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Executive Summary

This report surveys the wide range of factors which influence
transit bus maintenance. The survey is based on eight case study
systems which were selected after analysis of roadcall records and labor
hours devoted to maintenance. Differences between these systems are
illustrated by example in the body of this report, and factors which
seem to differentiate between various levels of maintenance performance
are identified.

The contents of this report include a first-level analysis of
Section 15 maintenance data which illustrates how selected factors
aftect maintenance performance; a description of the rationale used to
identify 8 systems for intensive case analysis; a report of the results
of these case studies; and a set of recammendations based on a synthesis
of beneficial practices identified in the systems studied.

Issues covered include system management practices, local operating
envirorments, budget levels, and physical facilities.

Both positive and negative factors related to these areas were
identified at the case study systems.

The experiences of the eight systems provide ample support for the
argunent that every system has unique features which make it difficult
to conduct cross-system camparisons. However, a number of practices
which are typical of successful maintenance operations and which
logically should contribute to positive performance gains were identi-
fied. These practices are:

1. Conduct of pre and post run inspections by drivers

2. Establistment of performance targets, development of performance
measures, and periodic performance trend analysis

3. Development of written statements of (or informal concensus about)
maintenance policies and procedures.

4, Coordination of wvehicle procurement decisions with inventory
plamning and staff development activities.

5. [Establishment of strategies for recruiting, testing, training, and
retaining skilled staff.

6. Establishment of cooperative working relationships between workers
and managers.

7. Awoidance of urmanageably diverse fleets.

8. Periodic performance assessment and evaluation of alternative
Strategies for improving maintenance effectiveness.

Review of the cases suggested a model for maintenance planning

focused on an annual performance and operating enviromment analysis. The
major products of this analysis would include:

iii



10.

A sumary of current fleet composition. « s o
changes; and a description ol aniioipaion ULacis of
on staff, facility and egquipren: needs

A brief overview of current
description of deficiencies:
resulting fran tleet changes.

A list of currentiy uige: irenanee coall st iions) 3 review
of needs tfor additicnal PrronE: ar el s of rezsons for

unfilled positions; and a descr.ption <! the staiting iopacts of
anticipated fleet changes.

A summary of recrultment and iral-ing, reyiemsg of the
effectiveness of testing procechires used o ad promtion,
the adequacy of training given oo relhosic: resporsible for new
equipment, and hiring strategias  [ino! i sxperiiace requires
ments, wage scales relative to otrer mdusiries, zad alternative
training approaches).

A summary of the preventive amintenancs
previous year, a list of problame socnantes

this program; and a descripticn of aniti¢iiatel Chcrges
program.

ovar used

e
TS

A description of pre-run inspecticd procesires: At assessrent of
driver coapliance and maintenances ifcliow-up; ame & st sent ol
changes needed to insure coapiiance.

A summary of any problemrs encountered with ths inveniory system;
and an analysis ot changes needed o zccomadais new wvehicles,
special campaigns, or retrofit programs.

An analysis of roadcalls and missed 1rips o identlly causes,
directions of trends, and possible renedial actions, as well as an
assessment of the effectiveness of strateg

of problems encountered in previous yesrs

es adonted as 3 vasuly

A camparison of budgeted and aciual axpenses:
reasons for variances; an analysis of aniicipated
maintenance budgets; and a proiectiorn of pext yea

anaivels ar the
clEet changes on
' mudget.

A review of policies anda procedures:; a2 siatwren. of oroposed
changes; and an evaluation =f the affecrs »f .haliges mde over the
past year.

An annual updating anc reviews i TRese doooenit

the basis for strategic maintenance planning.

1 'b"



Table of Contents

List of Exhibits

Page
1. Introduction 1
2. Background 4
A. Policy Envirorment 4
B. Previous Research 6
3. Case Study Method 8
A. Research Questions and Hypotheses 8
B. Site Methodology Development 10
C. Site Selection Analysis 12
D. Site Visits and Interviews 22
E. Analytical Approach 26
4. Site Characteristics and System Highlights 27
A. Milwaukee, Wisconsin 27
B. Dade County, Florida 27
C. San Antonio, Texas 31
D. Syracuse, New York 33
E. Gary, Indiana 38
F. Madison, Wisconsin 41
G. Tacam, Washington 41
H. Spokane, Washington 45
5. Findings 49
A. Management 49
B. Labor 55
C. Operating Environment 58
D. Budget 63
E. Equipment and Facilities 67
6. Discussion 70
A. Mintenance Plamning Guidelines 74
B. Quality Assurance 76
C. Federal Review Issues Tv
D. Research Needs 77
7. Conclusion 79
References
Appendix: List of Systems Included in Regression
Analyses 84



List of Exhibits

Exhibit Title Page

1 General Description of Case Study SystemS.....cevesesssl
2 Forme Checklist.......o... PP I
3 Organization of INterviewS......eeeveseossessssaceccssld
4 Case Study Checklist....... PP -
5 Etfect of Independent Variables on Roadcalls

and Labor Ut11ization....cccevecesessssonscscssoscasssl8

o

Expected and Cbserved Performance, Residuals,

and Samsle Means..... PP X |
7 Nature and Extent ot Site Visits.iiievioeecaovssnneessld
8 Milwaukee County Transit System Data Profile..........28
9 Highlights of the Milwaukee Case.iievvesssoconcasssssld
10 Metrobus Data Profileciciecsconerenssanoscsscvocsssnes3l
11 Highlights of the Miami Case.....voveetsessscsnsecesssldl
12 Via Metropolitan Transit Data Profile.i.coeivecenecssc34
13 Highlights of the San Antonio Case......visseesseassse3’
14 ONY Centrc Data Profile..ivivsivseesssscessassssssaness3b
15 Highlights ot the. Syracuse Cas€.....covoescrsenosacassd?
16 Gary Publi: Transit Corporation Data Profile..........39
17 Highlights of the Gary Case.....oerersscscsrssscncscscdl
18 Madison Metro Data Profile.iesscsssseccsssnssnsassvesddl
19 Highlights of the Madison Case..cseeeccoecscocsnnsesssdld
20 Pierce Transit Data Profile..c.ccceeirnerecrvecacoscss.dd
21 Highlights of the Tacam Case€......cvevssrarcsssnossesdb
22 Spckane Data Profile...... I X
23 Highlights of the Spokane Case€...seoccncereeercannseds48
24 Preventive Maintenance Program Features.....ceseeeess52
25 Carputerizalion.....c.coees PP T
26 Regional Labor Pool and Salary Range....ceveascescesssd7
27 Carponents of Training Programs......cveeessseescsseesd9
28 Fleet Age and Campcsition.eeevieecereasossnasscsssesssbdl
29 Maintenance Budgat StatisticS...ceeseasereresoscocessbd
30 Facility and Equipment Analysis..ceevevieccecsonasessdbd9
31 Surmary of Site AnalySisS...ieeieeeescesensscscocerennaall

vi



I. Introduction

This report summrizes a nunber of case studies which were
conducted by University of Illinois researchers to document current
transit bus maintenance practices. This study complements previous work
based on the application of detailed operations research methods for
work scheduling, preventative maintenance planning, and component life
analysis (Muathukumaran et al, 1981; Kosinski et al, 1982; Foerster et
al, 1983). The primary focus of this report is the analysis of eight
case studies which attempted to capture the essence of bus maintenance
operations at selected U.S. systems. The systems selected for this
purpose are shown in Exhibit 1, along with a set of descriptive
Statistics illustrating their performance relative to other U.S.
systems.

The methodology used in this study is that of the camparative case
study. This means that the researchers selected systems for study with
the purpose of illustrating differences and discovering sources of
inter-case variation. The purpose of our method is not to pass
judgement on specific systems or to test general propositions and global
theories. Such enterprises would require a level of effort and a sample
size too large for our current purposes. Their emphasis would also tend
to obscure the ideosyncratic aspects of the systems studied, runmning
the risk of violating the tranist manager's maxim that "each system is
unique - so you can't campare us to anyone else." We have taken this
maxim as a methodological challenge in our research. What we have done
in our case studies is to focus on local conditions which are sources of
uniqueness. In this report we campare selected aspects of our case study
systens to determine whether or not these aspects are truely wunique and
whether they have any relationship to, or impact on, system costs and/or
performance. In doing this we have relied on interviews with and
questionnaires campleted by persomnel at each of the systems in
question. We have cross-checked our results by reviewing the reports of
Persons in a variety of positions in each organization, and have tried
to interpret their responses in light of the data gemerated in the
Section 15 reporting process.

Our purposes were to (1) identify those aspects of bus transit
maintenance which seem to "make a difference" (2) test certain a-priori
hunches or hypotheses about what constitutes "good" bus transit
maintenance practices (3) develop criteria for constructively assessing
maintenance activities and identifying strategies for increasing
maintenance effectiveness.

The main questions addressed in this report are as follows:

1. What effect does overall system and maintenance management
have on the efficiency of the operation? This includes the
effect of mintenance policies, management techmiques, and
maintenance methods and procedures, as well as organizational
structure and intra-organizational camumnciation.

2. What effect does the quality of the labor force have on the
maintenance operation? This includes the quality of the labor
pool and the training received.



Exhibit 1
General Description of Case Study Systems

Maintenance Roadcalls due to
Revenue Labor hrs per mechanical failure

Case Study Systems Vehicles thousand miles per thousand miles*
Mi lwaukee 719 .025 0.33
Miami 673 .046 1.50
San Antionio 530 .029 0.06
Madi son 193 014 0.07
Tacam 170 .037 0.76
Y 159 .029 0.13
Gary 115 .035 0.94
Spokane 80 .016 0.32
Carparative National Statistics
In a sample of 11l bus
systems selected fram 1981
Section 15 data,

25% had values less than 70 .015 0.19

50% had values less than 101 .023 0.36

75% had values less than 217 .030 0.60

Source: 1981 Section 15 data. A list of the systems included in this
sample is given in Appendix 1. The rationale for selection of
these systems is included in Chapter 3.

*Note: The Urban Mass Transportation Industry Uniform System of Accounts
and Records and Reporting System defines Roadcalls for Mechanical
Failures as the "count of the revenue service interruptions during
the reporting period caused by failure of same mechanical element
of the revenue wvehicle. (Mechanical failures are to include break-
downs of air equipment, brakes, body parts, dcors, cooling system,
heating system, electrical units, fuel system, engine, steering and
tront axle, rear axle and suspension and torque converters. Tire
failures and fare box failures are not included.) These revenue
service interruptions require assistance framn sameone other than
the revenue vehicle operator (or crew) in order to restore the
vehicle to an operating conditions. Further, they usually require
the transfer of the passengers to another revenue vehicle for the
campletion of their trip."

This excludes roadcalls for other reasons which are defined as
the "count service interruptions during the reporting period caused by
tire failure, farebox failure, air conditioning system, out of fuel-
coolant~lubricant and other causes not included as mechanical failures.®



3. 'What effect does the system envirorment external to the
maintenance function have on maintenance operation? This
includes the location of the system, operating enviromment of
the fleet, and model and age distribution of the fleet.

4. What effect does the maintenance budget have on the mainten-
ance function?

5. 'What effects do the physical characteristics of the mainten-
ance department have on maintenance operations? This includes
the layout, location, and age of the maintenance facilities,
condition and use of maintenance equipment, and procurement,
location, and quality of parts.

Our purpose in answering these questions is fourfold: First, we
intend to provide a reference source for use by transit operators and
persons (including students and researchers) interested in how different
bus mrintenance systems currently function. Second, we hope to evaluate
the practical value of quantitiative approaches to maintenance planning.
Third, we want to identify those factors which seem to be effective in
increasing the effectiveness or decreasing the cost of maintenance
performance. And fourth, we want to provide guidance for those involved
in the management of bus maintenance activities.

The remainder of this report is organized as follows: Chapter 2
reviews the previous background of the study, including historical
trends in federal programs, research, and policy perspectives. Chapter
3 presents the details of our research questions and methodological
approach. OChapter 4 includes a descriptive summry and narrative about
each system, and Chapter 5 provides answers to the general questions
just posed. The results of the study are discussed in Chapter 6, and
presented as recamendations for strategic maintenance management
planning. Detailed case writeups are available as separate volumes of
this report.



2. Ba.ckg_z:ound

A. Policy Enviromment

Bus maintenance has became a subject of growing concern at the
local and federal levels during recent years. This is evident in the
legislative record, in the activities of professional groups, and in the
research agenda ot the Federal goverrment. This concern is understand-
able in view of the significant costs of transit maintenance, the
increased caomplexity of wvehicle systems, and the changing funding
enviromrent faced by transit interests.

Cne the basic facts about transit maintenance is that maintenance
budgets are a significant part of transit operating expenses, typically
accounting for 18-32% of operating budgets. These expenses are eligible
for federal support through section 5 and 9 of the Urban Mass Transpor-
tation Act. Same have argued that the federal-local element of these
programs is flawed, leading to less than adequate accountability at the
local level. Others are quick to point out that an even more serious
cause for concern is the difference between federal operating subsidy
and capital grant shares. The concern has been raised that this
di fference in shares can lead to inadequate maintenance and a distortion
of maintenance and capital expenditure patterns.

The Urban Mass Transportation Administration responded to these
concerns by publishing an "advanced notice of proposed rulemaking" in
the Federal Register in January 1981 (46 Fed Reg No. 14, pp 7031-7034).
This notice laid out a number of alternative approaches to safeguarding
federal investments against inadequate or improper maintenance. These
included

- the adoption of maintenance requirements as a condition for
UMILA grant assistance

- required development of maintenance plans

- on~-site inspections
- earmarking of a percentage of Section 5 funds for maintenance
- encouragement of mainteneance plamming activities

Because of the controversial nature of these options, the proposed
rulemaking notice was withdrawn in August of 1982 (Vol. 47 Fed Reg #166
P. 37599). A subsequent GAD report noted that UMLA had

"...encountered problems in developing universally applicable
standards. For example, local variables such as climate and
terrain can affect the frequency of certain maintenance
activities. UMIA was also concerned about the Federal
resources needed to make sure that the policy was implemented"
(GAD, 1983)



The Surface Transportation Act of 1982 (PL97424, Jan. 6, 1983), however,
contained language which is directly targeted to the adequacy of

maintenance question. Section 9(e)(2) of the Act requires that

"Each recipient (of block grant transit monies) shall submit
to the Secretary annually a certification that such recip-
ient.... has or will have satisfactory control, through
operation or lease or otherwise, over the use of the facil-
ities and equipment, and will mmintzin such facilities and
equipment; (emphasis added)

Section 9(g)(l) provides for federal monitoring:

"The Secretary shall, at least on an annual basis, conduct, or
require the recipient to have independently conducted, reviews
and audits as may be deemed necessary by the Secretary to
determine whether

(A) the recipient has carried out its activities submitted in
accordance with Section (e)(2) in a timely and effective
manner and bas a continuing capacity to carry out those
activities in a timely and effective manner; and

(B) the recipient has carried out those activities and its
certifications and has used its Federal funds in a mamner
which is consistent with the applicable requirements of this
Act and other applicable laws...

Section 9(g)(2) set up a 3 year review cycle:

"In addition to the reviews and audits described in paragraph
(1), the Secretary shall, not less than once every three
years, perform a full review and evaluation of the performance
of the recipient in carrying out the recipient's program...”

Specific guidance on the concerns of the 3 year review cycle has not yet
been developed, due in part to the difficulty of assessing the relative
importance and effectiveness of various maintenance practices. However,
the American Public Transit Association has addressed this question with
the publication of its "Guidelines for Bus Maintenance" (APTA, 1983c).
This document reviews many necessary elements of bus maintenance
programs, including daily fueling, cleaning and repair, periodic
maintenance and inspection, and quality assurance. It urges that local
systems develop their own written bus maintenance plans, and recognizes
that these plans may differ fram place to place because of differing
local conditions. APTA's guidelines are strongly focused on shop floor
activities, giving little emwhasis to management procedures and
persomnel questions, among others.

In view of these developments, it is important to realize that the
question of transit maintenance has been addressed quite differently by
analysts who have relied on alternmative conceptual frameworks. These
perspectives were clearly reflected in the structure and conclusions of
a recent conference on bus rnaintgnance (IRB, 1983). The perspectives



developed in this conference included (i) a concern with managerial
skills and the organizational design of transit systems, (ii) the use of
analytical methods and management information systems, (iii) personnel
questions, including recruitment, training, motivation, and testing
procedures, (iv) questions of garage design and maintenance equipment,
and (v) wvehicle design and maintainability considerations. The wide
variety of maintenance-related factors suggested by these areas is
significant because most previous academic research has been focused on
the use of data analysis and operations research techniques to set
mileage intervals for vehicle maintenance and camponent change. (Rueda
and Miller, 1983).

The importance of taking a broad perspective in selecting strat-
egies for inproving maintenance is clear fram the diversity of inno-
vations which are occuring in the maintenance area. These include the
introduction of new equipment (dynamometers, autamted diagnostic
systems, improved lifts), innovative analytical methods (oil analysis,
lifecycle costing, and vehicle history analysis), and subsystem redesign
and retrotit (air conditioning, brakes transmissions). Improved
training and testing, development of autamatic data entry systems, and
improved management reporting are also part of this trend. The details
of these approaches are recounted elsewhere (Transportation Systems
Center, 1982; UMIA, 1983; Foerster, 1984), but what is important to note
here is that many systems are active in experimenting with new ideas to
improve their performance. This raises questions about how transit
management monitors change in the industry and how it decides to
implement new ideas.

B. Previous Research

A review of the available, non-proprietary literature indicates
that many analysts have been putting a great deal of erphasis on
technique, with less attention to existing practice and applicability of
elaborate methodologies.

A number of recent studies have presented methods for maintenance
management and equipment replacement. Replacement has been addressed
fran the perspective of fleet age profiles (Tri-State Regional Planning
Camission, 1973), acquisition and maintenance costs (Hauer, 1975),
anmmual maintenance costs (Jardine, 1976), const trend analysis (Brown-
West, 198l), average cost camputations (Rueda, 1981) and lifecycle cost
analysis (Jhaveri, 1978; Armour, 1980; Christopher-Flannigan, 1982).
Maintenance models focusing on camponent replacements have been proposed
by Jardine (1973), Vergin and Scriabin (1977), Bakr and Kretschmer
(1974), Herniter et al (1977), and Sinha and Bhandari (1978). Statis—
tical techniques for failure analysis have been well-developed in the
engineering field (Benjamin and Cornell, 1970) and they recently have
been shown to be applicable to bus system analysis (Kosinski, 1982;
Kelly and Ho, 1982)

Almost all of the studies just listed have focused on methodo-
logical development and formal analysis, leaving no question about the
existence of theoretical ways to make maintenance policy decisions based
on cost-effectiveness criteria. The existing literature, unfortunately,
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shows a paucity ot research on the practicality of these methods.
Notable exceptions are in the 1976 Haenisch and Miller application of
Standard time methods at the Chicago Transit Authority and the 1980 case
study by Foerster et al of the feasibility of implementing Herniter et
al's strategic maintenance planning model.

Publication of empirical data on bus maintenance intervals and
camponent life is equally rare, with notable expections being the 1977
Singh anci Kankam report on the Toronto system, Wilbur Smith's report on
New Jersey properties, and Kosinski et al's report on A/C Transit.

Two manuals for maintenance management have addressed same of the
key questions facing transit management. The first, "Bus Maintenance
Facilities" (Thurlow, et al, 1975), focuses on physical plant con-
siderations in garage and service island construction. The second,
"Wehicle Maintenance Control Plan" (Setne and Preston, 198l) gives
guidelines for managment and staff organzation, labor menagement MIS
plamning, and strategic maintenance planning. Neither, however, surveys
the current situation at systems throughout the industry.

The overall conclusions to be drawn fran this brief review of the
literature are that most of the work done in this area has been
prescriptive and that information on the practicality and potential
benefits of procedures and policies which have been recammeded in the
past is lacking. The prescriptive focus of this literature is problem
atic because evaluation of the feasibility and desirability of mainten-
ance policies and procedures can only take place when baseline descrip-
tive information is available. The.feasibility of a technique can on?y
be understood when its data requirements are constrasted with data
availability; the appropriateness of a technique can only be gauged when
its assumtions are tested against experience in practice. Since
analysis of mmintenance policy and techniques is the overall goal of
this stucly, analysis of data availability and procedural assumptions
becanes z necessary part of its methodology. And since information
on data collection and operating practices is lacking, the descriptive
approach described previously in the scope of work is a necessary step
in analysis of policy options.




3. Case Study Methodology

The approach taken in this study was based on the premise that
there is a need to assemble a descriptive body of knowledge to document
current industry practice for use in evaluating proposed prescriptive
maintenance policies and procedures. The approach involved the
documentation of bus maintenance procedures, data collection methods,
maintenance plamning activities and management policies at selected U.S.
transit systems. It also involved camparison of these procedures, data
collection methods, and maintenance planning activities, and the
evaluation of the utility and feasibility of techiques and policies
which have been previously recammended.

The scope of work necessary for implementing this approach
involved:

l, Development of a set of questions about local bus transit main-
tenance policies and procedures;

2. Development of a methodology for gathering answers to the questions
on the basis of site visits and operator interviews;

3. Establishment of an industry profile detailing maintenance
performance data and fleet age and camposition;

4. Selection of key systems to be visited in the field-work phase of
the study;

5. Conduct of site visits and interviews;
6. Docurentation and synthesis of the results of the site visits;

7. Evaluation of the effectiveness and generality of the practices and
procedures identified.

A. Research Questions and Hypotheses

The case study questions, already listed in the Introductory
section, were used to generate 16 specific hypotheses for use in
conducting site visits. The study questions were elaborated as follows:

AREA 1:  MANAGEMENT
STUDY QUESTION: What eftect does overall system and
maintenance management have on the
efficiency of the operation?

Specific Hypotheses:

Good, two-day camumication within and between all levels
of management 1is essential for effective maintenance
operations.

Policies should be flexible enough to allow for individ-
ual initiative but firm enough to ensure the orderly

day~to-day operations of maintenance. All levels of
management, fram the governing board on down, should view
maintenance as a main concernm.



AREA 2:

A preventive maintenance program is essential for the
efficient, long-term operation of the transit system.

In systens with effective maintenance, management
utilizes camputer information system to monitor the
status and condition of the fleet.

LABCR

STUDY QUESTICN: What effect does the quality of the labor

AREA 3:

AREA 4:

force have on the maintenance operation?

Specific Hypotheses:

Union and management should not view their relationship
as that of adversaries if maintenance is to operate
effectively.

Unions and labor should have same from of meaningful
input, other than that specified in the umion contract,
into the maintenance operation. This caommmnication is
necessary for maintenance to function effectively.

The quality of the regional labor pool has a direct
impact on maintenance

Initial and on-going training of mechanics is necessary
to maintain the long-term effectiveness of maintenance.

OPERATING ENVIRONMENT

STUDY (UESTION: What effect does the system enviromment
external to the maintenance function have
on maintenance?

Specific Hypotheses:

He terogenous fleet composition  adversely affects
maintenance.

Climatic conditions can adversely affect maintenance
operations.

BUDGET
STUDY (UUESTICNS: What effect does the maintenance budget
have on maintenance?

Specific Hypotheses:

The:- maintenance budget should be prepared jointly by
maintenance and finance to insure that maintenance has an
adequate operating budget

An inadequate maintenance budget signifies either a
monetary crisis in the transit system or a low priority
for mintenance in top management.

9



AREFA 5:  PHYSICAL FACILITIES

STUDY QUESTICNS What effect do the physical characteris-
tics of the maintenance department have on
maintenance operations?

Specific Hypotheses:

Old buildings or those not originally intended for the
servicing of buses adversely affect maintenance oper~
ations.

Under or over utilization of maintenance repair equipment
indicates either poor maintenance management or the lack
of an adequate maintenance budget.

Good quality, readily accessible replacement parts are
essential to the efficient operation of the maintenance
depar tment.

B. Site Methodology Development

Our site visit methodology was developed in an iterative process
which was focused by the research questions and specific hypotheses
listed above. Eleven different interview instruments, each covering a
difterent topic, were developed. These forms contained questions and
lists of information to be collected during site visits. The interview
instrunents were designed so that they could be grouped to obtain the
maximm amount of information possible for each interview. This also
allowed the same questions to be asked of several different people for
future camparison. The interview instruments consisted of the following:

1. The physical characteristics form contained questions on fleet
camposition, operating envirorment, system size, and local

topography.

2. The Garage and Facility form contained questions on garage (or
shop) size, number of lifts, special equipment, and equipment
needs.

3. The Pertormance Indicator form was designed to obtain information
an roadcalls, missed runs, late outs and costs.

4., The System Organization form was developed to collect information
on organizational structure, reporting lines, use of camputers, and
Maintenance priorities.

5. The Policy Formulation form was designed to determine the level of
management responsible for setting maintenance priorities and the
balance of concerns between day to day procedures and strategic
maintenance planning.

6. The Inventory and Procurement form contained questions on current
procedures, inventory control, and physical distribution.

10



7. The Garage Level Miintenance Organization form was developed to
identify individuals responsible for maintenance decisions at each
garage.

8. The Maintenance Methods and Procedures form was designed to collect
information on inspection and preventive maintenance policies, work
order processing, roadcall reporting, and mintenance data
collection.

9. The Maintenance Management Tools fomn contained questions on use of
camputers and analytical methods.

10, The Union form contained questions on contractual provisions
affecting hiring, pramtion, and staffing, as well as union-manage-
ment cammmication.

11. The Personnel and Training form was designed to collect information
on recrui tment, testing, training, and pramtion policies.

After the first draft of the questions were campleted in November
of 1982 it was felt that input from personnel at a local transit system
would be useful in further development and planning. With the assis-
tance of Clayton Weaver of the RTA, a meeting was arranged with the
general manager Stephen Keiper and superintendent of maintenance Ernest
Ferguson of West Towns Bus campany located in Oak Park, Illinois.
During this meeting several points pertaining to the questionnairew were
dicussed. These included:

1. Applicability of questions

2. Design of questions to investigate implicit policy formu-
lation.

3. Types ot data and information that may be available,
including standard forms and reports.

4. The appropriateness of question wording.

This discussion was instrumental in revising the questionnaire to focus
on more specific topics and provided a basis for identifying the
statistical data and forms that would be collected during the site
visits. When the interview instruments had been revised it was felt
that a2 final review by a practicing maintenance manager was needed to
insure that their fomm and content were understandable and would provide
the information needed to camplete the project. Ralph Malec's comments
on question wording, content and organiztion provided the base for the
final draft of the questionnaires. ‘

Our plan for conducting the site visits called for use of the
resulting questiommaires as interview guides. The site visit procedures
involved an initial one day visit to the case systems to establish
contact with management, verify the responsibilities of the personnel
Selected for interviews, and collect background information such as
budgets, policy statements, staffing levels, etc. A checklist of forms

11



was developed for this purpose (see Exhibit 2). The second phase of the
visits was to have involved a 2-3 day visit to conduct parallel
interviews with a number of key personnel. These interviews were
organized around 11 different sets of questions which were designed for
interviews with 13 system personnel. The individuals targeted for
interviewing are shown in Exhibit 3. A summry checklist was prepared
for use in reviewing each site visit for campleteness. This is shown in
Exhibit 4.

C. Site Selection Analysis

The selection of case study sites was governed by the following
criteria:

1, The systems should have between 45 and 1000 wvehicles.

2. The systems should not be involved in the provision of rail
service.

3. The systems should be selected to represent "extremes" of
performance as indicated by Section 15 roadcalls and labor
requirement data.

4, The effects of local operating envirorments on perfommance
should be considered.

These criteria were established in consultation with UMIA staff and
after review of existing Section 15 performance data. The decision to
focus on moderate sized systems (45-1000 vehicles) was motivated by our
desire to produce results which would be of interest to the middle range
of U.S. bus systems, These systems were of primary concern because they
are large enough to have formal mechanisms for managing their mainten-
ance functions (as opposed to direct management oversight), but no so
large that their performance would not be camparable to that of other
systems. The size criteria was also set after review of figures showing
that this range included over 60% of the total buses in federally
subsidized fleets. It was felt that this study could not adequately
treat very small systems because of their diversity and frequent
integration with public work fleets; and that very large systems were
often dominated by labor and management structures which were quite a
typical of most other systems. Systems with rail service were excluded
fran our analyis because of the difficulty of allocating joint costs
over different nodes.

Case systems were selected on the basis of extremes in roadcall and
labor requirements. We used mechanical roadcalls per revenue mile as a
surrogate for reliability and mmintenance labor hours per revenue mile
to represent input requirements. The data we analyzed was adjusted to
remove the effects of local factors such as vehicle age cr spare ratios
which obviously affect performance. By eleminating the contribution of
these variables fran roadcalls and labor hours before selecting the
sites, we were more likely to identify those systems which hawve good or
bad maintenance performance because of their management and policy.

Regression analysis was used to develop models to control for these
variables. The criteria used for choosing the mndels were:
12
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forms Checklist for Inftial Visit

1. Organfzational) chart; system wide ___
girage Tevel _
2. System budget ___
Maintenance budget __

Most recent section 15 report ___

4. Annual system report to city/county/state government _
5. List of job titles _

6. Current fleat age and mix _

7.  Transit map and service schedules ____

8. Organtzationa) goals and policies ___

9. WMritten maintenance policies _

10. Preventive maintenance policies
Related forms {1f any) ___

11.  Report of production hours vs. total hours ____

12. Report of vehicle miles operated

13. Roadcall reports; dafly ___

swmary/monthly

14. Daily fuel and oil consumption card ___

15. Driver defect report of inspection card ___

16. Bus history card ___

17. Unit rebuild history (if available) ____

18. HMonthly report of repairs by bus number ___

19. Vehicle fnspection checklist; pre-run tnspection
post-run inspection _
other inspections _

20. Inspection schedules, duidelines __

scheduling forms _

Exhibit 2

Forms Checklist

Forms checklist for initial visit
Page 2

21,
22,

23.

2.

2s.
26.

27.
28,
29.
30.
n.
32,

Forms or reports generated by any automatic diagnostic equipment

Parts requistion forms; sample ___
completed
Work order; sample
completed
Inventory forms; order form _
warranty sheet
unit exchange card __
reclamation form __
mechanic report
hold-out form _
Personne) policies ___
Job description; mechanics _ _
supervisors _
Placement/pre-employment test (1f any) _
Matntenance employee training policies _
Sample of mechanic training materfal ___
Unfon contracts ___
Grievance procedures __

Grievance forms _ __



Exhibit 3
Organization of Interviews

The following list represents the ideal "camplete" set of interviews,
providing the greatest number of camparison interviews for all question-
naires. Those questionnaires marked with a least one asterisk respresent
the second best option providing for all necessary corparisons of
answers. Those marked with two asterisks represents the basic question-
naires that must be answered by the appropriate individuals in order to
get the minimm amount of information necessary to answer the five main

questions.
Interviewee

General Manager

Head of Maintenance

Materials Manager/Head of Purchasing

Head ot Personnel

Head of Engineering
Head of Operations/Head of Planning

Garage Manager

Garage Foreman

Union President/Union Steward

Mechanics

14

Contents of Interview Packets

**Physical Facilities:
*Perfomance Indicators

Overall System

**System Organization and General Informatio

-*Maintenance Policy Formulation

**Performance Indicators

**Policy Formulation

*Maintenance Organization at Garage Level
**Maintenance Methods and Procedures

**Inventory/Procurement

*+Personnel /Training
**Union II

**Performance Indicators

*Physical Facilities: Overall System
*Performance Indicators
*Policy Formulation

**Physical Facilities: Individual Garage
**Maintenance Methods and Procedures
*Union II

*Maintenance Organization at Garage Level

*Maintenance Methods and Procedures
*Maintenance Organization at Garage Level
Union II

Performance Indicators

**nion 1

Maintenance Methods and Procedures
Maintenance Organization at Garage Level
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Exhibit 4

Case Study Checklist

Sunmary Checklist

To insure that all topics have been covered check off all of the following ques-
tions which have been covered in at Jeast one interview. Any questions which have
not been answered should be covered during the last day of the visit,

How 15 the maintenance budget prepared?

What input do the garage, maintenance, and operations managers have on the
maintenance budget?

Are there written maintenance policies? If so who {nitiates thea and how
are they developed?

How are unwritten policies established and by whom?
How effective are current maintenance policies according to system emplnayees?

Are regular meetings held to discuss maintenance problems? Who is involved
in these meetings?

Are facilities and/or information shared with other transit companies?
What facilities and equipment are available at each garage?

What functions can be handled at each garage?

What condition §s the maintenance equipment in?

What are the positive/negative impacts of the garage facilities on main-
tenance efficiency?

What type of inventory system is used? s the system computerized?
How are orders handled?

How are parts checked or monftored for quality?

What {s the reorder policy? How was it established?
How are parts requisitioned by mechanics?

What is current condition, a3ge, and size of the fleet?
What are the major maintenance problems?

What most effects the level of maintenance service?

How is maintenance evaluated?

What performance indicators are used in this evaluation?
How {s the system organized?

How 1s each garage organfzed?

Summary Checklist
Page 2

Is there an adequate maintensnce staff? Are there enough skilled employees
to meet maintenance needs? )

How are daily operationa) decisions made at the garage level? (i.e., what
buses are inspected, held out) Who makes these decisions?

How 1s worke scheduled? Who schedules 1t?
How are work orders processed?
How 15 job time accounted for?

Are regular faspections carried out? What type{s) of inspections are
carried out? How often?

What parts are fnspected?

Is there a preventative maintenance program? How does ft work?

Are job manuals/aids used? What kind(s)? Who uses them?

How are roadcalls def.ned?

How are roadcalls acted upon?

Does the system have a computer? If so what is ft used for and by whom?

What maintenance information is collected on & daily, weekly and monthly
basis? What is this information used for? .

What is the make-up and general skill level of the maintenance employees?
How are maintenance staffing levels set?

What type of pre-employment screening is used?

What type of training program ts used?

Who 1s trained?

Are perfodic evaluations of mechanics carried out? How?

What are pay and promotion policies?

Is there a unfon(s)? What employees are covered?

How are grievances handled?

Have any unfair labor practices been filed with the NLRE? How were they
resolved?

What 1s the state of union/management relations?



1. The independent variables were not of interest for the case
studies.

2. The effect of the independent variables within the model was
logical.

3. The coefficients of the independent variables were significant
at the 10 percent level.

4. The model was significant the 10 percent level.

5. Given criteria 4, the R-squared value was as high as
possible.

The data used was drawn fran the 1981 Section 15 statistics. The
sample was restricted to systems with fram 45 to 1000 buses and excluded
systems with rail service. Several systems were eliminated because of
missing or inconsistent data. The final sample consisted of 107
systems. The following variables were considered in developing the
regression models:

* Fleet size (total revenue vehicles)

* Peak vehicles (total wvehicles operating during the peak)

* Mean age of fleet (years)

* Age distribution of fleet (proportion of fleet in each of six
different 5-year age categories)

* Dispersion of the age distribution

* Speed (revenue miles/revenue hours)

* Peak to base ratio (peak vehicles/base vehicles)

* Spare ratio (total revenue vehicles/peak vehicles)

* Vehicle utilization (revenue miles/revenue vehicles).

In addition, roadcalls per 1000 revenue miles and labor hours per
1000 revenue miles were tried as independent variables. A nurber of

functional formm were tested based on a-priori expectations. The final
models chosen were:

RC = -0.8022+ 0.114 Ln (VEH) + 8.905/SPEED
R" = 0.175 F = 11.48
where RC = roadcalls due to mechanical failure per 1000
revenue miles
VEH = revenue vehicles
SPEED = average speed (miles per hour).

and IH = 2.9 + 0.009Vﬂilb+ .88/SPEED + ,80AGE + 9.3RC - 6.1SPARE



where LH

hours of maintenance labor per 1000 revenue miles
AGE = mean age of fleet
SPARE = revenue vehicles/peak wvehicles.

Both models are significant at the five percent level. Only the
intercept of the labor hour model is not significant; the coefficient of
ACE is significant at the 12 percent level. All other coefficients are
significant at 10 percent or better.

Neither model explained a large percent

Nei ther model ge percer f variation (37 percent

for labor hours only 18 percent for roadcall We acknawledge that
this may be due to local departures fram established Section 15
reporting practices, but based on our site visits, we are confident that
the residual variation is also an indication that the management and
maintenance practices we studied in the cases are very important in

explaining variation in maintenance cost and reliability.

s).

Exhibit 5 shows the relationships between speed, fleet size and
roadcalls and between speed, fleetsize, vehicle age, spares, roadcalls
and labor requirements. The graphs shown in Exhibit 5 illustrate the
effect that each of the independent variables would have if they could
be changed without influencing any of the other variables. The effect
of each independent variable (both those that were successfully included
in the models and those which were not significantly related to
performance) are discussed below.

INCLUDED VARIABLES

Speed - Speed is the most significant and has the most explan-
atory power of any variable in both models. Both
40adcalls and labor hours decrease with increases in
speed (or, perhaps, decreases in congestion). We
believe that speed, to same extent, captures the service
profile of the various systems.

Fleet
Size - Total revenue wvehicles was significant in both models.
- This indicates that there are diseconamies of scale in
bus maintenance. In the roadcall model, roadcall
increase at a decreasing rate with fleet size. In the
labor hour mpndel, labor hours increase at a constant rate
with fleet size.

Roadcalls - Roadcalls per revenue mile is significant in the model
for labor hours. Hours of labor increase with roadcalls.
One possible explanation of this result is that roadcalls
are a cause of labor rather than preventing roadcalls.

Spare

Ratio = The ratio of revenue vehicles to peak vehicles is
significant in the labor hours model. Labor decreases
with increases in spare wvehicles. Presumably, having a

17
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Exhibit 5
Effect of Independent Variables on Roadcalls and Labor Utilization
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Exhibit 5 cont'd
Effect of Independent Variables on Roadcalls and Labor Utilization
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large number of spare vehicles allows labor time to be
used more efficiently. The spare ratio was also
signticant in one roadcall model, but it had a positive
coefficient. This may be because systems with unsuccess-
ful mintenance programs are substituting additional
vehicles for improvements in maintenance reliability. We
did not include the positive relationship of spares to
roadcalls in our site selection models.

Age - The average age of the fleet is significant at the li
percent level in the model for labor hours. Hours of
labor increase for fleets with higher average ages. Age
was not significant in the roadcall model. '

VARTABLES NOT INCLUDED IN THE ADJUSTMENT MODELS

Age distribution of fleet. The only models in which the age categories
had significant coetficients included all but one of the age categories
plus the mean age of the fleet.

Dispersion of age. The standard deviation of the age categories was not
significant in either model although it had a correlation of =-.17 with
labor hours per revenue mile.

Peak vehicles. The number of wvehicles used during the peak was
significant when it was substituted for revenue vehicles; it had a
similar effect but was not as significant as revenue vehicles.

Peak to base ratio. This variable was not significant in any of the
models although it had a +.19 correlation with labor hours per revenue
mile. Its lack of significance in the model was probably due to the
+.51 correlation between speed and utilization.

Labor. Although roadcalls per revenue mile was significant in the labor
hours models, the opposite was not true.

The regression models were used to obtain estimates of the residual
variation in our Section 15 data which could not be explained by the
system variables just discussed. Residuals fram the roadcall and labor
models were plotted against one another to develop a display of
departures fram expected performance. Inspection of these plots allowed
us to identity those systems that were along the low roadcall - low
labor/high roadcall - high labor axis by the standards of the two
models.

After 1identifying several of these systems, we analyzed them
individually. First, we checked the consistency of their data by
camparing the 1981 data used for selection to the 1980 and 1979 Section
15 data. If the 1981 data appeared to be inconsistent with the two
previous years, the systen was less likely to he chosen for the case
studies. For instance, the consistency check showed that Duluth, which
wWas a likely candidate by the other criteria, had a 50 percent drop in
roadcalls fram 1980 and 1979 levels.



In addition, the APTA Fleet Inventory for 1981 was checked. The
percentage of the fleet by manfacturer, the percentage of the fleet that
was air conditioned, and the percentage that was lift equipped were
noted as possible causes of variations in labor hours and roadcalls.

The general criteria for choosing our first four sites were:

1. The sites were along the low roadcall-low labor/high roadcall
high labor axis (i.e., the system was either very successful
of very unsuccessful at maintenance).

2, The systems were either medium (100 to 200 vehicles) or large
(600-800 vehicles).

3. The 1981 data was consistent with itself and with the data
fran the previous two years.

Based on these criteria, the following sites were selected.

Low roadcall-low labor systems
Madison, Wisc.
Milwaukee, Wisc.

High roadcall~high labor systems
Dade Co. Fla.

Gary, Ind.

We later added 2 more sites to the sample to give us points of contrast
to the previously selected systems. This involved the addition of two
systems with good roadcall records and high labor utilization:

Low roadcall-high labor systems
San Antonio, Texas
Syracuse, NY

We finally chose Spokane and Tacama, Washington to camplete our design.
Tacam was selected because its data represented it as a low labor, high
roadcally system with Spokane (low labor and low roadcalls) added
because of its proximity to Tacam. Subsequent evidence, however,
showed that Tacama had much higher labor requirements than previously
thought.

The final result of this selectian process resulted in selection
and categorization of the eight case systems as shown below.

Roadcalls per Mile
Adjusted for Local Conditions

Low High
Madison
Labor per Low Mi lwaukee ——
Mile Adjusted Spokane
for Local
Condi tions
High Syracuse Dade County
San Antonio Tacoma
Gary

21



An illustration of the characteristics of the case cities is shomn in
Exhibit 6. This figure shows the observed labor input to maintenance
and roadcall record and the values expected on the basis of regression
analyses as vectors. The tails of the vectors are the values expected
on the basis of the regression models, and the heads represent observed
values. The length of the vector for each systen represents the
di fference between the expected and observed values. Our study design
allows us to interpret the location of the tails of the vectors as the
result of service profile severity and diseconamies of scale (for
roadcalls), as well as fleet age, in-service breakdowns, and spares (for
labor hours). The length and direction of the wvectors tells us how much
better (or worse) than expected each system performs. Short vectors
indicate little variation fram the expected pattern, while long vectors
are a sign of significant departures fran expected performance. It is
these departures that we hope to explain in terms of site character-
istics.

The pattern of residual vectors observed suggests three types of
questions to be pursued:

1. Wy is it that Miami, Tacama and Gary use more labor and have
more roadcalls than expected?

2. Why is it that Milwaukee, Spokane and Madison use less labor
and have fewer roadcalls than expected?

3. Why is it that Syracuse and San Antonio use more labor, but
have fewer roadcalls than expected? Are they "purchasing”
reliability with labor intensive practices?

D. Site Visits and Interviews

Each of the sites identified according to the procedures discussed
above was approached in a similar mammer. This involved the mailing of
a general introductory letter to management describing the purposes of
the study and indicating our intention to telephone to arrange for the
intial site visit and travel to the site to make arrangements for data
collection. Our procedures diverged fram our pre-planned methods at
this point becaus of variations in local interest, candor, time
constraints and cooperativeness. In same cases, we conducted on-site
interviews as planned. In others, question packets were left behind and
were filled out by their intended subjects (same ot whon were sub-
sequently interviewed), and in still other systems, responses were
obtained fram only one or two system personnel. Exhibit 7 summrizes
the type and extent of our fieldwork at each site.

As each case study was campleted several draft copies of the study
were sent to the participating transit agency tor review. Each agency
was requested to return any camrents and corrections within four weeks
of receipt of the draft copies. All agency comments and suggestions
were reviewed by the research team and appropriate alternations were
made in the study if needed. Copies of these cases are listed in the
references section of this report, and are available as separate
publications.
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System

Milwaukee

San Antonio

Miami

Madison

Tacoma

Exhibit 7

Nature and Extent of Site Visits

Parsonal Interviews

General Manager

Supt. of Maintenance

Asst. Supt. of Maintenance
Union President

Personnel Director
Purchasing Manager

Director of Maintenance

Director of Operations
General Supt. of Maintenance
Maintenance Engineer
Asst. General Supt. of
General Maintenance
Asst. General Supt. of
Support Services
Supt. of Administration
and Budget
Supt. of Garages (3)
Maintenance Supervisor
Maintenance Production Coor-
dinator
Mechanic
Union Steward
Manager of Training
Chief of Materials Manage-
ment

General Manager

Asst. General Manager

Maintenance Manager

Maintenance Superinten-
dent

Shop Foreman

Finance Manager

Parts Superintendent

Personnel, Safety, and
Training Manager

Union President

Executive Director

Director of Transporta-
tion

Maintenance Manager

24

Other

Management collected written
responses to interview ques-
tions from all persons indi-
cated in Exhibit 3.

Management collected infor-
mation by telephone from some
of the persons listed in
Exhibit 3 and prepared
written summaries

Management collected written
responses to interview ques-
tions from all persons listed
in Exhibit 3.

Management collected written
responses to interview ques-
tions from all persons lisicd
in Exhibit 3



System

Syracuse

Gary

Spokane

Exhibit 7 (cont'd)

Personal Interviews

General Manager

Asst. General Manager

Director of Purchasing

Director of Maintenance

Director of Human Resources
Management

President of CNYRTA

General Manager

Executive Director
Supt. of Maintenance
Supt. of Transportation
Associate Supt.

N3
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Other

Management collected written
responses to interview ques-
tions for all persons listed
in Exhibit 3

Management collected written
responses for some of persons
listed in Exhibit 3.

Management collected written
responses for persons listed
in Exhibit 3.



E. Analytical Approach

We used three different procedures in analyzing the infommation
generated by the case studies. The first consisted of a close reading
of each case and the development of surmaries addressing each of our
hypotheses. These summaries were condensed into Exhibits to highlight
the most notable features of each system. The second step was to relate
the conditions observed at each system to its performance character—
istics, as defined by deviations fram expected roadcall and labor values
generated in our regression analyses. The purpose of this step was to
identity local conditions which seemed to account for differences not
explained by the Section 15 regression models. Our third step was to
cambine the results fram the first two steps with general impressions
and insights gained by our staff during the course of the research. This
resulted in the development of a summary of the conditions and practices
which seemed to account for variations in maintenace performance at the
sites in question.
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4. Site Characteristics and System Highlights

This Section gives a brief overview of each case study system and
an evaluation of the data used in site selection.

A. Milwaukee, Wisc. The Milwaukee County Transit System (MCIS)
provides fixed route bus service throughout Milwaukee County. Its
service area contains 965,000 people. The climate in Milwaukee is
extreme, with 46 inches of snow per year on average. Low temperatures
in January average ll degrees and August highs are in the 80's.

MCIS is overseen by a special camnittee of the County Board and is
managed by a private, not-for-profit corporation, Milwaukee Transport
Service. The three major divisions of Milwaukee Transport Services
(Transportation, Schedules, and Equipment and Plant) all report to the
operating campany's assistant manager for operations. A summry of
maintenance experience at MCIS is shown in Exhibit 8. These figures
show that MCIS's roadcall record has been relatively stable, and that
its 1981 labor data is not out of line with pervious years. It is
reasonable to classify Milwaukee as a site which has achieved a high
degree of reliability in recent years with a relatively low labor
requirement. But it should be noted that its labor data shows an upward
trend. Other significant aspects of the MCIS case prepared by Kosinski
(1984a) are shown in Exhibit 9.

Milwaukee benefits from its private not-for-profit approach to
management, high mechanic salaries, open cammmication, and willingness
to innovate. Monitoring with dynamapeters and oil analysis have proven
useful (APTA, 1982). Due to budget cutbacks and staff reductions, use
of written procedures was gradully discontinued during the era of
private ownership but MCIS has continued to insist on pre-run in-
spections. Training programs, special door repair classes, and a brake
"hot line" are all attempts to deal with emerging problems. The upward
trend in MCIS labor costs may reflect the impact of new equipment or
inadequate staff and skill levels.

B. Dade Co., Fla. The Metrobus System in Dade Co., Florida is the
fixed route bus portion of the Metropolitan Dade County Transportation
Adminstration. It serves an urban area of 1.6M people. The climate in
Dade Co. is characterized as subtropical marine, with long, warm, wet
sumers and mild, dry winters. Low temperatures in January average in
the 50's and August highs are about 90 degrees. High heat, humidity,
~and air borne salt cause maintenance problems for Metrobus.

The Dade Co. system is a department of the County govermnment. Its
executive director reports directly to the County board. Bus mainten-
ance, planning and scheduling, and transportation all report to the
Director ot Operations at Metrobus. A summary description of mainten-
ance performance at Metrobus is shown in Exhibit 10. These figure
reflect an expansion of Metrobus's fleet and growth in both peak and
base service over the last 4 years. What is of particular note is the
relatively high degree of agreement in revenue miles, total roadcalls,
and labor hour figures for 1981 and 1982. This establishes a fair
amunt of credibility for those data points. (Less credence is owed to
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Exhibit 8

Milwaukee County Transit System Data Profile

1982 1981 1980 1979

Fleet size o1l 719 585 597

peak 497 499 472 458

base 264 268 264 250
Revenue miles (RM) 21,912,734 21,843,463 20,894,000 19,882,000
Revenue hours 1,740,602 1,750,223 1,854,000 1,542,000
Average speed 12.5 12.5 11.3 12.9
Total roadcalls 11,180 12,575 10,551 7,722
Roadcalls (mech. fail) 6,900 7,278 6,668 5064
Roadcalls (mf.)/1000 RM 0.31 0.33 0.32 0.25
Hour of maintenance labor 593,498 555,825 448,050 375,355
Labor hours/1000 RM 27.08 25.3 21.4 18.9
Average fleet age 9.0 12.9 15.2 13.5
Fleet composition in 1981

3 M : 84% includes 150 RIS's

% Flx : 16%

% AMG : -

% Other : -—

% Lift equipped: 40%

% air conditioned: 40%
Source: Section 15 Data and APTA Fleet Inventory
Note: The internal working definition of a roadcall in MCIS is a

dispatch of a wmechanic for a bus change or a bus repair.
This is different fran the definitions wused in Section 15

reporting.
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Exhibit 9
Highlights of the Milwaukee Case

Management

I.” Cammication between management levels is frequent and open. Most
members of the current management team were employees of the
predecessor private Milwaukee bus system.

2. Written policies were gradually discontinued because of budget
constraints during the era of transition fram private ownership to
public ownership.

3. The Board of Directors is not actively involved in maintenance
policy decision-making.

4. PM is done on a 2.5, 5, 30, 100 thousand mile cycle. Oil analysis
and dynamometers are used. Mandatory pre-run inspections are done.

5. A camputer inventory and record system is being planned.

Labor
I. Both sides view their relationship as cooperative.

2. [Employee suggestions are viewed as part of maintenance policy
development.

3. Until recently, most mechanic openings were filled by driver-
cleaner-mechanic progression. However, recruitment has lagged
behind need, so an apprenticeship program has been developed.

4. Testing is used as the basis for hiring and promtion. Six and
twelve oonth training programs are available for those seeking
pramtion.

rating Enviromment
. and new loock (M wvehicles were in use in 198l1. The recent
addition of a Neoplan subfleet has led to inventory difficulties.
Average wvehicle age was 12.9 years in 1981.

2. lLocal weather-related factors include extremes in temperatures,
heat, cold, potholes, snow and roadsalt.

Budget
I. The budget is prepared using an incremental line~item process.

2. Mintenance accounts for 18% of operating costs.

Physical Facilities

1. TThe shop and one garage were orxginally built-for streetcars. Two
new garages have been built since 198l1. Not all garages can
service all vehicles.

2. An engine washer and dynamameter are needed in one garage, but
space limitations prevent installation. Frame straightening and
wheel aligrment equipment is needed. Homemade lubricating
equipment was recently replaced.
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Exhibit 10

Metrobus System Data Profile

1982 1981 1980 1979

Fleet Size 865 073 654 673

peak 441 428 425 413

base 361 317 309 286
Revenue miles (RM) 22,952,993 21,660,833 - 19,365,000
Revenue hours 1,969,634 1,703,771 - 1,654,000
Average speed 11.65 12.7 - 11.7
Total roadcalls 35,769 38,893 24,354 24,643
Roadcalls (mech. fail) 24,899 32,596 21,652 21,401
Roadcalls (mf.)/100 BMl) 1.08 1.50 - 1.11
Hours of maintenance labor 1,097,682 1,001,600 773,900 563,200
Labor hours/1000 RM 47.82 46,2 - 29.1
Average fleet age 8.1 9.0 9.0 7.3
Fleet camposition - 1981

$ QM : 65% This includes 260 RIS-11-04

$ Flx : 15%

3 AMG : 16%

% Other : 4%

% Lift equipped: 0

$ air conditioned: 99%
Source: Section 15 Data and APTA Fleet Inventory
Note: The internal working definition of roadcall in Miami is a

driver reported defect.

which are used for Section 15 reporting.
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the 71980 and 1979 data becuase of known problems in the startup of the
Section 15 data program). The one discrepancy which shold be noted is
that the 1982 and 1981 mechanical roadcalls/1000 mile figure. The
difference between these values indicates a need for caution in
interpretation, but even if 1.1 is used as a plausible figure, this
system still represents a case where labor and roadcalls are higher than
expected.

It should be noted that our selection and review of the Metrobus
system was campleted prior to the opening of Metrorail in 1984; however,
sane of the effects of system expansion on bus opertions were documented
in the case analysis.

There were many notable features about the Miami case. These
include Miami's new rail system, construction of several new garages,
and the organization of the bus system as a part of county goverrment.
Other observations based on the case prepared by McKnight (1984a) are
listed in Exhibit 11. Miami is a system with both internal and external
problems. Its external problenms include weather and service conditions,
frozen mechanic positions and understaffing, and its lack of autonamy in
purchasing and hiring. Its internal problems include a history of
transitions in management, some outmoded and poorly designed facilities,
high overtime expenses and the absence of formal or traditional
mangement processes. There appears to be a great deal of activity in
Metrobus to improve the overall efficiency and effectiveness of the
system. This includes the County Board's mandated MBO system, the
develorment of department-level performance measures, the institution of
a2 major training program, and an agressive program of garage construc-
tion and test equipment acquisitions. In addition, Metrobus management
seems to be pursuing innovations in equipment improvement, and increas-~
ing its ability to test and monitor wvehicles on a daily basis.

Metrobus has been very aggressive in dealing with the backlog of
work which resulted fran past mismnagement and equipment problems. For
example, its engineers pioneered the AMG air conditioner retrofit. It
has created an inspector general position and organized a quality
assurance section. It has hired a number of "production coordinators"
whose primary responsibilities are to analyze and interpret camputer
reports on system performance. It has also decided to contract out a
significant portion of its backlog to avoid engagement in a .constant
"catch-up" regime of maintenance. It has established a training program
to develop a more qualified internal staff.

C. San Antonio. Via Metropolitan Transit is the third largest
systen included in our study. It serves Bexa County, Texas which covers
1157 square miles and has a total population of 982,000 people. The
climate in San Antonio is hot and arid. Low temperatures in January are
near 40 degrees and sumer highs average about 96.

VIA Transit is organized as a Regional Transit Authority which is
supported by a } percent sales tax. The Board has 1l members appointed
by elected officials. The predecessor agency to VIA, the San Antonio
Transit System was extremely active in a variety of mintenance
activities, including contract maintenance for mmicipal vehicles such
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Exhibit 11
Major Characteristics of the Miami Case

Manangement
l. A series of mmnagement transitions has occured in recent years.
"Thig has resulted in sore reorganization and lack of rl:n-*'fv about
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analysis is done. No pre or post run inspections are done.

6. An in-house camputer system for inventory and maintenance record-
keeping is being developed. A service bureau is now used for
roadcall reporting. Attempts to wuse off-the-sheli inventory
sof tware were unsuccessful.

Labor

1. The relationship between union and management is defined as adversarial.
2. Labor and management meet regularly in formal meetings.

3. A new 7% months training program has been established because of

problems in recruitment. The union says that salaries are too low,
and management claims applicants are not well qualified and have language
deficiencies.

4. Testing programs are used for hiring and pramtion. Tuition rebates and.
refresher courses are available.

Operating Enviromment

1. The fleet incluedes FLX, RIS, AMG, and older GM vehicles. This has
severe inventory effects.

2. Heat, hmidity and air conditioner design cause significant
problems. Airborne salt causes corrosion.

Budget
e budget is prepared as a group effort. Data processing support
is inadequate. Management hopes to go into a 3-5 year maintenance
Planning and bus acquisition cycle.
2. Mintenance accounts for 25% of operating expenses. The average for
systems of this size is 18.3%. A number of staff positions are
frozen, and there have bheen budget cuts in the past.

Physical Facilities

1. New garages were built in 1969 and 198l1. An older facility was
recently rebuilt. Lift orientation and design is a problem in the
newer garage.

2 No equirment problems were noted, excent that space a dvnananete

. t for
s ! equipment pro were noted, ept t! Spa Ior 2 Cgynananete
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was eliminated to accompdate an elect for the new
rail c.-vcfam
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as fire trucks, tow trucks and autambiles. This same facility now
serves VIA's transit fleet. It has a large floor area, and an extensive
machine shop.

A summary of Section 15 data describing VIA's recent history is
shown in Exhibit 12. These figures show a reasonable amount of
consistency. The recent change in age, labor, and roadcalls are not
dramatic enough to alter the pattem of expected and observed indicators
shown in Section 3.

The case description of VIA (Kosinski, 1984b) does not include as
mach information as those on Miami and Milwaukee because of differences
in management preference about the conduct of site visits, but there are
a number of notable features in the VIA case. Exhibit 13 lists the
major points. Among these are the facts that it controls its own
intentory and procedurement, it handles its own hiring procedures, and
does not follow the practice of recruitment of mechanics fram the driver
and cleaner ranks. Its involvement of both maintenance and transpor-
tation personnel in pre-run inspections is also unusual. The relatively
low nunber of roadcalls at VIA should be interpreted in light of the
fact that it has the highest average speed of any of our case systems
and rather low load factor (passenger miles per revenue mile). It
Should also be rememhered that VIA can afford to be labor intensive
because San Antonio has a very low (non-transit) average wage rate. An
example of this is VIA's practice of reworking cylinders and bearings,
and rewinding generators, as opposed to purchasing of new or contract
rebuilt units. Still, VIA has the lowest maintenance cost per mile, and
the highest ratio of mileage to total roadcalls of any of our 8 case
systems.

D. Y Centro, Inc. NY Centro is a public corporation which
provides transit service tor Syracuse, NY and surrounding counties. The
population of its main service area is 390,000. Centro is located in
upstate New York. This region has long, cold winters with average
January lows of 16 and short, mild summers with highs near 82 degrees.
Syracuse receives moderate amounts of rain and heavy amount of snow.

ONY Centro is part of the Central New York RTA. It was created in
the public takeover of the private Syracuse Transit Corporation in 1972.
NYRTA's board includes two directors with transportation backgrounds.
QY Centro's maintenance profile is shown in Exhibit 14. These figures
are awong the most consistent in our sample of eight systems, with the
exception of the 1979 labor hour report. The most visible feature of
QY Centro is its new facility, a multipurpose building which provides
space for bus storage and servicing, repair shop, QNY Centro, and ONYIRA
adminstrative offices, Details about this facility are included in our
detailed case discussion (Kosinski, 1984). The major highlights of the
QNY system are noted in Exhibit 15.

QY Centro is remarkable because it was performing well even before
it moved into its new facility. ONY Centro relied on 8 old garages
prior to campletion of its new garage. These new scattered throughout
the city, and most were quite small, resulting in severe inventory
access problems. It seems to confirm the importance of good management,
pre and post run inspections, and qualified labor. It is, in many ways,
similar to San Antonio in these reg‘;rds.
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Fleet size

peak

base
Revenue miles (RM)
Revenue Hours
Average speed
Total Roadcalls
Roadcalls (mech. fail)
Roadcalls (mf)/1000 RM
Hours of maintenance labor
Labor hours/1000 BM
Average age of fleet

Fleet camposition in 1981

% oM: 89% 50% RIS
$ Other: 11%

% Lift equipped: 5%
% Air conditioned 100%
Source:

Note:

bus repair.

Exhibit 12
VIA Metropolitan Transit Data Profile

1982 1981 1980 1979
454 530 403 '
372 338 329 !
148 151 177 N
14,00,3118 14,230,963 13,214,279 o)
997,975 1,010,278 §00,594 T

14.0 14.1 14.7

2,660 2,767 2,992 I
644 926 1,087 N
6.05 0.09 0.08 B
405,663 420,375 267,051 0O
28.9 29.5 20.9 o
8.2 8.9 10.4 K

Section 15 reporting.
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The internal working definition of a roadcall in San Antonio
is a mechanic being dispatched for either a bus change or a
This is different fran the definitions used for



Exhibit 13
Highlights of San Antonio Case

Management
. The head of mmintenance is extremely experienced and is a strong
force in the organization.

2. A vwritten set of policies and procedures covers all aspects of
maintenance.

3. PMis done on a 4 and 48 thousand mile cycle. Pre-run and post-run
inspections are required; pre-run inspections include tire pressure
testing. Both maintenance and transportation personnel are
involved in the pre-run check. In-house 0il evaluation for liquid
contaminants is done.

4. No plans have been made tor camputerization.

5. Inventory and procurement are the responsibility of the maintenance
depar tment.

Labor
I.” A cooperative relationship with labor exists.

2. Only experienced mechanics are hired. Only 5% of all applicants
are hired. 30% of new hires are teminated during their probation-
ary period. Salary levels are low relative to the industry, but
pramtion increments are high and San Antonio's heavy industry was
generally impacted by the recent recession.

4. A tuition rebate program is available,
Operating Enviromment

1, VIA's fleet is predaminatly GM, with 50% RIS wvehicles. No
inventory problems have occurred.

2. Heat and lwumidity, and air conditioning design have caused
problems.

Budget
. Maintenance prepares its own budget.

2. Savings of 1-3% have been realized in recent years. They were
attributed to the addition of newer vehicles to the fleet.

Physical Facilities
1., The current garage, built in 1948, has ample space and shop
equipment; it formerly maintained other vehicles as well as buses.

2. No equipment needs were noted. No unit rebuilding is contracted
out, expect for crankshafts.

3. No inventory logistics problems were noted.
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Exhibit 14
ONY CENTRO Data Profile

1982 1981 1980 1979

Fleet size 165 159 161 163

peak 114 114 114 131

base 70 63 63 56
Revenue miles (RM) 3,879,126 3,955,412 4,092,133 4,103,022
Revenue hours 334,028 341,019 345,512 339,186
Average speed 11.6 11.6 11.8 12.1
Total roadcalls 960 881 862 1158
Roadcalls (mech. fail) 527 545 602 903
Roadcalls (mf.)/1000 RM 0.13 0.14 0.14 0.22
Hours of maintenance labor 122,800 118,000 115.986 10,900
Labor hours/1000 RM 31.6 29.8 28.3 2.7
Average age of fleet 8.6 9.4 8.5 7.4
Fleet Camposition in 1981

TtoM 22%

$ Flx 55%

% AMG 14%

% Other 9%

% Lift equipped 3%
% Air conditioned 381%

Source:

Note:

Section 15 Data and APTA Fleet Inventory

The internal working definition of a roadcall in ONY Centro is
a defect which causes a service disruption. This is the definition
used for Section 15 reporting purposes.

It should also be noted that ONY Centro owns and operates
the fleet shown here, but maintains an additional 17 buses
for another transit system. See the Case Study for Jetails
(Kosinski, 1984C).
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Exhibit 15
Highlights of the Syracuse Case

bhnaganent
. The eral Manager has taken an active team management approach

which involves high levels of staff interaction and an exphasis on
staff development.

2. General Manager and Mintenance Manager erphasize continuous
reevaluation of mmintenance procedures. Msintenance performance
reports are reviewed by the Board of Directors.

3. PM is done on a 6000 mile cycle by a team of dedicated mechanics.
Both pre and post-run inspections are required. Tire pressure is
checked daily because tires are owned, not leased.

4. An extensive camputer system is used for work order processing,
inventory control, record keeping, and cost accounting.

Labor
T, Union-management relations are cooperative, but there are occasional
disputes about overtime and attendance.

2. Frequent, informal meetings are held between labor and management.

3. FErphasis has recently changed fram on-the~job training of unskilled
workers to an apprenticehsip program.

4. Testing is used for hiring and pramwtion. No formal training
progratm for current employees have been developed.

Qgeratmg Envirorment
l. Over 50% of the fleet is FIX, thh the remainder being GM and QMVG.
No inventory problems were reported.

2. The climate causes problems because of cold and snow, road salt and
potholes.

get
. Detailed cost accounting is done to allocate changes for cantract
work.
2. Parking facilities are a revenue source.
3. No budget problens were reported.
Physical Facilities
1. The system's new garage has a number of state-oif-the-art features,

but prior to 1982, work was performed at 8 sites scattered
throughout the city.

2. The new garage has a drive on dynamometer, a special lift-equipped
bus painting booth, an overhead crane to transport engines fram
service bays to shop areas; autamtic diagnostic equipment
is being installed.

3. Inventory is centrally located.
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E. Gary Public Transportation Corporation. .= GPIC provides transit
service for Gary, Indiana's 152,000 residents. The service area of GPIC
is 60 square miles. Gary's climate is extremely variable, with summer
highs in the eighties and winter lows averaging 17°. Gary typically
gets 42 inches of snow per year.

The GPTC is headed by an appointed Board of Directors which serves
without campensation. Management, hiring, and procurement - as well as
transportation~are handled by Gary Intercity Lines, Inc. Gary Intercity
Lines was the city's private carrier., The City of Gary purchased the
campany's interest in the system in 1975, but retained it to manage the
actual provision of service.

Indicators of GPIC's maintenance profile are shown in Exhibit 16.
These figures show several inconsistencies. The first is in the 1980
labor data. The figure is obviously too low, and it quite out of line
with previus and succeeding years. However, if we discount the 1980
data, it appears that Gary has increased its labor comitment to
maintenance each year. The second inconsistency is in the number of
mechanical and non-chargeable roadcalls. The 1979 data can be dis-
regarded because of known problems in the startup of the Section 15
collection effort. However, there is a dramatic drop in the 1982 data
which is not consistent with the published performance indicator for
roadcalls in the 1982 data. We believe that 0.86 is the appropriate
figure to use based on calculations made with raw section 15 data. This
mmber, taken in conjunction with the increasing labor figure, shows
that GPIC is slowly increasing its reliability - but at the cost of

increases in its labor camittment. This may indicate that Gary is
moving toward the situation at San Antonio and Syracuse (higher than
expected labor, but fewer roadcalls), but it is still in the early
stages of such a movemrent.

The most visible feature of the Gary Case is the system's extermely
old maintenance facility which originally was constructed as a factory
in 1890. This facility has only one lift capable of servicing RIS
vehicles, and severe problems with vandalisn and cold weather are caused
by ocutside vehicle storage. These problems should be alleviated shortly
be the construction of a new garage. Other characteristics of Gary's
Operations, as noted by Crnkovich (1984), are listed in Exhibit 17.

Gary is extermely important case in our study because it is a smll
system in a large urban area, and it is still operated by the original
for-profit campany. Its current situation, however, seems to indicate
that it has suffered fram the lack of public attention-and funding-since
it was taken over by the public sector. It appears that Gary has a
relatively low number of mechanics for its fleet size, one for every 12
vehicles. Madison, San Antonio and Tacoma, in contrast, had a
one-to-five mechanic wvehicle ratio. This variance cannot be explained
by the system's spare ratio because Gary ran 288,000 revenue miles per
mechanic in 1981, campared to 89,878 miles per mechanic in Miami. These
figures indicate an understaffed system, with excessive reliance on
overtime.
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Exhibit 16

Gary Public Transit Corporation Data Profile

1982 1981 1980 1979

Fleet gize 115 Li5 Q9 100
peak 8l 88 84 89
base 50 53 50 50
Revenue miles (FM) 2,276,806 2,593,826 2,212,142 2,144,420
Revenua hours 166,265 205,070 171,514 161,686
Average speed 13.6 12.7 12.9 13.9
Total roadcalls 1566 2675 3087 1,805
Roadcalls (mech. fail) 600 2451 2916 1,451
Roadcalls (mf.)/1000 RM 0.26/.86* 0.94 1.32 g .68
Hours of maintenance labor 97,188 91.904 7.072 68,035
Labors hours/1000 RM 42.68 35.4 3.2 31.7
Average fleet age 10.3 9.3 10.0 7.9

Fleet camposition in 1981
t M 100% including 15% RIS-03
$ Flx - '
$ AMG
$ Other

% ¢a oo oo

*0.26 was camputed fran these data. The Section 15 report, however, shows
0.86 as the performance indicator.

Source: Section 15 Data and APTA Fleet Inventory
Note: The internal working definition of a roadcall in

Gary is a driver reported defect. This is different
fron the definitions used for Section 15 reporting.
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Exhibit 17
Highlights of the Gary Case

Management
. Management meets daily.

2. No written policies have been established

3. System management is involved in maintenance on a daily basis, but
the Board is not.

4. The city council and transit management staff reflect Gary's
changing population characteristics.

5. PM is on a 4 and 9 thousand mile cycle. No pre or post run
inspections are conducted.

6. Inventory and vehicle records are kept manually.

Labor
I, Management described its relationship with the union as adversarial.

2. Meetings with the union are restricted to grievances and contract
terms.

3. A need for mechanics qualified in air conditioning and electrical
systems was noted. Salary levels are low relative to other transit-
systems and to Gary's heavy industry.

4. No testing is used for hiring or pramtion. Tuition rebates and 23
hours of on-the-job training are provided to employees.

Operating Enviromment
1. The fleet consists of 8 models of GM equipment with a 15% RIS

subfleet.

2. Mintenance is difficult in Gary due to heat, cold, snow, and
potholes.

Budget

ge
. e budget is prepared on a line item incremental basis.

2. 24% of the cost of operations is attributed to maintenance. There
are ummet equipment needs and staff shortages.

3. local funding is paid out of general mmicipal revenues; this
source has been severely impacted by the recent recession.

Physical Facilities
1. The current tacility was constructed as a factory in 1830

2. The current facility provides inadequate space for inventory and
has precluded acquisition of test equipment.

3. The current facility has two pits and 1 lift.
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F. Madison Metro. Madison Metro serves an urbanized area of
251,000 people, including the University of Wisconsin. Its temperature
range is extreme averaging 8° - 81° in January and July. It typically
has 40 inches of snow per year.

Madison Metro was taken over the city in 1970. It was managed by a
private fimm until 1982 at which point a different firm, ATE, toock over
its management functions. This change in management wa significant
because of ill-will and labor disputes involving the old management
campany. Metro also has a new garage and office building which was
campleted in 198l. Metro's operating contract is monitored by the
City's Department of Transportation, an appointed Transit Utility
Cammittee, and a Transportation Camission which reports to the City
Council. Madison Metro's maintenance profile is shown in Exhibit 18,
These figures are among the most stable in our sample.

Notable elements of Metro's operation, as described by McKnight
(1984) are shown in Exhibit' 19. Madison is unlike other systems in our
sample because it has a stated, quantifiable, and realistic (attainable)
target for roadcalls, as opposed to zero defect, cost minimization
goals. It requires pre and post run inspections like other systems
which seem to be good performers, but it does not use camputerized
diagnostics or oil analysis. The wvalue of its maintenance system was
proven in 1981 when it experienced severe problems with RIS air
condi tioner performance. It is remarkable that its reliability record
actually improved during this period due to careful management. It is
also notable that Madison had to increase its PM Internal fram 6,000 to
9,000 miles during this period because of the increased air conditioner
workload--and that this did not have a noticeable effect on reliability.

G. Tacam. Pierce Transit, headgquartered in Tacam, Washington,
provides service for Tacama and several other cities in Pierce County.
Its service area is 275 square miles and contains 436,000 people.
Tacam has a npderate climate, with rainy winters and an annual temper-
atures range of 30-80 degrees. There are a number of steep grades on
Tacam's streets.

Pierce's predecessor was taken over by the City of Tacama in the
early 1950's. It was reorganized as an independent mmicpal corpora-
tion, similar to an authority in 1980. Its new executive director has
introduced MBO techniques and initiated development of a new management
information system. Pierce's supervisory board is camposed of 7
appointed camissioners who recieve monthly performance data-including
maintenance indicators.

Pierce's maintenance profile is shown in Exhibit 20. This profile
shows significant growth in service provided, and, in 1981 and 1982, a
simul taneous improvement in labor productivity and reliability. The 1980
labor data appears to be out of line with previous and subsequent years.
Although % of the fleet is equipped with wheelchair lifts, but these
are not heavily used.
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Exhibit 18
Madison Metro Data Profile

1982 1981 1980 1979

Fleet size 193 193 193 159

peak 141 146 142 122

base 104 111 54 54
Revenue miles (RM) 4,473,483 4,694,295 3,980,395 3,687,166
Revenue hours 325,026 338,612 317,175 301,953
Average spped 13.7 13.9 12.5 12.2
Total roadcalls 560 414 524 352
Roadcalls (mech. fail) 451 361 491 327
Roadcalls (mf.)/1000 RM 108 0.077 0.123 0.089
Hours of maintenance labor 72,256 70,073 95,320 69,888
Labor hours/1000 RM 16.1 14.9 23.9 19.0
Average fleet age 10.0 9.0 7.9 10.2
Fleet camposition *

s oM : 100% 48 RIS 11's; Remainder New Look

$ Flx -

$ AG -

% Other -

% Lift equipped: 0
$ air conditioned: 86%

* Based on 1982 APTA Inventory. Madison was not listed in 1981.

Source:

Note:

Section 15 Data and APTA Fleet Inventory.

The internal working defintion of a roadcall used in
Madison is a bus change. This is different fram the
definition used for Section 15 reporting. Madison
staff made a point of showing us that they have records
which are consistent with the Section 15 definitions.
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Exhibit 19
Highlights of the Madison Case

Management
1. Weekly staff meetings, including maintenance, finance and oper-
ations, are held by the general manager.

2. None of Madison's witten policies govern maintenance.

3. Muintenance performance indicators are reported to the local utility
cammittee on a monthly basis.

4. PM is done on a 6000 mile cycle. Pre and post-run inspections are
required and they are regularly conducted.

5. Vehicle records and inventory systems are manual.

Labor
I, There was a major strike in 1980, but relations between the new
management team and labor are viewed as cooperative.

2. Management credits workers with many useful innovations.

3. Driver-cleaner-mechanic progression is viewed a problem by
management. This mechanism is not adequate to fill current
vacancies, a.nd does not attract skilled mechanics.

4. A test for entry level mechanics is being developed. There are no
tests for pramotion.

Operation Enviromment
l. Madison has an all QM fleet, with 24% RTS equipment.

2. Cold, heat, snow and potholes were listed as maintenance problems.

Bu_d.ge t

l, A line item incremental budget process is used. An attempt to use
unit cost information identified unmet data needs.

2. The budget seems to be adequate (21% of operating costs), but
additional staff positions are needed to reduce overtime.

3. Madison enjoys strong support fran the public and muncipal
government .

Physical Facilities

1. A new garage was constructed in 1981,
2. New lifts are needed to accamdate RIS equipment.

3. Parts storage is satisfactory.
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Exhibit 20
Pierce Transit Data Profile

1982 1981 1980 1979
Fleet size 191 170 115 116
peak 132 104 92 -—
base 75 44 41 41
Revenue miles (RM) 5,073,735 3,487,776 3,200,610 3,200,610
Revenue hours 350,543 260,549 238,084 238,804
Average speed 14.4 13.4 13.4 13.4
Total Roadcalls 4,342 3,043 1,505 1,343
Roadcalls (mech fail) 3,114 2,670 1,369 1,167
Roadcalls (mf)/1000 RM 0.61 0.77 0.42 0.36
Hours of maintenance labor 146,160 131,200 2,080 78000
Labor hours/1000 RM 28.8 37.6 0.64 24.4
Average fleet age 16.1 14.5 15.0 17.0

Fleet Cumposition in 1981

$ QM 60%

$ Flx 19%

% Other 21%

$ Air conditioned 24%

% Lift equipped 25%

Source: Section 15 Data and APTA Fleet Inventory

Note: The
In Tacama

the dispatch of a mechanic. This

the definitions used in Section 15 reporting.
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Pierce is a very interesting case because its executive director
has 20 years experience in transportation, including 4.5 years in fleet
management. In an interview, he identified three causes of maintenance
problems in the transit industry (1) lack of managerial talent, (2) lack
of recognition of the importance of maintenance, (3) deferral of
maintenance.

Other significant aspects of Pierce, as described by MKnight
(1984c) are shown in Exhibit 21. Pierce is an example of a system whose
management is implementing a number of measures to control maintenance.
Like Madison, it has stated, attainable goals and objectives and its
monthly reports track performance over time and campares performance to
previously established targets. Pierce's drivers do not always do pre
and post-run checks, but the maintenance department campensates for this
with an extensive, calendar based inspection schedule which probably
accounts for its high labor utilization. Management seemed quite open
about the labor intensiveness of using its manual history system for
anything but vehicle-specific analysis, but it is planning a camputer-
ized MIS.

H, Spokane. The Spokane Transit Authority is the smallest system
included in our study. It has a fleet of 80 wvehicles in 1981, but it
grew by 50% in 1983 to 120 wvehicles (McKnight, 1984d). Spokane's
Section 15 maintenance data (shown in Exhibit 22) shows year-to-year
changes, Its 1980 and 1981 data are very similar, but its 1982
statistics show an extremely low revenue hour figure and a labor
canmi tment more camparable to 1979 than 1980 or 198l. There is a major
difference in speed between 1981 and 1982 (imputed fram revenue
miles/revenue hours). These factors raise same questions about the
magni tude of Spokane's departure fran expected performance, but in any
event it is a low labor-high reliability system. Mjor differences
between Spokane and Tacoama (besides fleet size) include Spokane's more
extreme climate (20-85° F temperature range), higher snowfalls amounts,
and the absence of lift equipment.

The Spokane system was purchased by the city fram the National City
Lines in 1968, but National continued to run it under a management
contract. Spokane Transit was established as an independent authority in
1980. Its board is appointed, and receives monthly reports concerning

maintenance. The major points of Spokane's system are summrized in
Exhibit 23.
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Exhibit 21
Highlights of the Tacama Case

Management

1. Working relationships between managers is good. There has been a
reorganization since 1981.

2. Maintenance has quantified goals and objectives.

3. The Board of Directors receives maintenance reports but are not
involved in maintenance.

4, PM program involves bi-weekly (1300 mile) inspections and occa-
sional oil analysis. Frequent inspections are necessary because
pre-run and post-run checks are not always conducted.

5. Camputerization of repair records is plamned. An outside vendor
manages inventory data.

Labor

1. Union and management disagree on the tenor of working relationship.

2. Meetings are held to discuss employee relations and maintenance
performance.

3. Recruitment does not seem to be a major problem. Wage rates are
above average.

4. Testing is used for hiring and pramwtion. An apprentice program is
being developed.

Operational Enviromment

l. The fleet is 60% M, 19% F1LX, and 21% Grumman 870. Parts stocking
is made difficult by this diversity.

2. Hilly terrain has required changes in gear ratios.

Budget

l. The maintenance budget is a relatively smll percentage of operating
costs (17%).

2. It was reported that, in recent experience, "adequate funding has
led to increased quality in maintenance."

Physical Facilities

1. The present 1948 facility has hoists and pits which cannot accamdate
40 ft. vehicles. A new garage is planned.

2. No equipment problems were reported.
46



Exhibit 22
Spokane Data Profile

1982 1981 1980 1979

Fleet size — 80 80 80 68
peak 71 -— 71 62
base 45 - 45 41
Revenue miles (RM) 2,307,387 2,183,774 2,183,774 2,043,792
Revenue hours 162,615 226,296 266,296 182,023
Average speed 14.1 8.2 8.2 11.2
Total Roadcalls 696 743 872 616
Roadcalls (mech. fail) 671 711 828 584
Roadcalls (mf)/100 RM 0.29 0.32 0.38 0.28
Hours of maintenance labor 55,860 34,848 33,131 52,836
Labor hours/1000 RM 24.2 16.0 15.2 25.9
Average age of fleet 8.3 8.1 7.8 7.6

Fleet coposition in 1981

$ M 100% includes 21 RIS-II
$ Air conditioned 82%

$ Lift equipped: 0%

Source:

Note:
is a bus change.

Section 15 Data and APTA Fleet Inventory

used in Section 15 reporting.

47

The internal working definition of a roadcall in Spokane
This is different fram the definitions



Exhibit 23
Highlights of the Spokane Case

b/hnagenent

1. The heads of Operations and Maintenance enjoy a good working
relationship. There are same differences in managemnent philosophy,
but this does not seem to have affected performance.

2. Management is implementing an MBO system.

3. The board of directors receives maintenance trend reports, but
is not involved in setting procedures.

4., PM is done on a 5000 mile cycle, with major 100,000 mile inspections.
Pre-run inspections are required, and usually are done.

5. There are camputer systems for inventory and maintenance.
Labor

l. Labor-management relations are cooperative. Foremen are members
of the union.

2. Daily meetings with employees are held to disucss safety, efficiency,
and equipment.

3. No problems in attracting qualified labor were identified.

4. Testing is used for hiring and pramtion. A 3 year apprenticeship
program has recently been developed.

Operating Envirorment

1. The all-GM fleet includes 26% RIS buses.

2. Hills, heat, cold and snow cause maintenance problems.
Budget

1, The budgeting process is incremental

2. Mintenance feels that its budget is in adequate.

Physical Facilities
1. The garage is 100 years old, but a new facility is planned.

2. Mintenance would like new equipment, but the necessary funding
is not available.

3.  Physical layout makes access to inventory difficult.
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5. Findings

Our field efforts were intended to answer five general questions
about the effect of management, labor, budget, equipment, and operating
conditions on mmintenance. These questions were refined and restated as
hypotheses about the characteristics of good maintenance practice. Each
of these question arcis and hypotheses will be reviewed in turn in this
chapter. We have not conducted any formal tests of the hypotheses
because of our case study orientation and because of the great latitude
for interpretation built into our procedures, but several important
cbservations were generated about the areas upon which the hypotheses
focused our attention.

Our analysis will be presented in five section. Each section will
review the initial hypotheses we advanced before conducting our
fieldwork and our findings on these points. In mnst cases, we will be
unable to draw definitive conclusions about our hypotheses, but we will
to highlight examples of good practice and problem areas. Other
significant findings, not anticipated in planning our fieldwork, will be
discussed at the end of each section. These are findings which are
based on post-hoc camparisons. We believe that equal weight should be
given to both of these types of results.

A, Management

The concerns of our management questions were cammmication, policy
statepents and performance evaluation, organizational priorities,
preventive maintenance and canmputerization.

i. Cammication in Management. Few systems reported any strain
in the relationships between managing directors and maintenance
managers. Sare of the systems we visited depended on formal, regularly
scheduled meetings, and others relied on frequent, informal discussions.
Madison, for example, holds weekly staff meetings involving finance,
operations, and general management. Tacama, in contrast, emphasized the
high degree of trust and respect anong management as opposed to rigidly
scheduled meetings. The only hints of difficulty in this area were
found in Spokane and Miami. The Miami case outlines the long history of
management transitions that have interfered with canmmmication -~ and the
apparent improvements being effected by the new management team. It is
apparent that these improvements have not campletely eliminated
misunderstandings in Miami, as evidenced by its inventory control
problems and staff confusion over the status of camputerization. The
Spokane case is one of differences in management style, more than
camuncation difficulties.

Our cases did identify two approaches to improving cammmication.
Tacam and Miami are developing Management by Objectives systems which
should clarify responsibilities. This mechanism seems to have been well
received. Syracuse (which already has a strong accountability system),
on the other hand, has established a highly interactive team management
approach in all of its departments. We are unable to identify any
strong pattern related to camumication failure among management for
contrast. However, Miami's experience can be used as an illustration of
management's (apparently successful) attempt to improve accountability.
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ii. Policy Statements and Performance Evaluation. Our questions
about policies and procedures were intended to determine if maintenance
Procedures were developed in reaction to organizational conditions or if
there was a firm sense of direction to them. Because our questions were
general, and because there were no commn understandings of what
principles and priorities govern maintenance activities, we received a
great variety of answers to our questions about maintenance policy.
Every system said that it subscribed to the goals of minimizing costs
and roadcalls and maximizing service. And every system also said it had
informal understandings about how these goals should be accomplished.
Scme systems had written sets of policies and rules (e.g., San Antonio),
while other said that they relied on tradition and informal cammi-
cation. In many systems, preventive maintenance schedules were the only
written documents mentioned. Milwaukee was unique because its staff
reported concerns about the abandorment of written policies which had
occurred during the era of private management. They also indicated a
desire to see the reestablishment of written rules and procedures to
insure continuity in the event of staff turnover.

The existence or lack of written policies is not simply related to
system performance; neither the best or the worst system in terms of
miles per roadcall has written policies. The important factors appear
to be whether the policies, written or unwritten are known to all levels
of management and, more importantly, whether management in general is
willing and able to change policies in response to changes in the
operating enviromment. Systems which formally or informally reviewed
their policies on a regular basis and cited recent changes in policy in
response to specific problems consistently had more miles between
roadcalls than those systems with no review process. As with most
Private sector businesses, the ability to change seems to be a key
factor in good performance.

All of the sytems we visited, except Gary, said that their
management reports include either comparative analysis of performance
against past trends, or evaluation against set objectives. Trend
reporting was noted in Milwaukee, San Antonio, Tacama and Spokane; and
Miami, Madison, Tacama, Syracuse, and Spokane reported quantitative
performance targets. In addition, Miami and Tacam have included
performance targets in their management-by-objective system.

Our site visits seem to sugges that organizational goal setting and
accountability =~ or at least trend reporting or establishment of
per formance targets - are related to performance because Miami and
Tacam have only recently begun their MBO programs (presumbly in
response to local problems), and Gary (our third high-cost/high~roadcall
system) did not report any method for evaluating its performance
indicators.

Two conclusions can be drawn fran our policy and procedure
questions. The first is that most systems have or are developing
performance monitoring systems. The second is that the implementation
of such systems is related to the relative positions of the 8 systems on
the performance dimensions of costs.and roadcalls per mile. It appears
that one of the strongest correlates of the reliability history of the 8
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systems is a formal accountability mechanisn. Systems which have low
roadcall to revenue mile ratios have firmly established trend reporting
mechanisam.

iii. Organizational Priorities. Our major f{finding in this area
concerns the relative amount of attention given to maintenance by top
management and boards of directors. Differing points of view have been
stated about boards in the past. One view has been that boards get too
deeply involved in maintenance, and the other is that boards do not care
about maintenance. Our results showed that boards are generally
uninvolved except for passive monitoring. All of our case systems,
except Milwaukee, send maintenance performance reports to their boards.
A few systems did report direct intervention in maintenance by govern-
mental entities. Miami's board, for exanmple, mandated an MBO system
which is to include maintenance and Syracuse reported that a state-level
action had resulted in the downsizing of its new garage.

Responses to our study questions did not identify any variation in
management concerns about maintenance. However, our fieldwork did
confirm the importance of, management expertise. The presence of at
least one individual with knowledge of, or experience in, and dedication
to good maintenance was quite notable at 5 of our 8 sites. This person
was typically the maintenance manager but in one case was the general
manager of the system. The importance of this factor seems clear
becasue all of our low roadcall systems had experienced, dedicated
mintenance managers and the three poorest systems either lacked
experienced staff or had ambivalent direction in maintenance management.
We also noted that mpst systems with strong maintenance direction had a
visible second level manager who was being given increased responsi~
bilities for mmintenance in preparation for eventual staff changes.

iv. Preventive Maintensnce Our review of PM practices yielded very
interesting resuits regarding the philosophy of preventive maintenance.
Previous research (see Section 2) has generated a large body of liter-
ature on mileage-based maintenance and unit exhange. Much less
attention has been given to the practice of maintenance by monitoring.
A notable exception is Etschmaier (1984) who has argued that maintenance
resources could be more effectively utilized by monitoring vehicle
condition instead of performming inspection, adjustments, and replacenent
at pre-scheduled intervals. Our data do not show a strong cross-system
relationship between the frequency of PM activities and performance, but
it is clear that the conduct of pre-run and post-run inspections
is very strongly related to roadcall levels. This is an extrenely
important result which holds true for each of the 8 case systems.
Exhibit 24 shows the PM regimes for each system. Our analysis of these
programs is as follows:

l. San Antonio and Syracuse, which are low roadcall, high labor
systems, have pre and post run inspections procedures.

2. Milwaukee, Madison, and Spokane, which are low roadcall, low
labor systems, require mandatory pre-run inspections, Madison
also requires a post run report.

3. Miami, Gary, and Tacame, which are high roadcall, high labor
systems, do not have, or do not enforce their inspection
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Exhibit 24
Preventive Maintenance Program Features*

Mi ami 6,000/18,000/54,000 mile cycle
oil analysis on sare vehicles
no pre-post run inspections
Mi lwaukee 2500/5000/30,000/100,000 mile cycle

oil analysis
Dynamome ter nonitoring
Mandatory pre-run inspection

San Antonio 4000/48,000 mile cycle
pre-run inspectian requires involvement of both driver
and maintenance personnel
post-run report required
in-house oil analysis for liquid contaminants

Syracuse 6000 mi cycle
dedicated staff for PM
both pre and post~run inspections required

Gary 4,000/9,000 mile cycle
no pre-rum inspection

Madison 6000 mile cycle
pre and post run inspection required

Tacam Bi-weekly (approximately 1300 mile) inspection interval.
No analog to heavy maintenance schedules used at other
systems

Occasional oil analysis
Pre and post run inspections not enforced

Spokane 5000/10000 mile cycle
pre-run inspection required

* The details of each system's PM program are included in the
case study reports.
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San Antonio is a very interesting exanmple of pre and post run
procedures. Its pre-run inspection forms require the signature of the
driver, and, if any defect is noted, a signature fran maintenance as
well. This involvement of both operations and maintenance is key to
assigning accountability for in-service failures. It is designed to
prevent the reporting of roadcalls by drivers who want a replacement
vehicle -~ a problem reported by a mumber of sytems. (Miami and Tacam
reported that they are in the process of developing driver inspection
Procedures). Our conclusions are that while conventional preventive
maintenance activities are essential to the long run stability of the
system, operations as well as maintenance should play a role in the
maintenance program. This is a significant finding because the major
thrust of recent GA0 and AFTA reports have stressed mileage-based
inspection programs, almost to the exclusion -of other concerns. We
believe that a better balance between these two strategies is necessary.

Our results should not be interpreted as indicating that preventive
maintenance is unnecessary. The effects of deferred PM emerge slowly.
For exanrple, well known problems with new equipment at Madison were said
to "have almost ruined a good PM program" when warranty work forced PM
intervals. fram 6,000 to 9,000 miles. Yet during this period - and
perhaps because of pre-run inspections - Madison achieved a record
11,000 miles between charageable roadcalls, Madison's subsequent 1982
performance, however showed a dramatic drop to 6000 miles between
roadcalls. This was attributed to the cumilative effects of deferred
maintenance for 1981 by the staff at Madison. Thus, our findings do not
mean that periodic adjustment, inspection, and draining and refilling of
fluids is not essential, nor do they mean that mileage based maintenance
is not warranted. What is indicated is the need for driver partici-
pation in maintenance inspections, and sane mechanisms for enforcement
of the inspection procedure, such as madatory post-run inspections or a
reporting system which attributes problems to either operations or
maintenance.

v. Computerized Recordkeeping and Data Analysis

Exhibit 25 summrizes the status of camputer systems at the sites
we visited., Our initial hypothesis concerning camputers was that their
use would be praminent at systems with low labor requirements and high
reliability records. Since none of our eight case sites had operating
camputers in use for maintenance in 1981, it was not possible to
attribute any causal effect to camputerization.

Only three of the eight systems visited in the case research had
installed camputer systems since 198l. Of the 3 systems which did have
camputerization, two (Miami and Spokane) reported problems with their
systems. The impact of these problems is not simply related to
preformance, however, because of the different results generated for
Miami and Spokane in our site selection analysis.

Our observations about camputerization do not imply that camputer
systems are not useful. But because none of our systems had camputers
during the 1981 period and those which have introduced camputerization
have only done so recently, it is too early to tell what the effects may
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Exhibit 25

Camputerization
System Status in 1981
San Antonio no camputerization
Gary no camputerization
Mlwaukee no camputerization
Syracuse Do camputerization
Mi ami had previously and un-

successfully tried to use
standard inventory package

Spokane no carputerization
Madison no camputerization
Tacam no carputerization
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Current Status

no plans for camputerize
no plans for camputerize

an inventory and maintenance
MLS are planned

inventory, work order pro-
cessing, and vehicle records-
are now on camputer

in-house inventory and MIS
being developed; in recemnt
past service bureau was used
to summrize roadcalls

maintenance MIS and inven-
tory system in place

no applications in place;
procurement pending

carputerization of vehicle
histories is being implemented;
in past data processing company
maintained inventory.



be. Installation of the Miami system had not been campleted at the time
of our site visit, and the Syracuse system had been in place for only 10
months at the time of owr visit. While the system at Spokane has been
in place since 1982, Spokane's maintenance personnel did not have the
background or time to fully utilize the results of camputer analysis.

Several points should be noted. First, both Syracuse and Spokane
had efficient maintenance organizations before they purchased camputers
80 any positive effects that their camputers may have may be difficult
to detect in the future. Second, the response of the maintenance
departments surveyed in our study to camputers was by and large
positive. Third, the perceived costs and benefits of camputer systems
vary widely amng users and nonusers. This includes misconceptions
about how camputers can be used and the real extent of a camputer's
capability. These misgonceptions appear to cause problems when
pPurchasing camputers such as undersizing systems when writing specifi-
cations. This indicates a need for guidelines for use in plamming and
purchasing a camputer systems for maintenance use.

B. Labor

The focus of our labor interests was on union-management relations,
involvement of labor in maintenance improvement, wage rates and skill
levels, and testing and training of employees.

i. Union Relationships.

Assessment of the tenor of union-management relationships in a short
interview is difficult at best. However, we were able to obtain general
descriptions fram each system. Union representatives and mmnagement in
-Milwaukee, Spokane, and Madison all described these relationship as
cooperative. Both union and management in Miami said that their
situation was adversarial, as did management in Gary. The union in
Miami was especially forthcaming in their explanation of problems with
working out-of-classification, supervisors performing work, overtime
distribution, punctuality and job campletion rates. Mixed views were
offered in Tacam. Syracuse reported a generally cooperative atmo-
sphere, but management claimed that the union sanetimes protects
unreliable employees and the union indicated that there are frequent
disputes about overtime. '

ii. Worker Input. Our information about employee input into mainten-
ance sean to conform to the patter of union-managment relations.
Indications fram Miami, and Tacama are that there is a formal structure
for union members to meet with management, but there was no informatiom
given on the impact of worker suggestions. Gary reported that labor and
management do not meet except to disucss contracts and grievances.

In contrast, both mechanics and management in Syracuse and
management in San Antonio reported frequent informal meetings. The
Milwaukee, Spokane, and Madison cases indicate productive informal
cammication. Milwaukee, for example, reported that employees'
suggestions were considered in developing maintenance procedures.
Spokane indicated that daily meetings are held to discuss safety,
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efficiency and equipment and that "both sides participate equally and
feel that the meetings are useful." Management in Madison camented
that its employees were ‘aggressive and depenable,” noted that 3
regularly scheduled meetings provided a formal mechanisn for worker
input, and said that workers were responsible for making many useful
suggestions. These responses, taken together with those elicited by
union-management relations gquestions, indicate that there is same
relationship between performance and labor-management relations in the 8
systems. At the least, it is remarkable that Spokane and Madison have
better relationships between mechanics and management than the systems
with the least impressive performance data.

iii. Quality of the Labor Pool. This question has several dimensions.
One is the level of wages offered to entry mechanics; a second is the
mechanian for recruitment; and a third is the wage scale of experienced
mechanics. All of these factors interact to define the "labor pool.”
Exhibit 26 shows the resulting situation at each of our 8 systems.
Several dimensions of difference are clear. Milwaukee and Madison are
the only systems that have a driver-cleaner-mechanic progression.
Milwaukee has established a new apprenticeship program because of
problems filling positions in this way, and Madison has "indicated that
over 50% of it hirings are fram outside the system because of lack of
driver interest. San Antonio stands alone in its practice of only
hiring skilled mechanics.

Entry and advanced salary levels are also shown in Exhibit 26.
This shows a wide variation in absolute and relative salary levels. San
Antonio, for example, increases mechanic wages by 44% fram entry
positions to top positions, while Gary shows only 6% increment as
reported by APTA (1983b), Spokane pays the highest starting hourly
salary ($11.11), and San Antonio the lowest ($6.50). Tacam pays the
highest top wage ($13.00) and San Antonio pays the lowest ($9.40). In
addition, sare systems pay longevity increases. For example, Gary has a
$1.38 longevity increment and Syracuse's is $2.50.

Evaluation of these wage structures and recruitment practices is
difficult. Initial camparisions to average regional production wages
showed that Tacama, Syracuse, and Gary pay entry level workers less than
average local production worker wages; and that Gary and Milwaukee pay
senior workers less than the regional production worker salary. Thus,
sane of the systems follow campensation and recruitment patterns
designed to attract, develop, and retain labor by paying high initial
salaries. This strategy, when coupled with training in nontransferable
skills is characteristic of segmented labor markets. This strategy does
not always work; for example, mechanics in Miami often quit to take
other, higher paying jobs in trucking and aircraft maintenance.

These observations lead to the conclusion that campensation,
recruitment and training all interact toc determine the kind of worker
who cames into the maintenance department, and the skill levels
represented on the maintenance staff. In relation to system perfor-
mance, it can be observed that Syracuse and San Antonio pay top wages
which are above regional production wage rates, while Gary has a low
absolute and relative wage scale and progression increment. Madison and
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Exhibit 26
A. Regional Labor Pool Conditions

Mi lwaukee Nommal progression is fram driver to cleaner to
mechanic. There are same problems in recruitment.
An apprenticeship program has been established.

Mi ami Union claims starting salaries are too low;
superintendent of budget and administration claims
testing is too stringent. An apprenticeship program
1s successfully attracting applicants.

San Antonio No problems reported. Mnagement is very selective
in hiring, only skilled mechanics are considered. Many
mechanics let go during probation period.

Madi son Normal progression is fram driver to cleaner to
mechanic, but this is not recruiting enough staff.
New contract may change this provision.

Tacam Maintenance Manager and persomnel officer feel that
applicants are qualified. An apprenticeship program
is being developed.

acuse Ermphasis has changed fram on-the~job training of
unskilled workers to an apprenticeship which
draws upon a local wvocational education program.

Gary The system has a need for mechanics with better
skills in air conditioning and electrical systems.

Spokane No problems cited in hiring qualified mechanics; an
apprenticeship program has been developed.

B. Entry and Top Salary Levels
(as reported for first half of 1983)

Entry level* Top wage level* $ Increment
(non-supervisory)

Mi Iwaukee 9.95 - 12,483 + ad
Miami 8.46 + 9.75 + 15
San Antonio 6.50 + 9.40 + 44
Madison 9.52 + 11.20 + 17
Tacam 9.25 - 13,00 + 40
Syracuse 7.27 - 9.52 + 30
Gary 9.24 - 9.88 - 6
Spokane 11.11 + 12.27 + 10
Note: A "+" indicates that the wage rate for maintenance worker is

greater than the average wage rate for production workers in
manufacturing for the region; a "-" indicates the maintenance
worker's wage rate in less than the average.

Sources for wages for maintenance workers: APTA, 1983A and 1983B.

Source for average wage: Bureau of Labor Statistics, 1983.
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Spokane pay relatively high salaries, but have low progression incre-
ments, and Milwaukee's entry wage level is lower than the regional norm.
This pattern is not simply related to performance because Miami and
Tacam pay rather high salaries. The need for further analysis is
indicated because, in spite of top salaries, Miami is not competitive
with local aircraft and trucking industries.

iv. Training. Our interests in training focused on staff selection and
development. The general strategy for recruitment was addressed in the
previous section. Approaches to selection and training are summarized
in Exhibit 27. Testing of applicants before hiring is a standard
practice except in Gary and San Antonio. This seems understandable
because Gary is not actively recruiting new mechanics and VIA Metro-
politan Transit uses its interview and probation processes as an
alternative selection process. Testing for advancement is less uniform,
and training programs for employees seeking advancement are not camon.
Notable exceptions are as Tacam's practice of testing candidates for
praotion to determine mastery of skills required for their current
position, and Milwaukee's formal training programs for advanced mechanic
Positions. None of the sytems retest mechanics remining in their
current job level to check for retention and updating of skills, but
Miami does conduct optiocnal refresher courses. Heavy reliance on
on~the-job training by mechanics (or trainers) who had gone through
manufacturer' programs was reported. This approach was favored in most
systems because lean staffing levels do not allow full participation by
all mechanics in manufacturers' training programs.

The effect of training programs on the performance of the 8 case
systems is hard to quantify. Syracuse and San Antonio have very
different approaches to training, but both deliver reliable service.
Madison, Milwaukee, and Spokane, all good performances, have testing
programs and provide sare form of training. Miami has and Tacaom is
planning to established training and testing programs, and these will
presumably improve their staff skills. It is difficult to attribute
Gary's situation to lack of training because of external limits on
budgeted mechanic positions. However, training may be the best way to
approach the problem in Gary because the low pay scale is not con~
petitive with local industry.

C. Operating Envirorment

The etfects of fleet composition and operating conditions are
widely cited as important local factors affecting maintenance. These
are clearly active in the 8 systems.

i. Fleet Camosition and Inventory Factors. Vehicle age and mix are
obviously different in our cases. Spokane had the newest and most
hamogeneous fleet in 1981, with a 100% GM fleet, of which 26% were RIS
models. Since then, however, Spokane has added a number of 870's. This
has increased the camplexity of its inventory significantly, and created
same problems in procurement, but the camputer system used for inventory
has accamdated the fleet expansion. The addition of the new vehicle
types has, however, led to same problems including the double-stocking
of identical parts under different identification codes, limited space
for inventory expansion, and identification of local sources for parts.




Exhibit 27

Camonents of Training Programs

Gary No classroam trainiag
23 hours QJT*

no formal testing

Mi ami 7% month training program (QJT and classroam)
weekly refresher courses (optional)
testing for hiring and pramotion

San Antonio New employees must have 3 years experience as a mechanic
8 hours of classroam training*

Madison Test for new mechanics being developed
Tests for pramwtion are being developed
Most training is OJT

Tacam Apprentice preogram being developed
Testing for hiring and pramotion

M lwaukee Testing for hiring and pramotion

Apprenticeship program being developed
1l day orientation seminar

6 mo. program for B and C level mechanics
12 mo. program for A level mechanics

Spokane Testing for hiring and pramtion
3 year apprentice program recently developed

acuse Testing for hiring and pramotion
Apprentice program being developed

All other training QUT
No tuition rebates

* primarily employee and system orientation
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The situations at the other systems are shown in Exhibit 28. This
shows a variety of fleet-related factors which could account for
performance ditferences. For example, Miami has the mpst diverse fleet
in our sample resulting in a 9800 item inventory, as well as space
problems and an unsatisfactory camputerized inventory system, while San
Antonio has a much higher percentage of GM vehicles, no space problems,
and a time tested manual inventory system.

Two side issues related to inventory were identified in our
exploration of fleet mix. The first is costs accounting issue. This
was mentioned in Spokane as on the drawbacks of its otherwise well-
regarded inventory system. It turns out that Spokane cannot charge
inventory or purchasing costs to individual buses, although they would
like to do this to track life costs. The system in use at Spokane is
not designed to do this, and, noreover, it only retains costs for a
one-month period. Further investigation of this point showed that only
Syracuse can currently do wvehicle level cost analysis.

The second issue is control of inventory and purchasing in the
maintenance organization. Until 1981, inventory and ordering of parts
was handled by the Maintenance Division in Miami. In 1981, the County
investigated Metrobus and discovered that there was no inventory
control. As a result, a Materials Management branch was formed to track
purchasing, but the stock roams were left in the Maintenance Division.
The stock clerks did not cooperate in efforts to improve the record
keeping, and in April 1983, the stock clerks were reassigned to
Materials Management in an attempt to improve cammmication and
inventory control. However, the Maintenance Division now feels that the
stock clerks do not understand its needs and the clerks are filing
grievances and requesting overtime because of increased clerical duties.

An entirely different situation - and absence of problems - was
found in San Antonio where both procurement and inventory are internal
to the maintenance department. This is samewhat similar to Milwaukee,
where inventory, purchasing and maintenance supervisors all report to
the Superintendent of Equipment and Plant. Spokane offers an interest-
ing contrast to Miami because it has stores clerks who report to
maintenance, while purchasing department controls procurement. No
problems were reported with this arrangement in Spokane.

In summary, the cases do show that fleet diversity had led to
problems with inventory space and record-keeping systems. It appears
that mamial systems for inventory are adequate for same systems and that
camputerization does not necessarily solve inventory problems arising
fran mixed fleets. We have also found di fferences in reporting lines for
purchasing and inventory which can lead to (as in Miami) or solve (as in
Spokane and San Antonio) problems. Fleet mix has been found to increase
the caplexity of maintenance.

Our fieldwork reinforces the need for a cross-listing system for
parts which was identified by the 1982 TRB Bus Maintenance Improvement
- Workshop. It also indicates the need for an inventory control system
which can be easily updated and expanded when new vehicles are intro-
duced or when cross-lists are updated. The fieldwork suggests that new
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System
Miami

Mi lwaukee

San Antonio
Madison
Tacama
Syracuse
Gary
Spokane

Exhibit 28
Fleet Age Camposition (1981)

Fleet Caposition

T legis Other

65% 22% 15% 16% 4%
84% 20% 6% 0 0
89% 46% 0 0 11%
100% 15% 0 0 0
60% 0 198 0 21
22% 0 55% 14% 9%
100% 15% 0 0 0
100% 26% 0 0 0

Source: APTA (1981)

*Many systems do not use this feature.

61

Average

9.0
12.9

8.9
9.0
17.5
9.4
9.3
8.1

Percent with

Lifts* A/C
0 99%
40% 40%
5% 100%
15% 55%
25% 24%
22% 81%
0 86%
0 82%



bus acquisitions should be supported by an analysis of inventory impacts
and plans for accamodating them.

ii. Climate and Operational Factors. Nor surprisingly, all our our
systens repported that fleet age and climate affect maintenance. But
there were differences in the types of problems reported, in the
relative ranking of fleet characteristics and climate as problematic
factors and in activities undertaken to deal with problems. Milwaukee
and Tacam both cited fleet age as major causes of maintenance problems,
and since their fleets average over 12 years of age, this seems
reasonable. Gary and Syracuse also responsed in this way - but their
fleets are closer to the mean fleet age in our sample, 9.2 years. Every
systan reported air conditioner problems, but this problems is more
severe in same places because of climate factors. San Antonio and Miami,
for example, both reported probelms with heat and humidity; and both are
actively pursuing air conditioner modification programs. Madison and
Spokane both reported problems with air conditioning and recognized that
fleet characteristics were a major factor. Cold and snow were mentioned
frequently by Spokane, Gary, Milwaukee and Madison. Spokane and Gary
noted that they must help the city in snow removel.

It is difficult to quantify these factors and even nore difficult
to isolate their effects on performance. But we can note that the
systems vary in their reponses to envirormental factors. For example,
San Antonio, Miami, and Madison all reported active air conditioner
retrofit campaigns. Miami also indicated that it was experimenting with
air starters to reduce electrical problems. Tacoma uses modified
transmission gear ratios to increase power on hils.

Qur interest in operating conditions focused on stop spacing and
passenger loads. Vehicle speed was one of the Section 15 variabels
which figured praminently in our site selection data analysis. This
variable was used as a proxy for the characteristics of local service
(e.g. traftic conditions and stop spacing). But another proxy, not
included in our initial analysis, casts additional light on this
subject. The variable is passenger miles per revenue mile. This is a
proxy for load factor. This variable, which ranges from 6.4 passenger
miles per revenue mile (San Antonio) to 17.31 passenger miles per
revenue mile (Dade Co.), is strongly correlated with the pattern of
expected and observed performance, with the exception of Spokane which
has a very high load factor (but performs well) and Tacoma whose load
factor is similar to Milwaukee (but whose labor costs and roadcall
levels are higher). This departure may be due to differences in vehilce
age, because Tacam has the oldest fleet (14.5 years) and Spokane has
the newest (8.1 years).

In sammary, it is clear that climate and operating conditions do
vary between cities. These factors allow us to construct explanations
for most of the differences between expected and observed performance
however, the relative impacts of these factors as opposed to management
and labor factors are difficult to deduce fram our case studies and
quantative data.
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D. Budget

.. Our budget hypotheses involved preparation and adequacy. Fram the
case studies it appeared that a third factor, budget stability, may be
more important than the first two factors.

i. Budget Preparation. Budget preparation was described to us as an
interactive process in five of our case study cities. The exceptions
are Gary (where the General Manager prepares the maintenance budget),
Syracuse (where evidence seems to indicate that interactive preparation
occurs), and San Antonio (where no information on this subject could be
obtained). Joint preparation, however, does not seem to insure that an
adequate budget will be provided. For example, Miami's staff claimed
that they were suf fering because of understaffing which is partially due
to board imposed freezes on hiring and across-the-board budget cuts, and
Madison, according to an ATE study, requires additional staff positions.

Each of the 8 systems does line item incremental budgeting for main-
tenance. Unit cost data, we found, was either non-existent or not
carmplete enough for use in budgeting. Interesting items regarding budget
preparation came from Spokane and Miami. Spokane's executive director
holds budget workshops with the Board to campare his budget with those
of other agencies and previous years in order to justify increases.
Miami is beginning a long-range budget process which will result in 3-5
year budget for vehicle acquisition and maintenance.

ii. Budget Adequacy. What the staffs of the systems consider to be an
adequate maintenance budget may not be related to the amount of ooney
allocated to maintenance. Exhibit 29 shows the percentage of total
operating budget that is allocated to maintenance and mainteance cost
per revenue mile for each of the case studies. Cost per vehicle mile is
strongly affected by wage rates (labor and benefits campose about 60
percent of maintenance cost on average) and regional price levels so
coamparisons must be made with care. DBecause the cost of operations and
adninistration would also be affected by wage and price levels, albeit
not necessarily proportionally, the percentage figures may be more
carparable between systems.

San Antonio, which pays relatively low wages, has the lowest cost
per mile among our eight cases although it is fifth lowest in terms of
percentage of budget allocated to maintenance. San Antonio's mainten-
ance department has reduced its budget for FY 1983 by 2.98% and for
FY1984 by 1.03%. The reductions were attributed to the recent replace-
ment of older vehicles with AIB buses by the maintenance manager. VIA's
maintenance cost of 31l.6¢/mile in 1981 is in the lower 25% of our sample
systems.

Madison's maintenance cost per mile of 32.2¢ is the second lowest,
although its wage rates appear to be about average. Its maintenance
budget proportion, however, is above average at 21.1%. The only person
citing budget as having a significant effect on maintenance was the
general manager.
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Maintenance
as % of Operating
budget
Mi lwaukee 18.0 (2)
Mi ami 26.2 (8)
San Antonio 20.0 (5
Madison 21.1 (6)
Tacama 17.7 (1)
Syracuse 18.7 (4)
Gary 24.1 (7
Spokane 18.3 (3)
Median for 111 systems 18.7
Note: Number in parentheses is rank, one being lowest,

Exhibit 29

Maintenance Budget Statistics
Section 15 Data for 1981

Source: Transportation Systems Center, 1982.
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Maintenance
Cost per revenue
mile ($/mile)

40.2 (3)
60.6 (8)
31.6 (1)
32.3 (2)
49.0 (6)
44.2 (4)
58.8 (N
45.2 (5)
40.0



In Milwaukee, which has the third lowest maintenance cost per mile,
the Managing Director said that the budget process works well. The
study, however, does contain refernces to staff shortages and old
factilities, but budget was not mentioned as a cause of these problems.
Milwaukee allocate= a low fraction ot its operating budget to mainten-
ance (18%).

Syracuse is slightly above average in its costs per mile, and has a
percentage of its operating budget which is about average for the 8
systems. Spokane's 1981 maintenance budget was 18.3% of the operating
budget, or 45.2 cents per revernue miles. This puts Spokane near the
median level of budget coammitment of our sample, and slightly above
average with respect to maintemance cost per mile. Spokane's executive
director observed that this budget was adequate, but the maintenance
personnel interviewed observed that management is supportive but does
not provide an adequate budget and that it is *hard to get new tools and
equipment because management tends to say that there is no money in the
budget." Spokane has a dedicated state revenue source of funding
because of its Public Transit Benefit Area Status.

Tacama canmitted 17.7% of its operating budget to maintenance in
1981. This is the lowest among the case sites. However, its cost per
mile (49.0¢) is the third highest awng the case sites. Tacam also has
the highest wages for mechanics among the cases; if driver wages are
correspondingly high, this could explain the contrary evidence of high
cost per mile and low proportion of budget for maintenance. There was
no strong sentiment indicating that the budget was inadequate, and it
was also noted that "adequate funding has led to increased quality in
mainteneance.” Tacama had planned for mpre severe federal subsidy cuts
and it had budgeted for a school contract which was not renewed. (This
resulted in the layoff of 4 mechanics and the decision not to replace 2
who quit). Thus, the budget was not a major problem when the site visit
was conducted in 1983,

The Gary system has the second highest maintenance costs per mile
arong the eight cases and its maintenance budget accounts for 24% of its
operating costs which is also secand highest. The maintenance superin-
tendent and general superintendent cited several problems including lack
of mechanics and helpers, equipment deficiencies, and space as current
problems, but neither mentioned budget levels as a significant deter-
minant of the level and type of maintenance performed. Overtime for
maintenance workers was cited as a significant budget item in Gary. Our
calculations for 1981 indicate that overtime may range between 10 to 30
hours per week. However eight mechanics have been laid off recently due
to budget cuts. The General Superintendent cited a need for a dynamo-
meter and servicing equipment for air conditioning, heating, and
electrical systens.

Miani's 1981 budget allocated 26% of operating dollars to mmin-
tenance. This is the highest among the cases, as is the cost per mile of
60.6¢. The wage rate is about average for the cases. The superinten-
dent of administration and budget said that the current budget would be
adequate if all personnel positions were filled (11 were frozen and 14
were vacant). This lack of skilled applicants, and absenteeism, has
resulted in 18.6% of salary e:q:ensgg going to overtime.



The last two sites, Gary and Miami, have the highest maintenance
cost per revenue mile, the highest portion of budget for maintenance and
also have the highest roadcalls per revenue mile. San Antonio and
Madison, on the other hand, have the lowest maintenance cost per mile
and the lowest roadcalls per mile, although maintenance cost as a
percentage of budget is a little above average. This appears to
indicate that good maintenance is not a result of large expenditures.
This is supported with information fram the site selectian models which
Seem to imply that increased roadcalls increase labor hours rather than
more hours of maintenance labor reducing roadcalls. However, the two
lowest roadcall sites allocate average proportions of total budget to
maintenance. This suggests that there may be an optimal level of
expendi tures; having too little money may preclude adequate maintenance,
but after a certain point additional money does not produce additional
benefits. However, the third factor to be discussed also throws light on
these relationships.

iii, Budget Stability. Being assured of an adequate budget appears to
be a key factor in an agency's successful performance. In terms of
revenue miles between roadcalls, three of the top four systems, San
Antonio, Syracuse, and Spokane, have dedicated funding sources in the
form of either a local sales tax, real estate transaction tax, or
percentage of state sales or amotor vehicle tax. The good performance of
these systems may be attributed to their ability to undertake long term
planning based on an assured incame. Also, managment does not have to
fight to protect the system's piece of a county or city revenue "pie"
and therefore can expend its energies on planning or other internal
functions. The executive directors of both Spokanc and Tacama, which
only recently became autonamus agencies with dedicated revenue sources,
both cammented on the advantages of this system.

Although Madison, which as the second highest miles per roadcall,
does not have a dedicated revenue source, it has a strong local
cammi tment to transit on the part of both citizens and city officials.
For example, the city of Mdison recently increased, rather than
decreased, a proposed transit budget by simultaneously loweing the fare
structure and increasing the city's subsidy to transit. Further, the
security of having an adequate budget was illustrated by the confidence
the staff showed that pending budget requests (for a microcamputer and
additional staff positions) would be approved.

In contrast, the systems with low miles per roadcall, Miami and
Gary, are part of local govermrents, do not have dedicated revenue
sources, and do not have assurance of receiving the budget requested.
The board in Miami does make budget cuts, has frozen mechanics positions
and has put a cap on overtime. Interestingly, this has not resulted in
lower expenditure of labor for maintenance; Miami has the highest labor
hours per revenue miles and the lowest peak buses per maintenance
exployee (0.9) of the eight case systems. (The six systems, not
including Miami or Gary, range fram 1.4 to 2.6 peak buses per minten-
ance enployee.) Miami has an additional problem in that the bus system

to campete with the new (and therefore more interesting) rail
system, which has recently opened, for both money and upper management
attention.
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The City of Gary, which owns its transit system and helps to
subsidize it fram general revenue funds, is suffering from a declining
tax base and lack of revenue. Further, the transit agency's budget goes
to the state for approval and the state has shown more interest in low
taxes than support for transit. Gary's budget problems are illustrated
by their recent reduction in the number of mechanic positions; they
currently have the highest peak bus to maintenance amployee ratio (4.0)
of the eight cases. Both Gary and Miami have high rates of overtime.

It appears clear that the budget process in Gary and Miami does not
lead to low expenditures for maintenance; just the opposite is true.
However, budget instability does interfere with management's ability to
plan for maintenance. It may mean that special projects that would
allow the agencies to catch up on their maintenance problems can't be
undertaken. It appears to lead to large amounts of overtime, which are
not efficient due to reductions in the energy, alertness, and motivation
of workers. And it probably means that management time is absorbed in
fights for money rather than improving the effectiveness of the
maintenance process.

While Madison shows that it 1is not essential, autonocmy of the
transit agency along with a dedicated revenue source appear to pramote
budget security. Autonomy (i.e., the independence of the agency fram
other govermmental bodies) also has other advantages for good mainten-
ance in that management and policy decisions are governed by their
affect on transit alone, rather than wider concerns. For example, in
Tacam, where the transit system is autonamwus, the mintenance
department has been able to design a camputerized MIS to fit their
particular needs. In Miami, where the transit system is part of the
county goverrment, the camputerized MIS is being designed for all county
vehicles, and maintenance personnel are concerned that it will not be
appropriate to their needs.

E. Muintenance Equipment and Facilities

Only a few of the systems we studied reported equipment problems.
Spokane noted a need to replace drill presses, lathes and chain hoists,
but had decided to defer replacement until moving into its new garage.
Milwaukee had experienced problems with the availability of metric
tools, but had plans to deal with this in its next labor negotiation. A
larger number of systems reported problems accamodating newer vehicles
(RTS and articulated buses). This has resulted in the need to rely on
blocks for support, to purchase portable lifts, or to restrict new
vehicle types to a limited number of garages.

Old and inadequate facilities were a special problem in Gary and
Spokane. Cary's garage, with only 2 lifts and 1 pit clearly is
inadequate for its needs. Its space problems are so severe that it has
to use scattered, shop floor storage of major camponents (e.g., engines
and transmissions). Spokane's garage, which is over 100 years old, has
layout problens that make supervision difficult and inventory access
time consuming and inconvenient.
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It was notable that a number of new facilities had deficiencies in
layout including lack of space for maneuvering newer vehicles and for
installing dynamameters. It was also the case that many new garages had
failed to reduce roadcalls as had been hoped. However, it was reported
that they do improve worker morale. For exanple, workman's campensation
claims fell by 20-30% and absenteeism dropped by 20% after Syracuse
moved into its new facility. Exhibit 30 summarizes the physical
facility situation in the 8 case systes. Our finding with respect to
the 3 pre-specified hypotheses follow.

i. Facility Age. Results are mixed on the question of whether old
buildings, or those not built for bus servicing adversely affect
maintenance. - This is true for Milwaukee, (which as 1 garage and shop
facilities originally built for streetcars), for Gary (whose garage is
an 1890's vintage factory), Spokane's 100 year old garage, and Tacam's
1948 garage. However, San Antonio is quite satisfied with its 36 year
old bus garage. New wvehicle types (RIS, articulated vehicles) may be
partially to blame, but there is also evidence ot campromises in design
(e.g., Miami eliminated space for test equipment to build a substation
for its rapid rail system, and Syracuse's facility design was modified
for financial reasons). Older facilities generally do have problems,
but so do newer garages. No dramatic reductions in roadcalls have been
attributed to new facilities, but same savings has been realized.

ii. Equipment. Our case work did not determine the extent to which
over or under utilization of maintenance repair equipment indicates poor
management or lack of budget because our field procedures did not focus
an equipment utilization. We did hear of unmet needs for dynamameters,
electrical and A/C test equipment, and camputer information systems, and
we did hear that such procurements were contingent on budget, but we did
not collect enough information to determine if there had been a
consistent pattern of management neglect or under-funding.

iii. Access to Parts. OQur concern about readily accessible replacement
parts being essential to the efficient operation of the maintenance
department was supported by the Miami and Spokane cases, but only
Spokane reported problems with inventory location. Madison and Syracuse
reported same minor difficulties, but no major impact on departmental
efficiency. The souce of the problem in Miami was largely organi-
zational, not physical.

In locking at performance, it is notable that San Antonio is doing
quite well in its 36 year old garage and that Syracuse was doing well in
its now vacated 8 garage system. Syracuse, however, does except to gain
labor efficiencies with the move to its new garage. Madison and
Milwaukee were also good performers before moving to their new quarters.
No significant roadcall changes have occurred since they moved, but some
labor productivity gains may be reflected in the 1982 data. Tacama does
have problems with its old garage, as did Miami, but in the latter case
staff and skill levels seem to be a oore important factor. Gary's
garage, with 2 lifts and 1 pit, is clearly inadequate.
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Madison

Mi lwaukee

£

San
Antonio

Gary

Tacam

acuse

Exhibit 30

Facility and Equipment Analysis

Facility

Caments

Moved into new garage in 1981

Two new garages built since 198l.
Shop and third garage were built
for streetcars

1 garage built in 1969, 1 in 1981
1 recently rebuilt and shop is
being remodeled.

Garage is 36 years old
Has extensive shop equipment

Current facility was built in 1980
as a factory

Garage is over 100 years old
Garage was built in 1948
space is extremely limited

The new garage is considered
"state of the art."”
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No impact on roadcalls.
Labor reduction has occured.
RIS could not be accamodated
on lifts; vehicle must be put
on blocks

Difficult to service buses with
street car pits.

Portable lifts must be used for
articulated buses.

Newer garages did not reduce roadcal.
Engine washer and dynamometer desirec
but cannot be accompdated because of
space limitations in new garages.

New facility has poorly oriented lif:
Decline in roadcalls may be due to
faclilities - but management changes
have also occured.

Sane equipment was not in use, but
this was due to staff training.

No problems noted

A new garage is being built.

Current garage does not have adequat:
space for work, inventory, wvehicle
servicing, or test equipment.

A new facility will be built.
Inventory is not centrally located
Shop tools need replacement.

Lifts and pits inadequate for 40 ft.
vehilces.
A new facility is planned.

New garage was not in use in 1981
No reduction in roadcalls noted,
but sare staff savings anticipated.
Storage space is samewhat limited
and lift location is not optimal.



6. Discussion

This review has identified a number of practices which seem to have
a positive impact on maintenance; it has also uncovered a number of
problem areas. Exhibit 31 lists both the positive factors and problem
sources identified at each case system.

Our findings regarding day-to-day operations and preventive
maintenance programs are similar to those of previous studies (Roberts
and Hoel, 1982; Illinois Department of Transportstion, 1982) which found
that the major enmphasis was on inspections, adjustments, lubrication and
breakdown maintenance, with less emphasis on cost analysis, use of
failure data and unit exchange plamming. Our results confimm the
results of these previous studies regarding wvehicle design problems,
space, staff and budget. They also verify that unit cost and camponent
life statistics are generally not used in planning maintenance programs
because the raw data for developing those figures are not available in
many systems, and where available, are in forms which are inconvenient
to use.

Owr findings confirm that pre-run inspections are not always
carried out at all systems. But more importantly, we have found that
the absence of pre-run inspections is highly correlated with vehicle
reliability. It is not clear why this occurs, but at least two reasons
can be advanced: (1) the inspection procedures prevent driver use of
roadcall procedures to obtain bus changes or (2) driver inspections are
important in oonitoring wvehicle condition.

A major difference between our findings and those of others is that
several of our case systems had established maintenance performance
indicators, tracking systems, and (in same cases) performance targets.
Two of the systems we visited were in the process of developing manage-
ment-by-objective systems. Other notable findings were the establish-
ment of formal training and testing programs at a mumber of systems, and
increased integration of maintenance into budgeting and mnagement
decision-making.

These findings indicate that the organizational perception of
maintenance is changing in U.S. transit systems and that many of the
elements of a strategic planning approach to maintenance are developing
(Bullock, 1979). We believe that the systems we have studied illustrate
same of the critical elements of this approach to maintenance manage-
ment. The emergence of this approach is timely in view of the recent
search for a Federal policy approach in transit maintenance (see Chapter
2), and the pending development of guidelines for implementing current
policy. This process can be traced back to 1981 when UMIA published a
list of approaches for improving maintenance of equipment purchased with
its grant program monies. (Fed. Reg. Vol. 46, No. 14, pp. 7031-34).
The approaches included:

1. Reinforcement of the requirement that wvehicles be maintained,

leaving determination of methods, evaluation and monitoring up
to local discretiocn.
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H

Mi lwaukee

San Antonio

Madison

o s U T,

Innovations or

Testing Program

Refresher Courses

Stable Management

Good, informal, management pro-
cess

*Oil Analysis

Dynamane ter

Pre-run inspectians

Good worker input to management
*Mechanic Training program
Testing for hiring and pramtion
Relatively uniformm fleet

Stable, experienced management
Written rules and procedures
Performance Trend Analysis

Pre and post run inspections

. In-House shop capabilities

Vigorous use of probationary period
Uniform fleet

Air conditioner retrofit program
Low load factor

Extensive In-House Shop Facilities

Weekly management staff meetings
Performance trend analysis

Pre and Post run inspections
Worker suggestions implemented
Uniform fleet

Positive management-staff{ relations
Budget security

anges occuring since 1981.

Problem Sources

Understaff ing due to hiring freeze
and loss to other firms
Hiatory of Transitions and re-

Climate and Air Conditioning
High load factor

High overtime utilization
Lift orientation in garages
Relationship to County

Lack of written procedures
Older fleet

Old garage and shop built
for streetcars

Climate and air conditioning

Staff position shortages
Cold weather and outdoor
storage B
Lift Capacity for RIS

[, o U S ST S T P
Aransmissio 141 iures



System

Tacam

Syracuse

Spokane

Exhibit 31 (cont'd)

Positive Factors
Influencing Maintenance

*Management by Cbjective System
*Performance Trend Analysis

and Targeting

High salary levels
*Apprenticeship program
Transmission Ratio Modifications

Tean management system
Performance trend monitoring
and trageting

Supportive board

Pre and post run inspections
New camputer record system
Frequent labor-management
meeting

*Apprenticeship program
*State of the art garage

Uniform fleet -
*New graage (planned)

Performance targeting and trend
analysis

Pre-run inspections

Frequent supervisor-mechanic
meetings

High wage rates

Testing for hiring and pramtion

*Apprenticeship program

Newer, unifom fleet
Good Union relations

* = Innovations or changes occuring since 1981.
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Problem Sources

Poor enforcement of pre and
post run inspections
Undifferentiated bi-weekly
maintenance program

Old (14.5 years ave.) fleet
Terrain

Inadequate garage

Old system of 8 garages
(recently replaced)

No trend reporting

No pre-run inspections
Adversarial Union Relation-
ship

Low wage structure

Low number of mechanics and
high overtime

No formal testing

City snow removal
Inadequate inventory and
garage space

Budget not secure

Management style conflicts
Inadequate city snow re-
moval

100 year old garage
Inadequate shop tools
Inadequate inventory space
High load factor



2. Establishment of a2 requirement for maintenance plaming at the
local level, with UM[A involvement in caxpliance monitoring.

3. Establishment of a requirement for mmintenance plamning at the
local level, subject to UMIA standards and compliance
monitoring.

4. Establishment of a requirement for maintemance plans to be
developed (and made available on request)

5. [Establishment of a requirement for manufacturers to develop
maintenance plans, and for properties to follow them.

6. Dedication of a percentage of Section 5 funds to maintenance.
7. Establishment of a vehicle replacement policy.

The approach currently being developed is essentially that of
required maintenance planning subject to certain standards regarding
establistment of performance measures and targets. This mechaniam is
flexible because it allows local discretion in formulating local
programs, but also forceful emough to require local action and account-
ability. Because of the variations in management plamning at our case
systems, we believe that the Congressional mandate for periodic reviews
of local maintenance programs will have a positive effect on mainten-
ance. The periodic reviews will serve as a reminder of the importance
of maintenance to those involved in the budgetary process, and should
also serve as a way of focusing management attention on the evaluation
of maintenance strategies as opposed to daily servicing actions. OQur
cases indicate definite need for this sort of emphasis to insure that
practices and procedures are periodically evaluated to determine if any
changes would be beneficial.

During the analysis of transit system policies and policy evalu-
ation procedures it became evident that the existence or lack of written
policies had no apparent correlation with system performance; neither
the best or the worst systems in terms of miles per roadcall have
written policies. The important factors appear to be whether the
policies, written or unwritten, are known to all levels of management
and, more importantly, whether management in general is willing and able
to change policies in reponse to changes in the operating envirorment.
Systems which formally or informally reviewed their policies on a
regular basis and cited recent changes in policy in response to specific
pProblems consistently had oore miles between roadcalls than those
systens with no review process and few, if any changes in policy in the
previous year. We therefore recommend that the new Section 3 and 9
requirements for maintenance plaming, amnual certification, and
tri-ammual review be implemented as follows:

l. The maintenance planning process should be left to local
discretion, but the process should be expected to generate
statepents of existing conditions, anticipated changes,
problems encountered, effectiveness of remedial actions, and
expected performance.
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2. The planning process should not be focused exclusively an PM
schedules.

3. The annual certification of maintenance capability should be
substantiated by submission of an updated maintenance plan.

4. The tri-annual review should consist of a review of the
previous three year's maintenance plans to determine whether
or not all relevant categories were addressed and if the
performance and system information included in the plan can be
verified.

The following sections persent our ideas about the substance of
these maintenance plans and review procedures. We are in general
agreement with the guidelines developed by APTA (1983c), but we have
recamended that the focus of maintenance planning be broadened to
include budget and staffing issues and to put adherence with preventive
maintenance mileage targets on an equal level with other performance
targets. We have stated a number of questions which can be used as a
the basis of periodic audits mandated in Federal legislation, but we
have tried to focus on a cycle of review and self-evaluation as opposed
to simple verification of performance statistics and attainment of
performance targets.

A. Maintenance Planning Guidelines

Qur research has shown that there is a need to establish clear,
quantificable maintenance goals on an annual basis. These goals can be
stated in temms of locally defined measures of reliability and cost;
they can also be stated in terms of targeted percentage reductions in
roadcalls, budget levels, and labor requirements. Thse goals should be
determined locally because of exogenous factors that influence mainten-
ance. - We recommend that both cost and reliability goals be established
because most mmintenance personnel acknowledge that an implicit,
undefined tradeoff between cost and maintenance performance is involved
in the budget process. This tradeoff should be made explicit in the
development of goals and performance targets. Our research has also
highlighted the importance of tracking system performance and evaluating
performance in camparison to past trends and performance targets.
Tracking systems provide managment with a tool for monitoring perfor-
mance and measuing progress towards achievement of stated goals.
Analysis of performance and camparison to locally developed goals should
Serve as the core of a yearly assessment of maintenance effectiveness.
The establishment and tracking of mmintenance goals should lead to the
establishment of long term strategic planning for transit systems. Such
planning, long seen as crucial to continued success in other industries,
was notably lacking in the systems studied.

The absence of internal planning documents and procedures at many
of our case sites indicates a need for the development of a maintenance
plamning cycle to periodically assess the effectiveness of operational
Policies and procedures and emerging maintenance issues. The actual
details of this cycle and plamming methods should be left to local

discretion, but we believe that the following information should be
generated in the planning process.
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3.

4.

8.

10.

A ot wvwwrs sver ’
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current fleet camosition; a list of Expeciea
changes in the fleet due to new procurements, rehabilitation,
retrofits, and wvehicle retirement; and a description of the
anticpated impacts of these changes on maintenance staff,
facility, and equipment

A brief description of current facilities and shop equipment;
a description of current deficiencies; and a list of antici-
Pated needs resulting fran expected fleet changes

A list of currently budgeted maintenance staff positions; a
review of the need for additional positions and reasons that
existing positions are unfilled; and a description of staffing
impacts of anticipated fleet changes

A summary of recruitment and training, focusing on reviews of
the effectiveness ot testing procedures used in hiring and
pramtion, the adequacy of training given mechanics to insure
that they are qualified to maintain new equipment, and hiring
strategies (including experience requirements, wage scales
relative to other industries, and alternative training
approaches)

A summary of the preventive maintenance program used in the
previous year; a list ot problens encounter% in coapliance
with this program; and a description of any anticipated
changes in the PM program

A description of pre-run inspection procedures; an assessment
of driver campliance and maintenance followup; and a
statement of changes needed to insure campliance with these
procedures

A summary of any problems encountered with the invento
system; and a description of changes needed to accamodate new

vehicles, special campaigns, or retrofits

An analysis of roadcalls and missed trips, to identify casues,
direction of trends, and possible remedial actions, as well as
an assessment of strategies adopted as a result of problems
encountered in prior years.

A camparison of budgeted and actual expenditures; an analysis
of the reasons for variances between budgeted and actual
figures; an analysis of the impact of anticipated fleet
changes on budget needs; and a statement of expected future
budget needs

A review of any problems with current written (or unwritten)
policies or procedures; proposed changes; and an evaluation of
the effects of any changes made over the past year

While this list may appear imposing, our case studies suggest that
systems which engage in periodic reviews of these factors are likely to

75



have positive performance records. A planning process based on these
elements would encourage long term maintenance planning at transit
systems, and it would result in the generation of written evidence of
problems, remedial actions taken, and performance and cost benefits.

B. Quality Assurance

The need to establish an independent quality assurance program for
majintenance emerged during our study. This program, whether conducted
by an entire department or one person in a full or part time position,
should monitor the performance indicators identified as measures of
system goal attaimment. This individual or department could also be
responsible for supervising the preparation and monitoring of the
maintenance plans. They should also be responsible for spot checking
maintenance work to insure adequate inspection and correct repair and
replacepent. This course of action is strongly suggested by our
research which found that the scope and level of detail of written
policies and procedures and the frequency of inspections are secondary
to the quality of inspections and work performed. The establishment of
an independent chack of maintenance work would closely parallel existing
quality assurance programs in other industries. The existence of such a
function would facilitate campliance with federal requirements since one
person or group would be monitoring systems performance on an annual
basis. This centralization of information would make UMIA's required
tri-annual easier review and quicker to conduct and possibly increase
the accuracy of information reported.

C. Review Issues

We recamend that the Federal triemnial review of maintenance
effort be confined to a review of local efforts as reflected in annual
maintenance plan docurents. The focus of attention in each of the topic
areas listed in Section A could be guided by the questions listed under
the following headings.

1. Fleet Coamposition
Have year-to-year changes in the fleet been assessed to
determine probable impacts on and changing needs for staff,

equipment, garages, and shops?

2. Facilities and Equipment
Have lknown detficiencies been elminated? Have fleet-related
needs been accamodated?

3. Staff Positions
Have needed staff changes been made?

4., Recruitment and Training
Has there been a review of hiring, training, and testing
practices? Hawve necessary modifications been made?

S. Preventive Maintenance
Has the system monitored campliance with its stated PM

intervals? Have reasons for variations f{ran mileage targets

been analyzed? Has the eftectiveness of the PM program been
reviewer”
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Have pre-run impsections been conducted on a regular basis?

7. Inventog

Have inventory system adjustments been made to accamdate
fleet changes.

8. Roadcalls and Missed Trips
Have causes of these events been identified? Has the
effectiveness of remedial actions been evaluated?

9. Budget
Have budget impacts of system changes been analyzed? Is there

docurentation indicating that variances between budgeted and

actual amounts have been analyzed? Have problems resulting &

excessive overtime or unfilled positions been remedied?

10. Policies and Procedures

Haa the nlan heen 1mdated on an annual basig?
upgat ual basis!/

s was Lo ¢ ) -

performance targets been established/

We recanmend that the UMIA review team be prepared to offer constructive
advice as part of the review. This should include information on
equipment, training, work scheduling, management control, inspection
procedures, and new products. It should also include specific recamren-
dations on alternative approaches for dealing with problems in the areas
which are covered by the maintenance plan. The review should not focus
as strongly on the question of campliance with PM intervals as did the
recent GXO Report, "DOT Needs Beter Assurance that Transit Systems are
Maintaining Buses" (GAO, 1983) because there is little evidence that
500~-1000 mile departures fram plarmed targets are critical to wvehicle
performance. Qur field work indicates that the quality of inspections is
more important than strict adherance to scheduled inspection intervals.
The timeliness of preventive maintenance inspections is one indicator of
overall mmintenance performance and management, but it snould not be the
sole measure of maintenance effort. We note that unit cost analysis and
camponent failure rates are not and most likely will not be available at
the vast majority of transit systems because current industry practices
concerning maintenance data and the limited use of camputers for
maintenance severely limit the mumber of systems which could easily and
accurately report this information. Therefore, the absence of these
data should not be used as a major measure of maintenance adequacy.

D. Research and Technical Support Needs

Several research and technical support needs were suggested by our
site visits. An important topic for technical assistance is pre and
post run inspection procedures. Our results showed that the establish-
ment and enforcement of this procedure is perfectly correlated with the
roadcall experience of our case systems. A very smlil study should be
conducted to confimm this result, identify potential barriers to driver
involvement in inspections, and develop a strategy for introducing this
conceptlon in systam which do not currently requlre such inspections

T
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Three other technical assistance eds were noted: (1) There was s

*E L)
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sentiment that a «ross-listing of interchangeable parts would reduce
inventory space and controi problems; this list could take the form of a
paper 1ist # L oeriodic uwpdates, or a carputerized cross-reference
; { rentory o lerks and managers cited a need for a flexible

v ocontiol system which could accamcdate flee: mix
t1caliy <ross-reference interchangeable parts. (3)
Co Tmopuilerization of managepent information systems
a need; several of our sites reported unsuccessful
miterireticn, and other noted that their stafis need to

COImIuI er 1zed

€l = A

Frai tiul research efforrs could be conducted in several areas. The
first area is mmintenance inspection and preventive maintenance policy.
We found that there wers no strong indications that PM mileage intervals
are strongiy corre.ated with performance. We also found that unit cost
and camponent reliability data are not routinely collected. We also
heard that the quality of PM inspection work is often suspect, There
is, tnerefore, little basis in our cases to decide upon the appropriate
mix of inspections, monitoring, and unit changeout in maintenance. What
is needed 1is a careiul campaison of these methods in an enviromment
whicn would provide ior a fair test of the costs and effectiveness of
these mminterance sirategies, This enviromment should inciude unit
costing and failure ‘racking capabilities as well as quality controls on
mechanic and driver campliance with inspection and servicing schedules.

A second research topic is that of manpower planning. Our findings
regarding training, testing, and salary levels indicate that practices
in these areas are changing, but there is little consistency in the
pattern we have observed. The need for further information on this topic
is especially Lmportant because none of our systems had any formal
mechanism for evaivaiing the effectiveness ot their manpower approaches.
We did not anaiyze the coni{ent of training programs in detail, but we
did find that a broad range of approaches were used, ranging fram
minimal systan crienzation sessions to elaborate classroan and on~the-
job apprenticesnip programs.

A related twopic is worker-management cammmication., Our case
studies indentifited a nunber of instances where labor and management had
aclversarial relationships and where there were morale problems. But we
also found several systems which actively utilized worker input in
developing and evaluating maintenance procedures. Detailed analysis of
the reasons that systems difier on these dimensions could identify ways
to improve labor-mmnagement relations.

A final research topic is the reinforcement of models of mainten~
ance performance., The regression analyses we did in our site selection
process has relatively low predictive ability, and our cases identified
a number of factors not included in the Section 15 data which should be
tested in a formal modeling effort. This would inciude quantification
climatological variables and pre-run inspection policies; it should also
include staffing levels and policies on utilization of old and new
vehicles. A 'time series analysis of the effects of PM intervals on
reliability could also be conducted. These efforts would be useful for
future attempts to define the range of resource regquirements and
performance which can be expected given changes in local service

profiles and management policies. 7
8



7. Conclusions

The experiences of the eight systems reviewed in this report
provide ample support for the argument that every system has unique
features which make it difficult to conduct cross~system camparisons.
However, we have identified a number of practices which are typical of
successful maintenance operations and which logically should contribute
to positive performance. These practices are:

1. Conduct of pre and post-run inspection by drivers

2. Establishment of performance targets, development of perfor-
mance measures, and periodic review of trend analyses

3. Development of written statements of or informal consensus
about maintenance policies and procedures

4. = Coordination of vehicle procurement decisions with inventory
planning and staff development activities

5. Establishment of strategies for recruiting, testing, training,
and retaining skilled staff

6. Establishment of cooperative working relationships between
workers and management

7. Avoidance of urmanageably diverse fleets

8. Periodic performance assessment and evaluation of alternative
strategies for improving maintenance effectiveness.

Our review of these cases has also generated a model for maintenance
plaming which may be of use to both maintenance managers and general
managers as a tool for improving performance and expressing organi-
zational priorities. Key elements of this planning mpdel could serve as
a basis for Federal monitoring of the maintenance of equipment purchased
with capital grant funds.

The cases have also led to the development of a number of research
questions which are related to the elements of the maintenance planning
model. These include analysis of the role of drivers in vehicle
condition monitoring, evaluation of alternative maintenance policies and
PM intervals, development of worker-management quality improvement
models, and analysis of recruitment, training, and campensation issues.
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Appendix A

Systems Included in Section 15
Regression Analyses

AC Transit
Oakland CA

Transit Authority of Harris Co.
Houston, TX.

Milwaukee County Transit
Milwaukee, WI.

Metropolitan Dade Co. Transit
Miami, FL.

Denver KID
Denver, 0.

Crange County Transit
Garden Grove, CA.

Tri County MID
Portland, (R.

VIA Metropolitan Transit System
San Antonio, TX.

Santa Clara County Transit District
San Jose, CA.

Niagara Frontier Transit Authority
Buffalo, NY.

San Diego Transit Corp.
San Diego, CA.

Kansas City Area Transit Aurthority
Kansas City, M.

Utah Transit Authority
Salt Lake City, UT.

Meamphis Area Transit
Memphis, TN.

Metropolitan Suburban Bus Authority
East Meadow, NY.

Transit Authority of River City
Louisville, KY.
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Phoenix Transit
Phoenix, AZ.

Central Chio Transit Authority
Columbus, CH.

Comnecticut Transit
Hartford, CI.

Rochester-Genesee RTA
Rochester, NY.

Sacramento RID
Sacremento, CA.

Qmaha Transit Authority
Qmaha, NE.

Rhode Island RTA
Province, RI.

Capital District Transit Authority
Albany, NY.

Pioneer Valley Transit
Springfield, MA.

Indianapolis Public Transit
Indianapolis, IN.

Queens Transit Corp.
Flushing, NY.

Green Bus Lines
Jarmica, NY.

Madison Metro
Madsion, WI.

Long Beach Public Transit
long Beach, CA.

Toledo Area KTA
Toledo, Chio

Birmmingham/Jef ferson County Transit
Birmingham, AL.



Appendix A (cont'd)

Greater Richmond Transit
Richmond, VA.

Jacksonville Transit

T mloan mamend
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Central New York RYA
Triboro Coach Corp.
Jackson Heights, NY.

Nashvil le MTA
Nashville, 1B.

Santran of Tuscon
Tuscon, AZ.

Broward County Camission
Ft. Lauderdale, FL.

North Surburban Metropolitan Transit
Des Plaines, IL.

Jamaica Buses
Jamaica, NY.

Steinway, Transit Corp.
Flushing, NY.

Santa Monica Motor Bus Lines
Santa Monica, CA.

Pentram-Hampton
Hampton, VA.

Connecticut Transit-Hartford
Hartford, CT

Des Monies Metropolitan Transit
Des Moines, IA.

Akron Metro RTA
Akron, CH.

MASSTRANS
Oklaham City

Oceanside County Transit
Oceanside, CA.

Lane County MID
Eugene, OR.
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Transit Authority of Northern Kentucky
Newport, Kentucky

Gary Public Transit

e’

\ﬁ?‘y‘p L\V!o

Charlotte, Transit
Charlotte, NC.

Bridgeport MID
Bridgeport, CT.

CITRAB~-Fort Worth
Forth Worth, TX
Riverside Transit
Riverside, CA.

Duluth Transit
Duluth, MN.

Dart-Wilmington
Wilmington, DE

City of Spokane Transit System
Spokane, WA

Metro Tulsa Transit
Tulsa, &K

Omitran
San Bernardino, CA.

El Paso Transit
El1 Paso, CA. _

Canton RTA
Canton, NY.

SUNTRAN
Albuquerque,. NM

Riverdale Tranist Corp.
Mount Vernon, NY

Winston-Salem MIS
Winston Salem, NC.



Appendix A (cont'd)

Knoxville Transit Lehigh/Nor thhampton TA
Knoxville, TN. Allen town, PA

BERTA Luzerne County TA

New Bedford, MA. Kingston, PA

Tampa MIA Champaign-Urbana MID
Tampa, Fla. Urbana, IL

Capital Area Transit Greater Portland Transit
Harrisburg, PA. Portland, CR.

Austin Transist System Central Pirellas TA
Austin, TX. Clearwater, FL

Santa Cruz MID Colorado Springs Transit
Santa Cruz, CA. Colorado Springs, QO
Worcester, RTA Corpus Christi Transit
Worcester, MA. Corpus Christi, TX.
Kanawha Valley RIS Savannah TA

Charleston, W. Savannah, GA.
Chattanooga Area RTA City of Salem MID
Chattanooga, TN. Salem, (R

Wes tern Reserve Transit South Bend PIC
Youngstown, CH South Bend, Ind.
Wichita MIA Shreveport Transit
Wichita, KS. Shreveport, LA

Erie MIA City of Raleigh Transit System
Erie, PA. Raleigh, NC.

St. Petersburg MIS Baton-Rouge CIC

St. Petersburg, F. Baton Rouge, LA

Flint Mass Transit Central Arkansas Transit
Flint, MIL. Little Rock, AR

Lincoln Transit Stockton MID

Lincoln, NE. Stockton, CA

Club Transportation Co. Westport Conn. DOT
Yonkers, NY. Westport, N.

Kalmazaoo MLS Lexington/Fayetteville
Kalamazoo, Ml Lexington, KY

Fort Wayne PIC AETRA

Fort Wayne, IN Columbus, GA
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Ann Arbor Transit
Ann Arbor, MI.

Sorta
Cincinatti, CH.

Dallas Transit
Dallas TX.

Santa Barbara MID
Santa Barbara, CA.

Bay County MIA
BaY CitYl m.

Westchester Transit
Yonkers, NY.

New Bedford SEMIA
New Bedford, M.

Cammand Bus Co.
Brooklyn NY.

Lane County MID
Eugene, QR.

#U.8. GOVERNMENT PRINTING QFFICE:1 9 8 6 91, 810
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Rockford MID
Rockford, IL

Florida Transit Management
West Palm Beach, FL.

Mountain View Coach Lines
West Cotsack, N.Y.

Fresno Transit
Fresno, CA.

Comnecticut Transit
Hartford, CT.

Tacoma Transit
Tacom, WA.

San Mateo County TD
San Mateo, CA.

Brockton Area Transit
Brockton MA.
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