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A B S TRAC T 

Transit bus maintenance practices as used by thirteen small 
and medium-sized transit systems in Virginia were cataloged. Dif- 
ferent approaches to maintenance were investigated and the current 
condition of transit bus main-tenance was determined. Factors 
affecting the performance of transit bus maintenance were identified 
and recommendations were developed that address the current problems 
in the maintenance operations of the transit systems studied. 
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NEED FOR C--•TnV 

It is generally acknowledged that the maintenance of transit 
vehicles accounts for approximately 20% of total transit operating 
expenses. (!) With the increasing complexity of the advanced design 
buses (ADB) currently being purchased, it is quite likely that the 
cost of bus maintenance will become an even larger proportion of 
operating expenses. The changing characteristics of new buses were 
noted in a recent congressional report which stated that "the ADB 
does not embody any serious attempt to simplify and make more du- 
rable, but rather may be another manifestation of our love affair 
with complex technology. Like new autos, new buses emphasize fea- 
tures related to style and comfort often at the expense of dura- 
bility, maintainability, and fuel economy. ''(2) 

Public transit was for many years a declining industry, but 
in recent years there has been a steady increase in the demand for 
public transit services. This increase makes it necessary to oper- 
ate and maintain more transit buses at a higher reliability rate 
than in the past, and transit bus maintenance is the most important 
factor in assuring the present rate of reliability and increasing 
it in the future. Therefore, the quality and efficiency of transit 
bus maintenance must be increased in order to provide this reli- 
ability. To develop and implement programs to increase quality 
and efficiency, it •s necessary to understand the present condition 
and practice of transit bus maintenance. Currently, there is no 
collective body of knowledge or literature dealing with these as- 
pects of transit bus maintenance. The problem addressed by the 
research reported here is this lack of knowledge and, even more 
specifically, the lack of knowledge concerning medium and small- 
sized public transit bus properties and their problems. 



A knowledge of the types of organization and practices used 
by other transit properties will enable a given maintenance man- 

ager to improve his assessment of his operations and identify 
hidden problems that contribute to inefficiency. This is of par- 
ticular importance where hidden problems may be due to political 
or other constraints not controlled directly or indirectly by 
the transit operator. 

In recent years, the idea of taxpayer protection has become 
quite popular. Transit subsidies have thus come under intense 
scrutiny, and transit vehicle maintenance has taken on added im- 
portance as a result of increa.sing fuel costs and the general in- 
flationary pressures acting on both transit operations and capital 
purchases. The possibility of improvements in vehicle maintenance 
has local, state, and national significance. The pre•ious!y cited 
congressional report noted that 

On the issue of escalating operating costs, 
which transit systems and taxpayers nation- 
wide have had to face, it is not enough to 
dismiss the matter as essentially a local 
concern. The Federal taxpayer has a con- 
siderable interest in ti•e operating side, 
even beyond the distribution of Section 5 funds 
that will top the $I billion level in 1980. 
It is the local investment in operations and 
maintenance which protects the Federal capital 
investment in vehicle procurement When ve- 
hicles are not or cannot be properly operated 
and maintained, their service life is seriously 
shortened, meaning replacement vehicles must be 
purchased with Federal assistance that much 
sooner. The Federal Government ends up spending 
more and more for less and less. Conversely, 
the conduct of the Federally assisted vehicle 
procurement program has significant effects on 
the operational burdens imposed on transit oper- 
ators. To the exten• the program tilts procure- 
ment toward vehicles which have higher life cycle 
costs in order to minimize initial costs, it adds 
to the operations and maintenance burdens at the 
local !eve!. (•) 

There is a growing interest at the federal level in imnlemen- 
ring some form of mandatory maintenance requirements for transit 
vehicles. The idea of federal regulation of vehicle maintenance 
is not without pmecedent, as the Federal Aviation Administration 
enforces a rigorous program of mandatory aircraft maintenance. 



The Urban Mass Transportation Administration (UMTA) has made its 
concern for adequate maintenance of transit buses a matter of •ub- 
lic record by statements that appear in the Federal Register.( 
In addition, recent statements by former UMTA Administrator Theodore 
Lutz indicate that the UMTA is taking a serious look at an increased 
federal regulatory presence in transit bus maintenance.(4) These 
statements have been followed up by the UMTA with the advanced 
notification of proposed rule making for transit maintenance re- 
quirements. This notification and eight proposed alternative re- 
quirements appear in the Federal Register of January 21, 1981.(5) 

The loss of federal funds to support operating assistance at 
both Section 5 and Section 18 properties now appears to be a cer- 
tainty. It is, therefore, essential that efforts which assist the 
operating properties to increase effectiveness and productivity of 
their vehicle maintenance be given a high priority by the federal, 
state, and local agencies responsible for public transit. 

REPORT FORMAT 

The purpose of this report is to provide an overview of 
search on transit bus maintenance and to catalog transit bus mainte- 
nance operations for thirteen small and medium-sized transit prop- 
erties in Virginia. For the purpose of this report, a small transit 
system is classified as one wmth 20 buses or less and a medium- 
sized system is one with more than 20 buses but less than 250. 

This report presents the results of a questionnaire completed 
by operating properties in the Commonwealth and observations 
corded during site visits to the various maintenance operations over 

a period of five months. The questionnaire results and observations 
are in turn used as data to develop a description of the m•intenance 
opera•ions which includes facilities, equipment, practices and con- 
tracted functions, personnel, organization, information systems, 
and •la•ning. The elements included in the description are the• 
analyzed to identify factors which affect the performance of transit 
bus maintenance. These factors provide the i•formati•n upon which 
the included set of proposed maintenance standards are based. In 
addition, there are a number of recommendations, some of which stand 
apart and some of which are necessary to support the proposed stand- 
ards. 

it is not the intention of mhis report to evaluate or measure 
the performance of the reviewed maintenance operations or compare 
them to one another. The material presented represents what was 
found in practice and is, therefore, cataloged as such. In the 



course of the discussion presented, it will appear that some 
operations are quite different from others and they are. Each 
operation is a function of local conditions, operating character- 
istics, and constraints which prevent and preclude any comparative 
evaluation. 

BACKGROUND 

Transit bus maintenance may be characterized as an insurance 
policy intended to protect the 9apital investment made when a bus 
is purchased. It provides the best method of ensuring the mechan- 
ical reliability of a transit bus and, in turn, the dependability 
of that bus in revenue service. 

Transit bus failures in revenue service result in delays and 
perhaps even cancellation of runs, with the effect of eroding the 
riders' confidence in the system, decreasing the demand for service• 
and reducing revenues. A mechanical breakdown during revenue serv- 
ice is often accompanied by failure of some allied subsystem of the 
bus, increased mechanical labor costs, and driver labor costs due 
to road ca!is and/or the need to switch buses. W•en the possible 
consequences of an in-service bus breakdown are considered, it is 
easy to support the position that bus maintenance is a worthwhile 
investment. 

Types of Mai.nt.enance 

Ideally, vehicle maintenance is practiced in three steps: 
preventive, periodic, and breakdown. 

Preventive maintenance can be described as maintenance checks 
and procedures done on a scheduled and continuing basis through- 
out the useful life of the vehicle in order to avoid vehicle mal- 
function during revenue service. It decreases the amount of un- 
scheduled maintenance and provides maximum vehicle availability. 
In general, preventive maintenance can be thought of as the mainte- 
nance of those items that would directly affect the riders' safety 
or result in a costly unscheduled repair. An example of preventive 
maintenance is the adjusting of the vehicle brakes at scheduled 
intervals. 

.Oeriodic maintenance is used to assure that ma•or• components._ 
or parts are maintained or changed when they have been used for a 
predetermined length of service. An example of periodic mainte- 
nance is the replacement of a transmission after 250,000 miles of 
use. 



Breakdown maintenance is used for parts and components that 
are easily and readily repaired or replaced and pose no safety 
problem nor require a high cost. Breakdown maintenance would 
include the replacement of such items as interior light bulbs, 
reflectors, and exterior lenses. 

In the real world, vehicles are maintained under two cate- 
gories of maintenance effort: preventive maintenance, which is 
reasonably close to the definition of the ideal practice, and 
breakdown maintenance, which must be redefined for the real world 
situation. This new definition includes all maintenance opera- 
tions performed when there is a failure in any of the components 
or subsystems of the transit bus, and it is often referred to as "running repair". 

Periodic maintenance is not generally practiced by transit 
properties for several reasons. The data necessary to determine 
mean failure rates for parts and components are not always avail- 
able and in most instances are not even collected. If the data 
are available, they must be reviewed and analyzed, a task that 
requires a large amount of employee time unless the property is 
equipped with or has access to a computer and data processing 
equipment, which is not usually the case. 

App..roaches to Maintenance 

Transit bus maintenance in Virginia is carried out under two 
basic approaches: (i) the maintenance of transit buses as a part 
of the fleet of all vehicles owned by a political jurisdiction, 
and (2) the maintenance of transit buses only in the case of a public owned transit system. These two approaches will be referred 
to in this report as "municipal fleet" and "transit only". 

The local political jurisdiction responsible for the funding 
of the transit operation must decide which of the two approaches 
is appropriate for its situation. Each approach has its positive 
and negative aspects. It should also be mentioned at this point 
that as a general industry philosophy, the operational aspects of 
any •ransit system with more than 15 to 25 buses are usually better 
suited to the transit only option. 

The municipal fleet approach is an effective method of re- 
ducing the maintenance facility overhead per vehicle maintained. 
The large number of vehicles maintained using this approach, often 
makes it cost-effective to purchase expensive maintenance equip- 
ment that can not be justified for a small number of buses. This 
approach allows the maintenance data to be recorded and collected 



at one facility and also allows for a centralized inventory if 
such is desired. These are substantial benefits for a small 
municipality. However, this approach also can have negative 
aspects. The wide diversity of equipment that must be maintained 
often causes a loss of l•bor productivity. In addition, often a 
maintenance priority develops in this type of operation, either 
formally or informally, that positions transit vehicles low on 
the priority list. 

The transit only option is often more costly for a small 
number of buses, since it requires a duplication of services and 
facilities that may already exist elsewhere in the political juris- 
diction along with additional supervisory and inventory effort. 
This is balanced by the fact that only transit buses are being 
maintained, which should allow maintenance personnel to be more 
productive and better informed about specific problems. In addi- 
tion, there is no priority to be concerned with as only the transit 
vehicles are being maintained. 

The two basic maintenance approaches can be further divided 
on the basis of the following five levels of maintenance tha-c can 
be practiced. 

i. Scheduled inspections 
2. Minor repairs 
3. Replacement of major components and subassemblies 

4. Repair of major components and subassemblies 

5. Rebuilding of major components and subassemblies 

These five levels of maintenance are found in varying degrees in 
both basic maintenance approaches. The determinant for what level 
will be practiced is a mixture of the type of maintenance equip- 
ment on hand, skill of the maintenance personnel, and cost of the 
operation. The last ingredient in the mixture, cost, is the one 
least defined or understood, because adequate cost data concerninz 
rebuild, repair, or replace are rarely, if ever, maintained. 

METHODOLOGY 

The study comprised the following tasks. 

!. A review of the available literature dealing with 
transit bus maintenance. 



2. A direct mail questionnaire of t.•e operating 
properties listed in Table i. 

3. Site visits to each of these operating properties. 

4. An examination of the information obtained from 
the survey and site visits. 

5. The preparation of a final report documenting 
the findings of the study. 

Table I 

Virginia Operating Properties That Were Reviewed 

Richmond Transit 
Tidewater Regional Transit 
Peninsula Transit 
Roanoke Transit 
Lynchburg Transit 
Charlottesville Transit 
Petersburg Transit 
Danville City Transit 
Bristol City Transit 
Staunton Transit 
Winchester Transit 
James City County Transit 
Harrisonburg Transit 

NOTE: See Appendix A for bus inventories of these properties. 

LITERATURE REVIEW 

The amount of literature available on transit bus maintenance 
is relatively small compared to that on other transportation sub- 
jects. This is a deplorable situation when one considers that 
approximately 20% of public transit operating expense is a direct 
result of vehicle maintenance. The literature that is available 
can be classified into four groups. The first deals with mainte- 
nance scheduling and improved information systems for maintenence 
operations in t•ransit properties.(6,7,8,9,!0) The second relates 
to preventive maintenance activiries, forms, and mileage schedules 
either in use or recommended for use by various transit properties 
and state agencies.(!i,12,13) The third is concerned with overall 
transit system service evaluation and includes publications that 
may or may not contain some cursory evalug•ion of the v_h•c=e 
maintenance operation. (14,i5,16,17,!8,i9,•u,21,22) The fourth 
c!assificatmon is made up of literature dealing wm•h vehicle mainte- 
nance at the operational leve=. 23,2•,25,26,27,28) 

The literature reviewed is discussed under these four c!assi- 
fications below. 



Maintenance Schedulin@ and Information Systems 

Bakr and Kretschmer (6) discuss the need for an optimal 
schedule of bus maintenance from a least-cost point of view. 
A method of determining a least-cost schedule is developed and 
presented as a means to balance the cost of maintenance against 
the cost resulting from unscheduled repairs due to mechanical 
failure. 

Herniter et el.(7) present a model called •£ASSTR•a•M to be used 
in analyzing alternative maintenance strategies for rail vehicles 
to balance the cost of maintenance against lost service. The 
model is, in effect, a planning tool and not a method for arriving 
at a precise maintenance schedule. 

The International Business Machine Corporation (8) and the 
Mitre Corporation(9) present descriptions of information systems 
designed for the processing of maintenance and repair data to 
improve the productivity of the maintenance function. 

Activity Forms and Mileage Schedules 

The Transit System Maintenance Manual (!!) prepared for the 
Florida Department of Transportarf0n is presented as a guide for 
newly created transit systems with a fleet of 25 or more buses. 
Meant to be an aid to the development of maintenance facilities 
and activities, it covers tools and equipment, inventory control, 
preventive maintenance, recommended service procedures and inter- 
vals, sample forms, personnel, safety, and training. 

Preventive Maintena•ce Forms and Procedures (12) is another 
example of this type of literature. It is a collection of preven- 
tive maintenance reporting forms and the type of schedules used by 
various transit properties. Much of this information was reprinted 
from the previously cited Florida manua!. (II) 

The Coach Inspection Manual (13) developed by the Washington 
State Department of Transportation is a collection of example in- 
spection forms to be used in conjunction with preventive mainte- 
nance procedures. It explains how to perform 56 maintenance item 
checks, adjustments, and replacements. 

Transit System Evaluation 

Typical examples of this type of literature are Allen and Grim(14) and Mundle and Cherwony. (15) These papers present the 



development and explanation of overall system performance indi- 
cators, of which those for vehicle maintenance are minimal as 
compared to service indicators. The developed indicators are 
applied as internal measurements and not as external or peer 
comparisons. 

Fielding and Glauthier (16) and Holec et el. (17) present 
system evaluation techniques to be used for external comparisons. 
Here again, emphasis is on service evaluation, with vehicle mainte- 
nance receiving only minimal attention. Holec does show the va- 
lidity of using Section 15 Data as performance data. 

Much of the material reviewed was completely service oriented 
and did not include vehicle maintenance measures. The studies of 
Flusberg et el. (20) Attanucci et el. (21) and Drosdat (22) 

are ex- 
amples. 

Ope•ationai Areas 

McKnight et ai. (23) 
are investigating the connections and 

relationships among transit vehicle maintenance, service reliabil- 
ity, and travel demand. 

Holthoff and Knighton (24) have investigated cost increases, 
cost differences, and productivity in several New York transit 
systems. The objectives of their study were to explain rising 
operating costs and the reasons why some transit properties are 

more costly to operate than others. Causes such as average ve- 
hicle speed, labor cost, and productivity were identified as 
problem areas. 

A paper by Haenish and Mil!er (25) presents information on 
how to devise improved procedures that lead •o increases in pro- 
ductivity. 

Thuriow et el. (26) present the results of a survey made to 
obtain information for cataloging and de.•am•mng trends in transit 
bus maintenance facilities. The report discusses the construction 
of garage and shop buildings, floor plans, tools and equipment, 

ful•!• the maintenance and maintenance personnel necessary to 
requirements for fleets o various sizes. 

For•ster• et el. (27) discuss a st•d•,_ 
•, 

i•. wh• •,_•. the nreviously 
•eferenced MAS • o• model was adop*ed •or transit bus use and an 

attempt was made to implement the model in conjunction with the 
Chicago Transit Authority. General transit maintenance planning 
is also explored. Major findings of the study are that there is a 



gap between maintenance mheory and practice, there is inade- 
quate collection of data suitable for transit maintenance 
planning, and current maintenance schedules are almost always 
arrived at by using manufac°•urers recommendations and operator 
experience. Two major recommendations are that current practices 
and procedures be documented •nd that a federal policy on mainte- 
nance planning be developed. 

The Utah Transit Authority (28) presents the results of a 
questionnaire survey conducted by mail to obtain information on 
transit bus maintenance practices and schedules. The 44 transit 
bus properties responding provided data on scheduled maintenance, 
servicing, training, repair maintenance, •nd general maintenance. 
Examples of maintenance inspection schedule sheets used by various 
properties are included in the report. A major conclusion of this 
study supports the idea that there is a lack of research on the 
maintenance practices of transit operators. 

MAlL QUESTIONNAIRE 

A questionnaire was mailed to maintenance management personnel 
at each of the thirteen Virginia properties participating in the 
study. All of the questionnaires were completed and returned. This 
document elicited information on maintenance facilities, mainte- 
nance personnel, maintenance procedures, maintenance problems, bus 
purchases, and cooperative efforts. As in any survey, the complete- 
ness of the responses varied but, in general, the range was good to 
excellent. A copy of the questionnaire, including tabulated re- 

sponses, is presented in Appendix B. 

Questionnaire Results 

The main results in these six areas are discussed in this 
section and, for ready reference, are included in the responses 
presented in tabular form. 

Maintenance Facilities 

Table 2 presents the main responses for this subjecm area. 
One maintenance facility was used for the support of transit bus 
operations at each of the respcndent properties. While several 
properties had various functions of the maintenance activity housed 
in different buildings, these all were located at the same site and 
were, therefore, considered to be one Facility. The ages of the 
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facilities ranged from i to 80 years, with the mean age being 
approximately 35 years. Maintenance equipment is also included 
in this subject area. The amount of maintenance equipment avail- 
able was considered adequate by 7 respondents and inadequate by 
the remaining 6. The type of maintenance equipment available was 
judzed adequate by 5 respondents and inadequate by 8. 

Table 2 

Questionnaire Results Maintenance Facilities 

Age of the Maintenance Facility 
No. No. of % 

Y•ars Responses T0qa•, 

I i 8 
2 i 8 

13 i 8 
20 I 8 
30 2 15 
35 2 15 
40 i 8 
54 i 8 
75 i 8 
80 i 8 

Yes No 

No. of % No. of 
• 
• 

$#SP,,opses Total Responses Total 

Amoun• of maintenance equipment adequate 7 

Type of maintenance equipment adequate 5 

54 6 46 

38 8 62 

NOTE: All properties reported having one maintenance facility. 

Mainr'enance Personnel 

The main responses in this subject area, presenred in Table 3, 
relate to turnover, employment, and training. It was indicated that 
the annual turnover rate for maintenance personnel ranged from zemo 
to 10.0%, with the mean being 2.6%. The rate for service personnel 
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was between zero and 17.0% with a mean of 2.4%. Twelve of the 
respondents, about 92%, indicated that it was difficult to 
attract and employ qualified bus maintenance personnel, while ! 
did not experience such difficulty. The respondents were unan- 
imous in their expressed need for some sort of formal in-state, 
training programs for Virginia transit bus mechanics. While the 
response to the relative need for training was unanimous, only 
2 of the systems had an organized in-house training effort and 4 
indicated that they had an in-house apprentice program. 

Table 3 

Questionnaire Results Maintenance Personnel 

Maintenance personnel turnover 

Rate % No. of Responses 

0 5 
1 2 
2 1 
3 i 
7 i 

i0 2 

Service personnel turnover 0 8 
i 2 
2 i 

i0 i 
17 i 

Difficulty in hiring qualified 
maintenance personnel 

Formal transit maintenance training 
needed in Virginia 

Formal training program 

Organized apprentice program 

Yes No 

No. of •o•' No. of •o•I 
Responses Tot.a, i Responses Total 

12 92 I 8 

13 i00 

2 15 Ii 85 

4 31 9 69 



Maintenance Procedures 

Maintenance capability, contract work, vehicle records, 
maintenance schedules, and the levels of maintenance are the 
main categories included under maintenance procedures. These 
responses are presented in Tables 4 through 6. 

Six properties indicated that they had complete in-house 
maintenance capability and 7 felt that their capability was less 
than complete. The need for more in-house capability was expressed 
by 8 of the respondents, while the other 5 felt they did not need 
more capability. 

The practice of contracting out service work was used by 4 
respondents and maintenance work was contracted out by 5. Compo- 
nent and subassembly rebuild work was the largest type activity 
put out to contract. Ten properties indicated that they did con- 
tract out rebuild work and only 3 did not. 

All of the respondents indicated that they had a system of 
vehicle maintenance records of some kind, with 3 of the systems 
responding that their maintenance records were computerized. 

A preventive maintenance program was being used by 12 proper- 
ties, while i property indicated it did not. The 12 respondents 
that operate a preventive maintenance program all indicated that 
their programs were based on vehicle use in miles. In addition, 
i respondent indicated that certain maintenance procedures were 
scheduled on a seasonal basis. The indicated mileage interval 
used for the basic preventive maintenance schedule ranged from 
1,500 to 6,000 miles, with the mean for the 12 properties being 
approximately 3,770 mi!es• 

The percentages of total maintenance reported to be preventive 
maintenance ranged from 20% to 80%, with a mean of 46.9%. The same 
figures also appear for the percentages of maintenance work that 
reported to be remedial. While the range and the mean 45.5 are 
almost identical, the distribution was quite different as shown in 
Table 5. In addition, routine component change out and subassembly 
replacement were practiced by only 3 properties. 

As indicated, 6 of the respondents classified their remedial 
maintenance as being 50% or more of total maintenance. Remedial 
maintenance (running repair) is more costly to undertake than 
other types. The repair and replacement of major components and 
subassemblies is obviously more expensive than actions usually 
associated with preventive maintenance. In addition, remedial 
maintenance requires that the bus be kept out of revenue service 
for longer periods of time than does scheduled preventive mainte- 
nance. When large amounts of remedial maintenance are necessary 
to meet service levels, the result is that less time and manpower 

Sin the interest of readability, the metric equivalent of the mile 
is stared here and not repeated in the text and tables. 
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are available for preventive maintenance. Deferring necessary 
preventive maintenance causes still more failures, which in turn 
increase the amount of remedial maintenance. 

Ten maintenance tasks were listed in the questionnaire. Five 
of these were commonly done by all the respondents. The scheduled 
inspection of vehicles and the repair of major components were 
being done by 12 properties. Three of the five most common tasks 
minor repairs and replacement, replacement of parts, and replace- 
ment of major components were being done by all the respondents. 
These results are presented in Table 6. 

Table 4 

Questionnaire Results Maintenance Capability, Contract Work, 
Vehicle Records, and Maintenance Schedule 

Yes No 

No. of % No. of % 
Responses Total Responses Total 

Complete in-house 
maintenance capability 

Need added in-house 
maintenance capability 

Service work contracted out 

Maintenance work contracted out 

Rebuild work contracted out 

Vehicle maintenance record system 

Record system computerized 

Preventive maintenance program 
in use 

Preventive maintenance program 
based on mileage 

6 46 7 54 

8 62 5 38 

4 31 9 69 

5 38 8 62 

I0 77 3 23 

13 i00 

3 23 i0 77 

12 92 i 8 

12 92 I 8 

Mileage interval used for 
preventive maintenance schedule 

Miles No. of Responses % Total 

(none) I 8 
1,500 i 8 
2,000 2 15 
3,000 2 23 
4,000 I 8 
4,500 i 8 
5,000 1 8 
6,000 4 31 



Table 5 

Questionnaire Results Maintenance Activities 
by Major Type 

Portion of maintenance work 
that is preventive 

2O 
25 
33 
4O 
•5 
5O 
70 
75 
8O 

no comment 

No. of Responses 

2 
2 
i 
i 
i 
I 
i 
i 
2 
i 

Portion of maintenance work 
that is remedial 

20 
30 
5O 
55 
66 
75 
8O 

no comment 

Portion of maintenance work 
that is of other type 

0 
5 

i0 
2O 
25 

no comment 

Regularly scheduled component 
change outs 

Yes No 

No. of % No. of % 
•espons..es Total Respons.e 9 Total 

3 23 i0 77 

15 



Table 6 

Maln•enance Activities Questionnaire Results 

Maintenance Tasks 

Scheduled inspection 

Minor repairs & replacements 

Replacement of parts 

Replacement of major components 

Repair of major components 

Rebuild of major components for 
stock 

Replacement of subassemblies 

Repair of subassemblies 

Rebuild of subassemblies for 
stock 

Body and chassis structural work 

by Work Task 

Yes 

No. of % No. of 
Responses Total Responses 

12 92 i 

13 i00 

13 i00 

13 i00 

12 92 i 

No 

% 
Total 

7 54 6 46 

9 69 4 31 

7 54 6 46 

5 38 8 62 

8 62 5 38 

Defect Report,ins 

Operators 

Service personnel 

Written Form Verbal No Set Procedure 

No. of % No. of % No. of % 
R•esponses Total Responses Total Responses Total 

i0 77 2 15 I 8 

8 62 3 23 2 15 

The five remaining tasks were being performed by a smaller 
number of the respondents. The rebuilding of major components and 
the repair of subassemblies were being done by 7 properties. Nine 
properties reported that they replaced subassemblies while only 5 
rebuilt subassemblies for stock. The final maintenance task, body 
and chassis structural work, was done by 8 properties. 

Defect reporting was the last subject covered in the •uestions 
on maintenance procedure. 'Ten of the respondents indicated the ve- 
hicle operators reported vehicle defects to the maintenance personnel 
on a written form, 2 indicated -that they used verbal reporting, and 
i had no set procedure. Vehicle service personnel in 8 properties 
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used a.•written form to report defects to the maintenance per- 
sonnel, 3 properties reported these verbally, and 2 had no sat 
procedure. 

Maintenance Problems 

Most of the maintenance problems cited by the respondents 
related to the kind of operation and the type of vehicle. These 
are presented in Table 7. 

Six of the responding properties indicated that they experi- 
enced maintenance problems peculiar to their operations. These 
included a very short service life for brake linings and tires 
caused by hilly terrain in their operational area. Transmission 
failures, and the attendant road calls, were also attributed to 
the terrain over which the properties operated. Various problems 
resulting from inadequate maintenance facilities and equipment 
were cited. Several properties cited problems with limited man- 
power and mechanical ability as being related to their kind of 
operation. 

Tab le 7 

Questionnaire Results Maintenance Problems 

Maintenance problems relating to kind 
of operation 

Maintenance problems relating to type 
of vehicle operated 

Yes No 

No. of % No. of % 
Responses Total •sponses Total 

6 46 7 54 

i0 77 3 23 

A much larger group, !0 respondents, noted problems being 
experienced as a direct result of the type of transit vehicle 
they were operating. These responses indicated considerable 
problems with vehicles that were no longer being marketed in the 
Unite• States and vehicles for which major components and sub- 
assemblies were no longer available from the manufacturer. Certain 
foreign manufactured buses were singled out as a major source of 
problems, along with small-sized domestic vehicles that were not 
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holding up very well in daily revenue service. An additional 
major source of problems indicated was the high rate of component 
and system failures experienced while operating advanced design 
buses, irrespective of the bus manufacturer. Specifically cited 
were failures of the air conditioning equipment, electrical com- 
ponents, brake system, wiring, engine accessories, and the auto- 
matic transmission. It appears that failures were found in all 
the major systems necessary for the operation of the bus. These 
failures were noted to have led to an increased amount of running 
repairs and in-service breakdowns resulting in costly road calls. 

Bus Purchases 

The information obtained on bus purchases is presented in 
Table 8. Ten properties said they expect to purchase new buses 
within three years. The numbers of buses to be purchased by the 
properties ranged from ! to 47 and totaled 118. 

Eleven of the respondents felt that the buses available were 
compatible with their present maintenance operations. A smaller 
number, 7 respondents, felt that the bus manufacturers were pro- 
viding adequate technical assistance. 

Questions relating to spare buses were also included in this 
section of the questionnaire and the responses are shown in Table 
9. The percentages of total bus fleets indicated as spares by 
the respondents ranged from 9% to 40%, and the mean value was 
approximately 20%. Nine of the respondents felt that a certain 
percentage of the fleet should be spares and their figures ranged 
from 15% to 40%, with a mean of approximately 25%. The other 4 
properties related the number of spares to the size of the opera- 
tion, type of operation, maintenance capability, etc., and not to 
some percentage of the fleet alone. 

In responding to the last question in this area, which con- 
t._es for the transit vehicles, 7 of cerned the procurement of • 

the operations said that they leased the tires and the others 
said they purchased them. 

Cooperative Effort 

The questions under this heading contain the term "statewide 
cooperative". The definition of this term, in the questionnaire, 
is open-ended, the intent being to gain information concerning 
the concept of these cooperative approaches, not any particular 
program. The responses to the group of questions are presented 
in Table !0. 
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Table 8 

Questionnaire Results Bus Purchases 

Yes No 

Purchase new buses within 
3 years 

No. of % No. of 
Responses Total Responses 

% 
Total 

Bus Purchases 

i0 77 3 23 

Number of Number of Subtotal of 
Buses Properties Purchases 

0 3 0 
i i I 
3 i 3 
4 2 8 
5 2 i0 
8 I 8 

Ii i ii 
30 I 30 
47 1 47 

Total Number of Buses to be Purchased 118 

Available buses are 
compatible with existing 
maintenance operation 

Bus manufacturers are 
providing adequate 
technicai assistance 
(One respondent would not 

comment on this question) 

Yes 

No. of 
R, esponse.s., Total 

No 

No. of 
Responses 

Ii 85 2 15 

7 58 5 42 

% 
Total 
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Table 9 

Questionnaire Results Spare Buses 

Percentage of fleet that are spares 

% No. of 
Fleet Properties 

9 I 
i0 i 
Ii i 
14 i 
15 i 
20 2 
22 I 
30 i 
31 i 
33 i 
35 i 
40 i 

Percentage of fleet that should be spares 15 i 
20 4 
30 I 
33 
35 1 
40 1 

NOTE: 4 respondents felt this figure should float depending on the local 
circumstances. 

Purchase Lease 

Procurement of transit bus tires 

No. of 
Responses 

% No. of 
Total Responses 

% 
Total 

6 46 7 54 



Table lO 

Questionnaire Results Cooperative Efforts 

Yes No 

No. of % No. of % 
Responses Total Responses Total 

Cooperative purchase of 
parts and supplies 

Cooperative reb, uilding of 
components and subassemblies 

Cooperative purchase of 
transit buses 

6 46 7 54 

7 54 6 46 

8 62 5 38 

The cooperative purchase of parts and supplies used for bus 
maintenance was felt to be a possible asset by 6 of the properties, 
and the cooperative rebuilding of components and subassemblies was 

seen as an asset by 7. The largest positive response was registered 
for the idea of cooperative bus purchase, with 8 properties feeling 
this would be an asset. 

SITE VISITS 

The site visits were made after the questionnaires had been 
returned so that survey responses could be discussed and clarified 
if necessary during the visits. Information was obtained on mainte- 
nance facilities, equipment, practices and contracted functions, 
personnel, organization, information systems, and planning. 

The observations and the information obtained during the site 
visits are presented in two parts corresponding to the basic ve- 
hicle maintenance approaches of municipal fleet and transit only, 
which were discussed in the BACKGROUND section of this report. 

Municipal. fleet 

The operating systems in this group range in size from • to 
ii buses,as seen in Table !I. As indicated, the systems in Bristol 
and Staunton did not precisely fit into this category. The Staunton 
system was a transit and school bus maintenance operation but was in 
the process of becoming part of a municipal fleet. The system in 
Bristol is also a combined school bus and transit bus maintenance 
operation and has a larger number of school buses than transit buses. 
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Table II 

Municipal Fleet Systems 

System 

Danville Transit i0 

Bristol Transit* 9 

Staunton Transit* 8 

Winchester Transit Ii 

James City County Transit 5 

Harrisonburg Transit 3 

*These two properties do not entirely merit the definition 
of municipal fleet systems. 

Number of Buses 

In addition, the transit operation of both of these systems was 
small, less than !0 buses, and this fact made them operationally 
more similar to the municipal fleet system than the transit only. 

Maintenance Facilities 

The general condition of the maintenance facilities of this 
group was good. Obviously, some were better organized and cleaner 
than others, but all appeared to be reasonably well maintained. 
However, there were several items that warrant comment. 

It was found that the maintenance facility in several of 
these operations was undersized for the type of vehicles being 
used or expected to be used in the near future. This observation 
is based on information contained in Thurlow et al. (26) 

The service and maintenance of transit buses is a much more time-consuming and physically difficult task when the maintenance 
facility is inadequate, es.pecia!iy when vehicle lifts and/or floor 
pits of suitable size are not provided. None of the systems had 
an inspection pit adequate for transit bus work and only Bristol, 
Staunton, and James City County had adequate lifts. •{one had 
drive-through bays, automatic wash equipment, or automatic vacuum 
equipment, although Danville was purchasing the wash equipment. 
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Maintenance Equipment 

The amount and type of maintenance equipment needed by an 
operating system are a function of the areas of maintenance en- 
gaged in and the level of intensiveness. The maintenance equip- 
ment available at these systems ran the range from obsolete to 
new, with the majority falling in the category of used but in good 
condition. Decisions concerning purchases of capital equipment 
for maintenance are a local responsibility and must be determined 
using site-specific information. There are, however, minimal re- 
quirements for operating with any degree of effectiveness. The 
types of equipment required are indicated in Table 12. Most of 
the municipal fleet systems had this minimum as well as additional 
equipment necessary for their operation. 

Table 12 

Minimum Maintenance Equipment for Municipal Fleet 

Portable jacks 
Hydraulic Jacks 
Work benches and vises 
Arbor press 
Drill press 
Air compressor 
Electric & gas welding equipment 

Steam cleaner 
Capacity to clean parts 
W•eel dolly 
Tire inflation gage or guard 
Torque wrenches 
Multimeter for electric testing 
Chain hoist 

Maintenance Practices 

Iz was mentioned that the levels of maintenance engaged in 
vary among systems. That is the case with this group as can be 
noted in Table 13. All of the fleets engaged in the first five 
practices, except that Bristol and Harrisonburg did not do 
scheduled inspections. •Thile all but these two made regularly 
scheduled preventive maintenance inspections, the contents and 
procedures of the inspections differed. 

Danville, Staunton, and Winchester used the same inspection 
procedure for all types of vehicles, while J•mes City County used 
a separate inspection procedure for transit vehicles. The elements 
of the inspections bein• performed are presented in Table !4, which 
includes the types of transit vehicles. This table clearly illus- 
trates that different types of vehicles have different needs as far 
as preventive maintenance schedules are concerned. Copies of the 
inspection forms used by these systems are included in Appendix C. 
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Table 

Maintenance Practices of Municipal Fleets 

Practice Danv. Bris. Stau. Winc. Jacc. Harr. 

Scheduled inspections X 

Minor repairs X 

Replacement of parts X 

Replacement of maj or 

c omp onents X 

Repair of major 
component s X 

Rebuild of major 
components for stock 

Replacement of 
subassemblies X 

Repair of subassemblies X 

Rebuild of subassemblies 
for stock 

Body and chassis 
structural work X 

X X X 

X X X X X 

X X X X X 

X X X X X 

X X X X X 

X X X X X 

X X X X X 

X X 

The major components of a typical transit bus and the prop- 
erties making repairs of these components are presented in Table 15. 

Variations among the fleets were attributable to the skill 
level of the mechanics, type of maintenance equipment available, 
time required to make the repair, and local operating philosophy. 
Costs should be included in this list and would be if reliable data 
for determining costs had been available. Nevertheless, cost is 
considered in many decisions, most of which are arrived at sub- 
jectively on the basis of experience. 

Note that James City County is not included in Tables 15 or 16. 
Until very recently, it had contracted out all of its maintenance 
and repair work but with the completion of a new municipal fleet 
facility, it was beginning to perform its own maintenance. 

Another important aspect of vehicle maintenance practice is 
the rebuilding of major components and subassemblies. This activity 
is the one least often done in-house. Work contracted out can be 
of the repair variety, but the largest portion is component or sub- 
assembly rebuilding. Information concerning contracted work is 
presented in Table 16. 
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Table 14 

Preventive Maintenance items and Mileage Schedules 
for Municipal Fleets 

(I) Inspect 
(R) Replace 

Danville 
GMC 

T6H 4523A 
TDH 4517 
TDH 3714 

Staunton James City Cry. Winchester 
GMC Mercedes Benz School Bus 

TDH 3302A. 309D Gasoline Type 

Chassis Lube 3,000 1,500 15,000 2,000 
(R) Eng. Oil 3,000 3,000 5,000 2,000 
(R) Oil Filt. 3,000 3,000 5,000 2,000 
(1) Oil Press. 1,500 
(I) Air Filt. 3,000 3,000 5,000 2,000 
(R) Air Filt. 15,000 
(R) Fuel Filt. 15,000 
(I) Belts, Hoses 3,000 1,500 5,000 2,000 
(I) Exh. Sys. 3,000 5,000 2,000 
(I) Coolant 3,000 1,500 5,000 2,000 
(I) Trans. Oil 3,000 1,500 5,000 2,000 
(R) Trans. Oil i0,000 20,000 
(R) Trans. Filt. I0,000 20,000 N/A 
(I) Drive Line 3,000 1,500 I0,000 
(I) Diff. Oil 3,000 1,500 5,000 2,000 
(R) Diff. Oil 30,000 
(I) Adj. Brks. 3,000 1,500 
(I) Brk. Lining 3,000 1,500 15,000 5,000 
(I) Emg. Brko 3,000 1,500 2,000 
(I) Air Sys. 3,000 1,500 N/A 
(I) Air Comp. 3,000 1,500 N/A 
(I) Tanks, Lines 3,000 1,500 5,000 N/A 
(I) Starter 3,000 2,000 
(I) Aft. Output 3,000 1,500 
(I) Batteries 3,000 1,500 5,000 2,000 
(I) Lights 3,000 1,500 5,000 2,000 
(I) Gages, Instrs. 3,000 1,500 2,000 
(I) Steering 3,000 1,500 5,000 2,000 
(I) Suspension 3,000 1,500 5,000 2,000 
(I) Whi. Brgs. 3,000 I0,000 2,000 
(I) Tires 3,000 1,500 5,000 2,000 
(I) Body 3,000 1,500 
(I) Wpr., Wash. 3,000 1,500 5,000 2,000 
(I) Hr., Def. 3,000 1,500 2,000 
(I) Air Cond. 3,000 N/A N/A 
(I) Door Opt. 3,000 1,500 5,000 
(I) Windows 3,000 1,500 2,000 
(I) Seats 3,000 1,500 
(I) Horn 3,000 1,500 
(I) Mirrors 3,000 1,500 5,000 



Table 15 

In-House Repair of Major Components 
by Municipal Fleets 

Danv. Bris. Staun. Winc. Harr. 

Air System 

Compressor 
Valves 

Electrical Equipment 
Alternator/generator 
Starting motor 
Radio 

X X X X 
X X X X 
X N/A N/A 

Engine 

Head, block, and 
crankshaft machining 

Valve and seat machining 
Valve seat and guide 

replacement 
Cooling system 
Blower 
Fuel injectors 

X X X 
X N/A N/A 

Automatic Transmission 

Major repairs 
Assembly for rebuild 

X X 
X X 

X 
N/A 
N/A 

Heating and Air Conditioning 

Compressor N/A N/A 
Controls X X X X 
Blower motors X X X X 
Marine pumps X X X N/A 
Plumbing X X X X 

X X X 

Brakes 

Drums 
Lining 

X 
N/A 
N/A 

N/A 
X 
X 

N/A 
X 
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Table 16 

Work (Rebuild) Contracted Out by Municipal Fleets 

Danv. Br is. Staun. Winc. Hart. 

Air System 

Compressor 
Valves 

X X X N/A 
X X X N/A 

Electrical equipment 
Alternator/generator 
Starting motor 
Radio 

X X X X 
X X X X 

N/A X N/A X 

Engine 

Head, block, and 
crankshaft machining 

Valve and seat machining 
Valve seat and guide replacement 
Water pump 
Blower 
Fuel injectors 
Assembly for rebuild 

X X X X X 
X X X X X 
X X X X X 
X X X X X 
X N/A N/A N/A N/A 
X X X N/A N/A 

X X X 

Automatic Transmission 

Major repairs 
Assembly for rebuild 

X N/A X 
X N/A X 

Heating and Air Conditioning 

Compressor X N/A X N/A N/A 
Controls X X X X X 
Blower motor X X X X 
Marine pump X X N/A N/A 

As expected, the rebuilding tasks that require a maximum 
amount of skill and investment in capital equipment are those 
most frequently contracted out. These include engine machining 
of all types, complete engine rebuilding, fuel injector rebuilding, 
alternator and starting motor rebuilding, and automatic transmission 
repairs and rebuilding. 

Information on the final maintenance practice, vehicle serv- 
icing, is presented in Table 17. These actions are performed by all 
the systems in this group and the individual service items are per- 
formed in basically the same manner but with differing frequencies. 
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Table 17 

Vehicle Servicing by Municipal Fleets 

D- Daily 
BW Biweekly 
W Weekly 

AN As Needed 

Danv. Bris. Staun. Winc. Jacc. Harr. 

Fueled D D BW D D D 
Fluid check N D BW D D D 
Visual check D D D D D D 
Exterior washed W W AN W AN D 
Interior swept W D D D D D 

Maintenance Personnel 

With the exception of Bristol and Staunton, neither of which 
are true municipal fleets, none of the fleets have maintenance per- 
sonnel dedicated to the maintenance of transit vehicles. It was 
observed that several of the systems in this group even rely on 
the vehicle driver to clean the interior of the bus and provide 
the usual daily services. 

For the most part, the personnel engaged in maintaining transit 
buses were not transit bus mechanics. Very few had had experience 
in transit bus maintenance before being employed or had received 
training in such maintenance following their employment. The present 
generation of transit buses cost, on average, approximately $140,000, 
and are equipped with several complex subsystems. Maintaining them 
requires a thorough understanding of the subsystems and a high level 
of technical ability, both of which are best obtained through some 
form of organized training or apprentice programs, not through a 
trial and error learning approach using expensive operating equip- 
ment as the practice medium. 

During each of the site visits, the maintenance personnel ex- 
pressed a need for training. In spite of this unanimous expression 
of need, none of the systems had an organized training program. All 
of the systems did, however, encourage their maintenance employees 
to seek out and obtain training on their own time. As an incentive, 
the cost of tuition, textbooks, and necessary materials for this 
usually was paid for by the system when the employee successfully 
completed the course. This approach, although better than none, 
shifts the responsibility to the individual employee and away from 
management. In addition, the opportunity to get this type of train- 
ing is very limited throughout most of the state. 
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It was observed that most of the maintenance employees 
seemed to be reasonably pleased with their jobs. In general, 
relatively little labor turnover was found, probably more be- 
cause of the fringe benefits and employment security than the 
basic wage rate. In fact, for this group of operating proper- 
ties the hourly wage ranged from $3.25 for helpers to $7.50 
for skilled mechanics. These rates are controlled by each 
municipality as part of the total municipal salary scale and 
are based on experience, training, and local conditions, and 
are usually somewhat lower than those paid in the private sector. 

Maintenance Organization 

There is no organization of personnel by function in the 
six properties in this group, and each mechanic is assigned tasks 
depending on what function needs to be done at a given time. Al- 
though there is no organization by function, there is a priority 
ranking for undertaking the various maintenance operations, as 
shown in Table 18. Road calls, and their resultant emergency re- 
pairs, along with essential running repairs are given top priority. 
The number of road callsand running repairs made by several of the 
systems were high and could be directly attributed to vehicle age, 
vehicle type, and deferred preventive maintenance. These activities 
limit the amount of preventive maintenance that can be accomplished, 
and as a result large amounts of breakdown maintenance must be done 
to meet scheduled runs. Breakdown maintenance of this type is far 
more costly than scheduled preventive maintenance and further 
erodes the effectiveness and efficiency of the maintenance opera- 
tion. 

An even further deterioration of transit vehicle maintenance 
results from setting maintenance priorities on the basis of vehicle 
type. A typical priority list for maintaining municipal equipment 
might be similar to that in Table 19. Obviously, transit vehicles 
should not receive maintenance priority in the case of an emergency 
or when dealing with emergency equipment that is in very short 
supply; however, it is necessary to keep in mind that there is a 
substantial investment in transit vehicles that must be protected 
at an appropriate level. 

Table 18 

Priority of Maintenance Functions in Municipal Fleets 

Funct ion Priority 

Road•calls i 
Running repairs i 
Preventive maintenance 2 
Rebuild 3 
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Table 19 

Maintenance Priority by Vehicle .Type in Municipal Fleets 

Vehicle Type Priority 

Emergency (ambulance, rescue vehicle, etc.) 
Police vehicles 
Fire equipment 
Refuse equipment 
Public works equipment 
Transit buses 

Vehicle Maintenance Management Information System (VMMIS) 

The purpose of the VMMIS is to strengthen and assure the 
maintenance administration function by providing a management aid 
that will adequately supporm maintenance planning and operational 
requirements. In general, a VMMIS is composed of three parts: 
data collection (maintenance forms), data manipulation and analy- 
sis, and useful output of an operational and reporting nature. 
While it is possible to operate a VMMiS as a manual system without 
a computer, it is very labor intensive to do so. 

None of the systems in the municipal fleet group operated a 
VMMIS. It is true that several did have cost information and in- 
ventory control functions, some of which were computerized, but 
none were attempting to consolidate and analyze data on the oper- 
ational aspects of vehicle maintenance for the purpose of improving 
maintenance productivity. 

The foundation of any VMMiS is the various data collection 
forms. The properties in this group use a variety of these as 
indicated in Table 20, which lists only the written forms completed 
or controlled by the maintenance operation. Therefore, it is possi- 
ble for a certain type of information to be collected or to be ac- 
cessible elsewhere in the overall transit organization and not be 
immediately available to the maintenance people. Copies of the 
various forms used by the municipal fleet systems are given in 
Appendix D. 

The data necessary to implement a VMM!S, such as the types in 
Table 21, are often available within the transit system organiza- 
tion or could be collected with relatively little effort. The data 
that were collected were almost never being analyzed except for use 
in cost accounting and inventory contro •. This informamion usually 
was not being returned to the maintenance administration level in 
any form useable for planning •he preventive or periodic approach 
that should be taken. Unfortunately, several kinds of data that 
are very important to mainmenance management such as those on road- 
call failures, buses out o = service, detailed labor time, etc., 
were not being collected by a majority of the systems. 



Table 20 

Maintenance Information Forms in Use by Municipal Fleets 

Danv. Bris. Staun. Winc. Jacc. Harr. 

Operator defect or 

inspection sheet X 

Daily fuel, oil, and 
fluid use record 

Preventive maintenance 
inspection sheet X 

Road•eal! record 

Repair order X 

X X X X 

X X 

X X X 

X 

X X X 

Table 21 

Maintenance Data Recorded by Municipal Fleets 

Labor 

Parts 

Type of repair 

Mileage 

Oil use 

Fuel use 

Road calls 

Missed runs due to 
mmintenance 

Late runs due to 

maintenance 

Component failures 

Subassembly failures 

Buses down for 
maintenance 

Dan. Bris. S t aun. Winc. Jacc. Harr. 

X X X X X 

X X X X X X 

X X X X X X 

X X X X X X 

X X X X X 

X X X X X 

X 
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It was also observed that even when data were available 
there was no attempt to generate performance indicators or meas- 
ures for internal or external comparison as a means of mainte- 
nance accountability. This lack of performance measures was 
also linked to the general absence of any stated or written goals 
and objectives for the maintenance operations in all of the 
municipal fleet systems. 

Maintenance Planning 
A program of planned transit vehicle maintenance is based on 

fixed schedules for maintenance practice on a reoccurring cycle. 
"In the broadest interpretation, its goal is to minimize total 
cost, including those for maintenance labor, parts, road calls, 
spare vehicles, loss of service, and management information re- quirements."(23) 

The municipal fleets did not make much use of maintenance 
planning to formulate the best preventive and periodic maintenance 
schedules based on local conditions. It was observed that the 
common method of planning the schedule and level of maintenance 
was to rely on the manufacturer's recommendation and operating 
experience. Another approach was to continue the maintenance 
program used by the preceding private transit operator. 

The bases used in maintenance planning noted during the case 
studies are presented in Table 22, where it is readily seen that 
the level of maintenance planning is not impressive. There are 
three major causes for this lack of planning activity: the size 
of the operations, a sense of immediacy about the maintenance that 
is performed that overshadows any thoughts or attempts at planning, 
and the lack of data in usable form or a system approach to use 
the data that are available. The effect of each of these is 
heightened by the absence of any goals and objectives for the 
maintenance operations. 

Table 22 

Bases of Maintenance Planning Activity for Municipal Fleets 

Goals and objectives 
Manufacturers' recommendations 
Operating experience 
Data collection 
Accessible data 
Data analysis 
Vehicle profiles 
Component failure trends 
Subassembly failure trends 
Performance indicators and 

measures 

Danv. Bris. Staun. Winc. Jacc. Harr. 

X X X X 
X 
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S umbra r y 

The general findings from the visits to the municipal fleet 
systems are reflected in the list below. Not all of these char- 
acteristics are applicable to each of the municipal fleet opera- tions; however, all are negative factors that diminish maintenance 
productivity. 

i. The facility is undersized. 

2. The facility is improperly equipped. 
3. The maintenance operation is incorrectly 

staffed. 

4. The maintenance employees are in need of 
initial or additional training. 

5. Equipment maintenance priority practices 
do not favor transit vehicles. 

6. Breakdown maintenance receives priority 
over preventive maintenance. 

7. There is a lack of goals and objectives in 
the maintenance areas. 

8. There is a lack of locally developed and 
implemented performance indicators for 

.•. 

maintenance. 

9. There is not sufficient data collection and 
analysis to monitor performance and increase 
productivity. 

!0. There is a lack of maintenance planning. 

T<ans, i r 

The transit companies included in the transit only group 
are shown in Table 23. These systems ranged in size from Ii 
2!Z buses, all operating fixed route and schedule service. 

Table 23 

Transit Only Systems 

Systems No. of Buses 

Richmond Transit 
Tidewater Regional Transit 
Peninsula Transit 
Roanoke Transit 
Lynchburg Transit 
Charlottesville Transit 
Petersburg Area Transit 

212 
187 
i18 
41 
27 
26 
ii 



Maintenance Facilities 

Overall, the maintenance facilities of these properties had 
more floor space for bus maintenance and were better equipped 
than those in the municipal fleet group. Thefacilities were 
well-maintained, uncluttered, and as clean as can be expected, 
with the exception of Charlottesville. The size of the work area 

was adequate in all but the Charlottesville and Petersburg facil- 
ities, which were undersized for even the lowest levels of mainte- 
nance. As indicated in Table 24, the facilities in all of the 
systems were reasonably adequate except those in Charlottesville 
and Petersburg, neither of which had an adequate lift nor automatic 
washing and cleaning equipment. Charlottesville had no inspection 
pit of any kind, and Petersburg had no drive-through bay. 

Table 24 

Maintenance Facilities of Transit Only Systems 

Rich. Tide. Pent. Roan. Lync. Char. Pete. 

Drive Thru Bays X X X 
Automatic Wash Equipment X X X X X 
Automatic Clean Equipment X X X X 
Vehicle Lifts* X X X X X 
Inspection Pits* X X X X X 

*Adequate capacity for transit vehicles now in use or expected to be 
used in the near future. 

Ma int en.an c e..E•u ip.me nt 
The systems in this group generally were better equipped than 

the municipal fleets. The types of equipment that are considered 
essential for properly maintaining transit buses at this level are 
presented in Table 25. Here again, as in the case of the municipal 
fleet, the kinds and amounts of equipment depend on the levels of 
maintenance performed. Petersburg and Charlottesville had much 
less equipment than the other systems, because of the types of 
maintenance they engaged in. 

The general condition of the maintenance equipment was good. 
It was well maintained and replaced when necessary. As was the 
case with the municipal fleets• old equipment, when serviceable, 
was being used. 
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Table 25 

Transit Only 
Required Maintenance Equipment 

General 

Air Compressor 
Chemical Cleaning Tanks 
Parts Wash Vat 
Jib Crane 
Fork Lift Truck 
Oil Pumps, meters and hose 
Grease pump 
Pneumatic wrenches, i" and 

I/2" drive, and socket sets 
Work benches 
Impact chisel and punch 
Torque wrenches 
Assorted vises 
Transmission and engine stands 

with adapters 
Transmission and engine dollie 
Steam cleaner 
Fire extinguishers 
Battery charger and tester 

stand 
Assorted drills 
Overhead dispensing units 
Service vehicles 

Machine Shop..Tools 

Drill press 
Metal lathe 
Heavy duty press 
Valve facer 
Valve seater 
Valve grinder 
Valve seat grinder 
Band saw 

Jacks 

Portable 
Hydraulic, manual 

Chain Hoists 

Manual 
Power 
Movable 

Wheel, .Tire and Brake Work: 

Wheel dollie 
Inflation cage 
Brake lathe and grinder 
Tire groover 

Body Shop 

Grinder and buffer 
Electric welder 
Acetylene welder 
Rivet gun (air) 
Paint gun, regulators, filters 

and hose 
Access to air compressor 
Disc sander 
Sheet metal shear 
Sheet metal break 

Test Equipment. 

Injector tester 
Volt meter/multimeter 
Micrometer set 
Air conditioning test equipment 
Compression guage 
Brake decelerometer 
Headlight tester 
Antifreeze tester 
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Maintenance Practices 

The maintenance practices used by this group of properties 
are shown in Table 26. The first five practices were being used 
by all the systems and the last 5 by all except Charlottesville 
and Petersburg, which did not rebuild components and subassemblies 
for stock nor do body and chassis structural repairs. This in- 
formation is supportive of the statement made in the previous 
section concerning the amount of maintenance equipment these two 
systems had. 

All of the systems used scheduled inspections, but the sched- 
u!ing and content of the inspections were by no means uniform. Ele- 
ments of these inspections for each system are presented in Table 
27, which includes the types of vehicle for which the inspections 
are designed. This information was taken from the inspection forms 
used by the systems. It is interesting to note that the inspection 
forms used at Richmond, Tidewater and Pentran, Figures ! through 3, 
are very similar in content and structure. In fact, the basic 
form used by Tidewater and Pentran, Figures 2 and 3, is identical, 
and the practice of each property was to add other items at the 
appropriate schedule intervals. There is also a great similarity 
in the forms used at Roanoke and Lynchburg, Figures 4 and 5, with 
two of the inspection schedules used by each system being identical 
in most respects, with the exception of the mileage intervals at 
which the inspections were being performed. These forms were not 
changed every time an inspection or action was altered and it was 
observed that other inspections and activities were being performed 

in,_lud•d on the form. Although this on a regular basis but not 
practice was noted, the extent to which it was being used is un- 
known. A copy of the inspection form used by each propertyis 
included in Appendix E. 

The maintenance activities undertaken by these, systems were 
similar in most areas, with the major variations occurring in the 
mileage intervals. Charlottesville had the largest variance of 
the mileage schedule, because it used a single maintenance inspec- 
tion schedule for four different types of vehicles. 

The practice of periodic maintenance was described previously 
as the scheduled change out of parts and major components not in- 
cluding items generally associated with preventive maintenance such 
as various fluids and filters. None of the municipal fleets used 
periodic maintenance and only two of the transit only systems were 
using it on a major scale. The items included in the periodic 
maintenance schedule at Richmond and Pentran are presented in Table 
28. It is readily seen that the items listed are similar for both 
systems and that Richmond had the larger program in regard tc the 
number of components changed out. 



Tabie 28 

Transit Only Maintenance Practices 

Practice 

Scheduled inspections 

Minor repairs 

Replacement of parts 

Replacement of major 
components 

Repair of major 
components 

Rebuild of major 
components for stock 

Replacement of 
s, ubassemblies 

Repair of subassemblies 

Rebuild of subassemblies 
for stock 

Body and chassis 
structural work 

Rich. Tide. Pent. Roan. Lync 
L. 

Char. Pete. 

X X X X X X X 

X X X X X X X 

X X X X X X X 

X X X X X X X 

X X X X X X X 

X X X X X 

X X X X X X X 

X X X X X X X 

X X X X X 

X X X X X 

The repair of major components is another essential practice 
for the effective maintenance of transit vehicles. The extent to 
which this practice was being used varies among the properties in 
the transit only group. The usual components found on a transit 
bus, along with a review of the repair activities undertaken at 
each of these systems, are presented in Table 29. When this table 
is compared with Table 15, it is evident that the areas of repair, 
such as engine and automatic transmission for example, are much 
broader in the transit only systems. As was observed for the 
municipal fleets, the level of repair activity undertaken in the 
transit only systems was also a function of available equipment 
and trained manpower with a subjective cost variable factored 
into the equation. 



Table 2'7 

(I) Inspect 
(R) Replace 

Chassis Lube 
(R) Eng. Oil 
(R) Oil Filt. 
(I) Oil Press. 
(I) Air Filt. 
(R) Air Filt. 
(R) Fuel Filt. 
(I) Belts-, Hoses 
(I) Exh. Sys. 
(I) Coolant 
(1) Trans. Oil 
(R) Trans. Oil 
(R) Trans. Filt. 
(1) Drive Line 
(I) Diff. Oil 
(R) Diff. Oil 
(I) Adj. Brks. 
(I) Brk. Lining 
(I) Emg. Brk. 
(I) Air Sys. 
(1) Air Comp. 
(I) Tanks, Lines 
(I) Starter 
(1) Aft. Output 
(I) Batteries 
(I) Lights 
(I) Gages, Instrs. 
(I) Steering 
(I) Suspension 
(I) Whl. Brgs. 
(I) .Tires 
(I) Body 
(I) Wpr., Wash. 
(I) Ht., Def. 
(I) Air CoLd. 
(1) Door Opr. 
(I) Windows 
(I) Seats 
(I) Horn 
(I) Mirrors 
(R) Water Filt. 
Stm. Cln. Eng. 

Preventive Maintenance Items and Mileage Schedules 
Used by Transit Only Systems 

Rich. Tide. Pent. Roan. Lyric. Char. 
FLX FLX FLX FLX FLX GMC 
GMC GMC GMC FLX 870 GMC M.B. 

FLX 870 GMC B.B. 
GMC RTS .Wayne 

6,000 6,000 6,000 3,000 6,000 
12,000 6,000 6,000 9,000 12,000 
12,000 6,000 6,000 9,000 12,000 
6,000 6,000 6,000 
6,000 6,000 6,000 18,000 12,000 

48,000 48,000 27,000 36,000 
24,000 24,000 24,000 18,000 12,000 
6,000 6,000 6,000 9,000 6,000 

24,000 9,000 6,000 
6,000 6,000 6,000 3,000 6,000 
6,000 6,000 6,000 3,000 6,000 

24,000 36,000 48,000 27,000 36,000 
12,000 36,000 24,000 18,000 12,000 

9,000 6,000 
6,000 6,000 6,000 3,000 6,000 

60,000 48,000 60,000 27,000 36,000 
2/wk. 6,000 2 wks. weekly M,W,F 
6,000 6,000 6,000 9,000 6,000 
6,000 6,000 6,000 3,000 6,000 
6,000 6,000 6,000 3,000 6,000 
6,000 6,000 6,000 27,000 36,000 
6,000 6,000 6,000 3,000 6,000 
6,000 6,000 6,000 27,000 36,000 
6,000 6,000 6,000 27,000 36,000 
6,000 6,000 6,000 3,000 6,000 
6,000 6,000 6,000 3,000 6,000 
6,000 6,000 6,000 3,000 6,000 
6,000 6,000 6,000 9,000 6,000 
6,000 6,000 6,000 9,000 6,000 

27,000 3,600 
6,000 6,000 6,000 3,000 6,000 
6,000 6,000 6,000 3,000 6,000 
6,000 6,000 6,000 3,000 6,000 
6,000 6,000 6,000 3,000 6,000 
6,000 6,000 6,000 3,000 6,000 
6,000 6,000 6,000 3,000 6,000 
6,000 6,000 6,000 3,000 6,000 
6,000 6,000 6,000 3,000 6,000 
6,000 6,000 6,000 3,000 6,000 
6,000 6,000 6,000 3,000 6,000 

12,000 12,000 12,000 27,000 36,000 
6,000 6,000 6,000 3,000 6,000 

2,000 
4,000 
4,000 

4,000 
4,000 
4,000 
2,000 
2,000 
2,00.0 
2,000 
8,000 
8,000 

2,000 
8,0O0 
2,000 

2,000 
2,000 

2,000 

2,000 
2,000 
2,O00 
2,000 
2,000 
2,000 
2,000 
• 000 
2,000 
2,000 
2,0O0 
2,000 
2,000 
2,000 
2,000 
2,000 

4,000 

Pete. 
GMC RT 

4,50 
9,00 
9,00 

4,50 
6 mo 

24,00 
4,50 

4,50 
4,50 

25,00 
25,00 
4,50 
4,50 

50,00 
4,50 
4,50 
4,50 
4,50 
4,50 
4,50 

4,50 
4,50 
4,50 
4,50 
4,50 
4,50 

4,50 
4,50 
4,50 
4,50 
4,50 
4,50 
4,50 
4,50 
4,50 
4,50 
6 mo 
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YZ.•C •8,000 •£L£ ZNSP£CTZON 

!7 ,OO0 .•L2. Z:I•L•-=CTION 

7. Cha•,_. ,•tr :leaner and oerrv '•acer •ii=er 

•. Chan•e =tans. fluid 

LUgKICATE WHEEL STUNS .•ND INSPECT TP,-EALS AT •CH WP•L C:•NGE 

SET •E l:• ANO ZA•NCE •P.ONT •i•L• WHEN •ONT TI]• •{E C•L•NGED. 

Figure 4. Roanoke preventive maintenance inspection form. 
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FLXIBIE AND •4: 4521k 12,000 .MILE LNSFECTIC• 

•EC•%NIC 

• •ra•ttssion filters 

C•mn• fuel fil•ers 

• •2a] • 452•_A 3,000 MIIZ D•P• 

].. C'hec.k sr..•z't•, m•ula•r and •eneramr 

3. Check air c•aress•r cutout 

6. 

7. 

8. 

C%eck •_zrmr R. P,M. 

(•..•ng• diffex•_ntial oil 

air cleaner and perry •ater filter 

Figure 5. Lynchburg preventive maintenance inspection form. 



Table 28 

Periodic Maintenance for Transit 0nly Systems 
(Mileage Basis) 

Richmond Pentran 

Air compressor 150,000 150,000 

Air governor 60,000 60,000 

Engine blower 150,000 150,000 

Engine water pump 72,000 78,000 

Engine alternator 150,000 

Voltage regulator 102,000 

Engine starter 72,000 72,000 

Radiator i00,000 

Fuel injectors 150,000 150,000 

Fuel pump 60,000 60,000 

Brake foot valve 96,000 i00,000 

Brake relay valve 48,000 i00,000 
Differential 150,000 

Steering i00,000 

It was noted previously that the rebuilding of components and 
subassemblies was a practice engaged in by few of the municipal 
fleet systems, and that their approach to this need is usually to 
purchase these components already rebuilt or have them rebuilt by 
a contractor.. In the transit only system the approach is just the 
opposite. Much less of the rebuilding work is contracted out, as 

can be seen in Table 30. The two exceptions to this were Peters- 
burg and Charlottesville, both of which contracted out a majority 
of their rebuild work. Component machining for heavy engine re- 
build such as align boring, crankshaft grinding, and cylinder head 
resurfacing, and the rebuilding of diesel fuel injectors were con- 
Tracted out by all of the properties. 

The final area of maintenance activity to be discussed for 
the transit only properties is vehicle servicing. The basic tasks 
performed during vehicle servicing are listed in Table 31. Unlike 
the systems in the municipal fleet group, all of these properties, 
except Petersburg, perform-these tasks daily; Petersburz washes 
the vehicles once a week. 



Table 2 9 

In-House Repair of Major Components by Transit Only Systems 

Rich. Tide. Pent. Roan. L•nc. Char. Pete. 

Air System 
Compressor X 
Valves 

Electrical Equipment 
Alternator/generator X 
Starting motor X 
Radio X 

Engine 
Head, block, and 

crankshaft machining 
Valve and seat machining X 
Valve seat and guide 

replacement X 
Cooling system X 
Blower X 
Fuel injectors 

Automatic Transmission 
Major repairs X 
Assembly for rebuild X 

Heating and Air Conditioning 
Compressor X 
Controls X 
Blower motors X 
Marine pumps X 
Plumbing X 

Brakes 
Drums X 
Lining X 

X X X X X X 

X X X X X X 
X X X X X X 

X 

X X X X 

X X X X 
X X X X X X 
X X X X X X 

X X X X 
X X X X 

X X X X 
X X X X X X 
X X X X X X 
X X X X X X 
X X X X X X 

X X X X X 
X X X X X X 
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Table 30 

Work (Rebuild) Contracted by Transit Only Systems 

Rich. Tide. Pent. Roan. Lyn.c. Char. Pete. 

Air System 
Compressor X X 
Valves X X 

Electrical Equipment 
Alternator generator 
Starting motor 
Radio X 

Engine 
Head, block, and 

crankshaft machining X X 
Valve and seat machining 
Valve seat and guide 

replacement 
Water pump 
Blower 
Fuel injectors X X 
Assembly for rebuild 

Automatic transmission 
Major repairs 
Assembly for rebuild 

Heating and Air Conditioning 
Compressor 
Controls 
Blower motor 
Marine pump 

X X X 
X X X 

X X E 

X X X X 

X X X X X 
X X 

X X 

X X 
X X X X X 

X 

X X 
X X 

X X 

X X 
X X 

Table 3 ! 

Vehicle Servic•_ng by •ra•.sit 0nly Systems 

Task 

Fueled 

Fluid check 

Visual check 

Exterior wash 

Interior sweep 

Rich. Tide. Pent. Roan. Lync. 
D D D D D 

D D D D D 

D D D D D 

D D D D D 

D D D D D 

Char• 

D 

D 

D 

D 

D 

D Daily 
W Weekly 

Pete. 

D 

D 

D 

W 

D 



Maintenance Personnel 

The maintenance personnel at the transit only systems are 
classified under many headings. The main classifications include 
bus cleaners, service personnel, mechanic's helpers, apprentice 
mechanics, and mechanics in different classes or grades. 

Most of the mechanic's helpers, apprentices, and mechanics 
had been promoted from within. This system ensures that personnel 
will have some familiarity with the construction and operation of 
a transit bus. Here again, as was the case for the municipal 
fleet systems, the majoritz of maintenance personnel had had no 
previous formal training, and had received none after they were 
employed. While it is true that there were properties that used 
the job classification of apprentice, there were no formal, organ- 
ized apprentice programs and only one organized training program 
among the systems in the transit only group. The need for formal 
maintenance training was unanimously expressed by the maintenance 
management personnel in this group, but there was little formal 
action. Outside training was being encouraged and supported but 
was not very popular with the line employees and was available in 
only the heavily industrialized geographic areas. The one property 
that was using a formal training approach was Richmond. The attitude 
and direction taken by the maintenance personnel at Richmond is 
apparent when you review the content of the introductory page of 
the informational training guide being used there and reproduced 
here in Figure 6. 

The turnover of maintenance personnel was relatively low in 
these systems. This may be explained by the wage rates in the 
larger population areas such as Richmond, but is more probably 
explained by the better than average benefits and perceived job 
security associated with public employment. The overall wage 
rates at the transit only systems were higher than those found 
in the municipal fleets and ranged from $3.75 for cleaners to 
$9.37 for top-level mechanics. Five of the transit only systems 
used organized labor; only Charlottesville and Petersburg used 
nonunion workers. The difference in wage rates did not appear to 
be related to the union status of labor but rather to the geo- 
graphic location and size of the system. 

47 



•(] 'ANI CAL 

INSTRUCTOR' S •]IDE 

The purposc of thc Job Training Progrmn is to acquaint 
•lechmnicai pcrsom•ci with the correct methods and proccdurcs 
in the pcrfo:•ancc of preventive maintenance. 

The prevcntive maintcnmlce prcgrmm is the backbone of 
all fleet operazions m•d must bc carried out systematically 
to insurc a higi• degree of effccienq•. Preventive mninten 
ance actually me,ms a way of elh:•ina•g •e causes of Drea• 
downs before rl•ey occur. A good preventive m•inte .nance n:•an 
is a real '•ro" and is continually looking for "tro•:b!e" that 
might occur and to 'hid it in the bud" before it happepm. 

As in •ny "in house', training program, cur •oal is to 
help the employee obtain a betler •orking •.•m.owled•e of the 
job perfomn•ce d•at is e•ected. • provi•n• •he e•ioyee 
a •s by which to knave his workin• •owledse, not only 
•es the %•loyee gala personal benefits, the co•¢" • 
• receives benefits •z are te•i•lly measured • the 
costs col•. 

There is somerJ•Lng to be learned daily!! 

•qeekly: Wedzcsday •.ursday Firday 
8:00 A.M. Ii:00 A.•L 
9 hour course 

Training and refresher courses are for all persorm•el 
involved h• the Yech•nical •ainten•ce, Repair, •m.d Inspection 
of revenue equipment. Sessions I• for apFroximateiy three 
hours dura:ien •nd will cover a variety of subjects. Sessions 
will inco•ormte fi]•ns and actual "touch and feel". 

Notes are to be taken by trainees. 

Booklets are to be issued for each training ses&ion. 

Figure 6. Introduction to Richmond training manual. 
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Maintenang.e Organization 

These seven properties use three approaches in organizing 
maintenance. These approaches can be identified with three sub- 
sets of systems for the groups as shown in Table 32. As seen in 
this table, Approach i was being used in the subset containing 
Richmond, Tidewater, and Pentran. In these properties, preventive 
m•intenance inspections, running repairs, and unit rebuilds were 
being carried on by separate groups of maintenance employees. For 
example, a mechanic performing a unit rebuild would not install 
the unit as a running repair, nor would the inspection mechanic 
remove and rebuild a major component. However, it was common to 
find these types of mechanics offering advice and assistance to 
each other in troubleshooting and diagnosis. In addition, certain 
mechanical systems were diagnosed and repaired only by those in- 
dividuals highly skilled in particular tasks. This approach may 
be taken for electrical components, air conditioning, engine, and 
transmission. Usually, mechanics were formally designated for 
troubleshooting and repair for only electrical components and air 
conditioning. It was observed that the maintenance foreman played 
an important role in this regard. The foreman, by virtue of his 
knowledge of the level of skill each mechanic had, could informally 
organize maintenance functions so that the skill level would match 
the needed repairs. 

Table 32 

Organization of Maintenance Functions by Transit 0nly Systems 
(Work Assignments by Function) 

APPROACH i 

Rich. Tide. Pent. 

APPROACH 2 

Roan. Lync. 

Preventive maintenance 
inspections X X X 

Running repairs X X X 

Unit rebuild X X X X X 

Mechanics who are 

area specialists X X X 

Informal organization 
by maintenance foreman X X X 

APPROACH 3 

Char. Pete. 

X X 

N/A 

X N/A 
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Approach 2 was being used in the systems in the second sub- 
set; namely Roanoke and Lynchburg. In these two systems, only 
the unit rebuild function had a designated staff. Preventive 
maintenance and running repairs were performed by all the mechan- 
ics. In addition, at Roanoke it was observed that the mechanics 
were also responsible for the daily cleanup of the buses, as there 
were no service personnel to wash and sweep out the buses. 

Approach 3 was being used in Petersburg and Charlottesville, 
the systems in the third subset. No maintenance personnel were 
designated by function in these properties and the work was 
assigned as it became necessary. 

The systems in the transit only group did not usually pri- 
oritize their maintenance activities, with the exception of Char- 
lottesville and Petersburg, both of which attended to breakdown 
maintenance and running repairs on a priority basis, but did not 
assign priorities by kind of vehicle, as only transit vehicles 
were being maintained. 

Vehicle Maintenance Management Information System (VMMIS) 

In the transit only properties VMM!S is given much more atten- 
tion than in the municipal fleets. The types of maintenance in- 
formation forms used in these systems are presented in Table 33. 
Information is collected in a more organized manner and is used 
to track the performance of the transit vehicles. Richmond was 
the only system using a computerized approach; however, Pentran 
and Tidewater were studying computer applications. The data 
collected are presented in Table 34. Although not readily apparent 
from this table, the collection and analysis efforts at Charlottes- 
ville and Petersburg were much smaller than those at the other 
five properties. A sample of the output material produced can be 
seen in Figures 7 through !0. This material represents a step 
toward commitment to quality control and performance monitoring 
that is necessary to retain present productivity and initiate future 
increases. Copies of the various maintenance forms used by all 
these properties are given in Appendix F. 

Even though an attempt was being made to monitor performance, 
it was observed that, with the exception of Richmond, none of these 
systems had any written goals and objectives pertaining to the 
maintenance operations. In addition, Richmond was the only system 
with expressed performance levels and indicators, such as 4,500 
miles per road call and productive man-hours per !,000 bus miles, 
being used to measure maintenance performance. 
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Table 33 

Maintenance Information Forms for Transit Only Systems 

Rich. Tide. Pent. Roan. Lync. Char. 

Operator defect or 
inspection sheet X X X X X X 

Daily fuel, oil and 
fluid use record X X X X X X 

Preventive maintenance 
inspection sheet X X X X X X 

Road call record X X X X X 

Repair order X X X X X X 

Pete. 

Table 34 

Maintenance Data Recorded byTrans• • 0nly Systems 

Rich. Tide. Pent. Roan. Lync. Char. 

Labor X X X X X X 

Parts X X X X X X 

Repair X X X X X X 

Mileage X X X X X X 

Oil Use X X X X X X 

Fuel Use X X X X X X 

Roadcalls X X X X X 

Missed runs due to 
maintenance 

Late runs due to 
maintenance X 

Component failures X X 

Subassembly failures X X 

Buses down for 
maintenance X X X X X X 

Pete. 
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HONT!IL¥ REPORT OF I¢ORK TIIROUCII SHOP 

S•IOP HONTII OF 19 DATE 

DESCRIPTION 

AIR CO•[D!TION 

A.C. ALTER•IATOR 

A.C. C•LTC• P•G. 

A.C. COMPRESSOR 

MONTH YR TO DATE 
DESCRIPTION 

TRA•'[SMi SS IONS 

TURBI•,[ES 

DIFVEEENT!AL 

ENGI•'IE BLOWERS 

A.C. CL•.•-• CYL FLUID ?U•'IPS 

STEERING BOXES 

ELECTRICAL -'-LLED c,o• 

ALTEr. • CEX. "2AL•E •GD rF-'S 

START ERS RADIATORS 

WATER PUMPS REGULATCXS 

•IKE HARI•ES,• 

BLOWER 

BOOST =•., •U]':PE. 

AIR-ELE. SHIFT 

SPEED-O-:•.•7• 

FUEL PUMPS 

SLACK A•JUSTE•S 

E•IGI:[E OVH 

CYLINDER HEADS 

AIR CO•IPRESSORS FAN DRIVES 

OIL ?•"•S 

BRAKE APP. VALVE[ CA•v• 

BRK. RELAY VALVE 

MO NT tt 

BELLO:•S ASSY. 6000-•.!ILE !NSP. 

GRAD-U-STATS I3RAKES 

LEVEL V,,\LV E ACCIDENTS 
:-L]!ST',•'I• -C, iE. :.'•:.• BUSES 

REV, 2-12-76 

YR TO DATE 

Figure 8. Maintenance activity record for Pentran. 
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ROKD CALL CAUSE- 

I. A•-r E•ui ornent 
2. Belts 
3. Brakes 
4. Body Parts 
5. Clutch 
6. Cool iu• 
7. Engine 
8. Electrical Svs tern 

9. l•nition 
i0. Fuel •ystem 
ii. Heaters/Defrosters 
[2. Misc. Drive Parts 
13. Rear Axles 
14. Sl•rin.•s/Suspens ion 
15. E •eerin•-Fron Axle 
16. Trans•is• ion 
17. Tires 
!8. Out of Fuel 
19. Air Conditioning 

TOT.•L CALLS CP•uRCED 
TO EQUIPMENT 
AVERAGE MILES PER 
CALL CH•.RGED TO 
EOUIPP•NT. 

20. Farebox 
21 Accident k. 
22 Unclassified 

TOTAL 6ALLS NOT 
CPJ•RCED TO EOUIP. 
AVERAGE MILES PER 
CALL NOT CP_•RGED TO 
EOUIPM•NT 

TOTAL ALL CALLS 

AVEP•AGE MILES PER 
TOTAL CALLS 

TOT• BUS MILES 

•ype of Coach 
TDH 3301 Flxible 
(1969) (1975) 

TSH4534A 
(1976) 

Total 
For Mo. 

To tal 
Las Yr'. 

Eigure 9. Road call summary for Lynchb.urg. 



GRTC FLEZT PERFOR•<%NCE REPORT 

Month of 

/62 

!65 

,Descr•pt!gn 

Miles 
This 
Month 

Cumulative Gals. 
Miles Fuel 

170 
17! 
•72 

Oil 
Used 

!73 

176 

179 

191 
192 
193 

Miles 
Qt. Oil 
Added 

Figure i0. Fleet performance for Roanoke. 



Maintenance Planning 

The original basis for all maintenance planning in the 
transit only group was the manufacturer's recommendation and 
operating experience. In addition, all of the properties used 
fuel and oil use as an indication of possible maintenance prob- 
lems. As indicated in Table 35, these properties, with the 
exception of Petersburg and Charlottesville, had added data 
analysis in order to profile the vehicle maintenance history. 
Richmond and Pentran had continued further with the use of 
periodic maintenance based originally on experience and sub- 
jective opinion. Efforts were under way to modify the periodic 
maintenance schedule according to data collected on component 
failures. Richmond had computerized its operation and Pentran 
was considering such an approach. 

During the site visits it was observed that the planning 
actions being taken did not include the entire mainte- 
nance operation in any of these systems. However, Richmond, Tide- 
water, and Pentran were moving to total system planning. As in 
the case of the municipal fleets, the kind of data being collected 
from the various maintenance areas and the general lack of computer 
analysis were prime causes of the slow implementation of system 
wide maintenance planning. In spite of the fact that maintenance 
planning was much further advanced and more progressive in the 
transit only group than in the municipal fleetgroup, relatively 
unsystematic methods that must rely on subjective judgements and 
trial and error were being used to make up for the lack of data 
collected previously and the basic conservative nature of transit 
management that has existed. 

Table 35 

Maintenance Planning Activity for Transit Only Systems 

Rich. Tide. Pent. Roan. Lyric. Char. Pete. 

Goals and objectives X 

Manufacturers' recommendations X X X X X 

Operating experience X X X X X 

Data collection X X X X X 

Accessible data X X X X X 

Data analysis X X X X X 

Vehicle profiles X X X X X 

Component failure trends X X 

Subassembly failure trends X X 

Performance indications and 

measures X X 

X X 

X X 

X X 

X X 
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It should be pointed out here that during this discussion 
it was quite common for Charlottesville and Petersburg to be 
excluded or otherwise set apart from the other transit only 
systems. This is not an attempt to characterize their mainte- 
nance operation as being inferior or unproductive. The mainte- 
nance operation at both systems was being carried on under ex- 
tremely adverse conditions. Petersburg owned no maintenance 
facility and rented a small portion of the Tri-Cities maintenance 
facility, which consisted of one pit and a storage area. This 
situation was soon to be eliminated as a new maintenance facility 
was being constructed and equipped. Charlottesville, although 
already located in a relatively new maintenance facility, had had 
the number of buses double in a year without the attendant nec- 

essary improvements to the maintenance operation. Improvements 
to the Charlottesville facility and method of operation were being 
formulated by the newly appointed maintenance supervisor and 
system manager. 

Sumg.ary 

The general findings and information gathered d•ring site visits 
to the transit only systems are the basis for the descriptive !ist 
presented below. Not all of these characteristics are applicable 
to each of the transit only operations; however, all are negative 
factors that diminish maintenance productivity. 

i. The maintenance employees were in need of initial 
or additional training. 

2. There was a general lack of goals and objectives 
in the maintenance area. 

3. There was a general lack of locally developed and 
implemented, performance indicators for maintenance. 

4. There was insufficient data collection and analysis 
for monitoring the performance of maintenance and 
increasing productivity. 

5. There was insufficient maintenance planning. 

FACTORS AFFECTING MAINTENANCE PERFORMANCE 

The questionnaire results, when combined with the observa- 
tions and information obtained during the site visits, provided 
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a data base that was analyzed to identify and classify factors 
which affect the productivity of transit bus maintenance. The 
major factors uncovered are presented in Table 36. Table 37 
presents a matrix showing the interaction of these factors. 
When the matrix is reviewed it is clearly evident that there is 
a fair amount of interaction among all factors. However, in this 
study, not all the operating properties were affected by each of 
these factors as is indicated by the information presented in 
Table 38. In addition, these factors affected different systems 
to varying degrees. The factors are discussed under the following 
subheadings. 

Table 36 

Factors Affecting Maintenance 

Lack of goals and objectives 

Inadequate maintenance personnel assignments 

Inability to hire qualified personnel 

Need for maintenance personnel training 

Low maintenance priority for transit vehicles 

Inadequate facility capability 

High incidence of running repairs 

Need for data collection and analysis 
Need for maintenance system planning 
Need for periodic maintenance programs 

Inadequate preventive maintenance programs 

Need to educate local political bodies 

Present condition of the buses 

Use of inadequate buses 

Use of obsolete buses 

Complex design of the advanced design bus (ADB) 

Skill level needed to maintain ADB 

Need for transit vehicle expertise 

Inadequate number of spare buses 



Table 3 7 

Maintenance Factor Interaction Matrix 

GOALS AND OBJECTIVES X X X X X X X X X X X X X X 

P.•'RSONNk'L AS SIGh.•TS X X X X X X X X X X 

QUALIFIED PERSONNEL X X X X X X X X 

.P EP, S ONh_•EL TRAINING X X X X X X X X X X X 

MAINTENANCE PRIORITY X X X X X X X X 

FACIL!TT. CAP.•B ILITY X X X X X X 

RUNNING REPAIRS X X X X X X X X X X X X X X X X X X 

COLLECT, ANALYZE DATA X X X X X X X 

MAINTENANCE PI•-N•{ING X X X X X X X X X X X X 

P•--•!0DIC :!•IN!/EI_•{•CE X X X X X Z X X X X X Z X 

INADEQ. PKEV•-NT. Z-%INT. X X X X X X X X X X X X X X X X :.1 X 

LOCAL POLITICAL B0 S X X X X X X Z X X X X X X X 

CON-DITION OF BUSES X X X X X X X X X X X X X X Z X X X 

INADEQUATE BUSES X X X X X X 

OBSOLETE BUSES X X X 

DESIGN OF TEE ADD X X X X X 

.MAINTAIN ADB X X X X X X 

VE'£I •Z E•EKT!SE X X X X X X X X X X X X X X 

!NADEOUATE SP•_RE S X X X X X X X X X 





Goals .a.nd Ob.jectives 

The lack of goals and objectives specifically pertaining 
to vehicle maintenance operations precludes the targeting of 
improvements that maintenance operations may strive to attain. 

The formulation of goals would provide overall direction 
for the maintenance function while the generation of objectives, 
using local operating conditions and characteristics as inputs, 
would ensure a structured means of addressing the other factors 
identified as affecting the performance of maintenance. Included 
in this group of objectives should be the development of perform- 
ance indicators and measures for evaluating the results of any 
actions taken. 

The use of performance indicators or measures is most readily 
accepted in planning and funding. They can be used to establish 
an effective and easily documented approach to obtaining the 
funding necessary for a particular level of maintenance activity. 
In turn, operating at or above the level of the indicators can be 
a convincing argument when asking local agencies to award funding 
on a priority basis. 

The other purpose for using performance indicators is to 
assist management in planning and internal control. The possible 
benefits to maintenance of a group of indicators such as those 
in Table 39 is clearly evident. The use of oil and fuel on a 
mileage basis, hours of operation per mechanic, and miles per 
road call all provide an indication of the performance of the 
maintenance operation. 

The development of indicators and measures must be done on 
the local level. Vehicle maintenance is extremely site-specific 
and varies widely with local operating conditions and character- 
istics. While the indicators must be formulated on the local 
level, there are some broad criteria, such as those listed in 
Table 40• 14) which may be helpful. 

It is recognized that many systems may need assistance of 
some kind in formulating goals and objectives and then, in turn, 
a set of maintenance performance indicators, but this action is 
vital to a systematic approach to maintenance. In addition, 
properties will most likely use their maintenance staff to formu- 
late the goals, objectives, and indicators. Where this is done, 
the outcome has a high probability for success, because these 
individuals operate the system on a day-to-day basis and can 
greatly influence the acceptance and proper use of the indicators. 
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Table 39 

Common Performance Indicators 

Annual miles per bus 

Annual hours per bus 

Spare bus ratio 

Bus miles per quart of oil 

Bus miles per gallon of fuel 

Bus miles per maintenance caused road call 

Maintenance hours per bus 

Annual operation hours per maintenance hour 

Percentage of fleet available for service 

Table 40 

Criteria for Selection of Performance Indicators 

i. Related •o a stated system objective. 

2. Easily understandable and definable. 

3. Unbiased and objective. 

4. Measurable from available data. 

5. Methodologically correct (i.e., property separating input and 

outNut measures). 

6. Acceptable to the parties involved. 

Source: Reference 14. 

There are many areas in which objectives can improve transit 
vehicle maintenance• An objective that calls for a performance 
indicator of some kind would in turn reflect any lack of the data 
collection and analysis needed for the use of that indicator. The 
imnlementation, of an objective that specifies_ a certain =ev_•• • of 
preventive maintenance would hizhlight an inad= •qua•e number of 
spare buses on hand to allow the preventive maintenance program 
to be implemented fully The •= •" • a,•op•on o an objective dealing 
with the education of local political bodies may in turn provide 
relief from inadequate maintenance personnel assignments. These 
are only three out of many possible areas in which objectives 
may have a positive affect. 
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Inadequate Maintenance Personnel Assisnments 

A transit bus is not simply a large automobile or a truck 
in some unusual shape. It is constructed in a unique manner and 
for a specific purpose. Consequently, the various subsystems as- 
sembled to produce a transit bus are highly technical and complex. 
The result ms that the complete system a bus is technically 
complex, and proper maintenance of this system requires consider- 
able technical skill. An automobile or truck mechanic, even an 
excellent one, is not a transit bus mechanic. It follows, there- 
fore, that the maintenance of transit buses should be delegated 
to transit bus mechanics. Since it is very difficult to hire ex- perienced transit bus mechanics, the next best approach is to. 
designate persons who show an interest in maintaining transit 
buses as transit bus mechanics on a permanent basis, and to secure 
for these employees as much transit bus maintenance training as possible before assignment and during their entire tenure. The 
practice now used by some systems of assigning transit bus mainte- 
nance to any and all of the general shop mechanics should be 
avoided. 

Qualified Personnel and Trainin$ 
As mentioned previously, it is difficult if not impossible to 

hire a qualified transit bus mechanic. There is not a large pool 
of persons who have the needed qualifications. The formal train- 
ing necessary to produce a transit bus mechanic is unavailable 
except to employees of relatively large operating systems. Once 
a bus mechanic has received the training and experience available 
at a large operating system, with its corresponding level of mone- 
tary compensation, it is unlikely that he will leave and accept a position of comparable responsibility for less pay in a small or 
medium-sized system. In addition, the national trend toward de- 
creased vocational education makes even the prospect of obtaining 
suitable raw material for transformation into transit bus mechanics 
an increasing uncertainty. The direct outcome is then both ob- 
vious and the worst one possible. Demand for qualified personnel 
is increasing while the supply is decreasing. 

I• is not usually possible for small and medium-sized systems 
to engage in formal training exercises for various reasons, not 
the least of which is cost. For this reason, the approach gener- 
ally taken is to allow the mechanic to learn on the job. This is 
a viable approach if it is under the umbrella of an organized 
apprentice program that has qualified master mechanics serving as 
tutors. However, the usual procedure is one of trial and error, 
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with the cost of the errors being absorbed by the system. This 
is a very expensive approach and often prevents a transit bus 
mechanic from ever obtaining the diagnostic skills necessary for 
precise vehicle repair. One obvious solution is for each system 
to engage in routine training and conduct a viable apprentice 
program, but the majority of small systems do not have the re- 

sources necessary to do so. Another solution would be to develop 
one training facility for all the systems. This appears to be a 
much more logical approach when considered in terms of cost, 
availability of manpower, and duplication of effort. There are 

any number of approaches that could be taken, and the following 
three are presented as examples. 

A state organized and administered training program could be 
operated in a central geographic location and offer short courses 
covering all aspects of transit bus maintenance. Another approach 
would be to have one of the larger properties serve as the trainin• 
facility, with the operation being supported by a block grant to 
an organization of the transit properties such as the Virginia 
Association of Public Transit Officials (VAPT0), which would be 
responsi' • o•_ for the direction and administration of the programs 
A third scheme would be for the Public Transit Division to under- 
write the cost of training to be provided by one of the larger 
properties. The content and organization of the training in this 
case would be developed by a cooperative effort among all the 
operating systems. 

Maintenance Priority 

The maintenance of various kinds of municipal equipment on 

a priority basis ahead of or instead of transit bus maintenance 
is certainly counterproductive. Transit vehicles generate reve- 

nue which is used or can be used to cover a portion of their 
operating cost. The ability to generate this revenue is directly 
dependent on the reliability of the transit bus in revenue service, 
and the reliability of the transit bus in service is a function of 
the type and amount of maintenance performed, the ability to re- 
schedule routes, and the number of spare buses in the fleet. The 
proper maintenance of the bus is the most cost-effective method 
of ensuring system reliability as opposed to having a large per- 
centage of the fleet as spares and the difficult process of re- 
scheduling to meet published route times. Neglecting or deferring 
preventive maintenance adds ro late runs and in-service break- 
downs, both of which affect the demand for service. 

A refuse truck that does not make an appointed schedule will 
not cause a loss of revenue; an unreliable transit bus will. Transit 
buses must meet published schedules in order ro generate revenues, 
and a low maintenance pmiority seriously impairs this process. 



Assigning a low maintenance priority to transit vehicles 
strengthens the observation that, in most cases, transit bus 
maintenance is considered a stepchild that can be easily taken 
in by a municipal fleet operation. The same type of argument 
presented in the discussion of personnel assignments is also 
applicable here. A transit bus cannot be maintained in the 
same manner as an automobile or truck. Transit bus parts, with 
the exception of common diesel engine parts, filters, etc., are 
difficult to obtain at the local level. Transit buses cannot be 
maintained on an ad hoc basis with measurable success in terms 
of vehicle reliability. Add to this the immediacy of repairs 
often required in order to meet scheduled runs and it becomes 
apparent that a well-organized and planned transit bus mainte- 
nance program can support the maintenance of other types of 
vehicles much more effectively than the mixed fleet maintenance 
program can support transit bus maintenance on an adjunct basis. 

F..a.cility C•pa•city and E•uipme..nt 
For the systems studied, the main reason for facilities 

being undersized and ill-equipped was age. In the case of the 
municipal fleet systems the facilities were constructed before 
any transit bus operations were undertaken. The only alternatives 
in most of these cases were to remodel or to construct entirely 
new facilities capable of handling transit buses, or to continue 
in the present structures realizing the loss to productivity and 
adjusting as well as possible. Capacity was not a major concern 
in the transit only systems except for Charlottesville and Peters- 
burg. In Petersburg, a new maintenance facility was being built, 
and Charlottesville was aware of the need for considerable improve- 
ment to the maintenance facility and equipment. 

R.unn•ng Re•air•s_ ..a.nd R,,•oad Ca.ll s 

Running repairs and road calls were attributed to several 
causes. In the municipal fleets, the equipment often had high 
mileage or was purchased used. The maintenance of this equipment 
had in some cases been deferred by the original owners or been 
carried out in a haphazard manner. Some light- and medium-duty 
equipment was being used for heavy-duty applications with the 
result being increased failures and deterioration. Several of 
the municipal fleets were operating models of equipment no longer 
being manufactured and proper parts were difficult to obtain. 
Last but not least of the causes were the reoccurring repairs in 
the same system or component resulting from insufficient diagnosis 
of the problem or incomplete attention to repairs. The level of 
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running repairs was a serious obstacle to adequate preventive 
maintenance; there was a lack of maintenance personnel to carry 
out both tasks. Breakdown maintenance must take priority since 
the buses must meet the schedules, and this causes further de- 
terioration of the vehicles. 

Several of the transit only properties had the same problem 
for reasons already described. Other transit only properties had 
high running repairs and roadca!is._ resulting from the operation 
of advanced design buses that were requiring an inordinately high 
level of maintenance. 

A high level of effort on running repairs and roadca!Is re 
duces the ability of a system to implement systematic maintenance 
planning. 

Data Collection.and Analysis 

The data necessary for effectively managing a vehicle mainte- 
nance system were usually being recorded by someone in the organiza- 
tion, but often were not compiled in any organized fashion. The 
unlinked recording of data may meet specific requirements for 
various actions allied to or included under the maintenance func- 
tions; however, it does not provide the needed performance picture 
with which to assess the actions being taken by an operation. In 
addition to being collected, data used for monitoring performance 
must be analyzed. The total number of road calls or maintenance 
labor hours can be used to evaluate overall system performance, but 
analyzing the data will provide insight into why the performance 
has decreased or increased and what further actions, if any, should 
be taken. 

The lack of data collection and analysis is another of the 
factors related to the absence of periodic maintenance and system- 
atic maintenance planning. In the past, the Urban Mass Transporta- 
tion Administration has funded research to develop data collection 
and analysis systems for use by large operations. What is needed 
now is an approach that will address this deficiency so prevalent 
in the small and medium-sized operations. This approach could be 
illustrated through a research and demonstration program using a 
computer-based VMMIS at a small transit property. 

This demonstration program should be particularly concerned 
with the collection and input of data reflecting local operating 
characterisrics and conditions to formulate performance indicators 
and measures. In addition, it must consider the ease of system 
operation and understanding along with detailed cost information 
concerning the operation of the system to provide a comparison of 
the costs of the demonstration system with those of the existing 



system of manual data collection and analysis. It is also im- 
portant that the system address disaggregate vehicle maintenance 
costs, which are essential for a comprehensive review of the cur- 
rent preventive maintenance program and any newly developed pro- 
gram that would include the addition of periodic maintenance. 

Maintenance Plannin$ 
A discussion of what maintenance planning should include has 

been presented. The implementation of meaningful maintenance plan- 
ning ms impossible without the support of adequate data collection 
and analysis at the individual property level. The practice of 
vehicle maintenance is site-specific and so must be the planning 
of the maintenance. Local conditions, in addition to the vehicle- 
related information that is collected, must be monitored and used 
as an input to planning. Data from both of these sources must be 
reviewed and analyzed, which is a considerable task. Small sys- 
tems generally do not have the expertise or the number of people 
necessary for these functions. The solution, then, lies in using 
computer assistance. 

The usual organizational and institutional contentions used 
to defend the status quo were very much in evidence in this study. 
Systematic maintenance planning was not understood very well by 
the usual operational personnel, so it was opposed. These per- 
sonnel did not know how this type of maintenance planning would 
turn out, and no one was willing to risk the blame for a negative 
outcome. Typically, there was apprehension over who the new 
method would affect and what it would cost. This is consistent 
with the general conservative approach often found in transit 
management. 

The approach to systematic maintenance planning now being 
used by progressive transit properties requires complex computer 
programs and a relatively large and expensive amount of computer 
support. This is fine for large systems such as the Chicago 
Transit Authority, but does not seem feasible for the small oper- 
ating properties found in Virginia. The direction taken must be 
the same, but the level of data collection and analysis must be 
tailored to the size of the operation to balance costs and bene- 
fits. The use of basic statistics and simple forecasting methods 

°• in conjunction with affordable minicomputer hardwar• and software 
would seem appropriate for small systems.. The planning of component 
change out schedules and maintenance inspection intervals can be 
generated from the data analysis. An example of this type of out- 
put used in Richmond is shown in Figure Ii. The printout indicates 

67 





the maintenance inspections and component change outs that need 
to be performed and the buses that need to be scheduled. The 
data analysis should be done on a continuing basis such that all 
new data are considered on the basis of the current situation 
and the component and vehicle historical profile. This will re- 
sult in a maintenance plan that will update itself as the vehicle 
characteristics, components and subassemblies, and operating 
conditions change over time. 

The type of maintenance planning found in Virginia was not 
really planning but rather the use of a historical perspective to 
attack a present and very probable future problem. For this rea- 

son, maintenance system planning is now a necessity and will es- 
calate in importance with increasing demands and decreasing re- 

sources in the transit industry. 

Periodic Maintenance 

The lack of periodic maintenance found was very similar to 
that of maintenance planning. Goals and objectives, along with 
data collection and analysis, were major influences on the limited 
use of this procedure. Running repairs, personnel assignment, 
qualified personnel, priority maintenance, local political bodies, 
and inadequate preventive maintenance, all of which are inter- 
related factors themselves, were directly connected to the lack of 
periodic maintenance. 

Inadequate Preventive Maintenance 

This heading describes the current situation in transit bus 
maintenance. It is influenced by or influences all the other 
factors presented in Table 36. The designation "inadequate" should 
not be construed as "bad". The maintenance being practiced for the 
most part was good, but will be slow to increase in volume, if it 
increases at all, unless the identified factors are addressed in 
a proper manner. The maintenance programs were, as a whole, pro- 
ducing credible results considering the level and type of external 
influence they were operating under. 

Political Body Understanding 

This factor is perhaps the most important and surely the 
most interesting one identified. In general, the commitment of 
the local political bodies to support transit operations was strong. 
The commitment, however, was usually thought of in terms of sched- 
ules, routes, and people served and not in terms of operational 
feasibility and support. As a matter of policy, they were found 
to control the service and make the transit operation responsible 
for the support. This approach can and did have a negative impact 
on system reliability. 



It is important to understand that the members of a local 
political body are not exnected by their constituents or anyone 
else to be experts in the daily operation of a transit system. 
The transit manager or supervisor is employed for this reason. 
It is just as important to realize that policy and budget de- 
cisions made by local political bodies have a great effect on 
the transit system. If the members of these groups had a better 
understanding of the operating realities and current conditions, 
they could make better informed decisions. Very often it is 
hard for a person with no technical background to grasp the 
complexities of what may appear to be a straightforward undertaking 
such as properly maintaining a transit bus. Management of public 
transit must increase its educational effort and undertake programs 
aimed at informing and educating local public officials. This 
approach must also be taken with state and federal officials who 
have influence or control over matters pertaining to public transit. 
Education is a two-way process. Public transit officials must be- 
gin to increase their interest in transit and communicate with 
the operations personnel as well as transit management in an at- 
tempt to improve their understanding of the present situation. 

Condition of Buses 

Directly or indirect!y, al!of the identified factors are re- 
lated to the condition of transit vehicles. Factors such as in- 
adequate preventive maintenance, personnel assignments, maintenance 
priority, and lack of planning are clearly examples of this. 

The present condition of much of •he rolling stock can be 
attributed to deferred maintenance or the lack of an adequate pre- 
ventive maintenance program. 

Four of the reviewed properties in Virginia Danville, 
Bristol, James City County, and Charlottesville were operating 
fleets of transit buses containing a majority of vehicles in a 
condition that required a much greater maintenance effort than 
would usually be expected. 

The situation at Danville could be attributed to the used 
buses they had purchased having accumulated high mileage with much 
of the preventive mainten•nce having been deferred by the original 
owners. The average age of the transit buses being operated at 
Danville was very high, 17 years, and the mileage, although it 
could not be determined accurately because of •he mechanical 
condition and the lack of original records, was very high. Also, 
the fleet at Danville included obsolete equipment• which will be 
discussed in the next section. 
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The buses in the Bristol fleet had an average age of 12 
years and very high accumulated mileage. These buses were pur- 
chased new and their condition was due to age, mileage, and 
lack of an organized preventive maintenance program for the 
last several years. This fleet also contained obsolete vehicles. 

The condition of the vehicles used by James City County 
reflected a lack of control over the maintenance function, which 
until recently had been completely contracted. The mechanics were 
unfami.!iar• with the:foreign-made vehicles in the fleet and diffi- 
culties were being experienced in obtaining parts at a reasonable 
price and in an acceptable length of time. The result of these 
factors was that the maintenance being performed was not always 
what was needed when it was needed. This situation was exacerbated 
by the fact that the vehicles were no longer being marketed in the 
United States and were inadequate, as will be discussed later. 

The condition of the fleet in Charlottesville reflected all 
the factors already discussed plus several others. Until recently, 
.their maintenance program had to cover only 12 buses. Unfortunately, 

8 of those were of the foreign type already discussed in the case 
of James City County and the other 4 were the first of their kind 
to be manufactured by a domestic firm. Compounding the difficulty 
was the absence of any organized maintenance. Consequently, this 
fleet suffered mechanical deterioration at a rate much faster 
than would be expected under normal circumstances. 

The decision was then made to expand the transit service in 
Charlottesville and, in order to effect this increase, it was 

necessary to obtain additional vehicles. Given the short lead time, 
it was necessary to lease Ii vehicles until new buses could be 
purchased. The buses that were leased had already been retired 
from service by a larger transit property in Virginia and were old 
vehicles with high mileage. This addition increased the fleet size 
to 23 transit buses in a condition that required a large amount 
of maintenance to enable them to provide regular revenue service. 

!na•equate and Obsolete Buses 

Although presented together, these are two different factors 
that have a substantial impact on seven of the Virginia operating 
properties. The use of inadequate equipment leads to a high raze 
of mechanical failures and, in turn, a large maintenance commitment 
to keep the equipment operating effectively. The properties af- 
fected by this factor include Harrisonburg, Winchester, and Char- 
lottesville. This type of vehicle is usually smaller than a 
standard-size transit bus and in the Virginia properties reviewed 
it includes vehicles of both foreign and domestic manufacture. 
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It is noted that the term "inadequate" does not apply in 
any manner to the engineering, materials, or construction of the 
vehicles. It means that the vehicle was not as durable or main- 
tainable as expected in the type of revenue service for which it 
was used, regardless of the service use recommended by the manu- 
facturer. The question of whether the vehicles were inadequate 
or the application chosen by the property was inappropriate is 
not addressed here, as such an undertaking in itself would require 
a major study effort. 

Obsolete equipment was a factor in the properties at Danville, 
Staunton, Bristol, and the four properties listed above. The use 
of obsolete equipment makes it difficult to obtain the necessary 
maintenance parts, particularly those parts for major component 
and subassembly rebuilding and repair. This difficulty often 
forces an operator to use an outside vendor for repairs and re- 
building, even though the maintenance personnel at the property 
have the skill necessary for the required task. In addition, a 

bus may be out of service much longer than normal for a particular 
type of repair due to the unavailability of parts. 

A certain number of these problems can be expected in any 
fleet with old vehicles; however, it is compounded when these ve- 
hicles have major components and subassemblies that are no longer 
produced or made available by the original manufacturer. What is 
not so readily exPected is that a 5-. or 6-year-old bus will be 
obsolete by virtue of its foreign origin and discontinued avail- 
ability in the United States. Having to rely on a foreign manu- 
facturer often increases vehicle downtime. 

All of the items presented here increase the t•me, effort, 
and cost of maintaining inadequate and obsolete transit vehicles 
at a level necessary to provide reliable passenger service. 

Desisn of and Skill Level to Maintain the ADB 

These two factors are closely enough interrelated to be 
discussed together. Neither is controlled by the operating prop- 
erty and both are highly influenced by federal policy. Because 
the design features of the ADB include a complex climate control 
system, numerous electronic devices, and other mechanical aspects 
such as wheelchair lifts, in revenue service this bus must be 
maintained at a higher level than previously used equipment in 
order to ensure service reliability. It was found that a higher 
number of component and subsystem failures was being experienced 
than was expected, even for a new design. While this high rate of 
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failure had already been discussed at some length, it is again 
pointed out here since the vehicle design, in the case of the 
ADB, seems to be the major determining factor in the performance 
of the buses in revenue service. The properties that had acquired 
the ADB Tidewater, Roanoke, and Petersburg were not prepared 
for the numerous repairs necessary to keep these buses operating 
at a reasonable level of reliability and as a result were experi- 
encing difficulty in their overall maintenance programs. 

In addition to the time and effort necessary to repair the 
many failures, being more complex than its predecessor the ADB 
requires a maintenance force with a similar increase in skill 
level. Because this skill level is not found in all transit bus 
mechanics, additional training is necessary, even for top-level 
maintenance personnel. 

Only three properties were found to be affected by these two 
factors; however, this situation will change greatly in the next 
3 to 4 years. It is expected that i0 properties will purchase a 
total of 118 new buses by 1985. This figure represents approxi- 
mately 18% of the total fleet now operated by the properties re- 
viewed for this report and a possible increase of 6 properties 
operating the ADB. An 18% fleet replacement with new operating 
equipment would usually be accompanied by a decrease in the total 
maintenance effort and cost. In this case, just the opposite may 
happen should the observations and information collected in this 
research prove to be an accurate predictor of transit bus mainte- 
nance trends over the next 4 years. If so, it is highly probable 
that the maintenance effort will need to be expanded substantially 
as a result of increased ADB use alone, while not even considering 
the added maintenance for such things as increased ridership and 
service levels. 

I,n,adeq•uat e Number qf•,..Sp, are Buses 

A certain number of spare buses are necessary for a proper 
approach to preventive maintenance. Buses must be held out of 
service for Inspection and repairs and these buses must be re- 
placed by spares. 

The number of spares necessary is a function of local operating 
conditions and the level of vehicle maintenance practiced. In gen- 
eral, a small property would need a larger percentage of its fleet 
as spares than a large property due to its smaller capacity for 
maintenance. It would also be expected that vehicle age would be 
a factor, but, as previously discussed, the use of the ADB may well 
require a larger percentage of spares than would equipment used 
previously. 
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A property that must operate, for whatever reason, with an inadequate number of spares is very likely to experience a high 
rate of road calls and emergency breakdowns caused by deferring 
maintenance in order to keep the required number of buses in 
service. This, in turn, has a negative effect on ridership and 
revenue. 

As the number of in-service breakdowns increases, passenger perception of the system reliability decreases. The bus is no 
longer viewed as a viable transportation alternative and ridership 
decreases. The loss of riders translates into a loss of revenue. 
Lost revenue means a decrease in operating funds that in all prob- 
ability will result in decreased funds for maintenance. A de- 
crease in maintenance funds will be reflected by an escalating 
deferment of vehicle maintenance that in turn will increase the 
number of in-service breakdowns as the cycle comes full circle. 

Lack of Transit Vehicle Expertise 
This factor affects most all the others. The operation of 

a.transit system is a very complicated endeavor. In the municipal 
systems and several of the transit only systems much of the nec- 

essary expertise concerning the transit vehicle was not available. 
This was to be expected in light of the size of the systems and 
the number of maintenance employees. Vehicle specifications, 
maintenance facilities, maintenance equipment and tools, training, 
maintenance schedules, parts storage and availability, and mainte- 
nance planning combine into a major undertaking in any fleet oper- 
ation, but these become additionally difficult when transit buses 
are included in the fleet. Transit bus expertise in these areas 
usually was not found in the municipal and small systems observed. 

The majority of federal and state capital grant funds for the 
support of public transit are used in the purchase of transit ve- 
hicles and maintenance facilities. The Public Transit Division 
of the Virginia Department of Highways and Transportation adminis- 
ters these funds but does not have access on a permanent basis to 
the expertise necessary in the area of transit bus maintenance. 
As long as this situation continues, the small operators in Vir- 
ginia will not have a source of unbiased expertise to call upon 
when necessary in their attempt to assure that the taxpayers' 
investment is being properly protected. This factor can be 
easily addressed by having a person knowledgeable in transit ve- 
hicles, maintenance facilities, and transit bus maintenance at 
the disposal of the Public Transit Division. An individual with 
this knowledge who is not connected with a vehicle manufacturer 
or a transit operation could serve as an unbiased consui •an+•. 



both on and off the transit operation sites and assist the 
transit operators with any technical problems. He could also 
concurrently pursue research for the purpose of anticipating 
and targeting future problems that will affect transit opera- 
tions in Virginia. 

MAINTENANCE STANDARDS 

Until the present there has been no attempt by the federal 
or state governments to review the maintenance of transit equip- 
ment purchased with grant funds. There is no accountability for 
these funds that assures the equipment will receive the best possi- 
ble maintenance and thus provide maximum service to the public. 

The various factors affecting the performance of transit 
vehicle maintenance have already been discussed. It is evident 
from the material presented in this report that the operating 
properties cannot be held entirely responsible for the current 
situation in transit vehicle maintenance. The proposed federal 
approach to the problem is a program of mandatory maintenance 
for the transit vehicles purchased with capital grant funds; how- 
ever, a federal mandate for vehicle maintenance will not increase 
the performance of maintenance unless the factors previously dis- 
cussed are addressed and relief in those areas is provided to 
transit operations. 

The maintenance standards proposed here are meant to be ap- 
plied at the state level to all operating properties that receive 
state funds. It is also recommended that all properties who do 
not receive funds adopt these standards in the effort to increase 
the quality of vehicle maintenance. 

Adoption of the standards presented here and implementation 
of the recommendations contained in the next section of the report 
will provide the necessary protection for the already considerable 
capital investment in transit in Virginia, and will provide a 
continuing insurance for future investments. This action will give 
the transit operators the assistance they need to combat external 
factors affecting maintenance performance and provide accountabil- 
ity for capital funding grants. 

This approach places the burden of compliance on the operators, 
but at the same time provides them with the tools and assistance 
necessary to meet that responsibility in such a way as to allow 
the standards to be fashioned to local conditions. The enormous 
variations in local operating conditions in Virginia make 
type of approach essential. 
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The maintenance standards proposed here will not dictate 
the type of maintenance activities to be carried out. Thirteen 
transit operations were reviewed in this study and all operated 
under different geographical conditions, used different types 
of equipment, and had that equipment maintained by mechanics of 
varying skills. For these reasons it is impossible to propose 
a maintenance standard for inspection schedules or component 
replacements that would be correct for more than one operation. 
It is recommended, however, that the maintenance supervisors of 
the properties reviewed in this report contact each other should 
the difference in their scheduled work be a significant one as 
indicated in Table 14 and Table 27. In this way, a dialogue con- 
cerning the maintenance activities for similar vehicles can be 
initiated among the maintenance personnel at the various proper- 
ties. 

The proposed standards are stated in general terms and deal 
with the organizational and administrative approaches to mainte- 
nance, not with the particular maintenance procedures or the 
activities they encompass. The wording is general to provide the 
flexibility necessary for implementation of the standards. 

Transit vehicle maintenance is extremely site-specific and 
requires a unique blend of activities at each property. Therefore, 
it is impossible to mandate, for instance, specific goals and ob- 
jectives, or a standard program of preventive maintenance schedules. 
The goal of the proposed standards is not standard vehicle mainte- 
nance•but a standard approach that will become familiar to each of 
the transit properties. These standards will promote an exchange 
of information and a mutual understanding of the operational as- 

pects of transit vehicle maintenance as practiced by properties 
in Virginia. 

The proposed maintenance s-Candards are presented in the 
following list. 

i. Formulation of specific goals and objectives 
targeted at the vehicle maintenance function 
and based on local operating conditions. 

2. Implementation of an organized and systematic 
preventive maintenance program to include 
operator inspection, daily service inspections, 
and scheduled maintenance inspections. 

3. Use of maintenance information forms which include 
the following as a minimum: 

a. Operator inspection (vehicle defect) forms. 

b. Detailed maintenance inspection forms de- 
signed for the transit vehicle being inspected. 
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c. Road call and emergency maintenance forms. 

d. Detailed daily fuel, oil, and fluid use form. 

e. Maintenance work order (repair order) form. 

4. Systematic data collection and analysis to support the 
formulation and implementation of appropriate mainte- 
nance performance indicators and measures. This 
minimum data collection should include the following. 

a. Maintenance performed (type, mileage, description). 
b. Actual labor time for inspection, repair, and re- 

building 
c. Parts used and cost for inspection, repair, and 

rebuilding 
d. Component and subassembly replacements (new, 

rebuilt, or used replacements). 
e. Road calls (cause, action taken, labor time, time 

out of service, parts, resolution). 

Number of missed or late runs due to maintenance 
problems. 

g. Materials and supplies consumed per vehicle. 

h. Number of buses out of service, for what reason, 
and how long 

i. Other data necessary due to local operating 
conditions. 

Systematic maintenance planning for preventive and 
periodic maintenance based on the data collection and 
analysis proposed in standard 4. 

6. Specific maintenance personnel assigned to inspection 
and repair of transit vehicles. 

7. Minimum training requirements and competency qualifica- 
tion for maintenance personnel. 

Several of the proposed standards should not be imp!amen-ted 
until certain other actions are taken, in order to minimize the 
disruption and the cost shouldered by the transit operators. 
These actions are presented with the study recommendations in the 
next section. However, the remainder of the standards should be 
implemented with all due speed, as they represent no substantial 
burden for any of the operating properties. 
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RECOMMENDATIONS 

i. The proposed standards numbers i, 2, 3, and 6 should be 
implemented by the Virginia operating systems as soon as 
due process allows. 

2. The proposed standards numbers 4, 5, and 7 should be the 
subject of further study by the Public Transportation 
Division as follows. 

a. Data collection and analysis should be discussed 
at further length with the operators at Lynchburg 
and Petersburg in order to initiate a VMMIS study 
effort and demonstration program. 

b. The work effort necessary to investigate the 
feasibility of various alternatives for providing 
needed maintenance training and implementing the 
chosen alternative should be initiated as soon as 
possible. 

3. The Public Transportation Division should initiate an 
information exchange program at the state level to 
facilitate discussion and understanding 

a. between the local political administrative 
and funding personnel responsible for transit 
and the transit operations and maintenance 
management personnel concerning the operational 
realities of providing reliable transit service 
to the local community; 

b. among the maintenance management personnel of the 
various transit systems in Virginia to provide 
technical and administrative support to each 
other; and 

c. for those properties which need assistance in 
formulating goals, objectives, and a realistic 
set of performance measures. 

4. The Public Transportation Division should secure the ser- 
vices of a person knowledgeable about transit vehicles, mainte- 
nance facilities, and transit bus maintenance to provide any 
necessary assistance to transit systems in Virginia. 

5. The Public Transportation Division should initiate further study 
of cooperative purchases, rebuilding, and bus procurement, 
especially as they relate to the needs of the small 
systems. 

6. The Public Transportation Division should initiate further 
study of the alternatives for procuring transit bus tires. 
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7. The Public Transportation Division should initiate further 
study of in-house versus vendor use for component and sub- 
assembly rebuilding. 
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APPENDIX A 

TRANSIT BUS INVENTORY 

A-I 



RICHMOND 

A-2 



TIDEWATER 

A-3 



P ENTRAN 

o 0 0 0 



ROANOKE 

A-5 



LYNCHBURG 

A-6 



CHARLOTTESVILLE 

A-7 



PETERSBURG 



A-9 



BRISTOL 

A-IO 



STAUNTON 

A-If 



WINCHESTEN 

A-12 



JAMES CITY COUNTY 

A-13 



HARRI S ONBURG 

A-14 



APPENDIX B 

TRANSIT BUS MAINTENANCE QUESTIONNAIRE 
WITH RESPONSES 

B-! 



VIRGINIA DEPARTMENT OF H,_-GB.'WAYS •9[D T•XNSPORTATION 
T•NSI • BUS M•/NTZNANCE q •'•w• r 

._.• How r•ny ma/,nr=_•nce f•. •=ies de you have? 

2. Age of the maintenance facilities? No. Years 

Facilities (No.) Responses 
I 13 

No. of Responses 

i i 
2 i 

13 i 
20 I 

35 2 

75 I 
80 i 

•. •c you feel •he • of ra/_n.-_=--•-rme equi._neenZ you •.•w :-•ve Ls adec:•are? 

4 Yes 9 •b 

v. "•bu!d yea czr•i/er =-u•h a s•cady bem.eficiai :o your o•eraricn? 

Rate No. of Responses 

0 6 
! 2 
2 ! 
3 i 
7 l 

i0 2 

% .sf :.-.='.'.nren=__cce Terse 



9. W•Z is yeur sa•ce perscrmel t•--r..c•-• raze •er y =ear? 
% Raze No. of Responses 

0 8 
1 2 
2 1 

I0 1 
17 1 

% of service 

T Yes 6 .•b 

Yes ii •b 

.-. 
Do you D•ve =_n app•_n•i,ce .•=_m? ¢. Yes 9 .•o 

M.iINTENA•\[CE ? RO CEDURES 

15. •o ycu feel Chat you D•ve ccmp. ieze "L•-house '' •.•e/mr=_-ance capab•/? 6 Yes 

• Do ycu fee_l •ha"c you ne• mere "in-l-muse:' ra/mt•_nance ca•_h • ;r• 

17. D• ycu •n•r.=_c• cut ar.y se•/_ce •ork? • Yes 

i8. DO you ccnrr-•cz cut •ny me/.nzer•.ce •rk? 5 Yes 

i0 Yes 5 .•c 

Dr,evenrive % Responses (No.) Remedial % Responses CNo.) Other % Responses CNo. 

20 2 2O 
25 2 30 
33 ! 50 
•0 1 35 
•5 ! 66 
50 i 7• 
70 i S0 
75 i no comment 
80 2 

no comment I 

0 6 

i0 i 
2O i 

no comnen• ! 
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you feei L•--=Z "/.he ra/.•e•_nce ranuais nc• •-r•.•v•_ded by •he bus manuf=_c-c•-•_r 
=_re_ adequate fcr your ope.•aZicn? 6 Yes 7 •b 

•ycu •ve s-canda•_ proz_•e_s for ma/.•=_nar•e cp•aZicns? 12 Yes 
yes, are_ %•ey •n •T•i•=_n fcrm? 9 Yes 4 • 

23. ,Do you •ve a system cf venm__-•-'-• =_ ma•nzenance Reccr•s •. 13 Yes 
[f yes, is • c•ure_•_zed? 3 Yes i0 No 

0 

•. D• you have a periodic (preven•ve) me/•nz=_n•nce .•-•o•-•m? IZ Yas 
if no, please •kip :o quest•i•n 28. 

1 No 

2•. :,Char is 7c• cre,•.n•,ive r',.e.in'•=_nar.ce _-'.r•am :zased 

},Hles No. of Responses Other No. of Responses 

!,S00 ! 
Z,000 2 
3,000 2 
4,000 1 
4,500 1 
5,000 1 
6,000 ¢ 

Seasonal ! 

>Eles 
Years ',.No. of Responses 

Other 
Years No. of Responses 

1 2 
2 2 

2O 2 
22 1 
3O 1 

no cc•en• 3 

20 1 

3 Yes l0 .•b 



•9. ?!ease check •he acZ.i•ns be!•w that are •n at y•ur proper•]. 

12 Scheduled inspection of vehicles 
--F]-- Minor r•pairs and replacements 

13 Repiaeement of parts (hoses, belts, ere. ) 
i--7-- Replacement of major cc _mpcnents 
12 Repair of major components 

7 Rebuild of major •cempon•nts for stock 
9 Replac-=nent of subasseTbLi.'es 
7 Repair of subassemblies 
5 Rebuild of • ; sumassemm,,,s for sto•k 

---• 5ody and chassis s•ucrura! r•,pairs 

30. How do your operators report defects to ma/mtenance? 

verbally I0 •;cit-•en form I no setprocedur•._ 

31. Hcw do your service perscmr•e! _•port defecZ•s Zo ma/•nt=_nance? 

3 verbally 8 •.rit-•n form 2 
•m set procedure 

M•INTEN•NCE •,0 B LEMS 

32. ,Do you e•.eriance any "unu•n!" ,•_Lnt=__na•me probi•ns due •o your ?ype of opera=ion? 
6 Yes 7 No If yes, please exp!a/n. 
Short tire, brs_ke, and transmission life clue to hilly terrain. 

Inadequate maintenance equipment 

Inadequate maintenance facilities 

Limited menpower and mechanical ability. 

33. Do you experience any "unusual" ma/mtenarme prob!•ms due to "dne •e of vehicles you 
are opera_ring? i__•_0 Yes 3__ No If yes, please expla/,n. 

Obsolete Buses 

Inadequate Buses 

Advanced Desi•on Buses 
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i0 Yes 

No. of Buses No. of Responses 

1 1 
3 i. 
¢ 2 
S 2 
8 1 

ii i 
3O 1 
47 1 

: •_ yc• Dresan• bus c•.:_e,• .:_•e •.•ares? % 

% Flee: No. of Respons.es 

9 i 
I0 I 
!i i 
14 i 
!5 I 
2O 
22 i 
30 I 
31 i 
33 1 
35 1 
¢0 ! 

% Fleet No. of Responses 

15 I 
Z0 
3O i 

40 1 



7 L==_a•e 0 b¢<: 
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APPENDIX C 

MUNICIPAL FLEET PREVENTIVE MAINTENANCE INSPECTION FORMS 

C-I 



WINCNESTER 

HOU2.• DRIVER 

•T--- Check Opcrazioa of •Ca•*c •.• 

Check Cperazion of 

Check- Cpc_-a•ion of 

Check :•-•; 

Check C!uZch Pedal Free Trove! •d 

•cs, .•d Shackles 

Check •.:haust Sjs• •- -,•">• or locseneas 

Lubricaze CluTch Release 3earing 
Lubricate HoisZ 

• Ch•ci: Level 

> 
Chan•e 0 •_. 

its) 
Cart ."-•o. 

Check All •4-•s zor n,a_._on ......... on 

Lubricate •l! '3_-ease Fitzinu$ wi•h .-'Toper Lubrican• 

Y.,ileaTe/:{ours ci:an,_-..e,5 on Su!!e•i •_ Scard 

I have pcrCor-_ed all. Zh9 o. ere.•ions chccko• above. 
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DANVILLE 

CITY OF DANVILLE 

MECHANICS MONTHLY VEHICLE INSPECTION 

",r•h NO. MAKE: CHASSIS J•OOY SPEEDOMETER REAOING 

COUNTY CITY DRIVER 

aRAKES 8. AXLES. FRONT ANO REAR 
Generai Con(:litlc• of S•r•i(:• •}raka 

8 
Sprin•, CIaml:• and S•ackle• 

;•eOal Pressure and A•liustment 

Vacaum Tanks Air Tanks 
Air Pressure Relier and Bleed• Valves 
Parking Brake 
STEERING 
Pla• 
S•mal•. 
•i•m•z 
P•er •n• •d •lt 
TIR•S 
Fret: Ri•t • Le• 

Inflation 
ENGIN• '"" 

Gowemor 

Fan 
Water Pump a•d H•e 
Fuel Ta•k, L• and Caf•retor 

•1 FHter •nd • 

Oistri•tor and Wiring 

CLUTCH 
•edat Release and •earance 
[jniv. Joints and O.S. 

Wheel Nun and •Searin• 
LIGHTS 
Traffic Lig•t• and Pilot 
Motor Fia•i•el" A•01V 
Front and Rear Directional Sigrlats 
Oirecti•al Signal Swi{ch all• Pilot 
Four-Way Hazard Warnin 9 Sys't, em 
He•cl and Tail [.Jgi• 
Stop Ijgl•t and Pilo{ 
Clearan(:• 
Ide•ti fi•{i on 
Ba•k up :.._ 
BODY 
Co•dition of Sea• 
Onver and S•at 
Front Door and Control 
Condition Of St•rlc'i•o• 
Emergency Door and Lock 
Emergency C)oor Buzzer 
Windshield 
•Mndsllield Wiper• a•d Washer• 
Windows Broke•) 
Mirrom. Inside and Out•ide 
Heater, Oefro•ter, and Oefo¢J•ng Fa• 
Mounting C•am• 
MISCELLANEOUS 
CIeanline•s of Interior 
Sgeedome•r 
Instrument• Gauge• 
Front Fende• and Grill 
•um•ers, Fro•{ •nd Rear 
First Aid Kit 
F!aej• and Flares 
Fire PxTinguisner •ressure 
Fre• Of Po•Iers (Adver*Jsing) 
•ree Of 8ot•ie• =*rid /OOr• Obie• 
Latterin(] 

REMARKS: 

DATE 

SUPER INTENOENT'S COPY 

Inspecting ,Mechanic 
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JAMES CITY COUNTY 

SCHEDULE 
PM GROUP "F" 

"C" Check 
"R" Replace 
"S" Service 

Service (Per lO00mi') 5R I0 

3il & Filter 

Chassis Lube 

•ir Cleaner 

Fire Rotation 

Front Wheel Brnqs 

3rake Linin• 

•uel Filter 

-'_mission Controls C 

"U" Joints 

Suto Trans 

•ear Axel 

Power Steerin• 

3artery 

Qindshield Wash 

Radiator Coolant 

Drive Belts 

Shocks 

Wiper Blades 

Lights 

!4irrors 

Tire Pressure 

Door Hinges 

15 20 

R R 

R 

C C C 

C C C C 

C C C S C IC 
IC 

S 

C C IC C 

C ,C C C 

C C C •C 

C C C •C 

C C C iC 

C 

C 

C 

Front Suspension C 

Hoses C 

Air Tank Drain S 

Cost of Service 18.00 

Less Parts, Etc. 

S 

!8.00 

:C C :C 

C C 

'C C C C 

C C C C 

C C 

C C 

S S 

36.12 42.00 

c 

18.00 

45 

R 

S 

R 

C C C 

C C C 

C C C 

C C C 

S S S 

18.00 42.00 36 

C 

C C 

C 

C 

C C 

C C C 

C C C 

C C R 

C 

C 

C C C 

c Ic •c 

12:18.00 
I!8.00 

C 

S 

78.00 
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STAUNTON 

ZNS>•CT ZC':-.' "'"--'"" 

DATE 

HELPER 

T.k C-• 

.•.•:h•:•iJm fox C.9'a_•ation 

T,--, hsn•h-.a ke 

3. Ch•c2 gen•z-toz 

.: 
9. ?e•t wipers 

9. Test hoahing-•n• ventilation 
moh or • 

!0. Test Buzzer Horn 

!2. Zns•c't.bcdy: interior 

•-,... •" Adjust 

•e.•aza•ors•; 

i9. Check ?lugs •nd Points 

20. Check Ca:huretor_ 

21. Adjust Clutch 

25, •:k • Lubzic 

exterior .26. Shart Enc {•-•._..-, Check 

• •iil and t.•st better'f, tighten 

14. Test brakemechanism fox •glica- of an7 kind 
tion ;R•lease Leaks 

28. Ch_=,. ,kiz Pressu:• •'• 

?,.--.;:,'A R :.<S 
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APPENDIX D 

MUNICIPAL FLEET MAINTENANCE INFORMATION FORMS 

D-I 



DANVILLE 

D-2 



BRISTOL 

D-3 



BRISTOL 

ENOING 

R e•:din 

G•L•. PIJMPZD 

D-4 



BRISTOL 

DRIVER'S VEHIC .E CONDITION REPORT 

VehicJe No. Oate 

Oriver. • A.M. Oriver 
DRIVER'S MECHANIC'S 
REPORT REPORT 

Drive line 
Tires and wheels 
Springs 
Glass 
Emergency equipment: 

Torches, lanterns, reflectors 
Fusees 
Flags 
Spare bulbs 
Fuses 
First-aid kit 
Axe 

FueJ system 
Cooting system 
Engine 
Leaks 
Lights: 

Head 
Tail 
Stop 
Clearance @nd marker 

Reflectors 
Oil pressure 
Ammeter 
Horn 
Windshield wil:>ers 

[] P,M. 

Parking brakes 
Clutch 
Transmission 
Rear vision mirrors 
Steering 
Service brakes 
Speedometer 
Other items requiring attention= 

Remarks: 
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STAUNTON 

STAUNTON TRANSIT SERVICE 

DATE: 

Total 2evenuc Tot :,!onth 

Total Passengers For Month 

!!umber Of Tr-•sfers 

Total Mileage 

Diesel Fuel 

Numoer Of •uses 

Diese: ']!! 

REGULAR COACHES 

..::. 3sr,,ic• Jobs 

ic ::• Zmployees 

?•.evenue Fr'nm Ct•sh 

Coral Passengers 

i•iumber Of Transfers 

Total Mi ie-•ge 

Gas Used 

•!umber of 

Motor Oil 

P.evenu• To, IPLLc 

From Sch(;(}i !.ickets 

[:.•ta! 
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STAUNTON 

DATE TIME 

GASOLINE A•ID OIL REPORT 

•PEEOOMETEN 

TOTAL 

T'•AN5. :DIFF. 
tFILTE_.• C.ART.I •IC.NAT':RE 
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WINCHESTER 

DATE 

EMPLOYEE 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

TOTAL HOURS 

S•{OP TIME 

REPALRS •EDED: 

•.•TE REPAIP.• COMPLETED: 

Roadcall Form Driver Defect Form 
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HARRISONBURG 

ZO 

D-9 



HARRISONBURG 

DRIVER'S VEHICLE CHECK LJST 

Driver's dgnamr• 

SHOP REPORT 

Above c•nditiom hav=• been c•r•ct'•l. 

If .not, expla.i.n) 

Date: by 
IEA 17 •0-• ": 
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APPENDIX E 

TRANSIT ONLY 
PREVENTIVE M_AINTENANCE INSPECTION FORMS 

E-I 



RICHMOND 

E-2 



TIDEWATER 

E-3 



PENTRAN 

E-4 



ROANOKE 

CI•EAT•R ROANOKE TI'D%NS•.T COHL•ANy 
,•LX 

__3 ,__6 ,__l ?.,__I 5•__2• 

I. Clean engine, radlacor 

,'. Check dn;ly ,'•ervlc• cord 

], Check horn, windshield •pers 

i0. Complete lubrication job 

Llo Drain a£: =ank •nd chec• spi= 
vn|ve ooer• on 

•2. Check g•uges and warnln• 

ChuCk ,,,trrors, in&ida liGh• •3. Check 

Check. enNtne sransm•.s•zon 
and •£fferenc£nl tube revel 

Ch•uk h•a•!n• and A.C. 
•er• 

Check opera,Lens oi all con- 

•roL•; s•eerinE, 
•hif•in•. e•c. 
Check for leak.• wa•, oi!, 
air, and fuel 

Check brakes, adjus•o Lubrxca• 
C•S 

52.0 LF •nfiaCe (80 lbso) 

Gb•ck engine and transmission oil !e•! before and after P.oad Test 

Record Body Dems• 

9 ,000 MIL•. !NSPECflON 

MECHANIC 

Cl•,n•t. u,•ne oil, s•LL fiL•er, •. Check brake block, 
and by-pass ft!•er !n•slnnd drums 
Ci..-ck ,'-v. mounts and cradle 

tO. 

tl. 

L2. 

Check all water and air hoses,l 
c[omos and fi•ines 
Check all dus• pans 

Check emergency seep 

Check shuckers and fluid fan 

•3. Torque wheel s•ud nu•s (500 
?T. LSS.) Check a•xle f!anKe 

defects are corrected 

your r•,,,•: by i[ems you have checked. Road failures cannot be avoided with paper and 

FINAL O.K. 
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RO•O• 

• :8,ooo HIL• I.•$•£CTION 

'... Check ,..;oo• cun=roLs and lubricnce Lnka•._. 

Check zoe 

•. Vure•clal oil 

Chance 
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LYNCHBURG 

G•EATER • TRANSIT CO. 
F•-XI3LE AND T6H-4523-A INSPECTIONS 6,0'00 LZ,000 24,uuu 

C%anq• oil and oil 

Clean •ngin•, radi&'t•r and 

•a• Wri•L•s. 
3. Check •rn, windshield w•per, 
was•_rs, defrosters and controls 

mirrors; c•eck for icose screws, 
bolts, nuts on U•.•erior, damaged 
•at •, •. 

fr•, f•r ••, f• 

•on, s• 
6. -•ecX •ea•u.-g and 
c•ntrols, •rs, 

7. •c• for cleanliness of 
• interior. 
8. Check ins•---a•_nZ b•%rd. 

Check des •t/na•_•cn sign. 

Check. ex'•ir±or lights. 

ii. •-heck starter and solez•id 
.•irnhes. 

13. •-k brakes and adjust; 
lube cams, 
lo•aticn of bz-ake •cse and lines. 
14. Dr,•tn all air 
operation of m•istur• inj. 
15. Check water •hoses and fan 
belts. 
16. Che•k r•dia•r surge tan•. 

i7. •heck exhaus• sysr•n, end/he 
cradle and mDunts. 
18. •%eck suspension 
s•Dcks, U-bolts, tad/us =Dds, 

!9. • sreerung gear and 
axle steer•_•. EP-90. 

 C•a•e fuel fii•ars 

20. • •rge• s•. 

21. 

22. 
•n • •i• s•U••. 

24. 

25. •k •• •aLn. 

26. Check air •pr•ssor. 

27. Check trans, soft shift 
set at 900 RPM. 
28. C•ec•" axle flange hol•s, 
• 500 ft. Lbs. 
2g. Check differmn•Lal !ube, pinion 
seal • U •o•. 
30. • •-• • se•n. 

31. c•mplete lu•ica•%on job. 

32. C•eck transmission lube. 

36. Clean or r•place hearing and 

37. Check •ur cl•, m• 
• •I• ). 
3R. • for 1•; oil, •, 
a• • •1. 

'39. 2a•e of major •nterior 
clean•':g. 

Petard tire pressures: L•_flate %0 90 ibs. 

TEST B[• RECD•tU3 BC•Y • 
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LYNCHBURG 

F'•f•.gAND • 452•A 12,000 • LN•ON 

•4ANIC 

2. C•an,.•e 9•ei fil•--rs 

4. • and ci•an air fil•_r 

and •ener•r 

•j••s 

6. ,C•n.o• •iffer•ntial oil 

7. Chan•e a/.r cleaner and merle- •ter fil•er 
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CHARLOTTE SVILLE 

Last •ns•ecsJon Oat_:: 
•_000 
-'O00 
,•000 

lO00•i e Zns•ect•n 

Ve•icle # 
>•i eage. 

7.ec•ani c 

Adjust Brakes (•ncluding Parking 8r:.ke) 
Or•in Air Tanks 
Srease A11 FiCzings 
•ne.k All Fluid L_:veis 

-'.ngi ne Oil Trans. 
:Windshield •,•asner •]uid Radiator C•olam• 
C•olan: P•taczion •cwer S•eering 

Check< for L•aKS (Loca•e • itemize) 

Check Windshield •.lipe• r•pair as necessary 
Check Steering a•jus: for play 
..n•cx •11 •us=ensi cn 

•nec.< •xhausz Sysz•m 
•ecx •:in•les 
C•eck rir•s •Pr•s•ur• 3 Wear) 
Checx •il •elts • Hoses 

ChecX Air CcndiZi•ning 

Check Norn 
•mecx •i rror• & G1 as• C•ndi:ion 
Check all Znszrumenc Pznel 'Jauges, 
Check Oc•r 

addi:ion :o me above: 
Change £ngine Oil & F•iters 
Change Fuel 
C,hange or C'e.an Ain •il•er 

Zn a¢¢izion r.othe above: 
Change Transmission Oil & Fii•er 
Change Oi ffer:.n•ia! 

TIME •P P•RFQRM•G Z•ISP•CTiQN: 

9ART• USZD •IC•I•'IG FLU•OS 

LfST ANY 
BEL'3W. LZ•T 
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PETERSBURG 

PETERSBURG AREA TRANSIT 

Date 

Chassis Lubrica=ion 

Mileage Inspection 

2•S PREVSNTIVE MAINIEN•CE WOrK SHEET 
Bus Number 

Type of Work 

Chanze Tr•nsmission/Fii=ers & Fluids 

Mileage 

Fraon Check 

Chanze Differen•,ial Oil 

INSPECTION MILES C:•NGE OIL__ CHA•NGE FILTERS QTS. USED 

IT.•qS. FILTER QTS. USED C;•_NGE •J'EL FILTERS 

£. TIRE PRESSURE 23. 

3. LIGHTING 25. 
A. • E, lJ) TAIL LIC. 
B. M•RKERS •TO? DEST. 26 
C. D IRECT!ON•S 27 
D. DO• TELL L!LE HIGH 

•. BODY LEVEL 29 
5. STEERING •FT U-JOiNTS ?•Y 30 

D•G LI}• LINES STEWING BOX LL%KS 
5. 3•ZS 32. 

A. •<VEL FRONT IL• 33. 
•. L •.N r•,,.•G FRONT R•R 34 
C. •JUST • • 35. 

7. DOORS 
?RONT: A. CHECK MICRO SWIT• FOR STEP LITE 36. 
& REAR B. AIR LINES 37. 

C. DOOR COBOL VALVE 38. 
•Adjus= if needed 39, 

•. AIR PRESSURE CJT-iN PSI (100-[05)__ 
AIR PRESSURE CUT-OUT PSI <115-13-) 41. 

9. WINDSHIELD WIPERS & WASHER MI/{ 42. 
A. MOTORS LEST RIGHT 43. 
B. •LAOES LEFT RIGHT 
C. A•MS LEFT RIGHT 

[0. DEFROSTER: 
A. OPEP•%TION CL•-%•N FILTER 

[. PASSENGER CHI.•r•--S ,<ND SWITCHES 45. 
2. ALA• SYSTEM 

A. LOW AIR B. LOW OIL HOT •NG. 
LB. TAIL PIPE ,.•F:-•,ER E}TGINE LLNDER •_-RA.,•E •6. 
!4 •NG I• SUPPORTS 
15. ENGINE BLOWER DRA•" 
6. DIFFERENTIAL GRI_ASE VE•.•r 4 7. 

17. PROP. SHAFT & U JOINTS 48. 
LS. CHECK AIR FILTER, ENGINE !9. 

**?,eplace lver7 6 Months 50. 
['•. CHECK BROKE}: GLASS i. 
2•. C•IECK TORN 3EATS 
/1. L•!US & LATE•AL XOD BUSHINGS 
IV. STABILIZER BAR BUSHINGS 

LINKS 

DETAILS OF OTHER WORK 0ONE: 

L.R.I. ?,.Z.i. 

L.R.O. 

TIRES 

SHOCK ABSORBERS 

BLO•^'E-R '.•.OTORS 
•S L. R. 
HF.<TER FILTER CL•; 
H•TING CO•,•. D•ZNS 
D•iN AiR 
AiR ?•SSL•E REG. G•U•TAT 
CO•LETE C[•SSiS LUB. 
DIP •TICK .• •JBE 
U•IS. •UID EHECK •D 
ENGII• •TOP CIr. 
ENGI>• •CY. •TOP 
ACCELE•TOR CC•ROLS 
ACCreTION 
ENGI• OIL LINES 
• LINES PL• LL•S 
AIR LINES 
AIR S•E• CHECK V•VE 
G•E•kTOR OIL LL•S 
CABLES TE•.•S. BO•S 
F• & TORUS HOUSING 
•ATER P'£-• L•[ 
•NB. FLUID LINES 
COOLING SYST• 
FILLER C• • L%TOR 
•L WAIER HOSE 
C OO•N• L•L 
BATTERIES C•LES 
C.•RIERS 
CL• 
H•%TER WATER ?L• 
ENG. CO•T. LIGHTS 
CHECK FOR •u•L •ROTTLE 
LUB. DRI;•R 
FI• EXTINGUISHER 
CLL•N ,•L AC FILTERS 
CHECK •,EON 
CHECK ?;ATEP, FILTER 
**Reml•.ce Every •£onnns 

•,.U. 

COMPLETED INSPECTION DATE: ,.wECKANIC 

SY}•OLS 
,/ 

OF•Y X •OP_K DONE ,} REPAIRS '.•EDED 
/•' •'0 

E-10 



APPENDIX F 

TRANSIT 0•LY 
MAINTENANCE INFORMATION FORMS 



RICI-IMOND 

RI';(; W['ER NO. 

6-23-?7 
DA LI,Y l"lJl';I, 

FINI,'•I! US I,.'D 

33 

34 

37 

202 

203 

20• 

2O5 

206 

207 

208 

210 

•_..•.. 
•o9 

•II 

•12 

•13 

414 

•.• 

4181 

421 

422 

N, ,,._•, .j N,.L•. 

52• 

530 i' 
531 

F533 

7O| 

703 

70• 

70• 

70• 

708 

709 

710 

711 

536 

'338 

712. 

714 

715 

214 

219 

220 

221 

222 

223 

224 

225 

226_• 
227 

228 

230 

231 

23"2 

233 

234 

235 

236 

237 

238 

324 

325 

620 

62l 

622 

623 J• 
624 

625 

627 

7].8- 

7!9 

72! 
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RICI-IMOND 

Form 67-H2 4/'29/76 CREATEF, R ICiP.,•GD T'.b\NSIT 
DALLY OLL l',l.:['OIYl.' Dace 

REGISTER ,•:0. FINISH S TA liT USED 

Bus Oi[ "'•n- 

2.37 
238J 

:,'1 

!306 
;nTI 

OLI 
Quarts 

220 

223 

-q 
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RICH}IOND 

MATERIAL USED 

QUANT. PART NO. O ES C Rt PTIO N 0 F P,• R T S COST 

,?,°90 TOTAL •ATERIAL COST!I 

WORK ORDER 
NO. 

'3ETA•L 
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RICEMOND 

01VISION 

REPORT OF OPERATIONS 

DAY 

DATE__ 
'WEATHER: ,-..- 

P.M. 

TRANSPORTATION 

SERVICE INTERRUPTIONS ANO ROAD CALLS RESULTING IN PASSENGER DELAY 

NO. 
0ATE 

lAST INSP. 
•G•. 

NOW NANOI.EO 

ANNUIJ•ENTS ANO LATE GARAGE DEPARTURES 

C,•USE 

Peak (sch.) 
Actual 
Charter 
Spare 
Shomc•ed 

TOTAL 

TRANSIT 

A.M. P.M. EXT. EXTIA •OARO 8US 

Lest 
Added 

Vac. 

Miss-Gut! 
:•e•. Off 
Nires 

Loss, 

Tel'el 
Availaele 
Used 
Used D 
Reg. 
Excused 

Lest 
Added 

TOTAL CHARTERS OVERTIME 
HRS.• MILES Pro•ec;ion TTme Non-•,cneduied O. T 

MAINTENANCE 

PlR•ONN|L INSPE•'TIONS SI'IOP RO•O S•RVICi OVII'I'IM• W(•1tm 

Over days Vac. 
Sick 
Miss-C)ur 
•ep. Gff 
Nires 
Loss 

Due 

Actuai 

•efects 

Rep. on Rd. 
Change affs M 
Chenge o•'s O 
-'•re •oxes 
OtHer 
Tc:a• Road Cails L____ 

Oay Olff 

O:her. 

GENERAL RE,MARKS: VL O. PIRS. 

for MAINTENANCE 

For TRANSPORT.A T',CN 
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RICI-IMOND 
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RICKMOND 

JCF •-12R'2 

UNIT REMOVAL, REPAIR AND !NSTALLATION 

Name o} Uni• 

T•fpe Unit No. 

Bus. No. 

•eacje 
Position 

REMOVED INSTALLED 

8us, 

Date 

PosiHon. 

Cause ot: Remove•, 

Date Repairs C•mpleted 

F•( echan•:'s Signature: 

This portion 

then send to 

Cate Unit No. 

N•me of Unit 

•om Bus No. 

Position 

C•use oi •emovet 

Tyoe 

This portion o• ticket must be c•etache•J and dellvered 
.•o O•ce when Unit has •een removed from bus 
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RICHMOND 

U EI) 

REMOVE]3 FROM BLIS 

MILEAGE 

•ESCRIPTIQN 

DAT =" l;__ 

PART NO, 

• TQ •E RECLAIblEc• [] TE.•T MATERIAL [] R•URN TO MFG, FOR CREdiT 

PARTICIPATING CAMPAIGN ORDER NO. (IF ANY), 

REMA•: 

51GNED 
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RICI-IMOND 



R!CKMOND 

S 

A/C 

S 

s S 

S 

Bus No. 
,kM PM 

2 

3 

• 

9 

2 

in shoo 

IIOLD ZN SIIOP 
Comp 

Tr•ub.l• Raported •y 

F-IO 



TIDEWATER 

TIDEWATER RIGIONAL TPJ•S|T 

DA;LY OIESEI. FUEl. ANO OIL REPORT 
IRel• •u• in "Ga|ion•" & Otl in "Qu•rl• 

OlESEL •UMP NO. OIES•:L PUMP NO. 2 OIESEL PUMP NO. OIESEL PUMP NO. 4 TOTAL FUEL, 

U sad 

BUS 
NO. 

FUEL OIL[NAME! 
qO. NQ. •O. NO. 

•US FUEL, Ol• ,NAME NO. 

t02 226 

323 
241 324 
")19 

-'69 
•70 

47: 
501 
,•02 
5O3 
504 _,'202 

•5 

508 

211 

332 

212 
213 
2!4 •04 237 

51! 
5t2 

F-ll 



TIDEWATER 
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TIDEWATER 

T•OUtLE FOUND.- 

•IGNED 

•RE•AN'S A,P.oRCVAL 
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TIDEWATER 

WORK ORDER 

OI•TA•L 
•UANT. PART ,NO. DIE.•CRIPTION OF PARTS CQST 

Form NQ. 2•0 TOTAL MATERIAL COST 
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TIDEWATER 

9-[6-68 
INSPECTION SCHEDULE 

BUSES• Ab•OMOBILES & TRUCKS 
Norfolk, Virginia 

Date 

Day Shift 

Dead: 7:00 A.M. 

Trippers 

Trippers 

Trippers 

Trippers 

Trippers 

S•eam Cleanin• 

Job 
No. 

7. 

8. 

9. 

Lubrica=ion 
Oil Change Only 

6,000 Mile inspec:ion 
Lubrication and Oi! Change 

7:00 A.M. to 3:30 P.M. 

7:00 A.M. 

Job 
N•. Vehicle Numbers 

3. 

i[: 00 A.M. 

Night Shif= Auto/Truck 
Inspection, Lubrication 
and ©i[ Chan•e 

Signed 
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PENTRAN 

SEIEE1 

212 

OATE 

619 

620 

6ZI 

675 

67• 

QT3 
OIL 

666 

6691 "735 

736 

F-16 



PENTRAN 

MUST $1C.• eELOW 
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P ENTRAN 

G--_P•EPA L ,--AULT 

FARE •OX TROUBLE C•,RO 

•an•s 
Pswer• Cwn 

C?•er (•escribe) 

';.3 

F-18 



PENTRAN 

General Foreman 
Sup•. of Mainn. 
Asst, Gen. Mgr. 
for Operations 

Cpera•ions File 

DAY 

PENINSULA .•%ANS•ORTATION DISTRICT 

.MA INT•NANC E D =IPARTMENT 
DAILY STATISTICAL .REPORT 

DATE 

SUMMARY OF WORK PERFORMED 

BO's Worked TOTAL 

Road Calls '."CT• 

Towed In TOTA• 

Buses Fueled Servicsd TCTfJ, 

Washers Working 

Buses Shopped & Waiting TOTAL 

•nspec•ions Performed TOTAL 
i6,0O0 miles) 

Interior Cleaning 

Air Conditioning 

TRIPPED 

Body M•nor Mech.• 

Co•en•s: 

.•DTAL 

T•TAL SERVICED 

Tires 

O 

D 

D 

D 

D yes/no 

Over 30 

A 

A 

A 

A 

A yes/no 

Over 60 

A 

OPERATING 

BO's Remaining 

Over 90 

Remaining 

NOT OPERATING 

ASSIGNED PERSONNEL •OT2t• 

Vaca•lon Off Excused Suspension 

Midnight 

Reported 
Sick La=e O.T. Hours 

PENTRAN FORM 321 .•V. 3/79 
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P ENTRAN 

A. G.H,-Oger, 
FORM 2 PENINSULA TRANSPORTATION DISTRICT COMMISSION 

Gen. •ger 
MAINTENANCE DEPT, 

DAILY REPORT OF COACHES OUT OF SERVICE 

BUS NO, REASON Bus •o, REASON 

(S-sCHEDULED OUT ':q.-':VORK NG) 

IN SERVICE 
•HOPPED 

•PARES 
STORAGE 

TOTAL 

RUNS 

DATE 

F-20 



PENTRAN 
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PENTRAN 
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P ENTRAN 

IN II N 0 IN IOUT IN ou zNpUTJZ, !OUT 

F-23 



ROANOKE 

DIESEL RF•E•VE 

13 

166 

i67 

168 

169 

!90 

#i Diese• SticMReadimg 

Inches 

2 3, OOO Taa•s 

I192 

Da•e 

2 6•000 Tam2.s 
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ROANOKE 

Greater Roanoke Transit Co. 

Date: 

PM Unit • Date O/S Work Required 

DALLY WORK SCHEDULE 

Order # Mect•ani¢ Date IIS 

Hotd For Tomorrow 
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ROANOKE 
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ROANOKE 

REPAIR ORDER 

N ° 463 

Sl•eeOometer reading Date Versicle No. 

Descrigtion of work Mech. Number Time Worked 

Part Numl3er Extension 



ROANOKE 

Emp..No. 

OUT 

IN 

"o•÷ 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

I. IN 
OUT 

IN 

OUT 

'OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 
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ROANOKE 

BUS RE2d3Y LINE DISPATCH SHEET WORK SHEET 

Parts Room 

3 

7 

L0 9 

14 13 

].8 17 

Buses parked in Dody shop: 
Buses out of service today, and why: 

Oate 

Day: 
Fore- 
•a• 

lgs%ructions: 
NiGht foreman 
co show where 
each pus is 
parked, as well 
as restrictions 
on bus use, •f 
any, and also 
to show work 
held over, if 
any. All buses 

•e zo be •c- 
counted for on 

some fashion o• 

another. 

Note: typed 
•s the sequence 
for morning de- 
parture. Sheet 
should be given 
dispatcher in 
the a.m. 
first bus de- 
oar•s. 

ON CHART... 
Circle bus nos. 

•n place Dut 
not to be used. 

For use on short runs only: 
Soare Buses: 
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ROANOKE 

0 

0 
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ROANOKE 

JCF M-4 (R1) 

CALL RECEIVED BY: 

BUS NO. 

MEET AT: 

TROUBLE REPORTED 

ROUTE 

ROAO CALL REPORT 
(DATE 

19 
BADGE & BLOCK NO. 

OIRECTtON 

A.M. 

P.M. 

MECHANIC 

NO. PSSGRS. DELAYED 

MISSED TRIPS CHANGED TO 
@IJS NO. 

HOW MANY MIN. WERE PSSGRS. TRSFD. 

SUS REPAIRED ON ROAD 

TROUBLE FOUND: 

TOWED IN 

REPAIRS MAI3E: 

MECHANIC'S 
SIGNATURE 

FOREMAN'S APPROVAL 



LYNCHBURG 

GREATER LYNCHBURG TRANSIT COMPANY 
DAILY FUEL AND OIL REPORT 

BUS 
HUMBER 

561 

01ESEL 
FUEL 

MOTOR 
OIL 

562 

563 

566 

501 

602 

5O5 

506 

5O7 

5O8 

5O9 

610 

6t! 

512 

5U3 
NUMBER FUEL 

700 

701 

702 

DATE 

703 

>1U UN 
OIL 

#I OiL PUMP 

End. Meter Readin• 

Be•. M,eter Readin• 

Total Issues 

#2 01L PUMP 

End. Meter Readin 9 

Be 9. Meter Readin 9 

Total Issues 

#3 OIL PUMP 

End. Meter Readinq 

Beg. Meter Readinq 

Total Issues 

DIESEL F•JEL READING 

513 END. METER READING 

514 BEG. METER READING 

615 TOTAL ISSUES 
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LYNCHBURG 

DATE COACH NO. 

Daily Service Card 

A. M. REPORT 

NAME OF OPERATOR 

P. M. REPORT 

NAME OF OPERATOR 

EACH OPERATOR MUST MAKE HIS OWN REPORT 
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LYNCHBURG 
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LYNCHBURG 

BUS # 

BODY DAMAGE 

GREATER LYNCHBURG TPJ•NSIT CO. 

WEEKLY INSPECTION 

LIST ALL, INCLUDING SF.•TS AND BUMPERS 

DATE 

CONDITION OF INTERIOR: 

CLEAN DIR'P( 

TRANSMISSION: FULL YES .• 

CHECK FOR LEAKS 

OIL FULL YES •0 

>I0. QTS. AODED 

•0. QTS. ADDED 

CHECK FOR LEAKS 

FULL YES NO AI•OUNT ADDED 

CHECK FOR LEAKS 

CHECK ANTIFREEZE IN WINTER PROTECTED TO * 
0 0 

LIGHTS: 

BRAKES 

O.K. NO. OF LIGHTS OUT 

ADJUST ALL CHECK CLEARANCE BETWEEN SHOES AND DRUM. •UST BE FREE 

LiST CONDITION OF: 

LIN!•IG Good Fair Need Replacing 

ORUMS Good Fair Need Turninm 

HOSES Good Fair Need Remlacing 

BATTER IES 

CHECX SPECIFIC GRAVITY. REPLACE ANY 3ELOW 1250, OR iF CELLS SHOW ',•EAK. 
USE GOOD FULLY CHARGED gATTERY BEFORE YSING NEW ONE. 

Need Replaced 

MECHANIC SIGNATURE 
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LYNCHBURG 

Grea=er Ly•chburg Transi= Co. 

ROAD CALL REPORT 

Tr•uble .le•c •ed: 

Time Sho.u Arrived on Scene: 

Trouble Fouad: 

Dace Correc=ed: 

Other 
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CHARLOTTESVILLE 

Ve•cl e Fuel Quarts 
Mileage Gallons 

•',lu mbef Cocle Oil 

Control 
total 

g.e,/puncb 

FReguiar 

E thyt .3 
Oiesel • 

F•eod• ng 

Re•dinq 

Reguiar L•nt e(•c•ed E:r•yi 

•JrnOs 
Total 
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CHARLOTTESVILLE 

,"E!• [CL-" = 

"'.'L--kGE 
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CHARLOTTESVILLE 

BUS 

8O5 

807 

ao9 

81(] 

811 

812 

813 

814 

815 

815 

817 

DAILY STATUS SHEET DATE 
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PETERSBURG 

PETERSBURG AREA TRANSIT 

M LEAG E-GAS--O L--SUMMARY 

BUS NO. 

6O 

6[ 

62 

MILES DIESEL OIL ANS- •TO FLUID IBUS NO.• 52' MILES 

65 

66 

67 

TOTAL 

68 

69 

TOTAL 

•" OS NG 

TOTAL USED 
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PETERSBURG 

PETERSBURG AREA TRANSIT.' 

WORK 

Bus No. 

No. Par=s •ESCRIPTION OF WORK DONE 

DONE BY APPROVED BY 
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PETERSBURG 

ROAD CALL REPORT 

Date: 

Operator 

Bus No. 

Line 

Trouble Reported 

Time 
Called 

Parked At: 

Meet At: 

Time D•e: 

Received By: 

Bus Out 

Time Out 

Call Made By 

Bus In 

Time In 

Remarks as to Repair in Shop 
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PETERSBURG 

TRI-C|TY COACHES, Inc. 

Trouble-Report. 

DATE" Su•. N•. 

OPE•kTOR 

CHECX AND EXPLAIN 8ELOW 

•RAKF..S STEERING 

DOORS TIRES 

LIGHTS WHEELS. 

MOTOR BOOY 

SEA• WINDOWS 

FARESOX OTHER" 

EXPLA NAT!O N 

USE •ACX IF NF.:_DED 




