
_LL fl1 V 
I 	

Special Report 198 

B US 
MAINTENANCE 
IMPROVEMENT 

I4 

V Transportal 
National i 

L . 	Nation 



1983 TRANSPORTATION RESEARCH BOARD -EXECUTIVE COMMITTEE 

OFFICERS 

Chairman: Lawrence D. Dahms, Executive Director, Metropolitan Transportation Commission, Berkeley, California 

Vice Chairman: RichardS. Page, President, Washington Roundtable, Seattle Washington 

Executive Director: Thomas B. Dean, Transportation Research Board 

MEMBERS 

Ray A. Barnhart, Administrator, Federal Highway Administration, U.S. Department of Transportation (ex officio) 

Francis B. Francois, Executive Director, American Association of State Highway and Transportation Officials, Washington. D.C. (ex 

officio) 
William J. Harris, Jr., Vice President. Research and Test Department, Association of American Railroads, Washington, D.C. (ex officio) 

J. Lynn Helms, Administrator, Federal Aviation Administration, U.S. Department of Transportation (ex officio) 

Thomas D. Larson, Secretary of Transportation. Pennsylvania Department of Transportation. Harrisburg (ex officio, Past Chairman, 1981) 

Darrell V Manning, Director, Idaho Department of Transportation Boise (ex officio, Past Chairman, 1982) 

Diane Steed, Acting Administrator, National Highway Traffic Safety Administration, U.S. Department of Transportation (ex officio) 

Kent Woodman, Acting Administrator, Urban Mass Transportation Administration, U.S. Department of Transportation (ex officio) 

Duane BerentsOn, Secretary, Washington State Department of Transportation, Olympia 

John A. 8orchert, Professor, Department of Geography, University of Minnesota, Minneapolis 

ArthurJ. Bruen, Jr., Vice President, Continental Illinois National Bank and Trust Company of Chicago, Chicago 

Joseph M. C/app, Senior Vice President, Roadway Express, Inc., Akron, Ohio 

John A. Clements, Commissioner, New Hampshire Department of Public Works and Highways, Concord 

Ernest E. Dean, Executive Director, Dallas-Fort Worth Airport, Texas 

Alan G. Dustin, President and Chief Executive Officer, Boston and Maine Corporation, North Billerica, Massachusetts 

Robert E. Farris, Commissioner, Tennessee Department of Transportation, Nashville 

Jack R. Gilstrap, Ekecutive Vice President, American Public Transit Association, Washington, D.C. 

Mark G. Goode, Engineer-Director, Texas State Department of Highways and Public Transportation, Austin: 

LesterA. Hoel, Chairman, Department of Civil Engineering, University of Virginia, Charlottesville 

Lowell B. Jackson, Secretary, Wisconsin Department of.  Transportation, Madison 

Ma,vin L. Manheim, Professor, Department of Civil Engineering, Massachusetts Institute of Technology, Cambridge 

Fujio Matsuda, President, University of Hawaii, Honolulu 
James K. Mitchell, Professor-and Chairman, Department of Civil Engineering, University of California, Berkeley 

Daniel T. Murphy, County Executive, Oakland County, Pontiac, Michigan 
Roland A. Ouellette, Director of Transportation Affairs, General Motors Corporation, Washington, D.C. 

Milton Pikarsky, Director of Transportation Research, Illinois Institute of Technology, Chicago 

Walter W. Simpson, Vice President-Engineering, Southern Railway System, Washington, D.C. 

John E. Steiner, Vice President, Corporate Product Development, The Boeing Company, Seattle 

RichardA. Ward, Director-Chief Engineer, Oklahoma Department of Transportation, Oklahoma City 



Special Report 198 

BUS 
MAINTENANCE 
IMPROVEMENT 

Proceedings of the Bus Maintenance Improvement Workshop 
April 14-16, 1982, St. Louis, Missouri 

Conducted by 
the Transportation Research Board 

and Sponsored by, 
the Urban Mass Transportation Administration 

U.S. Department of Transportation 

Transportation Research Board 
National Academy of Sciences 

National Research Council 
Washington, D.C. 1983 



Transportation Research Board Special Report 198 
Price $8.60 

mode 
2 public transit 

subject areas 
11 administration 
40 maintenance 
53 vehicle characteristics 

Transportation Research Board publications are available by order-
ing directly from TRB. They may also be obtained on a regular 
basis through organizational or individual affiliation with TRB; af-
filiates or library subscribers are eligible for substantial discounts. 
For further information, write to the Transportation Research 
Board, National Academy of Sciences, 2101 Constitution Avenue, 
N.W., Washington, DC 20418. 

Notice 
The project that is the subject of this publication was approved by 
the Governing Board of the National Research Council, whose mem-
bers are drawn from the councils of the National Academy of Sci-
ences, the National Academy of Engineering, and the Institute of. 
Medicine. The members of the committee responsible for the pub-. 
licalion were chosen for their special competence and with regard 
for appropriate balance. 

The views expressed are those of the authors and do not neces-
sarily reflect the views of the committee, the Transportation Re-
search Board, the National Academy of Sciences, or the sponsors of 
the project. 

Library of Congress Cataloging in Publication Data 
National Research Council. Transportation Research Board. 

Bus Maintenance Improvement Workshop (1982: St. Louis, 
Mo.) 
Bus maintenance improvement. 

(Special report/Transportation Research Board, National 
Academy of Sciences, National Research Council; 198). 

1. Buses—Maintenance and repair—Congresses. L National 
Research Council (U.S.) Transportation Research Board. 

United States. Urban Mass Transportation Administration. 
Title. IV. Series: Special report (National Research Council 

(U.S.). Transportation Research Board); 198 
TL230.2.B87 	1982 	6292'2233'0682 	83-19315 
ISBN 0-309-03521-X 	ISSN 0360-859X 

Sponsorship of This Transportation Research Board Special Report 

STEERING COMMITFEE FOR THE WORKSHOP ON BUS 
MAINTENANCE IMPROVEMENT 

Chairman 

James F. Foerstér, University of Illinois, Chicago 

Members 

Alfonso F. Alaimo, New Jersey Department of Transportation 
Richard Golembiewski, Detroit Department of Transportation 
Kay Inaba, XYZYX Information Corporation 
Ralph Malec, Milwaukee County Transit System 
Henry J. Mërcik, Jr., Hamilton Test Systems, Inc. 
Robert E. Prangley, ATE Management and Services Company 
WilhiamT. Van Lieshout, Arthur Andersen and Company 
Peter Wood, MITRE Corporation 

Liaison Members 

A.B. Háilman, Urban Mass Transportation Administration 

James F. Foerster, Conference Proceedings Educational Consultant 

TRB Staff Representative 

Adrian G. Clary 

The organizational units, officers and members are as of 
December 31, 1981. 

Cover photograph courtesy of Washington Metropolitan Area Transit Authority 



Contents 

PREFACE 

PART 1: INTRODUCTION 	 ' 
Conference Overview ....................... .... ........ ... ........... . ........ .2 
Keynote Papers 

Maintenance Research and Development Needs in the Transit Industry 
George Heinle ................................. . ...................... .....4 

Mass Transit: A Perspective for' the Future 
Michael M. Smith ....... . ............ . .................. . ...... ............ 	5 

Charge to the Workshop 
A.B. Haliman.............................................................12 

PART 2: FINDINGS AND STRATEGIES 
Summary of Findings and Suggested Strategies ................................. 14 

PART 3: RESOURCE PAPERS AND WORKSHOP REPORTS 
Workshop 1: Management's Role in Maintenance...............................'  . 20 

Resource Paper 
Conrad L. Mallett .................................................. .... 20 

Workshop Report..........................................................22 
Workshop 2: Management Tools for Improving Maintenance Performance.........25 

Resource Paper 
B. W. Kliem and D. L. Goeddel..........................................25 

Workshop Report ............................................. ............... 34 
Workshop 3: Human Resources for Maintenance .................. .............. 37 

Resource'Paper 	' 
JamesGregoryMitchell ................ . .................... ..... ....... 37 

Workshop Report ...................... . ................................ ......40 
Workshop 4: Facility and Equipment Needs 

Resource Paper 
Cecil 	M. Taminen ...... .. ..... .. .............. .. ............ ............. .43 

Workshop Report ................ .. ......... . ............ . .......... . .... ...45 
Workshop. 5: Vehicle Design, Acceptance Testing, and Maintenance Support 

Services ............ . ......... .. ..... . .......... 	 47 
Resource Paper 

H.H. Buckel.... .................................................. ........ 47 
Workshop Report ....  ...... . ........................... . ..................... 51 

PART 4: PARTICIPANTS AND BIOGRAPHICAL DATA, 
Participants ........................... ....................................... 54 
Biographical Data on Steering Committee for the Workshop 

on'Bus Maintenance.....................................................'.... 55 

APPENDIX.....................................................................58 



Preface 

This Special Report contains the proceedings of the 
Bus Maintenance Improvement Workshop held on April 
14-16, 1982, in St. Louis, Missouri. The workshop 
was conducted by the Transportation Research Board 
under the sponsorship of the Urban Mass Transporta-
tion Administration, U.S. Department of Transporta-
tion. The purposes of the workshop were to exchange 
information on current transit industry practices 
related to vehicle maintenance, to define industry 
needs, and to generate suggestions for research, 
development, and technical assistance programs in 
the maintenance area. The 63 conference partici-
pants represented state departments of transporta-
tion, local transit properties, manufacturers, and 
consulting firms. 

At the plenary session, A. B. Haliman of the 
Urban Mass Transportation Administration presented 
the charge to the workshop and the working groups. 
George Heinle of the New Jersey Transit Corporation 
and Robert Mora of the Denver Regional Transporta-
tion District (for Michael M. Smith) presented key-
note addresses on industry needs (see part 1). 

Five topic areas were used to focus the discus-
sion of maintenance needs: 

Management'S role in maintenance, 
Management tools for improving maintenance, 
Human resources, 
Facility and equipment needs, and 
Vehicle design, acceptance testing, and main-

tenance support services. 

Each of these topics was addressed by issue and 

resource papers presented at a general session on 
the first day of the workshop. Subsequently, par-
ticipants broke into five working groups to discuss 
the specific topics and develop strategies for im-
proving maintenance effectiveness. 

Working-group participants discussed the state of 
the art in their areas, identified current problems, 
and ranked suggestions for further development and 
technical assistanôe in each area. The interre-
latedness of the working-group topics should be 
noted. Although it is possible to separate the 
areas relating to maintenance for academic purposes, 
in reality the areas are not exclusionary. Thus, 
although the working groups had distinct topics, 
many of the problems identified and suggestions made 
crossed over the boundaries of the individual work-
ing groups. 

The findings of the groups are summarized in Part 
2; the workshop reports, along with the appropriate 
resource papers, are presented in part 3. 

The assistance of the paper authors, chair-
persons, reporters, participants, and TRB staff is 
gratefully acknowledged. The workshop and these pro-
ceedings would not have been possible without their 
efforts. I would also like to acknowledge the con-
tribution of Jeanne Zimmer, who drafted the Con-
ference Summary and assisted me in writing the 
Summary of Findings and Suggested Strategies. 

James F. Foerster 
Conference Chairman 

/ 



Part 1 

Introduction 
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Conference Overview 

Declining productivity, diminishing cost-effective-
ness, and decreasing operating efficiency all indi-
cate that the current State of the urban mass tran-
sit industry is not good. Given the decline in the 
experience level of the work force, the increase in 
vehicle complexity, and the loss of federal operat-
ing subsidies, it appears that maintenance perfor-
mance problems in particular will continue to in-
crease rather than subside. 

It has been suggested that history is repeating 
itself: As in the 1950s and 1960s, the industry is 
faced with increasing costs and declining revenues. 
Federal funding has created an environment in which 
transit management has become too reliant - on ex- 
ternal resources. Today it is essential that energy 
be devoted to controlling costs. It is important to 
determine how costs can be reduced without affecting 
the quality and quantity of service. The mass tran- 
sit industry must begin to view itself as a private 
industry would--that is, using a profit-and-loss 
approach to management. The major cost factors 
influencing the delivery of good transit service are 
labor, materials, and equipment. 

Perhaps the best way to reduce operating costs is 
through increasing the efficiency, performance, and 
productivity of the maintenance function. Beyond 
bus operator costs, the maintenance function is 
responsible for the bulk of operating costs. Mainte- 
nance managers have limited control over operating 
revenue, yet they have a major responsibility for 
operating costs as well as the type of service pro- 
vided. The question that must be addressed by the 
transit industry is how to accomplish more with-less. 

The Bus Maintenance Improvement Workshop focused 
detailed attention on maintenance and ultimately on 
the formulation of suggested maintenance-related 
research and development (R&D) options. The work-
shop examined the state of the art in bus mainte- 
nance and identified problem areas and potential 
solutions. The exchange of information on current 
industry practices was of principal importance to 
participants, as was the generation of suggestions 
for R&D and technical assistance programs in the 
maintenance area. 

A major concern of the workshop participants was 
the lack of emphasis placed on maintenance by other 
areas of the industry. Perhaps the greatest ques- 
tion in this regard is how to increase awareness of 
and appreciation for the maintenance function. In 
assessing the needs in this area, the working groups 
focused on the need to reinforce the importance of 
maintenance through the development of a basic pack- 
age of materials that could be delivered in differ-
ent modes, such as journal articles, professional 
meetings, and video simulation programs. 

Directly related to this issue is the lack of 
effective communication between the various property 
functions. Inadequate linkages between the finance 
and maintenance functions, in particular, result in 
inadequate budget allocations. Suggestions for 
closing the communications gap include the estab-
lishment of credibility between the various groups, 
the delineation of responsibilities and relation-
ships within the property, and the development of a 
comprehensive organizational plan. 

The lack of information collection and dissemina-
tion on a national scale was determined to be a  

principal barrier to effective maintenance. Group 3 
participants pointed out that many problems are 
shared by individual properties but that there is no 
effective means of communicating relevant informa-
tion. This group suggested that a survey be under-
taken to examine the common information needs of 
transit properties and to design a multichannel 
system or technique for meeting those needs. 

Other areas identified as requiring an industry-
wide network for information exchange include bus 
defects that are manufacturer specific, part inter-
changeability and cross referencing, and facility 
onstruction and equipment innovations. It was 

concluded that the "grapevine, which is the current 
method of communication between transit properties, 
is not an effective means of disseminating informa-
tion,, particularly since many of the smaller prop- 
erties are excluded from this network. Group 2 
suggested that national centers be developed to deal 
with major model-specific bus defects to aid in the 
identification of fleet problems. It was suggested 
by Group 4 that exchange seminars be held to aid in 
the dissemination of 'information developed by indi-
vidual properties. It is hoped that an American 
Public Transit Association (APTA) incentive program, 
similar to the bus rodeo, may encourage the submis-
sion of improved tools and techniques developed 
within properties. 

Another theme reiterated by several of the work-
ing groups is the need for the development of indus- 
trywide standards, 'measures, and guidelines in di- 
verse areas. For example, Groups 1, 3, and 4 ex-
pressed the need for property-level performance 
policies, measures, and/or standards. The lack of 
performance measures and standards not only hampers 
training and planning but also makes it difficult to 
quantify the effects of any improvement or change in 
maintenance. Regarding this need, Group 3 suggested 
that UMTA undertake a survey of properties and other 
industries to determine work standards and measure- 
ment techniques. The results of the survey might 
then be disseminated through a training program 
designed specifically to communicate the concepts 
and techniques to interested parties. Any stan-
dards, it was felt, should reflect achievable levels 
of performance with proven maintenance information 
systems and training programs' and should be adapt-
able by individual properties. 

Related to the need described above is the desire 
for computerized measures and standards. Group 2 
participants emphasized the need for a computerized 
maintenance management information system '(MIS). One 
evidence of this need is the lack of data available 
to a property concerning its bus fleet. Groups 1 and 
4 also ranked the development of an MIS for mainte- 
nance as a top priority. It was determined that 
there is a need to define the functions and features 
of a good maintenance MIS and also to develop train-
ing materials to facilitate the transition from 
manual to computerized maintenance MIS. 

The lack of trained mechanics, generally recog-
nized as a major problem, was specifically discussed 
by Groups 3 and 5. Personnel problems such, am poor 
attitude and lack of motivation are complicated by 
the increase in the complexity of vehicles and the 
decrease in technical information and training and/ 
or maintenance manuals. An increase in manufacturer 



TRB Special Report 198 

technical support was recommended by both groups; 
Group 3 suggested that manufacturers be required to 
deliver job performance aids with equipment. It was 
also suggested that UMTA undertake a survey of moti-
vation and attitude to identify the specific nature 
of the problem and its causes. A second UMTA survey 
was suggested to discern the availability and util-
ity of training programs, materials, and concepts. 

Several problems and conditions related to the 
physical aspects of maintenance were identified by 
Groups 4 and 5. The purchase of new buses' has often 
been given priority over the construction of new 
maintenance facilities and the purchase of new 
equipment. Because the quality of maintenance in-
spection has a major effect on total maintenance 
costs, there is a need for the development of reli-
able inspection equipment, particularly equipment 
designed to determine the structural integrity of  

vehicles, in order to prevent in-service structural 
failures. Development of diagnostic test equipment 
was also given high priority. Group 5 stated that 
reliability and maintainability should, be improved 
through specifications and design. Manufacturers 
should be'encouraged to simplify vehicle subsystems 
to malce them easier to maintain, and builders should 
develop all test and repair equipment required • to 
service their vehicles, including comprehensive 
maintenance, manuals and wiring diagrams. 
'Various suggestions were made by the working 

groups regarding funding of R&D. A consensus seemed 
to exist that the most appropriate mechanism would 
involve joint funding by 'UMTA and . individual prop- 
erties, with 'manufacturer ' support. 	An example of 
the combined funding approach to R&D is the Western 
Transit Maintenance Consortium, which is discussed 
in the report of Group 2. 
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Keynote Papers 

MAINTENANCE RESEARCH AND 

DEVELOPMENT NEEDS IN 
THE TRANSIT INDUSTRY 

George W. Heinle 
New Jersey Transit Corporation 

It has often been said that excellence in mainte-
nance is the key to a successful bus operation. In 
the days before heavy government involvement in the 
industry, the profitable private operation was usu-
ally the one that had best succeeded in putting 
together the proper combination of good equipment 
specifications, efficient maintenance procedures, 
and an experienced maintenance work force. With the 
advent of federal subsidies for capital equipment, 
far too often there was a tendency on the part of 
transit management to use the acquisition of a new 
bus fleet as an opportunity to reduce maintenance 
operating Costs. Because of the limited availability 
of capital funds, the purchase of new buses was also 
often given priority over the construction of new 
maintenance facilities. Furthermore, as a tesult of 
retirements there are fewer and fewer experienced 
bus maintenance managers and highly skilled me-
chanics. Far too little has been done in the indus-
try to train replacements, and the industry has 
offered neither the opportunity nor the salaries 
necessary to attract enough top-quality, replace-
ments. The result has been a growing reliance.on 
operational subsidies and a declining quality of 
maintenance performance. 

There has been far too much finger pointing as 
opposed to a constructive, coordinated program of 
improvement. We have all heard that bus manufac-
turers do not build the quality into new buses that 
they used to, or that the new buses are much too 
sophisticated and impossible to maintain, or that 
you just do not get workers who are real mechanics 

.any more, or that the union is the real culprit for 
inhibiting maintenance improvements, or that mainte-
nance • managers really do not know what they are 
doing, or that UMTA is responsible because it dic-
tates bus specifications and procurement practices. 
Of course, the real truth is that each of these 
items has had some impact in producing the condi-
tions with which we are now faced. All leaders in 
the industry must take some responsibility as well. 

The challenge that we face and the purpose of the 
Bus Maintenance Improvement Workshop is to evaluate 
where we are today and what we need to do to achieve 
the desired quality of maintenance performance. To 
do this, we need to concentrate both our management 
skills and the resources of the industry on produc-
ing (a) improved management systems, (b) better-
qualified employees, (c) better vehicle maintenance 
equipment, and (d) better, more reliable vehicles. 
Separate sessions of this conference will concen-
trate on each of these areas. My purpose is to 
identify, from my perspective as an engineer, main- 

tenance manager, and general manager of a bus op-
erating property, several unmet R&D needs that this 
workshop should consider in its pursuit of improved 
bus maintenance. We also need to consider how R&D 
innovations can be most effectively translated into 
working tools for the industry and what role UMTA 
snould take in the entire process. 

I believe that an appropriate R&D program is one 
that recognizes not only the state of the art but 
also the state of the industry. It should effec-
tively "work both sides of the Street at the same 
time"; that is, it should be directed toward provid-
ing longer-lived, more reliable, more easily main-
tainable equipment while at the same time establish-
ing systems that, to the greatest extent, remove 
human judgment from the maintenance process and 
automatically flag deficiencies and/or breakdowns in 
either the process or the people. Maintenance pro-
cesses should be developed to the point where they 
are self-monitoring in terms of both quality and 
quantity of production. An example of this type of 
technological development is recording and monitor-
ing systems for consumables (fuel, oil, and water) 
The ideal system for this purpose will have built-in 
thresholds so that the maintenance manager is not 
required to inspect voluminous records or make a 
decision as to whether or not the records indicate a 
deficiency. Along these lines, there is a need to 
develop a standardized diagnostic system for buses. 
Such a system should be related to the on-board 
daily service check and also have the capability, 
through the use of a chassis dynamometer, to perform 
a comprehensive periodic inspection. Although con-
siderable work has been done in this area, it has 
been fragmented and the dissemination of information 
to the industry has, to a great extent, been ne-
glected. 

Much has been done in recent years with mainte-
nance management information systems, which can 
provide a valuable tool for monitoring the mainte-
nance process and determining a need for improvement 
in both production quality and employee performance. 
There is a need, however, for substantially more 
work in this area toward the development of packages 
that are easily implemented and that provide the 
self-monitoring capabilities required to free main-
tenance managers to attend to the human aspects of 
their job. The industry has made little use of the 
output of maintenance management information in 
establishing the service life of units and identify-
ing the more critical product improvement needs. 
Practically every maintenance person today will tell 
you that the V730 transmission needs quality im- 
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provement because it has a high rate of failure. on 
the other hand, what about those units that do not 
show such a dramatic failure rate but nonetheless 
fail far too soon in their formal life cycle, in-
creasing road failures and maintenance costs? There 
is a need not only to build this kind of information 
into maintenance information systems on a local 
level but also to develop these means for collection 
and identification problems on an industrywide 
basis. This type of analysis infers that we should 
be "working the other side of the street" to achieve 
improved product design and greater built-in qual-
ity. Some of the recent experiences of the industry 
indicate a decline in product quality instead of 
this kind of improvement and point to a. need for R&D 
to achieve better-quality assurance programs along 
with better preproduction testing and qualification 
of both the bus units and the entire bus system. The 
introduction into the American marketplace of many 
new (including some foreign) buses can only tend to 
accentuate the need for some standard prequalifica-
tion system. Although UMTA has sponsored tests in 
specific cases, all too often these studies have 
been protracted and have failed to result in sub-
stantive improvements. The lack of an adequate 
system for measuring new-product quality can only 
result in conflicting subjective evaluations by 
maintenance managers and costly and time-consuming 
retrofit programs. In this area of bus design and 
bus equipment, I believe that current problems re-
lated to short brake lives and transmissions also 
call for a new look at' both retarder systems and the 
diesel-electric drive. 

But what about the problem of translating R&D 
improvements into action? As one who has been in-
volved in many of these programs, some sponsored by 

UMTA and some not, I am convinced that there is a 
need for, much broader industry participation and 
less direct UMTA participation in R&D projects. The 
local property, and particularly the maintenance 
manager, need to feel that they have been a part of 
the developmental process. They have to want to 
implement the system and will do so if they feel 
that it is partly their idea. That is not to say 
that the R&D process does not need project managers 
who can give direction and control to each of the 
projects. It is to say, however, that this direc-
tion and control should come out of the industry and 
not the federal government. UMTA unquestionabLy' 
needs to provide adequate financial support for R&D' 
projects. On the other hand, care must be taken 
that federal controls do not impede R&D and inhibit 
the deployment of new systems in the industry. I 
believe consideration should be given to incentives 
that would encourage timely results and early imple-
mentation of new developments. Finally, there needs 
to be a commitment on the part of both the manufac-
turing industry and operating agencies to share a 
reasonable part of the financial burden of R&D. As 
an industry, we have been all too slow to recognize 
the investment that R&D represents toward future 
efficiency and economies in maintenance operations. 
Without the necessary commitment, project reports 
will end up on an executives shelf gathering dust 
and the industry will go on in a fragmented way, 
complaining about how it is all somebody elses 
fault and how the real problem is that something was 
not done about it years ago. The time to take ac-
tion is now. It is my hope that this workshop can 
come up with a definitive program for R&D that can 
lead to real progress, , in keeping with the motto of 
New Jersey Transit: "Start Moving in the Right 
Direction." 

MASS TRANSIT:, A PERSPECTIVE FOR THE FUTURE" 

Michael M. Smith 
Denver Regional Transportation District. 

History tends to repeat itself, and mass transit 
appears to be reliving the experiences of the 1950s 
and 1960s when private transit operators were faced 
with increasing costs and declining revenues. In 
the past 15 years, federal funding has created an 
environment in which transit management may have 
become too reliant on external financial resources 
rather than devoting the necessary energies to con-
trolling costs. 

Under the present Administration, federal subsi-
dies have been reduced dramatically. The greater 
part of the burden has ,been shifted squarely on to 
the shoulders of the transit properties themselves, 
which are searching for a way to provide for present 
and future demands for transit service with de-
creased operating revenues. What innovative means 
do transit operators use to cope with labor, mate-
rial, and equipment costs and budget restraints and 
at the same time provide efficient and Cost-effec-
tive transit service to the public? 

Alternative funding is a means but not the total 
solution. The increased efficiency, performance,  

and productivity of our established maintenance 
function would appear to allow us greater future 
control than expectations of additional funding as 
the cure to our present dilemma. 

Transit managers are now faced with an opportu-
nity to rise to the occasion. ,Many observers may 
believe that the difficulties now facing mass tran-
sit are insurmountable witnout additional sources of 
revenue, and they may be right. But each of us 
faces a' significant management challenge--to find 
creative solutions to reduce operating costs without 
affecting the quantity and quality of transit ser-
vice to our passengers. 

Transit has often been perceived as being quasi-
political in nature because it is a public service 
similar to other municipal functions within city 
government. We are often perceived as being bureau-
cratic and accountable to no one other than the 
political bodies within our service areas. Many 
transit managers perceive themselves as being ac-
countable to too many groups, including boards of 
directors, the public, oversight committees, commu- 
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nity groups, and state legislatures. The account-
ability is, in fact, there and it will increase 
significantly as funding decreases. Such an envi-
ronment will spotlight the efficiencies and ineffi-
ciencies of mass transit. 

It is time for us to begin viewing ourselves as 
similar to managers in private industries. Although 
we do not have a profit-and-loss motivation, we 
would be wise to adjust our thought process to this 
type of philosophy. In transit, the operating ratio 
is the equivalent to profit and loss. Operating 
ratio can be defined as total operating revenue 
(farebox revenue) divided by total operating cost 
(operations and maintenance cost). An increase in 
operating ratio can be analogous to an increase in 
profit. Conversely, a decrease in operating ratio 
can be comparable to a decrease in profit. Due to 
the current trends in mass transit and because it is 
just good business sense, our goal should be to 
increase our 'profits' to ensure the long-term fi-
nancial viability of our organizations'. 

Our success in meeting the management opportuni-
ties that we now face depends on increasing revenues 
while decreasing costs without affecting our prod-
uct--quality transportation service to the public. 
We must greatly improve service in order to keep our 
heads above water in our competition against the 
automobile. 

This paper assesses a potpourri of alternatives 
that might be worth considering in addressing these 
challenges.. For the purposes of discussion, I will 
assess the cost side of the equation. 

In any business the major cost factors that in-
fluence the delivery of a product could be defined 
as follows: 

Labor, 
Materials and supplies, and 
Equipment. 

Transit has historically been a labor-intensive 
business. Most transit operators recognize that 
labor represents as much as 75 percent of their 
operating cost. The. bulk of this cost is for bus 
operator wages. The maintenance function absorbs 
most of the remaining operating costs. Maintenance 
managers have limited control over operating reve-
nue, but they have a primary responsibility for 
operating costs. It should be noted that mainte-
nance managers do have a dramatic impact on the type 
of service provided--i.e., the cleanliness of the 
equipment, service reliability, etc. These factors 
are clearly relevant to the marketability of the 
transit service and potential increases in operating 
revenue. 
From my perspective as a director of transit opera-
tions, I am concerned with controlling costs within 
the maintenance function without sacrificing quan-
tity or quality. The question I raise within my 
organization is, How can we accomplish more with 
less resources, meaning less manpower, material, 
supplies, and equipment? 

The following issues represent key factors that 
are worth examining in considering how to manage 
more effectively while focusing on productivity. 

COST CONTROL AND AVOIDANCE 

Due to the pressures currently imposed on all tran-
sit managers, it becomes imperative for each manager 
to assess his or her function as it relates to cur-
rent costs and future cost avoidance. Such an as-
sessment should consider the acceptable standards of 
performance within the organization and the resul-
tant costs. The assessment should include all major 

factors within the maintenance function to determine 
what steps should be taken to decrease costs while 
increasing efficiency. 

Quality control of in-house functions can have a 
substantial influence on the reliability of our own 
product, help to establish acceptable standards, 
lower costs, and increase productivity and perfor-
mance. Monitoring outside services, in conjunction 
with a strong warranty section, can help avoid costs 
that should not be incurred. A technical services 
function should be able to supply the necessary 
assistance, techniques, and information for poten-
tial long-term savings in vehicles, equipment, and 
material design. 

Evaluating, positions as they become vacant can 
produce substantial savings over the short and long 
term. Some functions may be eliminated, or man 
hours may be shifted to increase efficiency and thus 
increase potential savings. The potential for sav-
ings through the hiring of part-time employees and 
subcontracting maintenance functions to outside 
services can be substantial. It allows the normal 
work schedule to continue without interruption - and 
allows for completion of necessary retrofits without 
full-time resources. 

Labor costs certainly must be monitored and con-
trolled. Effective training, absenteeism policies, 
and negotiation practices can all keep productivity 
up and costs down. Even layoffs, although negative 
(especially, to those affected), can have positive 
results if implemented properly. Eliminating nonpro-
ductive positions can lower costs without affecting 
productivity. It is quite possible that productiv-
ity may even be increased due to a' heightened aware-
ness among remaining employees of the need for pro-
ductivity. If improperly handled, layoffs could 
place more of a burden on those remaining and reduce 
their effectiveness. 

ORGANIZATIONAL STRUCTURE FOR THE MAINTENANCE FUNCTION 

Traditionally, the transit industry has segregated 
its functions into maintenance and transportation. 
Maintenance can be broken down further into vehicle 
maintenance, district shops (heavy repair), facili-
ties maintenance, materials handling, etc. The re-
sult is that the boundaries get set, the walls get 
built, and communication decreases. 

For an organization to be effective, interaction 
between managers is essential. It is impossible to 
achieve organizational goals and objectives if 
everyone is headed in different directions. 

Currently, my own organization, the Denver Re-
gional Transportation District (RTD), is undergoing 
a change in structure from the traditional approach 
shown in Figure 1 to the accountability-centered 
approach shown in Figure 2, shifting the burden of 
responsibility to the division and facility level. 
The Bouider/Longmont, Alameda, Platte, and East 
Metro titles: represent the operating facilities of 
the Denver RTD. 

The traditional approach, with the various line 
functions responsible to a different manager, may 
prove successful for transit companies that are not 
multidivisional or might continue to succeed if the 
curient level of public funding were to continue. 
However, public demand for improved transit ser-
vices, coupled with decreased federal assistance, 
increases the necessity to explore management ap-
proaches aimed at providing the best possible ser-
vice in the most cost-efficient manner. 

The accountability-centered approach conceptual-
ized in Figure 2 transforms the traditional frag-
mented line-function management approach into a 
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Figure 1. Traditional organizational structure. 
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Figure 2. Accountability-centered organizational structure. 
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management plan that has proved successful in pri-
vate business promotion. Such a plan includes 

Budget and cost control, 
Coordination of all necessary functions for 

managing an individual operating division, 
Problem solving at the division level with 

access to systemwide support staff, 
Decisionmaking at the lowest possible level 

within the organization, and 
Increased accountability, responsibility, and 

authority. 

This approach will transform the management philoso-
phy of the Department of Transit Operations into one 
that is similar to a private business model and 
Consistent with long-term organizational commitments 
to achieve greater cost efficiency and improve ser-
vice to the public. 

SUPERVISOR SELECTION AND TRAINING 

The managing of any function depends on the quality 
of supervisory management and staff. This issue is 
seldom given adequate consideration in developing 
the strength of an organization. Quite often, orga-
nizations have a tendency to select people who are 
technically competent but who may not necessarily 
have the required management skills and abilities. 
Some organizations use a haphazard technique in 
selecting a supervisor and then spend an inordinate 
amount of money in attempting to develop that indi- 

vidual to meet the demands of the position. In 
reality, the selection of a supervisor or manager is 
one of the most critical elements in developing an 
effective management team. 

The most logical approach to proper selection is 
to first define what we consider a "good super- 
visor". 	What. qualities do we desire and need? 
Should he or she possess technical skills, interper-
sonal skills, ,or a combination of both? What does 
the position being filled require? How do we deter-
mine management potential? In the selection pro-
cess, it is worthwhile to consider that it is quite 
difficult, if not impossible, to motivate people, 
and advisable instead to provide the atmosphere that 
allows people to motivate.themselves. 

Methods of selection are numerous. In-house 
supervisory trainee programs can be set up to allow 
individuals to evaluate the positions, and their own 
potential, in conjunction with management's apprais-
al of the candidates. Many colleges, trade facili-
ties, and even high schools establish internship 
programs with various businesses to coordinate 
classroom learning with actual on-the-job experi-
ence. Both of these approaches provide prior expo-
sure to positions at minimal cost. A balance be-
tween promoting from within and hiring from without 
can achieve positive results by demonstrating that 
advancement occurs through performance. and not 
length of service. The process of choosing the 
right candidate can be aided through various psycho-
logical tests in the interview process, group and 
individual interviews (for a more balanced perspec-
tive)., and even assessmentcenters to identify given 
qualities in each individual. 

Perhaps as crucial as the right selection process 
is the additional training support that should fol-
low. Follow-up training must continue to isolate 
the strengths and weaknesses5  of both the individuals 
and the training activities and update the needs 
arising from changing work practices and equipment. 
Are the personal and monetary incentives.to  maintain 
the quality and integrity of the management staff 
still present? Outside workshops and seminars can 
keep us aware of the changes around us.. 

Often we fail in the next step. The "Peter Prin-
ciple"--i.e., promotion beyond the employee's level 
of competence--is often discussed and taken for 
granted. We Should pay special attention to provid-
ing an avenue for individuals to return to their 
most productive level of activity. There is no need 
to live with tfle selection of an incompetent manager 
for 20 or 30 years. This only diminishes the pro- 
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ductivity of the individual and those around him or 
her. 

LABOR CONTRACTS 

Nationwide, regardless of industry, it appears that 
the tendency in collective bargaining is to negoti-
ate a contract--its content and duration--with mini-
mal emphasis on long-range planning. The tradi-
tional. approach of submitting, eliminating, and 
trading a host of proposals, with final settlement 
on a few, is inadequate in today's economy. The ]D 

minutes in allowances here, the additional S cents 
an hour there, etc., compounded over 10-20 years, in 
perhaps as many contracts, have created an unwork-
able operating environment. 

The historical pattern of labor unions requesting 
more with each contract, be it wages or fringes or 
both, is hard to stop and even more difficult to 
reverse. The recent Port Authority Transit Corpora-
tion decision demonstrates that strikes are perhaps 
not a viable threat. The latest settlements in the 
automobile industry have shown more interest in job 
security and have minimized union-management, em-
ployee-employer differences. Now is the time to 
negotiate in the frame of reference that this is 
"our" company. 

In the past, the labor unions have been allowed 
to use the transit industry as a standard in estab-
lishing wage rates. Rather than using other. transit 
properties for wage and/or fringe comparison, more 
attention should be focused on the demand and cor-
responding wage structure of similar occupations in 
the general surrounding geographic area. 

The concept of offering contract wage increases 
and cost-of-living adjustments (COLAs) seems inap-
propriate without defining increased productivity. 
Management's first attempt at controlling costs 
should be to reduce or eliminate COLAs. Managing on 
predictions of what might and might not happen is 
most difficult and offers little, if any, control. 

The next need is to institute productivity stan-
dards wherever possible. Contract wage increases 
should parallel increases in productivity. The need 
to cement the relation between wages and increased 
productivity is basic. 

Third, management should establish contract lan-
guage that results in wage decreases for the less 
skilled positions, such as bus cleaners, inventory 
control clerks, custodians, and clerical support 
functions. These positions are often included in 
the percentage increases for the skilled positions 
of operators and mechanics and as a result receive a 
much higher wage than similar positions in private 
business. 

Transit contracts have always included clauses 
that allow management the flexibility to respond to 
changes in the industry and the economy, clauses 
defined as the "rights of management". Too often, 
organizations have inserted language in other areas 
of the contract that contradict and restrict these 
rights and tie management's hands in effectively 
controlling costs. 

Because labor costs account for more than 50 
percent of the maintenance operations budget, it is 
most important to relate any wage and/or fringe 
demands to corresponding increases in productivity 
in order to at least maintain the present operating 
ratio and, as a future goal, to increase it. 

MANAGEMENT REPORT SYSTEMS 

Information management will explode in the 1980s. 
The more complex the function, or the more variables 
i.nvolved, the greater is the need for thorough in-
formation systems. This places an increasing burden 

on information management--data capture, processing, 
reports, etc.--which focuses on key factors such as 
labor, materials and supplies, and equipment utili-
zation. The major issue is that managers should 
have adequate data available to them so that they 
can analyze and develop solutions that result from 
trends in the reporting process. Some simple rules 
to follow in tne development of an information man-
agement system are 

Keep it simple and easy to understand, 
Involve the user as much as possible, 
Make the system modular in design (whole sub-

systems) 
Ensure that data are timely and accurate, 
Accommodate user involvement, 
Gear the system to respond to the user's needs 

and requirements, and 
Design the system for. directing a preventive 

maintenance program. 

Significant progress has been made in the Denver 
RTD system, due in part to the effort put into the 
maintenance reporting system. For example, there 
have been increases of approximately 40 percent in 
mileage per road call, approximately 10 percent in 
the average life mileage of engines, 20 percent in 
inspections completed as scheduled, and increased 
warranty claims coverage oased on the availability 
of improved coach history. Some of the reports 
generated include the following: 

Fuel and oil consumption reports by operating 
facility, subfleet, coach, and exception basis (des-
ignate oil leakers and engines that need rebuild due 
to high mileage) 

RTD vehicle inventory and detailed coach 
history (reference all pertinent coach information 
for the company); 

Labor and parts reports (Specialized use for 
maintenance cost data) ; 

maintenance and operating costs per mile 
(used for cost analysis) 

Component use (mileage) report, by subfleet 
(integral part of component change-out and preven-
tive maintenance program); 

Component repeater report (identifies trouble 
source and subsystems on specific coaches); 

Inspection scheduling report (schedules all 
inspections) 

Coach history report, which gives activities 
since the last inspection (reference for the me-
chanic performing the inspection); 

Fuel history report (tracks hubodomet(ir and 
mileage for the entire fleet); 

Component forecasting report, by subfleet 
(determines anticipated work-load requirements for 
all major components for the next 6-12 months) ; and 

Road-call reporting, a performance indicator 
for facility performance and coach reliability 
(daily, weekly, and monthly reports for specific 
coach repair and trend analysis). 

PREVENTIVE MAINTENANCE 

Preventive maintenance is defined as a regularly 
scheduled program of maintenance by which periodic 
inspection checks are done to prevent premature 
failure and provide more reliable service. The 
initial inspection is only the first ingredient of a 
sound preventive maintenance program. Even more 
important is the actual follow-up "hands-on" repair, 
the essential element before any vehicle is released 
for service. It is pointless to go through the 
process of inspecting a bus at 6000-mile intervals 
and then place it into service with a defective 
radius rod, power steering pump, or air dryer. Ef- 
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fective preventive maintenance means both inspection 
and repair. 

Perhaps the most difficult aspect of a preventive 
maintenance program is to determine at what mileage 
intervals a maintenance action should be taken and 
whether a component should be changed out before 
failure. As a maintenance operation becomes more 
centralized, more attention is given to scheduling 
intervals and the repair action to be taken. Sched-
uling intervals consistent with the skill level of 
mechanical diagnosis and management's confidence of 
operation require the most cost-effective approach 
for an overall maintenance operation based on plan-
ning experience and assessment. 

The relationship between effective preventive 
maintenance and an established maintenance reporting 
system should be apparent. Because planning of 
scheduling intervals is so critical to effective 
preventive maintenance, the need for a system to 
gather and disseminate a variety of data in timely 
reports for proper analysis is of paramount impor-
tance. 

Preventive maintenance is most productive due to 
the fact that it is planned. Unscheduled work as-
signinents will be accomplished in a reactionary 
mode, but this is disruptive to the planned activi-
ties and results in increased inefficiencies in 
man-hours and parts and materials scheduling. 

PERFORMANCE INDICATORS AND OBJECTIVES 

A process that is often very helpful in improving 
the overall operation of a maintenance function is 
the establishment of clear expectations. One of the 
most effective applications is the formulation of 
"maintenance performance indicators". These indica-
tors give a manager a quick overview of how a.par-
ticular facility is operating and what level of 
performance it is achieving. They provide the "pro-
duction" numbers that help gauge the operation. 

Specific items can include the number of road 
calls, tune-ups, preventive maintenance inspections 
completed, brake and wheelchair lift inspections 
completed, engines and interiors cleaned, and total 
work loss. For example, the district shops (major 
repair) report can be on the number of power plants, 
transmissions, and brake jobs completed. 

One of the most valuable benefits is the actual 
process of establishing mutual targets as part of 
the overall setting of objectives. The dialogue 
between management and supervision is enhanced by 
specific accountability methods that measure both 
productivity and performance. The Department of 
Transit Operations recently performed this valuable 
exercise in stating its 1982 goals and objectives. 

In setting performance objectives for 1982, the 
Transit Operations staff first reviewed the problems 
involved in their previous goal-setting process. The 
staff then worked on a solution that would (a) focus 
departmental goal-setting activities on priority 
issues; (b) deal with the "vital signs" of specific 
sections within the department; (C) require state-
ments with clearly stated, tangible goal commitments 
for each objective as well as the preparation of 
appropriate methods to collect data'-and report the 
information regularly; and (d) provide a framework 
for interpreting progress toward and achievement of 
performance objectives to all staff levels and the 
Board of Directors. 

Toward these ends, each section's management team 
reviewed and analyzed its unique role in the Depart-
ment as a whole and identified performance indica-
tors on which to base 1982 objectives. During this 
process, section directors received input from key 
members of their staffs concerning the "vital signs" 
of their respective areas; this 'information was  

reviewed and discussed by the Transit Operations 
staff in an effort to crystallize issues of greatest 
concern, coordinate conflicting objectives, and 
promote departmentwide focus on RTD attempts to cut 
costs while maintaining safe, reliable, and effec-
tive public transit for the citizens of the six-
county service area. The results of the process 
were the 1982 performance objectives for the Depart-
ment of Transit Operations, including 2 department-
wide objectives dealing with absenteeism and budget 
adherence and 29 performance objectives set by the 
seven individual sections. 

As an example, the performance objectives set by 
various sections of the RTD are outlined below. 

Vehicle Maintenance 

Performance Indicator 

Miles between chargeable road calls 
Performance Objective 

Improve the miles between chargeable road calls 
by 20 percent from 2475 in 1981 to 2970 in 1982 
for 'a net increase of 495 miles 

Miles between road calls is a visible, reasonably 
accurate indicator of vehicle reliability and main-
tenance performance. The Vehicle Maintenance Sec-
tion has monitored this indicator over the past year 
and has used the data' to continually upgrade the 
preventive maintenance program as well as reduce the 
number of repeat road calls. The Section's record-
keeping system allows for road calls to be reported 
based on whether the problem was attributable to 
vehicle maintenance or operator error and whether 
the occurrence was chargeable or nonchargeabie. The 
information will be reported in this format in order 
to pinpoint responsibility for correcting problems. 

Performance Indicator 

Percentage of preventive maintenance program 
completed 

Performance Objective 

Complete 100 percent of inspections as scheduled, 
aiid clear 80 percent of all defects found in 
inspection process within 48 hours of date of 
inspection 

Percentage of preventive maintenance program com-
pleted relates to the Vehicle Maintenance Section's 
responsibility for repairing all major defects found 
during the routine inspection cycle. The most tangi-
be result to be obtained in meeting this objective 
will be increased vehicle reliability. In 1981, 
approximately 55 percent of all defects found were 
cleared. The 1982 objective is set at 80 percent in 
order to maximize the cost-effectiveness of avail-
able vehicle maintenance resources. The focus on 
preventive maintenance should have a positive impact 
on the other vehicle maintenance performance objec-
tives for 1982. 

Performance Indicator 

Repeat road calls 
Performance Objective 

Reduce the overall road-call repeat percentage 
from an average of 15.3 percent of total road 
calls in 1981 to 12 percent of total road calls 
in 1982 for a net improvement of, 22 percent 

The 'repeat road calls indicator addresses those road 
calls that reappear in the same general category 
within 10 days. This information should be useful 
in detecting troublesome Subsystems or identifying 
the need for a mechanic to acquire retraining in 
some areas. 
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Materials Handling 

Performance Indicator 
Bad-order buses due to out-of-stockS 

Performance Objective 
Bad-order buses awaiting parts not to exceed a 
daily average of 2 percent of the system fleet, 
or 14 vehicles, allocated by facility as 
follows: Alameda - 3; Platte - 5; East Metro - 
3; NOG - 3. 

The objective excludes bad-order buses awaiting 
rebuildable components when Materials Handling can 
provide the repair parts and rebuildable core. To 
meet this objective, each division storeroom super-
visor .has made a commitment not to exceed the daily 
average number of bad-order buses, based on the 
current fleet. 

Performance Indicator 
Total monthly inventory valuation 

Performance Objective 
Reduce the inventory value from $2.16 million on 
December 31, 1981, to $1.93 million by December 
31, 1982, for a net 10.6 percent reduction 

Meeting the objective would result in an approximate 
$230 000 reduction in valuation for 1982. 

Technical Services 

Performance Indicator 
Monitoring and enforcement of all warranty claims 
related to vehicle and facility equipment for 
Transit Operations 

Performance Objective 
Satisfactorily resolve 100 percent of fleet 
defects and warranty issues on General Motors 
(GM) buses 

Warranty claims, in general,.are. not submitted to GM 
until they are discussed and resolved with the GM 
representative. 	Negotiations 	are 	sometimes 
necessary before a problem is solved. 

Performance Indicator 
Verification of quality control on all incoming 
parts and materials reàeived for the Maintenance 
Division 

Performance Objective 
Save the RTD $52 000 in unacceptable material in 
1982, as compared with $42 000 in 1981, or an 
increase of 24 percent; and, through the 
inspection of parts and components and 
development of specifications, increase the reuse 
volume of parts and components to save the RTD 
$127 000 in 1982, as compared with $102 000 in 
1981, an increase of 24.5 percent 

In addition to verifying the quality of incoming 
goods, Technical Services also monitors parts and 
components that are rebuilt in-house to ensure their 
useful life and reliability. In 1982t Technical 
Services will continue strict adherence to estab-
lished quality-control standards to reduce waste in 
high-volume rebuild areas by 30 percent and also 
continue its efforts to reduce the receipt of 
unacceptable incoming materials. 

Performance Indicator 
Project control: electric (brake) retarders 

Performance Objective 
Complete the retrofit of 259 buses with electric 
retarders by December 31, 1982, at a cost not to 
exceed $2 164 800 

In order to meet this commitment, it will be neces-
sary to coordinate and provide support to Grants, 
Contracts and Procurement and to Vehicle Maintenance 
in the development of the retarder program by April 
15, 1982; beginning. May 15, 1982, Technical Services 
will assist, as necessary, in the installation of 
the retarders, to be completed by December 31, 1982. 

Performance Indicator 
Project control: evaporative coolers 

Performance Objective 
Finalize a decision concerning the type of 
evaporative cooler to be used in retrofitting 525 
buses, cost of installation not to exceed 
$3200/coach 

In order to meet this commitment, Technical Services 
will participate in the evaluation of a rooftop 
evaporative cooler R&D program to be completed by 
July 31, '1982; specifications for installation are 
to be written by August 6, 1982, and an invitation 
for bids is to be completed by August 17, 1982. 

MAINTENANCE JOB STANDARDS 

Maintenance job standards are the primary source of 
comparison in determining and monitoring overall 
maintenance productivity and efficiency. It is 
managements means of establishing not only what is 
acceptable but also what is not acceptable. Its 
value in a production or assembly line operation has 
been proved. But it can also be used in a mainte-
nance facility for the more common and identifiable 
tasks. 	If productivity issues are. not addressed 
thoroughly and if the diagnostic process is failing,. 
management can shift its focus to more "remove and 
replace" functions, similar to an assembly line 
practice, replacing the diagnostic trouble-shooting 
method with defined maintenance procedures in some 
areas of repair. 

As stated earlier, more than 50 percent of the 
maintenance operating budget is attributable to 
labor costs. Although there could be considerable 
difficulty with having a job standard for every 
repair activity, defining an expectation for all 
maintenance, employees has enormous management value. 
The standards can be extremely useful in helping 
managers and supervisors' to be more explicit in 
defining job expectations for their employees. 

The methods used in establishing standards can 
vary from the very simple to the complex. Simple 
communication between manager and supervisor and 
between supervisor and employee, although a more 
subjective and humanistic approach, might be the 
most positive method in the initial stage because it 
provides the individual with a sense of achievement 
and motivation. It also allows for mutual agreement 
on what the standards should be, based on individual 
skill levels. Since there is a demonstrated inter-
eat in each individual, the barriers associated with 
fixed standards are' overcome. 

Time and motion studies have long been used but 
tend to be negative in nature because they appear to 
overlook the •human element. 	Industry standards 
throughout the country can be used for comparison as 
long as all factors are considered. For example, 
age and design of facilities, types of tools and 
equipment, and vehicle and material designs must all 
be taken into consideration before one attempts to 
define what might very well become an unrealistic 
measure of performance. 	, 

The development of job standards is closely re-
lated to the detailed repair activity codes that are 
set up within the maintenance system. There should 
be enough codesto provide sufficient detail and yet 
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not so many as to confuse the mechanic and compli-
cate the reporting. 

The previous dicussion is only the first step, 
however. Once the foundation has been established, 
it is critical that the standards be stated in con-
crete, definitive terms. This process will not only 
be beneficial to the existing work force but will 
also ensure the level of performance expected of all 
future employees. Stating in absolute terms that a 
tune-up will be completed in a prescribed manner in 
six hours, for example, heightens the level of 
awareness of the standards for tune-ups and gets the 
job done. If an employee fails to meet the Stan-
dard, then positive steps should be taken to provide 
that individual with the necessary training. 

MAINTENANCE TECHNICAL TRAINING 

Training, for present and future needs, is an in-
vestment in the people side of the business. We 
spend millions of dollars in equipment improvement 
and relatively few dollars in people development. 
The technological advancements occurring in today's 
transit industry have only increased its complexity. 
New vehicle designs, sophisticated testing and re-
pair equipment, and corresponding technical proce-
dures have created a substantial burden on today's 
mechanic. The "old timers" retiring leave behind a 
relatively young and untrained work force, and an 
obvious void, in their organizations. The need for 
a structured training program to meet present and 
future demands on today's work force is overwhelming. 
Untrained people increase the cost of running the 
business. A formal training program consisting of 
classroom instruction on the latest maintenance 
techniques, actual hands-on application of those 
techniques, follow-up observation and assessment, 
and written and oral reviews is essential in upgrad-
ing the skill level of mechanics as well as achiev-
ing a level of consistency in determining their 
qualifications. The purpose is to yield a more 
productive, qualified mechanic whose increased effi-
ciency and work output will more than compensate for 
the related training costs. The increased produc-
tivity might eventually reduce the number of posi-
tions required. 

CONTROL OF ABSENTEEISM 

A consistent work force is essential to work produc-
tivity. In the late 1960s, the U.S. automobile 
industry had an absenteeism rate on Mondays and 
Fridays as high as 40 percent, which prompted the 
expression, "Be sure your car is built on Wednes-
day" A comparative study was made of how "coffee 
breaks" are taken by automobile workers in the 
United States and Japan. In Japan the assembly line 
shuts down completely during breaks, whereas the 
American system substitutes a worker and keeps the 
line moving. Japan's system was more productive and 
cost efficient and resulted in a more reliable prod-
uct. 

Controlling absenteeism reduces lost time and 
increases productivity. Management's emphasis on 
tne urgency of "being present" creates a stable work 
force and increases morale by instilling job pride. 
Stability and, reliability ensure that effective 
planning and scheduling techniques do happen. 

Wages of union maintenance personnel have climbed 
so dramatically that some find it quite comfortable 
to work four days rather than five. Absenteeism 
then shifts the burden to the remaining work force, 
decreasing productivity and lowering morale. 

Defining and enforcing guidelines on absenteeism  

gives all employees direction as to what is and is 
not acceptable and a sense of purpose in achieving 
management's goal. Especially in today's market-
place, where jobs are fewer, an unproductive em-
ployee must be replaced by those willing to perform 
efficiently. 

The RTD's "Attendance Policy: All Bargaining 
Unit Employees" states the necessity of such a 
policy, defines the absenteeism problem, sets absen-
teeism guidelines, delineates to whom the policy 
applies, defines a day of absence and absence exclu-
sions, and enumerates the positive disciplinary 
measures for unacceptable attendance and tardiness. 
For, example, discipline for unacceptable attendance, 
starting with the date- of the first infraction, is 
administered as follows: 

No. of Occurrences 	Disciplinary 
in 12-Month Period 	Measure 
3 	 Oral reminder 
5 	 First written reminder 
7 	 Second written reminder 
8 , 	 Decision 
9 	 Possible termination 

The RTD maintains a self-help program for the bene-
fit of all employees. The program may be recom-
mended to the employee at the time of a second 
written reminder. Participation in the program does 
not preclude additional positive discipline, but it 
may be a factor in consideration of the discipline 
to be applied. 

The attendance policy also Contains a form that 
is to be signed by the employee acknowledging re-
ceipt of the policy. 

CONCLUSIONS 

This paper has highlighted some issues for consi-
deration in refining and improving transit opera-
tions. It is not my intention to represent this as 
a definite cure to the dilemma we now face. Rather, 
it is intended as a review of some major issues that 
can be used as a focal point for what we need to 
analyze and plan for in the future. Each transit 
property is confronting these issues with different 
degrees of success. If we can continue to learn and 
grow together and effectively confront the manage-
ment opportunities that we now have, success is just 
around the corner. 

The art of managing, whether it be in transporta-
tion or any other industry, depends on maintaining a 
fine balance between productivity and people. Man-
aging is often described as the abilit7 to maximize 
and orchestrate the resources of an organization to 
accomplish the desired results. There is no right 
way to manage but rather a series of options or 
alternatives. We need to focus on the relevant 
issues and be wise enough to select the most appro-
priate alternatives. If we accomplish this, we will 
indeed have been succcessful. 

Our concerns should be to control cost while 
increasing productivity in three areas: labor, 
materials and supplies, and equipment. Participation 
in the Bus Maintenance Improvement Workshop is an 
effective step toward increasing the productivity of 
our transit systems. The workshop can be viewed as 
an information-sharing opportunity where invaluable 
input can be gained toward improving theperformance 
of the maintenance function. The value of such an 
opportunity can only be determined based on the 
ideas gathered and the individual's ability and 
interest in instituting positive change within his 
or her organization. 
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Charge to the Workshop 

A. B. Hallman 
Urban Mass Transportation Administration 

It is hoped that your efforts here will benefit UMTA 
in the formulation of a maintenance research program 
and will assist your peers throughout the country by 
discovering and disclosing existing practices that 
can improve maintenance performance for all. 

We all Know that the public bus mass transporta-
tion industry has suffered a decline in the experi-
ence level of the maintenance work force. It is 
estimated that approximately 50 percent of bus main-
tenance workers nationwide have 5 years or less 
experience on the job. Many people are wringing 
their hands over the prospect of losing federal 
operating subsidies. The huge sums of federal sup-
port for capital and operating expenses in the past, 
although important in restocking and refurbishing 
mass transit systems, still leave us with mainte-
nance performance problems. The causes of this 
condition are complex. But let us not debate the 
causes. Let us recognize the problem and identify 
solutions. 

Two ongoing UMTA demonstration projects offer 
great promise for improving maintenance performance. 
At the Detroit Department of Transportation, an 
improved, maintenance manual format, called a job 
performance aid (JPA), is being developed and 
tested. The JPA modules supplement maintenance 
manuals supplied by manufacturers. Initial results 
show enthusiastic acceptance on the part of super-
visors. Houston is adopting the Detroit JPA even 
Defore the final evaluation is completed. 

An automatic bus diagnostic system (ABDS) is 
being developed and tested at the Queens Village 

Garage of the New York City Transit Authority. This 
system has two units: a fuel island unit and a 
maintenance area unit.' The fuel island unit pro-
vides a short (less than 3-minute) check of the 
condition of a bus and a printout of results that 
indicates all values measured and an identification 
of any out-of-tolerance condition. The fuel island 
unit checks 12-15 parameters and records fuel use. 
The maintenance area unit is used to provide a com-
prehensive test of buses that fail the fuel island 
test. It does routine preventive maintenance checks 
(it has 75 test sequences) and diagnoses symptoms 
that are not understood. 

What should we be considering during this 
workshop? Perhaps we should ask ourselves some 
questions today in preparation for tomorrow. We 
need to ask ourselves whether we are doing enough to 
support maintenance personnel. We need to ask 
whether we are providing enough clear and unam-
biguous technical information and the proper tools 
and support equipment. As managers, we need to ask 
ourselves, whether we are collecting sufficient 
maintenance information so that we can analyze prob-
lems and sort out the differences between equipment 
problems, people problems, and incorrect procedures. 
We need to ask ourselves whether we are taking ad-
vantage of support equipment and techniques that 
exist today. 

For the future, UMTA must carefully plan research 
projects that will help to improve maintenance pro-
ductivity in the near term. It is hoped that the 
deliberations here will help us do that. 



Part 2 

Findings andStrategies 
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Summary of Findings and 
Suggested Strategies 

The Bus Maintenance Improvement Workshop provided a 
forum for the examination of current issues and 
problems related to bus maintenance. The workshop 
also furnished an opportunity for the exchange of 
ideas that would be useful for the development and 
implementation of bus maintenance improvement strat-
egies. 

In the plenary session and the workshop meetings, 
participants had the opportunity to examine and 
analyze the current state of the art in bus mainte-
nance. This section summarizes the workshop find-
ings and suggests R&D needs and strategies that may 
be used to stem emerging problems and to make better 
use of maintenance resources. These findings evolved 
from the participants' consideration of five subject 
areas: (a) management's role in maintenance, (b) 
management tools for improving maintenance perfor-
mance, (c) human resources for maintenance, (d) fa-
cility and equipment needs, and (e) vehicle design, 
acceptance testing, and maintenance support services. 

GROUP 1: MANAGEMENT'S ROLE IN MAINTENANCE 

The first workshop group focused its attention on 
gaining an understanding of the impact of transit 
organization on maintenance and on developing a 
framework for managers to enable them to understand 
the direct and indirect impacts on maintenance of 
decisions made by policy boards, particularly in the 
areas of budgeting, finance, and levels of service. 
The group agreed that decisions made by policymakers 
at all levels of management have unintended impacts 
on the maintenance function. 

Problems 

Current conditions identified by this group as 
having negative effects on bus maintenance include 

The tendency of operation and maintenance 
managers to involve the board of directors too 
deeply in day-to-day operations; 

The lack of current and reliable information 
necessary to permit all managers to function effec-
tively; 

The inability of maintenance managers to pre-
sent a meaningful budgeting case, apparently caused 
by a lack of management skills in this area; 

The absence of appropriate organizational 
approaches to purchasing, including adequate commu-
nication links between the maintenance and finance 
functions; and 

The lack of property-level maintenance poli-
cies or standards, which results in failure-based 
maintenance practices. 

It was the consensus of this group that the in-
dustry as a whole must work to solve these problems 
before bus maintenance can be improved. Delineation 
of responsibilities and relations between operations 
and maintenance management and the board of direc-
tors is of major importance. The board of directors 
must be made more aware of the maintenance function,  

and comprehensive organization plans covering man-
agement objectives, standards, budgeting, and main-
tenance programming and planning should be prepared. 
It was suggested that management develop 'completed 
staff work" and that board meetings be planned with 
an appropriate agenda. and a staff summary for each 
item. These steps are important to establish the 
credibility of maintenance managers. 

In the area of information availability, it was 
agreed that management education should be provided 
and that management should be involved in informa-
tion system design in order to effect efficient 
management. There should also be employee develop-
ment in the areas of maintenance management and 
planning. 

Strategies 

After reviewing the conditions, problems, and poten-
tial solutions, the group outlined the following 
strategies for the improvement of management effec-
tiveness: 

The Group 1 workshop called for the establish-
ment of an appropriate, well-run R&D effort in bus 
maintenance. This could be achieved through the 
joint participation of UMTA, individual properties, 
and manufacturers and result in a combined R&D fund. 
Joint funding would ensure that the R&D effort would 
be properly used and that the results would, be de-
veloped into hardware and implemented. 

The development of a relatively uniform fleet 
management and maintenance reporting system was 
identified as a priority need. Such a system should 
be flexible enough to permit property-level adapta-
tions, but it should include inventory leveling and 
performance measurement capabilities. The benefits 
of this type of system could, be enhanced by estab-
lishing a clearinghouse to facilitate information 
exchange. This type of system could be developed by 
using both federal and local funds, and it should 
include software, hardware, and training materials. 

A need for bus maintenance management courses 
was identified. It was suggested that an organiza-
tion similar to the American Association of State 
klighway and Transportation Officials (AASI4TO) be 
established to provide management of training grants 
and to set up the training courses. 

The preparation of a handbook on maintenance 
planning and budgeting was also suggested. 

GROUP. 2: MANAGEMENT TOOLS FOR IMPROVING MAINTENANCE 
PERFORMANCE 

A number of analytic tools have been developed for 
the planning, management, and evaluation of mainte-
nance programs. These tools include performance 
indicators, management information systems, work-
flow projection and planning techniques, life-cycle 
cost models, cost-minimization algorithms for plan-
ning preventive maintenance programs, and queuing 
theory. Only a few of theme aids have been formally 
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adopted by maintenance managers. Group 2 investi-
gated the appropriate role of these techniques in 
transit maintenance management and planning. 

Problems 

The current conditions and problems in bus mainte-
nance identified by this group include 

The lack of data within a property about its 
own buses and the poor quality of the data that are 
available; 

The limited availability and use of computer-
ized maintenance management information systems; 

The difficulties associated with the transi-
tion from a manual to a computerized information 
system; 

Lack of simulation and failure models for use 
in maintenance planning;. 

Problems related to the low-bid system, such 
as high defect rates, long lead times, and the large 
number of small vendors that must be dealt with; 

The absence of a system for collecting and 
disseminating information on bus defects on a na-
tional scale; and 

The lack of complete and useful information 
regarding the interchangeability of parts. 

The group, after reviewing the current conditions 
and problems in bus maintenance, developed several 
possible solutions and suggested areas for further 
research. Two general categories that emerged from 
the discussions were the need to collect historical 
bus data and the need to develop methods to make use 
of tne data. Seven specific areas were identified 
within these categories. 

Strategies 

The following strategies for improving management 
tools were suggested: 

The need for R&D of management information 
systems specifically for maintenance was given top 
priority. Such systems would include preventive 
maintenance scheduling, inventory control, failure 
monitoring, work-order processing, and status track-
ing. 

Training programs designed to facilitate the 
transition from manual to computerized maintenance 
information systems should be developed. 

Automated data-collection methods for mainte-
nance need to be developed. 

There should be a national information network 
for sharing data on major, model-specific bus de-
fects. 

There is a need for R&D of management tools' 
and information systems that would facilitate the 
purchasing of quality products within the low-bid 
system. 

Simulation and failure models for bus mainte-
nance should be developed to facilitate planning. 

There should be research into the possible 
development of a system to cross reference data on 
the interchangeability of bus parts. 

Participants felt that the R&D activities listed 
above lend themselves well to funding plans similar 
to that used by the Western Transit Maintenance 
Consortium. The main feature of this type of plan 
is that projects are funded partly by the properties 
directly involved and partly by federal agencies. 
The use of federal grant money would also ensure the 
dissemination of results to all properties. 

GROUP' 3: HUMAN RESOURCES FOR MAINTENANCE 

Human resources are vital components of the mainte-
nance system. It is generally accepted that more 
effective maintenance depends on better training and 
worker-management cooperation, yet no clear agenda 
for improvement has been developed. It is assumed 
that any program for improvement requires quantita-
tive measurement of maintenance, productivity. This 
group examined the development of strategies that 
may be expected to improve the management of human 
resources. 

Problems 

The existing conditions and problems identified by 
this group include 

The general lack of standards for performance. 
and performance measurements in maintenance, which 
hampers both training and planning; 

The inability of maintenance manuals to pro-
vide the information necessary to support (a) en-
try-level training and/or (b) the journeyman tech-
nician's performance on the job; 

The lack of knowledge among many properties as 
to what criteria should be used to select line-level 
maintenance supervisors and/or how to train them 
effectively; 

The shortage of communication skills among 
upper-level maintenance managers; 

The severe problems of motivation and attitude 
among maintenance technicians; 

Upper-level management's lack of awareness of 
maintenance-related variables, as reflected in in-
adequate allocation of budgets to maintenance and 
maintenance training; 

The need for information about the accessi-
bility and utility of training packages; and 

The absence of any ready and effective means 
of communicating information related to maintenance 
and maintenance training. 

Strategies 

The following strategies for improving the effec-
tiveness of human resources in maintenance were 
suggested: 

A survey of both transit properties and other 
industries should be undertaken by UMTA to determine 
the application of "work standards" and measurement 
techniques. The dissemination of the survey results 
should be restricted to a training program designed 
specifically to communicate the concepts and tech-
niques to interested parties. 

The application of job performance aids (JPAs) 
and related techniques should be continued by UMTA. 
Properties should learn how to integrate such infor-
mation packages with training to (a) help overcome 
the temptation to avoid training by providing sim-
plified manuals and (b) help the technicians learn 
to rely on the manuals rather than on memory. In 
addition, manufacturers and vendors should be re-
quired to deliver JPA5 or their equivalent with all 
equipment. 

A project to survey transit properties for 
working solutions to line-level selection and train-
ing problems should be funded bY'UMTA. Consideration 
should be given to a means of communicating this 
information to all properties. 

The development of a training package that can 
be implemented in different modes should be spon-
sored by UMTA. 

The maintenance technician population should 
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be surveyed to identify clearly the specific nature 
of the motivation problem and its causes. 

The importance of maintenance and mainte-
nance-related variables should be constantly rein-
forced. UMTA should develop a basic package of 
materials that can be delivered in different modes, 
such as journal articles, professional meetings, and 
video simulation programs. 

A survey should be sponsored by UMTA to dis-
cern the availability and utility of training pro-
grains, materials, and concepts. 

B. A study should be undertaken to examine the 
common information needs of transit properties and 
to design a multichannel system or technique for 
meeting those needs. 

GROUP 4: FACILITY AND EQUIPMENT NEEDS 

There is a great deal of variation in the design of 
fixed facilities and in associated bus maintenance 
equipment. Some variations can be attributed to 
design considerations, age of plant and equipment, 
and budget. Equipment requirements are functions of 
the type of facility, particular problems, and the 
talent and experience of maintenance personnel. New 
equipment should augment the diagnostic capabilities 
of maintenance personnel and assist in performing 
the job. Group 4 addressed the need for R&D in the 
areas of equipment and facility design (to accommo-
date future vehicle design) , fleet growth, centrali-
zation versus decentralization, and energy conserva-
tion. Since the state of the art in heavy shop 
equipment has remained static for the past decade, 
this group also examined the potential for improve-
ments in shop equipment to reduce labor time and 
physical effort. 

Problems 

The major problem in the area of facility design was 
determined to be the lack of dissemination of in-
formation developed by individual properties. It 
was agreed that there are significant differences in 
the requirements of large and small transit proper-
ties. 

It was concluded that facility decisions on traf-
fic flow and layout can be different even though 
based on the same considerations and the resulting 
facilities could be equally functional. The deci-
sive factor in this equation is the experience and 
operational philosophy of the management and person-
nel operating the facility. 

The current conditions and problems identified in 
the area of equipment include 

The need for the development of economical and 
reliable inspection and diagnostic equipment to 
alleviate vehicle inspection costs; 

The increase in structural failures and, thus, 
the need for a method to determine the structural 
integrity of certain types of vehicles; 

The need for the development of automatic tire 
inspection equipment; and 

The lack of dissemination of information on 
techniques that have been developed and successfully 
adopted by individual properties. 

Specific desires for future action were high-
lighted; it was the express hope of this group that 
its findings would benefit transit property opera-
tors in establishing new facilities and equipment. 

Strategies 

The following strategies for meeting facility and 
equipment needs were suggested: 

An APTA subcommittee should be formed to com-
pile and disseminate state-of-the-art information 
related to facility construction and equipment. This 
subcommittee should participate in the development 
of the new Bus Maintenance Facility Planning and 
Design Study. 

A design guide should be prepared that treats 
the shop and garage functions in modular form. 

A series of exchange seminars should be con-
ducted to allow the exchange of facility design and 
maintenance information. The seminar group could 
design a facility, including the physical plant 
layout, and specify and/or define the fixed equip- 
ment requirements. 	 - 

R&D is needed to find a satisfactory method of 
automatic inspection and diagnostic testing. This 
program should be extended to all properties and be 
given the highest priority by UMTA. 

Bus manufacturers should consider and imple-
ment changes in vehicle design to facilitate future 
retrofit of the sensors needed for use of automatic 
vehicle diagnosis. 

A study should be initiated by UMTA to develop 
methods for determining the structural integrity of 
bus frames by using techniques such as X-ray, ultra-
sonics, and magnetic detection. 

An incentive program (similar to the bus 
rodeo) should be introduced by APTA to encourage 
those involved in maintenance to submit the results 
of their work in developing improved tools, tech-
niques, and equipment. This would facilitate infor-
mation dissemination. 

The development of an automatic tire inflation 
testing device was deemed necessary to facilitate 
tire inspection. 

GROUP 5: VEHICLE DESIGN, ACCEPTANCE TESTING, AND 
MAINTENANCE SUPPORT SERVICES 

Over the past several years, a number of new bus 
designs have appeared on the market. For the most 
part, these buses are built to be appealing in ap-
pearance and are not designed with maintenance per-
sonnel in mind. Group 5 considered the new procure-
ment process and methods of improving bus reli-
ability. 

Problems 

It was the consensus of Group 5 that changes in 
transit vehicle design have caused many serious 
maintenance problems: Costs have risen, breakdowns 
are more frequent, and buses are Out of service for 
longer periods of time. The conditions and major 
problems faced by bus maintenance personnel today 
include 

Increased preventive maintenance requirements; 
The increasing sophistication of equipment, 

which complicates normal trouble-shooting procedures; 
The shortage of trained bus mechanics; 
The dramatic drop in the level of reliability 

of bus components; 
The increasing frequency of transmission 

failures; 
The addition of air conditioning; 
The increase in fuel consumption; 
The frequent failure of new-style electrical 

systems; 
The increased use of turbocharged engines; 
The decline in brake lining life; 
The addition of wheelchair lifts; 
The inadequacy of engine coolant systems; 
Suspension system failures; 
The more sophisticated door control systems; 

and 
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15. The continued use of the basic "White Book" 
specification (1). 

It was the áonsensus of the group that many of the 
maintenance problems being encountered today on new 
coaches could have been averted through innovative 
specification preparation and diligent postconstruc-
tion follow-up. The type of coaches being sold in 
this country could be improved by including main-
tainability and reliability requirements in the 
specifications, component prequalification, and 
quality-control functions. 

Strategies 

The following strategies involving vehicle design 
and acceptance procedures were suggested: 

Reliability and maintainability should be 
improved through specifications and design. Speci-
fications should list the total service hours re-
quired to remove and replace major components; all 
such times would be verified through a series of 
demonstrations. 

Bus manufacturers should be encouraged to 
simplify vehicle subsystems to make them easier to 
maintain. Builders should develop all test and 
repair equipment required to service their vehicles, 
including comprehensive maintenance manuals and 
wiring diagrams. 

On-board diagnostic systems should continue 
to be explored; the test program at the New York 
City Transit Authority (NYCTA) should be followed 
closely. 

The possibility of specifying vehicle avail-
ability by having the manufacturers guarantee the 
number of hours a coach is to be ready for service 
should be investigated. 

Guidelines for writing specifications should 
be created. 

A set of prequalification procedures for new 
components should be developed. 

Problem components should be identified and 
upgraded. The bus manufacturer is responsible for 
tracking and upgrading problem components. Users 
are responsible for keeping the manufacturer in-
formed of problem areas. An industrywide informa-
tion-gathering and distribution system needs to be 
set up, perhaps through APTA. 

Transit systems should make use of the fleet 
defect section of their specifications to pursue 
latent defects during the warranty period. After 
the warranty period has expired, first negotiations 
should be attempted and then legal action should be 
taken to pursue latent defects. 

Quality-control functions should be improved. 
The guidelines being developed in the APTA Regional 
Inspection Workshops should be used. 

manufacturers' technical support should be 
increased, and they should be encouraged to develop 
new and innovative training programs. UMTA grants 
should be made available to cover the costs of war-
ranty administration and data collection on failures. 

Life-cycle costing procedures should be used, 
as required by UMTA. 

Fuel-economy test measures should • be demon-
strated. A demonstration of the Society of Automo-
tive Engineers (SAE) fuel-economy test procedure 
should oe funded by an UMTA grant. 

REFERENCE 

1. Baseline Advanced-Design Transit Coach Specifica-
tions: A Guideline Procurement Document for New 
35- and 40-Foot Coach Designs. UMTA, 1978, 184 
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Workshop 1: 

Management's Role in Maintenance 

Issue Areas 

Workshop discussion of the role of management in 
maintenance was based on the premise that mainte-
nance managers must be concerned not only with 
internal maintenance decisions but also with 
relations with top management and policy boards. 
Participants in Workshop 1 were asked to identify 
critical policy decisions that influence maintenance 
efficiency and effectiveness and to discuss ways in 
which maintenance managers should involve themselves 
in general management and policy. They were also 
asked to identify the types of information needed by 
top management and policy boards and to clarify the 
role of maintenance managers in inventory- control 
and vehicle procurement. 

Resource Paper 

Conrad L. Mallett, 
Detroit Department of Transportation 

During the five years in which I have been the Di-
rector of the Detroit Department of Transportation, 
my concepts regarding management's role in the main-
tenance function have evolved considerably. Because 
of my position in the management hierarchy, I often 
assume the unenviable role of interpreter between 
policymakers and policy implementers. This is some-
times difficult because of the apparent contradic-
tion in goals between these two groups. Neverthe-
less, to survive in today's" world, we cannot and 
should not avoid the influence of so-called "out-
side" forces. Even if there were no need to supple-
ment meager farebox revenues with subsidies obtained 
with the necessary help of outsiders, we should 
welcome their participation. 

Once we accept the fact that these outside influ-
ences are here to stay, we must resolve to do our 
utmost to maximize their positive impact. This 
paper addresses that objective in the following 
manner: (a) It identifies the major sources of 
external influence and describes their impacts, 
including observations of how the political process 
comes into play; (b) it analyzes the classic con-
flict between operations and maintenance; and (c) it 
offers a few observations concerning the role of 
UMTA. The last item is particularly important due 
to the significant influence of UMTA in these mat-
ters. 

MAJOR AREAS OF EXTERNAL INFLUENCE THAT AFFECT BUS 
MAINTENANCE 

The first important area of external influence is 
money: how we get it and how we spend it. In con-
trast to those glorious, independent days many years 

ago when farebox revenues covered transit operating 
expenses, most bus operations today must rely on one 
or more sources of a political nature to obtain 
large amounts of subsidy revenue. From the city 
general tax fund all the way to the U.S. Department 
of Transportation (DOT) , public transportation has 
become dependent on agencies whose administrators' 
jobs depend on the outcome of periodic elections. 
Even for those transit authorities - that have been 
granted special autonomous taxing powers, there 
exists some group that determines budget-  policy and 
that relies on the electoral process for its au-
thority. 

The system requires a direct controlling link 
between the subsidy providers--i.e., the tax- 
payers--and the subsidy users--i.e., you and me. 
Unfortunately, this system suffers from a fault that 
is common to many large-scale societal endeavors: 
The practice. does not match the theory. A phenome-
non often observed in our political system is that 
the span of long-range planning diminishes propor-
tionately with the amount of time remaining until 
the next election. Budget policy for transit subsi-
dies is not exempt from this rule. 

One of the most critical areas where this influ-
ence is felt concerns maintenance policies, espe-
cially the impact of those policies on day-to-day 
objectives and priorities for maintenance. A short-
term response to daily crises at the expense of 
long-term objectives in the bus maintenance division 
has become the standard mode of operation for many 
properties. In an environment of diminishing re-
sources and increasing demands, it is not easy to 
respond to unforeseen crises without sacrificing 
something from one's long-term program, even those 
elements that represent fundamental maintenance 
requirements, such as preventive maintenance. 

In large part, this dilemma is related to a lack 
of understanding by policymakers as to the conse-
quences of some of their decisions. my experience 
has shown that dialogue between policymakers -and 
policy implementers results in greater understanding 
and fewer capricious actions. However, in the final 
analysis, we must all accept the political motiva-
tion behind many of the policy decisions handed down 
to us. 

Another important area of policy-maintenance 
conflict is that of vehicle procurements, primarily 
because of the low-bid policy. Initially, this 
policy was viewed- as being founded on a sound man-
agement philosophy: To minimize costs, the "least 
expensive" option must be adopted. However, least 
expensive has come to mean "cheaper to buy". The 
reason for this development is, of course, the dif-
ficulty involved in establishing the total, cost of a 
vehicle--i.e., purchase and maintenance. This is 
especially true for vehicles that have not yet been 
in operation long enough to establish long-range 
maintenance costs. The industry must change its 
policy to include maintenance costs as a factor in 
procurement if it really wants to reduce expenses. 
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UMTA has come a long way in this regard with its 
efforts in life-cycle costing. 

The results of a recent analysis by Detroit DOT 
staff illustrate the importance of appreciating the 
total cost of vehicle procurement and operation. For 
many reasons, we at the Detroit DOT have determined 
it to be in our best interest to keep detailed cost 
figures for our fleet of advanced design buses 
(ADB5)--i.e., slightly more than 300 RTS-IIs. Based 
on the first two or three years of operation, it has 
been determined that the cost of labor alone will be 
about $93 800 for the 12-year expected life of these 
buses. This figure is derived from a 1981-1982 
mechanic hourly wage rate of $10.28, a 59.29 percent 
fringe rate, and 477.5 h/bus/year of maintenance 
labor. This cost does not include initial inspec-
tion and service preparation expenses, parts, fuel, 
or, of course, unforeseen maintenance failures that 
may appear later in the life of the fleet. Had such 
cost information been available early in the pro-
curement process, our decision concerning the type 
of vehicle to purchase might have been different. 

Another difficulty with vehicle procurement 
policy is accessibility requirements. In Michigan, 
transit properties were required by law to procure 
only wheelchair-accessible transit vehicles after 
1978. our maintenance problems were compounded when 
Section 504 regulations (Rehabilitation Act of 1973) 
went into effect on a national scale. 

A third critical area of conflict concerns per-
sonnel practices, including labor agreements. On 
the national level, the Section 13c provision (Urban 
Mass Transportation Act of 1964, as amended) of 
federal grant approvals has had a heavy impact on 
tne nature of capital programs and operations poli-
cies. As in the case of the low-bid policy, the 
original intent of Section 13c, protection of labor 
rights, has changed with implementation. In fact, 
many believe that this is one of the prime reasons 
for escalating labor costs, in that it has not been 
too difficult for certain segments of labor to bar-
gain their Section 13c power in exchange for favor-
able decisions in wage negotiations. The apparent 
change in the UMTA position on this topic is welcome. 

However, closer to home, there are several local-
ized personnel and labor agreement problems that 
will require more study and cooperation before pro-
gress can be expected. The scope of these problems 
encompasses almost every aspect of personnel admin-
istration, from hiring to job work habits. In De-
troit, bus mechanics are hired through the City 
Personnel Department in conjunction with various 
civil service guidelines. We know this system does 
not work well because the overburdened Personnel 
Department screens applicants by means of a written 
examination only. It is possible to pass a civil 
service examination and be unable to repair a coach. 

There is currently a shortage of skilled coach 
mechanics in Detroit, a city with a 15 percent unem-
ployment rate. There could be many reasons for 
this, including poor testing, inadequate recruit-
ment, and an insufficient pool of skilled trades 
people. The latter possibility has received consid-
erable attention in the media. Our society tradi-
tionally takes the view that the skilled trades 
represent a step below college-based careers in 
status. Of course, this view is incorrect, but it 
may take years to change it. In any event, more 
research must be done on the inability of bus prop-
erties to find, hire, and keep skilledmechanics. 

Policies related to worker productivity have also 
had detrimental impacts on bus maintenance efficien-
cies. As a departmental director, I can appreciate 
the advantages of emphasizing accurate, standardized 
maintenance job practices as opposed to fast, seem-
ingly highly productive activity. We must stress  

prevention over cure, and an excellent method of 
doing so would be within labor agreements. This 
could take the form of incentives for high standards 
of work reliability and disincentives for shoddy 
workmanship. Once specific job standards and 
methods of measurement are established, such poli-
cies would be fairly easy to implement. However, the 
development of the standards will be a time-consum-
ing, involved process requiring input from a wide 
range of experts. Furthermore, the determination of 
an accurate and objective compliance mechanism will 
be difficult. Eliciting the cooperation of union 
leadership may not be easy. However, this effort 
must be made if bus maintenance is to improve sig-
nificantly. 

REASONS FOR CONSTANT CONFLICT BETWEEN OPERATIONS AND 
MAINTENANCE 

By their very nature, the operations and maintenence 
functions of any bus property are constantly waging 
war against each other. In fact, a director or 
general manager should be concerned if there is no 
conflict between these two divisions, since their 
respective goals are inherently contradictory in 
situations of resource -deficienàies. 

If bus reserves are insufficient, then all opera-
tional vehicles are on the road during most of the 
day. If there are not enough skilled mechanics to 
cover all shifts, then required preventive and cor-
rective maintenance cannot be performed during the 
late afternoon and midnight shifts. If there are 
not sufficient operating funds to provide enough 
service to meet public demand, then drivers and 
buses are subjected to overloaded, stressful on-the-
road conditions and high levels of overtime are re-
quired. Of course, such conditions cannot be endured 
for too long before premature breakdowns occur and 
there is evidence of high absenteeism and increasing 
road calls. 

The conflicts persist and at times worsen. Opera-
tions keeps buses on the road too long, and thus 
necessary preventive maintenance cannot be per-
formed. Maintenance keeps seemingly operable buses 
tied up with inspections and checks while passengers 
wait in the cold at many city Street corners. 

Can this dilemma be resolved? Perhaps, but the 
answer involves facing some tough realities. 

First of all, there must be an acceptance by all 
parties of the proper balance between public service 
schedules and available resources. I am convinced 
that this vicious circle of declining revenue, bud-
get shortages, service cuts, etc., can be broken 
only by establishing a reliable level of service. Of 
course, this means a built-in factor for adequate 
preventive maintenance coupled with reasonable ex-
pectations of operations and maintenance. After the 
transit agency establishes a sense of confidence in 
its patrons, service improvements can be requested 
through local tax increases, for example, without 
fear of ridicule. 

In Detroit, this approach was implemented after 
many years of the vicious circle. During the first 
few years of my tenure, operations and scheduling 
staff convinced me that we had to continue the es-
tablished policy of publishing public service sched-
ules in accordance with travel demand. Since our 
resources had dwindled to a level well below this 
demand, we could not, of course, meet schedules. The 
reaction of our patrons was understandable: anger 
and frustration. We were finally convinced to revise 
public service schedules to match available re-
sources--i.e., buses, mechanics, -and drivers. The 
public response was positive: People appreciated 
our honesty and were better able to plan their bus 
trips because the service was-far more reliable. 
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Second, we must convince policymakers to change 
the way they measure our success. Too often, the 
simplest, most convenient statistic at hand is used 
to determine whether bus transit is doing its job. 
Measures such as revenue miles and. passengers per 
mile say nothing about the quality of service. It 
is through improvements in quality that bus trans-
portation will build a wide base of public support, 
a necessary first step in increasing the quantity of 
service. 

Finally, we must foster a more open dialogue 
between operations and maintenance managers. Each 
side must understand the motives behind -seemingly 
umproductive practices and work together in maximiz-
ing departmentwide effectiveness. At the Detroit 
DOT, regular meetings between middle-level managers 
from these two divisions have done much to improve 
interdivisional cooperation. 

ROLE OF UMTA IN IMPROVING BUS MAINTENANCE 

Currently, UMTA affects almost every aspect of a bus 
property's existence, especially those areas already 
mentioned in this paper. Because of this influence, 
UMTA will continue to play an important role in 
shaping budget, procurement, labor,. and maintenance 
policies in spite of rumors concerning a diminished 
UMTA profile. There will be an ever-increasing need 
for a central focus for the numerous bus maintenance 
improvement programs taking place or about to take 
place. Initially, the role of UMTA should be one of 
facilitator--that is, encouraging and guiding ac-
tivities such as research and program development. 
Thereafter, UMTA should assume the important func-
tion of information, dissemination and program sup-
port. The requirements for the implementation of 
many bus maintenance improvement programs may be 
found to be beyond the means or expertise of some 
transit properties. 

As an example of the facilitator role, UMTA is 
currently sponsoring a research project at the De-
troit DOT in which job performance aids (JPA5) are 
being tested for impacts on the effectiveness of 
mechanics while implementation procedures are re-
fined. Through this project, certain standards for 
repair and inspection actions are being established. 
These standards will be beneficial in supporting the 
vehicle reliability objectives mentioned earlier as 
a fundamental requirement for an effective preven-
tive maintenance program. A possibility for the 
UMTA support role would be the establishment of 
regional training and workshop sessions in which 
maintenance managers could learn how JPA5 can be 
used to improve mechanics' skills, increase bus 
reliability, and reestablish preventive maintenance 
practices. 

I do not envision an UMTA role that involves the 
strict enforcement of a uniform set of maintenance 
standards, as has been suggested by some. Due to 
differences in operating conditions, political set-
tings, availability of resources, and many other 
uncontrollable variables, such an approach would 
inevitably result in unfair treatment. The tremen- 
dous staff effort required to monitor compliance 
with such standards would be well beyond the capaci-
ties of the UMTA organization. in addition, transit 
managers would have to spend time and energy in 
dealing with statistics that should be spent in 
taking care of operations and maintenance. 

CONCLUS IONS 

In review and conclusion, we must make certain that 
policymakers are aware of our maintenance problems, 
and they must be enlisted in support of long-term 
solutions to those problems. Procurement policies 

must be altered so that maintenance costs of transit 
vehicles are carefully weighed. Personnel practices 
must be restructured so that high productivity and 
high-quality craftsmanship are integral parts of the 
contract between the transit agency and its mainte-
nance personnel. 

The adversarial nature of labor relations in the 
industry must be replaced by a mutual concern for 
vehicle reliability and high-quality public service. 
operations and maintenance personnel must replace 
mutual hostility and defensiveness with attitudes 
that reflect understanding and cooperation. 

UMTA's concern with maintenance should focus more 
tightly on its role as facilitator, information 
gatherer, and disseminator and supporter of better 
research and training programs. 

The role of maintenance managers is to see that 
these objectives are their objectives and that a ma-
jor portion of their energy is devoted to achiev-
ing these goals. 

Workshop Report 
Robert Prangley, Chairman 
Al Alaimo, Recorder 

Management plays a significant role in the mainte-
nance process. This role is sometimes played un-
wittingly; i.e., decisions are made that have an 
impact on maintenance effectiveness without the 
decisionmaker being aware of the ripple effects of 
the decision. Workshop 1 looked at some of the 
conditions that contribute to management problems, 
defined some of these problems, and then developed 
potential solutions. 

CURRENT CONDITIONS 

Some of the current conditions that have deleterious 
effects on bus maintenance are as follows: 

Operations and maintenance managers tend to 
have the board of directors too deeply involved in 
the details of day-to-day operations. 	- 

There appears to be insufficient current and 
reliable information to permit managers to function 
efficiently. 

Many maintenance managers are unable to pre-
sent a meaningful budgeting case. This appears to 
oe caused by an insufficiency of management skills 
and analytic tools. 

Many properties do not have an appropriate 
organizational approach to purchasing and lack ade-
quate communication links between the maintenance 
function and the finance function and other organi-
zational functions such as planning, scheduling, and 
marketing. 

There is a lack of property-level maintenance 
policies and standards and a somewhat widespread use 
of failure-based maintenance. 

These conditions are creating a whole host of 
problems in the industry that must be solved before 
we can get on with the business of improving bus 
maintenance. As each of the conditions cited is 
discussed, it will become evident that the industry 
as a whole must correct the problems. 
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PROBLEMS AND POTENTIAL SOLUTIONS 

Overinvolvement of Boards of Directors 

If boards of directors become too involved in the 
details of operation, it can be assumed that prop-
erty management and staff are not communicating 
issues effectively. Presentations to the board must 
include alternatives and a clear picture of the 
consequences that may occur if specific actions are 
not taken. Managers must provide completed staff 
work and not dodge the issues. From time to time, a 
board of directors may become too involved because 
management and staff have not anticipated related 
issues and problems. Sometimes the board of direc-
tors will become involved in developing administra-
tive rules and regulations when it sees signs of 
incomplete program planning and lack of a mainte-
nance planning process. 

Responsibilities and relationships between opera-
tions and maintenance management and the board of 
directors need to be delineated. Second, the board 
of directors must be made increasingly aware of the 
maintenance function and its crucial interplay with-
in the organization. Finally, there must be devel-
opment of a comprehensive organization plan in the 
areas of management objectives, standards, budget-
ing, and maintenance '  programming and planning. 
Management must develop "completed staff work", and 
board meetings must be well planned, with an appro-
priate agenda and a staff summary for each agenda 
item. Clear courses of action must be laid out by 
managers to deal with the political aspects of op-
erating a transportation system. Finally, credi-
bility must be established between the board and 
management. 

Need for Current and Reliable Information 

Another condition in the bus industry today is a 
lack of the current and reliable information re-
quired for efficient management. This leads to 
problems in determining what response is needed. For 
example, there are no peer-group comparisons or 
trend analyses to help evaluate situations and 
needs. Data validation is poor, and there is a lack 
of differentiation between project problems and 
ongoing operational problems. Another problem that 
exacerbates the condition is the lack of timeliness 
of reports. when information is neither current nor 
reliable, both operations and maintenance managers, 
as well as the general manager, are functioning at a 
tremendous disadvantage. Because of this, many 
managers dismiss information systems as too unwieldy. 

We should be providing management education and 
involving management in information system design. 
It is the manager who knows what information is 
needed, but this same manager requires assistance in 
obtaining the appropriate information. Scheduling 
of information reporting to management must be 
timely to make it useful. Some examples are devel-
oping board reports on a monthly or quarterly basis, 
general manager reports daily and/or weekly, and 
project reports monthly or periodically. In addi-
tion, it would be very useful to produce an annual 
report of accomplishments that could be disseminated 
to the public. Usually, the reporting requirements 
indicated would be made available through a manage-
ment information system. The sophistication of such 
a system would depend on the size of the transit 
property. However, whatever the size, there should 
be some organized system for management reports. 

Inability of Maintenance Managers to Make a Budgeting 
Case 

Many maintenance managers lack the ability to put 
forward a hard-hitting, positive budgeting presenta- 
tion to make a case for maintenance. There appears 
to be a lack of analytic tools for the maintenance 
manager. In addition, there is a depletion of cur- 
rent skills through attrition; i.e., skilled man-
agers are retiring and there are not enough suitably 
skilled people available as replacements. Recently, 
we nave seen rules and regulations developed outside 
of the organization that place serious restrictions 
on maintenance managers ability to predict budget 
requirements. Some of these have been developed by 
organizations such as UMTA. In other cases, local 
political groups may project requirements that have 
not previously been planned for. 

To overcome the lack of management skills in this 
area, there should be employee development in the 
areas of maintenance management and planning. other 
means should be considered to involve the mainte-
nance manager in the propertywide decisionmaking 
process. 

Perhaps one of the best tools a maintenance man-
ager requires is a forecast of long-term equipment 
and facility replacement and rehabilitation needs. 
This forecast must have a suitable justification, 
usually an economic evaluation, of the problems and 
solutions. A word of caution: The evaluation pro-
cess should be prepared to consider significant 
factors from the perspective of other parts of the 
organization. To make this program work, a property 
requires stable funding for at least five years. 
This would permit appropriate replacement and reha-
bilitation decisions to be made when the economics 
become justifiable. 

Other tools to assist the maintenance manager 
might be in the area of disbursement accountability 
to accompany purchasing responsibilities. The low-
est-level maintenance supervision personnel--i.e., 
foremen--should be competent enough to make dis-
bursements. (Involving foremen in disbursements is 
viewed as a means of developing their skills, aware-
ness, and responsibility in fiscal areas and thus 
enabling upper-level management to control costs at 
their source. It.is recognized, however, that such 
competence does not now exist in many systems.) 
Finally, rules and regulations should be kept to a 
minimum to provide maintenance managers with flexi-
bility in performing their function. 

Inappropriate Organizational Approach to Purchasing 

A perennial situation in many bus properties is the 
lack of an overall organizational approach between 
maintenance and finance in the area of purchasing. 
This situation is created by the differing opera-
tional requirements of each of these organizations. 
One of the principal factors aggravating this condi-
tion is a poor organizational design that exacer-
bates relations between maintenance, purchasing, and 
finance. Maintenance is saddled with a fleet mix 
that requires extensive stock levels of parts to 
maintain fleet availability, whereas finance is 
attempting to reduce the financial commitment of 
stockrooms. These seemingly conflicting goals need 
managements attention and resolution. Sometimes 
organizational problems are created by low skill 
levels in 'both maintenance and finance. This makes 
it difficult for staffs to compare the economics of 
in-house versus outside repairing and leads to poor 
stockroom control and a lack of adequate checks and 
balances to maintain the credibility between mainte-
nance and finance. When these problems arise, there 
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is usually an inadequateparts supply that leads to 
unnecessary bus downtime. 

Some of the problems associated with the pur-
chasing and inventory forecasting function might be 
solved through appropriate review of current inven-
tory forecasting techniques. These techniques are 
fairly straightforward and should be reasonably easy 
to learn. One of the major steps that might be taken 
is to automate the stock control system for auto-
matic reordering based on use. This should then be 
cross-linked into the maintenance cash management 
plan. Parts are a significant cost item in the main-
tenance function. Again, we might be able to make 
appropriate use of an education process to assist 
maintenance managers to understand the reasoning and 
techniques associated with inventory control. It 
should be possible to help the inventory control 
process by developing tight controls at each depot, 
contracting with parts suppliers versus local con-
solidated parts supply houses, and, finally, at-
tempting to encourage "in-house bids for main-
tenance while at the same time attempting to remove 
restrictions on outside contractors. This would 
provide maintenance employees with an incentive to 
increase productivity and improve the quality of 
their work. 

Lack of Property-Level Maintenance Standards 

Far too many transit properties have failed to de-
velop maintenance policies or standards. An ongoing 
condition develops when the maintenance program 
becomes failure based rather than planned. Many 
properties may have failed to do this because they 
lack skills in the understanding of statistical 
analysis and life-cycle predictions. Again, the 
reason may be managers who are unable to "manage". 
The problems that lead to these conditions include a 
lack of broad-based maintenance systems and/or tech-
nology that would permit information feedback so as 
to diagnose and predict failure. There might be 
some difficulty in developing universal maintenance 
systems and policies because of the great variety of 
property characteristics. But any systems developed 
should include the ability to audit, an ability not 
currently found to any large extent. 

The host of problems created in this area may be 
solved by developing and implementing an appropriate 
maintenance management system. The system must be 
capable of providing an ability to develop criteria 
for life-cycle prediction and some justification for 
the use of failure-based maintenance in the areas of 
nonoperating or safety components. In addition, 
maintenance managers should have appropriate diag-
nostic systems to predict component condition and 
failure. An example of this might be an in-house 
oil analyzer. In addition, it is important that 
information developed by one property be made avail-
able to other properties on a regular basis. This 
will help local property maintenance management to 
do a better job. 

SUGGESTED ACTIONS 

Perhaps the major element needed to improve bus 
maintenance is a reasonably uniform fleet management 
system. Preferably, this would be computerized and 

be adjustable for minor deviations to accommodate 
variations in property size and organization. As a 
minimum, the system should provide information on 
(a) mean distance between failures, (b) maintenance 
man-hours per 1000 miles, (c) spare bus ratio, and 
(d) bus availability. These indicators of mainte-
nance effectiveness must be available for review by 
management on a regular basis. Other reports that 
could be add-ons to the system would indicate rider-
snip, cost, and quality of service as measured by 
customer complaints. 

Once the decision to develop a fleet management 
system is made, it will be necessary to provide the 
appropriate capital funding for both software and 
hardware plus some means of training to use the 
system. This funding might come from a central 
source--i.e., UMTA--with local-share participation. 
A clearinghouse for information exchange, perhaps in 
UMTA or APTA, could result that would permit transit 
properties to compare their performance. 

Perhaps even more important than a fleet manage-
ment system might be the establishment of an appro-
priate, well-run R&D effort in bus maintenance. 
This might be accomplished by increasing the avail-
ability of R&D funding at UMTA and by the appropri-
ate funding involvement of manufacturers and prop-
erties. A combined fund could thus be established. 
This would ensure that the R&D effort was properly 
used and that the results of research would be de-
veloped into hardware. There has been some discus-
sion to the effect that the current state of R&D 
implementation is poor. By bringing the manufac-
turers and properties into the mainstream of the R&D 
process, a greater degree of effectiveness might be 
developed. 

A third course of action is to develop bus main-
tenance management courses that would be available, 
at reasonable cost, to local property management. 
Training grants could probably be used as a means of 
subsidization, through UMTA or an industry associa-
tion such as APTA. Another suggestion might be to 
establish organizations such as AASHTO and the High-
way Users Federation for Safety and Mobility to both 
provide management of training grants and Set up the 
appropriate training courses. 

Another process, which could be coupled with the 
fleet management system, is the development of an 
automated inventory leveling system. This system 
would reduce stock outages and prevent the accumula-
tion of excessive stock levels with its associated 
tying up of capital. This system could be funded in 
much the same way as previously outlined for the 
fleet management system. 

A handbook on planning and budgeting is a tool 
that would be useful to maintenance managers. An 
appropriate document might be developed through the 
R&D process or a capital grant in a way similar to 
that suggested previously for the development and 
implementation of a fleet management system. 

Project delays and roadblocks in procurements 
have manifested themselves in the procedural process 
at UMTA. We recognize that UMTA requires account-
ability; however, excessive interference in the 
procurement process can be very costly. It is hoped 
that UMTA may streamline its procedures to permit 
timely project reviews and expedite the procurement 
process. 
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Workshop 2: 
Management Tools for 

Improving Maintenance Performance 

Issue Areas 

A number of analytic tools have been developed for 
the planning, management, and evaluation of mainte-
nance programs. These include performance indica-
tors, management information systems, work measure-
ment systems, work-flow projection and planning 
techniques, life-cycle cost models, cost-minimizing 
algorithms for planning preventive maintenance pro-
grams, and queuing theory. Only a few of these 
decision aids have been formally adopted by mainte-
nance managers. 

Workshop 2 was charged with identifying an appro-
priate role for these techniques in transit mainte-
nance management and planning. Participants were 
asked to discuss the role of various performance 
indicators and to identify desirable features of 
management information systems. They were also 
asked to review the applicability of several opera-
tions research methods for work scheduling, budget-
ing, and maintenance planning and. to identify bar-
riers to more widespread adoption of various manage-
ment tools. 

- 

Resource Paper 
B. W. Kliem and D. L. Goeddel 
Transportation Systems Center 

Priorities in transit have changed significantly 
over the past year. Today the industry is entering 
a very difficult phase in which proposed federal 
cutbacks in transit operating assistance and in-
creased competition from other public service pro-
grams for local tax dollars pose a serious challenge 
to the existence of many transit systems across the 
nation. Financial constraints in the form of 
rapidly escalating transit operating deficits, in-
creasing reliance on public funds for support, and 
dwindling availability of local funds have fostered 
a climate in which costs must be reduced through 
service cutbacks and improved management and operat-
ing efficiencies. Faced with limited and reasonably 
predictable financial resources, transit managers 
have in recent years become vitally concerned with 
making the most effective use of their capital 
equipment and operating resources. 

BACKGROUND 

Transit Maintenance Costs 

The cost of performing maintenance is so great that 
it cannot be ignored. Transit maintenance costs 

nearly $1.8 billion/year, and the burden is increas-
ing at a rate of $400 million/year [see Figure 1 
(1)). 

Maintenance material, personnel, and equipment 
costs have accelerated rapidly, and, for many tran-
sit systems, these cost increases have far outpaced 
the rate of inflation. Approximately two-thirds of 
all transit personnel work in the transportation 
departments of operating agencies; most of these are 
vehicle operators. The second-largest group of 
transit workers is the maintenance staff, which 
typically Constitutes 15-20 percent of the work 
force. For most urban bus systems, maintenance 
labor usually constitutes about 25 percent of the 
total labor cost. 

In recent years, the costs of transit maintenance 
have perplexed many transit operators because of the 
lack of specific supporting data. Most transit 
operating budget and control reports provide lump-
sum expenditure calculations without any specific 
accounting for cost items. When analysis is di-
rected to these areas, most transit managers can 
only develop broad generalities concerning the main-
tenance situation, leaving many matters subject to 
question and concern. 

More elusive is the cost of not performing main-
tenance. Industry estimates indicate that the de-
ferred maintenance currently accumulated on transit 
vehicles is far greater than current-year mainte-
nance expenditures. Although it cannot be proved 
conclusively, deferred maintenance is strongly be-
lieved to be the primary contributor to the unreli-
able performance of most transit equipment, the high 
percentage of missed runs and road calls, and the 

Figure 1. Transit maintenance expenses: 1975.1980. 
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Table 1. Use of maintenance management and inventory control systems in U.S. transit industry. 

MIS 

System 

New York City Transit Authority (NYCTA)/Manhattan and Bronx Surface Transit 
Operating Authority (MaBSTOA) 

Chicago Transit Authority (CTA) 
Southern California Rapid Transit District (SCRTD), Los Angeles 
Southeastern Pennsylvania Transportation Authority (SEPTA), Philadelphia 
Washington Metropolitan Area Transit Authority (WMATA) 
Massachusetts Bay Transportation Authority (MBTA), Boston 
Transport of New Jersey, Maplewood 
Greater Cleveland Regional Transit Authority (GCRTA) 
Port Authority of Allegheny County (PAT), Pittsburgh 
Mass Transit Administration of Maryland (MTA), Baltimore 
Bi-State Transit System, St. Louis 
San Francisco Municipal Railway (Mum) 
Detroit DOT/Southeastern Michigan Transportation Authority (SEMTA) 
Municipality of Metropolitan Seattle (METRO) 
Metropolitan Transit Commission (MTC), Minneapolis-St. Paul 
Metropolitan Transit Authority (MTA), Houston 
Metropolitan Atlanta Rapid Transit Authority (MARTA) 
Oakland/Alameda-Contra Costa County (AC) Transit 
Regional Transportation District (RTD), Denver 
Metro Dade County Transportation Administration, Miami 
Milwaukee County Transit, Milwaukee 
Th-County Metropolitan District of Oregon (Tn-Met), Portland 
Niagara Frontier Transportation Authority (NFTA), Buffalo 
Santa Clara County Transportation Agency, San Jose 
New Orleans Public Service, Inc. 
Dallas Transit System 
Southwestern Ohio Regional Transit Authority (SORTA), Cincinnati 
Metropolitan Bus Authority, San Juan 
Orange County Transit District, Santa Ana 
Via Metropolitan Transit, San Antonio 
San Diego Transit Corporation 
Honolulu DOT 
Utah Transit Authority, Salt Lake City 
Kansas City Area Transportation Authority 
Greater Hartford Transit District 
Memphis Area Transit Authority 
Tidewater Transportation District Commission, Norfolk 
Central Ohio Transit Authority (COTA), Columbus 
Transit Authority of River City (TARC), Louisville 
Capital District Transportation Authority (CDTA), Albany 
Rochester-Genesee Regional Transit Authority 
Rhode Island Public Transit Authority (RIPTA), Providence 
Regional Transit District, Sacramento 
Greater Richmond Transit Company 
Phoenix Transit 
Greater New Haven Transit District 
Transit Authority of the City of Omaha 
Toledo Area Regional Transit Authority 
Central New York Regional Transit Authority/Centro, Syracuse 
Metropolitan Transit Authority, Nashville 
Long Beach Public Transit 
City of Tucson DOT (SunTran) 
City Transit Service of Fort Worth (Citran) 
Metropolitan Transit Authority, Des Màines  

No. of 	 Materials and 	 Facilities and 
Buses in 	 Management Fleet 	Plant 
Fleet 	Purchasing Inventory 	Maintenance Maintenance 

4568 	* 	 * 	 * 	 S 

2420 * 	* 
2817 * 
1552 * 	* 
2154 * 
1085 
1703 
888 * 
937 * 	S 

1038 
1031 5 

848 
1156 * 
1021 * 

961 
890 5 

840 * 
823 * 
623 * 
609 * 	* 
597 
565 * 
538 * 	* 
458 * 
458 * 
456 5 

447 * 	* 
411 * 
400 * 	* 
430 
393 * 
367 5 

343 
333 * 	* 
314 
284 * 
187 
273 
242 * 
236 
235 
240 
218 
212 
208 
207 
206 
201 
163 
160 
149 
131 
120 
110 * 

declining transit market share of ridership within 
the industry. 

The potential for reducing transit maintenance 
costs is considered to be very high and should be 
pursued more vigorously. Cost controls and perfor-
mance measurements on material, labor, and use of 
fixed equipment must be implemented if transit sys-
tems are to ,  properly manage their maintenance and 
inventory operations in modern conditions. 

CURRENT INDUSTRY APPLICATIONS OF MAINTENANCE MIS 

Over the past decade, many transit systems have 
adopted the use of automated data processing and 
management reporting systems as one means of improv-
ing the control and measuring the performance of 
their maintenance-inventory activities. In the late 
1960s and early 1970s, applications of maintenance 
MISs were centered in the larger transit systems and 
involved the use of large-scale "batch processing" 

programs by specialized data processing personnel on 
large, expensive, main-frame computers. Now, with 
the emergence of lower-cost miniand micro-computers 
and operating systems that facilitate distributed 
processing by many users in an easily understand-
able, interactive environment, automation is making 
significant inroads into the operations of many 
small and medium-sized transit authorities. 

To provide some perspective on the current appli-
cations of these systems, Table 1 (2) summarizes 
information on the extent to which maintenance man-
agement and inventory control systems are being used 
within the transit industry. As the table indi-
cates, of the 54 transit properties identified (rep-
resenting approximately 65 percent of the total 
industry vehicle fleet), 28 have reported the use of 
automated information systems for vehicle fleet 
maintenance and 23 are using automated systems for 
materials management and inventory control. 

Some of the more innovative vehicle maintenance 
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and inventory MISS noted below have either been 
applied or have served as a model for the design of 
many of the systems that exist within the transit 
industry. 

At the Chicago Transit Authority (CTA), a highly 
sophisticated, on-line maintenance management system 
has been in use since 1975. Its functions include 
reporting road calls and defects, scheduling preven-
tive maintenance, monitoring vehicle availability, 
analyzing the history of vehicle repairs, and eval- 
uating maintenance employee performance (3). Varia-
tions and refinements of this system are now under 
development and application at the Houston METRO and 
the Los Angeles Southern California Rapid Transit 
District (SCRTD). Seattle METRO has developed an 
on-line management information system that uses a 
data base management system to perform a variety of 
functions, including ,  vehicle status monitoring, 
inventory control, payroll, and personnel account- 
ing. Several transit systems (e.g., Portland Tn-
Met, Denver RTD, Santa Clara, and Orange County) 
have in operation on-line maintenance MISs on mini-
computers. For small transit agencies, the exis-
tence of a general-purpose MIS called TRANSPAC 
(capable of operating on a desk-size minicomputer) 
produces management information reports on system 
operations, fleet maintenance, inventory status, 
payroll, and finance and accounting as well as data 
and statistics required by the UMTA Section 15 
Reporting and Accounting System. 

Besides information reporting systems, the tran-
sit industry has also seen the emergence of auto- 
mated data collection, data entry, and diagnostic' 
systems to facilitate the collection' and processing 
of vehicle service and maintenance data. Applica- 
tions include on-line fuel meters and data collec- 
tors to record the fuel, oil, and coolant servicing 
of vehicles (Dallas, Detroit DOT, and Houston), the 
use of employee identification cards to record job 
work order on-off times and parts issues and re-
ceipts (Chicago, Portland, Flint, and Nashville), 
and on-board vehicle sensor and diagnostic systems 
to facilitate the detection and. trouble- shoot i ng of 
maintenance problems (New York Metropolitan Transit 
Authority) (•) 

These systems do not provide a full indication of 
the potential that remains in the application of 
automated data processing and information reporting 
systems in the areas of transit operations and man-
agement. New applications in the area of vehicle 
maintenance and inventory management will eventually 
include systems and techniques that: 

Determine optimum subsystem and component 
maintenance and replacement policies, 

Perform effective scheduling of maintenance 
jobs consistent with labor skills and equipment 
availability constraints, 

Maintain an adequate spare-parts inventory 
without stock-outs at a minimum financial invest-
ment, and 

Provide to all levels of management effective 
accounting and reporting of all maintenance activi-
ties, parts and labor costs, and system performance. 

ISSUES FOR DISCUSSION 

As identified above, there has been a considerable 
amount of interest and work within the transit in-
dustry to foster the development and application of 
management tools to improve the performance of tran-
sit maintenance and inventory control. Much work 
remains. In order to focus discussion on the prob-
lems that have been experienced, the important is-
sues that must be considered, and the opportunities 

for future R&D, three major topic areas have been 
selected for consideration: 

System goals and objectives, - 
System design considerations, and 
System applications. 

System Goals and Objectives 

Before consideration can oe given to development, 
implementation, and application of new techniques or 
automated data processing systems in the area of 
maintenance management and inventory control, there 
must be clear identification of the goals and objec-
tives of their use by transit management. Far too 
often, projects are undertaken without a clear defi-
nition of how such systems will be used, how they 
will affect existing work procedures, and how much 
cost and effort will be required to maintain and 
operate them once they are installed. 

Ideally, an underlying goal in the design and 
implementation of these systems should be to aid 
transit managers and department heads to manage 
their operations more efficiently. But the develop-
ment and implementation costs of these systems can-
not be 'sold" by transit management to transit gov-
erning boards based on this objective alone. This, 
in turn, has led to the citing of a number of other 
anticipated benefits (i.e., reductions in mainte-
nance costs, improved system reliability, lower 
investment costs in parts inventory, and improved 
information reporting) to further justify the appli-
cation of these systems. 

Critical to the establishment of the objectives 
and design requirements of the system are the fol-
lowing considerations by transit management: 

1. System environment--There should be a careful 
examination of the environment in which the system. 
will be installed and operated. Factors such as 
organizational structure, plant and facility re-
quirements, implementation and training require-
ments, and changes to existing work procedures must 
be considered at the outset. 

2.. System costs--In many cases, total system 
costs for development, installation, and operation 
are not fully realized and are often underestimated 
by transit management. For many maintenance and 
inventory MISs, the costs associated with installa-
tion and implementation can approach or exceed the 
design and development costs of the system. 

3. Project commitment--Finally, there must be a 
strong- commitment to the project at all levels of 
management. This should include a commitment of 
necessary transit resources (funding, personnel, and 
in-nouse facilities); active participation of as-
signed transit personnel in all phases of system 
design, development, and implementation; and fre-
quent reviews of project progress, schedules, and 
costs by transit management. 

System Design Considerations 

Transit systems have always generated a wealth of 
operations data; however, the development and imple-
mentation of effective methods of collecting, pro-
cessing, and analyzing these data as part of day-to-
day operations have always been a problem for 
transit management. 

Principal barriers and/or problems encountered in 
the implementation and application of automated data 
processing techniques in the area of transit mainte-
nance and inventory control can be attributed, in 
many cases, to inadequacies in the original concept 
and 'design of such systems. Far too often, systems 
are developed without adequate consideration of the 
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types of information a manager needs to run the 
department and as a result the system soon becomes 
too complex, too structured, and a burden to manage. 

Some of the more important issues that are not 
always fully addressed in the design of an effective 
transit maintenance and inventory information system 
are the following: 

Existing maintenance practices and work proce-
dures--Consideration of existing maintenance prac-
tices, daily work procedures, scheduling, and data 
collection processes within a transit maintenance 
and inventory department is an important initial 
step in the design of a maintenance information 
system. A recent survey and analysis of the mainte-
nance practices of 10 transit systems, summarized in 
Figures 2-11 (5), showed that there are substantial 
differences in the objectives, practices, and proce-
dures used in many transit maintenance departments. 
Poor documentation of maintenance guidelines, work 
procedures, and work Status and performance' is also 
common. To facilitate the introduction and applica-
tion of such systems in maintenance and inventory 
departments, the design of the system should' reflect 
and make use of the existing principles, practices, 
and work procedures of the department to the maximum 
extent 'possible. 

Information requirements--Another 	important 
issue often neglected in the design of a maintenance 
and inventory control system, is a clear definition 
of the types of information a manager needs to man- 
age the department effectively. 	Although ' large 
volumes of data and associated reports--representing 
physical parts inventory, outstanding work orders, 
vehicle maintenance histories, etc.--are typically 

required to maintain the day-to-day functions of the 
department, the design of these systems should focus 
on the development of more relevant information 
reports that can be used in making management and 
operating decisions. Reports reflecting trends in 
vehicle component failures, frequency of road calls, 
parts availability and use, and planned versus ac-
tual work accomplishment would provide maintenance, 
and inventory managers with more useful information 
and a better tool for assessing the, reliability and -
life of vehicle components, the effectiveness of 
alternative inspection and maintenance practices, 
and the overall performance of the department. 

Information processing--All of the factors and 
issues' that can influence the design of an informa-
tion system in the collection, processing, and re-
porting of transit maintenance and inventory data 
are too extensive to enumerate and discuss here. 
Among the issues and design concerns are questions 
concerning how much automation should be introduced; 
the degree to which the information processing 
should be integrated with other MIS functions; the 
usefulness of on-board sensors, diagnostic systems, 
and other communication devices'for the collection 
and recording of data; the use of advanced data 
processing techniques (i.e., data base management 
systems) for the management and organization of the 
data; and the use of low-cost microcomputers to 
perform some of the data collection and analysis 
functions. 

Clearly, the trend in the industry in the design 
of new maintenance and inventory information systems 
is directed toward the use of on-line, interactive 
computing systems, the operations of which are nor- 

Figure 2. Maintenance practices: MARTA. Atlanta. 

BUS EQUIPMENT 

No. of Buses 

841 

No. of Models 

lQ 

MAINTENANCE PRACTICES AND PROCEDURES 

PROCEDURES & GUIDELINES 

Maintenance personnel ratings 
Follow-up inspection by special 
inspection foreman 
Training program for mechanics 
Cuidelines for all inspections & 
preventive maint. 
Guidelines for dynamometer, 
transmission 6 engine tune-up 
GM diesel service manual 

DATA COLLECTION 

DATA SYSTEM 

All forms processed mansally 
Computerized inventory 

PROGRANNINC/ COMPUTER 

N/A 

DEFINED SYSTEM STRUCTURE 

Not Defined 
No Codes 
No System Breakdown 

SCHEDULES 6 PREVENTIVE MAINTENANCE 

Cleanliness of roiling stock 
Daily inspection 
Weekly inspection 
Inspection, 7K miles 
Dynamometer engine test & tune-up. 25K miles 
Major components 
Before ADS's, 70K miles/air conditioner failure 
300K miles/new engines 
200K miles/rebuilts 
40K miles with Goodrich tires 

FORMS 

Monthly Maintenance Record 
Actual work on bus 
Air Cond. PM 
Dynamometer test 
Daily bus record 
Interior cleaning 
Special inupec. for charters 
Garage-foreman's report of bus trouble 
Work order 
Equip. in Garage 
Gas Only 

0 Sight insp. 

MOST TROUBLE 

Air cond. compressors 
Pressure switches 
Leaking fuel tanks 
Low-profiles, tires 
Windows debonded 
Rear axle 

SPARES INVENTORY/PARTS 

Computerized inventory-automatically issues 
P0 whenever stock in kin gets down to 
minimum as set on stock record cards 

COIDIENTS 

Maintenance coverage is all manually 
processed 

DATA REPORTS 

MAINTENANCE 	 CONSUMABLES 	 COMMENTS 

N/A 	 3/A 	 • No reports issaed 

OPERATIONAL 	 INCIDENTS/ROAD CALLS 

N/A 	 N/A 
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Figure 3. Maintenance practices: MIA, Baltimore. 

BUS EQUIPMENT 

No. of BUSES 	 DEFINED SYSTEM STRUCTURE 

1038 	 a Road Call (Trouble) Codes 

No. of MODELS 	 a System Breakdows-26 systems 
- 19 Mechanical Trouble Codes 

11 	 - 	 - 7 Misc. Trouble Codes 

MAINTENANCE PRACTICES AND PROCEDURES 

PROCEDURES 6 GUIDELINES 	 SCHEDULE 6 PREVENTIVE MAINTENANCE 

Specific 5oidelines for insp. 	 • Tire inspection - 
- Checklist for major & r,:inor 

inspection 
Follow_up on repairs by foreman 

DATA COLLECTION 

MOST TROUBLE 

(1979) - S of equip. road calls 
19.7% Road Calls 	Clutch, transmission 
18.82 Road Calls 	Engine 
11.71 Road Calls - Cooling system 
11.6% Road Calls 	Mechanical brakes' 
10.4% Road Calls 	Starting 6 charging 

SPARES INVENTORY PARTS 

Daily Diesel Fuel & Oil Purchase Report 
- Daily Inventory of Storage Tanks 

a Monthly inventory 6 motor fuel 6 oil 
distribution 
Fuel & Oil Delivery Log 

DATA SYSTEM 

Data collection manual, 
& hand processed 
Form flow is well documented 

PROGRAMMING/COMPUTER 

Done by outside consultant 
Few in-house prograruners 

DATA REPORTS 

MAINTENANCE 

Monthly Maintenance Reports 
Annual Maintenance Reports 

Fleet Mileage, Consumables. 
Fuel & Oil Averages 

- Inspection, Cleaning, Painting 
- Road Call Summary 
Component Mileage 

FORMS 

Inspection - 8 forms 
Road calls/defects - 7 
Availability - 12 
Miles, Fuel 6 Oil Consumed - 9 
Repairs/Replacement - 7 
Coach Record - 1 
Work Log - 
Inventory - 3 

OPERATIONAL 

Vehicle Inventory & Availability 
Vehicle Disposition & Mid-week report 
on vehicles down for major repair 

CONSUMABLES 

Monthly 6 Annual Fuel 6 Oil summary & 
- averages 

COMMENTS 

An automated, computerized system is cur-
rently planned. it will cover an extensive 
amount of data and will be under the 
authority of the Dept. of Transportation, 
Maryland. 
Use a large number of forms to cover much 
information. Those indicated are a good 
sample. 

INCIDENT/ROAD CALLS 

Road CAll Summary by System 
Road Call-Summary - Miles/Call 
Road Call Summary - Miles/Mechanical Call 

COMMENTS 

Reportsprovide a detailed breakdown of 
information 

DEFINED SYSTEM STRUCTURE 	 MOST TROUBLE 

Eotensive coding system for bus equipment 
One identifying code for maintenance sorb-S digits: • Transmissions (VSl converters) - 
- 2 digits for job category 	 • A/C 
- 2 digits ¶or detailed description of item 	 a Engine 
- 2 digits for repair (completion) code 

SCHEDULED 6 PREVENTIVE MAINTENANCE 

m PM-every 6K miles 
2K miles-brake adjustment 
4K miles-oil sample 
36K miles-torque fluid change 

PROCRAMMENC 

In-house 

FORMS 

None-Terminal input of maintenance information 
at every division to computer 

Figure 4. Maintenance practices: CIA, Chicago. 

BUS EQUIPMENT 

No. of BUSES 

2420 

No. of MODELS 

MAINTENANCE PRACTICES AND PROCEDURES 

PROCEDURES & GUIDELINES 

Personnel input employee and information 
about the task they are currently working 
on through a computer terminal. When the 
task is completed, the employee logs the 
job off via the terminal. 

DATA COLLECTI ON 

DATA SYSTEM 

Automated, on-line, real time system 
(named Vehicle Maintenance System) 

COMPUTER 

IBM 370/158 Mainframe 
Amdahl 
IBM System 7 minicomputer (an backup) 

DATA REPORTS 

MAINTENANCE 

Hone due to the on-line of VMS. Hard-copy 
reports containing particular data types 
can be generated on-line from a terminal, 
also. 

SPARES-INVENTORY/PARTS 

Inventory not interfaced with VHS 

COMMENTS 

Examples of data reports that cohld be 
geserated on-line are: Bus Availability 
Report, Vehicle Technical Data, Hours & 
Cost Per Job, Planned Maintenance for 
Components on Vehicle, Road Call Summary 
by Vehicle, Fleet Garage, Time, etc. 

COMMENTS 

Cansunables are not input to VMS 
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Figure 5. Maintenance practices: COTA, Columbus. 

BUS EQUIPMENT 

No. of BUSES 

273 

No. of MODELS 

MAINTENANCE PRACTICES AND PROCEDURES 

PROCEDURES & GUIDELINES 

. Cuidelines for safety inspections 

DATA COLlECTION 

DATA SYSTEM 

Manual 
Track component data 
Track nantmurs data 

COMPUTERJPROGRAMMINC 

N/A 

DATA REPORTS 

MAINTENANCE 

N/A 

OPERATIONAL 

N/A 

SCHEDULED & PREVENTIVE MAINTENANCE 	 INVENTORY/PARTS 

Inspections at 2K mile intervals covering brakes 	. Manual inventory system 
steering, tires, etc. 

FORMS 	 COMMENTS 

a Coach defect report 	 a Computerized maintenance data collection 
Work order 	 , 	 system expected in future 
Inspection & overhauling record of equipment 	• 2 years to full operation, expect to copy 
Bad order vehicle report 	 CTA operation 
Road call report 

a Coach mileage reading 
Diesel & oil report 

CONS UMABLES 
	

ROAD CALLS 

N/A 
	

N/A 

DEFINED SYSTEMS STRUCTURE 

40 codes 'defined to describe bus equipment 
12 codes for reason for repairs 

a Unit change codes 

MOST TROUBLE 

Brake (manual slack adjusters) 6-7 road 
calls/wk 

DATA COILECTI ON 

DATA SYSTEM 

Manual data collection system 

PROCRAOOIINC/COMPUTER 

N/A 

DATA REPORTS 

MAINTENANCE 

Weekly 	
' 

Monthly inc1 
uding 

- Total operating fleet 
- Road calls 
- Overtime 
- Fuel & oil usage-PWC, MPO 
- Miles between breakdowns 

FORMS 

Inspection - 
Symptom & repair 
Road call 
Daily mileage, fuel, oil, & coolant 
Failure analysis 
No. parts & material cost/bus 

a Pit inspection 
Consumables 	 - 

OPERATIONAL 

Availability recorded 

CONSUMABLES 

Recorded in weekly 6 monthly inputs 

MOST TROUBLE 

V730 transmission (1st & 3rd clutches fail 
most often) 
Brake lining 
Electrical system 
Front and suspension system 

SPARES-INVENTORY/PARTS 

Computerized inventory system with automatic 
reordering (when bin S minimum) 
Terminals budget - $250,000 parts terminal 

COMMENTS 

' Plans are underway for automating data 
collection system 

ROAD CALLS 

Recorded in weekly 6 monthly reports 

Figure 6. Maintenance practices: SEMTA. Detroit. 

BUS EQUIPMENT 

No. of BUSES 	 ' 	 DEFINED SYSTEM STRUCTURE 

331 	 ' ' 	 • No codes 

No. of Models 

14 	- 

MAINTENANCE PRACTICES AND PROCEDURES 

PROCEDURES & CUIDELINES 	 SCHEDULED & PREVENTIVE MAINTENANCE 

All repairs followed up by foremen 	 • Pit inspection every 3 weeks at 12K, 24K, etc 
Repair-diagnosis time tracked 	 miles 
Inspection guidelines 	 a No. parts 6 material' cost/bus reported @ 
Perform failure analysis of equipment 	 inspection 
determining failure modeu 	 • Mileage, fuel, coolant & oil recorded daily 

. Torque converter checked S daily fill-up 
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Figure 7. Maintenance practices: MTA, Houston. 

BUS EQUIPMENT 

No. of BUSES 	 DEFINED SYSTEM STRUCTURE 

890 	 - 	 . Defined, but not used 

No. of MODELS 	 . Bad Order Bus & Road Call Codes 

10 

MOST TROUBLE 

FLX panels, doors & gao tanks 

MAINTENANCE PRACTICES AND PROCEDURES 

PROCEDURES & GUIDELINES 

. Checklists for performing inspections 

DATA COLLECTION 

DATA SYSTEM 

Data collection is manual 
Computer for inventory, mileage & fuel 
oil consumption 

PROGRAIO4INC/COMPUTER 

Purchased system 
New system is planned 
In house programming 

DATA REPORTS 

MAINTENANCE 

No monthly or anneal reports 
Daily mainE. performance indicator 
Daily bad order hon summary 
Overhaul performance indicator 
Raw data available 

SCHEDULED & PREVENTIVE MAINTENANCE 

Inspection 0 6, 12, 18, 24, 3011 miles 
When due for inspection flagged on computer 
printout of scheduled (rte) miles 

FORMS USED 

Repair Order 
Fleet Performance 
Road Call Analysis (Daily) 
Daily MainE. Perf. Indicator 
Daily Bad Order Bus Summary 
Weekly Fesonnel Status 
Central Shop Unit Overhaul Perf. Sod. 

OPERATIONAL 

Fleet performance summary: (by day of week) 
- Buses assigned 
- Pulled, AN 
- AN runs cut. S runs cut 
- S AM lates 
- Pulled, PM 
- PM runs cut, S runs cut 
- Late PM pulled 
- 2 PM laces: 
- Total 6 2 Bad Order Buses  

SPARES-INVENTORY/PARTS 

' Computerized inventory with many problems 

CO)OIENTS 

Data Collection system has many inaccuracies 
Much information entered-in not valid, has 
errors and does not verfy actual values 

- as in the case of inventory stocks. 
Current plans call for a complete revision 
of data collection and processing 

CONSUMABLES 

Montly fuel 6 oil consumption report 

INCIDENTS/ROAD CALLS 

Daily road call analysis 

Figure 8. Maintenance practices: SCRTD, Los Angeles. 

BUS EQUIPMENT 

No. of BUSES 

2817 

No. of MODELS 

33 

MAINTENANCE PRACTICES AND PROCEDURES 

PROCEDURES 6 GUIDELINES 

Checkliots for all inspections. Computerized 
printout available for road call summary 
problems 

DATA COLLECTION 

DATA SYSTEM 

Manual data collection 
Computerized tally of road calls by division 
6 codes, oil consumption, fuel performance by 
division 

PROGRAMMING/COMPUTER 

UNIVAC 
IBM VMS System currently being installed 
In House 

DEFINED SYSTEM STRUCTURE 

General categories for inspection 6 oaintesance 
- Engine 
- Drive 
- Chassis 
- Brakes 
- Electrical 
-Body 
- Doors 
- Lifts 

SCHEDULED 6 PREVENTIVE MAINTENANCE 

6K. 12K, 18K 6 A/C inspections 
Weekly brake I safety inspection report 

FORMS 

6K, 12K, 18K & A/C inspection forms 
a Fareboo key log' 

Mechanical Road Supervisor Report 
Automotive repair card 
Road failures defect 6 work report 
Brake 6 safety inspection 
Warranty clain tag 
Wheel choir p.m. 

MOST TROUBLE 

N/A 

.SPARES-INVENTORY/PARTS 

Inventory control computerized 
Complex warehousing of components 

COI*NTS 

Complete revision of data collection and 
system is planned. 
One division used as a test division for 
the new system 

DATA REPORTS 

MAINTENANCE 	 CONSUMABLES 	 INCIDENTS/ROAD CALLS 

No summary, monthly, or annual reports 	 • Oil consumption 	 _• Road calls by division and codes 
Fuel performance by division 

OPERATIONAL 

N/A 
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Figure 9. Maintenance practices: RIPTA, Providence. 

BUS EQUIPMENT 

No. of BUSES 

240 

No. of MODELS 

10 

MAINTENANCE PRACTICES AND PROCEDURES 

PROCEDURES & GUIDELINES 

Manuals are used from CCC for buses 
Informal guidelines for performing maint. 
under supervision of foresan 

DATA COLLECTION 

DATA SYSTEM 

Data collection is manual 
All data band processed 

pRocRAMMING/cOuTER 

N/A 

DATA REPORTS 

MAINTENANCE 

Monthly Maintenance Cost Summary 

OPERATIONAL 

Bus Master Mileage Summary 
Coach Record 

DEFINED SYSTEM STRUCTURE 

Not defined 
No codes - 
No system breakdown 

SCHEDULE U PREVENTIVE MAINTENANCE 

Inspection - 2k day 
Oil change 9K miles 
Oil gas - 1st 4 15th of each sooth-tally 

FORMS 

• 
 

Bus defect each day 
Daily work assignment 
Coach record 
Bus master mileage 

-Rood call summary 

CONSUMABLES 

Oil and Gas Summary  

MOST TROUBLE 

N/A 

SPARES INVENTORY/PARTS 

Track all spares required. A nan-oils 
review of all parts is made 
Parts consumption tracked monthly 
With careful review can account for monthly 
and annual consumption 

FORMS (Contd.) 

Minor inspection 
9K miles 
27K miles 
54K miles 
209 Supply Req. 
TA28I Material issued 

INCIDENTS/ROAN CALLS 

Road Call Summary 

Figure 10. Maintenance practices: Via Transit, San Antonio. 

BUS EQUIPMENT 

No. of BUSES 	 DEFINED SYSTEM STRUCTURE 

430 	 o No equIpment breakdown 

No. of MODELS 	
• No codes 

MAINTENANCE PRACTICES AND PROCEDURES 

PROCEDURES & GUIDELINES 	 SCHEDULED 6 PREVENTIVE MAINTENANCE 

Inspection guidelines for all vehicles 	 a Brake records 
Repair procedures for brakes 	 . FM schedule 

Work orders 
Heavy equipment inspection checklists 
Security checks 

DATA COLLECTION 

DATA SYSTEM 	 FORMS 

Bus suimsary card as major means for tracking 	a Consumables 
• Coach record including - all repairs during 

bus-life 
16 inspection forms 
1 bus change & trouble calls 

- 	 • 1 waranty adj. 
7 bus status forms 

DATA REPORTS 

MAINTENANCE 	 CONSUMABLES 

• 
 

No reports 	 N/A 

OPERATIONAL 

Delays due to nech. failures 
Buses dead as of 730 AM daily 
Bus status 

MOST TROUBLE 

CMC-ADB Air Conditioning Spates 

SPARES-INVENTORY/PARTS 

Inventory stores requisition forms-part 
description, factory no. • company no.. 
location 

COMMENTS 

Individual history on each bus is only data 
available for lussediate study 

COMMENTS 

Data is available but not structured into 
reports 
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Figure 11. Maintenance practices: METRO, Seattle. 

BUS EQUIPMENT 

No. of BUSES 

1021 

No. of MODELS 

11 

MAINTENANCE PRACTICES AND PROCEDURES 

PROCEDURES S GUIDELINES 

Inspection guidelines for regular and 
articulated coaches 
Training program 

DATA COLLECTION 

33 

DEFINED SYSTEM STRUCTURE 	 MOST TROUBLE 

Coding system for bus equipment & repair types 	• Transmission - V730 
Brakes - life 30-35K miles in rear and 
40-50K in front 
Electrical system 

SCHEDULED 6 PREVENTIVE MAINTENANCE 	 SPARES-INVENTORY/PARTS 

Coach inspection types: 5 	 • Coopsterired inventory system (MSA) for 
Articulated inspection types: • 6 	 inventory control, purchasing. & 
1K miles safety inspection-brakes primarily 	 rates. Also, automatic reordering 
2K miles for major components 	 with quotainatic min & sax setting 
Oil change 0 6K miles for articulated coaches, 
12K for other coaches 
Other PM 0 4K, 6K, 12K, 24K, 36K, etc. 

Aotomated data collection utilizing ARMS 
financial accountig syste)o), CORE (Coach 
Operations Reporting System), Slis (Service, 
Inventory and Maintenance Syste ), and MIA 
inventory control (Management Science of 
America) 

DATA REPORTS 

MAINTENANCE 

SIMS report of nileage, scheduled 
inspections, consumables, fuel economy. 
Daily on-line oileage bused on 
assignment, not hubodometer 
Daily Coach Problem Report from CURS 

PROCRAMMINC/COMPUTER 

King County IBM 370 
In-house progralrzsers 
CORS-batch system 

FORMS 

Inspection forms 
Trouble call forms 
Bad Order form 
Coach Repair record 

OPERATIONS 

Msmthly Management Report 
Daily CORE operations report 
Cost/mile fleet from CORE upon 
request 

CONSUMABLES 

SIMS daily reports on consumables 

COMMENTS 

CONS Phases in METRO: 
- Remote data entry: 
- Coach history reporting; 
- Print coach history 0 base 

ROAD CALLS 

Daily CORS report isolating Trouble Calls 
and Bad Orders 

COMMENTS 

Capability of trends analysis, parts cost 
& labor cost per component 

Figure 12. Transit maintenance and inventory management system. 

SUBSYSTEM FUNCTION SUBSYSTEM FUNCTION 

Inventory Management 'Inventory Transactions Work Order Processing Work Order Control 
'Usage Reporting 	 - . Repair History 
Stock Status Reporting - . Labor Performance Reporting 
Reorder Processing Cost Reporting 

'Special Requirements/ 'Warranty Processing 
Campaigns Reimbursable Cost Reporting 

'Vendor Parts History 
'Physical Inventory Failure Monitoring Vehicle Trouble Call 
lnventory Costing Processing 

- 
Vehicle Defect Processing 

Preventive Maintenance 'Consumables/Mileage vehicle Defect Analysis 
Monitoring . Support Equipment Reporting 

'Component Scheduling 
'Support Equipment Main- Status Tracking/Reporting 'Vehicle Fleet Inventory 

tenance Scheduling 'Vehicle Availability 
Subfleet Assignment 

Planning 'Backlog Status 
'Short-Term Permonnel Management Reporting 'Performance Indicator 

Scheduling- Reporting 
'Long-Term Resource 'Summary Reporting 

Planning 'Project Reporting 
.Special Reporting 

mally shared with other departments of the agency. 
System software designs tend to be modular and 
structured to reflect the basic transit maintenance 
and inventory processing functions [see Figure 12 
(6)]. Data entry and information reporting are 
usually handled through remote terminals and data 
entry devices located within the maintenance and 
inventory departments. 

System Applications 

Recent applications of automated data processing 
techniques and information reporting systems in 
transit maintenance and inventory departments have 

provided transit managers with an improved awareness 
of the day-to-day functions and operations of these 
departments. 	Now, with increased -emphasis being 
placed on improving management techniques and making 
more effective use of existing resources and facili-
ties, the application of these systems to the mea-
suremeñt and evaluation of transit performance can 
be expected. 

Transit performance indicators have been proposed 
in a number of management studies (7-9) as a poten-
tially useful and feasible means of monitoring and 
improving the allocation and use of transit re-
sources. A number of transit systems across the 
country have established performance monitoring 



34 
	

TRB Special Report 198 

procedures, and it is likely that the use of perfor-
mance measures will become widespread throughout the 
transit industry in the future. 

Because U.S. transit systems differ substantially 
with respect to operating environment, organiza-
tional structure, service characteristics, and op-
erating procedures, it is clear that no single per-
formance measurement system will be universally 
applicable. Rather, the designs of performance 
measurement systems will have to be tailored to meet 
the needs and characteristics of each transit system. 

Measuring the performance of transit maintenance 
practices and policies requires the establishment of 
realistic goals and the specification of appropriate 
indicators for those goals. Although there is no 
industrywide concensus as to what constitutes repre-
sentative goals and performance measures for transit 
maintenance, the following are some of the most 
often cited and used goals and indicators (7-9): 

Reduction in system maintenance costs--Mainte-
nance cost per vehicle, maintenance cost per vehicle 
mile, bus miles per mechanic, buses per mechanic, 
and maintenance cost per maintenance man-hour; 

Improved vehicle reliability--Breakdowns per 
passenger mile, breakdowns per vehicle, breakdowns 
per vehicle mile, and bus miles per maintenance-re-
lated road call; and 

Improved maintenance performance--Vehicles Out 
of service, vehicle hours out of service for mainte-
nance, mean time to repair per breakdown, and main-
tenance man-hours per breakdown. 

Traditionally, transit systems have relied on 
such performance measures to recognize trends and to 
determine strengths and weaknesses in system perfor-
mance. Often, comparisons are made with respect to 
average performance measures of transit systems with 
similar characteristics (i.e., size, operating char-
acteristics, etc.) to identify areas for potential 
improvement. More recently, performance measures 
have been used by transit management to establish 
goals and to evaluate the performance of various 
departments (various maintenance garages, operating 
divisions, etc.) internal to the Organization (10). 

FEDERAL R&D EFFORTS 

UMPA, together with industry groups such as APTA, is 
engaged in efforts to improve an industry that has 
been in decline over the past two decades. R&D 
efforts are being directed to improving the perfor-
mance and reliability of vehicles and the management 
practices for maintaining and operating such equip-
ment. The key problems, however, appear to be inef-
ficient maintenance practices, inadequate mainte-
nance considerations in vehicle design, the lack of 
adequate and consistent data on vehicle subsystem 
and component reliability, inadequate training and 
instruction of transit maintenance labor, and the 
need to use modern systems management techniques in 
establishing work standards, life-cycle costing 
procedures, and performance measurements. The rec-
ognition of these problems and the need for solu-
tions should form the basis of UMTA's transit man-
agement R&D program. 
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Workshop Report 
William Van Lieshout, Chairman 
Maria Kosinski, Recorder 

Two broad needs were identified by participants in 
Workshop 2. These were the need to develop good 
historical bus performance data for use in mainte-
nance management and the need for further R&D in the 
area of quantitative analysis. 

Participants agreed that complete and readily 
accessible data in the form of vehicle histories are 
a key ingredient in the successful management of a 
maintenance operation. In many cases such informa-
tion does not exist, but several successful examples 
can serve as models for the development of such an 
information base. Participants noted that several 
methods for inventory control, failure monitoring, 
budget analysis, and preventive maintenance schedul-
ing offer promise but that further research and 
analysis, as well as suitable data bases, are re-
quired before their costs and benefits can be eval-
uated. 

Throughout the discussion, much attention was 
given to three concerns: (a) the development, in-
stallation, and use of computerized MISs for mainte-
nance; (b) nationwide collection and dissemination 
of bus maintenance data; and (c) the use of histori-
cal data in analyzing purchasing options. 

CURRENT CONDITIONS AND PROBLEMS IN BUS MAINTENANCE 

The main priority of bus maintenance is a safe coach 
on the road. To this end, information pertaining to 
the bus must be collected, processed, and acted on 
quickly and accurately. Many problems currently 
prevent this from occurring. These include the 
following: 

1. Lack of data on the history and current condi-
tion of vehicles within a system--This may result 
from a limited number of methods for collecting 
data. Compounding this problem may be the failure 
of management to stress the importance of good data 
to those actually involved in the collection pro-
cess--namely, mechanics and first-line supervisors. 
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Limited availability and use of computerized 
maintenance MISs--The use of computers for bus main-
tenance varies greatly from property to property, 
currently running the gamut from completely manual 
information systems to highly computerized mainte-
nance and inventory systems. Participants cited as 
major areas of concern a need to define the func-
tions and features of a good maintenance MIS and a 
need to ensure applicability to small systems. 

Problems associated with the transition from a 
manual to a computerized information system--Cur-
rently, this transition is often brought about by 
increasing amounts of data, the need to reduce labor 
costs, and 'crisis" situations resulting from severe 
subsidy cutbacks. These hasty transitions often 
ignore the problems of training, the increased work 
load involved in the changeover, and the limitations 
of the system. 

Lack of simulation and failure models for use 
in maintenance planning--Currently,, poor data bases 
limit the development and use of. such models in 
manpower planning, facility development, inventory 
control, and preventive maintenance scheduling. 

Related to these problems with internal information 
systems are the following problems that currently 
exist with regard to national information dissemina-
tion: 

The lack of a system to collect and dissemi-
nate information on bus defects on a national scale 
was identified as an especially important problem by 
property maintenance managers attending the work-
shop. Currently, information about specific bus 
model problems is passed along through the industry 
"grapevine", but this approach often misses the 
smaller properties, which get little help from the 
manufacturers because of their limited fleet size. 

The lack of complete useful information on the 
interchangeability of parts was identified as a 
minor problem. There are currently several sources 
of limited information, but cross-indexing among 
different manufacturers is not available. 

The final problems identified were all related to 
the low-bid system. These included high defect 
rates, the large number of small vendors that must 
be dealt with, and the long lead times, which result 
in increased inventory overhead. Current specifica-
tions are often not specific enough, and information 
on vendor reliability and quality is not available. 
Currently, the State of Washington has procurement 
laws applying to professional services that allow 
the bid sponsor to identify the most qualified bid-
der before costs are discussed. It was felt that 
this approach might work well if extended to cover 
purchasing. 

POSSIBLE SOLUTIONS AND SUGGESTED AREAS OF RESEARCH 

After reviewing current conditions and problems in 
bus maintenance, workshop participants developed 
several possible solutions and suggested areas for 
further research. In addressing the collection of 
maintenance data and the design maintenance MIS, the 
workshop drew the following conclusions: 

1. Areas for which data should be collected on a 
continuous daily basis include the reporting of 
consumables such as oil and fuel, labor, and mate-
rials used, based on a bus number identification 
system. Research should be continued or initiated 
in the areas of automated data-collection methods. 
Specific examples cited by participants were con-
tinued development of automated fueling systems and 
research into the use of optical and voice-activated  

mechanisms for bus data collection and employee 
identification. 

The desirable features of a good maintenance 
MIS are low cost, ease of control by maintenance 
personnel, "user-friendly" features, ease of inter-
pretation, and the ability to display key perfor-
mance indicators. Regarding the desired functions 
of a system, the workshop studied the proposal of 
the Western Transit maintenance Consortium, which is 
currently developing a modular maintenance manage-
ment system under the joint sponsorship of five 
western transit properties and UMTA. The top-level 
function chart of this system served as the basis 
for discussion in this area. Of the seven major 
categories developed by the Consortium, three--pre-
ventive maintenance scheduling and monitoring, in-
ventory management, and failure monitoring--were 
identified as essential functions of a good mainte-
nance system, and work-order processing, including 
labor time standards, and Status tracking and re-
porting were cited as highly desirable functions. 
Participants felt that further R&D related to MISs 
for maintenance should be a top priority of transit 
systems as well as UMTA. This research should 
stress the transferability of systems between prop-
erties, particularly properties of small and medium 
size. 

The transition from manual to computer infor-
mation systems could be facilitated by better user 
understanding of system capabilities and limita-
tions, specific definition of user requirements, and 
increased emphasis on training. Participants also 
stressed the need for management commitment at all 
levels in order for a smooth transition to occur. 
R&D is needed in the areas of preinstallation and 
postinstallation training of employees. It is es-
sential that the people directly responsible for 
data collection and system input be aware of the 
benefits they will derive from the system as well as 
the limitations inherent in the system. To this 
end, training programs that emphasize these factors 
and are capable of being transferred between proper-
ties need to be developed. 

Improvements in data-collection and prQ.cessing 
capabilities should be followed by the development 
of simulation and failure prediction models. Such 
models would be part of a management decision sup-
port system and closely linked to the maintenance 
MIS. Further R&D of understandable, "user-friendly" 
simulation models should be undertaken, particularly 
after improvements have been made in the area of 
data collection. Participants felt that such models 
would aid in the planning of preventive maintenance 
scheduling, facility development, and establishment 
of acceptable reliability and service, levels. 

Participants felt that the R&D activities listed 
above lend themselves well to funding plans similar 
to that used by the Western Transit Maintenance 
Consortium. The main feature of this type of plan 
is that projects are jointly funded by the proper-
ties directly involved, with partial funding from 
federal agencies. The use of federal grant money 
would also ensure dissemination of the results to 
all properties regardless of their size. 

Possible solutions that were proposed with regard 
to the lack of nationwide information were the es-
tablishment of two centralized national information 
centers. The first center--and the most important, 
according to participants--would aid in the identi-
fication of fleet problems. This could possibly 
take the form of a national fleet inventory for 
defect and problem identification to which mainte-
nance managers could refer. Information available 
through this system would include bus model, identi-
fied problems, other properties that own similar 
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buses, and the name and telephone number of a con-
tact person at each property listed. Development of 
such a system could possibly be funded by UMTA, and 
its continuing operation could be funded by the 
participating properties. 

The second national information center would 
provide cross references on the interchangeability 
of parts. Due to the massive amounts of information 
and the facilities that this would require, the 
feasibility of this idea should be studied carefully 
before further development takes place. 

Suggested solutions to the problems associated 
with the low-bid system centered around the collec-
tion and sharing of vendor history information, 
especially concerning reliability and quality. 
Development of computer programs tied in with a 
maintenance and inventory system that would directly 
compile and report such information should be con-
sidered. Also suggested was the development of a 
method for comparing component reliability and life 
expectancy with cost for use in competitive procure-
ment procedures. 

SUMMARY 

Participants in the workshop discussed management 
tools for improving maintenance. Two general cate-
gories of concern emerged from the discussion: the 

need to collect historical bus data and the need to 
develop methods to use the data. Within these cate-
gories, seven specific areas requiring R&D were 
identified. These are listed below in order of 
importance (from major to minor). The first four 
items pertain to data collection and the last three 
to data use: 

MISs specifically for maintenance, including 
systems for preventive maintenance scheduling, in-
ventory control, failure monitoring, work-order 
processing, and status tracking; 

Training programs that would aid in the tran-
sition from manual to computerized maintenance in-
formation systems; 

Automated data collection methods for mainte-
nance; 

A national information network for sharing 
data on major, model-specific bus defects; 

Management tools, and information systems that 
would facilitate the purchase of quality products 
within the low-bid system; 

Simulation and failure models for bus mainte-
nance that would facilitate bus maintenance plan- 
ning; and 	 / 

A system for cross referencing data on the 
interchangeability of bus parts. 
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Workshop 3: 

Human Resources for Maintenance 

Issue Areas 

The role of human resource management in maintenance 
is of critical importance. It is generally accepted 
that more effective maintenance depends on better 
training and worker-management cooperation, but no 
clear agenda for improvement has been developed. 
Workshop 3 participants were asked to discuss ways 
of improving employee selection and training and to 
identify other, ways in which maintenance manpower 
can be made more productive. Participants were also 
asked to discuss union relations and cooperation 
among drivers, mechanics, and management. 

Resource Paper 
James Gregory Mitchell 
Detroit Department of Transportation 

In spite of hundreds of millions of dollars spent by 
federal, state, and local mass transportation agen-
cies in the United States over the past two decades, 
significant improvements in the delivery of public 
service have not materialized. Such a statement is 
difficult for many of us in the mass transportation 
industry to accept, since it implies that we have 
not been doing our job. However, we are beginning 
to realize that this problem is almost universal in 
the transit industry. In fact, declining produc-
tivity, diminishing cost-effectiveness, and lower 
operating efficiency are fast becoming the rule 
rather than the exception in many U.S. industries. 

It is time for us to openly acknowledge the scope 
of this problem and work together in finding solu-
tions. But you do not need me to tell you 'this. 
UMTA Administrator Teele was quite clear and 
thorough in opening our eyes to this situation dur-
ing his testimony to the House Committee on Public 
Works and Transportation, Subcommittee on Investiga-
tions and Oversight, in June 1981 (1). I urge those 
who have not done so to read the transcript of his 
address because it presents UMTA's justification for 
its diminished role in local mass transportation 
functions. In other words, we will be receiving 
fewer federal dollars in the years ahead for wages, 
new equipment, diesel fuel, etc. 

For most of us, the choices are tough but crystal 
clear: We must either cut service, raise local 
revenue (higher fares or more taxes), or improve 
efficiencies. -I believe all of us here understand 
which of these three unpleasant options will be the 
most popular with the people or agencies that direct 
us. I also realize how difficult it will be for 
most to improve cost efficiencies--not because of 
any deficiency in management expertise or commitment 
but because of the depth and breadth of the problem. 

This paper focuses on the human resource compo-
nent of the bus maintenance system. It is my feel- 

ing that this component represents the single larg-
est element of the mass transportation cost-effi-
ciency problem and therefore that its solution will 
result in the highest level of improvement. Al-
though exact percentages are difficult, if not im-
possible, to determine, it has been estimated that 
roughly 50 percent of the total bus maintenance 
workload on a typical day at the Detroit DOT is 
directly àttrioutable to human resource prob-
lems--e.g., absenteeism, wrong diagnosis, improper 
application of maintenance procedures, or misalloca-
tion of labor resources. This percentage may Sound 
high until one considers the numerous aspects of the 
human resource element and the many ways in which 
each can influence bus reliabilities and availabili-
ties. For any maintenance manager, human resources 
should be evaluated whenever the percentage of 
"downed' vehicles exceeds about 20 percent during 
the 	peak, scheduled evening operations are of ten 
neglected in order to respond to corrective mainte-
nance needs, or more than 5 percent of the operating 
fleet requires on-the-road service during an ex-
tended time period.' At the Detroit DOT, we know we 
are in trouble because all of these key indicators 
are present. 

Many U.S. maintenance managers are familiar with 
such symptoms. Because human resource difficulties 
are shared by a large number of transit properties, 
it is likely that common solutions can be found. In 
working together, we can minimize the resource drain 
on individuals that usually accompanies such in-
volved problem solving. Finally, because human 
resource problems have been experienced by other 
U.S. industries in recent years, there is a good 
chance that much of our work has already been done 
for us. All we need to do is to evaluate the suc-
cess of other improvement programs and determine 
their applicability to bus maintenance. 

WHERE WE ARE 

In attacking any problem of such large scope, it is 
best to oegin by identifying the nature of the prob-
lem--what it is and how it got to be that way. It 
is hoped that this preliminary step will prevent us 
from. wasting time on symptoms and help us to focus 
on the deeper causes. Although my perspective has 
been formulated through close contact with, the De-
troit DOT over the past five years, I think many 
similarities with other urban bus operations will be 
apparent. 

Because I so often hear senior maintenance per-
sonnel compare the dismal performance of today's 
work force with that of the "good old days", I de-
cided to take a closer look at what made the old 
days so good, especially concerning the labor force. 
For obvious reasons, I limited this examination to 
four fundamental elements: skills, motivation, work 
environment, and organizational structure. No spe-
cific point in time was selected to separate "then" 
from 'now" because there was an extensive period in 
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Table 1. Operating statistics for Detroit DOT: 1951-1981. 

Journey- No. of Passengers 
man Buses in Revenue Miles Revenue Miles Vehicles per Miles per Passengers per Passengers Passengers 

Year Mechanics Fleet Operated per Mechanic Mechanic Vehicle Carried Mechanic per Vehicle per Mile 

1951 409 2043 64813363 158468 4.96 31725 180244863 440696 88226 2.78 
1960 268 1285 41570454 '155 114 4.79 32351 135002366 503740 105060 3.25 
1965 204 1144 38530003 188873 5.61 33680 115049533 563968 100568 2.99 
1970 186 1180 37734444 202873 6.34 31978 115203635 619374 97630 3.05 
1981 198 803 26999883 136363 4.06 33623 66017000 333419 82213 2.45 

Note Data taken from annual reports and annual fleet inventories of the Detroit Department of Street Railways (1951-1973) and the Detroit DOT (1974 to present) 

which things were neither all good nor all bad but 
in transition. A brief examination of the past 30 
years at the Detroit DOT illustrates the extent of 
this transition period. 

In Table 1, four important operating statistics 
are traced over three decades, from 1951 to 1981. 
Some of these statistics are combined to produce 
popular efficiency ratios, such as vehicles per - 
mechanic and passengers per vehicle. Clearly, some 
ratios have changed dramatically while others have 
not. It is especially interesting to note that very 
little change has taken place in the miles-per-vehi-
cle ratio, a commonly used measure of bus mainte-
nance efficiency. All other factors being equal, 
this would indicate a fairly consistent level of 
mechanic efficiency for the 30-year period. Even 
though vehicles per mechanic decreased about 36 
percent between 1970 and 1981, varying levels of 
coach reserves or spares could account for such 
differences. Concerning revenue miles per mechanic, 
a large percentage of the Detroit DOT labor force in 
the 1965 and 1970 figures included helper mechanics 
(not counted in the journeyman mechanic figures) 
whereas the 1981 data include almost none. In sum-
mary, the overall systemwide operational load has 
not really changed in terms of how much road service 
is delivered by the maintenance work force through 
annual mileage accumulations per vehicle. 

As with many other areas of human experience, 
senior bus maintenance employees may be selective in 
recalling the positive aspects of their job while 
suppressing the negative. The summary data here do 
not imply that there was a higher level of mainte-
nance skills in the "good old days". However, the 
perception that mechanics were better skilled can be 
as damaging to present worker performance as the 
actuality would be. If employees feel that their 
individual contribution to the overall operation is 
of little value, there is no reason to expect from 
them a high degree of concern over work quality, 
attendance, or cooperation. 

If the historical data from the Detroit DOT do 
nothing else, they should demonstrate that the human 
resource problem is not as simple as we once 
thought--i.e., better-skilled mechanics. If me-
chanics in the past were better skilled and there-
fore more effective in maintaining the fleet, then 
the Detroit DOT should have experienced dramatic 
decreases in miles per vehicle during this 30-year 
period. We need to look deeper at this problem, 
analyze other aspects of the human element of bus 
maintenance, and offer solutions that include skills 
improvement as one component rather than as the 
entire answer. 

Two other imp&tant aspects of the bus mainte-
nance function that affect worker performance are 
workplace environment and organizational structure. 
In the old days, the workplace environment was more 
amenable for several reasons. In general, garage 
and shop facilities were newer, cleaner, and in 
better operating condition. The Detroit DOT divi-
sion that had responsibility for facility construc- 

tion and maintenance was larger and hence more ef-
fective prior to the City's budget crises in the 
early 1970s. In addition, the important function of 
building cleaning, heating, ventilating, and repairs 
was properly addressed through an adequate budget 
and staffing level. 

Another important aspect of workplace environment 
concerns the 'homogeneity of the work force. At no 
other time in the history of the Detroit DOT has' the 
character of the maintenance staff been so varied. 
Differences in age, race, and sex have created the 
setting for many potential conflicts--conflicts 
between coworkers and between mechanics and super-
visors. It is probably a natural human instinct to 
attribute many interpersonal conflicts to the most 
"obvious" cause--i.e., age, race, or sex. Because 
we are such visual creatures, it is difficult to go 
beyond what we see to determine the root cause of 
on-the-job conflicts, hostilities, and fears. How-
ever, we have discovered that differing value sys-
tems are usually the cause of many interpersonal 
conflicts. This subject is discussed in more detail 
later in this paper. 

Organizational structure is often neglected as a 
contributing factor in worker performance, but its 
effect has been observed at the Detroit DOT. The 
most critical manifestation of this phenomenon is 
the widespread perception by maintenance personnel 
that there is no clear-cut line of control and re-
sponsibility within the organization. In the old 
days, there were, at most, five layers of management 
responsibility between the lowest-level worker and 
the highest level of authority, the general manager. 
Everyone knew exactly who made what decisions. The 
most involved issues were settled in a few days. The 
line between acceptable and nonacceptable behavior 
or performance was clear. Today, the organiza-
tional structure at the Detroit DOT is complex. 
Several peripheral agencies influence the activities 
of the Detroit DOT and its bus maintenance function, 
although little direct contact is ever made between 
these organizations and the employees. Through 
funding relations with UMTA, the Michigan DOT, 
SEMTA, and various City of Detroit departments, many 
ey policy issues are decided by interests far re-
moved from Detroit DOT employees and passengers. 
Because of the influence of the City's Civil Service 
Commission, the Human Rights Development and Person-
nel Department, and numerous state and federal agen-
cies that are often involved in employee discipli-
nary actions, labor relations are not always consis-
tent. 

All of these organizational changes have affected 
the way mechanics and supervisors view their job and 
their employer. It is understandable that uncer-
tainties related to budget and labor relations are 
transferred to work performance. Unclear or chang-
ing departmental goals and policies are easily 
filtered down to all levels of maintenance. 

Employee motivation is, of course, determined by 
factors such as skill level (or perceived skill 
level), workplace environment, and organizational 
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structure. If employees are not satisfied with 
these three fundamental job requirements, they prob-
ably lack motivation and have developed poor atti-
tudes. So high motivation and good attitudes will, 
to a large degree, develop automatically as skill 
level, workplace environment, and organizational 
structure improve. Managers must realize that moti-
vation and attitude are extremely difficult to shape 
without the presence of these other factors. Such 
efforts have been attempted without very much long-
term or widespread success. Incentives ranging from 
individual attendance record awards to intergarage 
performance competitions have been attempted, but 
such efforts only result in rewarding those who 
already possess high motivation due to extraneous 
factors. The vast majority of employees who need 
help are not affected. 

The causes of the human resource problem in 
public transportation, as in many other U.S. indus-
tries, are fundamental in nature, relating to the 
basic tenets of job satisfaction: self-esteem, 
workplace environment, organizational structure, and 
mbtivation. However, before we establisb a plan of 
action, an examination should be made of studies and 
findings in other industries. 

CHANGING VALUES OF WORKERS 

Many research efforts have been undertaken in this 
country over the past few years in order to define 
the national human resource problem and establish an 
agenda for improvement. Many of the findings from 
these investigations indicate that the problem is 
largely related to a changing value system among 
workers. 

The traditional profile of a typical worker as a 
man working full time to provide full support for 
his wife and children has drastically changed. 
Today, fewer than 20 percent of American workers 
conform to this profile (2). With this transforma- 
tion, the labor force has also changed its view of 
the job itself--what it should be and what the 
worker can get out of it. Unlike their parents, 
today's workers want more than money out of a job; 
they also want self-fullfillment. If this desire is 
not met, workers can easily become dissatisfied, 
unproductive, unreliable, and, ultimately, part of 
the increasing number of job nomads. 

Psychologists Abraham Maslow and Morris Massey, 
among others, have contributed a great deal to the 
understanding of this aspect of human nature. Their 
studies have helped us to analyze the causes of job 
dissatisfaction as being closely tied in with the 
individual's overall success in attaining higher- 
order needs. More exactly, when the basic human 
needs of food, shelter, health, love, etc., are met 
(or, as Massey points out, taken for granted) 
people set their sights on higher life goals. The 
bountiful good life portrayed on television and 
ingrained in the American Dream constantly rein-
forces such thinking. What are these higher life 
goals? They probably vary among individuals, but 
most include a deeper value of job satisfac-
tion--i.e., attaining esteem and self-actualization 
through one's career. For many people, these 
higher-order needs can only be met at the workplace. 

WHAT MUST BE DONE 

As was done on a small scale at the Detroit DOT, the 
bus maintenance industry must evaluate the nature 
and extent of the national human resources problem. 
Because of the severity of the symptoms, I think we 
will find out that the problem reaches all the way 
to the core of the job concept. 

A relatively inexpensive means of starting this  

evaluation process involves mailed surveys or ques-
tionnaires. In this Way, management and union 
leadership from many U.S. bus maintenance properties 
could provide valuable input within a short time. If 
a significant degree of commonality were found among 
a large number of transit properties, then a co- 
ordinated and comprehensive approach would be justi-
fied. It may be appropriate to select a small, 
representative group of properties for in-depth 
analysis and pilot program implementation. Once 
improvements are demonstrated, final versions of the 
program can be disseminated to other sites. 

Preliminary investigations in this area at the 
Detroit DOT have indicated that two important job 
elements can be addressed in order to meet many of 
these basic deficiencies. The first involves im-
proving the effectiveness of the mechanic through 
better on-the-job reference material. Job perfor- 
mance aids (JPAs) are designed to provide clear, 
simple, and easily used instructions to the mechanic 
in completing repairs, adjustments, removals and 
replacements, and even trouble-shooting activities. 
Currently, we are about halfway through an UMTA 
pilot program for RTS-II JPAs, and the signs are 
encouraging. Not only are mechanics capable of 
doing more complex jobs with fewer errors, but their 
self-esteem and job pride are improving. We think 
this will help lift their low motivational levels. 

The second job element on which we have spent a 
considerable amount of effort is improving first- 
line supervisor effectiveness. The Detroit DOT has 
given classes in both the technical and humanistic 
aspects of supervision. Through videotape lectures 
by Morris Massey, we have attempted to enlighten our 
supervisors on the changing values of today's me-
chanic and how that influences job behavior. How- 
ever, many of these supervisors are inexperienced 
and need guidance on the fundamental aspects of 
their job. Furthermore, their lack of experience in 
bus maintenance limits their effectiveness in as- 
signing work and providing technical support to 
mechanics. The Detroit DOT simply does not have the 
capabilities to address properly this critical ele-
ment of the human resource problem. It is hoped 
that successful programs from other transit proper-
ties can be easily transferred to Detroit. 

We have also discovered, through management-by-
objectives sessions, that it is important to clearly 
express departmental goals, objectives, and priori-
ties to the mechanics thiough first-line supervision 
so that everyone knows how they relate to the over-
all organization. 

As mentioned earlier, many of the deficiencies in 
human resource utilization are common to the vast 
majority of U.S. "blue collar" industries. Research 
should be done to determine the degree of success 
experienced by other industries in improving these 
deficiencies. In Detroit, automobile manufacturers 
have done a great deal of research on the applica-
bility of successful practices in other coun- 
tries--Japan and Sweden, for example--in attaining 
high levels of worker motivation, commitment, reli-
ability, and productivity. These and similar studies 
should be examined for possible use by bus 
maintenance operations. 

Another important factor to consider in this 
problem approach concerns management- labor coopera-
tion. It must be understood by all parties that the 
goals being sought will benefit both sides and that 
this is not an attempt to merely squeeze more work 
out of employees for the same amount of pay. Union 
leadership must recognize that improvements in labor 
efficiencies are required in order for the industry 
to reverse declining trends. Management must under-
stand that an employee's ability and willingness to 
properly perform assigned duties are inescapably 
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tied in with fundamental elements of human behavior 
that go beyond a good day's work for a good day's 
pay. 

Again, the Detroit automobile makers provide an 
example of an increasingly cooperative relationship 
between management and labor. In many cases, man-
agement has given up a certain degree of policy 
control while labor has sacrificed pay and fringe 
benefits, all for the common good of the organiza-
tion. It took a financial disaster for both sides 
to recognize that their respective fates were in-
separable. 

We must be cautious, however, about placing too 
much emphasis on the traditional role of union 
leadership. Many indicators suggest that union 
members are becoming as alienated from their leader-
ship as they have traditionally been from manage-
ment. According to the June 24, 1980, Wall Street 
Journal "Labor Letter", workers voted to repudiate 
their 'unions in 75 percent of the 1979 decertifica-
tion elections nationwide, the second highest per-
centage in 30 years (figures are not available for 
1980-1981). Furthermore, in a survey published in 
the Journal's "Labor Letter" on May 16, 1980, the 
number of union members favoring laws that state 
workers cannot be required to join a union or pay 
dues rose from 43,to 72 percent. These and other 
signs show that employees themselves must be dealt' 
with directly in solving major human resource prob-
lems. Union representatives, though elected, should 
no longer be viewed as being capable of speaking for 
their membership in all matters. 

Another important task to be completed in the 
early stages of this effort is to convince the 
policymakers of the importance of the undertaking. 
Without their continuing support, the comprehensive 
and time-consuming job of human resource improve-
ments cannot take place. At the core of this sell-
ing job is the familiar trade-off between long-term 
goals and short-term, day-to-day responses. Unlike 
private enterprise, we do not have an objective 
improvement measure like the profit margin to help 
us monitor success. Our criteria will be much less 
tangible and therefore less likely to be understood 
by the policymakers. However, a nationwide, coordi-
nated approach should be helpful in this regard. 

Organizationally, the bus maintenance industry 
must establish a coordinated, comprehensive ap-
proach. Human resource problems are shared by many 
properties, and the needed solutions are too complex 
for a piecemeal attack. Entities such as UMTA or 
APTA provide the type of organizational structure 
needed. In fact, there probably exist committees or 
subgroups at both of these agencies that have been 
charged with such responsibilities. 

SUMMARY AND CONCLUSIONS 

The human resource problem in bus maintenance has 
developed over many years. The decline of the work-
place environment and the increasing complexity of 
the organizational structure 'are major contributors 
to this condition. Diminishing worker skills, or 
the perception of diminished skills, and motiva-
tional deficiencies have also had significant im-
pacts on labor's effectiveness. Research indicates 
that workers' changing view of the job and the con-
comitant need for self-actualization and self-es-
teem also influence the present situation. 

Better on-the-job reference material improves the 
motivation and self-esteem of the mechanic while 
also improving vehicle reliability. Enlarging 'the 
scope of the traditional supervisor's role to in-
clude an awareness of changing job values and diffi-
culties related to worker motivation also helps 
overall human resource management. Furthermore,  

standardizing personnel practices and clearly defin-
ing departmental objectives and priorities through 
supervisory staff improve staff harmony. 

Once the industry confirms these findings nation-
wide, a series of pilot programs can be developed in 
order to refine improvement actions. It may then 
prove cost effective to set up regional "schools" 
where managers and supervisors can be taught these 
techniques and be provided with the appropriate 
written documentation to take back to their bus 
properties. 
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Workshop Report 
Kay Inaba, Chairman 
Susan R. Butler, Recorder 

Participants in Workshop 3 identified the following 
eight problem areas in their review of the topic, 
human resources for maintenance: 

Performance measurements and standards, 
Technical information and training, 
Line-level maintenance supervisors, 
Upper-level maintenance managers, 
Motivation, 
Upper-level management awareness of mainte-

nance needs, 
Training packages, and 
Communication. 

All were felt to warrant action. High priority was 
assigned to performance measurement, training, and 
line-level supervision. Medium priority was as-
signed to technician motivation and communication 
skills of upper-level maintenance management. Lower 
priority was assigned to upper-level management's 
awareness of the importance of maintenance, training 
packages, and interproperty communication. 

PERFORMANCE MEASUREMENTS AND STANDARDS 

Problem 

The general lack of performance standards in mainte-
nance hampers both training and planning. The asso-
ciated lack of performance measurements makes it 
very'difficult to quantify the effects of, improve-
ment techniques, such as better management tech-
niques and better maintenance training and informa-
tion packages. 

The need for computerized performance measure-
ments and standards is especially acute in mainte-
nance because of management's general lack of inter-
est in maintenance and maintenance-related vari-
ables. One way to communicate effectively with 
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upper-level management is to show the effect of 
budget and manpower allocations in dollar terms or 
in other system-level parameters meaningful to up-
per-level management (miles between road calls, 
missed runs, etc.). Computerization is important to 
ensure timely measurements and feedback. 

Although many properties share the problem, dis-
cussions indicate that some properties have devel-
oped effective standards and measurements. In addi-
tion, it was generally agreed that the problem is 
not unique to mass transit. Therefore, it appears 
reasonable to assume that organizations in other 
industries will have solution concepts or techniques 
that would be readily applicable to mass transit 
properties. 

Solution 

The workshop group suggested that UMTA fund a survey 
of both transit properties and other industries 
regarding application of "work standards" and mea-
surement techniques. This survey should pay special 
attention to the abuse of work standards and to 
making managers sensitive to the dangers of such 
abuses. 

Time-related work standards are especially vul-
nerable to misuse or abuse by managers. Workers 
often feel that such standards can rapidly lead to 
pressure to perform faster without compensatory 
pay. Studies have shown that error rates are far 
more important to maintenance than time of perfor-
mance. Consequently, standards that emphasize time 
only without considering errors could lead to coun-
terproductive techniques. 

It is also important to recognize that many main-
tenance errors today are being committed by experi-
enced technicians. Thus, standards should not 
merely reflect the current work of experienced tech-
nicians but should reflect a level of performance 
achievable with proper maintenance information and 
training. 

A prime example of how work standards can be used 
effectively is the program at Seattle Metro, where 
the standards are used to establish productivity 
measures and diagnose problems rather than apply 
pressure to individual workers. 

Due to the potential for abuse in this area, the 
dissemination of the survey results should be re-
stricted to a training program designed specifically 
to communicate the concepts and techniques to inter-
ested parties; that is, in disseminating the infor-
mation by a noninteractive method, there is too 
great a potential for misuse of techniques. There-
fore, the training technique should be communicated 
by specific training programs or extensive workshops 
that would provide ample opportunity to communicate 
the dangers of abuse and misuse. 

TECHNICAL. INFORMATION AND TRAINING 

Prnh1m 

Maintenance manuals in mass transit do not provide 
the information necessary to support (a) entry-level 
training and/or (b) journeyman technician perfor-
mance on the - job. As a consequence, training tries 
to overcome the problem through extensive applica-
tion of standard training techniques. Experience in 
other fields indicates that such an approach will 
not meet the maintenance needs of mass transit: 
Technicians prepared in this manner normally have a 
relatively high rate of errors due to overreliance 
on memory and/or their knowledge of fundamentals. 

The military has recognized the interaction be-
tween maintenance information and training. The 
U.S. Army is committed to a new type of manual that  

will be usable on the job. All new systems require 
the use of these simplified manuals and integration 
of the manuals with training. Both the U.S. Navy 
and Air Force are moving in the same direction. 

The military has learned that problems of poor 
maintenance performance cannot be resolved without 
first providing maintenance information (e.g., pro-
cedures) that can be used on the job. However, this 
information is necessary but not sufficient; train-
ing and other components of the personnel subsystem 
must still be adjusted to take advantage of the 
availability of usable maintenance information. 

As more equipment technologies are applied to 
mass transit vehicles, the problem is expected to 
become even more severe. 

Solution 

The workshop group felt that UMTA should continue 
the program for solving the maintenance manual prob-
lem by applying JPAs and related techniques. Tran-
sit properties should learn how to integrate such 
information packages with training to (a) help over-
come the temptation to avoid training by providing 
simplified manuals and (b) help technicians to learn 
to rely on the manuals rather than on their. memory. 
Also, manufacturers and vendors should be required 
to deliver JPAs or their equivalent with the equip-
ment as a useful supplement to other manufacturers 
manuals, training programs, and service bulletins. 

LINE-LEVEL MAINTENANCE SUPERVISORS 

Problem 

In many transit. operations, not enough is known 
about what criteria should be used to select line-
level maintenance supervisors and/or how to train 
them effectively. In many cases, technicians are 
promoted to the supervisory level based on their 
technical capabilities but fail as supervisors due 
to inadequate "people skills". Similarly, new 
supervisors often encounter difficulties in super-
vising others due to either inadequate technical 
knowledge or erosionof such knowledge. 

In contrast, some properties have been quite 
successful in both identifying and training line-
level maintenance supervisors. Therefore, there is 
a need to both find and communicate proven selection 
and training techniques. 

Solution 

The workshop group suggested that UMTA fund a proj-
ect to survey transit properties for working . solu-
tions and develop a means of communicating this 
information to all other properties. An example of 
a potentially effective approach is the "lead man 
concept" being tried at Seattle Metro and the 
"supervisory trainee concept" being tried at Denver 
RTD. Both approaches provide an opportunity to 
observe the potential of an individual before se-
lecting him or her for a supervisory role. The 
training method thus serves as a selection process 
as well. 

UPPER-LEVEL MAINTENANCE MANAGERS 

PrnhIm 

Some of the problems attributed to the lack of 
awareness of maintenance-related variables by 
upper-level management can also be attributed to 
upper-level maintenance managers who do not have 
proper communication skills. This need is often 
cited by the managers themselves. The lack of proper 
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communication skills compounds the problems of "in-
adequate allocation of resources for maintenance", 
especially for properties with upper-level managers 
who are biased against or ignorant about maintenance. 

nluthn 

The workshop group suggested that UMTA sponsor the 
development of a training package that can be imple-
mented in different modes. This package should focus 
on the necessary communication skills, including the 
type of data needed to get the attention of upper-
level management. The package should be dis-
tributed to all interested properties, including 
existing management training programs. 

MOTIVATION 

Problem 

There are severe problems in motivation and attitude 
among maintenance technicians, problems that are 
significantly greater in some properties than in 
others. This variance between properties would 
indicate that management awareness and techniques 
can resolve some of the problems. However, it is 
recognized that even the best of management tech-
niques will not completely solve the motivation 
problem. In addition, it is recognized that the 
problems are not unique to transit maintenance tech-
nicians. Nevertheless, a solution specific to tran-
sit maintenance is needed. 

A significant part of the motivation problem 
seems to stem from low self-esteem, which in many 
cases is reinforced by both the physical surround-
ings and managements attitude toward maintenance. 

Solution 

The workshop group called for a survey of the main-
tenance technician population in mass transit to 
clearly identify the specific nature of the problem 
and its causes. Currently, there is a wide range of 
opinion regarding the magnitude of the problem, its 
nature, and its causes. A professional survey would 
help to make the problem visible and therefore sub-
ject to investigation. This survey should also 
include other industries, searching for management 
and other related techniques to solve, the problem. 
The project should develop a means of disseminating 
the information to interested parties and properties. 

UPPER-LEVEL GENERAL MANAGEMENT 

Problem 

There was general agreement that a significant part 
of the human resource problem in maintenance stems 
from upper-level managements lack of awareness of 
maintenance-related variables. In the eyes of many, 
"upper-level" management consists of not only the 
general manager but also those with fiscal control 
and responsibility and the board of directors when 
it is active in the budget allocations for mainte-
nance and maintenance training. The problem is 
generally manifested in inadequate budget alloca-
tions. , However, there are other manifestations, 
such as a general lack of sensitivity to mainte-
nance-related problems that often negates advance-
ments made by lower-level managers. An example 'of 
this would be failure to complete a preventive main-
tenance task because of pressure by upper-level 
management to dispatch a given number of buses. 

Solution 

It, was generally agreed that the problem of upper-
level managements lack of awareness of the impor-
tance of maintenance is sufficiently great that a 
"one-shot" solution, such as a seminar or workshop, 
would not be adequate to solve the problem. In 
addition, there is a need to constantly reinforce 
the importance of maintenance and maintenance-re-
lated variables through various means of delivery. 
Therefore, the workshop group felt that UMTA should 
develop a basic package of materials that can be 
delivered in different modes, such as articles in 
journals normally read by upper-level managers, UMTA 
meetings including panels that require interaction 
between general managers and maintenance managers, 
and video simulation programs that would allow man-
ag'ers to visualize the consequences of their deci-
sions--e.g., what happens when preventive mainte-
nance is bypassed--and that could be introduced at 
transit meetings and subsequently used in regional 
training centers or even by individual properties. 
The solution should include a detailed implementa-
tion plan that can be manned by different organiza-
t ions. 

TRAINING PACKAGES 

Problem 

There is limited information on what training pack-
ages or materials have worked and/or are available. 
Due to the general training problem, various organi-
zations (including individual properties, vendors, 
schools, and consultants) have developed training 
packages and materials to meet specific needs. Some 
have worked quite well, whereas others have not 
worked. Thus, merely having information about what 
is available will not be of much use to a training 
director. Information about both the accessibility 
and the usefulness of these materials is important 
to training directors of mass transit properties. 

Solution 

The workshop group called for UMTA sponsorship of a 
survey on both the availability and the usefulness 
of training programs, materials, and concepts. 
Copies of the materials' should be obtained and eval-
uated to aid potential users. Because it is antici-
pated that the evaluation will take some time, it is 
important to provide information first about what is 
available and provide an update on the usefulness of 
the materials as they are evaluated. 

COMMUNICATION AMONG TRANSIT PROPERTIES 

PrOblem 

Each transit property is faced with a multitude of 
problems related to maintenance and maintenance 
training. Many of the problems are shared by other 
properties, but there is no ready or effective means 
of communicating such information. 

Solution 

The workshop group saw a need for UMTA to sponsor a 
study to examine the common information needs of 
transit properties and to design a multichannel 
system or technique for meeting those needs. 
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Workshop 4: 
Facility and Equipment Needs 

Issue Areas 

The workshop on facility and equipment needs focused 
its attention on the related areas of fixed mainte-
nance facilities and diagnostic and maintenance 
tools. Workshop 4 members were asked to identify 
reasons for the high degree 'of variation in facility 
design and equipment sophistication and to define 
research needs related to garage design and new 
equipment requirements. 

Resource Paper 

Cecil M. Tammen 
Minneapolis-St. Paul Metropolitan Transit Commission 

The current generation of bus operators has an op-
portunity that is unique and exciting and also a bit 
terrifying. Most present-day bus facilities have 
their origin in the streetcar era, and , throughout 
the country the vintage of these 'facilities is such 
that replacement is necessary, from the standpoint 
of both age and function. 

It is exciting to know that in a period of 10-20 
years fixed bus facilities will either be replaced 
or will have undergone major renewal. Considering 
past history, it has to be awesome to think that 
decisions made today will be in place and affecting 
bus operations up to 75 years from now. 

It is certainly appropriate today to look to that 
future and be concerned with how we can improve on 
past performance. And there is room for improve-
ment. But, before we throw over everything we know 
and do, let us define our present delivery system 
for facilities. 

Let us compare a major commitment to ,a facility 
with a similarly sized commitment to our other big 
expenditure--buses. To produce a bus, millions are 
spent on design and research involving some of the 
most highly trained and skilled people available. 
Prototypes are built and tested. Production lines 
are built. Finally, through the miracle of mass 
production, buses are delivered. Nothing this so-
phisticated goes into a facility. The designer 
produces a custom (one-of-a-kind) design with input 
from the bus property, a property that probably has 
not had the experience before. Shortly after, a 
Contractor with as many as 75 subcontractors sets 
about custom building the facility. Soon it is 
complete, ready for use. The difference in service 
delivery is dramatic. The results are also. A com-
parison of the warranty claims is revealing. When 
one compares the maintenance effort that goes into 
keeping the buses on the street--the refurbishing, 
rebuilding, etc.--with the benign neglect with which  

the facilities are treated, it is amazing that the 
facilities survive and serve so well. 

I do not believe that the methods of facility 
delivery are wrong; rather, they appear to be very 
good. They certainly are in neea of some improve-
ment but not major surgery. Some well-thought-out 
refinement and development are suggested. 

FACILITY DESIGN 

Of unique importance in facility design is the rela-
tive size of properties and their resultant capa- 
bility to help themselves. The larger , properties 
have the resources to devote time to the study of 
future trends, to conduct research on new materials 
and equipment, perhaps even to visit other prop-
erties to view their progress and innovations. This 
is not true for the smaller properties. Better 
communication and publicity concerning improved 
facility design will be of help to all properties. 
The smaller properties, with their problems, will 
gain the most insight in this process. 

There are a great many considerations to be 
thought through in any facility improvement. Budget 
capability is perhaps paramount. Deciding whether 
to build new or to remodel and renovate is always 
difficult. Some properties have rehabilitated auto-
mobile and truck sales and repair facilities at low 
cost. site location as it affects highway access, 
soil conditions, environmental considerations, and 
present cost of acquisition, weighed against future 
operating costs, is also an important design consid-
eration. The operating costs of pull-ins and pull-
outs and the cost of driver relief are often over-
looked in site selection and comparative site costs. 
But these operating costs go on forever and inflate 
whereas initial site costs are one-time costs paid 
for with today's dollars. Climate also has a major 
effect on facility design. Parking buses out of 
doors may work. well in Florida, Texas, and Califor-
nia but would be a nightmare in Minnesota, Michigan, 
and Pennsylvania. 

Two major questions must always be considered 
prior to planning a facility: (a) fleet size, both 
present and future, and (b) the nature of the bus to 
be housed now and for years to come. 

For a multifacility property, the size of a fa-
cility is perhaps more logically determined by con-
sidering the maximum desirable size. The smaller 
property has the real dilemma: To accommodate even 
a modest unplanned 'growth in the size of the bus 
fleet--say, from 75 to 125 buses--at some time in 
the future will be a major undertaking. 

Future vehicle design affects everyone and is one 
of the great unknowns. In 10 short years we have 
seen air conditioning in quantity and electronics in 
air conditioning, welded body skins, stainless steel 
bodies, a return of underfloor engines, the articu-
lated bus, double-decker buses, foreign manufac- 
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turers, metric dimensions, advanced-design buses, 
and wheelchair lifts. The list could go on and 
undoubtedly will in the future. 

Two new phenomena are also having their impact on 
facilities and equipment--safety and security. The 
large increases in absenteeism and compensation 
claims plus the recent activities of the Occupa-
tional Safety and Health Administration (OSHA) 
strongly suggest the need for an increased awareness 
of safety at the workplace. An increase in theft 
and vandalism is making mandatory built-in security 
controls that were not considered only a few years 

ago. 
The value of better facilities and equipment to 

repair and operate buses is obvious. Adequate space 
for bus parking and maneuvering 'drastically reduces 
bus damage on many older properties. Adequate space 
for mechanics to service and maintain buses not only 
gets the job done faster but also encourages better 
work. Sufficient equipment properly located and 
properly selected to perform the task also contrib-
utes greatly to quality work. 

A properly designed area is easier to maintain, 
which contributes greatly to employee morale. Ab-
senteeism is reduced, and there is renewed interest 
in doing a good job. The results can be seen in 
better, self-enforced housekeeping. You need only 
open a new garage and watch the job bidding interest 
to know that something good is about to happen. 

Less rigid planning and less permanent construc-
tion are also suggested. Use of techniques that 
allow for easy and inexpensive changes and additions 
will do much to alleviate future problems. 

The question of centralization or decentraliza-
tion of all maintenance functions should also be 
determined prior to major facility changes. Again, 
the smaller properties probably have no real choice 
because everything is in one location. The larger 
properties do have a choice. My limited investiga-
tion into this area for larger properties has 
favored decentralization. The service garage should 
include those maintenance functions that allow it to 
reasonably control its own activities and its own 
quality control. This includes component replace-
ment, inspections, engine tune-up,. brake work, and 
limited body work. Functions such as major body 
work, painting, and component rebuilding are better 
left to a heavy repair facility. In addition, re-
pair of spark ignition vehicles seems to work best 
if treated separately. 

These decisions can be made on two bases. When 
the cost of equipment and manpower, as well as 
scheduling, gets excessive it'fits best in a heavy 
repair facility. The second choice is usually some-
what controlled from the outside by building codes, 
OSHA, etc. (e.g., paint spray booths are too expen-
sive to have in each facility, and body shop equip-
ment, heavy welding, and engine rebuilding all re-
quire special safeguards and equipment and highly 
skilled people). 

If the service garage is made adequate for normal 
service and maintenance, it aids in the garage plan-
ning for on-street bus service. The garage can 
schedule repair and maintenance directly without 
reliance on another facility and group of mechanics. 
The savings in time and operating expense to move 
buses between facilities for repair are substantial. 
The benefit of on-time performance of the bus ser-
vice is easily apparent. 

There are some real advantages in a specialized 
central shop for some types of work. The skills 
required for body work, painting, engine building, 
machine shop, woodworking, and component rebuilding 
can be put to better use on an ongoing basis. The 
specialized equipment needed to perform these func-
tions on a larger property can easily cost $500 000  

for one central shop. The capital cost to equip a 
group of service garages could be prohibitive. There 
is further advantage in scheduling this work for an 
entire fleet on a full-time basis as opposed to the 
sporadic scheduling that would be required in a 
single service garage. 

PLANT INFRASTRUCTURE 

One of todays planning considerations that is 
likely to be a factor in the future is energy con- 
servation. 	Funds are available if' plant design 
reflects a conscious choice to conserve both heat 
and electricity. Building materials, control of 
open doors, restricting the number of doors, and 
adequate insulation are all "passive" choices that 
can be made. "Active" choices are also avail-
able--e.g., better preventive maintenance, clean 
filters, tuned-up boilers and fans, and clean light 
fixtures. Automated control of building equipment 
is a relatively new and highly successful method. 
Today, we can sense the presence of diesel fumes and 
ventilate only as needed, sense external temperature 
changes and control internal equipment accordingly, 
control preventive maintenance, and diagnose faulty 
equipment and performance before it is a major prob-
lem. 

rob
lem. Computer-controlled automation of buildings 
will not only cut operating costs but also reduce 
labor costs. It should be investigated. 

EQUIPMENT 

Bus maintenance equipment must also be considered. 
Fortunately, much of the equipment can be added 
without major facility changes. The single largest 
maintenance cost is labor, and any labor-saving 
equipment that can be added should be investigated. 
In addition to saving labor, equipment such as 
hoists and fork trucks can reduce injuries and 
workers compensation claims. 

Using diagnostic equipment is faster and more 
reliable in many cases than doing the work manually. 
The current diagnostic demonstration project in New 
York, which allows frequent checks of bus perfor-
mance, bears close watching. Recent developments in 
dynamometers bode well for future diagnostic ef-
forts. As the older, more skilled mechanics who 
have worked since World War II retire, it is becom-
ing increasingly difficult to find staff replace-
ments with the same skills. The future use of diag-
nostic equipment is rapidly becoming a necessity. It 
would appear that combining a diagnostic system with 
a chassis dynamometer to check a bus under load 
would be an excellent addition to present capabili-
ties. By and large, designers and vendors of bus 
maintenance equipment have been and are doing a good 
job. 

INFORMATION NEEDS 

There is actually very little that maintenance de-
partments require or want that is not available. In 
my view, it is again the problem of small versus 
large properties. Small properties are limited by 
budget constraints and in many cases are not aware 
of equipment availability. The profit margin pro-
hibits contact by manufacturers. Perhaps the bus 
manufacturers should provide lists of tools and 
equipment that would aid in the repair and mainte-
nance of their vehicles along with their maintenance 
manuals and parts lists. They have the information 
and could provide a real service. 

All of this is not to suggest a big hole in our 
knowledge of facility and equipment changes. Rather, 
somewhere among all the properties in this country 
almost every problem has been encountered and, 
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solved. The real problem is how to communicate and 
distribute this knowledge. A number of efforts have 
been made by special UMTA-funded manuals and studies. 

Facility design manuals have tended to be a bit 
narrow in their results. They have been °how-to" 
books reasonably void of philosophy and background 
and have failed to supply a full range of ideas and 
solutions. Thus, a property using one of these 
manuals may find that only a portion of the document 
is applicable to its unique problems. 

I strongly urge a continuation of this type of 
study and data collection. I would, however, sug-
gest that UMTA fund an organization such as APTA to 
prepare a manual on facility design and equipment on 
an ongoing basis. The wealth of information and 
solutions avgilable can then be gathered and pre-
sented in the most beneficial way to the industry. 

In addition to these planning manuals, UMTA has 
funded a number of technical studies managed by 
individual properties. Although provision is made 
for distribution of the results on request, it is 
not widely used. There is no doubt that a great 
amount of thoughtful and useful research is avail-
able--in fact, so much that volume may be the prob-
lem. Again, having a group such as APTA collect and 
review these data and provide capsulized reports 
would perhaps be a more effective way to disseminate 
already available information. 

PUBLICATION 

Another strategy that could be expanded is a case-
study presentation of ideas and facilities. APTA 
attempts this at its regional conferences. Friend-
ship Publications does an excellent job once a year 
at its seminar. 

Several bus-related magazines, most notably 
Friendship Publicatjon& Bus Ride, also carry 
stories in their issues. Several architectural 
magazines such as Architectural Record and engineer-
ihg magazines such as Construction Specifier have. 
developed techniques and include facts and details 
that give a better, more rounded view. I am sure 
that, if sufficient interest were expressed in in-
depth stories on facilities and equipment, they 
would be forthcoming from the present publishers, 
and I believe we would all benefit from such cover-
age. 

NEEDED IMPROVEMENTS 

Bus operators do need assistance, most notably from 
UMTA and the bus manufacturers, in addition to an 
improved communication network among themselves. 
This will result not only in improved facilities and 
equipment but also in a better-maintained bus fleet. 
The following are some major steps that could be 
taken toward improving the current situation: 

Research and field visits by properties con-
templating changes, 

Study and use new building operation tech-
nology, 

Do thorough space and functional planning, 
Obtain a diligent effort from the designer, 
Analyze future needs and plan for change, 
Temper decisions based on life-cycle cost 

input, 
Provide adequate amount and type of equipment, 
Develop an ongoing preventive maintenance 

program, 	 - 
Consult with bus manufacturers on bus mainte-

-flance program and equipment needs, 
Improve communications between properties, 
Provide an organization such as APTA to coor-

dinate and distribute present information in techni- 

cal studies and design manuals, and 
Encourage more periodic case studies. 

Workshop Report 
Peter Wood, Chairman 
Henryj. Mercik, Recorder 

A broad spectrum of topics related to facility and 
equipment state of the art and function was dis-
cussed in workshop 4. To focus the discussion, 
examples of facility design - and equipment (existing 
and desired) were highlighted. The broad background 
of Knowledge brought to the group by the partici-
pants was impressive and resulted in a reasonably 
in-depth exploration of the issues and topics. 
Specific actions were suggested to assist operators 
in making decisions about establishing new facili-
ties and defining equipment needs. There was a 
consensus that there are significant differences in 
the requirements of large and small transit opera-
tions. Attention should be focused on the require-
ments for both large and small operations. 

FACILITIES 

The general discussion of facilities was initiated 
by a description of the new St. Louis Maintenance 
Facility by Paul Hampton. The major functions of 
the facility were defined, and the rationale and 
philosophy of operation were presented and discussed. 

The needs of the St. Louis transit property and 
tne needs of other properties were considered to be 
similar. The rationale used in the decisionmaking 
process was considered sound and similar to ra-
tionales used by other properties. However, facil-
ity layout and traffic-flow decisions were different 
in each case. Considerable time was spent discuss-
ing the pros and cons of facility layout and equip-
ment. There was general agreement among the proper-
ties on the rationale for layout, but it was recog-
nized that other, equally effective designs were 
possible. 

In the area of facility design, the workshop 
group agreed on the following: 

An APTA subcommittee should be formed (Cecil 
Taminen and Paul Hampton volunteered to serve) to 
compile and disseminate state-of-the-art information 
related to facility construction and equipment. This 
subcommittee should participate in the development 
of the new Bus Maintenance Facility Planning and 
Design Study (the request for proposals for this 
study has been issued by UMTA). 

A design guide that treats the building func-
tions in modular form should be prepared. It should 
include the rationale and philosophy for facility 
decisioninaking, including trade-offs. The guide-
lines should include modules such as brake repair 
bay, engine change-out bay, paint booth, fuel is-
land, body shop, parking, and upholstery shop. 

The main problem in this area is the dissemi-
nation of the information developed by various tran-
sit properties. 

A series of seminars should be conducted for 
the purpose of exchanging information on facility 
design and maintenance. These seminars could be set 
up by region. The format could be a case Study 
involving the design of a facility, including the 
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physical plant layout and the fixed equipment re-
quirements. 

5. There does not appear to be any need for a 
significant R&D program in this area. 

- 

EQUI PMENT 

State-of-the-Art Practice 

Equipment is commercially available to perform most 
of the tasks and measurements that are required for 
bus servicing, inspection, maintenance, and repair. 
These include engine, chassis, and transmission 
dynamometers; Drake-testing equipment; spec ial-pur-
pose gauges for measuring pressure drops; and so 
forth. Spectrochemical oil analysis is being used 
to determine the presence of conditions that could 
result in equipment failure and to identify the 
cause of that condition. 

Equipment for automatic inspection and diagnosis 
of bus conditions is currently being demonstrated in 
New York City. Inspection and diagnosis are per-
formed both at the service island and in the mainte-
nance area. The successful completion of this pro-
gram is considered important and beneficial to the 
industry. 

A number of special-purpose tools and test and 
measurement devices have been developed at individ-
ual transit systems to meet specific needs. Fre-
quently, the problem addressed exists in many tran-
sit systems but knowledge of the technique or equip-
ment being used is limited to the system that 
performed the development. 

Selection of the equipment to be used is very 
much dependent on individual system preferences. 
Systems that use dynamometers generally consider 
them to be indispensable; by testing a complete 
package (engine, transmission, and cooling) prior to 
installation in the vehicle, it is possible not only 
to test the capability of the complete system to 
meet the desired specification but also to correct 
minor operational problems such as oil leaks. In 
contrast, many transit systems do not consider that 
dynamometers are required. Because of the number of 
other variables involved, until now it has not been 
possible to determine any differences in maintenance 
performance resulting from the use of, or the deci-
sion not to use, dynamometers for test purpbses. 

Problem Areas 

The area in the transit maintenance and servicing 
cycle that has most impact on maintenanc costs is 
inspection. This is not to imply that inspection 
itself is a major cost item but that the quality of 
inspection has a major impact on total maintenance 

cost. In this connection, . the development of eco-
nomiàal, reliable inspection and diagnostic equip-
ment is considered to be the major R&D priority. 
However, because of the development time involved, 
the impact of such a system is likely to be long 
term. 

A more immediate need is a method to determine 
the structural integrity of a bus chassis. Failures 
are beginning to appear in buses, manufactured ap-
proximately six years ago, and a method of testing 
frames to determine structural integrity would be a 
major aid in preventing in-service structural fail-
ures. 

Current tire inspection procedures are considered 
to be burdensome and subjective. A need for auto-
matic tire inspection equipment was identified. 

As in other areas, dissemination of information 
on techniques that have been used successfully to 
overcome problems has been a barrier to more effec-
tive maintenance for many transit systems. 

The conclusions of the workshop discussion were 
as follows: 	 - 

The R&D program that will have the most sig-
nificant impact on service and maintenance costs is 
the development of a satisfactory method of auto-
matic 

uto
matic inspection-and diagnostic testing. It was the 
consensus of the group that UMTA should give this 
program the highest priority and that its extension 
to other properties should be expedited. 

It was alsofelt that bus manufacturers should 
consider and implement changes in vehicle design 
that would facilitate future retrofit of sensors 
needed in the use of automatic inspection and diag-
nostic equipment. 

It was the consensus of the group that UMTA 
should immediately initiate an R&D study on methods 
for determining the structural integrity of bus 
frames by using techniques such as X-ray, ultra-
sonics, and magnetic detection techniques. 

It was suggested that APTh initiate an incen-
tive program (similar to the bus rodeo) to encourage 
maintenance staff to submit the results of their 
work in developing improved tools, techniques, and 
equipment for reducing bus maintenance -costs. This 
would facilitate widespread dissemination of the 
information. 

The need for an automatic tire inflation test-
ing device was discussed and considered to be of 
high priority. 

A minority of workshop participants felt that 
the advanced approach of X-ray technology and auto-
matic diagnostics is premature and that emphasis 
should be placed on tools and fixtures to facilitate 
repair once a problem has been identified. 
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WOrkshop 5: 

Vehicle Design, Acceptance Testing, 
and Maintenance Support Services 

Issue Areas 

Discussion in Workshop S was guided by the premise 
that velicle design is a major determinant of main-
tenance cost. Participants were asked to suggest 
improvements in vehicle design that might lead to 
reliability improvements and to address necessary 
changes in procurement and acceptance testing proce-
dures. The question of postdelivery quality-control 
responsibility was also an issue. 

Resource Paper 
H.H. Buckel 
Booz-Allen and Hamilton, Inc. 

The relation between bus design and maintenance 
requirements can be assessed only in light of the 
historical events that led to the current situation. 
Up to 1960, the history of design innovations in 
transit buses can be divided into four developmental 
phases, during each of which reliability, effi-
ciency, and productivity were steadily improved. The 
chart presented in Figure 1 (taken from the March-
April 1974 issue of Motor Coach Age) shows these 
developmental phases: Specific technological 
improvements are indicated in the middle of the 
figure, and design milestohes are listed at the 
bottom. 

Innovation and improvement in bus design were 
primarily the result of two factors: competition 
among numerous bus manufacturers and private owner-
ship of transit properties. Competition among bus 
manufacturers was most intense during the 1920s and 
1930s. This level of competition resulted in bus 
designs that were responsive to operators needs for 
improved cost-effectiveness in operation and mainte-
nance. The competitive picture changed radically in 
the years following World War II. At the end of 
World War II, General Motors Corporation (GMC) in-
troduced its 5100 series bus (see Figure 2), which 
was 40 ft long, seated 51 passengers, and was 
powered by a six-cylinder diesel engine. In many 
respects, this model represented the peak in Ameri-
can bus design for efficiency and productivity. 
GMC's success with the 5100 series, however, spelled 
doom for a number of its competitors. Unable to 
develop reliable, high-capacity buses with efficient 
diesel engines to compete with the GMC model, Mack, 
White, Fageol, ACF, and Brill failed in the postwar 
transit market. Flxible remained the sole American a 
competitor of GMC in the postwar years. 

This period also saw the beginning of the change 
from private to public Ownership of transit proper- 

ties. This transition began with a postwar decline 
in ridership, caused by the automobile boom and 
suburban sprawl. Streetcars and trackless trolleys 
were eliminated from the transit scene by this de-
cline in ridership. Municipal authorities were 
reluctant to authorize fare increases to help pri-
vate operators overcome the financial losses caused 
by the declining number of riders. This situation 
resulted in the financial failure, one after the 
other, of the private transit operators. Various 
public agencies were formed to take over the Opera-
tions of the failed companies, aided, by the Urban 
Mass Transportation Act of 1964. At present, nearly 
all major transit systems are publicly owned. 

"NEW LOOK" 

In 1959, a significant milestone in transit bus 
design occurred: GMC introduced its 5300 series bus 
(Figure 3). Its nickname, the "New Look", was a 
statement by GMC that the period of major mechanical 
innovations in transit buses was ended. Instead, 
the future lay in improving the motor bus as an 
environment for passengers and drivers. Although 
the New Look bus had larger passenger windows, a 
high visual impact, and other passenger amenities, 
the cost of operation and productivity were not 
compromised in comparison with the previous model. 
The transit irdustry responded very positively to 
the New Look bus, and many transit systems that 
purchased them experienced a break in their declin-
ing ridership. 

GMC's successes were not without problems. In 
the early 1950s, the federal government became con-
cerned that GMC was obtaining a monopoly in transit 
bus manufacturing, and an antitrust action was 
brought by the U. S. Department of Justice. A suit 
was filed against GMC on July 6, 1956, and on Decem-
ber 31, 1965, GMC signed a consent decree under 
which it agceed to sell key bus components, such as 
engines and transmissions, to competitors. Flxible 
was GMC's sole American competitor at this time and, 
along with Flyer Industries of Canada, had developed 
new bus designs that appeared virtually identical to 
GMC's New Look. Immediately after GMC signed the 
consent decree, Flxible adopted the GMC drive system 
and became a viable second supplier of New Look 
transit buses. In the early 1970s, AM General, a 
subsidiary of American Motors, also entered the bus 
market with a New Look design that included slight 
styling changes. All New Looks were mechanically 
identical and similar in body design and appearance, 
but construction quality was not consistent over 
time and between makes. 

Procurement of New Looks with hardware-type spe-
cifications developed by transit operators was rela-
tively straightforward. Specification development 
was a simple process since proven components were 
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Figure 1. Transit bus development phases. 
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Figure 3. GMC 5300 series New Look bus. 

well-defined and, with few exceptions, available 
from all three manufacturers. Some operators were 
able to purchase the buses they felt were superior 
by tailoring their procurement specifications to 
include only one manufacturer's product. However, 
by this time the federal government had become an 
important factor in the procurement process. Pub-
licly owned properties were eligible for federal 
capital equipment subsidies totaling 80 percent of 
the cost of new buses. The government declared all 
New Look buses to be equal for bidding purposes and 
ruled that procurement awards would be made on a 
low-bid basis. As a result, operators had virtually 
no control over which manufacturer supplied their 
buses. Many operators with engineering capabilities 
sent inspectors to the bus manufacturing plants to 
ensure the acceptable construction quality of their 
new buses, and other operators conducted small-scale 
test programs before accepting completed buses. This 
activity forced manufacturers to implement design 
changes and revisions in their manufacturing 
techniques that resulted overall in the production 
of improved buses. Transit operators who received 
low bids from manufacturers of buses of less-than- 

satisfactory quality were faced with accepting the 
low bid or canceling the entire procurement and 
doing without buses altogether. 

Bus procurements continued to be made in this 
fashion through the mid-1970s, during which time 
each of the three manufacturers secured about one-
third of the American market. The two primary prob-
lems with this procurement system were the following: 

1.. Transit operators could not control which make 
of bus they received and thus could not control the 
design quality of the product. 

2. There was no method for introducing new tech-
nology into buses if it involved an increase in the 
initial vehicle price. 

Concern about the second problem inspired UMTA to 
implement the Transbus program in 1971. Briefly 
stated, this program established a design competi-
tion for the development of the next generation of 
transit buses. The five goals of the Transbus pro-
gram were to 

Increase trip speed, 
Improve passenger comfort and safety, 
Improve environmental compatibility, 
Improve aesthetics, and 
Reduce maintenance and repair costs. 

The trend toward increased passenger comfort, ameni-
ties, and visual style, begun with the New Look, was 
to be advanced by the Transbus program. Three pro-
totype designs were developed (Figure 4) that incor-
porated numerous innovative features, including very 
low floor heights. Unfortunately, the cost penal-
ties associated with the low floors and some of the 
new design features contributed to the prototypes' 
failure to meet the fifth program goal of reduced 
maintenance cost. This problem, in conjunction with 
UMTA's failure to implement a viable plan for devel-
oping the best features of the prototypes into a 
production design, doomed the program. 

INTRODUCTION OF ADBs 

The failure of the Transbus program was hastened by 
an activity that occurred simultaneously at GMC--the 
development of a new bus design called the Rapid 
Transit Series (RTS). The RTS (Figure 5) Lncorpo-
rated many features of Transbus, but it had a stan-
dard-height floor and some underfloor components 
common to tne New Look. In September 1975, GF4C 
formally introduced the RTS after UMTA in essence 
stated that capital grant funds could be used to 
purchase buses that had advanced features (such as 
the RTS) but were not in competition with the New 
Look (1) . 	lxible rushed to oring out a competitive 
design, the model 870 (Figure 6). The model 870 was 
also very much like Transbus but with a standard 
floor height and many New Look underfloor cosgponefltS 
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Figure 4. Transbus prototype buses. 
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Figure 5. GM Rapid Transit Series ADB. 

Figure 6. Flxible model 870 ADB. 

such as brakes and axles. The RTS and the model 870 
were generically named advanced-design buses (ADBs). 
The introduction of the ADB was surrounded by con-
troversy: AM General sued to allow its New Look bus 
to be bid against the RTS and the model 870. AM 
General lost the suit and withdrew from transit bus 
manufacturing. 

Because design and construction techniques for 
the RTS and the 870 were dramatically different and 
each offered distinctive design features, low-bid 
competitive procurement to operator-developed hard-
ware-type specifications was considered by UMTA to 
be impossible. UMTA therefore asked Booz-Allen and 
Hamilton, Inc. to develop, in conjunction with the 
APTA Bus Technology Committee (BTC), a performance-
type specification that encompassed both of the 
existing ADBs. An unsuccessful effort was made 
during the specification development to preclude 
those features in the existing ADB designs that 
transit operators felt would not be satisfactory in 
service. The veto power of the manufacturers pre- 

vented inclusion of these requirements in the speci-
fication. This specification become known as the 
"White Book" and has been used for all ADB procure-
ments since 1978. In addition, a system of price 
offsets was developed that rewarded manufacturers 
for providing certain advanced features and equip-
ment. Price offsets were established, for bid eval-
uation purposes, that lowered the quoted price of 
manufacturers supplying such features. Seventeen 
features were subject to price offsets that could 
total $8400. 

As increasing numbers of ADBs were placed in 
service, it became apparent that these new buses 
were unreliable. In comparison with the New Look 
buses, ADBs required as much as three times more 
maintenance and delivered poorer fuel economy. In 
fact, some features subject to price offsets con-
tributed to vehicle unreliability and escalating 
operating costs. The new components and features 
incorporated in one or both ADBs that have proved 
costly to maintain in service and have contributed 
to the buses' poor service records include 

Automatic interior climate control systems, 
V-730 automatic transmissions, 
Independent front suspensions, 
Maintenance-free batteries, 
Pantograph passenger doors, 
Plastic interior trim panels and instrument 

panels, 
Wedge-type brakes, and 
Kneeling front suspensions. 

Both ADBs are heavier than their predecessors, 
and this additional weight has contributed to poor 
fuel economy and increased brake wear. One ADB had 
to be removed from service because of major struc-
tural design defects. 

The ADB experience is an example of costly and 
unreliable vehicles resulting from poor vehicle 
design and limited preintroductory testing. The 
specification was inherently defective because it 
was developed to accommodate two existing, unproven 
bus designs. In addition, it was a performance-type 
specification that would have required a test pro-
gram costing approximately $500 000/bus to verify 
conformance. Had such a test program been conducted 
and had transit operators refused to accept noncon-
forming buses, the manufacturers would have been 
forced to improve their products to meet the speci-
fication requirements. 

In the past, transit operators have developed 
specifications in committee that resulted in highly 
successful transit vehicles. Two such committees 
were the Electric Railway Presidents Conference 
Committee (PCC) , which created the "modern" standard 
street car in 1934, and, more recently, the Verband 
Offentlicher Verkehrsbetriebe (VOV) association of 
public transport companies, which created the West 
German standard transit bus. Both the PCC and VOV 
specifications were of the hardware type--highly 
detailed, complete designs that allowed manufac-
turers little opportunity for innovation. The per-
formance and reliability of required components and 
equipment had been proved in previous transit ser-
vice. Equipment suppliers were represented on the 
specification committees but, in contrast to the ADB 
situation, they were not permitted to veto provi-
sions of the specifications. 

LOOKING FORWARD 

The poor performance of ADBs has resulted in changes 
to the transit bus procurement strategy, and these 
changes are continuing. Many transit operators have 
turned to Canadian-manufactured New Look buses for 
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improved reliability and lower maintenance costs. 
These buses, supplied by the GM Diesel Division or 
Flyer Industries, are 'being accepted with little or 
no qualification or acceptance testing. The Cana-
dian buses are generally satisfactory in both qual- 
ity and performance. 	 - 

An unprecedented number of older buses, primarily 
GI4C New Looks, are being completely rehabilitated. 
operators who select this strategy obtain a fiveto 
seven-year extension of the service life of a reli- 
able and cost-effective bus for half the cost of an 
ADB. Rehabilitation will continue to be a popular 
alternative to the purchase of new buses until the 
ADEs are improved or another competitor offers a 
better model. 

Other foreign and domestic, bus manufacturers have 
entered the unsettled American bus market and have 
secured orders. They include Gillig. Crown, Neoplan, 
and M.A.N. In addition, manufacturers from Japan, 
Sweden, France, and other countries are considering, 
entering the U.S. market. This will result in a 
level of competition among bus suppliers unpar-
alleled since the 1930s. 

An even more substantive change in the transit 
industry is the reduced role of the federal govern- 
ment as part of the current Administration's policy 
of defederalization.. The stated intent of the Ad-
ministration is to reduce local transit dependence 
on federal subsidies and to allow local authorities 
and transit operators to make their own decisions. 
The local political situation around the country 
runs the gamut from total support of the national 
plan to total opposition. Defederalization offers 
transit operators the opportunity to take the ini- 
tiative in managing their systems and requires un- 
precedented improvements in, transit management. 
Operators need to work more closely than ever with 
local authorities to determine the service levels, 
fare structures, and level' of local tax support most 
suitable for the community. This may range from 
highly subsidized fare systems in some areas to 
elimination of transit service in others. Even 
before these constraints on the systems are com- 
pletely defined, transit operators must demonstrate 
that they have in place, or are capable of imple-
menting, improvements leading to reduced bus operat- 
ing costs. Efficiency improvements can be made in 
every aspect of transit operations, including man-
agement structure, strategic planning, labor rela- 
tions, staff skill levels, and the approach to main-
tenance. Transit management must recognize the 
importance of effective maintenance in the overall 
cost-reduction strategy and assign proper priority 
to maintenance activities. 

OPERATING COSTS 

The efficiency of a transit system can be grossly 
evaluated by examining system operating cost. Table 
1 gives-  a recent operating cost summary for a large 
urban transit system. The first total, in this case 
$3.24/mile, is normally used for cost comparisons 
since it includes only 20 percent.of capital costs. 
The federal government contributes 80 percent of 
equipment and facility acquisition costs. The real 
operating cost, which should include the additional 
amortized expenses for vehicles and facilities, in 
this case totals $3.55/vehicle mile. The total bus 
amortization cost of $0.30/mile is not significantly 
different from the $0.25/mile fuel cost and illus-
trates the fallacy of selecting buses by low-bid 
price instead of by demonstrated performance. For 
example, a difference of only 0.1 mile/gal in fuel 
economy between competing buses changes the fuel 
cost factor by $0.06/mile, or twice as.much as a 
$1500 difference in bid price. 

Table 1. Estimated operating cost for a large urban transit system. 

Item 	 Cost (s/mile) 

Revenue vehicle maintenance 
Labor 	 ' 0.518 
Parts and supplies 0.166 
Contracted services and miscellaneous 0.007 
Support vehicles and equipment 0.016 
Utilities and taxes 0.012 
Subtotal 0.719 

Transportation 
' Labor , ' 1.403 

Running 
Fuel 	 ' 0.247 
Oil 0.013 
Tires 0.028 

Materials and other services 	 ' 0.006 
Taxes 0.017 
Subtotal 1.714 

Nonvehicle maintenance 
Labor 0.033 
Materials and services 0.021 
Casualties, liabilities, and utilities 0.003 
Subtotal 0.057 

General and administrative 
Labor 0.212 
Materials and services 0.075 
Utilities, taxes, and miscellaneous ' 	0.007 
Casualties and liabilities 0,235 
Subtotal 0.529 

Interest, rentals, and 20 percent of depreciation 0.218 
Total 3.237 

Vehicle amortization, 80 percent 0.240 
Garage and office amortization, 80 percent 0.070 
Total 3.550 

Vehicle maintenance cost, the first subtotal, is 
not an accurate measure of the effectiveness of the 
maintenance function, just as the running cost, a 
part of the second subtotal, is not an adequate 
measure of vehicle efficiency because there are many' 
other factors to be considered. To assess accu-
rately the efficiency of the maintenance function, 
the following six fleet performance measures can be 
used: 

Running cost--Fleet average for consumables, 
such as fuel, oil, and tires (cents per mile) 

Road calls--Total miles operated divided by 
the total number of breakdowns in a unit of time, 
over a unit of time such as a month or a year 
(miles) 

Schedule adherence--Runs served divided by the 
runs scheduled (percentage); 

Spare buses--Number of buses in inventory 
above the minimum required to meet the schedule 
divided by the minimum number of buses required to 
meet the schedule (percentage); 

Staff ratio--Operating schedule miles (hours) 
divided by the number of maintenance personnel (all 
levels) measured over a unit of time; and 

Spare parts ratio--Dollars of spare inventory 
divided by operating schedule miles per month or 
year. 

Each of the six performance measures can be 
easily improved in the short run; however; adjust-
ments in one affect others. For example, the spare 
parts ratio can be excessively reduced, which will 
adversely affect schedule adherence since a large 
portion of the fleet will be down for parts. Geo-
graphical, political, and other factors make it 
impossible to establish hard national standards for 
fleet performance. However, every operator should 
have the current value of these measures immediately 
available, know how these measurement values compare 
with those of similar transit systems, and have a 
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program in place to change these values to reduce 
total operating costs. 

Data generated by each bus in the system are 
required to determine the six fleet measures. Main-
tenance managers must have available the identity of 
buses by make, model, age, and mileage of the most 
efficient equipment and, conversely, which buses are 
the most costly to operate. These data permit in-
telligent decisions to be made in developing im-
provements in the maintenance system and in devel-
oping an effective bus replacement strategy. 

The keystone of a highly efficient and effective 
maintenance service is an accurate system that pro-
vides relevant and timely information. The informa-
tion system can be manual or computerized; pur-
chased, rented, or custom-designed; and developed to 
suit a particular operation. 

MAINTENANCE SERVICES 

With a maintenance information system in place, 
critical evaluation of the maintenance services and 
revenue equipment can be undertaken. Minimum stan-
dards as well as goals should be established for all 
maintenance functions: 

Preventive maintenance scope and intervals, 
Road-call service and repairs, 
Bad order repairs, 
Vehicle appearance (cleaning, painting, and 

body repairs) 
Fueling and daily service, 
Overhauls, 
Spare parts stocking and inventory controls, 

and 
Warranty administration. 

The effectiveness of the daily functional respon-
sibilities can be evaluated by using the six fleet 
performance measures. Only by the use of detailed, 
hardware-type procurement specifications will tran-
sit operators be assured of receiving efficient and 
reliable buses and equipment. Only by carefully 
monitoring the performance, reliability, and operat-
ing costs of various equipment types and components 
can efficient and reliable products be identified 
for specification. This requires that limited quan-
tities of new systems, components, and even complete 
buses be procured for test and evaluation in revenue 
service. This testing requires engineering capa-
bility with the responsibility for 

Testing new equipment, 
Developing hardware-type specifications for 

procurement of new equipment, 
Monitoring development of relevant technolo-

gies, 
Interfacing with other operators on equipment 

evaluations, 
Developing production-quality inspection and 

acceptance test procedures, 
Conducting in-plant inspections during produc-

tion and acceptance tests of new vehicles, 
Administering new-vehicle warranties, and 
Developing retrofit improvements to existing 

equipment. 

The increased competition among transit bus manu-
facturers will ultimately ensure that equipment 
desired by the operators is available on the market. 
Bus procurements to operator-developed hardware-type 
specifications worked well in the past for transit 
operators and continue to work well in the trucking 
industry. 

In this new competitive environment, the manufac-
turers will assume a more traditional marketing  

posture to "sell" transit operators on -the attri-
butes of their products. They may also offer other 
benefits to purchasers, such as extended warranties, 
parts discounts, or special engineering assistance, 
which transit operators must factor into their pro-
curement decisions. 

ROLE OF UMTA 

UMTA can contribute to operator success during this 
transition period in several ways. The Office of 
Capital and Formula. Assistance can remove obstacles 
to procurement by those properties that have devel-
oped or can develop definitive hardware-type speci-
fications. New precedents in procurement practices 
must be established for other operators to follow or 
to improve. The Office of Bus and Paratransit As-
sistance can provide funding assistance to individ-
ual transit properties for specific projects that 
will result in improved maintenance and/or engineer-
ing capabilities and will identify superior transit 
equipment. Sample projects could include 

Development and implementation of maintenance 
informatioii systems, 

Development of improved periodic maintenance 
programs, 

Development of standard operating procedures, 
Development of work-quality standards, 
Development of plans and improvements for shop 

facility use, 
Improvement of engineering capabilities, 
Development of specifications, and 
Establishment of test projects for new systems 

and components.  

As a result of the New Federalism, changeswill 
occur within the transit industry during the next 
several years that will demand efficient management 
and maintenance techniques. Publicly owned transit 
operations will have unparalleled freedom to conduct 
their business in partnership with local authori-
ties. However, many operators do not have the 
skills necessary to function effectively in this new 
environment. In this transition period, UMTA can 
assist operators in acquiring the expertise needed 
to function more independently as well as reduce its 
involvement in bus procurements as funding levels 
are reduced. 

Workshop Report 
FrankJ. Cihak, Chairman 
Ralph E. Malec, Recorder 

During the past five years or more, changes in tran-
sit vehicle design have caused many serious mainte-
nance problems. Costs have risen, breakdowns have 
Decome more frequent, and buses are Out of service 
for longer periods of time. The problems faced by 
maintenance personnel have many causes. Some are 
related to the increased sophistication- of transit 
vehicles, others are due to decreased component 
reliability, and still others are related to appar-
ent design problems. 

The increased sophistication of transit vehicles 
has many implications for maintenance. At a very 
basic level, today's systems require higher levels 
of preventive maintenance. Their technologies make 
diagnosis of failures more complicated and repair 
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more difficult and/or time consuming. This is es-
pecially apparent in air conditioning, electrical 
systems, turbocharged engines, wheelchair lifts, and 
door control systems. Changes in vehicle design 
have also had a negative impact on fuel economy. 

Operators are noting a number of difficulties 
related to vehicle design, including inadequate 
coolant systems, increased suspension system fail-
ures, and body and chassis problems. Decreased life 
mileages have been noted for transmissions and 
brakes. Some of these problems are the subject of 
current UMTA-industry research projects, and others 
would benefit from new retrofit programs designed to 
improve existing coaches. All of these problems are 
compounded by the short supply of trained mechanics 
and continued reliance on the White Book specifica-
tions. 

The workshop group attempted to identify solu-
tions for the above problems. The suggested solu-
tions are summarized below. 

IMPROVE RELIABILITY AND MAINTAINABILITY THROUGH 
SPECIFICATIONS AND DESIGN 

To assure maintainability, specifications should 
list the total service hours required to remove and 
replace major components. All such times would be 
verified on the coach after it was delivered through 
a series of demonstrations. Bus builders should be 
encouraged to simplify vehicle subsystems to make 
them easier to maintain and trouble-shoot. Builders 
should develop all test and repair equipment re-
quired to service their vehicles. Builders should 
also be encouraged to prepare wiring diagrams and 
maintenance manuals that are easy to read and under-
stand. 

Research into on-board diagnostic systems should 
be continued. Interest in these systems is high; 
however, the concept remains to be proved. The New 
York City Transit Authority test program should be 
followed closely. Care should be taken to analyze 
the reliability and complexity of the sensing equip-
ment. 

The possibility of specifying vehicle avail-
ability by having manufacturers guarantee the number 
of hours a coach is to be ready for service should 
be investigated. A similar practice is currently, 
used in the heavy equipment industry. 

Specifications should list all reliability re-
quirements, and these requirements should be clearly 
defined and specified by subsystems. The methods 
for measuring reliability should also be defined. 
Manufacturers snould be required to provide a plan 
of corrective action for subsystems that fail to 
meet requirements. 

CREATE GUIDELINES FOR WRITING SPECIFICATIONS 

Sections 1, 3, and 4 of the White Book can be ap-
plied partly or fully to all specifications. Basic 
technical specifications are available to any inter-
ested transit authority through the APTA Bus Speci-
fication Information Exchange. 

DEVELOP PREQUALIFICATION TESTS FOR COMPONENTS 

There is a definite need to develop a set of pre-
qualification procedures for new components.. New 
components should.be  more-reliable than those units 
they are replacing. The possibility of developing a 
"Service Evaluated Products List" should be investi-
gated. Such a list has been developed by the' rail 
transit industry. This list evaluates the perfor-
mance of units based on actual service. 

IDENTIFY AND UPGR?&E PROBLEM. COMPONENTS 

The bus manufacturer is responsible for tracking and 
upgrading problem components. Manufacturers should 
be able to use their parts usage and warranty claim 
information, to identify problem components. Users 
are also responsible for keeping manufacturers in-
formed of problem areas. An industrywide informa-
tion-gathering and distribution system must be set 
up, perhaps through APTA. 

PURSUE LATENT DEFECTS 

Transit systems should use the fleet defect section 
of their specification to pursue latent defects 
during the warranty period. After the warranty has 
expired, the transit operator should resort to a 
negotiated settlement to solve the problem. If the 
negotiations fail, legal action may be taken. 

IMPROVE QUALITY-CONTROL FUNCTIONS 

Good predelivery inspections are important to ensure 
quality coach construction. In-house inspectors 
should be used if possible. The guidelines being 
developed in the. APTA Regional Inspection Workshops 
should be used. Postdelivery inspection should 
detect the defects that develop during the delivery 
process. The White Book acceptance criteria are 
satisfactory. Design factors have greater effects 
on long-term maintenance costs than new-bus qual-
ity-control measures. 

INCREASE MANUFACTURER TECHNICAL SUPPORT 

Transit properties should specify sufficient train-
ing and technical support to ensure that, once new 
coaches are,  placed in service, they operate success-
fully. Manufacturers should be encouraged to de-
velop new and innovative training programs. UMTA 
grants should be made available to cover the costs 
of warranty administration and data collection on 
failures. 

USE LIFE-CYCLE COSTING PROCEDURES 

UMTA now requires that life-cycle costing be used to 
evaluate new-bus bids. Phoenix Transit has success-
fully demonstrated the use of 'life-cycle costing in 
a recent bus purchase. Grantees decide which cost 
elements they want to use in their analysis proce-
dures. 

There are several sources of guidelines for es-
tablishing life-cycle costing procedures. A special 
APTA task force is currently establishing guidelines 
for life-cycle costing. Grantees can use the APTA 
Specification Information Exchange to get ideas on 
how other systems are specifying life-cycle costing 
procedures. In addition, the APTA Compendium of 
Life-Cycle Cost Information is available to any 
interested property. 

PERFORM FUEL ECONOMY .TEST MEASUREMENT 

The SAE fuel economy test procedure (SAN J-1321) was 
validated on the test track in 1980. This procedure 
still needs to be demonstrated on a transit property 
to verify that transit systems can use it for their 
own evaluation programs. The test procedure could 
be used to evaluate demonstrator coaches. It could 
also be used in testing fuel-saving devices and 
additives. The initial demonstration would be mod-
erate in cost and could be funded by an UMTA grant. 
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Tucson, Arizona 

Mitchell, James Gregory, Detroit Department of 
Transportation, Detroit, Michigan 
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Denver, Colorado 
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Parks, Donald L., Bellevue, Washington 
Parks, Skip, Central Ohio Transit Authority, Columbus. 
Payne, Tim, Orange County Transit District, Garden 

Grove, California 
Pegg, Gil M., GMC Truck and Coach Division, Pontiac, 

Michigan 
Prangley, Robert E., ATE Management andServices 
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Reynolds, John, Graco, Inc. Farmington Hills, 

Michigan 
Roberts, Horace, SunTran, Tucson, Arizona 
Sawyer, Howard, Central Contra Costa Transit 

Authority, Walnut Creek, California 
Scarola, Carolyn S., Arthur Andersen and Company, 

San Francisco, California 
Schwartz, David D., Go-Power Corporation, Palo Alto, 
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Seifert, William, Southeastern Michigan Transporta- 

tion Authority, Detroit 
Selleck, Frederick W., Fleet Maintenance Consultants, 

Houston, Texas 
Sherretz, James, De Leuw Cather and Company, Chicago, 

Illinois 
Shrauner, Rachel, Southeastern Michigan Transporta- 

tion Authority, Detroit 
Simonetta, Richard J., Ann Arbor Transportation 

Authority, Ypsilanti, Michigan 
Staples, Norman D., Regional Transportation District, 

Denver, Colorado 
Tammen, Cecil, Metropolitan Transit Commission, 

Minneapolis-St. Paul, Minnesota 
Turner, La Fayette, Metropolitan Transit Authority, 

Houston, Texas 
Van Lieshout, William T., Arthur Andersen and 

Company, San Francisco, California 
Venezia, Frank W., Chicago Transit Authority, 

Chicago, Illinois 
Volker, Donald, Detroit Department of Transportation, 

Detroit, Michigan 
Wood, Peter, MITRE Corporation, McLean, Virginia 
Woods, Dick, Tn-Met, Portland, Oregon 
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Biographical Data on 
Steering Committee for the 

Workshop on Bus Maintenance 

FOERSTER, JAMES F. (chairman), Urban Planner; born 
Chicago, Illinois, January 4, 1951; B.A., North-
western University, 1973 (Political Science and 
Sociology); M.R.P., University of North Carolina, 
1975; Ph.D., University of North Carolina, 1977 
(Planning); Assistant Professor, University of 
Illinois-Chicago, 1977 to present; Director of 
Urban Planning and Policy Program, 1980 to pres-
ent; member American Institute of Certified Plan-
ners,, Regional Science Association, Transporta-
tion Research Board, Phi Beta Kappa. 

ALAIMO, ALFONSO F., Engineer; Transit Equipment 
Purchaser; born Brooklyn, New York, July 4, 1929; 
B.S. in Marine Engineering, U.S. Merchant Marine 
Academy, 1950; attended Columbia University and 
Rider College; registered professional engineer 
in New Jersey and New York; Chief Engineer on 
naval ships in Korean conflict, retiring from 
Naval Reserve with rank of commander; Facilities 
Engineer, Naval Air Propulsion Test Center, Tren-
ton; Senior Project Engineer, Eastern Airlines; 
Supervisor, Mechanical Engineering, New Jersey 
Division of Building and Construction; Assistant 
Chief and Bureau Chief, Bureau of Equipment, New 
Jersey Department of Transportation. 

GOLEMBIEWSKI, RICHARD A., City Transportation 
Official; born U.S. June 16, 1929; B.S., Lawrence 
Institute of Technology, 1962 (Mechanical Engi-
neering); 1946-1951, coach service attendant and 
mechanic trainee; 1951-1953, military service, 
Korea; 1955-1962, general auto mechanic, journey-
man-grade repair mechanic diesel and gasoline-
powered buses; 1962-1964, Mechanical Engineer, 
design; 1967-1975, Senior Assistant Mechanical 
Engineer responsible for Department of Street 
Railways (DOT) Maintenance Engineering and Re-
search Office; 1975-1978, Supervisor of Technical 
Services and Supplies, Detroit Department of 
Transportation, responsible for procurement; 1978 
to present, Superintendent of Rolling Stock, 
Detroit Department of Transportation, responsible 
for the management and direction of the rolling 
stock staff, which includes engineers, super-
visory personnel, mechanics, draftsmen, trades-
men, and clerical personnel, participation in 
labor negotiations, preparation of equipment 
specifications, and related duties. 

INABA, KAY, Corporate Executive; Industrial 
Psychologist; born November 9, 1927, Wapato, 
Washington; B.A., Washington State University, 
1951 (Psychology); M.S., Purdue University, 1955 
(Psychology); Ph.D., Purdue University, 1957 
(Psychology); Research Scientist, Martin Marietta 
1957-1958; Research Scientist, Matrix Corpora-
tion, 1958-1962; Executive Vice President (Co-
Founder), Serendipity, Inc., 1962-1969; Board 
Chairman, Technical Director, XYZYX Information 
Corporation, 1969 to present. Founded XYZYX 
Corporation; one of the principal originators of 
Job Performance Aid technology; addressed prob-
lems of inadequate system and equipment descrip- 

tions and involved in Air Force P1140 project; 
member American Psychological Association and 
Human Factors Society. 

MALEC, RALPH, Mechanical Engineer; born October 19, 
1949, in the United States; B.S.M.E., University 
of Illinois, 1971; Equipment Engineer, Chicago 
Transit Authority, 1971-1974; Superintendent 
Maintenance Quality Control, Chicago Transit 
Authority, 1974-1976; Equipment Engineer and 
General Shop Foreman, Milwaukee County Transit 
System; currently Assistant Superintendent of 
Equipment and Plant; member Society of Automotive 
Engineers and Engineers and Scientists of Milwau-
kee. 

MERCIK, HENRY .3., JR., Mechanical Engineer; 
born August 19, 1933, Enfield, Connecticut; 
B.S.M.E., University of Hartford, 1969; M.S.M.E., 
Rensselaer Polytechnic Institute, 1967; various 
assignments with Hamilton Test Systems, Inc.--
subsidiary of United Technologies Corporation— 
starting as a Test Engineer in 1960. Assignments 
included development of hydromechanical engine 
control and flight systems. Major responsibili-
ties were in the area of control system dynamics. 
In a 10-year period assignments included tasks in 
preliminary design, design, development, and 
project engineering. As a Senior Applications 
Engineer was responsible for expanding the use 9f 
existing test equipment and developing new prod-
ucts for diagnostics on gas turbine engines. For 
the past eight years assignments have related to 
automotive test system and diagnostic test devel-
opment. Currently has engineering responsibility 
for corporate automotive diagnostic and test 
equipment product lines. Holds nine U.S. patents. 

PRANGLEY, ROBERT E., Transit Management Executive; 
born June 17, 1941; B.S., U.S. Naval Academy, 
1963; M.B.A., University of Maryland; special 
studies, Johns Hopkins University (Operations 
Research); Executive Vice President, ATE Manage-
ment and Services Company, Inc., 1974 to present-; 
Senior Consultant, Transportation Division, Peat, 
Marwick, Mitchell and Company, 1974; Director of 
Research and Planning, Mass Transit Administra-
tion of Maryland, 1970-1973. Technical areas of 
interest and experience are in organization 
studies, maintenance productivity analyses, and 
scheduling practices and procedures. Member 
Institute of Transportation Engineers and Ameri- 
can Public Transit Association. 	 - 

VAN LIESHOUT, WILLIAM T., Transit Maintenance 
Management and Information Systems; born Wiscon-
sin Rapids, Wisconsin, July 28, 1941; B.S. Quin-
nipac College, Connecticut, 1964; M.B.A., Univer-
sity of Virginia, 1966; U.S. Army, 1966-1969. 
Partner in tfle Management Information Consulting 
Division of Arthur Andersen and Company with 
wprldwide responsibility for managing the transit 
consulting practice of the firm. Member American 
Public Transit Association, Canadian Urban Tran- 
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Sit Association, and California Association of 
Public Owned Transit Systems. 

WOOD, PETER, Electrical Engineer; born April 19, 
1930, England; U.S. citizen; Stafford College of 
Technology, 1951; Department Head, MITRE Corpora-
tion; employed by Plessey Company and RCA Astro 
Electronics Division prior to joining MITRE Cor-
poratión in 1971. Interests .include management 

and operations of urban mass transit, specifi-
cally, revenue handling, maintenance, control and 
communications, and management information sys-
tems; rail freight operations; Senior Member 
IEEE; member lEE (U.K.); member Transportation 
Research Board; member of TRB Committee A3B01 
(Transit Service Characteristics); APTA Subcom-
mittee on Consumer Information Aids. 
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Appendix 

Discussion 

Gil M. Pegg 
General Motors Corporation 

The following viewpoints differ from those of the 
conference participants identified and are intended 
to add to the readers perspective of the subjects 
addressed. 

Specific reference is made to the resource paper 
by H. H. Buckel in Workshop 5. Buckel worked on the 
UMTA Transbus Program (to which he refers). His 
paper makes a strong defense of the program and at-
the same time casts General Motors in a rather nega-
tive light, particularly our role in the Transbus 
program. The facts clearly show, however, that GM 
met or exceeded all of the requirements of the 
Transbus program and that in no way did we try to 
undermine its purpose. 

More important, however, Buckels conclusions fly 
in the face of two prestigious studies on the Trans-
bus project, both of which took a dim view of the 
program. One was completed by the congressional 
Office of Technology Assessment and tne other by the 
National Research Council. The NRC report concluded 
that bus manufacturers were justified in not bidding 
on low-floor Transbus purchases. (No bids were 
submitted by the prescribed UMTA deadline.) 

In sum, much of the Buckel paper actually has no 
relevancy to the subject it was intended to address 
and includes subjective, controversial views and 
sensitive issues that have long been refuted and put 
to rest. Furthermore, his paper appears to have 
been almost entirely overlooked in the related work-
shop discussions. 

Our second concern relates to comments on techni-
cal information and training made by A. B. Hallman 
in the Charge to the Workshop and by participants in 
Workshop 3. 

We fail, to recognize 'the decrease in technical 
information and training referred to by these par-
ticipants. In 1963, the GMC coach maintenance man-
ual covered 12 coach models and consisted of 510 
pages; this increased to 663 pages for the last "New 
LooK" coacnes produced by GMC in 1975. ' Today, the 
current 04 Series RTS coach maintenance manual ex-
ceeds 1100 pages. The artwork has been converted to 
a line-drawing format, the number of schematics has 
increased, . and the manual has been organized to 
isolate standard and optional equipment, which makes 
it possible for individual properties to closely 
match the maintenance manual to their vehicles. 

The general wiring diagrams supplied with the New 
Look coach and early RTS coaches have been replaced 
with computer-generated individualized wiring dia-
grams applicable to each specific coach order (even 
small orders of one or two coaches). 

To the best of our knowledge, an acceptable job 
performance aid (JPA) covering all major coach sys-
tems is still nonexistent. The JPA concept is not 
new but merely represents a different method of 
presenting technical information. 

If the JPA system is still being developed and 
tested, how can Haliman be so certain it is better 
than the manuals currently being supplied? In addi-
tion, he has not addressed the problem of who will 
be responsible for updating the JPA5. At GMC, we  

consider these continuing obligations from both a 
legal standpoint and a moral standpoint every single 
day. We seriously question the motivation of hired 
outside firms or consultants to do any further up-
dating or correctional work after they have been 
paid for the original documents and JPA5. It• is 
obvious that no provisions whatsoever have been 
worked out for handling product recalls or safety-
related changes once the original JPA5 are printed. 

Certain concepts proposed by the JPA system may 
have some foundati on, and we are always open to new 
ideas. However, we still believe that the implemen-
tation of changes in the existing maintenance man-
uals, training programs, and service bulletins is 
best left to each vehicle manufacturer. 

If an operator truly believes that manufacturer A 
has better maintenance manuals, better training 
programs, or better service engineering help avail-
able than manufacturer B, the operator should factor 
these elements into bid specifications and life-
cycle costing, programs to recognize better perfor-
mance during the procurement process. 

Closure 

Kay Inaba 
Xyzyx Infoimation Corporation 

I totally agree with Pegg that the manufacturer is 
the most logical source of technical information. In 
fact, we would like to see all manufacturers provide 
usable and effective maintenance manuals with all 
their equipment. Using outside firms or consultants 
to develop such manuals is a compromise necessitated 
by the manufacturers failure to provide such usable 
manuals. 

I also agree wholeheartedly with Pegg that usable 
maintenance manuals as well as other life-cycle cost 
(LCC) items should be factored into the procurement 
process. Obviously, proponents of the LCC purchas-
ing concept also agree. I wish them well. 

Also, I commend GMC for its efforts to improve 
its maintenance manuals. These efforts seem to 
represent a considerable cost. Thus, cost does not 
appear to be a major barrier (for the manufacturer) 
to improving maintenance manuals. 

The only major area of disagreement seems to be 
on what constitutes improvement. We do not agree 
that more means better. Simply providing more pages 
or more schematics will not make the individual page 
more usable. 

The basic purpose of the UMTA program to improve 
maintenance manuals (more commonly known as the'JPA 
project) is to improve the usability of maintenance 
manuals. . The aiding technology is a human factors 
technology that has been thoroughly tested in the 
military services. There is considerable evidence 
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to indicate that the technology is directly applica-
ble to the mass transit community. 

According to Pegg', GMC is (and has been) willing 
and ready to help improve maintenance manuals. Thus, 
it would appear logical for GMC (as well as other 
coach manufacturers) to adopt the aiding technology. 
Yet, the comments by Pegg appear to indicate that 
GMC is reluctant to accept it. 

If Pegg is questioning whether the aiding tech-
nology applies to bus maintenance, I refer him to 
all the aiding Studies conducted by the U.S. Depart-
ment of Defense in the past 20 years. Perhaps the 
reluctance is due to a concern that accepting aiding 
as a technology might imply that GMC is admitting 
that its maintenance manuals have usability prob-
lems. It would appear that the position of GMC in 
the industry is such that such a criticism would not 
damage its reputation in any way. 

Given the many areas of agreement, it would ap-
pear that the next logical step is to help the manu 
facturers apply the aiding technology. Our experi-
ence to date indicates that a significant number of 
bus agencies would welcome such an event. 

Closure 
A. B. Hailman 
Urban Mass Transportation Administration 

Pegg is correct in his contention that the equipment 
supplier should.oe the source for any JPA-like main-
tenance manuals that may be procured in the future. 
He is also correct in pointing out that the utility 
of' improved maintenance manuals should,  become a 
factor in life-cycle costing programs. General 
Motors ,is also to be ,commended for recent improve-
ments in compu ter-gene rated wiring diagrams to sup-
port the maintenance of New'Look and RTS coaches. 

It is not necessarily true, however, that more 
pages in a maintenance manual produce a better or 
improved document. There was never a contention 
during the workshop that the quantity of technical 
information had diminished. The preliminary results 
from the Detroit DOT demonstration show that novice 
mechanics with modest training in the use of JPAs 
for the he'ating and air-conditioning system per-
formed as well as experienced mechanicsusing con-
ventional maintenance techniqueé. 

The intent of the UMTA demonstration project' in 
Detroit was to determine what improvements in main-
tenance performance might ,be achieved by using a 
human-factors technology that had shown improvements 
in the U.S. Air Force and the nuclear power commu- 
nity. 	 ' 
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The Transportation Research Board is a unit of the 
National Research Council, which serves the National 
Academy of Sciences and the National Academy of 
Engineering. The Board's purpose is to stimulate research 
concerning the nature and performance of transportation 
systems, to disseminate information that the research 
produces, and to encourage the application of appropriate 
research findings. The Board's program is carried Out by 
more than 270 committees, task forces, and panels com-
posed of more than'3300 administrators, engineers, so-
cial scientists, attorneys, educators, and others concerned 
with transportation; they serve without compensation. 
The program is supported by state transportation and 
highway departments, the modal administrations of the 
U.S. Department of Transportation, Die Association of 
American Railroads, the National Highway Traffic Safety 
Administration, and other organizations and individuals 
interested in the development of transportation. 

The National Research Council was established by the 
National Academy of Sciences in 1916 to associate the 
broad community of science and technology with the 

Academy's purpose of furthering knowledge and of ad-
vising the federal government. The Council operates in 
accordance with general policies determined by the 
Academy under the authority of its Congressional charter, 
which establishes the Academy as a private, nonprofit, 

self-governing membership corporation.' The Council has 
been the principal operating agency of both the National 
Academy of Sciences and the National Academy of Engi-
neering in the conduct of their services to-the government, 
the public, and the scientific and engineering communities. 
It is administered jointly by both Academies and the In-
stitute of Medicine. 

The National Academy of Sciences was established in 
1863' by Act of Congress as a private, nonprofit, self-
governing membership corporation for the furtherance 
of science and technology, required to advise the federal 
government upon request within its fields of competence. 
Under its corporate charter, the Academy established the 
National Research Council in 1916, the National Academy 
of Engineering in 1964, and the Institute of Medicine in 
1970. 


