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CHAPTER 1 

INTRODUCTION 

The Preliminary Maintenance Plan (PMP) for the 
initial Southern California Rapid Transit bistrict (SCRTD) 
Metto Rail System addresses the program requirements for 
deVeloping adequate. capabilit' to maintain the facilities 
and equipment that will form the Metro Rail System. It is 
the initial step in maintenance program development and 
provides the sttucture and guidelines for maintenance 
program development efforts to be accomplished in later 
stages of the Metro Rail Project. 

1...l OBJECTIVES 

The objectives of the PMP are to: 

Iñtrodüce and describe the four phases of the 
maintenance, planning prOcess. 

Define a top level sequence of maintenance 
progtam development activities and provide a 
general description of sUch activities. 

Describe functional raintepce categories and 
the types of maintenance Work petformed. 

Provide the conceptual framework within which 
task level maintenance activities such as 
servicing, repair, modification1 overhaul and 
inspectiOn can be defined and developed. 

1.2 SCOPE 

The nIP is the first step in the development of a 

maintenance organization capable Of suppprting the entire 
spectrum of facilities and equipment which Will fotm the 
Metro Rail System. The PMP describes general requirements 
for maintenance program planning activities which wiil 
begin during Preliminary Engineering and continue through 
revenue service operations. 

i-i 



S 

1.3 ORGANIZATION 

The PMP consists of six ôhapters. Chapters One and 
Two are the Intrbducti6n and $ystern Description, 
respectively. Chapter Three summarizes the maintenance 
program development process and presents a top level 
maintenance planning sequence which begins with this PMP 
and continues through increasing levels of detail until 
the beginning of revenue service. Chapter Four addresses 
maifltenance program concept development. It describes 
eVetal specific planning issues which must be resolved in 

order to describe the conceptual maintehance program 
framework. Chapter Five introduces the requirement for 
integrated support element plans and describes maintenance 
organizational activities along with a brief description 
of the types of work perfOtmed in each activity. Chapter 
Six summarizes maintenance program definition and 
implementation activities. 
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2. SYSTEM DESCRIPTION 

2...l BiStoty 

The California State Legislature created the Southern 
California Rapid Transit District (SCRTD) in 1964 with a 
legislative mandate to design, construct and operate a 
rapid transit system within the Los Angeles County area. 
The success of such a mandate is 1are1y dependent upon 
the availability of funds. On three occasions, SCRfl 
attempted to obtain county-wide voter approval of rapid 
transit funding through incteases in local sales taxes. 
Finally, in June 1974, Proposition 5 was passed by a solid 
majotity, allowing the use of a portion of state gasoline 
taxes fOt rapid transit development. This measure 
provided a local source of funds for SCRTD to begin its 
rail rapid transit development progtam in Los Angeles. 

$CRTD also received federal funding in 1974 to 
evaluate 16 transit cor-ridots in the metropolitan area. A 
Rapid Transit Advisory Committee (RTAC), composed of.:. 

represextatives of local and state agencies, guided this 
effort.. This analysis identified a rapid transit corridor 
which ut1ified further evaluation. 

Eased on the results of the RTAC study, a Regional. 
Transit Dievelopment Program was adopted by state and local 
jurisdictions.. In September 1976, representatives of the 
City of Los Angeles, alttAñs, the Southern California 
Association of Governments, the County of Los Angeles, and 
the SCRTD applied to the Urban Mass Ttansportation 
Administration (.UMTA) for assistance in financing the 
Regional Transportation Development Program. pesigned to 
identify transportation problems in the Los Angeles area, 
this four-part program cover-ed, among other freeway 
transit projects, a proposed Downtown People Mover system, 
and an eValuation of alternative transit olutions for the 
Regional Core, the approximately 55-square-mile portion of 
the metropolitan center of Los Angeles. 

The program was subsequently endorsed by the newly 
established Los Angeles County Transportation Commission 
in 1977. 
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Having received UMTA and Propoition 5 fUnds to 
evaluate transit corridors in 1977, the SCRTD began an 
in-depth analysis of eleven alternatives -- ten rail/bus 
cômbihations and a status quo" alternative.. 

Concurrenti, a comprehensive environmental impact 
analysis was conducted to examine the efforts of each of 
the alternatives on the affected communities, In 
september 1979, the District Board of Directors selected 
its 'preferred alternatie" -- an 18-mile rail rapid 
transit line extending from the Central Business Diatrict 
through the Wilshire Boulevard area to Fairfax Avenue1 and 
northerly through Hollywood to North Rollywood. 

The results of this analytical work were published in 
the Final Alternatives Analysis/Environmental Iznpaat 
Statement/Report and submitted to UMTA for evaluation in 
April 1980. TwO months later, the SCRTD was allocated $12 
million from UMTA and $3 million from local, sources to 
begin the first phase. of the 10-year project -- 
preliminary engineering. This phase includes additional 
environmental analysis and the. basic work leading to final 
design apd construction. 

2.. 2 physical Plant 

The initial Metro Rail line will be a conventional 
two-track, steel wheel, steel rail Eystem. It will be 
approximately 18 miles long consisting of undetground 
tramway; it will serve the ceptral business district, 
Wilshire Boulevard and the Hollood and North Hollywood 
areas. Sixteen stations are prèsentl..' planned with the 
distance between stations ranging from 0.5 miles in the 
downtown area to 2.7 miles through the Santa Monica 
mountains. A ntãp of the proposed system is shown in! 

Exhibit 2-1. A seventeenth station at t.he intersection of 
Crenshaw Boulevard and Wilshire Boulevard is Under 
consideràtiUn. 

2.2.1 Stations 

Stations will be subway construction with either one 
or two fare collection locations and with multiple 
entry/exit points to street level. Additional exits ill. 

be provided for use in emergencies. Escalators, stairs 
and elevators wl provide vertical ciroulation betqeen 
Street, fare collection and platform levels, with eIevator 
access limited to one route per station. Plans call fof 
equipping the station for both attended and unattended 
operation. 

Some stations will have adjacent parking facilities, 
pick-up/drop-off areas and/or bus pull-in areas to 
accommodate patrons arriving by autOmobile or by bus. 
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EXHIBIT 1 

Map of the Proposed Metro Rail System 
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Wlifle station layout will not be identical, most. 
station elements will be standardized fot economy and ease 
of use, and to establish and identify for the system as a 
whole. 

2.2.2 Vahicl.es 

The passenger vehicle for the Metro nail system will 
be a 75-ft-long, standard gauge, steel wheel vehicle 
capable of operating at speeds up to 70 utph. The vehicles 
will run on 750v PC power. They will be capable of 
regenerative braking. 

The basic. unit will be a married pair, (two cars, 
coupled together, which share some equipment).. Vehitles 
will operate in trains of as many as six cars. Trains 
will be àutomaticäll.y cdntrolled with an operator 
performing some functions. Each vehicle will hold about 
70 seated passengers, and up to about 100 stàhdees at 
norma). loads and over 200 standees at crush loads. 

Stainless steel will be used in constructing the 
vehicle body. Eireresisting materials will be Used 
throughout. The interior will include seating for 
able-bodied and handicapped patrons and include handholds 
and stanchions for standing patrons. 

Vehicle.s will be equipped with lighting, heating, 
ventilating, and air conditioning apparatus to maintain a 
comfortable enVironment for passengers. 

2.2.3 Track and Facilities 

The main storage yard and the. shop facility for the 
starter line will be located in the vicinit' of the 
southeastern terminus. A limited number of storage tracks 
will be located near the North Hollywood terminal. 
Crossover tracks, storage tracks, and pocket tracks will 
be situated at suitable locations to enable trains to turn 
back at both ends of the corridor and at selected midline 
locations. These tracks will also provide temporary 
storage for malfunctioning trains, and petmit reverse 
running during emergency situations. 

2.3 proposed Operations 

A prelimihar2 operating plan was developed using the 
results of analysis pertaining to potential ridership 
projections and s'stem characteristics. 
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By the year 2000, it is estimated that Metro Ru 
will be carr'ing .376,000 passengers pet day. The travel 
patterns of Metto Rail patrons are not expected to be 
concentrated toward the downtown business district, nor 
are they expected to be heavily peaked by directiop of 
travel, or time of day. Nearly two-thirds of the Metro 
Rail patrons (240,000) will be riding a bus to the station. 

o Operating hours of 20 hours per day (5:30 A.M. 
to 1:30 A.M.). 

o Maximum train lengths of 6 cars. 

o Minimum headways of 3 1/2 minutes between trains. 

o Maximum headways of 15 minutes between trains. 

o TraVel time of 31 minutes from North Hollywood 
to Union Station -- an average speed of 35 mph. 

The service provided by the preliminary operating plan 
requires a fleet of 140 vehicles, including sparS. 

Nothing in system design will preclude expanding 
service to a 24-hour operation, if desired. 

A strategy for operational management under 
conditions othet than normal will be developed as the 
system design progresses. Referred to as "Failure 
Managementw, the philosophy will consider: 

o Operational "Slow-Down" when required for safety 
or other reasons; serVice stoppage will be a 
last resort. 

a Automatically or thanually initiated 
modifications of system operatin.g strategies and 
recovery operations. 

o Communicating service disruptions, e.g, train 
delays and serVice information, to patrons. 
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CHAPTER 3 

MAINTENANCE PROGRAM DEVELOPMENT SUMMARY 

The inaijitenance program must provide sufficient plant 
and equipment to perform operating functions safely, 
efficiently and as scheduled. To accomplish this, the 
maintenance program will be developed to meet planned 
system dependability, availability, reliability and 
maintainability goals. These goals will be developed and 
finalized during the preliminary engineering and final 
design phases of the Metro Rail project - 

This Preliminary Maintenance Plan is the first step 
in the maintenance planning process. it provides a 
general description of the activities which must be 
accomplished. As Metro Rail System development proceeds, 
maintenance pining activities will become increasingly 
more detailed. Exhibit 1 shows the stages of system 
development and the related sequencle of maintenance 
planning phases and activities. The activities and their 
seqUence will be defined in more detail in the System 
Maintenance Plan (SMP). 

Development of a fUnctioning maintenance program will 
be accomplished in four phases: 

Concept dé'elopment 
Support requirements planning 
Program definition 
PrOram implementation. 

3.1 CONCEP-T DEVELOPMENT PHASE 

This PMP is the first step in the Cthcept 
Phase. It fulfills the three objectives stated 
1. Approval by the RTD of this document marks 
of the PM?. 
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EXHIBIT 2 

Maintenance Planning Activities and Sequence 
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The second maior activity required during the Concept 
Development Phase is preparation of the System Maintenance 
Plan. The SM? will be mOre detailed than the PM? and will 
address many specific maintenance planning issues. The 
SM? has four primary objectives: 

Discussion and resolutiOn of basic issues whic 
are fundamental to the way the maintenance 
program will function (Chapter 4 of this PM? 
introduces a preliminary list of these issues). 

Description of the maintenance work teqUirement, 
including the types of vehicles, facilities and 
equipment which must be maintained, and the 
càteories of maintenance work which must be 
per formed (chapter 5 of this PMP introduces 
these categories). 

Description of all süppott elements which are 
necessary to the maintenance program and the 
establishment of integrated requirements and 
schedules for the development of those elements. 

Initiation of a continUing process of estimating 
maintenance costs based on increasingly detailed 
inforxñation about maintenance cost factors for 
Metro Rail. 

3.2 SUPPORT REQUIREMENTS !ANNING PHASE 

The various support element plans will be developed 
during this phase. Requirements and schedUles for this 
activity will have been established by the SM?. The 
support element plans will provide detailed guidance for 
developing the many interrelated elements of the 
maintenance program.. Chapter 5 introduces the support 
elements, which will be described in detail by the SM?. 

3.3 EOGRAM DEFINITION PBA$E 

The support element plans will be imp1emertad during 
this phase.. Detailed tasks required by each of the plant 
will be accomplished. A functional organization (see 
Exhibit 2) will be developed and the responsibilities and 
interrelationships of each function will be defined. 
These definitions will be a primary input to the final 
organizational structure of the maintenance depart- 
ment(s). The final organi2ational structure must be 
sensitive to each of the functional requirements as well 
as the wide differéndes in the nature of various system 
elements and facilities which will be part of Metro Rail. 
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Maintenance inputs will be made to the system 
ptocurement specifications. Labor and matérial 
requirements will b.e developed for use in the Maintenance 
Implementation Phase and maintenance management 

( 
information requirements will be defined. Precise 
definition of informaton requirements i of critical 
importance during this phase, because the information 
system must be developed early in the next phase. 

. 

3.4 PROGRAM IMPLEMENTATION PHASE 

During this phase, the maintenance organizational 
structure will be finalize; personnel will be hired and 
trained; vehicles, facilities and equipment will be 
accé.ted; and thaiñtenance work will begin. The body of 
policies and procedures will be prepared and the 
information system will be developed. 

It is essential that integrated policies and 
procedures be developed tO function Under th.e seledted 
organizational structure. These policies and procedures 
muEt be Sufficiently implemented at the beginning of 
syEtem testing to facilitate maintenance dUriflg the test 
ptogram. The' must be fully implemented when evenue 
service begins. 

Test operations will be accomplished and the 
maintenance program will be verified and adjusted,. 
wherever necessary. 

Performance of maintenance wotk will shift from 
contractor field service personnel to internal Metro Rail 
personnel. Finally, preliminary budget estimates will be 
tefihed to produce the f:irst year's maintenance budget. 
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CHAPTER 4 

MkINTENANCE CONCEPT DEVELOPMENT 

A successful maintenance program is comprised of many 
intetdependent and mutually supportive elements. To 
achieve an adequate degree of integration, there are a 
number of issues which must be addressed and resolved 
during the Concept Development and Support Requi±ements 
Planning Phases. These issues are fundamental to the way 
the maintenance. progrAm will functipn and will influence 
how the final maintenance organization is structured. The 
issues are comprised of many sub-tasks which will, 
inc±tnentally, lead to increasing detail in the planning 
process. The initial list of issues is introduced below. 
After review and discussion by the SCRTD and appropriate 
consultant personnel, the issues and the means of their 
resOlution will be fully described jn the SNP. The issues 
include: 

Qrganizationai structure 

Centralized Ue±s.üs decentralized maintenance 
planning and control procedureE 

Preventive maintenance versus corrective 
maintenance 

Repair in place versus removal and replacement 
of modular cOmonents 

In-house versus contract maintehàñce 

Trouble shooting methods 

Management information systems 

Operating Concept. 

4 1 ORGANIZATIONAL STRUCTURE 

The organintional structure must be functionally 
balanced and thoroughly integrated, if maintenance 
performance is to be efficient and effective. The 
following two subsections. describe functional balance and 
integration. 

S 
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4.1.1 'tJN.CtIONAL BALANCE 

All essential functional elements ñtst be present and 
properly implemented. FPr example, complete data 
collection on the shop floor is of Zittle use if it cannot 
be stored, analyzed arid reported. Full manpower cannot be 
effective unless it is complimented by ttaining and 
certification programs. Capable technicians cannot 
perform their jobs unless they are su.pplied with the right 
parts at the right time. In brder to adequately support 
its operational requirements and achieve adequate 
performance levels, the total maintenance program must 
include formalized and dedicated functional activities. 

Functional elements in a balanced maintenance program 
will include: 

Management and administration 

WoEk order control 

Information collection, storage, processing and 
reporting 

Plans and scheduling 

Quality asàurance 

Training 

Maintenance engineering 

Configuration management. 

Warranty cost recapture 

Inventory management 

Productivity measurement 

Management of backlogged or deferred work 

Preventive maintenance and inspection planning 

Service call management 

Technical training and proficiency certification 

special tools management 

. Technica.l data management inclUding manuals 
drawings, parts, catalogs and checklists. 
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There are a variety of organizational structures 
which are used in the. tansit industry. A theoretical 
structure which contains the necflsa±' functional elements 
is shown in Exhibit 2. This exhibit is not intended to 
suggest any particular organizational structure. for the 
SCR-TD, but rather to portray functions and 
responsibilities that must be addressed in a properly 
balanced maintenance program. 

4.1.2 FUNCTiONAL INTEGRATION 

Functional elements must compliment and reinforce 
each other. All maintenance program elements are 
interrelated and must be mutually support-ive. 
Deficiencies in one area will inevitably diminish the 
effectiveness of other elements and ultimately reduce the 
organizationts capability to support operatioüal 
requirements. The best example of functional integration 
is the maintenance information system and the numerous 
activities which it supports. Ekh.ibit 3 illustrates many 
of the activities and requirements which must be supported 
by information from the work order document. 

4.2 CENTRALIZED VERSUS DECENTRALIZED MAIN 

Exhibit 2 reflects a theoretical functional organi- 
zation for a maintenance activity, showing varioUs staff 
and line, functions. With this structure, maintenance 
management can be highly centralized. Centralization is 
accomplished with each .thtaff section dedicated tp a 
particular functional activity and supporting all of the 
line functions. This arrangement has the adQantage of 
providing dedicated labor in each staff function, while 
eliminating the need to duplicate staff activities under 
each and every line function. Therefote, staffing 
requirements are minimized 

Complete centraliEation may not be desirable, 
however. The types of facilities and equipment used in a 
rapid transit system have widely differing characteristics 
in terms of maintenance frequency, personnel skill and 
tool requirements and maintenance work locations. In sothe 
locations, it may be necessary to decentralize certain 
functions because of these differences. For example, a 

single Planning and Scheduling function would face 
difficulty: trying to support both the vehicle maintenance 
activity and the facilities maintenance activities. 
Separate work forces are involved because technologies and 
scheduling requirements widely differ. 

S Consideration mUst also be given to the exis.tinqRTD 
maintenance organization. It may be most practical to 
extend the responsibilities of existing maintenance staff 
to cover selected portions of rail system maintenance. 
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EXHIBIT 3:; 
Transit Maintenance Functional Elements and Responsibilities 
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. EXHIBIT 4 
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Maintenance Work Order Information Interfaces 
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Considerations such as these necessitate the division 
of maintenance responsibilities into a numbet o.f separate 
groups within the overall maintenance organization.. The 
final degree of centralization will result from 
consideration o,f the realities of maintaining differing 
facilities and equipment as opposed to the efficiencies to 
be derived from maximum centralization. 

4.3 PREVENTIVE MAINTENA10E VERSUS CORRECTIVE MAINTENANCE 

Preventive maintenance is a predetermined ptogram 
where properly functioning equipment is withdrawn from 
service to allow certain maintenance actions to be. 

performed at specified tegular intervals (hours of 
operation, miles of operation, etc.). Corrective 
maintenance involves repair woric on equipment that has 
failed.. Corrective maintenance qannot be preplanned 
because it is accomplished after a failure has occurred. 
Since preventive maintenance can be .preplanned, it. is 
usuall' more efficient and less costly than corrective 
maintenance. 

Judgments concerning incl.(lsion of an item in the 
preventive maintenance program must also consider the 
impact. on service of a failure by that item. Failures of 
certain items, such as btakes, have high negative impact 
on service and must be subjected to reUlar preventiVe 
maintenance. Failures of other items, such as convenience 
lights, hate little impact on service. 

The preventive maintenance program should be deàigned 
to minimize in service failures of critical componentE and 
to optimize the ratio of preventive maintenance to total 
maintenance performed. The impact of: failures on service 
will be minimized as will the cost of the total 
maintenance effort. 

4.4 REPAIR-IN- 

The use of either repair-in-place techniques or 
modular replacement techniques is an important maintenance 
issue that effects both availability and maintainability. 
With the repair-in-place technique, equipment must be 
taken out of service for the full dUration of time 
reqUired to effect a repair or perform a maintenance 
action. The down time associated with this technique can 
be lengthy and can cause negative impact on system 
a.ailability. With the modular replacement technique., the 
time to repair a 'zehicle or other end item consists solely 
of the time t.o diagnose the fault and replace the failed 
component or modUle 4ith a serviceable spare unit. System 
doin time is. minimized and the actual repair time for the 
faUlty module does not reduce system availability. 
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An example of repair-in-place maintenance is the 
wheel-truingoperation. Although it would be possible to 
true wheels after the ttück has been removed from the 
vehicle, many transit properties true the wheels by 
grinding them in place with a machine specially designed 
for this purpose. The time to detruck and retruck a 

vehicle (and the manpower required) makes this 
repair-in-place technique efficient and economical. 

In general, modular design should be incorporated 
wherever possible and should remain consistent with the 
nature of individual systems and components. Cettain 
items lend themselves to modularization more readily than 
others. Electtonic equipment associated with the train 
control, communications or fare collection systems can be 
packaged in a manner that readily accommodates modular 
±eplacement. Requirements for optimum modularization 
should be included in all procurement specifications 

4.5 IN-HOUSE VERSUS CONTRACT MAINTENANCE 

The degree to which component and assembly repair 
work is contracted out to lobal service shops, or to the 
original equipment manufacturers, is an important 
determinant of maintenance facility requirements, teEt 
equipment, mainténancé personnel levels, spare parts 
inventory and component repair procedures. in theory, it 
is possible to contract out all repair and 
component/assebl' overhaul wor. However, in practice, 
contracting out is normally limited to special situations 
when: 

(1) Items are of a specialty nature or of unique or 
complex design and manufacture which cannot be 
teasonably handled without extensive investment 
in specialized tools and the use of highly 
trained and skilled perEonnel, or 

(2) specific service shop capability can be 
idetitified in an area lcca]. to the rapid ttansit 
systeth, nd the quality and reliability of work 
performed by such shops can be established. 

If the second condition ôan be met, certain less 
unique or complex items should be contracted out if a cost 
and requirements analysis determines that it would be 
beneficial to do so. As a hedge against the impact of 
possible work stoppage, it can be beneficial to contract 
out selected work purel' to maintain an alternate source 
of maintenance capability. These considerations are 
important, as they have major impact op facility and 
personnel requirements. 
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4.6 TROUBLE SHOOTING METHODS 

Trouble shooting methods utilized to check equipment 
and search for the cause of fault conditions will 
influehcè the overall, maintenance operations program arid 
the design of equipment subsystems, assemblies and 
components. Diagnostic techniques, particularly for 
electrical and electronic control equipment, strongly 
influence, and are st±ongly influenced by, the extent and 
nature of equipment modularization. From a 
mean-time-to-repair viewpoint, tracking a fault condition 
in a cabinet full of electronic equipment may represent 
the majority of the on-line repair time. Once faulty 
equipment module has been identified, a replacement module 
can be subst-ituted for the faulty unit in a matter of 
minutes. Thus, specific test points and test equipment 
wIll be tequired for many System elements Ipd will 
constitute an ithportant part of the. overall maintenance 
concept. Additionally, requirements for built-in test 
equipment and test points must be defined for 
incorporation into procurement specifications. These 
requirements should be addressed and defined during 
preparation of integrated suppott element plans (see 
Exhibit 1). 

4.. 7 MANAGEMEN.T INFORMATION SYSTEMS 

Maintenance management information lies at the core 
of the maintenance concept. Timely, accurate, detailed 
and comprehensive information is essential if centralized 
management and control is to fUnction effectively. 

Information collection, processing and retrieval is 

the nervoUs system of a maintenance organization. For the 
Metro Rail, automated information suppôtt will be a 
virtual necessity. Without it, the large volumes of 
information generated wil not be able to be stored, 
processed or retrieved. The result will be limited access 
to information which would severely constrain managers' 
ability to identify problems and react in a meaningful. 
way. Management information is needed b.y all fUnctions at 
all levels, from technician to director and from en7ineer 

to plannet. whenever information is lacking, productivity 
and efficiency is reduced. 

The first step toward developing a comprehensive 
maintenance information system is to describe information 
requirements. A majot objective is to assure that 
information requirements at the collection point are fully 
defined. It. is essential that complete information 
regarding each and every maintenance transaction be 
collected. Th.is enables managers, through a combination 
of manual procedures and computerized processing, to 

access, analyze and report the information. 



Reports needed by maintenance thanaqers must also be 
described. Reports may include data âuxrthiaries at various 
levels of detail and arithmetic calculations of reliability 
and maintainability statistics. They may involve 
statusing of work in process and planning of preventive 
maintenance schedules. Performance measures of personnel 
and equiiprhent ma be teported along iith the costs of 
manhours and materials required to perform maintenance. 

When information requirements have been defined1 they 
become the primary inUt toward defining and developing 
information procedures and the computerized data 
processing system. 

4.8 OPERATING CONCEPT 

The operating concept which is ultimately developed 
for the Metro Rail system will influence several aspects 
of the maintenance prog:ram.. It is essential that the 
interfaces between maintenance and dperations be carefully 
defined. 

In service equipment failuras can have major impact 
on revenue operatiOns, so .maintenaxide fc±Oes nfãst be able 
to respond quickly and accurately. This requires precise 
definition of operator apd central control reporting 
re4uiréments in addition to well planned maintenance 
response procedures. 

The interface where vehicles are routinely 
tranSferred f±om operational control to mintenance, and 
from maintenance control to operatiOns, iS also 
important. Operators are the best potential source of 
vehicle performance information and should routinely 
provide accurate and complete definition of equipment 
problems when a vehicle returts tO the yard from revenue 
service. Likewise, maintenance must keep operations 
informed as to fleet availability, and must provide 
sufficient vehicles when and where they are needed every 
day. 

System operating hours are also an important 
determinant of maintenance program design.. Trackwo±k, 
sigals and train control equipment all have certain 
maintenance equirements which cannot be performed during 
revenue service operations. The maintenance program must 
be designed to provide services during houts hefl the system 
is not in operation or when individual system elements can 
be removed from service. 

* * * * * * * 

These issues are important facto±s in the maintenance 
conbept. The SMP will describe these issues in detail 
along with how they are to be approached and resolved, 
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CHAPTER 5 

SUPPORT REQUIREMENTS PLANNING 

Detailed support requirements planning will be 
accomplished duribg the second phase of maintenance 
program development. It will be comprised of a series of 
integrate4 support element plans which will establish 
specific taskà and schedules to be accomplished during the 
Program Definition Phase. The initial list of required 
support element plans includes: 

Functional organiEation development 

Labor and training requirements 

Facilities, equipment and tools maintenance 

Materials and spare parts requirements 

Maintenance manuals and technical data 
requirements 

Maintenance management information. 

This list of plans will be refined and updated in the 
SM? with descriptions of the proposed objectives and 
content of each plan. 

The content of the support element plans is, to some 
degree, generic because of the similarity of operation 
between iansit property maintepnce organizations. It is 
strongly influenced, however, by the property specific 
facilities and equipment to be Thaintained, by the 
organizational structure and maintenance capability which 
are developed or which presently exist, and by the 
operating concept and plans which are developed. 

The typical activities of a rail rapid transit 
maintenance organization are described in the following 
paragraphs. The activities are grouped into 5 areas, 
imilar to the organizational structure that exists at 

other rail rapid transit properties. Te S areas are: 

5-1 



Maintenance Management 
Ways, Stations hd .Strutture Maintenance 
Railcar Maintenance 
Systems Maintenance 
Maintenance Engineering and Control. 

5.1 RAIL MAINTENANCE MANAGEMENT 

Rail Maintenance Management personnel are responsible 
for the direction and coordinatidn of all maintenance 
activities required to assure system operation in a safe 
and reliable manner, the typical responsibilities of the 
organization that directs rail mirteziance include: 

Estabiisliment of maintenan:ce policies designed 
to achieve system dependability and availability 
goals. 

Coordination and integration of the. effortà of 
various maintenance departments. 

Liaison between the Rail Maintenance activity 
and other administrative and operating 
organizations. 

S..2 WAYS, STATIONS AND STRUCTURE MAINTENANCE 

This activity is subdivided into three areas 
responsible for maintenance, involving:. 

Trackwork and structures 
Buildings and support equipment 
Custodial work in public areas. 

5.2.1 TRACKWORK AI4D STRUCTURES 

Personnel are responsible fOr track inspection, track 
repair, tamping, trash removal, leak inspection! and 
repairs, structural inspections and repairs, welding, 
drain repairs, and maintaining their own eqilipment.. 

This activity includes the maintenance of storage 
yards and maintenance shops. Storage yards generally 
include yard lead tracks, transfer tracks, transportation 
facilities, and revenue storage trackE. 

5.2..2 BUILDINGS AND SUPPORT EQUIPMENT 

Personnel are responsible for the maintenance of all 
buildings, sidewalkà, alt conditioning, heating and 
ventilating equipment, storm pumps, sewer systems, hoist 
equipment, boiler and ôhiller plants, electrical 
eguipnient, fire protection equipment (ektinguishers, 
alarms and valves), locks, lightbulb replacement, signs 
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and graphics, paving, emergency repairs and parking lot 
equipment. Elei'atOr and Scalátbr maintenance are their 
most critical functions, although this can sometimes be 
more economically handled by outside contractors. 

Other facilities include electrification and control 
facilities, wash track, personnel offices and 
administrative facilities, access and inter icr cir culation 
roadways, parking areas, drainage and utility systems, 
fencing, warehouèing, electrification and control s'ëtems 
and the non-revenue fleet including rail, highway and 
rail-highway vehicles. 

5.2.3 CUSTODIAL WORK 

personnel are responsible for janitorial work in all 
stations, shops, garafls, patk.ing lots and landscaped 
areas. Working activities include station cleaninq and 
gardening,, and picking up trash around the stations and in 
parking lots. 

5.3 RAILCAR MAINTENANCE 

This activity is subdivided into two areas, one 
responsible fot service and inspection and the other or 
heavy maintenance and component tepair. 

5.3.1 SERVICE AND INSPECTION 

personnel are responsible for preventive maintenance 
activities, cleaning, daily inspections, testing, 
troubleshooting, minor clorrective repairs, daily safety 
inspections of the vehicles and of subsystems and 
components. This activity usually requires 
around-the-clock personnel on a seven-day-a-week basis. 

5.3.2 hEAVY MAINTENANCE AND COMPONENT REPAIR 

Car mai tenance personnel are responsible for 
corrective (unscheduled) maintenance, major repairs and 
overhauls. Component. repair persoirnel are responsible for 
repair ing/overhauling failed components. 

5.4 SYSTEMS MAINTENANCE 

This activity consists of preventive and corrective 
maintenance on electronic, electrical and mechanical 
subsystems that support rail service. Depending on the 
size and complexity of the transit system, the activity 
may be subdivided into several areas responsible for 

maintenance of: 
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Fare Collection 

Train Control 

Communications and Computers (CCTV, tados, 
intercoms) - 

Power Systems. 

In addition to these maintenance activities, a group 
responsible for the testing and repair of failed 
components and subassemblies, and the calibration and 
repair of test equipment, is required. Many transit 
properties use outside vendors foE this specialized 
activity. 

5.4.1 FARE COLLECTION MAINTENANCE 

This activity includes ticket vending machines, 
fare4ates, farecard encoders and readers1 change machines 
and monitoring equipment. Because of the sophisticated 
electromagnetic, electronic, and mechanical equipment, 
specially trained technicians are needed to perform both 
scheduled and Unscheduled maintenance. 

5.4.2 TRAIN CONTROLMAINTENANCE. 

This activity includes the maintenance of vehicle, 
wayside and central control equipment. Train control 
equipment includes train protection, train operation and 
train supervision equipment on the vehicle, along the 
wayside, in the yard and in the control center. 

5.4.3 COMMUNICATION S2STEM AND COMPuTER MAINTENANCE 

This activity consists of ritaintenance of various 
communication systems that include radio, PABX telephone, 
emergency telephone, public address, intercominunidation, 
c1oed circuit television, data transmission, cable 
transmission, along with the various relay station, 
transmitters and receivers. Included is computer software 
and minor maintenance on computer hardware. 

5 .4.4 POWER SYSTEMS MAINTE4A±CE. 

This activity consists of the control, inspection, 
odification, overhaul, test and repair of switchgears, 

ttansfor.mers, uninterrupted power supply systems and other 
sophisticated electrical eqUipment.. This activity 
maintains the subsystems which deliver direct cUE± ent for 
propulsion power for trains and alternating current for 
utility power throughout the system. 
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5.5 MAINTENANCE ENGINEERING AND WORK ORDER. CONTROL 

Respotsibilities include the overall management, 
planning, scheduling, engineering, work control and 
management of parts and supplies required to support 
maintenance activities. While organizational structures 
vary by transit property, activities are similar. They 
are discussed here, segregated into three areas: 

Maintenance Management and Control 
Maintenance Engineeripg 
Material Management and Control. 

5.5.1 MAINTENA}10EMANAGEMENT AND CONTROL 

This activity covers planning and scheduling, work 
order control, warranty program management, quality 
assurance, records, safety and systeth assurancIe and 
training. 

5.5.2 MAINTENANCE ENGINEERING 

This activity consists of the specification of 
maintenance criteria guidelines, development and 
definition of. techhical procedures, performance of 
technicalanalyses, developmtht of design modifications, 
management of retrofit programs and configuration and the 
review of procurement specifications. 

5.5.3 MATERIAL. MANAGEMENT AND CONTROL 

This activity consists of maintaining a constantly 
available supply of reqUired raw materials, supplies and 
spare parts consistent with operational demands. It must 
ensure proper receipt, storage, protection and issUance of 
materials from inventory establish appropriate controls 
for safeguarding those thaterials. 

* * 

This organizational brefldown 
SMP based on cUrrent information. 
equipment to be maintained will be 
detail as possible, along with the 
work to be performed. This inform 
for developing the support element 
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CHAPTER 6 

MAINTENANCE PROGRAM DEFINITION A1D IMPLEMENTATION 

This chapter briefly discusses the third and fourth 
phases of the maintenance planning process. These phases 
will occur during the Final Engineering and the 
Construction and Testing stages of the Metro Rail 
project. Therefore, this PMP merely sthnrnarizes certain 
major activities which must occur. More detailed 
discussion of these phases will be contaifled in he SMP 
and the support element plans. 

6.1 PROGRAM DEFINITION 

Baying resolved the basic maintenance issues and 
having developed support element plans, activities during 
this phase accomplish detailed planning tasks. The 
spectrum of required tasks and schedules will be defined 
in the support element plans. A few of the major items of 
concern are described below. 

6 .1 .l PROCUREMENT SPECIFICATION INPUTS 

The maintenance organization is respohs.ible for 
maintaining procured facilities and equipment after their 
acceptance from the manufacturer. Therefore, maintenance 
planners must have a major input into the procurement 
specifications. Maintenance involvement in preparing 
specifications translates to improved confidence that the 
e4uipñient will perform as expected. Specification 
requirements ihich should have maintenance input include: 

Quantitative reliability and maintainability 
levels including preventive maintenance 
requirements 

Construction/manufacturing qUalit assurance 

Provision of maintenance manuals and technical 
data 

Maintenance equipment and initial spare patts 
1 is t s 

Design reviews. 
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6.1.2 INFORMATION REQUIREMENTS 

The critical need for an information system has been 
described in Chapter 4. The first step in fulfilling this 
requirement will be a comprehensive requirements analysis 
conducted during Phase 3. This step will identifz all 
requirements for information and will define alternatives 
for fulfilling those needs. Hardware options and software 
development options will be described, and a functional 
specif-ication arid detailed system deEign will be 
produced. This information will in turn define the amount 
and type pf computer hardware which is needed, along with 
the software dével&pment t.equirements and schedule for 
system development during Phase 4... 

6.1.3 LABOR SKILLS AND STAFFING 

Tasks in this area will focus on developing detailed 
estimates of skills and staffing requirements based on the 
maintenance conoept and the equipment and facilities to be 
maintained. The estimates sill be used to develop refined 
cost estimates and as inputs to training program planning. 

6.1. 4 SPARE PARTS AND MATERIALS 

Tasks in this area will also provide information for 
refining cost estimates. Inputs will be developed fpr 
initial spare parts lists to be included in procurement 
specifications. Additional information will be prepared 
to define the great variety of materials and supplies 
which will be required, from toilet paper and light bulbs 
to special trackwo±k and othet investment items. 

6.2 PROGRAM IMPLEMENTATION 

This phase is the transition from planning and 
procurement to testing and maintenance operations. The 
integrated plans and schedules of the various support 
elements must all clurninate in a capabiLity to perform 
maintenance during this phase. The organizational 
structure with all of itè functional units and 
interrelationships must be finalized, as well as the body 
of maintenance policies and procedures. The information 
System must be in place prior to the beginning of system 
testing.. 

Fia). decisions must be made about staffing and 
materials requirements and a detailed operating budget 
prepared. 
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