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SUMMARY AND IMPLEMENTATION STATEMENT

This publication describes and documents the methodology and process used
in the development of small transit bus specifications for the state of
Arkansas. The report provides a basic review of the literature on the small
bus industry and the role of small buses in transit. The specification
development process involves review of the current state of the art in smalil
bus technology, and current specifications adopted by other states. It
covers, also, the survey and evaluation of performance and maintenance
problems of small transit buses in Arkansas, which provides the foundation for
the development of the specifications to correct such problems. Small bus
specifications are covered in a separate publication.

The information provided in this report may be used as a means to document
the specification development process and to provide the background for
establishing such specifications. Information provided on the small transit
bus performance in Arkansas may be up-dated and monitored to detect
improvement trends due to the new specifications.

Developments in materials and component technology lend a dynamic aspect
to bus specifications. Specifications need to be reviewed and updated
regularly. The model outlined in this report and used in the development of

current specifications can be used in the up-dating process.

ii



TABLE OF CONTENTS

Page
TITLE PAGE .+ e utttee e eeennteeee e eetaee e e e eenneeeeeeeannnaeeeeeeannn i
SUMMARY AND IMPLEMENTATION STATEMENT......eeeesnnnsneeeesennnnnneeeennnn. i
TABLE OF CONTENTS. « v vt e ennnseeeeennnnaeeeseannneeeeeeennnnneeeeennnnss iii
LIST OF FIGURES. . uuvssee e ennnneeeeeennneseeessennnnneeeesaonsneeeenennn, iv
LIST OF TABLES. .ttt et ennnntseeennnnnneeeeesannnneseeesannnsneeeeonnneeeess v
FORMARD . « v v v e e e e etaee e e e eaee e e eeeatee e e e eeaaaee e e e enneeeeeannes, 1
SMALL TRANSIT BUSES: VIRTUES AND SHORTCOMINGS.....eeee'unnnreeeeeennnns. 5
SMALL TRANSIT BUS INDUSTRY .. ... eeuurnreeesennnnnneeesennnnneeeeennnn. 1
NATIONAL EFFORT TO IMPROVE SMALL BUS ACQUISITION......uuvreeeeennnnnnnn.. 16
STATE EFFORT TO IMPROVE SMALL BUS ACQUISITION......eeveerurrrneeennnnnnns. 20

APPROACH AND CONSIDERATIONS IN THE DEVELOPMENT OF SMALL BUS SPECIFICATIONS

FOR THE STATE OF ARKANSAS. ..t uittiiiiiiiieiiennentneensenssnsnssosnannns 23
SMALL TRANSIT BUS SPECIFICATIONS DEVELOPMENT PROCESS.....cvvvvereernnnnnnn 27
SMALL TRANSIT BUSES IN ARKANSAS. ..t itiitiiiiietiieneeneeenneoneennsnnns 36

SMALL TRANSIT BUS OPERATING PROBLEMS AND OUTLINE OF SPECIFICATION AREAS... 50

BUS MANUFACTURERS RESPONSE TO SPECIFICATIONS......eiiiiiiinnrnnrnncnannnas b3
FINDINGS AND CONCLUSIONS . wxnsnss snannanwnecuss sannonus sanasss soneunass owss 56
APPENDIX A: PERFORMANCE AND MAINTENANCE SURVEY QUESTIONNAIRE............. 57
REFERENCES « wusan svwmmunussmommnas onwnsseensssss sossnesssasins obosadssosens 63



LIST OF FIGURES

FIGURE 1: SMALL BUS SPECIFICATIONS DEVELOPMENT PROCESS.........ccvenn..
FIGURE 2: SMALL BUS TYPE FOR THE STATE OF ARKANSAS (July 1985).........
FIGURE 3: SMALL BUS MAKE, MODEL AND YEAR FOR THE STATE OF ARKANSAS
(SECTION 161b)(2) — TOTAL: 200 VEHICLES): .csceuscosnsnssnsnnuanssonnns
FIGURE 4: SMALL BUS MAKE, MODEL AND YEAR FOR THE STATE OF ARKANSAS
(SECTION 18 - TOTAL: 69 VEHICLES)..evvivverennnnierennnncncceneannns
FIGURE 5: MAINTENANCE COST: BODY ON VAN CHASSIS......ccciieiinienenne,
FIGURE 6: MAINTENANCE COST: BODY ON TRUCK CHASSIS........ccvueinnnnnns
FIGURE 7: MAINTENANCE COST: SPECIAL BUILT....civeieuiiiiieineennnnnnns
FIGURE 8: SMALL BUS INDUSTRY RESPONSE TO NEW SPECIFICATIONS............

iv

39

40
43
44
45
55



LIST OF TABLES

Page
TABLE T: SMALL BUS CLASSES. . v vveeeenennnnneeeeesennnnnnneeeseeannnneeees 7
TABLE 2: BUS SYSTEM BREAKDOWN. . . v v veeeennnnnnneeeeeennnnnneeeeessnnneees 30
TABLE 3: BUS MANUFACTURERS AND AVAILABLE SPECIFICATIONS................. 32
TABLE 4: STATE SPECIFICATIONS AND RESPECTIVE COVERAGE.....c.cevuuvvee... 34
TABLE 5: EXPECTED NUMBER AND TYPE OF REPAIRS PER VEHICLE OVER STATED

MILEAGE SEGMENTS - BODY ON VAN CHASSIS - MODERATE DUTY CYCLE......... 46
TABLE 6: EXPECTED NUMBER AND TYPE OF REPAIRS PER VEHICLE OVER STATED

MILEAGE SEGMENTS - BODY ON TRUCK CHASSIS - MODERATE DUTY CYCLE....... 47
TABLE 7: EXPECTED NUMBER AND TYPE OF REPAIRS PER VEHICLE OVER STATED

MILEAGE SEGMENTS - BODY ON TRUCK CHASSIS - SEVERE DUTY CYCLE......... 48
TABLE 8: EXPECTED NUMBER AND TYPE OF REPAIRS PER VEHICLE OVER STATED

MILEAGE SEGMENTS - SPECIAL BUILT - SEVERE DUTY CYCLE.....e.evunuvns.. 49

TABLE 9: SMALL BUS PROBLEM AREAS AND SPECIFICATION RESPONSE............. 51-52



FORWARD

The urban mass transportation act of 1964 ushered in a new era for the
revival of public mass transportation in the USA. The following two decades
brought about a stream of changes and adjustments to help improve various
aspects of public transportation and to accommodate the desire to improve the
urban environment, satisfy the needs of the elderly and handicapped and assume
a great financial role in the operation of transit systems.

The support program for the transportation of the elderly and handicapped,
referred to as the 16(b)(2), was initiated in 1974. Funding became available
to private non-profit organizations on an 80/20 federal/local match, and may
be used to acquire vehicles and support equipment. The program funds are
allocated to each state which in turn solicits applications from eligible
recipients who can only be private non-profit organizations. The applicant
must be able to show sufficient evidence of ability to provide administrative
and financial capabilities to sustain the program, provide the local funding
share of 20% and assume the responsibility to provide transportation for the
elderly and the handicapped.

Section 18 of the Urban Mass Transportation Act of 1964, as amended,
authorizes the Secretary of Transportation to apportion funds to the governor
of each state for public transportation projects in non-urbanized areas. The
funds, appropriated annually, are made available on a population-based formula
and may be used for all projects included in the Section 18 statewide Program
of Projects. A Program of Projects must be submitted at least annually to the
UMTA Regional Administrator for approval. The Program of Projects must

provide for fair and equitable distribution of funds within the state, includ-



ing Indian reservations, and must provide for maximum feasible coordination
with transportation services assisted by other federal sources.

Program funds may be used for planning, capital, operating and administra-
tive assistance to state agencies, local public bodies, non-profit organiza-
tions, Indian Tribes and groups and operators of public transportation
services. An amount not to exceed 15 percent of the state apportionment may
be used for state administration, planning and technical assistance activities.

The goals of the Section 18 Program are:

1) to enhance the access of people in non-urbanized areas to health
care, shopping, education, employment, public services and recreation;

2) to assist in the maintenance, development, improvement, and use of
public transportation systems in rural and small urban areas;

3) to encourage and facilitate the most efficient use of all federal
funds used to provide passenger transportation in non-urbanized areas
through the coordination of programs and services; and

4) to provide for the participation of private transportation providers
in non-urbanized transportation services to the maximum extent
feasible.

Because of the very nature of transportation in rural and small urban
areas, small buses have become a heavy favorite in place of large transit
buses. Service needs of rural and small urban areas require a mix of modes
ranging from fixed route, fixed schedule to on-demand service. Small buses
offer a greater degree of flexibility in meeting the variety of service
demands. In addition, they do not require professional bus drivers, nor would
they necessarily require specialized maintenance facilities.

While large transit bus design evolved over decades of improvement and

redesign based on feedback concerning operating performance in various urban



environments, small buses have had a relatively short history of operation in
the transit field. Furthermore, small transit buses evolved primarily from
small school buses and represent, in general, a small portion of the total
school bus market. At the same time they present school bus manufacturers
with a new set of requirements. Most of these manufacturers are not totally
prepared to handle basic design and tooling changes to accommodate major
departure from current bus design.

Some of the persistent problems in small bus design result from the fact
that most such buses are constructed in, at least, two distinctive steps by
two different manufacturers. The first builds the general purpose chassis
which are used, among other applications, for recreational vehicles and
delivery trucks. The second is responsible for constructing the bus body,
equipping the interior and installing the necessary accessories. This
complicates the process of bringing about necessary design changes to adapt
the bus chassis and body to the more demanding service encountered in public
transportation. In addition, the +two tier process encountered in bus
construction has simplified bus manufacturing and provided an open invitation
to small manufacturers to enter the small bus market. This resulted in a
variety of approaches to the final construction process and in a mix of
quality for the finished product. Accordingly, small bus manufacturing ranges
from raising the roof and modifying the interior seating to providing major
modification of the chassis and using novel technology in body construction.

While the variety of constructioﬁ methods and quality commonly offer a
broader market choice to the buyer, they tend to play an adverse role under
the Towest bid purchase process used by procuring agencies. In the absence of
adequate specifications, it is difficult to disqualify low quality equipment,

and while the buyer can achieve some initial cost saving by purchasing low



price vehicles, he is more likely to be faced with future problems, greater
maintenance and higher overall cost in the long run.

The relatively short history of small bus acquisition and use for public
transportation is full of examples of short comings in design and perform-
ance. It is also studded with various attempts at the national and the state
levels to bring this problem under control. Efforts at the national level
focused on means to incorporate advanced state of the art technology in bus
design and on the sponsorship of various demonstration projects to test and
report equipment performance. Efforts involved also studies aimed at the
development of guidelines to help small buyers select the most economical bus
type based on the expected life cycle cost. Efforts at the state level
focused primarily on the development of small bus specifications to improve
bus quality and to exclude trouble prone vehicles and equipment.

The development of small bus specifications for the state of Arkansas is
another effort to improve small bus quality and acquisition process. The
state of Arkansas faced some of the same problems most other states had in
procuring and using small transit buses. Breakdowns, extended repairs, down-
town, and inadequate performance have been repeated at many public transit
agencies in Arkansas as they did elsewhere. Meanwhile, the Public Transporta-
tion Unit of the Arkansas Highway and Transportation Department has worked
diligently with various bus operators of sections 16(b)(2) and 18 to alleviate
some of these problems, particularly when the equipment was still under
warranty, or when unexpected breakdown for which the manufacturer may not be

legally, but is morally, responsible occurred.



SMALL TRANSIT BUS: VIRTUES AND SHORTCOMINGS

While it is easy to identify and classify large transit buses, it is often
difficult to do the same for small buses. Large transit buses evolved over
years of improvement and redesign to a relatively mature and stable product.
Improvement was based upon operating feedback and experience in the urban
transit environment. Major bus components including engine, drive train,
suspension and brakes have been designed to endure the severe service encoun-
tered in the stop and go driving associated with urban travel. The large
transit bus industry has also reached a greater degree of maturity, and the
market is presently dominated by a handful of U.S. and foreign manufacturers.
The "New look" model introduced as early as the late forties has brought the
industry closer towards standardization. Under the skin, large transit buses
are fairly equipment-standardized vehicles which share some of the major com-
ponents and optional equipment.

By contrast small transit buses are still in the developing stage, and
although they have been around for sometime, it was not till recently that
they were used widely in public transportation. Small buses have tradi-
tionally been used as school buses, and the basic chassis is also used in the
construction of step vans and delivery trucks. The emergence of section
16(b)(2), transportation for the elderly and handicapped, and section 18 Rural
Public Transportation and the availability of grant money to support both
programs cause the demand for small transit buses to accelerate. This is
expected to broaden the base of use of small transit buses and to provide
stable demand to help the bus development process.

It is difficult to find a widely accepted definition of small transit

buses (35). A broad classification would place them between modified vans and



large transit buses. They may be further classified as body on van chassis,
body on modified van chassis, body on medium truck chassis (used with school
bus), body on modified medium truck chassis and purpose-built. Although
lengthening the chassis is one of the common modifications, the previous
reference to modification is meant to be more extensive with the purpose of
strengthening the chassis and incorporating heavy duty components into it. A
classification which emphasizes the type and general features of the bus is
shown in Table 1 which is adopted from reference (35). Bus length provides
another distinguishing feature of small buses. While 40 feet is considered to
be the length of a large transit bus, 22 feet and below appear to include most
of the vans and converted vans. For the purpose of this study, small transit
buses are considered to be bounded by the two previous classes. Twenty-six
and thirty ft. buses fall in the small buss category which also includes most
of the purpose-built and small forward control chassis vehicles. Twenty-six
ft. bus, which is more maneuverable in comparison to the thirty foot bus,
seems to hold the marketing edge in certain applications. Some manufacturers
have sought to produce both the 26 ft. and the 30 ft. buses to satisfy a
broader interest in the market place.

The main virtue of small transit buses is their size since they have
smaller wheel base, body size and turning radius (turning radius is considered
to be roughly equal to the length of the bus). They can therefore negotiate
narrow streets and would be more suitable for providing paratransit and door
to door service. Size also allows more flexibility in meeting a variety of
special demands that are common in special transit. Small bus interior is
particularly flexible and may be designed to suit the type of service
offered. This may include regular and wheelchair passengers, as well as,

stretcher patients. The flexibility in the interior layout of the bus in



_ (Adopted from:

TABLE 1 Small Bus Classes

“Small Bus Manufacturing Industry," by B. J. Neiérs,

UMTA Office of Technical Assistance, Washington, D.C., January, 1985)

VEHICLE TYPE

VAN
STANDARD VAN

CONVERTED VAN
(Conversion would in-
clude raising the roof
and providing suitable
seating plan.)

BODY ON VAN CHASSIS

BODY ON TRUCK CHASSIS

(2) Forward Control Chassis

Small

Large

Medium Truck Chassis
(conventional school
bus)

Rear Engine Bus
Chassis

PURPOSE-BUILT
25'

26' low floor

30'

(1) List is not exhaustive.

National Coach Escort
Turtle Top Terra
National Custom Van

CHASSIS COMPLETE BUS
MANUFACTURER! (Manufacturer and Model Name)!
N/A G.M.
Ford
Dodge
General Motors Fortibus
Ford AmTran
Dodge Minuteman
General Motors Fortibus

Ford
Dodge

Wolverine
Western

General Motors

International
Harvester
(3)

General Motors
Ford

International
Harvester

(3)

N/A

N/A

N/A

Thomas Minotaur
Wayne Chaperone
Collins Omni/Bus

Coach and Equipment
Flixette
Bluebird Minibird

Carpenter Cavalier
Bluebird A1l American

Bluebird Conventional
Thomas Conventional
Wayne Lifeguard

Bluebird A11 American RE

Thomas Transit Liner ER

Chance RT 50

Orion II
Neoplan Lit'l Bus
Skillcraft

Gillig Phantom
Bluebird Citibus
Carpenter CBW 300

(2) Driver controls are located above or in front of the front axle.

(3) Bus body builders commonly build their own chassis.

(4) N/A - not applicable.

Bluebird Microbird
AmTran Ward Minuteman
E1 Dorado People Mover
Champion Bus

CL series

Thomas Might Mite

AmTran Patriot

AmTran (Ward) Volunteer
Carpenter Conventional

Carpenter Corsair

Thomas Citiliner -



comparison to the standard and modified vans is a result of the additional
width and headroom of the bus body. This allows suitable walking aisles which
provide easy access for seated and wheelchair passengers. In addition, small
buses do not have the intimidating presence and do not generate the noise and
diesel exhaust commonly associated with large transit buses. This makes the
bus more acceptable in residential neighborhoods. Another virtue of small
buses that should not be over looked is the low initial cost. While such an
advantage may be more than reversed when the life cycle cost is considered,
never the less, at times of tight budgets, the initial cost advantage may make
the difference between establishing the service and not being able to afford
it in the first place.

The shortcomings of small bus as a general purpose transit vehicle stem
from two reasons; limited passenger capacity and lack of durability. The
first shortcoming, while not unexpected, tends to limit the bus capacity in
handling peak hour load. It also adds considerably to the operating cost
based on seat-mile by distributing the driver's cost over fewer passengers.
This tend to place small buses out of the competition with the large transit
buses and identifies them with a special nitche in the public mass transporta-
tion market, namely, special and paratransit service where flexibility and

maneuverability outweigh the need for capacity to handle passenger flow.

Perhaps one of the most serious shortcomings of small buses is their lack
of durability in the public transportation environment. While small bus manu-
facturers have been working to achieve a more durable bus, some of the basic
problems involved have not been easy to overcome. Large transit bus compo-
nents were developed to meet the severe urban travel service, while small bus

construction and components are of the type and quality used in large auto-



mobiles and vans. Improving chassis design and durability must be done judi-
ciously so that balanced improvements can be achieved, otherwise emphasis on
one component may aggravate the weakness of others. This would inherently
place a Timit on the degree of achievable improvement for the whole system.
Improving ride quality, for example, may require the use of a different
suspension system which would in turn require major frame modification. It is
also unescapable that additional weight will result which would cause deterio-
ration of the fuel efficiency and handling qualities of the bus. In addition,
such modifications would not be cheap, since it is akin to design customiza-
tion. The cost of extensive chassis modification is likely to be high unless
it is performed on a large production scale, which seems unlikely because of
the industry fragmentation.

The purpose-built small bus offers a glimmer of hope for overcoming the
durability problem. Building the bus from the ground up allows the manufac-
turer the opportunity to build a bus which is more suitable for transit
service. Several manufacturers have attempted to develop durable, purpose-
built designs which would have very low floors, making them easier to enter
for the elderly and, in some cases, wheelchair-accessible by means of simple
ramps rather than complex and expensive lifts. This approach is still subject
to some limitations since, even for purpose bus builders, the choice of major
components is limited and tend to reduce their options. If they opt, for
example, for some of the large bus heavy duty components, they will soon find
themselves building a large bus in the skin of a small one. This would not be
desirable from the stand point of vehicle weight, fuel economy, ease of main-
tenance and cost.

The limited availability of domestic componentry and chassis has led some

bus manufacturers to explore using foreign-built chassis or components.



IVECO, a subsidiary of the Italian company Fiat, has actively promoted the use
of its Z-van chassis as a substitute for U.S. van cutaway and small forward
control (steering and driver controls are placed ahead of the front axle)
chassis. Isuzu, a Japanese automobile and truck builder, has been trying to
market bus chassis in the U.S. as well. Several bus manufacturers have been
seriously considered using Isuzu 26-ft forward control chassis or Isuzu 31-ft
rear engine chassis as a basis for their buses. Some have built prototypes,
although none have announced production at this time. This road is not with-
out its own pitfalls, and it is likely to take some time before the basic
problems in this approach are all sorted out. It 1is, however a feasible

avenue in light of the desperate search for a more durable small bus.
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SMALL TRANSIT BUS INDUSTRY*

The small transit bus industry represents a conglomeration of small manu-
facturers and divisions of large companies who are active in one aspect or
another of the production of small buses. At the top of the Tist, both from a
commitment and vehicle durability standpoint, comes the transit purpose bus
builders, who construct the bus from the ground up explicitly for the purpose
of serving public transportation. The chassis producers who include G.M. and
Ford are engaged in producing chassis for small buses as well as a variety of
other applications. The second tier of manufacturing which involves building
the bus body over the chassis is performed by a number of school bus and small
bus manufacturers. These include Wayne, AmTran (Ward), Carpenter and several
others who produce and market small buses for adult transportation. Small bus
manufacturers include also limited entries from companies which produce step
van and delivery trucks, as well as, companies in the recreational vehicle
industry.

School bus manufacturers demonstrated serious interest and a higher degree
of commitment to the U.S. transit market during the seventies because of the
decline in the school bus market. The availability of federal funding for
small transit buses helped, in the meantime, to fuel the demand and
industry's interest in building small buses. This has been evidenced by the
introduction of new buses both of the purpose-built and the body on chassis
types. Gillig, after an unsuccessful venture with a small Neoplan bus design,

introduced its heavy-duty Phantom transit bus in 1981. The Phantom

*Adapted from reference. (35)
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was produced in 30-, 35-, and 40-foot versions. Gillig used this model in
competition with large transit buses produced by G.M., Flexible and Neoplan.
Bluebird, which built its own chassis, entered the small transit bus market
with a 30-foot rear engine bus in 1976. Thomas-built began building its own
rear engine chassis in 1977. Carpenter, after introducing a 30-foot transit
bus on a Gillig chassis in 1982, began building its own chassis in 1983.
Several school bus manufacturers also introduced small forward control chassis
(stepvan) and van cutaway-based small buses for adults. The introduction of
these vehicles, in some instances, paralleled the introduction of small school
buses which used the same chassis. The Thomas-built Mighty Mite, originally
introduced on a short truck chassis in 1970 was later re-introduced on a G.M.
small forward control chassis (the P-30 stepvan chassis), the Am-Tran Patriot
and Wayne Transette are other examples.

Manufacturers of stepvans and small delivery trucks are among those with
special capability to produce small transit buses. Stepvans or multi-stop
trucks were designed with low, unobstructed floors for easier driver and cargo
accessibility. The manufacturers used a small forward control chassis to
maximize the available cargo space in a small maneuverable vehicle. For the
most part, major truck manufacturers (G.M., I.H., and later, Ford) produced
the small forward control chassis and sold them to body manufacturers
(Metropolitan, Union Truck Body, Boyertown, Grumman Olson, and others) who
completed the vehicle production.

The small forward control chassis has several characteristics which make
it appealing for transit bus use. Unlike most truck chassis, it is used on
city streets, at slow speeds, and for stop and go duty cycle. Moreover, its

forward control, relatively low-floor design makes it suitable for passenger

12



capacity and accessibility.

The Flxette, one of the most popular buses to use a small forward control
chassis, was introduced in 1965, and is still in production today having
survived several changes in the ownership of the firm which makes it. Grumman
Olson, which specializes in producing lightweight aluminum step vans, intro-
duced an aluminum bus seating 17 to 24 passengers in 1974, thus emphasizing
the fuel economy of its light weight. The Olson bus remained in production
for several years. Boyertown, another step van body producer, has built small
buses using forward control chassis for several years. School bus manufac-
turers have also built buses using the small forward control chassis.

The o0il1 crisis of mid-seventies had direct impact on delivery truck
sales. The unavailability of an appropriate diesel engine for this size
vehicle further handicapped sales in an era of increased fuel prices. Inter-
national Harvester ended production of its chassis and the International Metro
Multistop series stepvan in 1975. Ford ended the production of its P-series
forward control chassis in 1980, leaving only General Motors to produce a
small forward control chassis.

Ford, since dropping its P-series, has re-entered the competition with
G.M. by producing a stripped van chassis (i.e., one without any cowl or hood)
with a relatively high gross weight vehicle rating. Several bus producers use
this stripped van chassis to produce small forward control buses.

Motor home manufacturers represent another source for the production of
small transit buses. Motor homes are either built on a light truck chassis, on
a chassis produced by a chassis manufacturer, or on a special purpose chassis
built by the motor home manufacturer. While not totally suitable for the

severe service of a transit bus, the motor home chassis still offered the
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advantage of a low floor design which makes it easily accessible. The motor
home industry went through a period of rapid growth from the early to mid
seventies until the increase in fuel prices precipitated considerable drop in
sales. The rapid change in energy cost developed a need for rapid adjustment
and retrenchment in the industry which did not allow a transition to the
transit field. This caused companies to abandon plans to enter the transit
market and concentrate on realigning current products and operations. Despite
this trauma at least one mobile home manufacturer has been able to produce a
small bus on a van chassis which indicates that this group of manufacturers
are likely to recover and play a future role in the small bus market.

Purpose-built small buses are not totally new although their past history
is checkered with a flux of new product introductions and withdrawals. In
1974, Fl1xible introduced a 30-foot version of its New Look bus. Flxible
decided to withdraw this bus, which was similar to GM's 30-foot model, 1in
1976. Following Flxible's departure from the market, several other firms
introduced purpose-built small buses. In 1976, Bluebird introduced the City-
bird, a 30-foot, purpose-built transit bus. The Chance Minibus RT-50, a
22-foot purpose-built bus was introduced in the same year. In 1977, TMC, a
subsidiary of Greyhound Bus, bought the rights to the design of the Orion, a
30-foot bus built in Canada by Ontario Bus Industries.

The purpose-built bus sector of the small bus manufacturing industry has
continued to expand since 1977. TMC stopped production in 1982, selling its
license back to Ontario Bus Industries. Ontario Bus subsequently invested in
a U.S. production plant and continued manufacturing the Orion. As previously
mentioned, Gillig, Thomas-built and Carpenter have all introduced 30-foof

purpose-built buses. Carpenter reportedly invested a $7.5 million in a new
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plant to produce its transit bus. Neoplan, a manufacturer of standard and
articulated buses, introduced a 26-foot, low-floor, purpose-built bus in 1983.
Bus Industries of America the U.S. arm of Ontario Bus Industries, began

marketing the Orion II, also a 26-foot, low floor bus.
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NATIONAL EFFORT TO IMPROVE SMALL BUS ACQUISITION

The interest in small bus performance,durability, maintenance and Tife
cycle cost became widely spread when various states shared the same poor
experience with small transit buses. The federal government became also con-
cerned because of federal participation in support of bus acquisition. As far
as can be determined, initial efforts to address this problem took on the form
of bringing together a group of individuals who share interest in the small
bus acquisition area for the exchange of information, ideas and solutions to
the problem. Such exchange has been extremely productive as evidenced by
review of the proceedings of such workshops (6, 14, 31). It was obvious, how-
ever, that while some states have sufficient experience with small bus per-
formance problems, and have development tentative sets of specifications, no
attempt was made to assemble a national set of specifications. Nor there were
signs of the emergence of agreed upon means to motivate small bus manufac-
turers to adhere to certain standards. This was perhaps a reaction to the
unsuccessful attempt to do the same with the large transit bus manufacturers.
The fragmented nature, and lack of Tleadership in the small transit bus
industry may have also negated any efforts to bring about a national standard
in this area. This, however did not stop the states from coming up with their
own specifications which were not necessarily homogeneous. The workshop was
useful in that respect, since it provided an open exchange between users to
share their experience in this area.

Attempts are also being made under UMTA's New Bus Equipment Introduction
(NBEI) program to test new design technology in transit vehicles and the small
buses are receiving their share of attention. Central Ohio Transit Authority

(COTA) and Michigan Department of Transportation were provided with grant
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money to purchase and evaluate up to ten small buses. The program is expected
to yield valuable data on the accessibility, durability, maintenance and life
cycle costs for these buses.

Other new technological innovations under test include; Twenty small buses
with turbo-charged diesel engines and computer controlled fuel mixture system
by the District of Columbia Department of Transportation; five small buses
with low floor, disc brakes, and heavy duty diesel engines by the Central New
York Regional Transportation Authority; six small buses with wheel chair
ramps, lower floors and diesel engines by the Lincolin Transportation system
in Lincolin, Nebraska; and two small buses with accessible features and capa-
bility of climbing 10% grade at 35 m.p.h. by South Coast Area Transit in
Oxnard, California.

The process of purchasing buses equipped with special feature for testing
purposes through the regular bid process has prdved to be a delicate one. The
Michigan DOT has been successful in awarding contracts for the type of bus
required for the test evaluation program. This was accomplished through a two
stage bidding process (4). A foreign manufacturer was able to meet the
requirements, as well as, submit the Tlowest bid. Additional innovative
features found in the buses acquired by the Michigan DOT and which will also
be subject to evaluation include: (a) front wheel drive, (b) modular power
train construction, which includes engine, transmission, wheel drive assembly,
suspension and cooling system, that rolls out for service, (c) stainless steel
welded unit body structure, (d) accessories (cooling fan, alternator, air con-
ditioning compressor) that are hydraulically driven which isolates them from

speed variations of the engine, (e) alternative window design for low floor,

17



(f) oversize wheels and brake system, (g) low floor with kneeling capability,
and (h) front door located directly across from the driver.

At a more global level, a major study sponsored by UMTA under the National
Cooperative Transit Research & Development Program (NCTRP) to develop a manual
for improved purchasing, use and maintenance of small transit buses has been
completed. The study sought to establish a comprehensive data base on small
transit buses which would include actual performance data, incidents if break-
down and maintenance, as well as, complete maintenance cost data. At the same
time the data includes a complete account of factors contributing to the main-
tenance cost such as the type of bus, severity of service and the operating
environment. The study attempted to cover a representative sample of equip-
ment, type of service and operating environments. Data has been collected
from 27 transit agencies from various parts of the country. Nineteen of the
27 agencies have provided data sufficiently complete to warrant entering into
the large computer data base. The (19) agencies repreéent a total of 233
buses, almost eight thousand maintenance events, 2.6 million bus-miles, and
1200 bus months of operation.

The study provided means, in the form of a flow chart, to analyze and
choose the appropriate type of bus for the application on hand. Bus types are
classified mainly as van, body on van chassis, body on truck chassis and
purpose-built. Life cycle cost and intangible factors are proposed as the
basis for making the comparison between the different types of buses. One of
the important findings of the study was the determination that the type of
bus, severity of service and current mileage have significant effect on the
maintenance cost. The relationship Qas calibrated in the form of a regression

model which can be used to predict the maintenance cost. The study, there-
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fore, provides a basic choice model to help transit agencies select the appro-
priate and most economical type of bus. The model was calibrated to reflect
the prevailing conditions for all parts of the U.S. This model has the advan-
tage of simplifying the process of initial bus selection and require the bus
buyer to provide only basic data for that purpose. On the other hand the
model is limited to the initial choice of bus type.

The previous study did address the area of specifications in a general
way, and the collected data were not used to draw up conclusions with regard
to equipment performance. Such a step would have been of benefit to buyers
and bus manufacturers alike. Bus manufacturers, 1like most other manufac-
turers, could benefit from feedback regarding performance and maintenance

requirements of their equipment.
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STATE EFFORTS TO IMPROVE SMALL BUS ACQUISITION

Efforts at the state level have focused primarily on the development of
small bus specifications and on streamlining the acquisition process. The
intention is to utilize bus specifications, vender bidding and the bid evalua-
tion process as an effective tool to filter out trouble prone equipment and
less qualified methods of construction. In addition, the states participated
in a number of government supported demonstration projects to test design con-
cepts and novel manufacturing methods. The states provided the appropriate
setting for the tests, collected the necessary data and provided means to dis-
seminate the results so that other states could benefit from the demonstration
projects.

Perhaps the greatest state contribution, in the absence of industry wide
standards, has been the development of small bus specifications, and in suc-
ceeding to bring the whole issue of small transit bus performance to the fore-
front of the industry-transit operator debate. The specification coverage,
depth and the degree of emphasis on specific components of the bus did, how-
ever, vary from state to state. While some states, for example, approached
specifications in a fairly general manner, others focused more heavily on
details of materials and methods of construction. In general, state specifi-
cations provided considerable coverage of the bus, its components and various
options. The 1level of detail encumbered in some of the specifications,
particularly with regard to the method of bus construction, could only be
justified on the basis of the lack of industry wide standards. It is also
worth noting that the state specifications showed a wide range of variation
with regard to the specific components and materials. Part of this variation

can be justified on the basis of the expected variation in operating environ-
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ment and the type of service to which the bus would be subjected to in various
states. On the other hand, some of the variations particularly those covering
less significant items (plywood material for steel floor lining, steel used
for stepwell and stairs,...) are likely to perpetuate the status-quo in the
industry, which treats each bus as a custom built product. This inhibits
product standardization and minimizes the chances of reaping the economic
benefits of the production scale.

The value of performance specifications versus design specifications was
also addressed. While design specifications assure design and manufacturing
quality, it does not guarantee bus performance. Performance specifications,
on the other hand, allows the designer a greater degree of flexibility, while
at the same time they are difficult to verify without the use of standard
testing methods and instrumentation.

The adoption of a two stage bid process has become well accepted as means
to moderate the impact of detailing specifications and procedures in the
acquisition process. The first state of the bid process (pre-bid conference)
provides an opportunity for an open exchange between the buyer and potential
bidders regarding clarification of specifications, waving of requirements,
approval of equals, as well as, feedback and adjustment regarding bid condi-
tions, warranty, and data required by the buyer.

Various approaches were also adopted to insure vehicle performance after
delivery. These ranged from requiring performance bonds, to the purchase of
extended warranties which go beyond the standard warranty. Life cycle cost
has also been used in this respect by requiring the vendor to submit a pro-
jected maintenance cost for major components of the bus, as well as, a certi-

fied fuel consumption rate. Although the previous approach seems to place a
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degree of certainty in the bus selection process, there is a concern that this
would place an undue burden on the bidders and may result in eliminating some
of the vendors and hence Timiting the competition.

The process of assuring that the bus delivered by the vendor meets the
required specifications also received its share of attention. This ranged
from arranging visits to the vendor facility during bus construction to assure
that bus quality and methods of manufacturing are according to specifications,
to the application of a complete inspection procedure on the finished bus to
assure an acceptable finished quality.

While the technical aspects of the procurement process have been subjected
to various adjustments, the administrative side of the process has also been
the subject of some modifications. The issue here was centralized procure-
ment by the state versus direct procurement by individual agencies based upon
specifications and guidelines provided by the state. Both approaches are
used, however, preference seem to be in favor of the centralized system where-
by a central agency handles the purchasing with a strong input from the

vehicle users.
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APPROACH AND CONSIDERATIONS IN THE DEVELOPMENT
OF SMALL BUS SPECIFICATIONS FOR THE STATE

OF ARKANSAS

Adequate bus specifications is the cornerstone of the bus acquisition pro-
cess. The process consists of a number of steps leading to the bus purchase
and delivery. The steps are summarized in the following:

1. Projection of demand for service

2. Fleet management requiring review of current fleet assignment to

reduce the operating and maintenance cost.

3. Establish alternatives of vehicle type, and capacity based upon

projected demand and system operation considerations.

4., Evaluation and determination of venicle type and capacity based upon

the projected life cycle cost.

5. Detailed vehicle specifications.

6. Bidding process and bus purchase.

7. Delivery and inspection.

While the focus of the current project is on the bus specifications, it is
important, however, that other phases of the bus acquisition process be
recognized and applied properly. Bus acquisition process is explained in the
following:

1. Projection of Demand for Service

Rural transit, section (18), idinvolves primarily fixed route, fixed and
variable schedule. Analysis of demand in this situation involves projection
of travel demand through public surveys or the use of adjusted historical
data; mode choice adjustment and travel assignment. Methodology for the pro-
jection of travel demand for large urban areas are well established. Simple

approximate models are available for rural and small urban areas (3).
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Demand for section 16(b)(2) services depends upon the geographical and
social setting of the service area. The number of senior citizens in the
community the nature of their local activities, and the special needs of
handicapped persons must all be taken into account in projecting the demand
for service. This would require survey of the special clientele who would use
the service and the use of historical ratios to project the demand for service
(34).

2. Fleet Management

Fleet management involves review of current fleet condition as reflected
in past maintenance incidents, cost and operators opinion. Projection of
maintenance cost under various types of service could be used as a guide to
reassign vehicles in such a manner so as to minimize the maintenance cost and
improve service reliability. In general, the approach is to assign vehicles
with greater accumulated mileage and/or higher expected incidents of mainten-
ance and cost to routes requiring fewer miles per year and light duty service.

Vehicle maintenance cost is difficult to project based upon historical
trend alone. Vehicle maintenance cost was found to follow the repair-repair--
replacement cycle for various systems, subsystems and components of the
vehicle. Under circumstances when preventive maintenance is not fully
adopted, maintenance incidents and cost associated with a certain system on
the bus increases gradually towards the end of the system's useful life. This
is followed by a sharp increase when the system is replaced. The cost then
drops and pursues a moderate annual increase, until it reaches the end of the
new system's useful life. The long term maintenance cost could, however, be

approximated as a linear function of the vehicle miles (3).
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It is also difficult to predict the maintenance cost of new vehicles, how-
ever, historical data based upon a large sample size could be used as a
reasonable predictor of the maintenance cost.

3. Establish Alternatives of Vehicle Type, and Capacity

Projected service needs may be satisfied by the use of various arrange-
ments of vehicle type and capacities. Available vehicle types include van and
modified van, body on van chassis, and body on a truck chassis. Each of these
vehicles has a different initial cost, operating and maintenance cost
structure. In addition each has different physical specifications, operating
characteristics and available options to meet the special needs of the service.

4. Evaluation and Determination of Vehicle Type and Capacity

The alternatives established in (3) are evaluated to determine the most
desirable choice. The evaluation is based upon the life cycle cost and on
other intangible factors. Life cycle cost includes the initial cost of the
vehicles, the cost of maintenance, fuel and operators. These costs are
accumulated and redistributed over the useful life of the bus. Data regarding
the basic cost structure for the various types of vehicles has been developed
based on a large survey sample (3). Local cost factors are incorporated in
the model to adjust the cost to the local conditions. Intangible factors,
some of them are important, include the need to maintain uniformity in
vehicles of the fleet, the availability of desired options on the vehicle and
the availability of local service.

5. Detailed Vehicle Specifications

Detailed vehicle specifications are important to assure that the vehicles
provided are built to the correct engineering standards and are capable of

withstanding the transit service demands. The history of the industry and the
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availability of 1light duty equipment which is not suitable for the transit
service makes it important to maintain adequate and current vehicle standards.

The standards serve the main purpose of providing guidance to the bus
manufacturer in the design and construction of the transit vehicle. They are
particularly aimed at the vehicle systems, subsystems and components which
have been a source performance deficiency in the past.

6. Bidding Process and Bus Purchase

A two stage bidding process or at the least a pre-bid conference has been
recommended for the small bus acquisition process. This is used as means to
communicate bus specifications to the prospective bidders, answer any
questions and entertain feedback. The need for this step has been emphasized
because of the detailed nature of bus specifications and the need to assure
that they have been properly interpreted by the bidders. This will allow more
companies to enter the bidding process.

&. Delivery and Inspection

Pre-delivery inspection is a commonly accepted practice in the purchase of
major pieces of equipment. Inspection is performed at the plant where the
equipment is produced. This has the advantage of correcting any quality
defects at the plant. The same practice is used in the purchase of transit
buses. Manufacturing inspection, where the manufacturing process and facili-
ties are inspected, has also been reported. This allows the inspection team
to verify that buses are manufactured according to specifications and that
appropriate quality control measures are being followed in bus construction.
Receiving inspection is still another approach to assure that the bus meets
the specifications. This 1is best performed when planned around a formal
inspection procedure. It identifies any quality defects and have them

corrected under warranty clause.
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SMALL BUS SPECIFICATIONS DEVELOPMENT PROCESS

Small bus specifications have been developed by a number of other states,
some of them have made pioneering effort in this area. State specifications
tend, however, to reflect the operating environment and the type of problems
encountered in the particular state where the specification is used, this is
also true of the state of Arkansas. On the other hand, it is important that
such specifications have a cumulative effect and that late comers benefit from
the hind-side advantage in developing their own specifications.

The development of small bus specifications is viewed as a continuous pro-
cess aimed at achieving a reliable, easy to maintain and low operating cost
small bus. Specifications are not envisioned as means to provide a blueprint
for the small bus industry to follow. They are primarily aimed at areas where
current and potential problems exist. In this sense, they are intended as a
safeguard against the degraded performance of small buses in the transit
field. The obvious ramification of this approach is in the variation of the
degree of specification coverage. This degree seems to vary according to the
amount of reported problems with the specific bus system, subsystem or compo-
nent. Those showing higher rates of problems have received a greater share of
the attention.

The specifications development process is outlined in Figure 1. The pro-
cess is depicted as closed loop in which field performance provides an impor-
tant and continuous feedback which is used among other inputs in the modifica-
tion and updating of specifications. The basic elements of the small bus
specification development process are described in the following:

Bus Systems, Subsystems and Components

Small bus specifications are developed in a framework representing the
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make-up of the bus. The framework is hierical and reflects the method of bus
construction, component and accessory selection. This framework was used
throughout the project for evaluating system reliability, maintainability and
potential for improvement, as well as, in the development of specifications.
The basic framework for bus system breakdown is shown in Table 2. This same
structure may also be used in the development of a data base to be used in an
ongoing process for small bus improvement and specification updating.

Bus Manufacturers

Bus specifications could not be achieved in isolation of the state of
development of the bus manufacturing industries. The degree of capitaliza-
tion, technical depth and willingness of management to undertake risky product
development indicate the extent to which the industry would be able to
successfully adopt new technology and improve the current one. In addition,
bus manufacturers provide the starting point for determining the current state
of design and construction of small buses. The history of product and company
evolution 1is important in establishing relationship between current field
experience and bus design, and in projecting future developments in the field.

Current State of Design and Construction

Current state of bus design and construction has been established through
the collection of specifications of a wide range of small buses and modified
vans. Specifications have been closely reviewed and further contact with bus
manufacturers was necessary to obtain additional details regarding the con-
struction specifications and the type and make of available options. It was
clear from this exercise that a certain degree of customizing is available
throughout the industry. This has led bus manufacturers in many cases to

leaving the specifications deliberately vague to provide room for tailoring
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BODY STRUCTURE

Bus System Breakdown

A.) UNDERSTRUCTURE D.) STEPWELL G.) FRONT BUMPER
B.) FLOOR E.) WHEEL HOUSING H.) REAR BUMPER
C.) FLOOR LINING F.) WHEEL HOUSING LINING
2. BODY EXTERIOR
A.) DIMENSIONS E.) DOORS I.) RUB RAILS AND TRIM
B.) EXTERIOR SIDE PANELS F.) EMERGENCY EXITS J.) MUD FLAPS
C.) EXTERIOR ROOF PANELS G.) FINISH
D.) WINDOWS H.) UNDERCOATING
3. BODY INTERIOR
A.) INTERIOR DIMENSIONS D.) SEATS . G.) FLOOR COVERING
B.) INSULATION E.) INTERIOR SIDE PANELS H.) SAFETY RAILS
C.) FLOOR PLAN F.) INTERIOR CEILING PANELS AND STANCHIONS

4. DRIVER COMPARTMENT

A.) GAUGES AND DISPLAYS D.) MIRRORS AND GLARE
B.) WARNING SIGNALS AND INDICATORS PROTECTION
C.) CONTROLS E.) DRIVERS SEAT

5. ENVIRONMENT CONTROL

A.) PASSENGER COMPARTMENT HEATER
B.) FRONT HEATER
C.) AIR CONDITIONING

6. CHASSIS

SUSPENSION K.) FUEL SYSTEM
BRAKES L.) COOLING SYSTEM
STEERING - M.) EXHAUST SYSTEM
ENGINE N.) ACCESS DOORS
TRANSMISSION

A.) SPECIFICATIONS

B.) DIMENSIONS

) RATINGS - AXLES AND SUSPENSION
) TIRES

) BUS WEIGHT

7. ELECTRICAL SYSTEM

.

CG—xzomm
——— — ~—

C.
D.
E.

A.) BATTERY
B.) CHARGING SYSTEM .
C.) WIRING

8. LIGHTING

A.) INTERIOR LIGHTING
B.) EXTERIOR LIGHTING

9. WHEELCHAIR LIFT/RAMP

A.) SPECIFICATIONS
B.) SAFETY FEATURES

10. SAFETY AND EMERGENCY EQUIPMENT

A.) FIRE EXTINGUISHER E.) WINDSHIELD WIPER G.) HAZARD WARNING LIGHTS
B.) TRIANGLE WARNING DEVICE AND WASHER H.) SPARE TIRE
g.; EégﬁT AID KIT F.) BACK UP ALARM I.) TOWING HOOKS

11.) PERFORMANCE SPECIFICATIONS

A.) TOP SPEED
B.) ACCELERATING
C.) DECELERATION

BRAKING G.) INTERNAL NOISE LEVEL
TURNING RADIUS OVER BODY H.) EXTERNAL NOIST LEVEL
TURNING RADIUS OVER TIRES

mMMmo
.
— —
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the design to customer's request. Table 3 shows the bus manufacturers res-
ponding to the initial request and the type of buses for which specifications
were provided.

Current State of The Art

Current state of the art is exemplified in current technology which could
have an impact on bus design and method of construction. The purpose of this
step was not as much to use the state of technology development as means for
placing specifications ahead of the current state of design and to use this as
a driving force to achieve improved design, as it was to assure that specifi-
cations do not exclude future developments in bus design based on current
technology by default.

Literature review and contact with various bus manufacturers was necessary
to determine available technology. Areas of expected new development based on
current technology include, among other advances, the more extensive use of
high impact plastic in special areas of the bus such as doors and bus
interior, the use of brake retarder systems to help decelerate the bus and
improve the life of the braking system, as well as, the use of air suspension
to provide a smoother ride and reduce body swaying.

Other States Specifications

An effort has been made early in the study to obtain other states specifi-
cations. State specifications varied considerably in scope and coverage and
tended in most cases to reflect the concerns and the problems encountered in
the rural operating environment in the particular state in which the specifi-
cations are used. In addition, a close review was made of the various
national forums used to discuss bus acquisition and specifications.

The purpose of this step was to assure that Arkansas small transit bus
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TABLE 3: Bus Manufacturers and Available Specifications

BUS MANUFACTURER/
TYPE

AMTRAN
VANGUARD - Body on Van Chassis
PATRIOT - Body on Truck Chassis

BLUE BIRD
MT 30 - Special Built

BUS INDUSTRIES OF AMERICA
ORION IT - Special Built

CARPENTER
CADET - Body on Truck Chassis

CHAMPION
TRANSTAR - Body on Van Chassis

COLLINS
DODGE BANTAM - Mod Van

FIAT
IVECO MINI BUS - Body on Chassis
IVECO BUS - Body on Chassis

FLXIBLE

30' METRO - Special Built
THOMAS

MIGHTY - MITE - Body on Truck

Chassis

TRANS BUS OF AMERICA
STEYR CITY BUS - Special Built

TURTLE TOP
TERRA TRANSIT - Body on Van Chassis

WAYNE

BUSETTE - Body on Van Chassis
CHAPERSON - Body on Van Chassis

32

BUS LENGTH/

WHEEL BASE

21 ft.
25 ft.

125 in. W.B.
133 in. W.B.
157 in. W.B.

19 ft.
22 ft.
24 ft.
28 ft.

125 in. W.B.
133 in. W.B.
157 in. W.B.

SEATING
CAPACITY (MAX.)

19
18 - 48

31

18
26

17 - 19
21 - 23
25 - 27

16

16
19

32

18 - 23
26 - 33

19

17 - 21

13 - 17
14 - 17



specifications complements rather than contradicts the specifications
developed by other states. Major divergence from any general trend in other
states specifications was adopted only after a reasonable justification. The
advantage of this approach is to assure that bus manufacturers would not be
required to modify present vehicles drastically to make it acceptable to
Arkansas. This would provide for taking advantage of production scale and
helps maintain a lower price.

The states for which specifications were obtained and the type of specifi-
cations are listed in Table 4.

Specifications

According to the flow chart, Figure 1, specifications are viewed as a
dynamic entity which responds to the various inputs. Specifications are
expected to be updated regularly and would take into account changes in
current product and component design, advances in related technologies and
actual field performance.

Field Performance

Field performance is the key to system, subsystem and component evalua-
tion, and to the establishment and revision of bus specifications. Field per-
formance is represented in the form of incidents of breakdown and repair
cost. Fuel consumption and cost were not used in evaluating the operating
performance because of inconsistencies in available data both on fuel consump-
tion and prices. Overall national fuel consumption data is, however, avail-
able for the life cycle cost comparison purposes (3).

Field performance is grouped by vehicle typé, model and year. They are
expressed in the form of general findings concerning system reliability, main-

tainability, serviceability and ease of operation. The data is then contrasted
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to system design and conclusion concerning new design requirements and speci-
fications are established.
Data collection form used in evaluating field performance 1is shown in

Appendix A.
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1)

2)

3)

4)

5)

6)

7)
8)

TABLE 4: State Specifications and Respective Coverage

CALIFORNIA: 16(b)(2) Program; 1983

a) Cut-Away Cab Chassis - 16 Passenger

b) Modified Van

c) 20 - Passenger Bus with wheelchair Tift
d) 19 - Passenger Bus

e) 24 - Passenger Bus

COLORADO: 16(b)(2) Program; Revised Jan 1984

a) Modified Van - 12 Passengers
b) Small Body on Chassis - 16 Passengers
c) Large Body on Chassis - 20 Passengers

FLORIDA: 16(b)(2) Program; May 1983

a) 16 - 18 Passengers
b) 20 - 24 Passengers

INDIANA: 16(b)(2) Program; February 1984
a) Vans
b) Modified Vans
c) Body on Chassis
d) Small Buses
MICHIGAN: 16(b)(2) Program; March 1983
a) Small Bus - 14 Passengers
b) Medium Bus - 20 Passengers
c) Large Bus - 32 Passengers
MISSISSIPPI: 1985
(18 Passenger)
OHIO: 16(b)(2) Program; May 1984

CITY SPECIFICATIONS:

a) MCDONALD TRANSIT ASSOC.: Fort Worth, Texas; 18 Passenger Bus
b) CENTRAL ARKANSAS TRANSIT: Little Rock, AR; 17-23 Passenger Bus
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SMALL TRANSIT BUSES IN ARKANSAS

In the process of reviewing performance and developing specifications, it
is important to recognize the nature and make-up of the small transit bus
fleet in Arkansas. the fleet make-up is a result of current bus acquisition
practice and would be indicative of current trend and need for various types
of vehicles.

A compilation of the current small transit buses in Arkansas was made in
July, 1985, and is analyzed in Figures 2, 3, and 4. Figure 2 shows the small
transit bus fleets for Sections 16(b)(2) and 18 classified according to
vehicle type and model year. The type classification is the same as that used
in Reference (3). Figure 3 shows the vehicle make, model and year for Section
16(b)(2) program vehicles, and Figure 4 shows the same for Section 18
vehicles. Analysis of the data in Figure 2 shows that Section 16(b)(2)
vehicles are heavily weighted in favor of vans and modified vans which repre-
sent 65% of the total. The remainder, represents body on van chassis (22%)
and body on a truck chassis (13%). The more recent trend in vehicle acquisi-
tion shows a move towards purchasing less vans, modified vans and body on
truck chassis and more of the body on van chassis. These results coincide
with the findings during the survey of a sample of fleet operators around the
state in the Summer of '85. The survey indicated that Section 16(b)(2) opera-
tors consider low cost, simplicity, ease of operation and maintenance as the
advantage of vans and modified vans, while on the other hand limited space,
narrow aisles, low ceiling and difficulty of access particularly for the
elderly and handicapped are their disadvantage. Most, who have sufficient
ridership would prefer a body on van chassis type particularly if the operat-

ing and maintenance performance of the vehicle are acceptable.
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The decline in the acquisition of body on a truck chassis type vehicle is
a result of the realization that the size and bulkiness of these large buses
outweigh the additional capacity advantage in a predominantly demand type
service. In addition, the high maintenance cost associated with these buses
would have a serious negative impact on operating budgets of the small service
agencies of Section 16(b)(2). Large vehicle capacity would also tend to Timit
the operating flexibility under such circumstances.

Vehicle make and model for Section 16(b)(2), Figure 3, is dominated by the
Dodge Van which represents 47% of the total followed by Wayne Busette and Ford
Van representing 13% and 11% respectively. This is not, as we understand it,
a result of any natural selection process more than it is an artifact of the
degree of emphasis those bus manufacturers place on participating in the tran-
sit fleet market in Arkansas.

Section 18 fleet make-up, Figure 3, is dominated by the body on a truck
chassis type buses which represent 49% of the total. More recent trend is
showing a move towards the body on van chassis, special built and even stand-
ard vans and modified vans. This reflects to some degree the realization that
size, durability, fuel economy and susceptibility to frequent repairs are
causing body on truck chassis type buses to become a less favorable alterna-
tive for rural transit in Arkansas. Considering the make and model of Section
18 buses, Figure 4, we find that superior GMC (bought used by the city of Hot
Springs) represents 25% of the total followed by the Dodge Van which repre-
sents 15% in the second place. The more recent acquisition of buses seems to
be divided among various makes and models. The second place of the Dodge Van

is an indication of the penetration of the van in the rural transit market.
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Figure 3: Small Bus Make, Model and Year For The State of
Arkansas (Section 16(b){2) - Total: 220 Vehicles)

PERCENT OF TOTAL VEHICLES (YR)
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Figure 4: Small Bus Make, Model and Year For The State of
Arkansas (Section 18 - Total: 69 Vehicles)

PERCENT OF TOTAL VEHICLES (YR)
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Bus Performance

Bus performance data was collected from both Sections 16(b)(2) and 18
operators according to the data collection forms included in Appendix A. Per-
formance data of current vehicles was requested for the last two years. This
provided sample data concerning various vehicles at different stages of their
useful life. While the data is considered reliable because of age and sample
distribution over a number of vehicles, it did however leave some gaps in the
bus Tife mileage range.

Figures 5, 6, and 7 show the maintenance cost per mile over the bus life
for various types of buses and associated severity of service. The main-
tenance cost average was 11.64 cents/mile for a body on van chassis operating
at a moderate duty cycle, 21.46 cents/mile for body on truck chassis operating
at a moderate duty cycle, and 28.75 cents/mile for the same type operating at
a severe duty cycle. Maintenance cost for purpose-built bus operating at a
severe duty cycle was 16.4 cents/mile. The previous data on maintenance
cost/mile was generally less than that derived from the data provided in
reference (3) which would represent the national average. The general
relationship of the maintenance cost was however the same, that is: body over
van chassis was the lowest followed by purpose-built, body on truck chassis -
moderate duty cycle, and body on truck chassis - severe duty cycle.

Tables 5, 6, 7 and 8 contain the summary data on frequency and type of
repairs for various vehicles operating at respective duty cycle for various
mileage segments over the life of the bus. Data concerning body on van
chassis operating at a moderate duty cycle, Table 5, shows that the highest
frequency is for engine repairs, followed by the electrical system, drive

train, air conditioning, suspension, brakes and miscellaneous. Engine and
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electrical system repairs occur approximately twice as often as those for the
drive train. Body on truck chassis operating at moderate duty cycle shows a
higher overall average frequency of repairs. The highest frequency of system
repair was for the engine followed by electrical system, air conditioning,
brakes, suspension, drive train, body and miscellaneous. The same type of bus
operating at a severe duty cycle, Table 6, shows approximately double the fre-
quency of repairs for brakes. Purpose-built buses, Table 7, show the lowest
overall average frequency of repair of all small transit buses by far. The
data on Table 7 is, however, limited to a 70,000 miles life which would be
expected to yield fewer repairs in comparison to that covering the full Tlife
of the purpose-built bus which can reach one million miles.

The previous data provides a helpful guide in the development of small bus
specifications and in identifying basic bus systems which are in need of
improvement. The thrust of current bus specification must also take into
account the current state of development in engine, drive train and other bus
systems technology. The state of development reflects the current state of
the art, as well as, the degree of progress made by bus manufacturers in
applying the state of the art to current product design. The degree of appli-
cation is indicative of the economic and practical feasibility of the new

technology.
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TABLE 6:

Expected Number and Type of Repairs Per Vehicle

Over Stated Mileage Segments

Body On Truck Chassis - Moderate Duty Cycle

Body -~ 2 -- -- 0.5 |-- 0.5 (0.5 |N/A |1 -- N/A |N/A |-- -- 2 0.5
Engine 1 1 -- 1.8 [1.75 |1.75 2 |1.5 ([N/A 5 5 N/A |N/A 3 -- 2 1.98
Drive Train |[-- 2 1 0.4 (0.75 (0.25 |0.5 |-- N/A 1 2 N/A [N/A |-- -- 2 0.76
Brakes -- 1 -- 0.2 |(0.25 |1.25 |0.5 |-- N/A 3 1 N/A  |N/A 1 1 2 0.86
Suspension 1 -- -- 0.4 |0.75 (0.25 (0.5 1 N/A 2 2 N/A |N/A 1 2 -- 0.84
Air Cond. -- 1 1 0.8 |[0.75 |0.25 |-- 1.5 |N/A 3. 2 [N/A |N/A | 2 -- 1 1.02
Elec. Sys. 1 1 - 1.6 [1.25 (1.5 2 1.5 [N/A |-- 4 N/A |N/A 3 2 2 1.53
Misc. -- -- 0.5 0.2 |0.25 (0.5 1 1.5 |N/A |[-- 2 N/A |IN/A |-- -- -- 0.46
Total 3 8 2.5 |5.4 [6.25 |5.75 | 7 7.5 |N/A |15 18 N/A IN/A |10 5 1 7.95
Mileage 10- |20- |30- |(40- |50- |60- (70- |80- |90- |100- |110- [120- [130- |140- [150- |160- ]Avg./Seg.
Segment X1000| 20 30 40 50 60 70 80 90 100 [ 170 { 120 | 130 | 140 | 150 | 160 | 170
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SMALL TRANSIT BUS OPERATING PROBLEMS
D OUTLIN PECIFICATIONS AREA

The survey conducted in the current study of small transit buses in
Arkansas provided a broad profile of various problem areas encountered in
small bus operation and maintenance. The profile has been compiled from the
data collected by the questionnaire included in Appendix A and mailed to all
Sections 16(b)(2) and 18 operators. Data has been compiled for all buses
regardless of type. The problem areas identified represent, therefore, those
encountered in a general cross-section of small buses which include body on a
van chassis, body on a truck chassis and purpose-built. The data is, however,
heavily weighted in favor of the body on van chassis because of their Tlarge
share of the total fleet. Data on vans and modified vans were not included in
this profile.

The purpose of establishing a profile of operating and maintenance problem
was to assure that specifications and/or acquisition procedure would be plan-
ned to counter these problems and to assure that such problems would, to the
extent possible, be "speced out" of the bus. It also provided an acceptable
grounds to discuss the specifications with bus manufacturers and to involve
them in solving current problems through the development of acceptable speci-
fications that would be economical to implement. Table 9 provides é compila-
tion of the various problem areas and the specification response to these

problems.
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10.

1.

TABLE 9: Small Bus Problem

i
1

g
Areas and Specification Response

PROBLEM AREAS

Bus leaks water (around windshield).
Windows do not seal well.

Doors (manual)are difficult to operate

Doors rattle and do.not seal well

Body rattles and rivet failure occurs.

Paint chips, peels or fades.
Walk space is not adequate. Stanchions are

placed where they would interfere with pas-
senger and wheelchair movement.

Inadequate hip and leg room.

Inadequate head room at certain locations

Spare tire is not properly placed and secured
in the bus.

Upholstery material is light and seats are not
properly upholstered.

Heater capacity is not large enough for bus

Air conditioning unit is not large enough for
the bus.

Air conditioning unit requires frequent
repairs.,

1.1

1.2
2.1
3.1

3.2

4.1

4.2

5.1
6.1

7.1

7.2

7.3

8.1

9.1

10.1

10.2

1.1
11.2

11.3

11.4
1.5

121

SPECIFICATIONS

Require appropriate sealing methods and materials that does
not deteriorate with time.

Require a water leak test before delivery.
Require a maximum force to operate the door

When door is closed it is held with against a resilient
material or a spring force to reduce vibrations and rattling.

Appropriate sealing rubber materials (............) should be
applied to the door edges and between door segments to assure
proper seal.

Bus body should consist of an integrated structural unit whict
consists of skeleton capable of carrying and distributing the
load on the body to appropriate structural member an
ultimately to the vehicles chassis.

For buses built by attaching outer skin to structural member:
of the body the use of blind (pop) rivets is to be avoided or
minimized in constructing the previous assembly.

Paint materials and procedure specs.

Establish guideline for bus layout plans, taking into account
wheelchair, passenger and others as necessary (.........).
Plan would require main aisle width (.......... ) circulatinc
space behind doors (............ ) and guidelines for placemen
of stanchions and grab bars (......... ).

Require min. seat clearance for 1leg and hip space

e I

Require min. inside height at door, at aisle and over sea
area (veeeeeeee. Ceeesesecsessanes PR |

Require min, door width, height, step height, and max
distance between ground level and the first ste

T — Gp e v & S s S SIS SN 8 e S 6 6 80 o )

Require that spare tire be placed and secured where it would
not interfere with passenger traffic or seating and at the
same time would be easily accessible for removal to replace .
flat tire.

Require a min. thickness (quality) of upholstery material and
seat design. (.......... Vil & W% & IRe 600 B9 Biee ne e ae avaimie winie sieve are Je

Require  min. heater  capacity based on bus Size

....... © o Mies Wi 8 SR SIHI 8 WTH S S E ST K SIS ME SIES 650 W6 WO 6506 0 s a )

Require the use of two unit heaters, one in the front and th
second in the back.

Require min. unit size based on bus capacity (....eeeeeenens.)

Require tinted glass for all windows (35% pass through light

R A essse

Require min. insulation in ceiling walls and bus ends (1 1/:
in fiberglass bats........... s & 181 8 st svws o mE SRS § T W W Bl
Require min. floor insulation (..... & 550 § B ST R SRS SRR 656 e )

Require bus undercoating for rust proofing, insulation anc
sound deadening (....eceveveeencnnannnns & ww s w SIUIR BEIE & T8 SR oo )

Require the use of field attachable screw style hose end
clamps according to SAE J 516 for refrigerant hoses.
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13.

15.

16.

17.

18.

19.

20.

21.

s
i
i

|

TABLE 9: Small Bus Problem Areas and Specification Response (cont'd)

PROBLEM AREAS

Major Source of Problems:

- Refrigerant Teakage (primarily from
hose connections).

- Belt become loose.

- Evaporator breaks loose from mounting.

- Evaporator leaks water on passengers.

Skirt mounted condenser and skirt mounted
engine collect dust quickly on dirt roads
which plugs condenser, chokes the engine and
1imits the capability of the air conditioning
unit.

Air conditioning does not cool enough at idle
speed where the bus is not traveling.

GVWR does not provide sufficient capacity for
passenger and luggage.

Brake lining requires frequent replacement.

Suspension does not provide a comfortable ride.

Engine is not adequate for the bus.
- Engine requires frequent repairs.

- Engine cooling is not adequate.

Transmission requires frequent repairs.
Alternator is not large enough.

Electrical system requires frequent repairs.

12.2

12.3

12.4

12.5

12.6

13.1

13.2

14.1

15.1

16.1
16.2
17.1
18.1
18.2
18.3
19.1
19.2
20.1

21.1
21.2
21.3

21.4

SPECIFICATIONS

Provide installation guidelines for routing and protecting
refrigerant and drain hoses, and electrical wiring.

Require the installation of a low and high pressure cut-off
relay and warning system.

Require that the evaporator be mounted to the bus structural
members (bows) of the bus.

Provide for proper bracing to support the weight of the
evaporator and to distribute it over appropriate load bearing
members of the structure.

Require two (front & rear) for mid-bus mounted evaporator or
right-forward and left-backward mounted drain hoses to help
remove water condensate.

Provide a special duct and mount the air intake for engine
driven units in an area away from the dust generated under the
bus.

Provide a ducting with necessary baffle to eliminate or reduce
the accumulation of dust on the condenser.

Provide for the installation and use of an idle speed booster
which would be activated when A/C is turned on, vehicle trans-
mission is in neutral and engine is at idle speed.

GVWR must allow for the number of stated adult passengers times

250 1bs, students times 100 1bs to allow for carry on
Tuggage. Additional equipment such as chair 1ifts,

wheelchairs, ...ect., must be taken into account separately.
Require the use of heavy duty brakes.
Require the outfitting of a brake retarder. (Tentative)
(Chassis manufacturer)

Require min. performance standards for engine

Require a large capacity cooling system.

Require a separate engine oil cooler.

Require the use of a heavier duty transmission.

Require the use of transmission oil cooler.’

Require the use of 80 Amp. alternator for a standard vehicle,
130 Amp. alternator for a vehicle with A/C and 150 Amp.
alternator for a vehicle with A/C and chair lift.

Require min. battery size (..... us e PRy TP i) e
Require main power disconnect switch.

Require auxiliary equipment overload relay and power

disconnect switches.
Require bulk head disconnect and auto type connections for

body wiring. Wiring should be color coded and connection
sealed in moisture tight enclosures.
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BUS MANUFACTURERS RESPONSE TO SPECIFICATIONS

Contacts made with small bus manufacturers showed a considerable degree of
flexibility to respond to specifications. This is influenced to some extent
by the current manufacturing methods used in the industry. Such methods would
be recognized as a combination of manual and semi-antomatic which is not
capital intensive. This allows a relatively high degree of flexibility in
accommodating design changes without incurring high capital cost.

The degree of manufacturer flexibility in accommodating new specifications
is, however, a function of the extent to which the new specifications would
influence current manufacturing methods and procedures. Changes requiring,
for example, simple material and assembly procedure changes could be imple-
mented easily and at a reasonable cost. On the other hand, changes which
would require major tooling and production set-up changes are Tlikely to be
resisted and if implemented would require investment in tooling, equipment and
would be subject to a significant lead time and price increase.

Although the industry would ultimately respond to changes dictated by
vehicle specifications, the potential for response, lead time and ultimate
cost to the user are likely to be a function of the degree of change and the
extent to which the new specifications would be adopted. The wider the adop-
tion of such specifications in the transit market the greater the probability
of 1industry response to the new specifications. This experience has been
encountered before in the implementation of new specifications for the large
size urban transit bus, when large consolidated purchase contracts were

awarded to provide incentive for bus manufacturers to invest in new tooling
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and equipment so that the new buses could be introduced in the field. Figure
8 shows the expected response to new specifications as a function of the
degree of change dictated by the specifications.

Most small bus manufacturers and accessory equipment suppliers, who were
contacted during the course of the study, indicated that the approach used in
the current study, namely the use of feedback concerning vehicle performance
as a basis for developing specifications, is the most plausable and acceptable
method for developing and modifying small bus specifications. The wide adop-
tion of the specifications would also provide a special impetus for the res-

ponse of industry to the new specifications.
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FIGURE 8:

Small Bus Industry Response to New Specifications

Nature of change

Dictated by New

Specifications

Chassis (outside

chassis mfr. options)

Body width, height &
structural design

material

Structural components

Body interior and
accessories

Simple material &
assembly procedure

LOW

INDUSTRY RESPONSE TO SPECIFICATIONS
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FINDINGS AND CONCLUSIONS

The procedure outlined in this report provides a systematic approach for
the development and updating of small bus specifications. The basic premise
of this approach 1is to maintain and use feedback data regarding vehicle
system, subsystem and component performance in defining problem areas, and to
establish , along with the bus manufacturer, engineering solutions and
specifications to correct these problems. A degree of specification
uniformity among states is also desirable to assure an economic production
scale and lower cost.

The role of statistical performance data that would provide a profile of
the problem areas and could be used as a basis for the development of specifi-
cations could not be overemphasized. Data for the current study was collected
from existing maintenance records which were not as complete as would be
desirable in the long run. The bus system breakdown Table 2 provides a foun-
dation that can be used for identifying the sources of maintenance problems.
Contacts with the manufacturers and additional detective work may be neces-
sary to establish engineering solutions and revise the current specifications
in the future.

It is also important that a forum be established for the joint assembly of
officials responsible for fleet maintenance and those involved in small bus
acquisition to identify desired changes in specifications and acquisition pro-

cedure.
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APPENDIX A

Performance and Maintenance Survey Questionnaire
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UNIVERSITY OF ARKANSAS AT LITTLE ROCK

33RD AND UNIVERSITY - LITTLE ROCK, ARKANSAS 72204 - 501/569-3148

SCHOOL OF
ENGINEERING TECHNOLOGY
!

Ref: Standard Specifications for Small Transit Buses.
Dear Mr.

In an effort to improve the quality and service of small transit buses in
the state of Arkansas, The School of Engineering Technology at UALR is undertaking
a project for the Arkansas Highway and Transportation Department to devleop stan-
dard specifications for small buses (16-24 passengers, up to 32 passengers when
seating plan accommodates wheelchair passengers). To be able to achieve our goal
we must learn as much as we can about the merits and problems of current equipment.
Therefore, we wish to request that you provide us with the following information
on the buses in your fleet which fall in the above category (16-32 passengers):

1. Bus Information

2. Bus Evaluation ;

3. Chronological Maintenance Record, which is a summary of maintenance
work performed on the bus during the past two years (Example shown
at the beginning).

(1) and (2) may be prepared for each bus, or for a group of similar buses
performing similar service, (3) must be prepared for each bus. Additional comments
and information regarding modifications that you made to original equipment and
desired specifications are also sought.

We appreciate your cooperation and we will be looking forward to receive the
completed forms, within two weeks since we expect to use the data immediately.

If you have any questions please do not hesitate to cal Mo Bakr or Bill Swab
at 569-3148 (work) or Mo Bakr at 562-4728 (home).

oy

Thank you in advance for your cooperation.

Sincerely,

o M. M. Bakr.
Professor

MMB/rm

Enclosures (Forms may be duplicated for additional space)

|
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school of Engineering lechnuiogy
CHRONOLOGICAL MAINTENANCE RECORD

AGENCY: , BUS ID:
M:*~~enance Code: - S 5. ~ o m
: 13 e P/M: 1 Inspect/Adjust: 2 .Repair: 3 JReplace/Overhaul: 4
Maintenance By: MFC: Monthly Fuel Cost
In-HBouse: 1 Service Station: 2 Shop(local): 3 . )
Bealer(out of town): & .MMC. Mpnthly Maint. Cost
E BEG. & END. ‘ MAINTENANCE
YR MILES CODE BY REMARKS
MFC & MMC DESCRIPTION
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BUS EVALUATION

ORGANIZATION: BUS ID(S):

Please check the response which best describes the performance over the life of thé Bus.

1Y)
2)

3)

4)
5)
6)

7).

9)

10)

£ 11)
12)
13)
14)
15)
16)

17)

lo,

Cracks or breaks occurs in the frame.
Body attachment to frame is not adequate. - -

Bus leaks water (if yes indicate locations):

NO

— _SOMEWHAT

000

O

0 0O

O
0.
O

Windows stick or are difficult to operate.
Windows do not seal well.

Doors are difficult to operate.

Doors rattle or do not seal well.

Body rattles and/or is subject to rivet failure.
Paint peels, flakes, or fades easily. |

Bus needs better rust protection, if so, explain:

ooooooo

Oo0o0ooo0ao

Oooooooon

Bus floor plan accommodates passengers comfortably.

Head Room is adequate.
Access is easy to doors and passenger seats.
Upholstry wears out fast.

Floor covering works lose/wears out fast.

The following additional gauges, displays and alarms would

be beneficial to the bus operator:

Oo0o0O0oaada

OO0 000
OO00o0on

Heater Capacity Is.not large enough to provide
comfortable environment.

Air conditioning unit not large enough for the Bus.

| 60
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19)

20)

21)
22)
23)

24)

25)

26)
27)

28)

29)
30)
31)

" 32)

33)

34)

35)

36)

3')\

YES

NO

SOMEWHAT

What is the main re-occuring repair(s) on the air

conditioning system?

GVWR provides sufficient capacity for passengers
and carry on baggage.

Front brake linings require frequent replacement.
Rear brake linings require frequent replacement.

Braking performance of the Bus is adequate.

Oo0o0o0oaog

Suspension provides a comfortable ride. If not, explain.

Dooog

Oo00o0o

What is the main re-occuring repair on the suspension?

O

Vehicle has a good steering control.

Steering power assist is adequate.

0 O

Steering requires frequent adjustment. If yes explain.

0

0 0O

0o d

Vehicle turning radius is acceptable.

oo

Engine is adequate for the Bus.

0 O

04

Engine requires frequent repair. If yes, explain. E] [:] E]
Transmission is adequate for travel speeds and Bus load. O 4 O
Transmission requires frequent repairs. If yes, explain. E] E] []
Cdaiing systen 1sadequate to avoid overheating problens. O v[] O

Cooling system requires frequent repairs. If yes, explain. E]

Alternator/Generator has large enough capacity for
the electrical system. B O

Electrical system requires frequent repairs. If yes, explain. ]




38) Wheelchair 1lift/ramp:

Briefly explain the ﬁélnmfé-dééu}iﬁg repairs on the
1ift/ramp. . e ol

39) From past experience we prefer wheelchair 1lift over
ramp. If no, explain.
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SUMMARY OF FINDINGS AND IMPLEMENTATION STATEMENT

Small transit bus acquisition requires projection of transportation needs
and establishing plans for iniating a new service, improving current service
or expanding the present system. Small buses are used primarily for rural and
small area transit, as well as, for special transportation of handicapped per-
sons.

Material covered in this report outlines the service planning procedure
for the case of regular, fixed route and schedule, rural and small urban area
transit systems, as well as, the specialized door-to-door transportation for
handicapped persons. The planning processes have been adopted from previous
research and reports which addressed specifically the previous areas. Metho-
dology and data pertinent to the state of Arkansas was used to provide means
for service planning and determination of vehicle type. The bus buyer is well
advised to assume the role of a local planner and establish the basic vehicle
parameters before working out the specifications.

The planning process commonly ends up with the determination of needed
vehicle(s). Consideration of fleet reassignment follows and is viewed as
means to reduce the maintenance and operating cost of the bus fleet when plac-
ing the new buses 1in service. Alternate plans of vehicle type and capacity
are considered at this point. Life cycle cost evaluation is used to determine
the most economical alternative.

This report is intended to be used as a procedure manual for the service
planning, bus type selection and detailed bus specifications. If service
planning is not required, the user may skip the service planning sections,
pages 4-25. Life cycle cost evaluation identifies the most economic choice of
bus type. Tabular data provided in this section is representative of the
state of Arkansas. Bus specifications are provided for a range of small buses

which can serve 17-24 passengers including handicapped riders.
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OVERVIEW OF SERVICE PLANNING AND BUS ACQUISITION PROCESS

Unless the bus is purchased as a direct replacement for an existing unit,
or unless the demand for service is clearly defined such as in the case of
establishing a contract service for a certain client or a major traffic gene-
rator with a defined transportation requirements, it is advisable that an
effort be made to follow a stepwise process in determining the demand for
service, bus requirements and specifications. The process, outlined in Figure
1, establishes the transportation demand both for able-bodied and transporta-
tion handicapped persons, and considers various service alternatives. This is
followed by evaluating alternate vehicles based upon projected life cycle
cost, and ultimately establishing bus specifications.

Figure 1 outlines the overall process involved in bus acquisition. It con-
sists of two largely separate planning processes; one concerns the acquisition
of buses for regular public transit involving mostly fixed route service, and
the other concerns the acquisition of buses for the specialized transportation
of handicapped persons. The only 1link between these two processes is that
concerning the transportation of handicapped persons who could most con-
veniently and economically be accommodated by regular public transportation.
The existence of such a group in the service area would require considering
the transportation of handicapped persons in the planning process of regular
transit. Among the important considerations in this respect is equipping
buses with means for accommodating the handicapped persons such as wheelchair
1ifts, grab bars and wheel chair securement devices. The two planning pro-

cesses mentioned previously are outlined in detail in the following.
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SERVICE PLANNING AND VEHICLE
REQUIREMENTS FOR ABLE-BODIED PASSENGERS



SERVICE PLANNING AND VEHICLE REQUIREMENTS

FOR ABLE-BODIED PASSENGERS]

The planning process of regular transit service for able-bodied passengers
starts with the survey of the service area, understanding the objectives and
role of the transit system and ends up with the determination of alternative
vehicle type/capacity to provide the service, Figure 1. It is not necessary
that the complete planning process be followed every time new buses are needed
to replace aging buses or to expand the service, on the other hand it is
important that the basic considerations outlined in the process be updated
regularly and be taken into account at times when considering the acquisition

of new buses. The process is detailed in the following:

Step 1

Define the area the system must serve, identify the major trip destina-

tions within the area and estimate the population in the area.

Step 2

Establish transit system goals, identify the type of service to be
provided; fixed schedule and route, flexible schedule and route, or any combi-

nation in-between.

lAdopted from Reference 2: "Small Transit Vehicles: How to Buy, Operate
and Maintain," by A. B. Boghani et al., NCTRP Report #11, Transportation
Research Board, Washington, D.C., January, 1985.




Step 3

Estimate the number of bus routes needed - roughly one route for 5,000 to

10,000 residents.

Step 4: Bus Route Planning and Layout (Table 1)

First, identify all streets that are suitable for bus traffic. Second,
determine from the destination points and the suitable streets whether a grid
system (a combination of north-south and east-west routes) or a hub and spoke
system (all routes meet and exchange passengers at a central transfer point
downtown) will best meet public needs. Third, identify transfer points.
Last, consider where the buses can turn around at the end of a line - without
having to back up - to return to the point of origin.

Now rough out a preliminary route map. Look for Tinear routes (those that
operate outbound and inbound in the same street) - they are the most produc-
tive. As a second choice, select routes that loop through a residential
neighborhood at the end of the line (lollipop routes) but travel to and from
downtown on the same street. Avoid, where possible, full Toop routes - routes
that go outbound on one street and inbound on another. This type of route has
proven to be the least attractive in generating ridership. Considerations for

service and route planning are outlined in Table 1. Summarize route selection.

Step 5: Estimate Ridership Levels (Table 2)

At this point the route system should be fairly well defined and one can

begin to estimate the ridership level (number of fares collected). To do



this, it 1is necessary to convert the overall population estimate that was
obtained earlier to more specific kinds of people information - ages, income
levels, car ownership, and type of housing. Such information can be obtained
from census data or from statistics compiled by the city planning department.
Enter this information in Form 1 Appendix A.

Next, estimate the number of people who 1live within convenient walking
distance of the route (the catchment area). If socioeconomic status data are
available, use Table 2; otherwise measure the population within 1/8 mile on
either side of the route. Determine the "catchment factor" as given in Table
2. Enter both catchment area and catchment factor in Form 1, Appendix A.
This factor can be used to convert area population to ridership level. Here
note that the ridership level is the number of fares collected on an average
weekday. It may or may not be equal to the number of people who ride the
buses from the population under consideration. In fact, many people will take
two rides and thus pay two fares each day. In that case, the ridership level
would be two times the number of people riding the bus.

To estimate the average weekday ridership on a system, multiply the popu-
lation in the catchment area by the catchment factor for the route, as shown

in Form 1, Appendix A.

Step 6: Establish Bus Schedule

DETERMINE THE NUMBER OF BUSES REQUIRED FOR THE BUS ROUTE (Table 3).

Next, it is necessary to establish headways (the time in minutes between
bus departures) for each route. Headways affect the permissible Tength of a

route and the number of buses needed to operate each route. Use headways that



TABLE 1: SERVICE AND ROUTE-PLANNING GUIDELINES

Factors to Consider

Area to be served

Major trip destinations

Type of service

Suitability of streets

Route system type

Transfer points

Routes

Headways

Route adjustments

Neighborhood, village township, «city
county, metropolitan area, state.

Downtown, shopping centers, medical
centers, schools, university, business
district, industrial park.

Fixed schedule/fixed route requires

minimum population of 25,000. For
smaller populations consider fixed
schedule/flexible route. Reserve

flexible schedule/flexible route for
special circumstances; e.g., for
paraplegics, retarded children.

Proximity to trip destinations.
Proximity to population to be serviced
-- in fixed route systems boarding
points should be within 1/4 mile of
dwellings. Street width -- should be
wide enough to let two buses pass.

Hub and spoke; grid; service to any
point within a zone.

Central  terminal, shopping center,
downtown intersections.

Bus turnaround areas, service areas
coverage, zone boundaries, Tlinear,
partial (lollipop) 1loop, full 1loop,
2-way streets rather than 1-way.

Even fraction of an hour round-trip
time (running time plus layover time)
zone cycle time.

Round-trips should equal one headway or
even multiple of a headway.



TABLE 2: ESTABLISHING RIDERSHIP LEVELS

Step

1. Establish Population
Characteristics

2. Determine Convenient
Walking Distance

3. Estimate Population Within
Convenient Walking Distance
of the Route (catchment area)

4, Determine Catchment Factor

5. Calculate Average Weekday
Ridership (No. of fares
collected)

Things to Consider

Age, income levels, car ownership,
student population, and type of
housing

500 ft (1/10 mile) if socioeconomic
status above average,

700 ft (1/8 mile) if socioeconomic
status average,

1000 ft (1/5 mile) if socioeconomic
status below average.

The population characteristics and
convenient walking distance.

Route Type Catchment Factor
Coop 0.14 - 0.1/
Lollipop 0.20 - 0.23
Linear 0.22 - 0.24

Use higher number in the range for:
low-income residents, multiple-family
dwellings, high age 1level, 1low car
ownership, or students.

User lower number 1in the range for:
high 1ncome residents, single-family
dwellings, low age 1level, high car
ownership.

Multiply population in the catchment
area by catchment factor for the
route. '



TABLE 3: STANDARD HEADWAYS WHICH PRODUCE REPEATING TIME TABLES

Headways Buses/Hour
(minutes) -

60 1

30 2

20 3

15 4

12 5

10 6

6 10

8 12

10



are an even fraction of an hour (Table 3) because repeating schedules will be
easier for riders to memorize. Headways of 15 min. or less do not increase
ridership appreciably, so use such short headways only if passenger loadings
require them. As a starting point, a 30-min. headway represents a good
balance between the need for frequency and the need to control operating costs.

Adjust the preliminary route map by modifying route lengths as necessary
to match headways. Compute the round-trip time for a route by adding the
scheduled time (minutes) for: running outbound, end-of-line layover, running
inbound, and central terminal layover. A bus, under normal traffic condi-
tions, travels about 15 mph (1/4 mile per minute). To the extent practical,
add or subtract mileage and increase or reduce layover time so as to make the
round-trip time an even multiple of the standard headway. These adjustments
facilitate future scheduling decisions. Enter the headway and timetable
information in Form 2, Appendix A. Calculate number of buses required by
dividing peak-hour round-trip time by peak-hour headway and rounding off to

the next larger integer.

Step 7: ESTIMATE BUS CAPACITY

To determine how large a bus is needed for a system, construct a time
table (to establish the number of peak and off-peak trips), compute the number
of trips that would be required if each trip carried a peak-hour load (equiva-
lent Toads), compute the average number of passengers carried on a peak-hour
trip, and set loading standards (the number of people to be carried sitting or
standing).

For the time table, list each inbound and outbound trip for each day of

the week that service is offered. Use one list for the Monday through Friday
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schedule, and when appropriate, separate lists for Saturdays, and for Sundays,
and Holidays. Since the weekday requirements will be decisive in selecting a
bus, use the Monday-Friday time table to identify the number of trips each day
during peak hours (8-8:59 a.m., 5-5:59 p.m.), base periods (6-7:59 a.m., 9
a.m.-4:59 p.m.) and evening hours (6 p.m.-midnight). Count only the buses
leaving from the originating point of the route. Enter the bus frequency in
Form 3, Appendix A.

To compute equivalent loads, assume that most trips will operate loaded in
one direction only: inbound in the morning and outbound in the afternoon.
Count the number of trips inbound before noon and the number of trips outbound
after noon. Assign weights to each trip operating in the loaded direction as
follows:

peak hour - 1.0 (w1)

base period - 0.5 (W,)

evening - 0.25 (w3)
These weights reflect the fact that base period trips carry about half the
passengers of a peak-hour trip, and evening trips about a quarter of that
number. Calculate the equivalent 1loads for a route from the following
relationship: N, x W, + N, x W, + N, x W, = EL

1 1 2 2 3 3
where:

Ny, N,y N

1> Nos = number of trips in the peak direction in the time

3’
period (peak, base, or evening);

Wy, wz, w3, = weight assigned for the time period (1.0, 0.5, and

0.25, for peak, base and evening); and

EL

equivalent loads for the time period.
Add the equivalent loads for each time period to obtain the total equivalent

loads for a route. These calculations can be done in Form 3, Appendix A.
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Next, calculate the number of passengers you expect to ride on a single
peak-hour trip. Divide the forecast average weekday ridership (which was cal-
culated on Form 1, Appendix A) by the number of equivalent loads scheduled on
the route. The resulting figure is the number of passengers forecast to ride

a single peak-hour trip in the peak direction, as shown in Form 3, Appendix A.

Step 8: DETERMINE BUS SIZE AND OVERALL SEATING PLAN

The bus which was selected should have a passenger capacity sufficient to
accommodate the expected peak hour, peak direction Toad without crowding. If
the type of service to be operated normally accommodates standing passengers,
a seating plan must be selected in order to be able to define an acceptable
ratio of standing passengers to seated passengers. In general, a 2 and 1
seating plan (two seats on one side of the aisle and one on the other) pro-
vides greater flexibility in handling peak-hour demand, without the necessity
of scheduling additional buses, while a 2 and 2 seating plan provides a higher
percentage of riders with a seat. In a bus with a 2 and 1 seat plan, the
total passenger capacity of the bus can be assumed to be about 1.5 times the
number of seats installed. Thus, to compute the number of seats required,
divide the forecast number of peak direction passengers on a peak-hour trip by
1.5 (in the case of a 2 and 1 seating plan), or by 1.25 (in the case of a 2
and 2 seating plan). These calculations can be done in Form 4, Appendix A.

The 1length of bus needed to accommodate the forecast peak direction

peak-hour passenger load is then estimated from the number of seats required.
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Estimate the number of rows of seats needed by dividing the total seats
requirement by 3 in the case of a 2 and 1 seating plan, or by 4 in the case of
a 2 and 2 seating plan, as shown in Form 4, Appendix A. The overall length in
feet of the bus needed can be estimated by multiplying the number of rows of
seats by 3 ft. This assumes a seat pitch of 30 in., and considers the space
required for the driver and the doors.

For example, if the forecast peak-direction peak-hour passenger load is 45
passengers, and a 2 and 1 seating plan is assumed, a bus with space for 30
seated passengers and 15 standees is required. With 3 seats per row and 30
seats, there will be 10 seat rows. Assuming an overall spacing of 3 ft. per
row, the smallest suitable bus would be 30 ft long. Compare the required bus
capacity, number of seats, number of rows, and length with those of the buses
under consideration. Make an initial selection from this comparison, as shown
in Form 5, Appendix A. Test the usefulness of the bus size that has been
selected by repeating the calculations in this section for the next Tless
frequent headway, and the next more frequent headway. Adjust bus size or

headway, as necessary, to obtain an optimum combination of the two.

Step 9: IDENTIFY LIMITATIONS ON BUS SELECTIONS

Although the buses selected may be the correct size, other considerations

may eliminate some. The most important considerations are the following:
- Size limits (height, width, length, turning radius): Will the bus be
able to clear overpasses and fit on all bridges? Will it be able to
turn corners on all streets or within the dimensions of a terminal?

Length and rear overhang (that portion of the body behind the rear

14



wheels) are especially important factors. The longer the rear
overhang, the greater the outward movement of the rear of the bus when
turning. This makes maneuvering in tight situations difficult. A lane
width of twice the bus width could be required for turning a bus with a
longer rear overhang in a sharp corner. If there are narrow streets or
it is necessary to operate in areas where frequent swerving around
parked cars in required, one might want to avoid buses with long rear
overhangs.

- Weight 1limits: Is the bus too heavy for any of the bridges,
overpasses, or roads over which it must travel? Is the pavement at bus
stops durable? Freduent starts and stops of heavy buses at curbside
have been known to destroy some pavements in as few as 50 stops/starts.

This information should be available from the manufacturers of the

different buses. Once this step is performed, one will have a final list of
candidate buses. Form 5, Appendix A can be revised to exclude the buses which

do not meet the above limitations.
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SERVICE PLANNING & VEHICLE REQUIREMENTS
FOR TRANSPORTATION HANDICAPPED PERSONS
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SERVICE PLANNING & VEHICLE REQUIREMENTS

FOR TRANSPORTATION HANDICAPPED PERSONS

Section 16(c) of the Urban Mass Transportation Act of 1964, as amended,
defines a transportation handicapped person as: "any individual who by reason
of 1illness, injury, age, congenital malfunction, or other permanent or
temporary incapacity or disability, is unable without special facilities or
special planning or design to utilize mass transportation facilities as
effectively as persons who are not so affected."

The planner needs to know approximately how many handicapped person there
are in the community; where these people live; their physical capabilities and
limitations; their salient social, economic, and demographic characteristics;
the modes of transportation available to them; how often they currently
travel; the purpose for which they make trips and the modes of transportation
they currently use; their desire for travel; and the external factors that
1imit their ability or desire to travel.

Transportation planning for handicapped persons begins with the estimation
of the handicapped population and determination of their travel needs. It
takes into account various modes available for satisfying these needs. This
includes fixed route and schedule bus service, specialized door-to-door
services and user-side subsidies. The demand for the specialized door-to-door
service can be determined on the basis of the total need and the available
services. The number of vehicles needed to provide the specialized door-to-

door service can be determined on the basis of vehicle productivity which

1 Adopted from Reference 1: "Planning Transportation Services for
Handicapped Persons - User's Guide," by F. J. Wegmann et al., NCHRP Report
#262, Transportation Research Board, Washington, D.C., 1983.
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is influenced by the operating rules used in the system. Vehicle size is
influenced the peak load and the need for special equipment on the vehicle.

The following outlines the steps necessary to determine the number of
buses required for the specialized door-to-door service. The steps describe
the process by which the number of buses can be determined. It requires the
use of the local data cited above. On the other hand, in the absence of Tocal
data, selected representative and synthesized data, developed as a guide for

planning, can be used for the same purpose.1

STEP 1: ESTIMATE TRANSPORTATION HANDICAPPED POPULATION

The average -estimate of transportation handicapped persons for the south
central states including the state of Arkansas 1is 6.1% of the total
population. Local data would provide a better estimate of this value.

Focusing attention on the segment of the population to be considered in
transportation planning (age 5 and older), this segment represents 92.8% of
the total population.

Hence, in the absence of local data, the estimate of the local handicapped
population = (Local Population) x (0.928) x (0.061)

The handicapped population can further be subdivided for transportation

planning purpose into:

1 Reference 1
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(a) Slightly Handicapped; which are persons who have a little more
difficulty using public transportation than persons who are not
handicapped;

(b) Moderately Handicapped; which are persons who can use public
transportation, but only with a 1ot more difficulty than persons
who are not handicapped;

(c) Severely Handicapped; which are person who have extreme
difficulty using public transportation or who cannot use public
transportation at all.

The number of handicapped persons in the various above categories can be

determined by local survey or by use of reference data.]

STEP 2: ESTIMATE THE TRAVEL DEMAND FOR THE

TRANSPORTATION HANDICAPPED POPULATION

Rate of trip generation for the various segments of the handicapped
population (slightly, moderately and severely handicapped) is dependent on
automobile availability.

Automobile availability will result in approximately 50% increase in the rate
of trip generation.

Estimate the number of projected daily trips (one way trips) for the
various segments of the handicapped population based upon the rate of trip
generation. In the absence of local data, average rates of trip generation

are avai]ab]ez.

! Reference 2, Table 2, Pg. 6.

2 Reference 2, Table 5, pg. 7.
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Current modal split between automobile, regular transit, specialized
door-to-door service and taxi-cab can be determined based on Tlocal data.
Selected national data on modal sp]it] may be used as a guide when Tlocal
data is not available.

The number of trips devoted to various purpose (medical, recreational,
etc.) can also be established based upon local data on trip purpose. Selected
national data on trip purpose for transportation handicapped persons is also

avai]ab]ez.

STEP 3: SERVICE PROVIDERS AND UNMET DEMAND

A provider inventory can be approached as an estimation procedure to
define the extent and magnitude of resources being devoted to handicapped
mobility needs.

Unmet needs will be reflected by gaps and shortfalls existing in the
provision of handicapped transportation services. Specification information
should be obtained on the nature of the unmet needs such as: (1) services are
not being provided to a particular client group; (2) hours of travel that do
not overlap with service hours; or (3) trip demands extending beyond the
service area. Unmet needs then help set priorities for refining existing
services or establishing additional services.

Subtracting private vehicle driver and private vehicle passenger trips

from total trips determines the number of trips that should be made by bus,

L Reference 2, Table 6, pg. 7.
2 Reference 2, Table 7, pg. 8.

20



taxi, specialized service, and other means. Aggregate transportation
handicapped ridership data collected from the provider inventory yield an
approximate estimate of the number of these trips that are actually accounted
for. The residual trips (i.e., total trips less private vehicle trips and
those identified in the provider inventory) yield a rough estimate of the

potential number of unmet trip needs.

STEP 4: DEMAND FOR ALTERNATIVE TRANSPORTATION SERVICES

Several general approaches to solving the transportation problems of
transportation handicapped people are avilable. The more common approaches
include the following:

- Fixed route and schedule transit services made accessible to

handicapped people.

- Special, fully accessible, specialized transportation services.

- Individual subsidies to transportation handicapped persons to help them

pay for transportation services such as taxis.

- Various combinations of the foregoing approaches.

In considering the various service options, the planner should be
cognizant of the specific attributes of each service option as well as the
characteristics of the different market segments].

Estimate of expected demand due to initiating or expanding one of the
above services consist of the following:

(a) Current trips, or trips that were already being made via the

transportation service.

1 Reference 2, pg. 12.
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(b) New trips, or trips that were not made by any mode of transportation

before the transportation solution was implemented.

(c) Diverted trips, or previously made trips that were diverted to the

new or improved transportation service from other modes.

The total trips to be taken on a transportation service for transportation
handicapped people are the sum of the current trips, the new trips (i.e.,
latent demand), and the diverted trips.

Estimate of current trips can be obtained from trip inventory data
collected by the service agency or from the value of the estimate obtained in
Step 2.

Estimate of new trips that are made when initiating or expanding an exist-
ing service can be obtained by direct survey of the transportation handicapped
population or of a sample of the same population. Approximate values can be
obtained from available derived data].

Estimate of diverted trips that will take place when iniating or expanding
and existing service can also be obtained by direct survey of the transporta-
tion handicapped population or of a sample of the same population. Approxi-

mate values can be obtained from available derived dataz.

STEP 5: ESTIMATE OF VEHICLE REQUIREMENTS

Estimate of vehicle requirements is based upon the provision of special-

ized door-to-door service. Other options such as the use of regular fixed

1 Reference 2, Table 11, pg. 14.

2 peference 2, Table 12, pg. 14.
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route and schedules transit would require equipping a certain portion of the

transit bus fleet with means to accommodate wheelchair passengers. The

additional demand to serve the transportation handicapped persons can be added
to the regular travel demand and the total can be used as a basis for service
planning.

Number and bus capacity to provide specialized service for the

transportation handicapped persons can be derived according to the following:

(a) Estimate the hourly distribution of trips made by handicapped persons
during the day. Number of trips made in the various time segments of
the day can be determined using the local data. In the absence of
local data, representative data can be used to provide an approximate
estimate].

(b) Estimate the vehicle productivity in person trips/vehicle-hour based
upon Tocal conditions. Selected, representative data are also
available 2.

(c) Estimate the number of vehicles needed at various time segments of
the day by dividing the number of person trips per hour for various
time segments by vehicle productivity in person-trips per hour.
Maximum number of vehicle would provide an estimate of the required
number of vehicles.

(d) Once operational fleet size is determined, adequate fleet reserves

must be provided. A suggested fleet reserve policy is as follows:

Up to 7 vehicles in fleet, add 1 vehicle.

L Reference 2, Table 34, pg. 27.

< Reference 2, Table 33, pg. 27.
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8 to 20 vehicles in fleet, add 2 vehicles.
20+ vehicles in fleet, add 1 vehicle for every 10.

(e) Although vehicle capacity is a factor in determining vehicle produc-
tivity, and high productivity values are expected to be associated
with larger capacity vehicles, nevertheless, other travel demand
factors, such as the degree of concentration of the transportation
handicapped population, the commonalty of destination and the degree
of uniformity of trip purpose will increase the productivity of
larger vehicles.

Vehicle type and capacity may be considered at this point. The advantage
of additional flexibility of smaller vehicles versus the economy expected of
the larger vehicles depends upon a number of local attributes and the service
organization, as well as, other factors such as the service area, travel pat-

terns, and convenience of use.
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CONSIDERATION OF FLEET RE-ASSIGNMENT AND
LIFE CYCLE COST EVALUATION

25



CONSIDERATIONS OF FLEET RE-ASSIGNMENT

The previous steps have been used to determine the bus capacity and size
parameters. At this point it is feasible to consider the possibility of fill-
ing the need by assigning an existing bus to the route under consideration and
replacing the reassigned bus by a new one with the purpose of achieving lower
overall maintenance and operating cost.

It is important at this stage that a review of current fleet condition and
assignment be undertaken. This explores the opportunity of fleet re-assign-
mént with the objective of reducing the overall maintenance and operating
cost. The potential for cost improvement comes from the fact that maintenance
cost and repair incidents increase as the bus ages. The result is that old
buses assigned to long routes with short headway, which accumulate consider-
able miles per year, would incur higher maintenance cost per mile resulting in
higher total maintenance and operating cost and lower reliability for the bus
fleet as a whole. Acquisition of new buses allows the opportunity of assign-
ing newer buses (buses with Tow odometer miles) to more severe service, and
high mile routes, while older buses (buses with high odometer miles) are
assigned to moderate and mild service, and Tow mile routes. The reassignment
process is performed among equivalent buses, that is buses that have the same
capacity and general features. This includes bus type consideration to assure
that cost differential due to bus type and severity of service has been taken
into account.

Figure 2 shows a simple manual approach for fleet reassignment. The

approach involves plotting annual route miles against bus odometer miles, for
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FIGURE 2: BUS-ROUTE REASSIGNMENT
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equivalent buses. The relationship trend is examined, and bus reassignment is

performed to achieve a more desirable pattern shown in Figure 2.

ALTERNATE BUS CHOICE

A Tist of bus types, number and size of each type which would be required
to satisfy projected transportation needs will now be available. Organize
these options into the summary Form 6, Appendix A. The following steps
involve evaluating the life cycle cost of each of the above alternatives and

the selection of the bus type which is best suited for the application on hand.
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LIFE CYCLE COST EVALUATION

Life cycle cost evaluation methodology and basic data have been developed
in a study of small transit vehicles]. The procedure and data outlined in
the report has been established from a national perspective which takes into
account various regions of the country with wide ranging climate and service
requirements. The method requires the collection of various data and the use
of an elaborate set of calculation. The procedure has been simplified in this
manual and converted to the use of a simple set of tables which were developed
using data that pertains to the state of Arkansas.

Life cycle cost is the cost of owning, operating and maintaining the bus
over the full life of the bus starting at the time of purchase and ending at
the time of bus retirement or resale. The cost is averaged over the total
life mileage of the bus, and thus is stated in the form of cents per mile over
the bus life. The major components of the life cycle cost consist of: (1)
capital costs, that is the cost of owning the bus; (2) maintenance cost; (3)
fuel cost; and (4) bus operator's cost. Details of the estimation procedure
and assumptions made in estimating the previous costs are outlined in the

following.

1 “Small Transit Vehicles: How to Buy, Operate and Maintain," by A. B.
Boghani et al., NCHRP Report #11, Transportation Research Board, Washington,,
D.C., January, 1985.
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CAPITAL COST (Table 1)

Capital Cost/Mile = Purchase Cost of The Bus - Salvage Value

where:

Bus Life in Miles

Purchase Cost of The Bus is given in Table (8)

Appendix (B)

Salvage Value: 15% of the purchase cost

(After 10 years life span)

Bus Life in Miles: s given in Table (8), Appendix (B) and is

modified to limit the useful bus life to 10 years. Survey of a
sample of bus operators in Arkansas showed a wide range of
annual bus mile (less than 6000 to over 30,000 miles per year).

A 1imit of 10 years useful life of the bus was used in computing

the capital cost per mile to account for obsolescence due to

potential major shift in requirements.

MAINTENANCE COST (Table 2)

The following factors determine the maintenance component of the Tife

cycle cost for the state of Arkansas: (1) Type of Bus, (2) Severity of
Service, (3) Bus Miles per Year, (4) Shop Rate for Maintenance Work. A phone
survey established maintenance shop rate in the range of $10-25 per hour.

Data concerning labor, parts usage and mileage factor for maintenance of
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various types of buses are included in Tables (8)and (9), pages 9 and 10 of

Reference 2. Inflation rate for the price of spare parts and for shop rate

was established at 5% per year.

FUEL COST (Table 3)

Fuel Cost/Gal.
Fuel Consumption in Miles/Gal.

Fuel Cost/Mile =

where: Fuel cost ranges from 0.80 - 1.25 Dollars per Gallon according

to a survey of Sections 16(b)(2) and 18 operators.
Fuel consumption for various types of buses is given in Table 9,

Appendix B.

DRIVER COST (Table 4)

The following factors determines the driver's component of the life cycle
cost:
(1) Driver's pay rate in Dollars per hour. Phone survey established the
rate to be in the range of 3.40 - 5.70 $/Hr.
(2) Driver's productivity in miles travel per hour. This value has a
wide range of variation between one agency and the other. 10 - 36
miles per hour was established as the 1likely range considering

Sections 16(b)(2) and 18 operators.
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Life Cycle Cost =
(Cents Per Mile) Capital Cost (Table 4) +

Maintenance Cost (Table 5) +
Fuel Cost (Table 6) +

Driver's Cost (Table 7)
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TABLE 5 (cont)
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BUS SPECIFICATIONS
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BODY STRUCTURE

. Body shall represent an integral structure consisting of skeleton and
skin. Body structure shall be properly integrated with the chassis
frame (See Body Structure: Attachment to Chassis).

. Structural members shall be permanently joined, thus avoiding the use of
screw fasteners and pull type (pop) rivets.

. Body structure shall be able to withstand the static and dynamic forces
encountered in normal bus operation showing 1limited deflection.

. Body shall be free of stress failures -and fatigue cracks under normal
operation during the expected 1ife of the bus.

. Body shall be able to meet the crush allowance requirements according to

FMVSS 220.

BODY STRUCTURE:
FLOOR

. Body floor is the part of the body in contact with the chassis frame.
The floor structure serves as the base part of the body to which the
upper body structure is attached. It also serves to integrate the body
structure with the chassis.

. Body floor shall be made of rigid panels which are securely assembled
together and sealed to provide a unified structure. Floor material

shall be corrosion resistant.
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BODY STRUCTURE:
EXTERIOR SIDE AND ROOF PANELS

. A1l exterior side and roof panels shall have the minimum physical pro-
perties of 20 gauge steel. Panels shall be sufficiently stiff and
property supported to prevent vibration, drumming or flexing while bus
is in normal operation. Panels shall be made of rust resistant material
or be given rust treatment on both sides.

. Panels shall be buck rivited, bonded or welded to the body frame. When
panels are lapped sealant shall be applied in the lap joint to prevent
the entrance of moisture and dirt.

. Al1 screw type fasteners shall be of the lock type and shall not shake
loose due to vibration or deflection. Rivets and fasteners shall be
cadmium plated to protect against corrosion.

. The use of pull-type (pop) rivets shall be avoided.

BODY STRUCTURE:

STEPWELL
. Stepwell shall be made as an integrated structure, securely attached to
bus body and body frame.
. Stepwell shall be capable of supporting 250 pounds without showing
noticeable signs of deflection.

. Stepwell material and joints shall be properly treated against corrosion.

42



BODY STRUCTURE:
BODY ATTACHMENT TO CHASSIS
. Bus body shall be securely attached to the chassis frame so that the
entire assembly behaves as a single unit without a detectable movement
at the joint.
. Resilient material used in isolating the body from the chassis shall not
be subject to aging, fatigue failure or failure due to extreme tempera-
tures and moisture.
. Resilient material used in isolating the body from the chassis shall be
incorporated in the design in such a manner that its failure would not
constitute a hazard that would, over a period of time, result in a

structural failure.

BODY STRUCTURE:
FRONT AND REAR BUMPERS
. Bumpers shall protrude and wrap around the body to protect the body cor-
ners, and be bolted directly to the vehicle frame.
. Bumpers shall be made of one piece, heavy duty steel, steel reinforced
aluminum or approved equal.
. Bumpers shall be chrome plated, black or white painted, or anodized

aluminum.

BODY INTERIOR:

INSULATION

. Inside walls, ceiling and firewall shall be insulated with a minimum of
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1-1/2 1in. fiberglass bats or an equivalent material with the same insu-
lation value.
. Insulation shall be fire and mildew resistant and compatible with the

wiring and hose surface material in contact with the insulation.

BODY INTERIOR:

FLOOR LINING

. Floor 1lining is the layer of material sandwitched between the structural
floor which is integrated in the body structure and the floor covering.

. Floor 1lining shall be made of a minimum 5/8 in. exterior plywood, grade
BC with butt formed joints. All edges, cut-outs and notches shall be
properly sealed after cutting to prevent moisture from entering the ply-
wood layers.

. Joints of any two adjacent layers of the floor shall not coincide.

. Floor lining must be securely attached to the structural floor.

BODY INTERIOR:
FLOOR COVERING

. Aisles, entrance and exit platform areas, driver's platform, entrance
and exit steps shall be covered with at least 3/16 inch ribbed, non-
skid, transit type vinyl or rubber (RCA Rubber) floor covering, or
approved equal.

. Underseat and wheel housing areas shall be covered with minimum 1/8 inch
smooth, anti-skid, vinyl or rubber of the same material quality as

above, or approved equal.
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. Floor covering shall be butt jointed with no 1ip or nosing overhang, and
be bonded properly to the floor lining.

. Metal stripping or molding shall cover all floor covering joints between
ribbed, aisle, entrance and exit platform areas, and the smooth
underseat areas. Molding shall also be applied at the junction of the
floor covering with the side wall panels and the wheel housing covering.
. Color of the floor shall contrast with the seat color so as to be easily
distinguished by visually impaired persons.

. A standee line shall be at least 2 in. wide, across the bus aisle in
line with the rear pillar of the front door, or as required by local law.
. A1l steps shall have at least one inch wide band of bright contrasting

color running the full width of the leading edge.

BODY INTERIOR:
INSIDE LINING

. Inside lining shall have the minimum physical properties of 24 gauge
steel and shall be covered with a scuff resistant easy to clean material.
. Inside 1lining and trim shall be designed and constructed to avoid
protrusions and sharp corners.

. Inside 1ining color shall be harmonized with seat and floor cover colors.
. A1l interior material shall be flame retardent and shall meet FMVSS
571-302.

. Rivets and fasteners used in assembling the inside 1lining shall have a

color that blends with the panel color.
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BUS INTERIOR:
INTERIOR DIMENSIONS

. Interior Height at the Center Aisle (Minimum) 74 in.

. Interior Height at 6 inches from the sidewalls (Minimum) 67 in.

. Interior Width (Minimum) 90 in.
. Aisle Width (Minimum) 18 in.
. Ground to first step (Maximum) 11 in.
. Additional steps rise (Maximum) 9 in.
. Tread Depth (Minimum) 9 in.

BUS INTERIOR:
FLOOR PLANS

The floor plan shall meet the nature of the service and the needs of the
ridership. Bus interior can be planned to accommodate seated passengers,
standing passengers, space for carry on luggage and groceries and even space
for stretcher patients.

An initial determination must be made as to the specific requirements of
the bus and to the desired degree of flexibility; an example is the case of a
bus which would be required to carry a peak load of 18 seated and 4 standees.
At a frequency of three times a week it 1is necessary to accommodate a
wheelchair passenger at the expense of the regular passenger space. This bus
would be planned with a fixed seat space, standee space and convertible seat
space that can be changed to accommodate wheelchair passengers when the need

arises.
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Figure 3 shows examples of typical bus floor plans and the advantages of
each. This can be used as a guide for the selection of a suitable bus floor

plan.
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FIGURE 3: BUS FLOOR PLANS

(Luggage Rack Location)

Plan 1: 2 and 2 seating plan. High capacity, <TTT
suitable for longer trips and older age com- ” , UL U_’jﬂ: D@

muters.

— ]
]
:I

Plan 2: 2 and 2 seating plan with accomo-
dations for two wheelchairs. :u;”;_n G@

Plan 3: 2 and 2 seating plan. Seats over LH 'D@

wheel housing are turned sideways. Plan
accomodates more standees than Plan 1.
Suitable for a mix of short and long trips. ” "

(Luggage Rack Location)

Plan 4: 2 and 1 seating plan. Plan provides NIIE D@
more space for standees and can accomodate a UJH,FH,”

greater ratio of short trip commuters.

(Wheelchairs)

Plan 5: 2 and 1 seating plan with accomo-
dations for two wheelchairs. “ l“_] “_J D @

1T

(Luggage Rack Location)
N

Plan 6: 1 and 1 seating plan. Plan provides }
maximum space for standees, and can accomo- = D@
date the largest ratio of short trip commuters. -=

L

i

(Wheelchairs)

Plan 7: 1 and 1 seating plan with accomo- ju
dations for two wheelchairs. D @
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BUS INTERIOR:
PASSENGER SEATS (FIXED)

. Seat space is such that knee to hip room is 27 in. minimum. Seat width
is 18 in. minimum per passenger. Seat cushion is (17.5 - 18.00 inch)
above floor.

. Seat 1is transportation quality, properly cushioned for body support.
Seat shall have a padded arm rest at the aisle side.

. Seat back shall be fully padded with 1 inch minimum of energy absorbing
material on the back and top side. Seat shall have a padded grab handle
at the top aisle side corner.

. Seat frame shall be properly constructed and seat Tleg(s) shall be
contoured and positioned to minimize interference with passengers'
movement around the seat area.

. The underside of the seat shall be enclosed to prevent debris
accumulation.

. Seat shall be covered with transportation grade, perforated, flame
resistant vinyl. The color shall be coordinated with the rest of the

bus interior.

BUS INTERIOR:
PASSENGER SEATS (FOLDING)

Wall mounted, folding bench seats shall be used in the space designated

for wheelchairs. When in the folded position the seat cushion shall be Tlocked
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in place and will allow the wheelchairs to be secured in place with properly

mounted locks.

BUS INTERIOR:
SAFETY RAILS & STANCHIONS

. Vertical stanchions shall be provided at the entrance way, driver's area
and exit way to provide support for standing and moving passengers.

. Left and right grab rails shall be installed at the stairwell entrance
to be used in assisting passengers who are entering the bus.

. Ceiling rail at left and right of the center aisle shall be provided to
assist standees and passengers who are moving in the aisle.

. Stanchions and grab bars shall not interfere with the normal flow of
regular and wheelchair passengers.

. Grab bars are 1-1/8 inch diameter, material is of sufficient strength to
withstand the forces caused by passengers holding the bars during bus
motion. Material (aluminum or stainless steel) must be finished for
proper gripping and ease of cleaning.

. Stanchions and grab bars shall be mounted to the body frame.

. Properly cushioned modesty panels shall be provided for the two front

seats and the seat behind the chair 1ift entrance.

DRIVER COMPARTMENT:
GAUGES & DISPLAYS

. Instrument panel shall be designed to provide a coordinated, easy to
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learn, display by function. Red warning lights for various functions
shall be associated with the gauge display of the same function. The
instrument cluster shall be within the normal vision field of the bus
driver with no sight obstruction. Displays shall be properly labeled
for ease of identification.

Following gauges and displays shall be provided on the instrument panel:

ANALOG

FUNCTION DISPLAY WARNING LIGHT ALARM

(condition) (condition)
Engine Temperature X X (Hot) X (Hot)
Current charge/discharge X X (Discharge)
0il1 Pressure X X (Low) X (Low)
Air Pressure X X (Low) X (Low)
Fuel Tlevel X
Gen./Alt. not charging X
Emergency Exit X (Unlocked) X (Unlocked)
Directional Signal X
Headlight - High Beam X
Parking Brake X (Engaged)
Primary Brake System X (Failure)

Speedometer/odometer X
(Air conditioning displays are listed separately under air conditioning)

. Visible reverse operation warning shall conform to SAE standard J593.
Audible reverse operation warning shall conform to SAE Recommended Practice

J994, Type C.

DRIVER COMPARTMENT:
CONTROLS

Controls shall be clustered by function and placed within the reach of the

bus driver. Toggle switches are preferred for two-status controls and
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multi-position rotary switch are preferred for multi-status switches.
Controls shall be grouped by function and be properly coded/labeled.
The following controls shall be provided, optional controls may also be

required by the purchasing agency:

CONTROL FUNCTION REQUIRED OPTIONAL
1. Windshield Wiper X

2. Windshield Washer X

3. Passenger Area Light X

4. Driver/Entrance Lights X

5. Passenger Signal to Driver ' X
6. Head & Taillights X

7. Head lights - High Beam X

8. Clearance and Marker Lights X

9. Destination Sign Lights X
10. Destination Sign Motor X
11. Front Heater Temperature X
12. Front Heater/Defroster Blower X

13. Rear Heater Temperature X
14. Rear Heater Blower X

(Air conditioning controls are listed separately under air conditioning)

DRIVER COMPARTMENT:
MIRRORS & GLARE PROTECTION

. Two flat exterior rear view mirrors at least 6 in. x 9 in. shall be
mounted within the driver visual range to the right and Teft of the bus.

. Two convex exterior rear view mirrors at least 3 in. diameter shall be
mounted within the driver's visual range to the right and left of the
bus. |

. Inside rear view mirror shall be located above the windshield. Mirror

shall be large enough to provide full view of bus interior.
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. Adjustable sun visor that can be stored away shall be provided for the
driver. Visor shall be acrylic or polycarbonate material of glazing
quality coated to resist scratching and shall allow maximum visible
light transmittance of 10 percent.

. Mirrors shall be firmly supported and adjustable.

. Mirrors and mountings shall be free of sharp points or edges that could
contribute to pedesterian injury (FMVSS111).

. A10 in. x 8 in. Vangard wide angle vision lens shall be mounted in the

right rear window of the bus.

DRIVER COMPARTMENT:
DRIVER'S SEAT

. Transportation quality, properly cushioned and contoured for body and
back support.

. Seat shall be forward - backward and height adjustable.

. Seat shall be ~covered with transportation grade, heavy duty,
perforated, flame resistant vinyl.

. Seat shall be equipped with a retractable seat belt anchored to the

seat frame.
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CLIMATE CONTROL:
HEATER
Bus shall be equipped with two separate heater units - one in the front
and the other in the passenger compartment.
Front Unit:
Hot water type
Capacity 25,000 BTU
Unit has separate temperature control
Unit has blower with a minimum of two speeds
Air flow is 400 ﬁ.f.m.
Unit is used for heating the front area of the bus including the
entrance and driver's area, and for defrosting the windshield,
sidewindows and door.
Rear Unit:
Hot water type
Capacity 40,000 BTU
Unit has separate temperature control
Unit has blower with a minimum of two speeds

Air discharge is 600 c.f.m.

CLIMATE CONTROL:
AIR CONDITIONING

Heavy duty unit, min. capacity of 45,000 BTU

Two evaporator units one for the driver and front of the bus, and the

second is for the passenger compartment.
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Evaporator units shall be equipped with a minimum of two speed blowers.
Corner ducts running the 1length of the bus with directionally
controlled outlets shall be used for air distribution.

Evaporator in the passenger compartment shall be mounted to the body
structural numbers using appropriate bracing to assure proper weight
distribution on the body frame. All fasteners shall be of the locking
type.

Evaporator in the passenger compartment shall be equipped with two
drain hoses front and back for mid-bus mounted units, and right and
left end for rear mounted units to provide proper drainage regardless
of the angle of inclination of the bus.

Refrigerant hoses, electrical wiring shall be properly bundled and
routed to avoid contact with moving parts in the suspension and drive
train, and with the exhaust system. The wire and hose bundle shall be
secured adequately at intervals not exceeding 24 in. to the chassis
frame.

Refrigerant hoses, electrical wiring and drain hoses shall be properly
routed in the passenger compartment and shall be shielded from
occasional contact with passengers or baggage.

Connection of refrigerant hoses shall be made using screw style hose
end clamps according to SAE J516 or equivalent.

A1l air conditioning controls shall be grouped and installed within

easy reach of the driver.

. Air conditioning refrigerant circuit shall be equipped with a high and

low pressure cut-off relay and a driver warning system.
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Air conditioning systems with engine driven compressor shall be
equipped with an idle speed booster to increase the engine speed when
air conditioning 1is turned on, vehicle transmission in neutral and
engine is at idle speed.

A special air induction system shall be provided for skirt mounted
engines to minimize dust particles flow from under the bus.

A special, self-cleaning, dust removal system shall be installed on the

cooling-air flow for the condenser on skirt mounted units.

DOORS

Small buses shall be equipped, as a standard feature, with a front
passenger entrance/exit door. The door is placed across from the
driver's position. An additional exit door Tlocated towards the middle
or rear of the bus is optional when deemed feasible. A driver door on
left side of the bus may also be required.

Passenger door shall have the minimum clear opening of 24 in. wide and
72 in. high.

Passenger door shall be outward folding panels, or two outward opening
leafs.

Passenger front door shall be manually operated by the driver using a
heavy duty swing arm, or as an option by a heavy duty power operated
opener using a conveniently mounted switch. Power operated openers
shall have a convenient manual back-up system in the case of

malfunction.

56



A1l elements of the door activator system shall be free from trouble
and reliable to operate.

Soft rubber seal shall be incorporated in the door perimeter to prevent
draft and dust from entering the bus. The vertical leading edge(s) of
the door shall consist of a soft rubber cushion.

Door shall have safety glass panels which allow the driver to see
directly outside the vehicles in the passenger boarding area.

A1l hinged and moving surfaces of the door shall be designed and
constructed to avoid causing injury to passengers.

Bus shall have a lock system which allows the bus to be locked for

security purposes and be key opened from the outside.

WINDOWS:
WINDSHIELD

Windshield shall be made of tinted, tempered or laminated safety glass
with maximum 7light transmission of 70%. The upper portion of the
windshield shall have a dark shade band unless adequately shaded by a
front roof overhang. The band shall have no more than 5 percent

transmissivity of visible, infrared and ultraviolet light.

WINDOWS:
PASSENGER WINDOWS

Passenger windows shall be designed to be openable to allow for

ventilation throughout the bus.
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Windows shall be made of laminated, tinted glass with maximum Tlight
transmission of 28% or of approved equal.

Movable window panel shall be designed to remain in adjusted open
position when bus is in operation. Window shall be equipped with a
latch on the inside.

Windows shall meet FMVSS 205.

EMERGENCY EXITS:
SIDE WINDOWS

Bus shall be equipped with at least two emergency exit windows, one on
each side of the bus.

Emergency exit windows shall be placed close to the center of the bus
and be clearly labeled.

Emergency exit windows shall conform to FMVSS 217.

EMERGENCY EXITS:
REAR EXIT DOOR OR REAR WINDOW

Bus shall be equipped with a rear exit window or a rear exit door.

Rear window shall have the same glass specification as the regular
passenger windows.

Rear window shall be hinged at the top and be of a push out type design.
Rear emergency door shall be outward opening, secured by mechanism
which can be opened from inside or outside. Outside opening feature

may be locked from inside.
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Rear emergency exit door mechanism shall be easy to operate at the same

time could not be accidentally opened under normal circumstances.

PAINT, TRIM AND UNDERCOATING

Body parts shall be given a thorough anti-rust treatment before paint-
ing.

Paint shall be of Dupont Emron or approved substitute.

Body shall have at least one rub rail or a wide piece of trim minimum
1/2 in. thick running the full length of the bus on both sides. Height
of the rail shall be at least 24 in. above ground.

Buses equipped for handling wheelchair passengers shall have two
International symbols of accessibility, one by the 1ift and the other
at the rear of the bus.

Logo and name of the agency (specified by the buying agency) shall be
painted on an accent strip.

A1l underbody and fender wells shall be coated with anti-corrosion and
sealing material. Material shall be non-flammable, resin type
polyoleum, Ziebart, Quaker State Loundoff or approved equal.

Rear wheel wells shall be equipped with mud flaps.

BUS CHASSIS:
DIMENSIONS, RATINGS & CAPACITIES

Chassis shall have a minimum wheel base of 125 inches.

Maximum rear overhang shall not exceed 50% of the wheel base.
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Front axle rating (Min.) 3900 1bs.

Rear axle rating (Min.) 7000 1bs.

GVWR (Min.) 10,000 1bs.

Front tires shall be singles 8.75 x 16.5.

Rear tires shall be doubles 8.75 x 16.5.

Spare tire shall be mounted under the bus in such a manner that it will
be easily accessible, and will not reduce the road clearance.

Front and rear tires shall be tubless, steel belted radials, minimum 8
ply rated tread, Load Range D and all weather type.

Fuel tank capacity shall be 35 Gallons.

BUS CHASSIS:
SUSPENSION, STEERING AND BRAKES

Suspension shall be equipped with heavy duty springs or air bags.
Suspension shall include heavy duty shock absorbers 1-3/8 inch diameter
min.

Suspension shall be equipped with front and rear stabilizer bars.
Steering shall be heavy duty, power assisted.

Steering wheel shall be of the tilt type of 16-20 inch diameter.

Service brakes shall be power assisted, hydraulic or air with a fail
safe system, a driver's warning light and an audible alarm indicating
primary system failure and loss of braking power. Wheel brake Tining
shall be self adjusting for wear.

Front brakes shall be of the disc type, 12.5 inch disc rotor and 45 sq.

in. minimum lining area.
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Rear brake shall be disc or drum, heavy duty, 13 in. x 3.5 in. minimum,
lining area of 160 sqg. in. per set of wheels.
Emergency brake shall be heavy duty, mechanical type, foot or hand

operated and capable of stopping the vehicle within 50 feet at 20 m.p.h.

BUS CHASSIS:
ENGINE & DRIVE TRAIN

Engine shall have the following requirements

16-20 Passenger 350 CID Gasoline

20-24 Passenger 427 CID Gasoline
Heavy duty diesel engine with equivalent horsepower, properly matched
transmission and rear axle is optional.
Cooling system shail be heavy duty, with extra cooling capacity
radiator, heavy duty water pump, thermostat and other components.
Radiator fan shall be thermostatically controlled and radiator shall be
equipped with a coolant recovery system.
Exhaust system shall have heavy duty, corrosion resistant muffler and
exhaust piping. Tail pipe shall terminate at the left rear corner of
the body and shall be directed away from the curb.
Transmission shall be heavy duty, three speed, automatic with external
transmission fluid cooler.
Bus components shall be easily accessible and access doors shall be
provided when necessary to facilitate the service and replacement of
the bus component. This include: engine, transmission, radiator,

batteries, air conditioning system and fuel sender unit.
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ELECTRICAL SYSTEM:
BATTERIES

Two heavy duty, deep cycling 12 volts batteries 160 minute reserve

capacity. 500 amps cold cranking capacity. (200 amp. hr. rating)

ELECTRICAL SYSTEM:
CHARGING SYSTEM

Charging system shall be heavy duty, 100-150 amps depending on bus
options and accessories.

Charging system shall have sufficient output at idle speed to balance
current draw requirements including Tights and climate control system.
Alternator shall have a dual belt drive and an external voltage

regulator.

ELECTRICAL SYSTEM:
WIRING

Wiring shall be heavy duty, color coded, automotive type wiring. Wire
shall be bundled in a split case type harness for easy access.

Wiring shall have bulk head disconnect and automotive type
connections. Connections must be moisture proof or be sealed in
moisture proof enclosures.

Bus body wiring harness shall be accessible for trouble shooting and

repairs.
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Electrical system must have an accessible main power disconnect
switch. The switch shall be capable of interrupting the total circuit
load without causing damage to any of the electrical components when
power plant is in operation.

Electrical system must be grounded to the frame, body and engine with
proper grounding wires.

A11 circuits shall be protected by an automatic, manual-reset circuit
breakers, or line fuses. Circuit breakers and fuses are to be placed
in a properly labeled fuse box; and shall be easily identifiable when

placed at discrete locations.

ELECTRICAL SYSTEM:
INTERIOR LIGHTING

Overhead and stepwell Tight shall not be less than 12 ft. candle.
Shielded stepwell 1light shall be mounted to provide Tight on each step
tread plus an area on the ground three feet beyond the Tower step.
Passenger compartment dome 1ight shall be sufficient for a reading
level at the seated passenger height.

Instrument panel shall be indirectly lighted and equipped with a dimmer
switch.

An outside area light shall be provided for the night operation of the

wheelchair 1ift or ramp if the bus is so equipped.
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ELECTRICAL SYSTEM:
EXTERIOR LIGHTING

Must comply with Federal Motor Vehicle Safety Standards - and
requirements of the state of Arkansas. (Federal Motor Carrier Safety
Regulations 393.12)

Bus shall be equipped with sealed headlights, front, rear directional
signals, and side turning light to illuminate the area next to the bus
in a turning situation.

Bus shall be equipped with two clear back-up lights, stop and tail
lights, license lights, front and rear clearance lights, front and rear

identification markers lights.

WHEELCHAIR LIFT OR RAMP

Vehicles outfitted to handle wheelchair passengers are eqipped with wheelchair
1ifts or ramps, the necessary space to maneuver a wheelchair on board and the
means to secure the wheelchair in place aboard the vehicle. The choice
between wheelchair 1ift and ramp is based upon the type of service, frequency
of use and the street space available for operating the 1ift or the ramp. The
cost of a 1ift is multiple fold that of a ramp, the same is true with the cost
of maintenance. Wheelchair 1ift is more convenient to use and easy to
operate, causes less vehicle delay and requires limited space at the curb side
of the vehicle. A ramp on the other hand is less expensive, requires little
or no maintenance. Ramps fold and require 1ittle stow away space in the

vehicle, however, they require more space to operate on the street (3 ft by
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10-15 ft) than a 1ift. Ramps are commonly extended from the rear door. They
are therefore preferred for use in narrow streets with narrow or no curbs.
The use of a ramp may also require the assistance of the driver.

The above factors must be weighted carefully before deciding on the type

of device to be used.

WHEELCHAIR LIFT

The T1ift shall be electro-hydraulic or electro-mechanical,
semi-automatic type design. Operation to include power up, manual
fold. Platform shall be counter balanced and shall require the
strength of an average person to fold and unfold. Lift shall not
require an auxiliary power source.

Platform shall be stowed securely in a vertical position, and shall be
designed to cause no noise or vibration during the normal operation of
the vehicle.

Platform surface shall be non-skid expandable metal type which allows a
see through for objects under the 1ift when the 1ift is operated from
inside the vehicle.

Platform useful area shall be 30 in. x 42 in. with a two, 2 inch side
edges. Lift platform shall include safety locking wheel barrier that
performs a smooth entry ramp onto the 1ift and Tlocks automatically
after wheelchair entry.

Wheelchair 1ift frame overhead-cross-member shall be higher than the
door opening, and door opening height shall be a minimum of 67 inches.

Cross-member shall be padded to avoid injury to passenger.
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Lift capacity shall be 750 1bs. minimum.

In the case of primary system malfunction, the 1ift shall have a manual
safety override, for complete 1ift operation. The manual device shall
be designed for driver's ease of operation, safety and approximate
normal operating time.

A skid resistant bridge plate shall provide for the movement of
wheelchair from platform to the bus. Area connecting the bridge plate
to the aisle area shall also be skid resistant.

Safety sensor switch on the bridge plate shall prevent the movement of
the platform when wheelchair or passenger is on the bridge plate.
Platform shall have horizontal grab rail to assist passengers when
raising and lowering the platform. Grab rail shall fold and stow away
with the platform.

Platform operating speed shall be uniform with controlled deceleration
and stop.

Lift shall be equipped with an interlock device to prevent operation of
the 1ift when the 1ift door is not open.

Controls to be conveniently located on a flexible cut resistant cable
for easy operation inside or outside the vehicle.

Control mounting brackets shall be provided on the inside and outside
of the vehicle to provide for temporary securement of the control
during 1ift operation.

Control shall be of the type requiring continuous operator's pressure
to control platform movement.

Vehicle transmission and brake system shall be interlocked with

wheelchair 1ift to prevent movement of the bus during 1ift operation.
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WHEELCHAIR RAMP

Ramp shall be constructed of light weight material and be easy to
deploy and stow away.

Ramp shall provide a grade of 1:12 for entering or leaving the vehicle.
Ramp shall be made of non-skid type material and shall be at least 36
in. in width.

Ramp shall be made to withstand a total weight of 900 1bs.

Ramp shall not rattle or vibrate when stowed away during the normal

operation of the vehicle.

SAFETY AND EMERGENCY
EQUIPMENT

Vehicle shall be equipped with front and rear tow hooks.
Jacking plates or equivalent shall be provided on the underframe of the
vehicle.
Vehicle shall be equipped with an emergency four-way flasher.
Vehicle shall also be equiped with the following emergency equipment:
1. One fire extinguisher approved by Underwriters Laboratory with
a minimum classification of 2-A:10-B:C meeting USDOT stand-
ards. This shall be a dry pressure extinguisher equipped with
a metal valve assembly sealed in such a manner that the seal
will not interfere with the operation of the extinguisher.
2. Three emergency triangle flares conforming with USDOT stand-
ards.

3. One first-aid kit. This shall be a minimum 16 unit kit.
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APPENDIX A: BASE DATA

FOR LIFE CYCLE COST CALCULATION
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Table 8: Average Bus Cost and Expected Life in Miles

Maximum Life

Bus Type Average Cost (§) Estimate (Miles)
1. Van and Modified Van 10,000 100,000
2. Body on Van Chassis 25,000 100,000
3. Body on Truck Chassis 35,000 175,000
4. Purpose Built 90,000 1,000,000

Table 9: Small Bus Fuel Consumption (Miles Per Gallon)!

Bus Type Fuel Type Average MPG

Van and Modified Van Gasoline 8.9

Body on Van Chassis Gasoline 6.5

Body on Truck Chassis Gasoline 5.1

Purpose Built Gasoline/ 3.6
Diesel 6.1

1 “Small Transit Vehicles: How to Buy, Operate and Maintain," by A. B.

%gghani, et al., NCTRP Report #11, Transportation Research Board, Washington,
.C., January, 1985.
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APPENDIX B: FORMS FOR
LIFE CYCLE COST CALCULATION
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FORM 1: AVERAGE WEEKDAY RIDERSHIP

‘ 500 ft 700 ft 1000 ft
Convenient Walking Distance

Population within Convenient
Walking Distance (catchment area)

Route Type Population Characteristics
Loop S
, high Tow
LolTipop e
Age Level
Linear SRR - T
Income Level
Car Ownership
Y Student Population
Proportion of Single-
family Dwellings
f
Catchment Factor ——j—-
(Table 2)
Catchment Factor X Population in the Catchment Area

= Iv]

Average weekday ridership
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Round trip time (peak hour)

FORM 2: TIME TABLE AND NUMBER OF BUSES

Headway (Table 3)

Peak Hours (8:00-8:59 a.m.,
5:00-5:59 p.m.)

Base Period (6:00-7:59 a.m.,
9:00 a.m. - 4:59 p.m.)

Evening Hours (6:00 p.m. - midnight)

Headway Buses/Hr

Timetable
Route From To
Monday Through Friday
Leave Leave
a.m. a.m.
= a

Headway (peak hour)
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Round off to
next larger
integer

No. of Buses

Required on the
Route
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FORM 6:

ALTERNATIVE CANDIDATE BUS FLEETS

Alternative

Bus Make/Model

Number of Buses

76




REFERENCES

"Planning Transportation Services for Handicapped Persons - User's
Guide," by F. J. Wegmann et. al., NCHRP Report #262, Transportation

Research Board, Washington, D.C., 1983.

“"Small Transit Vehicles: How to Buy, Operate and Maintéin," by A. B.
Boghani et al., Transportation Research Board, Washington, D.C., January,

1985.

77



