessories
together, the average noise level difference hetween the front and rear
interfior of the buses tested was about 4 dB (see Table 4-19 (2)). Interior
noise levels at the driver's seat for the in-use school buses tested under
maximum acceleration canditions with all fan accessories on ranged from
8l to 86 dB while levels at the rear interior of the buses ranged from 78 to
8l dB. Tests on new {1976} buses with all accessories on under maximum
acceleration conditions produced a range of interior noise levels from 85 to

89 dB for the front interfor and 81 to 84 dB in the rear interior.

Interior noise levels on new 1978 Sheller-Globe school buses ranged
from B3.5 to 85 dB with the heater fan on and from 78.3 to 78.8 with the
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heater fan off. B8lue Bird new 1978 gasoline engine school bus interior noise
levels at the pperator position ranged from 82 to 90 dB with the heater fan on
and Bl to 89 dB with the heater fan off. Maximum interior noise levels at the
operator's position of 1978 in-service gasoline engine school buses ranged
from 80.5 to 85 dB with the heater fan on and 81.8 to 85 dB with the heater
fan off.

Component Noise Levels

Table 4-20 shows the estimated range of contributed noise levels of
conventional gasoline-powered school bus major noise components. These
estimates are based on component noise levels of medium-duty trucks using
similar engines ({Refs. 15,16) and estimates made during a previous study.
(Ref. 7) None of the school bus body or chassis manufacturers contacted were
able to supply actual measured data for component ncoise levels of gasoline-
engine school buses or of equivalent trucks.

4. Diesel-Powered Conventional Schoo) Buses

Physical dimensfons and weight rating for diesel-powered conventional
school buses are similar to those for gasoline-powered conventional school
buses.

A variety of medjum-duty diese} engines are used in this type of bus
including the CAT 3208, the Ford V636, and the IHC D-150, D-170, D-190,
and the DT.466.

Exterior Noise Levels

Blue Bird provided data for two diesel engine conventional-powered

school buses. Thase data are shown in Table 4-21.
Very 1ittle additional data are available in the form of direct measure-

ment of noise from conventional diesel school buses.
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TABLE 4-20

Range of Component Noise Levels for Current
Gasoline Powered Conventional School Bus

Contributed Noise Level,
Noise Source dB at 50 feet
{SAE J366b Procedure)

Engine, including air intake and 69 to 73
transmission
Exhaust 75 to 78
Fan 71 to 82.4
Chassis at 30 mph {including 65 to 73
accessories)
Total Bus Noise 77 to 84

Source: References 7, 15 and 16
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TABLE 4-21

Blue Bird School Bus Data - Diesel

Powered Conventional School Buses - New 1978 Models - Wide Open Throttle Acceleration

Maximum Exterior

Tail Pipe Noise Levels Interior Levels
Vehicle Engine Location  Wheelbase _ Front Reference Rear Reference Heater Fan Heater Fan
Right Left Right Left On off
L]
A
-
F42500  INT1853 Right 236 82 83 82 B3 85 84
42499 Right Bl 81 80.5 al 85 B3
Mean 81.5 82 81.3 82.0 85 83.5

Source:

Blue Bird
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International Harvester (IH) indicated that exterior noise levels mea-
sured from all of their school buses were below 86 dB. School buses sold in
California and Oregan must meet those states' exterjor noise level standards
of B2 dB and 80 dB respectively, according to the SAE J366b test procedure.

Diesel powered conventional school buses utilize medium diesel truck
chassis, therefore, noise levels from such trucks can be considered represen-
tative of those buses.

Table 22 presents data on 1978 model med{um-duty trucks obtained from
Production Verification reports submitted to EPA and surveillance data
developed by EPA Noise Enfarcement Divisian,

Component Noise Levels

For diesel vehicles, important noise sources are the engine, the exhaust,
and the cooling fan. The typical range of naise levels from each of these
sources {s between 75 dB and 85 dB., {Ref. 17) Another major noise source in
diesel engines 1s the intake noise. Typical unsilenced intake noise levels
for diesel truck engfnes at high idle vary between 70 dB and 85 dB, measured
at 50 feet from the engine inlet. {Ref. 18).

5. Forward Engine Forward Control School Buses

In a forward control school bus the driver is located at the front
most left side of the bus. The engine {either gasoline or diesel) is located
to the right of the driver or under the floor between the two axles. The
front of the bus fs a flat frant end. This configuration 1s not typical of
gasoline or diesel-powered conventional school buses.

Current noise levels from forward engine buses made by Blue Bird for
states other than California are shown in Table 4-23., The forward engine
forward-control school buses sold in California are said to meet the state
standard of an 83 dB exterior level under acceleration,
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TABLE 4-22

Medium Duty Diesel Truck Exterior Noise Levels

Make Model No. Test RPM dB
50 feet
Ford F7000 2840 78.4
Ford F700 2800 81.0
Ford LN7000 2800 79.9
Int. Har, 1850 2600 8l.7
Int. Har, £01950 2600 81.8
Int. Har, €018508 2600 82.2
Int. Har, 1650 3000 8l1.2
Int. Har, 1750 3000 80.2
GMC CD61403 2800 8L.8

Source: EPA, Noise Enforcement Division
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TABLE 4-23

Noise Levels from Diese]l Powered Forward-Control

Forward Engine Buses by Blue Bird
(Sold in States Other Than California)

Sound Levels dB

Type of Exterior
Engine Used {J366b Test)
CAT 3208, 320A 86
Cummins V504, 5047 89
Detroft Diesel 6V53, 6V53A 92

Interior

(BMCS* Test)

90
90

85

*Bureau of Motor Carrier Safety

Source: Reference 5,
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The noise level at the driver for front engine buses may be higher
than for conventional school buses because of the close proximity of the

engine to the driver,

6, Parcel Delivery Chassis Buses and Motor Home Chassis Buses

Carpenter Body Works' Cadet “CV" and Sheller-Globe's (Superior) “Pace-
maker” models are built from parcel delivery vehicle chassis and motor home
chassis. GMC recently introduced a motor home vehicle that is also offered
as a bus, called Transmode,

Since these buses use the same engines as full size conventional school
buses, the exterior and component noise Tevels are expected to be similar,
The interior noise levels at the driver's seat may be higher than for con-
ventional schoo) buses because of the closer proximity of the engine to
the driver. GMC measured the noise level of one Transmode Bus in accordance
with the SAE J366b procedure as 81,7 dB. (Ref. 8)

7. Mid-Engine School Buses {Integral)

The only mid-engine integral school buses available today are made
by G111ig Brothers and Crown Coach Corporation. Although the engine location
and engine types for mid-engine buses differ from front and rear-engine
schoo) buses, their exterior noise characteristics are not significantly
different, However, in contrast to the noise levels inside rear engine buses,
the interior noise in a mid-engine bus would be higher in the front of the bus
than in the rear because the engine {s relatively closer to the front end.

Exterfor noise levels from the Gillig buses, which were measured in
1975, (Ref. 19) and Crawn buses which were measured in 1973, (Ref. 1) are
shown in Table 4-24. These levels range from a low of 80,9 dB on the curbside

to a high of 86.3 dB on the streetside,
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TABLE 4-24

Exterior Noise Levels at 50 Feet From Diesel Powered
Mid-Engine School Buses
Wide Open Throttle Acceleration Test

Bus Exterfjor Sound Level, dB
Manufacturer Engine Curbs ide Streetside
Gi1lig Detroit Diese) 83.6 86,3
6-71
Gi1lig Cummins Diesel 80.9 gz2.1
NHHTC-240
Turbocharged
Crown Detroit Diesel 82.6 84.9
6-71
Crown Cummins Diesel B3.9 85.9
NHHTC-270
Turbocharged

Source: References 1 and 19
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For exterior noise considerations, mid-engine buses are similar to
transit buses and rear-engine integral school buses. Interior noise, however,
is expected to be higher for mid-engine buses because of the shape and posi-
tion of the engine compartment. Crown Coach Corporation has indicated that
the interior nofse level at the driver's seat in their buses is about 87
dB when measured at 35 mph under full throttle conditions.

Component Noise Levels

Data on component levels for mid-engine school buses are not available,
In order to meet the California exterjor noise standard of 83 dB, Gillig
provides sheet metal covers with noise damping insulation around the complete
engine. (Ref. 19} The muffler is also wrapped with insulation. Fan speeds
are said to be as Jow as their cooling requirements will allow. Crown Coach
Corporation alse provides sound absorbing insulation around their engine.
Engine compartment doors are lined with 1.5 inch thick acoustical materfal,
Exhaust noise from their turbocharged Cummins engine is said to be suffi-
clently low. Therefore, no special exhaust noise treatment is provided for
that engine. However, for the Detroit [Hesel 6«71 engine a heavier gauge
muffler shell 1s used which, when tested, provided the same attenuation as a
wrapped muffler, Crown also uses an acoustical floor in its buses. The
floor, used since 1964, 1s made up of one-half inch "Celetex" sandwiched
between two 1/4 inch and 5/8 inch thick plywood panels. (Celatex is a fire-
res{stant material made by Georgia Pacific,)

8. Rear Engine School Buses (Integral)

An integral rear engine school bus is constructed as a unit body.
That is, the body and chassis are one unit with the engine either mounted on
2 subframe or directly on the body. This construction 1s 1ike an urban
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transit and intercity bus. Gillig Brothers is the only manufacturer of rear

engine integral school buses.

Although the integral rear engine school bus and the urban transit
bus use different types of diese) engines, they have similar noise character-
istics. While urban transit buses use Detroit Diesel's naturally aspirated
6Y-71 and 8v-71 engines, the rear engine school buses produced by Gillig
use ejther the naturally aspirated CAT 3205 or the turbocharged Cummins

230 engine. Exterior noise levels for G11lig school buses are shown in
Table 4-25.

TABLE 4-25

Exterior Noise Levels at 50 Feet from
Gi111g Integral Rear Engine School Buses
{Wide Open Throttle Acceleration Test)

Sound Levels, dB
Type of Engine Curbside Streetside

Cummins 230

{Turbocharged)

~Hith grill on engine

compartment doors 83.7 82.7

CAT 3208

{NaturaTly aspirated)
=With grill on
angine doors 84.0 83.5

~Hith solid engine doors 81.3 82.5

Source: Reference 19

The streetside nofse levels from the top two buses in Table 4-25 are
s1ightly lower than those on the curbside because of an additional inner

compartment wall on the streetside of the engine compartment. When Gillig
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replaced the grill on the engine doors with solid panels on the Caterpillar
engine powered bus, the nolse levels were reduced about 2 dB. Giving the
same treatment to the Cummins engine-powered bus would probably provide
similar reduction. Because of a lack of more detailed test data, the reason
for attaining relatively greater noise reductjon on the curbside from the
Caterpillar engine-powered bus with solid engine doors is not clear.

Interior noise levels for rear engine scheol buses are not available
but are expected to be similar to transit bus noise levels.

9, Rear Engine Schoo! Buses {Baody-on-Chassis)

Rear engine school buses with body on chassis are constructed in two
units, The chassis is built with the engine mounted on the rear of the
chassis, The body 1s then bolted onto the chassis.

One bus tn this categery is offered not only with the rear-mounted
engine, body-on-chassis (Carpenter Corsair Model), but also with a fronte
mounted engine (Carpenter Forward Control Model). No nojse information
is presently available for this type of bus,

Exterdior, interior, and component noise Tevels are expected to be
sitmilar to diesel powered forward contro) school buses and rear engine

{integral) school buses.
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SECTION 5
NOISE ABATEMENT TECHNOLOGY

This chapter describes the technology required to quiet buses of current

configurations to four study levels, These levels are:

. Study Level I - 83 dB exterior, 86 dB interior

. Study Level II - 80 dB exterior, 83 dB interior
. Study tevel IIl - 77 dB exterior, BO dB interior
. Study Level IV - 75 dB exterior, 78 dB interior.

Overall noise level reductions are achieved by gquieting bus components
in various combinations depending on their intensity as noise sources,
This chapter will first discuss technologies available for quieting individual
components and then will describe the noise treatment combinations required
for each bus configuration to meet each of the four study levels, Finally,
the technology considerations presented by the Acoustical Assurance Period

(AAP) will be discussed,

1. Component Noise Abatement Technologies

The impgrtant noise-producing component systems on current technology
buses are:

. Exhaust

. [Looling Systenm

. Engine Block and Transmission

. Intake

. Chassis.

The follewing sections describe the techniques available to reduce

the noise levels for each of these systems,
5-1
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(a) Exhaust System

Exhaust noise arises from pressure fluctuation in exhaust gases rasiated
primarily as airborne noise from the exhaust pipe. It also arises from
vibration of the muffler shell and exhaust piping and from leakage of gas from

the muffler, exhaust manifold, exhaust pipe, and tailpipe.

Technological changes that will reduce noise include:
Turbocharging
Improved or larger mufflers
Improved exhaust piping design

Optimizing muffler location and exhaust system configuration.

Additional expansion of exhaust gases through a turbocharger reduce
gas pressures through the muffler and tailpipe. Because of the inherently
low exhaust neise levels of turbocharged engines, currently available mufflers
or modifications thereof to allow for the greater air flow rates can be
employed. However, mufflers of lower back pressure are required. On gaso-

line engines, advantages may not be as great.

Available methods to improve the sound attenuation of mufflers are:
. Increasing muffler volume
. Double-wrapping with acoustical absorption material

Using manifold muffiers

. Adding a pramuffler; i.e., resonatar or wye muffler.

For a simple expansion chamber muffler, the transmission loss increases
by a maximum of 7 dB for a doubling of expansion ratio. {Ref. 1) Increased
expansion ratlos can be ohtained without increasing the minor diameter of

the muffler by using elliptical cross sactions.
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Double wrapped mufflers are currently available for diasel truck appli-
catfons from several manufacturers (Denaldson, Riker, and Stemco). Donaldsan

markets the "Silent Partner” muffler wrap which consists of an asbestos

blanket held in place by a stainless steel wrap-together cover. These designs

should be easily adaptable from their current use on vertical stack mufflers

to harizontal mufflers such as those used on school buses.

.For urban transit buses double-wrapped mufflers are available for both
6V-71 and 8Y-71 engines. The design noise level of this muffler with a
wye connection is 75 dB for S5-inch systems on the 8Y-71 engine, giving a
back pressure of only 3.4 inches mercury (Hg). GMC achieved exhaust noise
levels of under 75 dB without exceeding the back pressure limitation on their
TBH5305 coach by replacing the standard Nelson muffler with a Nelson T13680

muffler.

The Freightliner gquiet truck employed a manifold muffler along with
dual current production Donaldson mufflers and stack silencers. The engine
was a turbocharged Cummins NTC-350, which is an in-line six cylinder engine.
The experimental exhaust manifold muffler had a volume 4-1/2 times the volume
of the standard manifold. For the V-form engines used in transit buses,

two manifold mufflers would be required.

A premuffler or resonator may be used to obtain maximum attenuation
over the broad range of frequencies characteristic of engine oparation over
a wide speed range. When used in series with a main muffler, a smaller-
sized muffler will be required than if the entire silencing is to be achieved

from a single muffler.

Heavier gauge exhaust and tailpipes with gastight exhaust joints will

minimize shell radiation. Exhaust pipes may need to be wrapped with thermal
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acoustical material. One bus exhaust system manufacturer, AP Parts Co., is

working on the development of double-walled exhaust pipes and reports promis~

ing results.

The overall design of the exhaust system can effectively reduce noise
levels. For gasoline-powered school buses with the tailpipe outlet in the
rear of the bus, extending the tailpipe at least 5 inches beyond the body
wall will reduce noise. However, the long exhaust and tailpipe can still
generate noise from the muffler shell and pipe walls. Horizontal muffler
and'tailpipe systems are inherently noisier than comparable vertical systems
because of outlet directivity and ground reflections. The large bus floor
undersurface also reflects the sound which escapes from the sides resulting

in higher sound levels on both sides of the bus.

Exhaust pipe lengths between muffler elements is critical te obtaining
optimum exhaust system level reductions. {(Ref. 2, 3, 4) Changes in pipe
coating, installation, etc., also have significant effects on diesel engine
nojse. (Ref. 5) Because of packaging problems, transit bus exhaust pipes
often take winding routes between the two manifolds and the horizontal
muffler. Newer model buses have a vertical tail! pipe routed through the
left side of the bus. O0lder buses have a short horizontal tai! pipe exiting
at the rear under the engine, The location of a muffler between the hus
floor and pavement worsens the effect of muffler shell radiated noise.
Special attention to the support system for the exhaust pipes and muffler

can prevent transmission of vibrations to the chassis.

The use of a dual system allows greater expansion volume for the exhaust
gases and hence greater reduction of the pulsations which are responsible for

exhaust noise. The larger flow areas allowed by dual pipes will also reduce
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the existing velocity of gases which is responsible for the characteristic

hiss of well-silenced exhaust systems of some of the current luxury automo-
biles.

For urban transit and intercity buses, rerouting the tailpipes to exit

at the roof line will resylt in eye-level noise reduction.

{b} Cooling System

The fan is the predominant cooling system noise source. About one-third
of the total energy of the fuel used in an iInternal combustion engine is
released as heat to the cooling system. About one-third is released as heat
to the exhaust or radiated directly to the atmosphere and the remaining one-
third generates useful power. This ratio varies with engine configuration,
compressfon ratio, cycle (2-stroke vs 4-stroke), valve timing, engine load
and speed, and on gasoline engines, spark timing. The heat released to the
cooling system is released to the atmosphere through the radiator. The fan

draws alr through the radiator to fmprove heat transfer.

Sound levels of fan noise at 50 feet vary from near 70 dB to 85 dB
depending on fan blade tip speed. Noise from other cooling system components

such as the water pump, belts and pulleys and air flow through the radiator

contribute very Tittle to the overall noise level.

The installation of the engine, radiator, shroud, cab and other compo-
nents affects the cooling ability of the engine fan. It 2lso affects éae
noise generated by the fan because of the effect which each component has on
the air flow or the flow resistance against which the fan must operate.
Studies conducted by two major heavy truck manufacturers under the DOT Quiet

Truck Program have indicated that modifications to improve engine compartment
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layout are very effective in reducing fan noise levels because lower fan tip

speeds can be achieved without a reduction in cooling ability. (Ref. 6, 7).

Fan noise reduction requires maximizing the cooling rate at a given fan
speed, thereby minimizing fan speed required for adequate engine cooling.
Thermostatically controlled fans are gaining wide acceptance as energy-
efficient quiet fans {see Appendix B). Approaches to reducing fan noise
are:

. Improved fan shrouds

. Fan redesign

. Increased cooling system pressures

. Radiator redesign.

A combination of these techniques has resulted in a fan noise level
reduction from Bl.5 dB to 66 dB on the streetside and from 80 dB to 68 dB on
the curbside of an IHC model CF-4070A diesel cab-over truck without reducing
the cooling capacity. {(Ref. 6} A different combination of techniques reduced

the fan noise level for a Freightliner cab-over truck with a Cummins NT(C-350

engine {Ref. 7) from 80 ¢B to 64 dB.

The following noise level reductions have been demonstrated in the

laboratory for a 20-inch 5-bladed truck fan:
Reduction

Sealed shrouds and optimized fan coverage 4.5
Optimum fan-to~radiator distance 5
Engine mounted air deflector 4.0
Contoured shroud with 1/4-inch tip clearance 7.5
Optimized radiator heat transfer 2.0

These reductions are not always cumulative,

Without a shroud, used air recirculates around the blade tips so that

the flow through the radiator is greatly reduced. In addition, the flow over
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the fan blades becomes more turbulent so that the fan noise level increases.
Afr flow across the radiator is maximized by careful sealing of the shroud to
the radiator and by designing the shroud so that there is little clearance
between the fan tips and the shroud. In tests conducted by International
Harvester Company, the air flow rate was increased by this methad from 10.66
1b/sec to 11.5 1b/sec (Figure 5-1). Optimum fan coverage for the sealed shroud
was obtained at 90 to 100 percent coverage, while the original unsealed shroud
gave maximum air flow rates at 65 percent coverage. The increased air flow
rate allowed a reduction of fan speed to reduce overall noise Jevel by as
much as 5 dB. Optimization will help only to the extent of the actual de-

parture in the present system.

Fan speed can be reduced further, but to a lesser extent, by replacing
a rectangular shroud with a contoured or venturi shroud. This type of shroud
is shown diagrammatically in Figure 5-2. Tests by the International Harvester
Company have shown that the use of this shroud resulted in allowing fan speed
to be reduced by 6 percent while 3 to 6 dB noise reduction was obtained in
comparison to the ncise level of the carefully sealed shroud. The shroud
will need to be mounted #n such a way as to maintain minimal clearance even
when the engine moves relative to the radiator. This can be achieved by
mounting part of the shroud to the engine and part to the radiator with the
two sections connected by a flexible rubber boot. Recent road tests complieted
on a truck equipped with such a shroud have demonstrated the practicality of
this design. (Ref. 8) The fan to radiator distance may also have to be

changed to ensure optimum air flow distribution across the radiator.

Noise generated by an engine cooling fan can be decreased by changing
the fan drive ratio to reduce the maximum speed. This change will also

reduce the speed of the water pump and the fan speed at idle. Both of thase
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changes could cause some cooling performance problems. Water pump capacity
may be recovered by increasing the diameter of the water pump impeller.
Reducing fan capacity may require a larger radiator to maintain the same

caoling performance.

In those cases where sealing the shroud and optimizing fan coverage
does not result in sufficient noise reduction, flow rates may be increased by
choosing a fan that will allow reduction in shaft speed. This again depends
on the present fan on the vehicle. In most cases, increasing the number of
blades and/or blade twist will result in achieving required air flow at
reduced speeds. Use of a thermostatically controlled fan drive may be helpful
in designing a fan system with reduced fan speed (with fan engagement) at

maximum engine speed.

Fan design noise levels of 64 dB or less have been demonstrated by
International Harvester and Freightiiner quiet trucks. This is 13 to 18 dB
under current bus fan noise levels. International Harvester Company was able
to achieve a 66 dB fan noise level by employing a tight-fitting fan shroud
along with an engine enclosure which reduces fan noise level by 2 dB and by
replacing the original 4 row, 11 fin-per-inch, plate fin radiator by a 4 row,
14 fin-per-inch, serpentine fin radiator. Freightliner Corporation achieved a
64 dB estimated fan nofse level by replacing the standard 28-inch six-bladed
fan with a specially made 31-inch seven-bladed fan featuring staggered blade
spacing manufactured by Schwitzer Corporation. The fan speed was lowered from
2100 rpm to 1280 rpm and the standard 1200 1n2 six-row radiator was replaced

by a 2000 1n2 four-row radiator.

The radiator and fan on current design urban transit buses ara located on
the rear streatside of the bus left of the engine. There is little or no ram

air through the radiator from the forward moticn of the bus.
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Motor Coach Industries (MCI) intercity buses have twin radiators with

e

thermostatically controlled centrifugal fans at the top of the engine

e

compartment directly above the engine. The fans are connected to the radiators

e

o maeel

by ducts. This results in a quiet cooling system with sound Tevels equal on

both sides of the bus. MCI has reported that during actual operating tests on
the highway, cooling fan airflow is 50% less than air flow measured during

static tests.

Conventional gasoline engine school buses receive maximum cooling benefit
from ram air. A thermostatically controlled fan drive will minimize fan power
when cooling loads are less due to this ram air effect, and will result in a

lower noise level.

The use of sealed engine belly pans on urban transit and intercity
buses will cause some restriction of cooling air. To compensate, either the
pressure rise across the fan may be increased s¢ that volumetric air flow will
be the same or the radiator and fan area may be increased to permit adequate
ceoling at the reduced air flow rate. Increasing the size of the radiator
and fan may require a larger engine compartment. Modifying fan design to
fncrease the pressure rise across the fan without ingreasing fan speed may be

preferable.

MCI buses use centrifugal fans located in ducts above the engine. There
are two radiators with shutters, one on each side of the bus, and two fans
drawing ajr in through the radiator and discharging 1t over the engine.
The fans are driven from a gear-box located between them and driven by a
belt from the engine crankshaft. The duct between the fan housing and the
radiator is sealed off from the engine compartment to maximize flow through

the radiator. The engine air cleaner intake is located in the left side

! 5-11



radiator opening. The relative locations of system components are shown

in Figure 5-3.

Eagle buses also utilize a longitudinal engine arrangement. A standara
B-bladed 28-inch diameter axial flow fan located on the left side of the
bus s used for engine cooling. The fan is driven off a 90° gearhox located
in the rear center of the engine compartment. A 6-hladed fan, located on
the right side of the engine compartment, provides air flow through the air
conditioning system condenser. There is no thermostatic clutch arrangement

for the fans. The layout is shown in Figure 5-4.

Centrifugal fans which MCI buses utilize are inherently quieter than
axial fans for the same mass flow delivered. Also, the ducts are amenable
to acoustic treatment to minimize the noise escaping through the radiator
opening. The air flow velocity is higher and, hence, flow noise may become

audible if other sources are quisted.

There are indications that all intercity bus manufacturers will soon
begin to install thermostatically controlled fans because of rising fuel
costs. MCI is likely to abandon the centrifugal fans and replace them with
axial fans in order to accommodate the new fan drives., These drives will

probably be wet clutch modulating drives.

Intercity bus radiators are larger than transit bus radiators because
of continuous engine operation at high power factors and heavier bus loads
die to baggage. However, the percentage changes in radiator and fan sizes

to achieve equivalent noise reductions for intercity and transit buses shoulc

be similar.
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Conventional school buses use the same sheet metal as medium-duty
trucks, but are seldom fitted with the largest engine that is available for
trucks of the same load capacity. This would indicate that larger radiators

are available than currently fitted to most school buses.

Air emission contrel requirements for gascline engines also need to be
taken into account. Current engine designs require highly retarded ignition
timing which increases exhaust temperatures and heat rejection to the cooling
system. The reduced compression ratios and changes in camshaft to delay
exhaust valve opening and increase valve overlap also increase heat rejection.

On the other hand, the use of higher coolant temperatures gives some relief.

The chief differences between the diesel truck application and conven-

tional gasoline bus application are summarized in Table 5-1.

It should be noted that the cooling systems of forward control buses
may require special attention. The technology in the DOT Quiet Truck Program

is not directly applicable for such buses.

For current application to gasoline powered school buses, the suggested
method of achieving the 64 dB fan noise level {is to increase radiator frontal
area by 20 percent and fan diameter by approximately 10 percent. An engine-
mounted close-fitting shroud should be used along with an advanced serpentine-
fin radiator with approximately 30 percent greater heat transfer area than a
comparable plate-fin type radiator, The {increased core thickness of the
serpentine fin radiator will result in a slightly greater pressure drop
across the radiator resulting in somewhat greater fan speed. Howaver, the
overall effect of all the improvements will allow fan rpm to be lowered to

almost 50 percent of the original fan speed.
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TABLE §5-1

Comparison of Cooling Fan Parameters
for Gasoline and Diesel Engines

Diese] Engine
Truck

e

Conventional
Gasoline Engine
School Bus

- m e e e m e m & e o = momom o = m e omeom o=

Maximum engine rpm
Heat rejection at idle

Heat rejection at
maximum throttile

Load factor

Coolant pressure

Shutters

Air conditioners

'
1
t
]

T
1
]
i
1
'
]
L)
1
!
[}
[}
'
[}
L]
L)
L}
)
]

2100
2 BTU/Mp/min

24 BTU/hp/min
Sustained opera-
tion at maximum
engine speed
Atmospheric

Employed

Available

3600-4000
7 BTU/hp/min

27.5 8TU/hp/min
at maximum engine
speed

14-16 psig

Generally not

]

Under 20% of time '
]

emp layed !
]

Rarely employed
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With this low fan speed, the fan shaft, pulley, and belt system may
need to be redesigned. The water pump could be mounted on a separate shaft

independent of the fan shaft so as to make its redesign unnecessary.

(¢) Engine Block and Transmission

Engine noise is the noise generated by the combustion process and the
mechanical components of the engine and radiated by the engine block. This
notse is a result of vibration of the engine structure, covers, and acces-

sories and includes blower and transmission noise.

Several methods are available for 1ower1ng the contribution of engine
noise to overall bus noise levels. A1l of these techniques have been success-
fully tested in the laboratory and some have been applied on diesel engines.
(Ref. 9, 10) These techniques, and their expected noise level reductions, are

summarized below:
Noise Leve] Reduction

Covers and panels attached ta the engine Jto5dB
Close fitting engine covers 5to 8 dB
Partial engine enclosures 5 to 10 dB
Complete engine enclosures Up to 15 dB
Major structural engine modifications 4 to7 dB

Diese1l engine combustion forces {Ref. &) are sufficient magnitude to
distort or vibrate the engine block, crankcase and attachments. Primary
combustion forces are at engine fundamental firing frequencies. These fre-
quencies are relatively low, but the structure responds to all harmonics of
the basic firing frequency. The steep pressure rise inherent in diesel cycle
combustion results in the introduction of high-frequency components into the
engine structure which are readily radiated by the sides of the hlock and
rocker arm covers. Changes in the character of or reduction of combustion

forces have been under investigation for a number of years. Precombustion
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chambers or indirect injection can be used to effectively lower combustion
rate related noise levels. {(Ref. 11} Indirect injectfon is commonly used in
diesel engines powering light-duty vans and passenger cars. Retardation of
injection timing has also proved to be effective in Jowering noise levels.
It also has advantages in terms of power, fuel economy, and emissions, (Ref.

12) but it increases exhaust smoke.

Turbocharging of diesel engines results in some engine noise reduction
because of its smoothing effect on the rate of combustion pressure rise in
the cylinder. This is not expected to be of significant henefit te gasoline
engines. Turbocharging also increases the horsepower ocutput for a given size

engine and has advantages from the emissions viewpoint.

A common method of reducing engine radiated noise is by noise carrier
panels attached to engine surfaces. These covers or panels are made of
a high-density barrier material Tined with a sound absorbent material, usually
sheet metal lined with glass fiber or mineral wool. These shields must
be designed specifically for each engine model since proper covering and
edge sealing are quite important. Panels generally are attached to and cover
each side of the engine block and oil sump. They must be contoured to the
engine shape and be attached through isolation mountings. Experience has
shown they are more effective on in-line engines than Vee engines because of

the greater, flat, radiation area on in-line engines.

Engine covers have definite advantages and disadvantages. Panels can
be applied without redesign or modification of the engine itseif. They can
be applied to present new engines or as retrofit packages to engines in
service. This is much easier than making changes to the basic engine struce

ture. Reductions of 3 to 8 dB in engine noise radiation are possible by means
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of close-fitting covers. However, from a practical standpoint, a set of
panels giving 8 dB reduction would cover virtually all engine and engine-
mounted accessory surfaces by many separate complex shaped panels. In gene~
ral, 2 4 dB reduction in overall engine sound levels is close to the practical

1imit for engine-mounted barrier panels.

Engine panels may increase stightly the time involved in engine service
operations. The physical dimensions of the engine are increased, making
installation in a vehicle more difficult., Heat radiation from engine surfaces
is reduced, but this effect is minimal. (Ref. 12} Quality control must be

mafntained to assure seal of all panel edges and joints,

Thin-walled components such as oil pan, rocker'arm covers, and manifolds
can be isolated from the cylinder head casting by means of soft gaskets,
rubber washers at mounting bolts, or in severe cases, by splitting the cover
immediately above its mounting surface and joining together by a bonded

rubber section. This is conceptually shown in Figure 5-5.

Special cooling systems treatments will be necessary for rear-engine
buses with encapsulated engines or flow-through enclosures with openings on
both sides of the engine compartment. Encapsulated engines will require two
radiators placed in front of the engine enclosure with hydraulically or
electrically driven thermostatically controlled fans or blowers. This
technique 1s used in the Swedish Scania CR1l1M bus. Its limitations are
discussed in the engine section of this chapter. Changes to improve volume=-
tric air flow rates without increasing fan speeds, such as larger radiators,

may be required.

The principals of flow-through enclosures have been studied for quiet
trucks. If the engine compartment size is increased to accommodate the
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flow and blowers are substituted for fans, 65 dB cooling system noise levels
appear achjevable. By flowing cooling air through the enclosure, any heat
radiated from the engine and transmission will be carried away. (Ref. 6) With
proper placement of acoustical material, much of the sound will be absorbed
before it escapes from the inlet or outlet, Multispeed thermostatic controls
will be required to maintain optimized operation. Substituting an axfal flow
fan by multiple centrifugal blowers may be beneficial in minimizing sound and
distributing the flow evenly over a rectangular radiator. MCI buses have
been using a dual radiator and centrifugal fan system for engine cooling

for the past twenty years.

For transit buses, the long, rectangular radiator may be located on
the left side of the engine compartment with the larger side parallel to
the gr'ound. Two parallel blowers would draw the alr in, directing {t over
the engine casing., Engine compartment ventilation will be achieved by another
blower directing the air out on the curbside through louvers located high
enough to direct air flow above bysta'nder head level. The design of the
louvers will be important to prevent leakage of engine noise to the outside,
Such a system is shown conceptually in Figure 5-6, This type of enclosure
has not been demonstrated for transit bus application. Current evaluation
of feasibility is based on experience with IH quiet truck and on the assump-
tion that eng1ne compartment temperatures can be mafntained by providing

unrestricted cooling air flow rates.

Sound level reduction due to modified engine structure, reduced piston
slap, damping, and isolatieon can be used in conjunction with barriers to
produce overall reductions greater than 4 dB, although each additional decibal

reduction is more difficult to achieve than the preceding one. When the
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FIGURE 5-6
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panels are combined with a partial enclosure, the resultant reduction fis

often less than the sum of the separate reductions due to each method.

Engine quieting kits are available for diesel engines. These kits
include covers for the sides of the engine block and oil pan, vibration
isolation reference of the valve covers or air intake manifolds, and crosse-

avers or damping treatments for sheet metal covers.

Alternatively the engine compartment may be designed to serve as a
small acoustical enclosure {either a partial or complete enclosure). Engine
side shields for conventional school buses are illustrated in Figure 5-7, The
shield may be made from 20 gauge steel sheets lined on the inside with a
2-inch layer of acoustical glass fiber. To keep the glass fiber from losing
its effectiveness from saturation with oil, gasoline, or water, a 2-mil
nonflammable plastic barrier should be provided. Finally, a perforated thin
{22 gauge) metal cover should be added on the inside to minimize mechanical
wear and tear, This is sketched in Figure 5-8. Glass fiber materials are
relatively inexpensive. The study of currently available cow! and engine
sizes for school buses indicates that sufficient space is available for such

shields and no alteration in cowl design will be necessary.

Thin metal panels such as hood and sidewalls will require sound barrier
material such as 1 lb/sq foot lead-lined vinyl. Alternatively, mylar-faced
acoustical foam with lead septum and an insulation Tayer between the septum
and the panel can be used for the entire area. This treatment is illustrated
in Figure 5-9.

Shielding under the engine can be effective 1f the entire area under
the engine is ;reated. Engine noise reaches the receiver by two routes:
stratght line from the engine area and reflection from the road beneath the
vehicle, Belly pans are effective in blocking the reflective path and are
currently available for all transit buses. A 2 dB reduction in the engine-
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FIGURE 5-8. Detail of Side Shield Construction
5-~25

AR T

PERFORATED 22-GAUGE STEEL
SHEET OVER ZMIL THICK

N Y /NON-FLAMMAMEPI.ASTIB

ST i VR L ey 5 o i o



on a Flxible "New Look" Bus

FIGURE 5-9, Acoustic Treatment of Engine Hood

§-26

. amm—r——rs s

B



T

;ontributed noise level can be expected by sealed belly pans. This is espec-
ially effective in reducing bystander and pedestrian ear level noise since the
reflective sound path from the engine off the read surface toward the side of
the bus is virtually eliminated. Belly pans are used widely in Europe, but are
not specified or used extensively in the United States due to the added engine
servicing problems, restriction of cooling air exit, and problems associated
with sealing. When they have been appiied by U.S. manufacturers, they have

generally been discarded by operators.

Figure 5-10 depicts a belly pan configuration for conventional gasoline
or diesel school buses and Figure 5-11 shows a configuration for transit
and intercity buses. The belly pan shown in Figure 5-11 is designed with
small removable panels to provide access for servicing from underneath,
j.e., oil changes. Some provision is needed to ensure that the panels are
replaced. This could be accomplished by warning labels or by hinging the

panels so that they cannot be completely removed.

Hazards due to fuel or oil collection in the belly can be minimized
by careful design so that the 1iquid flows to a small drain hole under all

operating conditions.

When a belly pan such as that shown in Figure 5-11 is used, it is impor-
tant to provide an adequate outlet area for engine compartment ventilation
and cooling air. Such an outlet can be provided forward of the engine com- .
partment bLetween the floor and engine suppert raiis. The outlet opening
should be designed to minimize the radiated sound energy. This may be done
by lining the inside of this duct with two inthes of glass fiber or open-cell
foam and providing louvers at the exit to minimize line-of-sight between the

interior and the pavement. The drive-shaft opening will need careful design
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to minimize sound escape. It is not admissible to allow any other opening in
the belly pans, because that would render the belly pans ineffective. Refrig-
erant and other fluid 1ines should be routed through holes sealed with asphalt
or rubber grommets. The design of the outlet ahead of the belly pan is

critical. This type of treatment will reguire redesign of the cooling system.

To reduce interior school bus noise levels at the driver’s location
might require a barrier hetween the engine compartment and the driver. A
suggested treatment is a layer of barrier-type acoustic insulation weighing
1 lb/ft2 employed at the cowl face and under the floor extending about 5
feet as shown in Figure 5-12. All holes in the firewall for pedal linkages,

steering column, etc., should be carefully sealed with heavy rubber boots.

Some European transit buses have full engine enclosures. Two types
of enclosures are possible. Neither type of enclosure has been demonstrated

on a bus meeting the performance specifications of U.S. urban transit buses.

One type of engine enclosure covers the ceoling fan as well as the
engine. Openings for cooling air iplet and exit greatly reduce the effec~
tiveness of the enclosure. On the other hand, the enclosure provides some
shielding to fan noise. The cooling system generally has to be adjusted to

prevent overheating.

A flow-through type of enclosure may be incorporated. The square
radiator can be replaced by a rectangular radiator of twice the frontal area.
Two centrifugal blowers in the suction mode would draw in air. Centrifugal
blowers allow better isolation of engine noise. The radiator and blowers

would be enclosed in a duct. The seal between bus hody sidewall and radiator

is particulariy important.
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FIGURE 5-12. Engine Noise Abatement by Shielding
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The air from the engine compartment would be allowed to exit through
an acoustical treated opening on the curbside, at a height above normal
pedestrian head level. The flow-through concept is sketched in Figure 5-13.
Such an enclosure would result in source levels of 65 dB if the future diesel

engines are at least 4 dB quieter than current engines without any treatment.

The second type of enclosure would place the cooling fan outside the
enclasure, permitting greater reduction in engine noise. The radiator
and fan would generally require relocation because of the restriction pre-
sented by the engine enclosure. This type of enclosure is used on production
buses in Europe, such as the Scania CR11IM. [In the Scania buses, the engine
campartment is completely sealed on all sides and is provided with a fan for
ventilating the engine compartment. The air intake for ventilation is located
on the roof of the bus., The single radiator on the left side is replaced by
two radiators, one on each side of the bus located ahead of the closed engine
compartment. Cooling air is drawn in by individual electrically operated fans
at each radiator. The cooling system of the Cl1lM is designed for an air-to-
boil temperature of B5-90'F. This would not be acceptable for most climates

in the United States. European bus technology is discussed in greater detail

in Appendix A,

Engine enclosures may reduce accessibility to the engine compartment,
add weight, 1in some cases reduce passenger and freight capacity due to in-

creased engine compartﬁent size, and pose a potential fire hazard.

Engine mountings are important on all huses since engine vibrations can
be transmitted to the body framework and to the body panels through the
mounts, Engine mount design technology is sufficiently advanced to provide

good isolation at high frequencies between the engine and body frame or
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chassis while allowing the large torque forces to be transmitted to the
transmissfon. Vibration isolation is important because current bus interfor
noise levels are dominated by floor and body side panel radiated noise which

appears to be the result of engine vibration,

Transmission noise for diesel buses can be lowered by the application
of damping material to reduce resonant amplification at troublesome frequen=
cies, by stiffening or by weakening housing areas to shift resonance frequency
components, by decoupling housing areas by slotting or adding mass dampers,
and by altering panel geometrics. (Ref. 13) Engine shields can be extended to
include the transmission housing in the case of buses. Transmission noise
becomes an impartant noise contributor on gasoline engine vehicles only after

the noise from the engine and the intake have been lowered below 70 dB.

(d) Intake

Current 1intake noise levels for diesel engines, which are considered
noisier than gasoline engines, range from 56 to 75 dB. (Ref. 1} The intake
nofse level {s relatively low in gasoline engines because the air intake

f1lter 1s mounted directly on the engine carburetor and because of the in-

herently quieter air intake process.

In the case of diesel engines, intake noise includes the noise from
the afr 1inlet, the air cleaner shell and ducting, and Teakage of the air
intake system components. Intake noise is produced by the opening and the
closing of the inlet valve. When the valve opens, a sharp pressure pulse sets
the air in the inlet passage into oscillation at the natural frequency of the
atr column., This oscillation is rapidly damped by the changing volume caused
by the piston's downward motion. When the inlet valve closes it produces
similar pressure oscillations, which are relatively undamped, In the diesel

engine, air inlet noise fs generally observed in the low to middle frequencies
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(up to 1000 Hz). On gasoline engines, this inlet ncise may be mportan. .

higher octave bands due to the flow noise produced in the carburetor.

Typical unsilenced intake noise levels for truck diesel engines at high
idle vary between 70 dB8 and 85 dB, measured at 50 feet from the engine inlet.

Production air filters used on most trucks provide an insertion loss {noise

" level reduction) of from 9 to 22 dB. 1In the case of eleven trucks with

Detroit Diesel engines and production model intake filters, ([Ref. 14) intake
noise exceeded the noise levels from the remaining components in only one
case. Six trucks had sufficientiy quiet air intake that further reduction of
intake noise would not be of any benefit to overall vehicle noise levels. The
remaining trucks showed overall noise reductions o U.5 to 3 dB for a 6 dB
reduct fon of intake noise. If the noise from remaining components were

lowered, intake noise would assume greater importance,

Intake filters act as silencers because of the sound absorption properties
of the filter element and because of the area changes. Additional silencing
may be provided by designing flow passages to restrict line~of~sight trans-

mission.

Heavy duty ofl bath cleaners used in transit buses are good noise sup-
pressors. Cleaners that have large flat sections of sheet metal can radiate
significant amounts of nojse from mechanical vibrations. Use of rubber sec-
tions such as elbows, tubes or connectors in the air intake piping should be
avoided as much a possible. Most rubber sections are not good acoustic

barriers and radiate excessive amounts of noise because of their pulsating

valls,

On the International Harvester Quiet Truck, the intake noise was reduced
from 72 dB to 69 df by replacing the intake rain cap with one with a better

design. (Ref. 15).
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For maximum quieting, an additional intake silencer can be installed
between the air cleaner and the engine inlet. These devices are not partic-
ularly expensive, are easy to install, and will do a good job of absorbing
higher frequency noises. The silencer should be installed as close to the
engine inlet as possible, The additional space requirement may be a prohlem

in transit and forward control school buses.

(e} Chassis and Accessory Noise

Chassis noise refers to that nolse generated by a bus coasting with
the engine idling and the transmission in neutral. It is dominated by tire
noise but includes any wind or turbulent noise caused by the passage of the
bus. It is considered to be the lowest level of noise attainable for a
vehicle, The noise from such remaining minor sources as air conditioning and

air brake compressors are included as accessory noise.

Motor Industries Research Association (MIRA) (Ref. 16) has collected data
on coasting noise levels for a broad range of vehicles. Coasting noise
depends on tire tread, road speed, road surface, axle loadings, and size or
waight of vehicle. A useful general relationship for the coasting nojse of a

vehicle at 30 mph (44 fps) on a smooth, dry surface is given hy the equation:

dBA = 65+ 7 1log W
10
where:
W = gross vehicle weight in tons

dBA = sound level 7-1/2 meters from vehicle centerline.

A typical school bus of 23,000 tb. GVWR according to this formula wil) produce
66 dB at 50 feet while coasting at 30 mph. A vehicle of 10,000 1hs, GVHR

will produce 64 dB under the same conditions,
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EPA conducted tests on the coasting levels of several school buses
of 17,400 1b. to 23,000 1b, GVWR rating chassis. (Ref. 17) A 23,000 lb. GVWR
bus measured 65 dB on the curbside and 69 dB on the streetside while coasting
at 30 mph. A 17,400 1b, GYWR bus equipped with snow tires measured 73 dB on
the curbside and 74 dB on the streetside while coasting at 30 mph. 8oth tests
were conducted with the engine idling, the transmission in neutral, and all

accessories on.

Current school bus chassis noise levels appear to be iIn the 65 to 74
dB range at 30 mph with the engine shut off. Coast-by noise levels fo
conventional school buses (without accessory noise) without snow tires arg
approximately 64 to 68 dB. Chassis noise levels can approach these coast-by

levels by Towering the contributions from accessories and body vibratians,

Chassis noise levels of current transit buses range from 65 to 76 dB
for 35 ft. and 40 ft. coaches. (Ref. 18) It is felt that chassis noise levels

of 70 dB are achievable on today's 40-foot transit coach.

In the case of integral design transit buses, the outer skin panels
are load-carrying members. Hence any rocad or engine vibrations transmitted
through the suspension or engine mounts will be transmitted to the skin as
stress and result in vibrations of the panels. These panels are acoustically
efficient radiators of sound at audible frequencies. The mounting of acces-
sories will need special care to avoid excitation of the body panels into
resonance. The windows of the bus should also receive attention. Apart from
rattles, loose window panes also result in large vibrating surfaces and hence

chassis noise.

For school buses, to meet the 75 dB noise level wil require a ghassis

exterior design lavel of 65 dB or less. On buses over 23,000 GVWR, careful
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body design to minimize noise radiation from body panels will be required.
Some critical body panels may need damping treatment or stiffening to make
them inefficient radiators of sound energy at the trouhblesome frequencies

peculiar to the body-chassis combination.

The isoclation between the body and chassis will need improvement.
School buses employ truck chassis with stiffer suspensions than those employed
for automobiles. The number of isolation pads between the chassis and the
hody should be kept at a minimum since each pad provides a path for some of
the chassis vibrations to the body. Doubling the thickness and halving the
stiffness of the rubber pads, for example, will lower the critical frequency
by a factor of 1.4 and improve the isolation over a greater range of frequen-

cies.

{(f) Interior Noise Levels

Current bus interior noise levels are dominated by floor and body side
panel radiated ncise which apears to be the result of engine vibration.
Therefore, careful isolation of the engine from the chassis 1is necessary.

Redesign of engine mounts on transit and intercity buses may be necessary.

Airborne engine noise may be blocked from the passenger compartment
by barrier panels. 0n conventional school buses the acoustic insulation
material should extend under the flaor for about 5 feet. All holes in the
firewall for pedal linkages, steering column, etc., should be carefully

sealed with heavy rubber boots.

Floor transmitted noise can be reduced by floor insulation. One such

treatment consists of an isolating layer of soft rubber between two boards.

On intercity buses the luggage compartment under the passenger comparte

ment offers a partial barrier to tire noise transmitted to the interfor. If
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resonant vibrations are present in body panels, damping treatment will be
beneficial. Otherwise, sound radiation to the interior can be minimized by
covering the interior surfaces with a limp, heavy acoustic material such as
lead/vinyl sheeting. Another approach would be he te isolate the rear

section body panels from the main integral body framework.

On conventional and forward-control school buses, special attention
to the support system for the exhaust pipes and muffler under the bus floor

may be necessary to prevent the transmission of wvibration to the chassis.

Interior noise levels on all bus types may be reduced by carpeting,

fabric covering of roof and body panels, and safety padding of seats.

2. QOverall Vehicle Noise Abatement

Overall noise level reductions are achieved by quieting bus components
in various combinations depending on their intensity as noise sources. The
technology for guieting bus noise components, described in Section 5.1,
is specified in this section for each type of bus:

Urban transit buses

. Intercity buses

. School buses
for each of the four technology study levels. Component design noise levels
required to achieve the overall bus noise design levels are presented for

each type of bus for the four study levels.

Urban Transit and Intercity Buses

Urban transit buses and intercity buses are similar in terms of component
noise levels required for achieving the overall vehicle design levels to meet

the four study levels. The required noise abatement techniques are also
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similar, with intercity coaches requiring the same abatement treatments
as urban transit transit buses plus a few additional treatments, Table 5-2
specifies the component noise levels required by design to achieve the four
study levels for both diesel powered integral transit buses and diese! powered

integral intercity buses,

Table 5-3 describes the noise abatement treatments for each component
nofse level required to achieve each of the four study levels for urban
transit buses. Intercity buses require the same treatments for each noise
source as well as additional treatments specified In the far right column of

the table.

Table 5-4 specifies the required noise control treatments of the Advanced
Design Buses (ADBs) using noise control treatments specified for urban
transit buses. In order to quiet ADB's to meet the four study levels, addi-
tional noise control treatments besides those for transit buses, are required.

These addit{onal treatments are presented in Table 5-5.

1t should be notad that for the ADB's to meet the 77/80 level the ra-
diator and the engine cooling fan mhy need to be removed from the engine
compartment. The cooling system may be located above the engine compartment
along with the air conditfoning condenser as shown in Figure 5-14. This
Tayout will not impinge on present seating capacity of the ADB's. Centrifugal
fans are inherently quieter than axial fans, They also change the air flow
direction 90 degrees without the pressure loss that would result with axial
fans. The cooling air is exhausted directly into the engine enclosure, so

that a separate ventilating fan will not be required. (Ref. 20)

The basic nolse control techniques suggested for conventional design

transit buses also apply to the M.A.N. - AM General articulated buses.
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TABLE 5-2

Component Noise Level Matrix for Diesel

Powered Integral Transit Buses

Sound {evel, SAE J366b Sound Test, dB

I II 111 Iy
Bus Exterjor Study Level 83 80 77 75
(Not-to-exceed level)
Bus Exterior Design Level 80.5 71.5 74,5 72.5
Engine and Transmission 75 7l 71 65
Exhaust System 75 70 65 65
Cooling Fan 76 73 68 65
Intake 65 65 65 65
Chassis 70 70 68 68
Diese] Powered Inteqre] Intarcity Buses

| Sound Level, SAE J366b Sound Test, dB

é [ I1 194 Iv

i Bus Exterior Study Level 83 80 77 78

} (Not-to=exceed level)

% Bus Exterior Design Level go.5 77.5 75.0 72.5

? Engine and Transmission 75 7l 7l 65

g Exhaust System 75 70 65 65

é Cocling Fan 76 73 68 65

| Intake 65 65 65 65
Chassis 70 70 68 68
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TABLE 5-3
Noise Control Treatments for Urban

Transit Buses and Intercity Buses

Study Noise Contral Treatment Additional Noise Control Treatments
Type of Bus Lavel Noise Source Urban Transit Buses Intarcity Buses
Urban Transit I (B3-86) E£xhaust Resilient mount if vertical tail pipe used, Sub- Reroute tail pipe to exit at the roof
Buses System stitute single-wall muffler with advanced double- 1ine.
wrapped body mufflers,
Cooling Seal 211 leaks between engine compartment sidewall On MCI buses, acoustically treat air
System and radiator and between the radiator and flow ducts.
shroud,
Engine, Damped rocker arm covers.
Diesel Acoustical material on existing parts of hood,
engine compartment sidewall and forward bulkhead.
Design of radiator grill to prevent line-of-sight
sound transmission while maintaining adequate
cooling. Seal all engine compartment holes,
Lina engine compartment with socund absorbent
material, Biock 1) enaine borne noise from
passenger compartment.
Intake Best available air cleaner with careful sealing of
all leaks,
Chassis Special care in mounting accessories to avoid
and excitation of body panels into resonance. Air
Accessories conditioner compressor area may need some acoustical
treatment.
Il (B0-83) Exhaust Turbocharged engine or add a resonator. Adding a Reroute tail pipe to exit at the roof
System resanator requires the whole exhaust system to be line,

redesigned with a prem:ffler in series with the
main muffler. Seal all leaks 1n the exhaust system
using gas-tight eshaust joints., If muffler is
outside engine enclosure, use double-wzlled typa.
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TABLE 5-3 (Cont.)
Noise Control Treatments for Urban

Transit Buses and Intercity Buses

Study
Type of Bus Level

Noise Source

Noise Contral Treatment
Urban Transit Buses

Additional Noise Control Treatments
Intercity Buses

444 :
(77-80)

Cooling
System

Engine

Intake,
Chassis
Accessories

Exhaust
System

Replace rectangular shrouds with contoured shrouds,
Optimize fan coverage, Optimize air flow
distribution across radiator by changing fan to
radiator distance. If cooling air is restricted
increase the pressure rise across the fan

without decreasing the volumetric afr flow rate.
Alternatively, the radiator and fan may be
increased to permit adequate coaling at the reduced
air flow velocity.

Complete engine belly pans with two openings and
line-of-sight shielding between engine and radiator
opening., Line air outlet duct with 2 inches of
glass fiber or open-cell foam. Provide Touvers

at the exit to minimize 1ine-of-sight between the
{nterjor and the pavement. Carefully design drive
shaft opening to minimize sound escape.

Route refrigerants and lubricants through holes
sealed with asphalt or rubber grommets.
Turbocharged engines may require auxiliary engine
compartment ventilation systems.

Same treatment as for Level [,

The exhaust system for Level Il with some added
volumg can be used. A turbocharged enging with
large resonators as close to the manifolds as
possible fallowed by the exhaust pipe and muffier
wrapped with asbestos or minera) wool to provide
scoustic/thermal tnsulation.

On MCI buses, acoustically treat air
flow ducts.

Eagle buses may need an additiona)
shield between the engine and air
conditioner condenser opening on the
curbside.

Reroute tail pipe to exit at the roof
line.
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TABLE 5-3 ({Cont.)
Nojse Control Treatments for Urban

Transit Buses and Intercity Buses

Study
- Type of Bus Leve!l Noise Source

Noise Control Treatment
Urban Transit Buses

Additional Noise Control Treatments
Intercity Suses

Engine
(Cont})

Intake,
Chassis

and
Accessories

Same as for Leve) III.

between two boards. Another approach
to interior noise reduction would be
to isolate the rear section body
panels from the main integral body
framework. Addition of sound absorb-
ing linings in the interior may
minimize reverberation.

Enclosure for the MCI buses may need
an outlet near the axle. The
enclosure will cover the entire
tranmission casing, Additional
suction fans may be needed at
enclosure exit to minimize air flow
through radiators.




TABLE 5-4

Additional Noise Contrnl Features for Advanced Design Buses

COHPONENT STuDY NOISE CONTROL EXISTING QU
SYSTEH LEVEL !dll! FEATURES M.A.H. BUSES
Engine & Trans- 80 Full engine underpan No
misston
7 Complete engine
enc losure Ko
75 Complete engine
enclosure No
Exhaust 80 Turbocharging Yes
77 Turbocharging Yes
Dual exhaust and No
double wrapped mufflier
75 Turbocharging Yas
Dual exhaust and No
double wrapped muffier
Cooling 80 Yarfable speed fan Yes
Downward outlet Yes
17 Remote radiators with
centrifugal fan N.A.
Acoustical louvers No

Aerodynamtc enclosure

outlet No
75 Remote radiators with
centrifugal fan N.A.
: Acoustical louvers No
Water conled manifolds No

1 Increased cooling
..1. capacity No

Cooling system sound

insulation No
Aerodynamic enclosure
outlet No
{ Inteke, Chassis
i and Accessories 80, 77
i L 75 Intake silencer Yes
5-4%
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TABLE 5-5

Required Noise Contro) Features Based On
Current Technology Buses

Component Study Required
System __Level Noise Contral Feature
Engine & Trans- 80 Full Engine Underpan
mission
77 Complete Engine Enclosure
75 " Complete Engine Enclosure
Exhaust 80 Turbocharging
77 Turbocharging
Dual Exhaust and Double Wrapped Muffler
75 Turbocharging
bual Exhaust and Double Wrapped Muffler
Cooling 80 Downward Outlet
17 Remote Radiators With Centrifugal Fan

Acoustical Louvers
Aerodynamic Enclosure Outlet
75 Remote Radiators with Centrifugal Fan
Acoustical Louvers
Water Cooled Manifolds
Increased Cooling Capacity
Cooling System Sound Insulation
Aerodynamic Enclosure Outlet
Intake, Chassis 80,77 Separation of Radiator
and Accessories k75 & A/C Coils

®California Only Initially

Source: 19

Existing Features

ADB
Flx GM
No No
No No
No No
Yes* Yes*
Yas* Yas*
No No
Yes* Yas*
No o
Yes Yes
No No
No No
No No
No No
No No
No No
No No
No No
No No
Yes No
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FIGURE 5-14

Engine and Cooling System Layout
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Some of these techniques, such as turbocharging and intake silencing, are
aiready being employad on the articulated buses, There exists large amounts
of unused space around the engine and the air-conditioning unit, The use of
sound absorbing material in this space, combined with the replacement of the
flexible aexhaust pipe, should result in a significant noise reduction, The
design of the M.A.N. buses i{s such tht the noise reduction required may be
accomplished with relative small effort. Table 5-6 lists the suggested noise
control treatments and indicates whether they are currently employed on the

M.A.N. buses. (Ref. 21}

School Buses

There are five basic configurations of school buses:
. Conventional gasoline powered
Conventional diesel powered
. Front-engine forward contro)
. Mid-engine

. Rear-engine,

Noise control treatments of the various noise sources vary from one
school bus type to another. Component design noise levels also vary from one
schoo! bus type to another. Therefore, data on overall school bus noise
ahatement 1is distinguished by type of school bus, although in many cases
treatments are identical. Table 5-7 specifies the component noise levels

required by design to achieve the four study levels for the various types

of school buses.

The specific noise abatement treatments of noise sources for the varjous
types of school buses to achieve the four study levels are arrayed in Table

§-«8. In many 1nstances nofse abatement technfques are common to mare than gne

type of schaol bus,
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TABLE 5-6

Comparison of Suggested Noise Control Features
with those Currentily EmpToyed on M,A.N, Buses

EXTERIOR
COMPONENT LEVEL NOTSE
SYSTEM {dB) CONTROL FEATURE
Engine and
Transmission 80 Full Engine Underpan
17 Complete Engine
Enclosure
75 Complete Engine
Enclosure
Exhaust 80 Turhocharging
17 Turbocharging
Dual Exhaust and
Double Wrapped Muffier
15 Turbocharging
DUx1 Exhaust and
Double Wrapped Muffler
Cooling ® g0 Retain Large Radiator
With Slower, Turning Fan
Smaller Radiator with
Thermostatic Controlled
Fan
JDownward Qutlet
I Remote Radiator with
Increased Cooling
Capacity
Aerodynamic Enclosure
Qutlet
75 Remote Radiator with

Intdke, Chassis 80, 77
and Accessories

Reference 20

Fh A o i

increased Cooling
Capacity

Acoustical Louvers
Water Cooled Manifolds
Cooling System Enclosure

Aerodynamic Enclosure
Outlet

Separatiom of Radiator
and A/C Condenser
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INCREMENTAL
IMPACT OF
IMPLEMENTATION

Possible minor relocation of com-
ponents for ease of maintenance

Relatively minor changes
Possible further minor changes
Currently used for Calffornia
tuses; Relatively minor changes

Ko change from previous level

Possible Yayout redesign

fo change from previous level

'Nu change from previous level

Relatively minor change

Possible minor relocation of
components

Layout redasign

Relatively minor change

fio change from previous level

Relatively minor change
Possible Yayout redesign
Relatively minor change

o change from previous
level

Layout redesign at 80 dB
Jevel
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TABLE 5-7

Design Levels of Component Noise Sources

Component Noise Level Matrix for Gasoline-Powered Conventional School Buses

aiié_Front Engine Forward Control achoo! Buses

Sound Level, SAE J366b Test, dB

Bus Study Level
(Not-to-axceed level)

Bus design lavel
Engine and intake
Exhaust

Cooling fan

Chassis and accessories

I
83

80.0
n
13
73
70

I1
80

77.5
74
69
70
70

Il
77

74.5
7l
65
64
70

v
15

12.0
68
65
64
65

Component Noise Level Matrix for Diesel-Powered Conventional School Buses

Sound Level, SAE J366b Test, df

Bus Study Leve)
(Not-to-excead level)

Exterior Design level
‘ Engine

;; Exhaust

Fan

Intake

b Chassis and Accessories

e

1T Tr— L 7T
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83

80.5
7
13
73
72
10

I1
80

7.5
74
89
70
§9
70

Il
77

74.5
7
68
64
65
65

e L

v
75

72.5
68
65
64
65
65
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TABLE 5-7 (Cont.)

Component Noise Level Matrix for Mid-Engine School Buses
Sound Level, SAE J3b6b Test, dB

I 11 111 v
Bus Study Leval 83 80 77 75
(Not-to-exceed Tevel}
Exterior Design Level 0.5 77.5 75.0 72.5
Engine 75 N 71 67
Exhaust 75 10 65 65
Cooling Fan 76 73 70 65
Intake 65 65 65 65
Chassis 70 70 65 65

Component Noise Level Matrix for Rear-Engine
School Buses (Integral and Body-on-(Chassis)

Sound Level, SAE J366b Test, dB

1 It 148 Iv
Bus Study Level 83 B0 77 75
(Not-to-exceed level)
Bus Exterfor Design Level 80.5 77.§ 75.0 72.5
Engine and Transmission 75 n 71 65
Exhaust System 75 10 65 65
Cooling Fan 76 73 68 65
Intake 65 65 65 65
Chassis 70 70 68 68
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Noise Contro} Treatments for School Ruses

TABLE 5-8

oise
ource

Study
Level

Type of School Bus

Nofse Cantrol Feature

Conventional
Gasoline-Powered

Conventional
Diesel-Powered

Front-Engine

Forward Control
Parcel Delivery
Chassis and Mator

Home Chassis

Mid-Engine

Rear-Engine

xhaust

25-§

I

11

1991

Best Available Muffler

Advanced Double-Wrapped Muffler
Premuffler May be Meeded

Seal ALl teaks Between Rad{ator,
Bus Sidawalls and Shroud

Fore Advanced Muffler {Almost
Doub¥ing of Huffler Volume)
Plywaod Floor

Turbocharged Engine or Modified
Diesel Truck Huffler

Large Rescnator 1n Series With Main
Muffler

Seal AM1 Leaks in Exhaust System
Turbecharged Engine or Add a Large
Resonator in Series With Main
Muffiler

Advanced Dual Horizonta! Exhaust
System Hith Double-Walled Muffler
and Premufflers

Heavier Gauge Exhaust and Tail Pipe
Gas Tight Exhaust Joints

Wrap Exhaust Pipes With Thermsl
Acoustical Material

Add Large Resonator

Turbocharged Engine

Manifold Mufflers or Improved
Resonators and a Muffler With
Stack Silencers

B

>

2 2L >
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TABLE 5-8

{Cont.)

oise
gurce

Study
Level

Noise Lontrol Feature

Type of Scheol Bus

Canventional
Gaseline-Powered

Conventional
Diesel-Powered

Frant-Englne Mid~Engine
Forward Control
Parcel Delivery
Chassis and Motor

Hame Chagsis

Rear-Engine

xhaust
Cont.)

aaling
‘an

Iy

I

I

No further Controls Required
Mznifold Mufflers or Advanced

Double-Walled Dual Mufflers
Double-Wall Exhuast Piping
Pipe Joint Seals

Seal Shroud

Optimize Fan Coverage by the Shroud

Readjust Coaling System for Adequate
Cooling With Sealed Engine
Enclosure

No Treatment Required

Contoured Shroud With 1/4-inch Tip
Clearance or Increased Radiator
and Fan Size

Wo Further Controls Reguired

Contoured Shroud

Reﬁlage Fan to Handle Greater Total

ea

Increase Radiator Frontal Area by
20 Percent and Fan Diameter by
10 Percent
Engine Mounted Close Fitting Shroud
Advanced Serpentine-Fan Radiator
Redesign Fan Shaft, Pulley and Belt
System
Increase Radiator by 10 Percent
Engine Mounted Cantoured Shroud With

* 1/4-inch Tip Clearance
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TABLE 5-8 ({Cont.)

ise
rce

Study
Level

Noise Control Feature

Type of dchool Bus

Conventional
Gasoline-Powered

Conventional
Diesel-Powered

Front=Engine
Forward Contro}
Parcel Delivery

Chassis and Mator

Home Chassis

Mid~Engine

Rear-Engine

»ing
1
mt.)

yine

v

I

111

Readjust Coolling System

Increase Maxfinum Fan Speed

Redesign Engine Side Shields

Miy Require 2 Radiators on Either

Side of Enging

No treatment Regquired

Engine Quiating Kit

Azousticaliy Trezt Engine Maod

Pamp Engine Covers

Damp 011 Pan

Acoustically Treat Engine Compartment

Acoustically Treat Engine Hood

Acoustically Treat Cowl Face

Acoustically Treat Under-Floor

Scal Holes 1n Firewall With Heavy
Rubber Boat

Enginc Noise Shield

8elly Pan

Sealed Belly Pan

Acoustically Seal Exit Duct

Line~of-Sight Shield Between Engine
and Fan

Engine Side Shialds

Coaling Fan Redesign

For Turbocharged Engine, Larger
Engine Cab

W

PCICPE L

ek Dt

314

L I S Y

X
X
X

I > 32 2
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TABLE 5-8 {Cont.)

Type of School Bus

Noise Study Hoise Control Feature Canvent jonal Canventional Front-Engine Mid~Engine Rear-Engine
Source Level Gasoline-Powered Diesel-Powered Forward Contral
Parcel Delivery
Chassis and Motor
Home Chassis

I If Not Turbocharged, Bally Pan
{Cont.) May Require Flow-Through Engine
Enclosure With Special Engine
Mounts
Isatate Engine or Isolate Body From X
Chassis
Turbozharged Engine

P D

v Engine Side Shields

Bally Pan Between Radiator and Bel)
Housing

Cooling Capacity May Need to be
increased

Isclate Engine or Isolate Body From
Chassis

Turbogharged Engine

Sealed Type Tunnel Flow-Through
Enclosure

Major Redesign of Engine Cowl

Major Redasign of Cooling

Total Engine Encapsulation

Total Engine Encapsulation or Flow-
Through Engine Enclosure X

Urban Transit Bus Changes X

Floating Slab Floor

M M
S M
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3. Acoustical Assurance Period (AAP)

The noise abatement methods described in this chapter are based on
existing noise control techniques for lowering noise emitted by currently
designad buses, Many of these methods have been demonstrated on prototype
trucks and transit buses, while some of the technology discussed has been
incorporated into production model vehicles. The durability of these noise

control technologies is of particular interast to the EPA,

To ensure that manufacturers develop and apply durable sound reduction
measures to their products, EPA is establishing an Acoustical Assurance Period
{AAP) of 2 years or 200,000 miles, whichever comes first. This means that
the bus noise level must conform with the standard during this period provided

that it is properly maintained.

If individual noise control components are not durable, total! vehicle
notse emissfon characteristics may be expected to degrade. Improved mufflers
manufactured with comparable materials should deteriorate at about the same

rate as those presently produced.

Diasel-engine-mounted shields have been thoroughly tested by Cummins,
Detroit Diesel Allison, and Caterpiller. Degradation can normally be expected
only if the panels are worked loose by vibration or if the acoustical materis

als become saturated with oil.

On conventional school buses, engine side shields integrated into the
engine cow! can redice the accessibility of the engine to servicing. Care
should be taken during servicing to avoid damage to the panels by repair

tools, oil contamination of the panels, and excessive vibration,

5~56

e g W



Belly pans can collect oil, are easily damaged by road surfaces, and
reduce engine accessibility from under the vehicle. Removing belly pans may
decrease the efficiency of certain vehicle systems, For example, the belly
pans will change the air flow rate through *he engine compartment and reduce
the efficiency of a cooling system designed for an engine with belly pans.
Therefore, belly pans should be designed for improved engine accessibility and
either binged or have sufficient warning labels that they should not be

permanantly removed.

Degradation of noise levels from vehicles with totaily encapsulated

engines is unlikely 1f the shielding is properly assembled.

Current transit industry practices may also impact bus noise levels.

Those practices may include (Ref. 19):

Engine access doors are often not latched.

. Covers used for engine enclosures may get damaged or not replaced
during bus servicing.

. Steam cleaning and use of high pressure hot water for engine cleaning
may cause acoustical insulation to break down.

. Bus operators often develop their own maintenance schedules, which
although often based on manufacturer maintenance schedules, may
differ from one operator to another.

,  The quality of maintenance and repair differs significantly among bus
operators.

. Bus noise levels may be significantly influenced by the type of
operation and duty cycle. For example, streets that are in disrepair

will tear up buses during normal operations due to excessive vibration.
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Warranty costs for transit buses are considered a capital cost and
subsidized 80 percent by the Federal government, Maintenance costs far
transit buses are only subsidized 50 percent by the Federal government.
New equipment is usually used more extensively in the fleet than

o}der equipment.

With proper component design and maintenance procedures which Incorporate

checks on critical noise abatement devices, degradation should be minimal,
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SECTION 6
EVALUATION OF EFFECTS OF BUS
NOISE ON PUBLIC HEALTH AND WELFARE

Introduct ion

The purpose of this section of the regulatory analysis is to assess, in
quantitative terms, the health and welfare impact of the noise emitted by
buses, and the benefits or reductions in this impact to be expected from a
regulation Timiting the noise emissions from newly manufactured buses.
Presented in this analysis are predictions of the potential health and welfare
benefits of selected noise control options that cover a wide range of possible

regulatory programs for buses.

Because of inherent differences in individual responses to noise, the
wide range of situations and environments which relate to bus noise genera-
tion, and the complexity of the associated noise fields, it is not possible
to precisely examine all situations of community exposure to bus noise.
In this predictive analysis, certain stated assumptions have been made in
order to approximate typical, or average, situations. The order of magnitude
of the population that may be affected for each regulatory option is deter-
mined through statistical analysis. Some uncertainties with respect to

individual cases or situations may remain.

Effects of Noise on People

The phrase “health and welfare," as used in this analysis and in the

context of the Noise Control Act, is a broad term. It includes personal
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comfort and well-heing and the absence of mental anguish, disturbances and
annoyance, as well as the nonoccurrence of clinical symptoms such as hearing
loss or demonstrable physiological injury (Reference 24). In other words,

the term applies to the entire range of adverse effects that noise can have

on peaple.

Improvements 1in public health and welfare are regarded as benefits of
noise control. Public health and welf:re benefits may be estimated both
in terms of reductions in noise exposures and, more meaningfully, in terms
of reductions in adverse effects. This analysis First estimates exterior
and interior bus noise exposure {numbers of people exposed at different
noise levels), and then translates this exposure into potential impacts on the

community, bus passengers and drivers.

People are exposed to nofise from buses in a variety of situations.

Some examples are:
. Inside a home, office or workplace
. Outdoors at home, or in commercial and industrial areas

1
2
3. As a pedestrian or in transit in other vehicles
4. As a participant in recreational activities

5

. As a bus driver or passenger

As measured from people's responses in questionnaires, there is no doubt
that annoyance to bus noise does exist. 1In fact, in a survey of people's
annoyance to motor vehicles, it was found that of those vehicles perceived as
a noise problem, buses were noted to be the loudest and most intemsely annoy-

ing of any of the major vehicle noises {Reference 6).
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Noise affects people in many ways, although not all noise effects will
occur at all levels. MNoise associated with the operation of buses can
produce the effects mentioned below, the extent to which depends on duration

of exposures and spectfic exposure situations,

The best-known noise effect is probably noise-induced hearing loss, This
is qenerally not a problem for a person with occasional exposure to traffic
noise, but it can be a problem for some bus drivers or passengers. A charac-
teristic of noise-induced hearing loss is that it first occurs in a high-
frequency area of the auditory range, which has some jmportance for the
understanding of speech. As a noise-induced hearing loss further develops,
the sounds which lend meaning to speech become less and less discriminable.
Eventually, while utterances are still heard, they become merely a series of
low rumbles, and the intelligibility is lost. HNoise-induced hearing loss is
a permanent loss for which hearing aids and medical procedures cannot compen-

sate.

Hoise can cause stress, The body has a basic, primitive response
mechanism which automatically reacts to noise as if to a warning or danger
signal. A complex series of bodily reactions (sometimes called the “flight-
or-fight" response) takes place; these reactions are beyond conscious control,
When noise intrudes, these reactions can include elevation of blood pressure,
changes 1in heart rate, secretions of certain hormones into the bloodstream,

changes in digestive processes, and increased perspiration on the skin,

This stress response occurs with individual noise events, but it fis

not known yet whether the reactions seen in the short term become, or

6-3
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contribute to, Tong-term stress disease such as chronic high blood pressure,

Some of this stress response is believed to be reflected in what people
express as "annoyance", "“irritation", or "aggravation" and which the Agency has
termed "general adverse response". Accordingly, this analysis estimates the
generalized adverse responses of people to environmental noise, To the extent
that physiological stress and verbalized annoyance are related, the "general
adverse response” quantity is considered to be one metric for indicating the

magnitude of human stress response.

The general adverse response relationship to noise levels is also
seen as representing, in part, another area of noise effects: activity
interference, There is considerable scientific data that demonstrates that
noise interferes with many important daily activities such as sleep and
communication (Reference 11}, These effects (sleep disturbance and communica-
tion interferance} can be estimated. Thus, computations of potentjal benefits,
based on the potential of interference with human activities, are included as
part of the analysis in this section. In expressing the causes of annoyance
to noise, people often report that ncise interferes with sleeping, relaxing,
concentration, TV and radio 1istening, and face-to-face and telephone communi-
cations. Thus, the general adverse response quantity s considered an appro-
priate metric to indicate the severity to which noise interferes with everyday

human activities.

Measures of Benefits to Public Health and Welfare

People are exposed to nofse generated from buses both at and away from
their residences. In general, it is anticipated that a reduction of nojse

emitted from buses will result in the following types of benefits:

1, Reduction in average traffic noise levels and associated cumyla-
tive long-term impact upon the exposed population.
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2, Fewer human activities disrupted by individual, intense or intruding
noise gvents,

3. General improvement in the quality of 1ife, with quiet as an amenity
resource.

4, Reduced annoyance in terms of Jless interference with speech com-
munication inside buses, and reduced potential for hearing damage risk
to bus drivers and passengers in combination with non-bus noise

exposures.

The general approach taken in this health and welfare regulatory analysis
js to estimate the adverse effects of bus noise on the U.S., population,
and then quantitatively evaluate the potentiar benefits resulting from the
reduction of noise from buses {both inside and outside) in terms of percentage

reductions in adverse impact.

Estimates of traffic noise levels under various regulatory schedules are
presented in terms of the noise levels associated with typical bus passbys.
These estimates are derived by considering traffic mixes within different
populated Tand areas. Possible reductions in average traffic noise levels
from current conditions (j.e., without nofse emission regulations for buses)
are presented for several regulatory options for new buses, taking into
account probable noise emission reductions of other traffic noise sources
{References 50 and 51). Projections of the population adversely impacted, as
well as the relative reductions in impact (benefits) from current conditions,

are determined from the estimated reductions in average traffic noise levels,

However, estimating nationwide impact in terms of average urban traffic
noise levels is not, in and of itself, totally indicative of the severity or
extensiveness of the bus noise problem. The analysis does not fully describe
jndividual disturbances or the extreme annoyance caused by single bus passbys

in varifous environmental situations. This is because annoyance or other
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responses to noise frequently depend on the activities and locations of the
people when exposed to bus noise. Thus, average traffic noise levels do not
account for the more disruptive and annoying peak noise intrusions produced by
individual bus passbys (frequently referred to as "single events"). Therefore,
additional potential benefits should result from the consideration of reduced
noise levells associated with these single events, These benefits are dis-
cussed in terms of the potential interference with people's activities re-
sulting from exposure both to current bus noise emission levels, and to
reduced single event levels associated with the regulatory options considered.
Sleep interference and speech interference are considered in this analysis as
indicators of potential activity interference and the associated adverse
impact of bus noise. Furthermore, benefits of reducing interior noise levels

of buses are examined.

The following analysis presents numeric values which represent both the
numbers of people exposed to bus noise and the degree to which they are
potentially impacted. Also presented are relative percentage reductions in
impact from 1980 conditions. This analysis principally relies on relative
percent reductions in noise impact rather than on absolute values of present
or future impact sipce the latter is not readily quantifiable., The relative
reductfons in impacts are considered accurate indicators of what might be
expected from the imposition of noise emission standards. For example, while
it may not be possible to characterize completely the extensiveness and
severity of the noise impact of current bus operations, relative reductions
can be accurately calculated and are used for comparing various regulatory

alternatives.
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Regulatory Schedules

The health and welfare analysis carried out for buses examined the
potential benefits of reducing bus noise bhased upon a broad range of the
exterior and interior regulatory options. These requlatory options shown 1in
Table 6-1 represents those regulatory options, as applied to both exterior
and interior bus noise emissions, that were considered in arriving at the
final regulatory levels and effective dates. Since a number of the options

are to varying degrees dependent on each other, they are grouped accordingly.

With only one exception, each bus type is reguiated to the same level,
In Option 5, transit and intercity buses are regulated in accordance with
Option 3, while school buses adhere to Option 2, Option Q (an idealized case)
represents quieting buses to a level 10 dB below the most stringent regulatory
option. This option 1s included for comparison purposes only to indicate an

upper limit of potential benefits.

DESCRIPTION OF TRAFFIC NOISE IMPACT

This ana1§sis presents projections of average traffic passby noise levels
for scenarjos that dinclude both urban street traffic and highway traffic.
Note that the benefits accrued from the regulatory schedules considered for
new buses will be less for highway traffic than for urban street traffic for
the following reasons:

] The number of people exposed to highway traffic noise is Jess than the
number of people exposed to urban street traffic noise,

0 The reductions in traffic noise levels resulting from the regulations

on new buses will be less in freeway traffic than in urban street
 traffic,

As presented in Figure 6-1, the number of people exposed to cutdoor noise

Tevels that are greater than L, * of 55 dB dominated by urban street

* L. {5 the day-night scund level expressed in decibels. This is
discﬂgsed in more detail in the following subsection "NOISE METRICS."
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TABLE 6-1

POSSISLE REGULATORY OPTIONS FOR NEW BUSES
{A-weighted sound levels and effective dates)

IO TR T R T IR OR T r

e e e e e e (decibels) ° _ {decibels) -
: BASEL [NE ' ! NO REGULATION
! 1 ! 1981 ' B3 ! 86 !
1 L] L ] 1
: 2 ! 19al ! 83 ! 86 '
] ] L] ]
i ' 1985 ' 80 ! 83 !
! 2A ' 1985 : 80 i 83 '
] 1 ) 1
! 3 ' 198} ! 83 ! 86 '
! ! 1685 ! 80 ' 83 '
' ' 1987 ! 77 ! 80 '
] (] ] ] (]
: 3JA ! 1985 ' 80 ! 83 !
] ) ] ]
! ! 1987 ' 77 ' 80 '
1 L] ] ] ]
: 3B ! 1987 ’ 77 ! 80 '
' 4 ! 1981 ! 83 ! 86 '
] ) ] (] (]
: : 1985 ! 80 ! 83 !
: : 1987 ' 17 ' 80 '
! ' 1988 ! 75 ! 78 '
] ] [] ] )
! 5 ! 1981 ! 83 ' B6 '
L ¥ 1 ] []
: ' 1985 ! 80 ' 83 '
' ! 1987 ' 77 {transit 80 (transit and '
! N ! and inter- intercity !
: : : city b95e5) buses only) :
Qe ' 198l ' 65 X 68 .
! (Quiet) ' : '
i [ ] ] L]

* QOption  is 10 dB below the mast stringent reguhtary option. It is an
1dea115t1c option intended for comparison purposes only.
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FIGURE 6-1, ESTIMATED WUMBER OF PEOPLE IN RESIDENTIAL

AREAS CURRENTLY SUBJECTED TO TRAFFIC
NOISE ABOVE L, = 55 dB.
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by urban street traffic noise is significantly higher than the number exposed
to highway and freeway traffic noise -- 78 million as opposed to 17 millioen.
Thus, reducing urban street traffic noise will benefit significantly more

people Lhan wiil similar reductions in highway traffic noise.

NOISE METRICS

As discussed in the Introduction of this section, three methods are
used to evaluate the health and welfare benefits of reduced bus noise emis-
sions.  These methods estimate the general adverse response due to noise
associated with the operation of buses; the potential of everyday activity
interference (sleep disturbances and speech communication interferences)
attributable to individual bus passhys: and an interior bus noise analysis
concerned with the potential of hearing damage risk and interference with

speech communications.

Three noise metrics are principally used in these methods. The primary
measures of noise exposure for general adverse response and annoyance are
the Equivalent A-weighted Sound Level (Leq) and the Day-Night Sound Level
{Ldn). Potential sleep disturbances are computed using the Sound Exposure
Level (LS) of the individual event as the primary measure of noise impact.
Speech interference is calculated using the Leq over the duration of the
individual noise event, while risk to hearing damage is examined using an
Leq measured over 24 hours. A brief description of these three noise
metrics follows.

Equivalent Sound Level, L

eq
This analysis uses a noise measure that condenses the physical acoustic

properties that are characteristic of a given noise environment into a simple
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indicator of the quality and quantity of noise. This general measure for
environmental noise is the equivalent A-weighted sound leval (Leq) expressed
in decibels (Reference 1)}. It correlates quite well with the averal) long-

term effects of environmental noise on public health and welfare.

The basic definition of Leq is:

B2 () .t (1)
2

t
1 2
Leq =10 10910 """'—t—'tz -t j o

t1
where (tz'tl) is the interval of time over which the levels are evaluated,
p(t) is the time-varying magnitude of the sound pressure, and Py s a
reference pressure standardized at 20 micropascals. When expressed in terms
of A-weighted sound level, LA' the equivalent A-weighted sound level,

Leq’ is defined as:

L = 1 tz
eq " 10 logyy £=, f 10[LA(t)/10] 4
f

(2)

When associated with a specific short-time interval, (tz'tlJ' or T,
the Leq (1) represents the energy-averaged sound level over that interval

of time. Commonly used time intervals are 24-hour, 8-hour, l-hour, day and

night, symbolized as Leq (24)° Leq (8)* Leq (1)’ Ld and Ln' raspect ively.

Day-Night Sound Level, Ldrl

In describing the impact of noise on people, a measure called the

day-night sound Tevel (Ldn) is used. This s a 24-hour measure with a

6-11

ot R U L T 4 i b i

B b e



weighting applied to nighttime ncise levels to account for the increased
sensitivity of people to noise intruding at night. The Ldn is defined as
the equivalent noise level during a 24-hour period, with a 10 dB weighting
applied to the equivalent ncise level during the nighttime hours of 10 p.m. to
7 a.m, The bastc definition of Lan in terms of the A-weighted sound Tevel

is:
T 7O n00/10
La(t)+
0700 2200

When values for average or equivalent sound levels during the daytime or
nighttime hours (Ld and Ln’ respectively) are given, Ldn may be expressed

as.

(Ln + 10)}/10
0 ) (4)

1 Lg/1
Lan = 10 ]ng;r(ls X 10 + 9

where L, is the "daytime" equivalent level obtained between 7 a.m. and 10
p.m., and Ln is the "nighttime" equivalent level obtained between 10 p.m.

and 7 a.m.

Sound Exposure Level, Ls

Most of the criteria which relate noise exposure to adverse human impact
deals with people's exposure to noise over time rather than to discrete noise
events, Specification of the noise environment 1in terms of day-night sound
level is adequate for pervasive, long-term type noises, such as general
traffic noise or aircraft noise. However, such measures may not be fully
descriptive of the impact of the noise from single, isolated occurrences, such
i as a bus passing by. In this case, a single noise event may contribute an

insignificant amount to the total environmental noise, yet be of significant
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adverse impact. Some effects of aofse on people have been quantified in
terms of sound leval {such as Leq) over a particular duration. 0Others have
been quantified by a simple metric which measures total sound energy over the
duration of the event, the Sound Exposure Level (Ls)' The sound exposure
level is the integral of the mean square weighted sound pressure received at a
specified distance during a single occurrence of a noise-producing event. The

sound exposure level is defined as:

2
L. = 10 log T p !t_). {5)
H 10 JL - .dt
0

where p(t) is the A-welghted sound pressure at time t, P is the reference
pressure (20 micropascals), and T is the duration of the noise event. For

a typical bus passby, the approximation to the sound exposure level is:

Le= Lo *10 10910 (1/3.5) (6)

where T 'is the time in seconds over which the sound is present, and Lmax is
the maximum A-weighted sound leval of the event (see Appendix 9 for a more

detailed description of the time history approximation.)
FRACTIONAL IMPACT METHOD: See Appendix C

HEALTH AND WELFARE CRITERIA - GENERAL ADVERSE RESPONSE

To project the potential benefits of reducing the noise from buses, it is
necessary to describe statistically the noise-exposed population (on a
national hasis) hoth before and after implementation of the regulation. This
statistical description characterizes the noise exposure distribution of the

population by estimating the number of people exposed to different magnitudes

-13

2 e bk A P e i 84 s o W e+ L 4 e ok Vi i, B i e e R R B s 1



é;‘r"«t-w""w"_—“ . t LT e it bl o ENETE

of noise as defined by metrics such as day-night sound level. This is concep-
tually illustrated in Figure C-1 of Appendix C, which compares the estimated
distribution of the noise exposed population before and after implementation
of a hypothetical regulation. This type of approach provides a basis for

evaluating the change in noise impact due to a given regulatory action.

It is also necessary to distinguish, in a quantitative manner, between
the differing magnitudes of impact upon different individuals exposed to
different values of Ldn' That is, the magnitude of human response to noise
generally increases progressively from an identified "no response” threshold
to some extreme maximum projected impact -- the greater the exposure, the
more extreme the response. Hence, once the identified Tevel is exceeded,
the degree of human response associated with the noise will increase with

increased noise exposure.

To assess the impact of traffic noise using the fractional impact proce-
dure, one needs a relation between the changes in traffic noise and the
responses of the people exposed to the noise. There exists some variability
in human response measures due to a number of social and demographic factors.
In the aggregate, however, for residential locations, the average response of
groups of people is related quite well to cumulative noise exposure as
expressed in a measure such as Ldn' For example, the different forms of
response to noise such as hearing damage, speech or other activity interfer-

ence, and annoyance were related to Le or Ldn in the EPA lLevels Document

q
(Reference 1). For the purposes of this part of the study, criteria based on

Lgn presented in the EPA Levels Document are used. Furthermore, it is

assumed for this analysis that if the outdoor level of Ldn is less than or

equal to 55 dB, which is identified in the EPA Levels Document as requisite
6-14
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to protect the public health and welfare, no adverse impact in terms of

general annoyance and community response exists.

The community reaction data presented in Appendix D of the EPA Levels
Document (Reference 1) show that the expected reaction to an identifiable
source of intruding noise changes from "nane" to "vigorous" when the day-night
sound level increases from 5 dB below the level existing without the presence
of the intruding noise to ahout 20 dB above the ltevel before intrusion. For
this reason, a level of 20 dB above Ldn = 55 dB is considered to result in
a vigorous reaction by the people exposed. At this level (Ldn = 75 dB),
the percentage of the population which is “highly annoyed" by noise would
be approximately 40 percent of the total exposed population. The data in the
EPA Levels Document suggest that for environmental noise levels which are
intermediate hetween 0 and 20 dB abave Ldn = 55 dB, the impact varies
linearly. That is, a 5 dB increase (Ldn = 60 dB) constitutes a 25 percent
impact, and 10 dB increase (Ldn = B5 dB) constitutes a 560 percent impact,

with a 20 dB increase representing maximum impact.

For convenience of calculation, a function for weighting the magnitude
of noise impact with respect to general adverse reaction (annoyance) has been
used (Figure 6-2). This function, normalized to unity at Lgn = 75 dB (a
point of maximum expected impact for most communities), may be expressed as
representing percentages of impact in accordance with the following equation
{sae Appendix C):

H(Ldn) . 0.25 (Ldn - C) :or Ldn-z " )

or Ldn <C
where H(Ldn) is the weighting function for general adverse response, Ldn
is the measured or calculated commmunity noise level, and C is the identified
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PERCENT HIGHLY ANNOYED

S —
90 |-
80 %HA {0.000124) 109-103L4p,
(6.000143) 109-98Ldn+(0.2) 100-%3Lgn
70~
60—
— 1.50
50~  F.l =0.05 (L, — 55)
4 —1.25
40—
—{ 1.00
ol —0.75
ul —0.50
N —0.26
0 |
40 80 & L L )

Lyn (DECIBELS)

FIGURE 6-2 COMPARISON OF CURVILINEAR FUNCTION AND
FRACTIONAL IMPACT LINEAR FUNCTION
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threshoiu below which the public is not considered at risk (Ldn = 55 dB).
Note that the weighting function for general adverse response can exceed

unity at levels greater than Lan ° 75 dB.

A racent compilation (References 9 and 25) of 18 social surveys from 9
countries shows, in fact, that the response curve relating "percent highly
annoyed" to the noise measured around respondents' homes is best represented
by 2 curvilinear function. However, it has also been shown that the single
1inear function can be used with good accuracy in cases where day-night sound

levels range between Lyp values of 55 ¢dB to 80 dB (Figure 6-2).

By using the derived relationship between community noise exposure and
general adverse response (Equation 7), the Level Weighted Population {LWP)*
associated with a given lavel of traffic noise (L1dn} may be obtained {(Refer-
ence 9), The procedure involves multiplying the number of pecple exposed to
that level of traffic noise by the relative weighting associated with this

level as follows:
e, = Wi x ey (8)

where LwP1 is the magnitude of the impact on the population exposed to
traffic noise Lidn and is numerically equal to the number of people who
would all have a fractional impact equal to unity (100 percent impacted}.
N{Lidn) ijs the weighting associated with an equivalent traffic noise level
of Lidn (from equation 7), and P1 is the population exposed to that
level of traffic noise., To illustrate this concept, if there are 1000 people

* The procedures for der{ving LWP were developed by the Committee on Hearing,
Bioacoustics and Biomechanics of the National Academy of Sciences. Other
terms such as Equivalent Population {Peq) and Equivalent Noise Impact {ENI)
have been used interchangeably with LWP,
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living in an area where the noise Tevel exceeds the criterion level by 5 dB
{and thus are considered to be 25 percent impacted, W(Ldn) = 0.25), the
environmental noise impact for this group is the same as the impact on 250

people who are 100 percent impacted (1000 x 25% = 250 x 100%). A conceptual

example is portrayed in Figure 6-3.

Whan the total impact associated with traffic nofse s assessed, the
observed levels of noise generally decrease as the distance between the source
and receiver increases. The meognitude of the total impact mey be computed by
determining the partial impact at each Tevel and summing over each of the

levels. The total fimpact is given in terms of Leve! Weighted Population by

the following formula:

WP = Zwp, = S[W(LL) x Pyl (9)
i i
where N(Lidn) is the fractional wefghting associated with Lidn‘ and Pi is

the population exposed at each Lidn'

The change in impact associated with reguTations on the nofse emissions
from traffic vehicles may be assessed by comparing the magnitude of the
impacts with and without regulations in terms of the Relative Change fn Impact
(RC1), which is calculated from the following expression:

[LWP (before) - LWP (after)]
RCI = 100 x LWP (before)

(10}
This basic fractional impact procedure is also used to compute noise
impact employing a variety of additional criteria {e.g., activity inter-

ference, hearing damage risk, etc.) other than general adverse response

{Reference 26).
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FIGURE 8-3 EXAMPLE OF FRACTIONAL IMPACT METHODOLOGY

THE COMPUTATION OF LWP ALLOWS ONE TO COMBINE THE NUMBER OF PEOPLE JEOPARDIZED BY
NOISE ABOVE AN L4, OF 65 4B WiTH THE DEGREE OF IMPACT AT DIFFERENT NOISE LEVELS. THE
CIRCLE I5 A SOURCE WHICH EMITS NOISE TO A POPULATED AREA. THE VARIOUS PARTIAL AMOUNTS
OF SHADING REPRESENT VARIOUS DEGREES OF PARTIAL IMPACT BY THE NOISE. THE PARTIAL
IMPACTS ARE SUMMED TO GIVE THE LWP. IN THIS EXAMPLE, SIX PEOPLE WHO ARE ADVERSELY
AFFECTED BY THE NOISE (PARTIALLY SHADED) RESULTS IN A LEVEL WEIGHTED POPULATILON [LWP)
OF TWQ {TOTALLY SHADED).
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As discussed previously, the concept of fractional impact, expressed in
units of LWP, is most wuseful for describing relative changes in impact from a
specified haseline for the purpose of comparing benefits of alternative
regulatory schedules. In order Lo assess the ahsolute impact or benefits
carresponding to any regulatory schedule, one must have information on the
distribution of population as a function of noise environment. The deriva-
tion of this type of information is discussed in the following subsections

entitled "EXTERIOR NOISE PREDICTION MODEL" and "INTERIOR NOISE PREDICTION

MODEL ."

HEALTH AND WELFARE CRITERIA - SINGLE EVENT RESPONSE

When the benefits of lessening the noise from buses are being examined,
it is important to look beyond the contribution that buses make to overall
average day-night traffic noise (Ldn). The impact contributions which
are calculated in terms of average community response are scmewhat general-
ized and do not necessarily represent specific impact situations. On some
occasions, noise associated with buses will combine with other noises, as
described by the General Adverse Response analysis. At other times or in
other situaticns, one can expect that other noise sources will not he signifi-
cant, and thus each bus passby will cause a distinct impact. The actual
impact from buses is certainly due to a combination of various levels of hus
noise and other envirvonmental noise. Thus, the preceding criterion for
general adverse response will not take into account the fact that almost the
entire amount of daily acoustical energy contributed by buses in an arga may
he generated by only a few minutes of noise during many accelerations near a
bus stop in the course of a day. Yet these intrusive, short, intense avents

may be some of the most annoying noise-related situations faced over the
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entire day by a large number of pedestrians, residents, or people waiting near
a bus step. Admittedly, such annoyance is a difficult reaction to measure.
It may pass rapidly and the actual cause remain unnoticed. Or it may add to
other agents causing stress and lead to physiological problems (References §
and 11).

A loud, short-duration vehicle passby may also interrupt people's
activities, such as conversation, sleeping, TV viewing, reading etc. In a
study of the annoyance caused by different levels of simulated aircraft noise
for people seated indoors watching television, annoyance was found to be
dependent, at least in part, by speech interference {Reference 12). Not only
is the TV program, or other person speaking, more difficult to hear during the
time in which a noisy event is taking place, but it has been observed that the
distraction which may occur from the conversation in which the person is
engaged may contribute in itself to annoyance (References 12 and 32). The
speaker may attempt to cope with the noise intrusion behaviorally, either by
increasing his or her vocal effort, or in more severe cases, by discontinuing
conversation altogether, Such behavioral reactions may be indicative of

general annoyance and disturbance with the intrusive noise event.

Although interruptions of people's activities will lead to annoyance,
such disturbances may also represent a degradation of health and welfare.
For example, the reaction to a noise intrusion dﬁring steep is, in many cases,
a change in sleep stage (from a "deeper" to a "lighter" stage) or, 1f the
intrusive noise is intense or of prolonged duration, an actual awakening
may result. In pither case, repeated disturbance of people's sleep can be

expected to adversely affect health and well-being (Referencas 27 and 28).
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Several investigations have shown that expressed annoyance with noise
correlates well with interferance of activities due to noise (References
1, 7, 20, 21, 29, 30, 31). One survey found that reports of interferences
with sleep and speech communication correlate more highly with feelings of
generalized annoyance than with any other factor, including actual sound

levels measured outdoors {Reference 27).

For these reasons, the analysis of vehicle passby impacts were examiped
in some detail to assess the significance of potential individual event
exposures upon human activities (References 33 and 34), in particular, the
activities of speech communication and sleep. The analysis was undertaken to
determine both the direct effect bus noise may have on these activities, and
to estimate the total potential! annoyance attributable to bus noise. These
single event noise intrusions are particularly important in overall assessment

of the adverse effects of bus noise on public health and welfare,

Sleep Disturbance

The sleep periods of humans are typically classified into five stages.
In Stages I and II, sleep is light and the sleeper is easily awakened. Stages
III and IV are states of deep sleep where a person is not as easily awakened
by a given noise, but the sleep may shift to a lighter stage. An additional
stage, termed rapid eye movement {REM), corresponds to the dream state.
When exposed to an intrusive nofse, a sleeper may (1) show response by a brief
change in brainwave pattern, without shifting sleep stages; (2} shift to a
lighter sleep stage; or {3) awaken. The greatest known impact occurs due to

awakening, but there are also indications that disruption of the sleep cycle
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can cause impact {irritability, etc.} even though the sleeper may not awaken

{Reference 11}.

A recent study (References 13 and 14) has summarized and analyzed sleep
disturbance data as gathered under experimental laboratory conditiens. This
study demonstrated a relationship between frequency of response (disturbance
or awakening) and noise level, and further demonstrated that the duration of
the noise stimulus was a critical parameter in predicting response. The study
also showad that the frequency of sleep disruption is predicted by noise
exposure better than is arcusal or behavioral awakening. An important fact is
that sleep disturbance is defined as any physioclogical change which occurs as
a result of a stimulus. The person undergoing such disturbance may be
completely unaware of being afflicted; however, the dfsturbance may adversely
affect total sleep quality. This effect on overall sleep quality may lead
to, in certain situations, undesirable behavioral or physiclogical conse-

quences {Reference 11).

Date relating to the anticipated disruption of sleep caused by noise
is shown in Figure 6-4 {top). These data illustrate the fregquency of sleep
disturbance (as measured by changes in sleep state, including behavioral
awakening) as a function of the sound exposure level (LS) of the intruding
noise. The frequency of behavioral awakening as a function of sound exposure
level is also shown in Figure 6-4 (bottom). These relationships, adapted from
Figures 1 and 2 of Reference 13, consist of data derived from a review of most
of the recent experimental data on sleep and noise relationships. These
relatjonships show the approximate degree of expected impact (percent disrup-
tion or awakening)} at given levels of npise. For example, in Figure 6-4, an

indoor sound exposure level of 60 dB would be expected to result in a 31
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percent probability of a sleep disruption (change in depth of sleep). The
probahility of being awakened is less than that of being disturbed. For this
exanple of a sound expasure level of 60 dB, the probability of being awakened

is 17 percent (see Figure 6-4).

Note alsn that the noise data contained in the references cited were
measured in terms of “effective perceived noise level" with a reference

duration of 0.5 seconds, This level was converted to Ls

Lepn (0.5 sec.).
by the following approximate relationship*:

L =1L - 16 dB (11)

5 EPN (0.5 sec.}

The impact weighting function scale for both disturbance and awakening
is defined such that a probability of 100 percent disturbance or awakening
has a Fractional Impact or weighting of 1.0, and a probability of zero
percent has a weighting of zero. The Level Weighted Population for sleep
disturbance and awakening was derived for each of the regulatory schedules
and study years under investigation by using Equations 8 and 9, substituting
N(Ls) for N(Ldn). The impact weighting function for these two situations
is calculated by using the following regression equations {from Figure
6-4): '

N(LS)

w(Ls)

0.0135 {LS - 37) for sleep disturbance, and (12}
0.0110 (LS - 45) for sleep awakening. (13)

e e — A e

* This equation accounts for the average difference of 13 d8 between Perceived
Noise Level and A-weighted sound level, and the 3 dB that results from the

change in reference time from 0.5 seconds, used in Reference 13, to 1 second,

used in sound exposure level,
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Speech Interference

As is the case with sleep disruption, speech interference occurs as
a result of individual noise events. The potential for speech interfer-
ence {i.e., the interruption of conversation) due to bus noise occurs when
external ly-propagating noise exceeds certain levels. However, unlike sleep
disruption, the impact of noise on speech interference is not cumulative.
That is, the duration of the noise event causing speech interference does
not affect the kind of interference, although it does, of course, affect
the duration of the interference. This 1s in contrast to sleep disturbance,
where the cumulative effect of noise can change the impact from one of sleep
disturbance to actual sleep awakening.,  Therefore, the appropriate noise
metric for measuring speech interference potential is an Lecl occurring for
the duration of the event, rather than a sound exposure level which specifi-

cally considers the effect of the duration on the event.

Also, unlike steep disruption, interference of speech may occur when
people are either indoors or outdoors. The degree of speech interference
from poise is dependent on the particular circumstances involved. Noise
level and duration, separation distance of the conversers, and vocal effort
are all factors that influence speech intelligibility (Reference 1). The
criteria showing degrees of outdoor and indoor speech interference from

nofse are shown in Figures 6-5 and 6-6, respectively (Reference 1),

It should be recognized that the analysis does not assume that everyone
is talking all the time. The procedure instead assesses a potential for
speech interference and associated annoyance, Also, the relationships
displayed in Figures 6-5 and 6-6 pertain to sentences known to listeners,
A1l 1isteners are further assumed to have normal hearing. Under everyday
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environmental conditions, it would be expected that communication intelligi-
bility would be somewhat less than that portrayed in Figures 6-5 and 6-6.
For those people suffering some hearing less, background noise levels nesed to
be up to 10 dB lower to attain the same degree of intelligibility (Referenca
35).

People can have their conversations disrupted by externally propagated
bus nofse in at least three major settings during the day: as pedestrians
on the street, as residents inside their homes, or as residents who are
invelved in activities just outside their homes. Three different approaches
are required to assess the impact of these three different situations. Each
approach will be examined sepdrataly. In the discussions that follow, "inside
the home" and "outside the home" should be taken to mean, respectively,

"inside any building" and “"outside any huilding, but not along the street.'

Indoor Speech Interference

Indoor speech interference is assumed to occur when bus noise propagates
through walls of residences or buildings and peaks above a typical indoor
background level of 45 d8. The criteria of Jmpact For indoor speech inter-
ference 1s given in Figure 6-5. The curve is based on the reduction of
santence intelligibility (sentences known to listeners) relative to the
intelligibility which wou . ..rur at 45 dB. For people conversing indoors
during the time of 2 vehicle passby, Figure 6-5 shows the probability of a
disruption in communication. The appropriate metric in Figure 6-5 i5 the
equivalent sound level over the duration of the event. The Level Weighted
Population for indoor speech interference is obtained hy using equations 8
and 9, substituting H(Leq(T}) for H(Ldn), and letting P, represent the
number of people exposed at each indoor sound level for each passby.
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The population expased to potential outdoor speech communication inter-
ference are those peaple who are outside of their homes but not along a
street. This analysis does not take into account pedestrians ar people
engaged in other forms of transportation during the day. Rather, it is
intended to include those time-periods 1in which people are relaxing or

engaged in other activities outdoors.

Outdoor speech interferance due to the operation of buses occurs when the
maximum noise level of the pass-by excesds an outdoor background level of 50
d8. Since the outdoor urban ambient nofse (Ldn) in many areas may be greater
than Ldn = 50 dB, a background level for use in this analysis of 55 d8 is
not inappropriate on a national basis. Such a level reflects desires of
States and municipalities for a quieter environment and assumes that ambient
levels will, in the future, be lowered by coordinated Federal, State and

local efforts to reduce noise,

The criterion for outdoor speech interference is shown in Figure 6-6 as
a function of the Tevel of an interfering noise. Note that the appropriate
noise metric against which percent speech interference {unintelligihility of
sentences known to listeners) is plotted is an equivalent sound leval over
the duration of the pass-by. The Level Weighted Population for outdoor speech

interferance may be computed by using Figure 6-6 and equations 8 and 9.

Pedestrian Speech Interference

Speech communication may be especially difficult for pedestrians who
are nearby roadway traffic. This is because pedestrians are typically located

very close to the vehicles as they travel by. Pedestrian spaech interference
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is calculated by considering a percentage of the population to be pedestrians
Yocated at the cdge of clear zones associated with each roadway. Fiqure 6-6
and equations 8 and 9 are then used to evaluate the speech interference

impact upon pedestrians.

Again, it should be noted that the single event noise analysis examines
the effects of bus noise alone, and hence does not take into account the
presence of other noise sources in the environment. It is obvious that
other environmental noise sources create background noise at such levels in
certain situations that bus noise may be masked. This analysis only repre-
sents the benefits accrued during those times when bus noise clearly intrudes
over the ambient or background noise level. The overall absolute impact upon
activities is, of course, dependent on the background level assumed, How-
ever, the calculated benefits are representative of the relative reduction in

impact of exterjor bus noise over any given ambient noise level.
HEALTH AND WELFARE CRITERIA - INTERIOR VEHICLE NOISE

Interior bus noise affects primarily two population groups, bus drivers
and bus passengers. Transit and intercity bus drivers tend to spend more
time each day driving their buses than school bus drivers since school
transportation is usually only required during the opening and closing
hours of scheal. Typical passenger exposure times are also different for
each bus type. Intercity passengers tend to take infrequent but long trips,
whereas short but recurrent trips are characteristic of transit and school

bus passengers. Two kinds of impact may be associated with interior bus
noise: risk of hearing damage for bus drivers and passengers, and the

{nterference with conversations of bus passengers. The health and welfare
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criteria for determining the impact of noise on hearing is discussed in the
following two subsections. To provide a quantitative measure of these impacts
and to evaluate the relative changes in impact resulting from the different
interior noise regulatory schedules presented in Table 6-1, analyses of both
kinds of impact were undertaken, A detailed description of the methodology
used in the development of these madels and the results of the noise impact

analyses are presented in later subsections of this chapter,

Noise-Induced Hearing Damage

A gt

Noise can cause damage to the inner ear, resulting in permanent hearing
Toss that may range from mild to severe, depending upon the level and duration
of exposure. Dose-response relationships for 8-hour occupational exposures to
noise have been well quantified with respect to hearina loss. We can estimate
fairly accurately how much hearing loss will occur in what proportion of the
population from various exposures to noise. Consequently, EPA has identified
a safe level of 70 dB (A-weighted) to protect even the most susceptible people
against smal) amounts of hearing loss {Reference 1). This is a Z4-hour energy
average level (Leq) that can be experienced over a period of approximately

40 years with virtually no 1ikelihood of hearing loss.

Observations in animals as well as in man show that noise reaching
the inner ear directly attacks the hair cells of the hearing organ. As
the intensity of the noise and the time to which the ear is exposed are
increased, a greater proportion of hair cells are damaged or eventually
destroyed. In general, progressive loss of hair cells is inevitable, accom-

panied by a progressive loss of hearing as measured audiometrically.
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There is a great deal of individual variation in susceptibility to
noise related hearing damage. However, any peorson exposed to noise of
sufficient intensity is, in the long run, 1likely to suffer some degree of
noise-induced hearing loss that is permanant and, so far as is presently

known, irreversible.

Temporary hearing loss attributable to fatigue of the inner ear lasting
from a few seconds to a few days can occur after hrief exposure to high sound
levels or from day-long exposure to more moderate levels of naise. The fact
that this loss of hearing Targely disappears within a short time tends to
mislead people into believing that no permanent damage has been done by the
noise. Permanent hearing loss is usually preceded by, and may be accompanied
by, temporary hearing loss. MNeither the subjective loudness of a noise, nor
the extent to which the noise causes discomfort, annoyance, or interference
with human activity, are reliable indicators of its potential danger to human

hearing.

The typical pattern of permanent hearing loss occurs initially in
hearing ability in the range of 4000 to 6000 Hz, and tends to worsen rather
rapidly during the first 10 to 15 years of noise exposure. By contrast,
hearing level sensitivity at the lower frequencies initially decrease more
slowly, but continues to decrease in an essentially linear manner over expo-
sure up to 40 years, Thus, noise-induced auditory deterioration takes place
rapidly and mainly in the first 10 to 15 years of exposure, with, however,

further deterioration in later years at the lower frequencies.

Hearing risk in terms of noise-induced permanent hearing loss s sum-

marized in Table C-1 of Reference 1. In this analysis, Noise-Induced
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Permanent Threshold Shift (NIPTS) is computed as the statistical average
anticipated change in threshold, averaged over a 40-year period for the
average of the frequencies 500, 1000, 2000, and 4000 Hz. The relationship
between daily noise exposure and hearing threshold shift averaged over the
four frequencies is shown in Figure 6-7. This is the amount of hearing
loss suffered beyond the change which will occur due to the normal aging
process. The value of NIPTS 1is approximately equal to the median degree of

hearing loss suffered after 20 years of exposure.

Using the fractional impact procedure discussed in Appendix C, benefits
derived from noise reductions may be quantified by calculating a Level
Weighted Population for Hearing (LHPH) {Reference 9). The welighting
function used, shown in Figure 6-7, is based on a nonlinear relationship
between hearing ltoss and occupational (8 hour) exposure to A-weighted equiv=
alent sound levels (Leq(ﬂ)) above 75 dB. The weighting function repre-

senting the four frequency average NIPTS is defined as (Reference 9):

a 9512
W (Leq(s)) 0.025 (Leq(e) 75) (14)
Equivalently, over a 24-hour exposure,
- 2
W (Leq(24)J 0.025 (Leq(24) -70) (15)

This equation closely appronimates the relationship between average noise-

Induced permanent threshold shift and daily average sound exposure.

LHPH may then be computed from the weighting factors using equa-
tions 8 and 9 as appropriate, substituting ”(Leq(B)) ar “(Leq(24)) for
WLy,

As an example, a person exposed to Leq(24) = 75 dB over 40 years

would be expected to lose a little less than 1 dB in hearing sensitivity
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beyond that from nermal 2ging averaged over the 40 year periad. At an
Leq (24) of 80 dB, this would translate into a 2.5 dB loss averaged over that

time period.

Speech Communication

Interior bus nofse may have an additional impact on people which must be
considered - interference with conversational speach. Passenger conversations
may be interrupted or a few words may be missed due to high interior bus
noise levels. Moreover, passenger acceptance of interior vehicular noise is
dependent upon the degree to which passengers are engagad or listening to
speech communication (Reference 36)*. Further, the interruption of speech
between passengers and the driver during an emergency situation could con-
cejvably have ¢ritical implications. A school bus driver, for example,
should be able to hear a child in need in the presence of typical child-

generated noise on school buses.

EPA has identified 72 dB as the intruding A-weighted sound level at which
a conversation at 0.5 meters with normal voice profjection is considered to be
satisfactorily iIntelligible (95 percent sentence intelligibility) in steady
state noise (Reference 1). Thus, speech intelligibility criteria for this

*It has been suggested that the masking of speech between passengers not
conversing with one another is a benefit of hus noise. Passengers are often
reluctant to have their conversation overheard by others, and in cases where
the bus level is quite low, they may compensate hy lowering their voices
unnaturally or by not talking at all due to the lack of privacy. W%hile this
argument may be somewhat valid, it cannot take precedence over a program to
reduce the impact of interior bus noise on hearing or speech communication
efficiency.
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analysis is based on a speaker-to-listener separation distance of 0.5 meters

(Reference 37).

Outdoor speech criteria rather than indeor speech criteria are used in
this analysis te estimate the impact of speech disturbance inside buses.
This is because the background level assumed for the estimation of ocutdoor
speech disturbance is closer to the background level actually experienced by
bus passengers. A typical outdoor eguivalent sound level in many urban areas
is 60 dB (Reference 38), which is the background level assumed in the outdoor
speech disruption criteria, and is considered comparable to actual background
levels inside buses: The indoor criteria uses 45 dB as a background level.
Further, the setting inside a bus is not the typically relaxed environment one

experiences indaors.

Based on data presented in Reference 1, a relationship between sentence
intelligibility and average level of intruding sound was developed. This
relationship is then used to assess the potential disruption of verbal

communications upon passengers and drivers resulting from interior bus noise.

The potential disruption of speech is measured in terms of percentage of
interference with sentence intelligibility of sentences known to listeners.
This is depicted in Figure 6-8 which shows the approximate relationship
between percentage speech intelligibility at 0.5 meters and average A-welghted
sound level, Note that this is the same relationship illustrated in Figure
6-6 with the abscissa shifted by 12 dB, assuming 6 dB attenuation for each
doubling of distance to account for the presumed conversational distance of

0.5 meters. Under everyday conditions it would be expected that communication
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intelligibility would be less than that portrayed in Figure 6-8. The Level
Weighted Population for 1interior speech interference is then determined by
using equations 8 and 9, substituting the weighting value from Figure 6-8, and
letting P1 represent the number of people exposed inside of buses at each

sound level,

EXTERIOR NOISE PREDICTION MODEL

In this analysis, we will refer to noise effects which potentially impact
people living on or near bus routes as “"exterior" effects -- exterior to the
bus itself-~to distinguish these effects and this segment of the population
from the effects of noise on drivers or passengers riding within the bus.
"Exteriar" effects encompass annoyance and task interference within and
outside the home, and includes speaking, listening, or sleeping. Again, it
should be noted that task interference at home hecomes apparent when residents

express high annoyance of a particular source of noise, or of noise in general.

The exterior prediction model used in this health and welfare analysis
fs titled, "The National Roadway Traffic Noise Exposure Model. Th?s predic-
tive model is a more sophisicated version of the original health and welfare
model presented in the "Proposed Bus Noise Emission Regulation: Part 2,
Background Document”.  The National Roadway Traffic Noise Exposure Model was
recently developed under EPA sponsorship, for the purpose of more accurately
estimating nationwide traffic noise fmpact. Its documentation 1s contained in
a single volume report (Reference 42) available from the Office of HNoise
Abstement and Control, U.S, Environmental Protection Agency. Reference 42
explains the methodology used by the computer model. The data presented in
reference 42 doas not necessarily represent the updated data gathered for the

bus study. The computer program 1tself is also avaflable from EPA.

In this subsection we present an overview of the National Roadway Traffic

Noise Exposure Model. Details of the model are presented in Appendix D,
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though not to the same detail as in the documentation report (Reference
42). Appendix D contains information on the data, the calculations, and the
assumptions that underlie the model. Particular attention is given to those
details critical to the analysis of bus noise emission regulatory alterna-
tives, The discussion in Appendix D covers defined inputs, basic assumptions

that underlie the computer predictions, and some of the prediction mathematics,

General Overview of the Model

The model consists of two parts: the General Adverse Response part and
the Single Event Response part. These two parts of the model appear side-by-

side in Figure 6-9, to emphasize their similarity,

Both parts of the model start with user-defined input, keyed as {_U_:I in
the figure, For example, such input includes the potential emission limits
for newly manufactured buses as they are typically operated. Both parts of
the model then mathematically combine this user-defined input with large
quantities of additional data that reside within the computer program. These
additional data include noise emissions of other vehicles, as well as traffic
data, roadway configuration data, noise propagation data, and residential

population data,*

Both parts of the model then combine these data to predict the particular
noise levels of interest. The General Adverse Response part predicts the
day-night noise lavel, Ldn' averaged over a full year. In a parallel
manner, the Single Event Response part predicts both Sound Exposure Level,

L5 and the single-event Equivalent Sound Level, Leq(T)’ for each vehicle

passby on a typical day during the year.

* The remainder of the discussion will not distinguish between user defined
input and input data that resides within the program. See reference 42 for
further details.
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As discussed previously, the yearly-average nojse level correlates
well with noise-induced annoyance in and around the home =-- that is, with
a person's general adverse response., On the other hand, the noise from
individual vehicles, not averaged into the ambient noise background due to
other sources, often predicts additional impact due to particularly noisy
or isolated single events, These three noise descriptors -- Ldn' Ls,
and Leq(T) -- were discussed in detail jn the subsection entitled "NOISE

METRICS."

As shown in the last module in Figure 6-9, the model converts the com-
puted noise levels into measures of estimated jmpact. The General Adverse
Response part of the model estimates the extent to which people in the United
States will be highly annoyed by traffic noise experienced at or near their
homes. The Single Event part estimates the potential of a single noise source
{in this case buses) to awaken people from sleep, to atherwise disrupt theiy
sleep, and to interfere with people’s speech at home, both indoors and out-

doors, -

In summary, the flow in Figure 6-9 progresses from user-defined input,
through the data and mathematics within the computer program, to the predicted
noise levels -- and then estimates potential noise impacts. The two parts
of the model estimate two different aspects of noise impact: yearly-average

and singie-event, Both aspects are estimated nationwide,

Overview of the Noise €xposure Predictions: General Adverse Response

Figure 6+-10 illustrates the manner in which noise predictions are made
for the Nat{onal Roadway Traffic Nofse Exposure Model, for General Adverse
Response. The figure is keyed (:) through (:) to coordinate with the detailed

discussions to follow,
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FIGURE 8-10, NOISE EXPOSURE PREDICTIONS: GENERAL ADVERSE RESPONSE

EL |5 THE NOISE EMISSION LEVEL, EACH OF THE 6 SPEED RANGES HAS A SPECIFIC EL

ASSOCIATED WITH IT. IDLE MODE HAS ONLY ONE EL,
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This predicative procedure is best explained by starting with key
(:)which addresses the predicted noise exposure for Person #l. As shown in
Figure 6-10, noise exposures are predicated for Person #2, Person #3, etc.
In essence, the model statistically predicts the noise for every person

in the United States -- a 1974 total population of 216.7 million persons,

and rising.

Rather than predicating the noise exposure of each individual, the
computer groups people into homogeneous areas by city size and population
density. Similar groupings occur throughout all blockes in Figure 6-10, though
they are not indicated. The concepts involved in the prediction model are
clearer without the details and approximations of qrouping. These details and

approximations are pastponed for now.

In essence, then, the model statistically predicts the traffic noise
environment experienced by everyone in the United States. The model does

take into account population growth for future years.

The noise level at Person £l emanates from all the roadways within
his hearing. (Key (:) in Figure 6-10). Each roadway alse has specified as
input its average daily traffic and its average mix of vehicle types. Each
roadway also has associated with it a large range of typical vehicle speeds.
Although vehicle speeds vary on each roadway from moment to moment, the
program censiders their average speed for any given mile of roadway. The
fractions of the total roadway mileage at each of five speed ranges are

specific input used within the computer program, for each roadway.

In addition, each roadway has a specific lane width, a specific number
of lanes, and a specific clear-zone width. The latter is generally the

right-of -way width. It encloses the region within which no one 1ives.
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Roadway noise, close by the roadway, is dependent upon vehicle speed,
average daily traffic, traffic mfx, lane width, number of lanes, and clear
2zone width. As this nolse propagates outwards from the roadway to the
person of interest, it is influenced by a number of propagation parameters.
Two principal parameters are the distance between the person and the roadway,
and the shielding that intervenes between the person and the roadway.
These two parameters are specified for each person/roadway pair -- in group-

ings, as mentioned above.

From Key@tu Key@the noise level at each person's residence depends
upon the source strength of each roadway, and upon the propagation of the

noise from the roadway.

In addition to the above parameters, roadway source strength also
depends in part, on a number of other factors. As noted in Key @ each
roadway contains a sertes of vehicle types. Each vehicle type operates in
four modes, numbersd in the Figure. These modes are: acceleration, decelera-
tion, cruise and idle. Each vehicle spends a definite fraction of its time
in each of the four modes. These fractions are specified for each operating
mode and separately for each vehicle type. Then each mode fraction is split

into the five speed fractions specific to that roadway (Key @ again).

The final entries at Key @ are the noise emission levels, These
differ for each of the four operating modes, and for each of the five speeds.
These emission levels are a user-defined input, and are keyed therefaore as
in the Figure, Specifically, the user defines the noise emission levels for
new vehicle sales In any given year. Then the computer adds those vehicles
to the ones already on the road, and depletes the general population of

vehicles by those vehicles that retire from service.
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The noise emission values put into the model constitute the mechanism
by which we can investigate consequences (impacts) of a potential vehicle
noise emission regulation. The model is applied for successive years, as
more and more of the quieter vehicles are introduced into service. The
year-to-year effect on predicted noise impact is a direct measure of the

effectivenass of a regulation. (Figure 6-10 does not indicate this year-to-

year application.)

In practice, then, Figure 6-10 flows from top to bottom. For the regu-
lated vehicle type, emission lavels corresponding to the regulatory levels
are entered, separately for the four operating modes and separately for
the five speed ranges within each operating mode {except idle). As shawn in

figure 6-10, sixteen values of emission level are entered for each vehicle
type.

These emissions are combined with the fractions of time spent by that
vehicle type in each mode/speed, to obtain that vehicle's contribution to
the traffic noise. The computer carries out these calculations for each

vehicle type on that roadway. Then all vehicles are combined for Roadway #1,

according to the average daily traffic and vehicle mix.
This process is repeated for each roadway type.

Each roadway's noise is then propagated to each person's residence. At

each residence the noise levels from all roadways are combined into one total

nojse level.

This entire process 15 repeated for all persons in the United States
{approximated by residential population density information), as shown to the

right at Key (:) in Figure 610,
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Overview of the Noise Exposure Predictions: Single Event Response

Figure 6-11 illustrates noise prediction flow chari for the Single
Event Response portion of the model. Nifferences between Figure 6-10 and
Figure 6-11 are few, but important. Here, only one vehicle type or class is

examined at a time, since only its passby noise is assessed.

Key (:) data requirements are identical to the General Adverse Response

portion of the model.

At Key (:) . only the average dailly traffic for that vehicle type is
required, rather than the full traffic and vehicle mix. Also at Key (:) .
bujlding noise isolation values are needed to propagate the noise from out-

doors to indoors. These building noise isotation values are specified inputs,

The major differences between the Single Event and General Adverse
Response portions of the model occur at Key (:) . For each person, the
single-event equivalent sound level, Leq(T)' is computed for indoors, both
day and night, and for outdoors, day only. These predictions then apply to
the fraction of time the average person is at home day/night and indoors/out-

doars. In additfon, the sound exposure tevel, L_, i5 computed for indoors,

s‘
both day and night -- and then appltied to the fraction of time that person is

asleep, either day or night.

Key (:) summarizes the types of noise calculations made.

. Overview of Noise Impact Estimates: General Adverse Response

The flow chart for noise impact estimates of the General Adverse Response
portion of HNational Roadway Traffic Noise Exposure Mode] 1is presented in
Figure 6-12. The Figure is keyed (:) through (:) » to coordinate with the
more detailed discussions that are presented in Appendix D.

6-47

R TR L o :
I R L I .
AL T R i )




VEHICLE TYPE # 1 72| [|#3
OPF MODE #1 #2 %2 #a
FRACTION TIME IN
@ THIS MODE ETC
SPEEDS
EL [EL | ELJEL JEL [ 5|5 |9
@@ H @
ROADWAY #1 g2 &3
FRACTION OF MILEAGE
EACH SPEED
VEH #1 AVERAGE DAILY
TRAFFIC[u]
@ LANE WIDTH
NUMBER OF LANES ETC
CLEAR-ZONE WIOTH
PROPAGATION
DISTANCE/GROUND EFFECTS
- SHIELDING
: BUILDING ISOLATION
| /
NOISE
PERSON P p
#1 FOR TYPICAL 24 HOURS, | FRACTION OF TIME AT #2 #3
EACH PASSBY'S HOME AND
@ INDOORS | outpoors| INDoORS [ouTboORS ETC
DAY AND | DAY NOT
1"ws
t:.cm Leq (T) ASLEEP
eq {T}
INDOORS INDDORS
DAY AND ASLEEP
| NIGHT
? Ls

FIGURE B6-11 NOISE PREDICTIONS: SINGLE EVENT RESPONSE
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The top set of modules, Key (:) duplicates the hottom set in Figure

6-10. It consists of all the person/noise pairs for the entire United States,

as predicted by the model.

At Key (:) , this very large set of person/noise pairs is sorted by
noise level, . For example, all the persons in the U,S, exposed to an outdoor
Ldn of 55 dB are gqrouped together in this sorting process. The next

set of boxes {top of Key (:) )} results,

The top of each module in Key (:) contains all the persons exposed to
that particular noise level. Noise impact is calculated by multiplying the
number of people exposed at each noise level by the fractions next shown in
the Figure (middle of Key (:) ). These are the fractional weighting values
used to reprasent the number of people expected ta be highly annoyed by that
particular noise level, (See the subsection entitled "HEALTH AND WELFARE
CRITERIA - GENERAL ADVERSE RESPONSE" for explanation of the fractional weight-

1n§ values.) These fractions are essentially zero at 55 dB, and increase to

nearly unity around 75 dB,

To complete the mathematics at Key (:) , the number of people exposed
times the appropriate fraction or weighting equals the Level Weighted Popula-
tion (LWP)} for General Adverse Response (equation 8) for each noise exposure
band, For example, if 28,000 people are exposed to an Ldrl of 60 dB, then
this number of people, times the fraction 0.25, yields an LWP of 7,000, This
number shows that not everyone is impacted to the same degree primarily
betause soma may be less susceptible to noise intrusion. These fractions

summarize, therefore, the variability among all persons in their reactions to

the same noise level.

As the final step in the impact estimate (Key (:) ), the expected impacts
at each exposure level are added to obtain the total expected impact in the
6-50
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United States (equation 9). The resulting number 1is the total Level Weighted
Population (LWP)., It combines population and noise level into a single im-

pact value.

Also at Key (:) in Figure 6-12 are the impact estimates for the remain-
der of the 40-year time stream. As more and more of the quieter vehicles are
introduced into service, the estimated impact should drop. The change in this

impact from year-to-year is a direct measure of the regulation's benefit.

To rerun the program for subsequent years, additional noise emission
values must be entered, The computer will then add these quieter vehicles to
the ones already on the road, and will deplete the general population of
vehicles by those vehicles that retire from service. These sales and deple=-
tion rates reside in the computer. In additfon, the model also accounts for

changes in United States population each year,

Overview of Noise Impact Estimates: Single Event Response

Figure 6-13 illustrates the logic flow that provides impact estimates for
the Single Event Response portion of the model. Differences between Figure
6-12 and Figure 6-13 are minor. Here, each person is exposed not just to one
noise level, but to a series of single-event noise levels that occur over a
typical 24 hour period. In other words, each person {s paired with many
noise levels, each predicted as described earlier. After sorting, then, the
tabulation of Key (:) is not of persons, but 1s of noise events. A single

person will be exposed to many noise events, all sorted by noise level.

The fractions in Key (:) are the fractions (or probability) of these
éingle events that are expected to actvally impact the person who is exposed.
The measures used represent the potential to awaken people from sleep, or
ctherwise to disrupt sleep, or to interfere with one's speech communications.
(See the subsection entitled "HEALTH AND WELFARE CRITERIA - SINGLE EVEN)
RESPONSE" for explanation of the fractions).
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Each of these distinct types of single-event impacts is estimated

eparately.

Jata Groups

As mentioned earlier, the computer program groups much of its data.
Such grouping occurs throughout all modules in Figures 6-10 and 6-11, though

grouping is not indicated in either figure,

The grouping of data within the mode! appear in Table 6-2, for:
. The 14 vehicle types

. The 4 operating modes

. The 5 speed ranges

. The 6 roadway types

. The 9 population groups

. The 4 population/density groups

' The 33 population/density "cells"

. The 40 years of the time stream

Vehicle types were selected based on those used for all EPA studies of
roadway noise. They are strongly suggested by similarity in noise emission
within a type, due to similarity in engineering or operational characteris-

tics.

Operating modes are based upon extensive vehicle noise tests and appro-
priate data reduction methods (References 43, 52, 53). Speed ranges are

based upon these same tests.

Roadway types are the functional categories of the Federal Highway
Administration (Reference 44).
Population groups are based on the data base assembled by the Federal

Highway Administration (References 44-46), and were refined using 1970 census
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TABLES - 2 DATA GROUPS WITHIN THE MODEL

PARAMETER GROUP NAME TYPE DESCRIPTION
Vehicle Cur/8fautomatic Passenger car, 8 cylinder, gas,
Types automatic
Car/8/automatic Passenger car, 8 cylinder, gas,
automatic
Car/manual Passenger car, § or 8 ¢ylInder,
gas, manual
Car=LT/auto Passenper car and light truck,
4 cylinder, gas, automatic
Car—L T/manual Passenger car and light truck,
4 cylinder, gas, manual
LT Light truck, 6 and B cylindar, gas
Car—LT/dlessl Passenger car and light truck,
dieset
MT Medium truck, two axle
{GVWA 10,000 Ib)
HT Haavy truck, thres or more axles
(GVWR 28,000 Ib)
Intercity bus Intercity bus
Transit bus Transit bus
Schoo! bus Schoo| bus
Unmod MC Unmodified motoreycle
Mod MC Modified motoreycle
Operating Accalaration Acceleration from zero to speed 'S"”
Modes Deceleration Decsleration from spesd “'S" to zero
Cruise Crulsa at spead “'S"
Idte Idla
Spoed 20 mph Less than 26 mph
Ranpes 30 mph Betwean 25 and 35 mph
40 mph Between 36 and 46 mph
80 mph Betwean 45 and £5 mph
80 mph Mora than 65 mph
Roadway Interstate Per FHWA dafinitlon
Types Highways
Fraewsys and Per FHWA deflnition
Exprassways
Major Arterlals Per FHWA definition
Minor Arterials Per FHWA definition
Collectors Per FHWA definition
Local Roads and Par FHWA deflnition
Streets
Population Population over 2M
Graups 1M to 2M
BOOK to 1M
200K to 500K
100K to 200K
BOK to 100K
26K to 50K
BK to 25K

Rural araas
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TABLE 6 - 2 DATA GROUPS WITHIN THE MODEL {CONTINUED)

PARAMETER GROUP NAME TYPE DESCRIPTION
Population 1. High More than 4,489 peopla per
Censity square mile
Groups 2. Medium—to-High 3,000 to 4,498 people per
squara mile
3, Low-to—Medium 1,500 to 2,889 paople per
square mile
4, Low Less than 1,500 people per
square mile
Pop/density 1 Papulation over 2M, high density
“colls” 2 Same, medium—=ta-high density
3 Same, low-to-medium dansity
4 Same, low dansity
6 1M to 2M, high density
8 Same, medium=~to—high density
7 Same, low—to-madium density
8 Sama, low density
2] 500K to 1M, high density
10 Same, medium-~to—high density
11 Same, low—to—~madium dansity
12 Same, low dansity
29 6K to 25K, high density
30 Same, medium~ta—high dansity
at Sama, low—~to—madium density
3z Sampo, low density
33 Rural, low density only
Yeors 1974 For prediction of future impact
1876
1876
1977
2013
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data (Reference 47). Population density groups were also based upon these

same Federal Highway Administration and census publications.

These two latter groups are then combined into pop/density "cells”
shown next in Table 6-2. Thirty-three of these pop/density "cells" result,
since the rural population group is paired with only the low-density group.
These pop/density "cells" contain among them the entire U.S. population and
also the entire U.S. roadway mileage. They therefore provide the structure
for matching each person in the United States with the roadways that produce

the noise at his residence.

Lastly, Table 6-2 shows that calculations are performed for all years
within a 40-year time stream. A baseline year is selected.* For that year,
all data (such as traffic counts, roadway mileage, population densities)
are explicitly put into the computer program. Then for future years, these

data are factored upward, if appropriate, to account for growth.

The data groups within Table 6-2 interrelate within the model in complex

ways as discussed in the more detajled discussions contained in Appendix D.

* For this analysis, much of the data was entered for 1974. These data
were applied to later years after suitably adjusting for growth.
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Bus Koise Emissions
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Average noise exposure levels measured in the driver's positipn and 1.
the rear of the bus are presented in Tables 6-3 and 6-4. These data were
obtained from a number of studies pertaining to interior bus noise as refer-
enced in the tables. The noise level values presented represent arithmetic
averages. An accurate description of the effects of interior bus noise must
also include an assessment of those buses which are noisfer and those which

are quieter than these Tevels may suggest.

In developing the data contained in Tables 6-3 and 6-4, the following

assumptions were made:

{1) The distribution of finterior noise levels for all bus types can be

considered to be normal;

(2) The mean acceleration test interior noise levels will be at least
three standard deviations (j.e., 6 dB) below the not-to-exceed

reqgulatory level;

(3) The difference between the acceleration noise Tevel and the level
for each of the other operational modes (cruise, deceleration, and

idle) is constant for all not-to-exceed regulatory levels;

(4) Bus operations on street and highway roadway types do not exceed

speeds aof 30 mph and 55 mph, respectively.
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TABLE 6-3

INTERIOR BUS NOISE LEVELS NEAR THE DRIVER
BY BUS TYPE AND OPERATIONAL MODE
{Data from Reference 2 unless noted)

Interior A-weighted Sound Levels _ Energy Average Weighted
Near Driver, in decibels Sound Levels, in decibels
Deceleration and Cruise Street and
Street Highway Highway
Bus Type Acceleration 30 mph 55 mph Idle * * *
Transit
Range 78-79 74 76-78 60(Ref.3)
Mean 79 74 78 60 74.4 77.8 75.2
School
. (Gas)
o Range 80-90{Ref.16}
(=] - - -
Mean 85 (80) (84) {66) 77.9 83.8 79.¢
School
(Diesel)
Range 87-95 {75)-80 (79)-(84) (65)-70
{Ref.17) (Ref.17)
89 77 81 67 79.5 8l1.9 80.0
Intercity
Range 70-78 69-75 73-75 60
{(Ref.3,15,19) {Ref.15,19) (Ref.18)
Mean 74 72 74 60 71.8 73.9 73.7

* Weighted by percentage of time spent in each operational mode (Table 6-5}.
** Weinhted by percentage of time spent on each roadway type (Table 6-6).

Note: Data in parentheses extrapolated from transit bus data.
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TABLE 6-4

INTEhIUR BUS NOISE LEVELS NEAR THE REAR SEAT
BY BUS TYPE AND OPERATIONAL MODE
{Data from Reference 2 unless noted)

Interior A-weighted Sound Levels Energy Average Weighted
Near Rear Seat, in decibels Sound Levels, in decibels
Deceleration and Cruise Street and
Street Highway Highway
Bus Type Acceleration 30 mph 55 mph Idle * * *k
Transit
Range 80-90 81-84 83-85 69
(Ref.4) (Ref.4) (Ref.3}
Mean 84 83 B4 69 81.6 83.8 82.0
Schon]
(Gas}
Range 77-84
- .- 69-78
{Ref.18) {Ref.16)
Mean Bl (80) (81) 74 7.5 80.8 78.2
Schoal
(Diesel)
Range (87)-({92) 75-{80) (76)-83 65-(70}
(Ref. 17) {(Ref.8) {Ref.17)
a9 77 78 67 79.5 79.9 79.6
Intercity
Range 70-84 69-78 73-78 64-72
(Ref.4,15,19) {Ref.15,19) {Ref.4)
Mean 79 73 75 68 74.1 75.2 75.1
(Ref.15,19) {Ref.15,19)
* MWeighted by percentage of time spent in each o erational mode (Table 6-5).
** Weighted by percentage of time sgent on each rgadway type (Tab{e 6-6). )

Note: Data in parentheses extrapolated from transit bus data.




Based on these assumptions and the fraction of time spent in each
operational mode and on street and highway roadways (presented in Tables 6-5
and 6-6) for each bus type, energy average front and rear interior noise
fevels are calculated. As an example, Table 6-7 is presented to show the
computat fonal procedure used to determine the average interior bus noise

Tevels.

Based on data from EPA studies, inter.or noise levels have a standard
deviation (o ) of about 2 dB for buses of the same bus type (Reference 2).
Assuming that the interior sound level distributions among buses are normal,
the approximate percentage of buses with interior noise levels relative

to the mean tevel (L) of the distribution is assumed as shown in Table &-8.

Passengers and drivers are therefore assumed to be distributed accord-
ing to the sound level distribution in Table 6-B. Although it is possible
that some bus drivers and passengers are exposed to a variety of bus noise
levels and therefore receive the average noise exposure for a given type of
bus over long period of time, in many cases passengers and drivers may receive
higher-than-average or lower-than-average exposures. This would be the case,
for example, if a school system were to purchase only one type of bus for its
operations, or if bus drivers were assigned particular buses for long periods
of time. Lacking information to the contrary, it is assumed that half of the
popuiation riding buses of a given type {transit, school, intercity) receive
front seat exposures, and half receive rear seat exposures, i.e., half ride in

the front of the bus and half ride in the rear.
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TABLE 6-5

PERCENTAGE OF TIME SPENT IN EACH OPERATIONAL MODE BY
BUSES ON STREETS AND HIGHWAYS

{Data from Reference 2 unless noted)

Operational Mode

Bus Type Acceleration Deceleration Cruise Idle
Transit

Street 20 20 26 34

Highway 5 5 85 5
School

Street 9 9 21 51

Highway 5 5 85 5
Intercity

Street* 13 17 56 14

Highway 5 5 85 5

* Data based on typical urban street operational cycle for automobiles,

Reference 10.
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TABLE 6-6

PERCENTAGE OF TIME SPENT ON EACH ROADWAY TYPE

BY BUS TYPE

(Data from Reference 2 unless noted)

Roadway Type

Bus Type Street Highway
Transit 85 15
School 85 15 .
Intercity 5 g5
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TABLE 6-7

EXAMPLE OF COMPUTATIONAL PROCEDURE USED TO
DETERMINE AVERAGE INTERIOR BUS NOISE LEVELS

Noise Fraction Avg. Noise Fraction Average Interior
Level in of Time Level for of Time Bus Noise
Roadway Operational Each 0Op. in Each Each Rdwy on Each Level, in
Type Mode Mode, in Op. Made Type, in Rdwy Type Decibels
decibels decibels
Acceleration 79 0.20
Street Decel. & Cruise 74 0.46 74.4 0.85
Idle 60 0.34 75.2
Acceleration 79 0.05
Highway Decel. & Cruise 78 0.90 77.8 0.15

Idle 60 0.05
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TABLE 6-8
INTERIOR SOUND L.EVEL DISTRIBUTIONS OF BUSES

Percentage of

Buses 6.7 24.1 38.4 24.1 6.7
Interior Noise
Level L-2 L-1 L L+1 L+2




(e

The acceleration test interior noise levels resulting from the regulation
of interior noise are determined by assuming that buses will be designed and
built so that the mean test noise level will be at least three standard
deviations (3 o) below the not-to-exceed regulation level, This assumption
is based on two considerations. First, if the design noise level is set
two standard deviations (20 ) below the not-to-exceed regulation level,
approximately 97.7 percent of the buses manufactured should be below the
regulatory level.* [f ten percent of the buses tested are allowed to exceed
the regulatory Tevel, a design level of two standard deviations below the
regulatory Tevel should be low enough for compliance. Second, manufacturers
will, most likely, include & noise level "safety factor" to account for design
tolerances and noise level measurement uncertainties. This safety factor fs

assumed to be on the order of one standard deviation.

The acceleration test noise levels are assumed to be equal to the accel-
eration levels produced under actual operating conditions. The arithmetic
difference hetween the acceleration noise level and the level for each of the
other operational modes {cruise, deceleration, and idle) is assumed to be
constant for all not-to-exceed regulatory options. These differences are
calculated from the interior noise tevel data presented in Tabies 6-3 and
§«4. 1In order to determine the average nojse level over a typical drive cycle
for each bus type, additional operational data are required. These data are:
(1) percentage of time spent in each operational mode on street and highway
roadways, and (2) percentage of time spent on each roadway type. The percent-

age values assumed for (1) and (2) above are presented in Tables 6-5 and 6-6,
respectively.

* Assuming that the nofse level distribution is approximately normal.
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Based on the above discussion and the data presented in Tabies 6-5 and
6-6, the calculations of energy average interior noise levels were made for
each regulatory option for front and rear seat locatfons. These values

are presented in Appendix E.

Bus Population

The bus population data used fn the interior neise Impact model are
presented in Tables 6-9 through 6-12. For each bus type, fleet populations
are distributed by calendar year and model year and in one year increments
from 1980 to 2010. A baseline calendar year of 1980 is selected since,
according to the regulation scheduie, the first step of the regulation will
not be implemented until 198l. The data presented in these tables are based
on data of bus sales projections presented in Section 3, and attrition rates
contained in References 55 and 56.% It is assumed that for each bus type,
only 90 percent of the total fleet is operational at any given time. As a
result, only 90 percent of the total bus population in any given calendar year

is used in the interior noise impact analyses.

Numbers of Passengers and Drivers

Table 6«13 presents the average number of passengers per bus per day as
a function of bus type and calendar year from 1980 to 2010. These data are
derived from information presented in References 23 and 40. The average
number of bus drivers per bus per day by bus type is presented in Table 6-14.
The average number of drivers for transit and intercity buses is based on
the total number of drivers and buses for each bus type, averaged over a

threeg-year period.

* The gas/diesel breekdown for school buses is from J. Brandhuber, A. T.
Kearney Corp., Persanal Communication, April 20, 1976.
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Calendar
Year .,
1932 90.
1981 84,
1982 79,
1983 ™,
1954 67,
1935 60,
1988 52,
1587 44,
1588 346,
1935 28,
1990 22,
1991 14,
1962 11.
1993 7,
1998 4.
1998 2,
1996 1.
1997 0.
1998 0.
1999 0,
2000 0.
2031 0.
2002 0.
2933 0.
20040 G,
2005 0,
2006 0.
2387 o,
2008 Q.
2039 0.

2010

TARLE 6-9,

Distribution of Bus Population by Calendar and Model Year

Transit Buses

{thousands) -
Model Year

0 91 92 93 G4 9% 0%
B. 0, 9, 0 0. 0. C.
0. 0. 0. 0. 0. 0. D,
0. 0. 9. 0. 0. 0. D,
0. 0. J. O, 3« D. O,
Oa 0. 0. 04 Da D4 D
0 0. D, 0. 0. D. D,
O Qe 0. D, 0. 0. O.
0. 0. D. 0. 0. D. D.
s D. 3. 0. 0. D O,
6. D. D. 0. 0. Du O.
4. 0. 0. 0., 0. D. Q.
14. 14, 0. 0. 0s Du D
I4. 14, 15. ©. D, 8. D,
14, 14, (5. 15. 0. 0. OD.
16, 14, 15, 15, 15, 0. 0.
13, 1%. 15. 15, 15, 1%. O,
12. 13. 14. 15, 15. 15. 15,
12. 130 14. 14, 15, 15, 15,
10. 124 13« 140 M4, 15, 15,
9. 10. 12 13. 14, 15. 15,
Bs 9. 11. 12. 13. 14, 15,
6. HB. 9, 11, 12, 13, 14,
5. 6. 8. 9.11, 12, 13,
fe 5. 6. B. 9. 11. 12.
3¢ &e 5« 7. B, 10, 1),
2s 3. L 5. 7« B, 10,
1. 2. 2. & 5 7. 8.
s la 2. 3. b, 5. 7.
0. 0. 1o 2. 34 %, 5.
Bs B¢ Do 1o 2. 3. #a
. 0. DBe Be 3o 2. 3.

27

k13

99 Q00 01

oz

02

04 05 Oh

15. 164 17,
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Calendar

Year eo g1

1080 1&6. O,
1681 .15. 2.
1982 14. 2.
1983 13, 2.
1904 11, 2,
1995 10. 2.
1386 9, 2.
1337 s 2
1988 ba 2.
19P9 5, 1,
1990 4. 1.
15991 3. 1.
1932 2. 1l
1993 1« I.
1994 1. 1,
199% 0. 0.
199% D. 0.
199% Os D
1998 0. D.
1999 0. ©O.
2260 0. D
2001 0. G
2222 0e Da
2003 . 0.
2004 0+ O«
2005 Os O.
2204 G0s O
2297 0s Do
2308 Ds Do
2009 Ds De
2016 D. U.

[iF4

A3 B
0. C.
t. 0.
0. 0.
2. D,
2e ¥
2 7
2s e
Ze P
2. 2.
2e Pa
2e P
20 24
1. 7.
1. 1.
le 1l
1a 1
1. s
0. 1.
D. D,
0. 0.
0. 0.
0. 0.
ST Y
0. (s
Qs 0»
0. 0o
[
n. UC
Oa (s
n- u.
Os 0Ca

TABLE 6-10.

8% Pb
o. 0.
0. 0.
0. 0.
0. D.
0. 0.
2. 0.
24 74
2 24
2. 2.
2. 2,
2¢ 74
2. 24
2a 2.
2. 2.
1. 2.
1. ).
1o 1.
le 1.
1. 1.
D I
0. D.
0. D.
3. nl
0. DN
De 0o
0. .
0+ D
o. o‘
O« 0o
o- D.
0. 0»

RT BB
C. 0.
D. 0.
0. O.
0. 0.
0. 0.
0a Do
0. 0.
2. 0.
2. 2.
2e 24
2 2.
2. 2.
2a R4
2. 2.
2. 24
2. 2
2. 2.
1. 2.
Iv 1.
1‘ l.
1. 1.
0. 1.
0. &,
0s D
Dse DOa
Gs DO.
0. O
0. DO
[ I
Q. Do
O+ O

89

Distribution of Bus Population by Calendar and Model Year
Intercity Buses

{thousands) -
Model Year

90 91 92 93 04 9% 95
0. D. 0. 0. D. D. Do
6. 0, D. 0. D. D. .
0. O, 9. D, 0., D. D,
o, 0. 0, 0, O, 0. 0.
0., 0. 0., 0. 0. Do O.
0. D. 0. 0. 0. D. D,
0. 0. 0. 0. 8. 0. 0,
0 O« Co Do Do Do O
0, 0. 9. D0, 3¢ 2. D,
0. D¢ D4 Do 0. 0. Do
3. O. D, O, 0O, 0O, DO,
3. 3., 0. O0. 2. D. 0.
3. 3., 3. Dy % B. B
2. 3. 3. 3. 9. 0. D,
2. 3. 3. 3, 3, D. O,
20 2. 3. 3. 3. 3, [,
2¢ 2. 3. 3, 3. 3, 3,
2. 2. % 3. 3. 3. 3.
2, 2. 2. 2. 3 3. 3,
2 2o 2. 2. 2. 02, 2,
To 24 20 2. 2+ 3. 3.
lo le 20 20 2. 2. 3.
e 1o 3o 2. 2. 2. 7
1v 1a X. le 2. 2. 2.
Ou Ja 1o 1a 1. 2. 2.
0s D 1s Lo 1. 2. 7.
Do Da B¢ 3¢ 1. 1. 2.
e 0o Do Ds 1. 3. 1.
0o Oe 04 Qo D 1. 1.
€ 0s Du Da Du Do s
O BDu 04 0e Da 0. e

97 98
0. 0.
0. Q0.
B. 0.
0. O.
0. 0.
0. 0.
0. 0O,
0. 0O,
DL 0.
0. 0.
0. 0.
0. 0.
0. D,
0. ‘0.
0. 0,
d. @&,
D. 0.
2. C.
3. 3.
3. 3.
3. 2.
3. 2
3. 2,
3. 3.
2. 3.
2a 2.
Pa 2
2e 2e
‘O 2.
1. 1.
1 Ja

9% 00 O}
0. ¢, 0.
0, 0. 0.
0. €. D
. 0. Do
c. 0. D.
8. &, O.
o, 0. 0.
0. 0. 0.
0. 0. 0.
0. 0. O
0., 0, 0.
0., 0. D.
0. 0. D.
0, 0. O.
0. 0, 0.
0. 0. 0.
C. 0. O
0. 0. 0.
. 0. 8.
3., 0. 0O.
3. 3. 0.
3. 3. 3.
3, 3¢ 3.
3. 3. 3.
3. 3. 2.
3. 3. 2.
F - T
2+ 20 3.
Ze 2. 3.
2e 24 2
le 2. 2.

02

0

04

o5

0.
D.
D.

4]

0?7

[+
ol
0.
0.
0.
0.

09 10
0. 0.
O« 0O,
0. 0.
c. 0,
0. Os
0. O.
0. 0.
0. 0.
0., @&,
Ds 0.
Qs 0O,
0. 0.
C. 0.
d. C.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
€. O.
0., 0O,
0. 0O
0. 0.
0. O.
G, 0.
0. 0.
0. C.
0. 0.
‘- Ol
4, 4.




Calandar

Year

128D 475,
1981 447,
1982 419,
1983 3F6.
1084 3%2,
1985 312,
1986 270.
1937 227,
1988 186,
1989 147,
1995 112,
1991 Al.
1952  5b.
1993 37.
1998 22,
1995 12,
1936 5.
1997 2.
1998 | 1Y
1993 . 0.
2000 0.
2051 O.
2002 0.
2301 0.
2004  O.
2005 O.
2338 0.
2007 ¢C.
2905 Da
2009 0.
2210 D.

TABLE 6-11.

Distribution of Bus Population by Calendar and Model Year
(thousands)

L |

HModel Year

92 93 9N

Schoo) Buses {Gas})

95 96 97 98 99 00 0l
9. 9 0« 0. 0, 0. 0.
0, 0, 0. 0, Do 0. 0.
0s 0s 0a 0. O. 0. D.
0. 0. 0e D¢ 0. G« De
0. 0. Qs 04 0. 0. Do
b. D, 0. 0, 0. O. 0.
0. 0. 0. 0 0. 0. O
pe 0. Do O, 0. 0O, 0.
bs Ds Da O. Co Q. 0.
e 0. 0. 0. 0. O, 0.
0s De 0. O, ©. 0O, 0.
Ds Da Ds 0. 0. 0. D
b. D 0. 0. 0. O. 0.
Ds Do 0.~ D, Q. 0. 0.
G 0. 8. 0, 0. 0. 0.

6%. 0. 0. 0. 0Oe ©C. 0.

65. 65, 0. 0, Oe Q4 0.

£5, b5, t86. 0. O« Os Do

b4, E5. bbe 6. 0. OCs 0.

b3, 454 bbe 664 &Te O, Oa

G0 £330 b5, LBy 6Te 6T O

57s ble 6%. OBs 67« 67, B3,

52. 57. b1 €4, 66. &7, BB,

47, 53, 5B. 62, BS5. BT, 6B

41. AP, 53. SB. 62. 6%, b7

35, AZe 48, %3, 59. 63, 86

29 35, 42, 4B, 54. 55, 43,

22¢ 2% 35. 42, AB. 54, 59.

17. 234 29. 3Jba 424 49, 55,

12+ 174 232 29, 3bs 43. 49,
Te 124 17 23, 29« 3&. 43

02 03 04 05 o6 OV
Bs 0. O 0 Dy O
Os 0. Os 0. 0. O
Os D 0. DOa 0. O
0. 0. Oy Do 0« D
0, 0, OG. 0., D. D
Da D4 Oa 0Ou Do De
0. 0. 04 0o 0. 0.
De D. 04 Oa 0. Os
0e Os 0. O. 0. Do
0. 0, 0O, 0. 0, ©C.
O 0o 0. Ds O, Da
0s 0. 04 0. 0. Do
0. 0, 0. Cs 0. O
0. 0., 0. Do 0., 0.
De 0. 04 Os D. Oa
0a Ds Dse O» 0o O0a
0. 0, Cu 0. D0, 0Oa
0 0u 0O« Do 0. Do
6, 0. 0. 0O, 0. 0.
e D4 0. 0. 0. ODa
6. 0. 0. 0. 0. 0.
0 0. O, 0, D, D.

6. 0O 0. 0« O, Do

68, 69, Os 0. 0. O

6. 69. 69 0. 0. O

tB, 69 &9 0. 0. Ds

6b. 68,4 49« T0. 10, Oa
bhe 6Ta 09 0. TO. V0.

a0, GA. &7 694 TD. 0.

55. 60. b4e SBs 69. T0a

£0. 55. 61 6% 0B, 0.

8 09

10



pistribution of Bus Population by Calendar and Hodel Year

TABLE 6-12.
(thousands) - School Buses (Diesel}
Calendar Model Year
YEAr .y Bl s2 83 80 AS 86 67 OB 89 90 91 92 93 94 55 S5 97 €8 €9 0O 01 02 03 04 05 08 07
1990 164 Oe 0. 0. 0o Oa O. Do 0. 0. 0. Os 0a De B O D. Do 0. 0. O 0. 0. 0. O. O« 0. Do
1981 15. 2. Do O. DOs Bs Do Du Ds Ds Os Os Da 0 O: De By De D, 0u O Oy O, 0. O0a Os 0. Do
1932 0. 2. 2, 0O+ Dy Oe Os 0. Oy O, Ou Ov 0w Do 0, Do £, 0a 0 0. O, O, O D, €. 0. D. 8
1983 13, 2. 2. 24 0+ 0. 0, Ou Ds 0, D4 Ou Ou Os Ou Do Do Du 0o Da ©u Dy Do Os 0. Ds Du O
198% 12. 22 2e 22 2¢ Ou Oa Do O Do Do Du Do DB By Do Da O Oy 0a O O« 0. 0. 0o O, 0. O
1995 11. 2e 2s 2« 2+ 2+ Oa Du Ous O, Cu Ba Bs Du Do Do Ds Os 0 Oa Os 0. Da 0o 0. 0. 0. U
1935 9. 2¢ 2. 2. 2« 2. 2+ Ds Os 0. Ds O+ DBu Js D Do D, 0, 0. Ou O, 0. D« Do 0o Ds Ou 0o
1587 B, 2e 2. 2o 7+ 2+ 24 2. 0u O, 0. Bu 9 0u Do Bu Os Ou 0s Ou © ©a Du BDe Os 0o Ou 0.
1988 8. 2. 2. 2u 24 2+ 2. 2+ 2« 04 2s Oy O0u Oa D. D. D, O, Os O, G, D. 0. De Cu 0. Do 0.
1989 S5« 1o 20 2¢ 2¢ 2a 2+ 2 2+« 2. 0. 04 Cs 0, D. Da D, O, O, 0u O« 0. 0s 0. 0 0. 0. 0.
1990 44, 1a 1o 24 2. 2o 2. 2o 2+ ?¢ 24 Do 0Ou Ds Dy Da 0u Os 02 0a O De Ou 0. 0a O Do O
1991 3. 1. 1s !¢ 22 2o 2¢ 2+ 2+ 2+ 24 2+ 0s 0o 0. Ou 0, O, O Op O. De D. 0. 0O, D. 0. O,
1992 2. 1. le 14 3o 2« 24 20 2+ 2. 2¢ 2+ 2¢ 0. 8, Ou D, 0. O. 0o O. 0o 0o Da Oa O. OBu O,
1953 1. 1o 1o 1. 3o le 22 20 20 2. 20 2« 22 20 Ds %o Do 0. D) Do Ou Do 0o 0. O0u. 8. O, D0
1994 l1a 1o 34 1. 14 1. le 2 20 2¢ 2¢ 2+ 24 20 2. 0. 0, D. 0. 0. 0, 0. Us O¢ 0. Do D, Oa
199% Ca Do Ia 20 2+ 1a 14 2. 24 20 24 2+ 2. 2. 2+ 2« Gu 0. 0. 0. Go Ds 08 0. 0. 04 0O Do
1995 0. Do Os 3o 3o 1o 3o 1o 20 20 20 26 20 20 20 ?a 2 0 0, 0. O, O, 0, 0, 0, Da 0. O
1397 O 08 0. 0 3. 1. 1. 1. la 20 24 34 2¢ 2o 2o 2¢ 2+ 2. 0. Da O, Do 04 Da 0C4 0. D« Da
1998 D, Do Dy 0 Os 1, 1. 1. 1o 1y 2, 2¢ 24 24 24 2¢ 2o 22 20 C€u Ou Du 0. Da 0. O, De O
1999 0w Os Ou Oc Do O0¢ I1a 1o 1o 1o ka 20 2o 20 2o 2« 2+ 2¢ 2o 2o €a 0a 0. D 0. O. 0. O,
2000 Ds Oe Ga Cu 0o Op 0, 1o 1o 34 To Je 20 20 24 2¢ 24 20 2 2+ 24 0u 0a 0. 0. O D. 0,
2991 0. 0. O Do v Po Ou Do 3s 1o Ta la de 20 24 2a 22 22 20 2¢ 2+ 2¢ 0Os D 0o Da O. Oa
2002 0. Do 0o 0. Do Co 0o Do Ou 3o 1o 3o la 3u 2e 26 2o 2. 20 2o 2. 2. 24 0a 0. 0. 0. D,
2263 0., Os Ou 0u 0a DBu Do 0o Oc D 1o Jo 3a 3o 1o 20 24 20 24 2. 24 24 2. 2o 0. 0. 0a 0.
2508 D, 0. 0. Dy Do 04 O¢ 0o s o Ou 1o 1o 1a Ya 1 2¢ 20 2¢ 2o 24 2+ 20 2. 2. 0o Do O
2008 0. On 04 O Ds Ou Cu 0o Os 0 Ou Os le Ia 1o la Jo 20 22 2¢e 24 2+ 24 2¢ 2o 20 Do DOe
2035 0, Da Ou B4 Ds Ou Os 0o De Do Ds Ou 0o Iy 1o la 1o 1o 2¢ 2¢ 24 2¢ 2¢ 2¢ 20 2¢ 2 Oa
2007 0. Os Ou Ds O« Do Da O, 8¢ Du Ou Ds 8¢ O To do 3o Lo Yo 20 20 24 20 20 20 24 Re 20
2238 O, Ou Ou Dy Oe Da DBy Oy Oe Ds Do 0o Ds 0 Du 1a Jo 3o Jo 1o 24 2a 2¢ 20 20 2+ 2a 2e
2959 0. 0u O¢ Do Do Da De 0o Ou 0o De 0u Do O Do 0o e Lo Jo 1o 1 20 24 24 20 2+ 24 20
2010. 0. 0. 0. 0o Do Do D, Dy Do Do 0o Do 0o 0o ©Ou 0o Da lo 3o 3o 3o Jo 2e 20 20 2e¢ 2o 2.

A 09
Dse 0.
0. Oa
0+ O
Os O
0. Q.
0. Do
0e O
be 0.
0e O
0. 0.
0. O«
0. Os
Pe O
0. O
0. 0@
ba O
fe O
0. Qo
0. Q.
0. 0.
Gs O
De O
0. 0.
b. 0.
fe 0
0, Q.
0. 0.
e DOs
2. 04
2« 2
2s 2
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TABLE 6-13,

Calendar
Year

1980
1981
1982
1943
1984
1985
1986
- 1987
1988
1989
1590
1991
1992
1993
1994
1995
19396
1997
1998
1599
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

* Assuming two trips per passenger
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Average Number of Passengers Per Bus Per Day as
a Function of Bus Type and Calendar Year

Transit*

247
247
245
245
243
243
243
242
242
240
240
240
240
238
228
238
238
238
237
237
237
237
237
235
235
235
235
235
235
234
234

J

6-71

Bus Type
School¥ Intercity
62 82
62 86
61 ]
61 93
60 97
60 101
60 104
59 108
59 112
58 115
¥} 119
58 123
57 126
57 130
56 134
56 137
56 141
56 145
56 148
55 152
55 156
55 159
55 163
85 167
55 170
55 174
55 178
55 182
54 185
54 139
54 193



TABLE 6-14
AVERAGE NUMBER OF DRIVERS PER 8US BY BUS TYPE

Total Number Total Number Average Number
Bus Type of Drivers of Buses of Drivers Per Bus
Transit 83,700L/ 50,6001 1.77%
School - - 1.002/
Intercity 16,0003/ 9,600% 1673/

Computed from data presented in Ref. 3; represents average
over three-year period: 1974, 1975, and 1976.

2/
3/

Assuming one driver per bus.

Computed from data presented in Ref. 4; represents average
over three-year period: 1972, 1973, and 1974.
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The total number of bus drivers and passengers riding in each type of
bus by year is given in Table 6-15. The data in this table is abtained by
multiplyfng the number of passengers and drivers per bus per day given in
Tables 6-13 and 6-14 by 90 percent of the number of buses in operation each
year (Tables 6-9 to 6-12).

Bus Ride Characteristics

It 1is assumed that transit bus passengers and drivers and intercity
bus drivers receive interior bus noise exposure 225 days per year. Based on
EPA survey data, it was determined that the typical intercity bus passenger
takes approximately six round-trips annually, or 12 single bus noise exposures
per year. Additionally, it is assumed that school bus passengers and drivers

receive interior bus noise exposure 180 days per year.

The assumed duration of daily noise exposure received by passengers and
drivers of each bus type is presented in Table 6-16. References, assumptions,

computat ional procedures, and relevant data used to determine these durations

are also presented.

Hearing Loss Impact

To estimate the Leq(za) experienced hy passengers and drivers, it
is necessary to ascertain the daily exposures received by these psople while
off the bus. While some data have been collected in this regard for workers
in manufacturing industries, very 1ittle data are available which would
enable an accurate prediction of the daily average exposures experienced by
the great majority of the population. In order to proceed with the estimate

of Leq(24), three non-bus exposures have been chosen in order to cover a

6-73
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TABLE 6-15

NUMBER OF BUS DRIVERS (D) AND PASSENGERS (P) PER DAY FOR EACH BUS TYPE
{in thousands}

Bus Type
Calendar Year Transit Schoal Intercity
D P D p D P

1980 143 20,007 442 27,398 24 1,181
1985 198 27,119 563 33,804 30 1,818
1988 217 29,621 596 35,152 33 2,218
1990 223 30,240 608 35,287 36 2,570
1993 239 32,130 622 35,448 39 3,042
1995 244 32,773 629 35,230 41 3,329
2000 260 34,768 653 35,937 45 4,212
2010 296 39,172 701 37,859 54 6,253

6-74

b s o ok



TABLE 6-16

Duration of Daily Noise Exposure Experienced by
Drivers and Passengers, by Bus Type

Exposure Per Day (Hours) . -
. Passengers Orivers
T R S S I Basis for Estipate
2 2 4 2 2 4 Reference 37
- - - ] 8 8 Assuming a full work
day
- 1.5 - - 1.5 - Derived below!/
e Y Derived below?/
- - - - - 5 Derived belowsl
2 2 2 5 2 6 Assumed for this report

Key: T Transit
S School
I Intercity

{1) {2 billien bus miles/gr! - [22.5 mph)*
30,000 busesT x { school days/yr)
= 1.5 hours/driver or passenger/day
(2) (25.6 billion revenue passenger miles/yr) - (40 mph)*»

(0.4 biTTion revenue passengers/yr]
= 1.6 hours/driver/day

0.71 billion bus miles/ - _ (40 mph)
' rivers] x work days/yr

= 5 hours/driver/day

* Averdge speed for range of 15 to 30 mph.
** Average speed for range of 30 to 50 mph.
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range of values which are likely to occur: 60 dB, 70 d8, and BO dB. The
yearly Leq (24)15 then calculated using the following equation:

L/10
L _(24) =10 log D [m b 24-tb /wJ
eq 10
(yearly) 01 “365 (2% 10 + 28 t (16)
L/10
365-D
tgy 0°
where: tb is the duration of daily bus noise exposure

{from Tahle 6-15)
24-~tb is the duratjon of daily non-bus noise exposure

Lb is the average level of interior bus noise (from
Tables 6-3, 6-4, and Appendix E)

Ly is the average level of non-bus noise (60 dB, 70 dB,
or 80 dB}

D is the average number of days of exposure per year
(225 days/yr?

After the yearly equivalent continuous sound levels experienced by
drivers and passengers are derived, the hearing loss impact is determined.
Two measures are used to assess the hearing loss impact: (1} Level Weighted
Population for Hearing {LNPH); and (2) Relative Change in Impact (RCI).
LWP, is simply the product of the expected hearing Joss resulting
from a given LEq (24)(from Figure 6-7 oy eguation 15) and the number of
people expaosed to that level. LHPH is computed using fquations 8 and 9.
The units of LNPH are therefore expressed in people-decibels of hearing
loss, The total LHPH for passengers or drivers is computed by summing the

hearing loss impacts, weighted by the distributions of interior noise levels
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as shown in Table 6-8. The total numbers of passengers and drivers by bus

type are taken from Table 6-15, and apportioned as in Tables 6-9 to 6-12.

To evaluate the relative changes in impact resulting from the different
Interior nofse requlatory options, the relative change in impact is deter-
mined from equation 10, The percent reduction comparisons were derived from

LHPH impact measures.

Evaluation of Partial Exposure to Hearing Damage Risk

To account for the fact that most noise exposures are not steady, but
vary with time, the Levels Document (Reference 1) recommended that hearing
damage risk be evaluated in terms of the whole time-varying pattern of sound

levels.

Accordingly, in the Levels Document, an equivalent sound level (Leq)
was defined and used to arrive at the criterion level over which there may be

risk of hearing damage from enviranmental noise.

The level identified by EPA as a point below which there is no risk
to hearing damage (Leq(za)'7° dB), when considered with the equal energy
hypothesis which states that equal amounts of acoustic energy will cause
equal amounts of noise-induced hearing damage, provides a convenient way of
comparing the exposures of people to different nofse levels and durations.
This {s done by comparing the exposure time due to the operation of a given

product to the allowable safe exposure of an individual who is exposed to a
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steady state noise for 24 hours at the criterion level. The reference

Jevel is the A-weighted sound level of 70 dB; thus, an exposure to a steady
level of 70 dB for 24 hours would have a partial exposure of 100 percent.
Similarly, an exposure to a level of 73 dB for 12 hours would also yield a

partial exposure of 100 percent, as would an exposure lasting 6 hours at 76
d8.

Since the criterion leve) identified by EPA represents the safe level of
exposure and s computed on a yearly basis, the partial exposure to a source
must also be computed on a yearly basis and take into account the length of

gach exposure and the number of exposures that occur during the whole year.

Partial exposure may be computed using the following equation:

!
{L, - 70)/10
10° ¥4 Lo<roa (17
Partial exposure (in percent] _ 100 X o
1 by 270 08

where L;q represents the yearly average level for the i-th sub-population

due to the ngise from the source of concern.

Whenever the partial exposure exceeds 100 percent, a potential impact

upon hearing exfists. However, when a partial exposure is less than 100

percent, it may not have a direct impact upon hearing but a certain amount of

the allowable yearly dose is consumed, thereby decreasing the remaining

amount of exposures allowed for the rest of the year. A combination of
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exposures to different sources, each exposure less than 100 percent, may

- result in a combined equivalent sound level! of greater than 70 dB, and thus

. Presents a hearing damage risk.

For example, suppose a person operates a home tool that produces an

Aaweig_hted level of 90 dB at the ear of the operator for 2 hours a day,

25 days per year. Then, the yearly equivalent level for the tool alone is
given hy:

Leq = 90 + 10 log 2_5_.2_5.- = 67.6 dB.
10 24 x 365

A priori the tool would appear to be safe. However, another way to look at
the risk involved is to consider that use of this tool for only 2 hours a
day, 25 days a year, consumes 58 percent of the person's allowable yearly dose,

leaving therefore littie room for other exposures. From equation 17, this is

calculated as:

{67.6 - 70)/10
Partial Exposure = 100 X 10 = 58%

Speech Communication Impact

Using the values for (a) average interior front and rear noise leveis
given in Tables 6-3 and 6-4 for unregulated huses, and in Appendix E for
regulated buses, (h) the passemger and driver population data contained in
Tables 6-14 and 6-15, apportioned as per Tables 6-9 to 6-12, (c) the interior
sound level distribution of buses as shown in Tahle 6-8 (with a 2 dB standard

deviation), as well as (d) the criteria presented in Figure 6-8, the LWP for

interior speech communication impdct is computed using equations B and 9.
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An Example
To iliustrate the procedures used to caiculate interior noise impact,

the following example is presented. In this example, we wish to determine
the noise exposure distribution of passengers who will ride transit buses
in the year 1990 under regulatory option number 2. This encompasses buses
manufactured between 1981 and 1984 that meet an 86 dB regulatory interior
fevel, and 1985-1990 model year transit buses that meet an 83 dB interior
level. 1980 huses are not regulated. From the last column in Tables 6-3
and 6-4 (for 1980 buses), and Tables E-1 through E-