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EXECUTIVE SUMMARY

Research condted by theConstruction Industry Institute (CIl) revealed an increasing
awareness and development of maintainability ndustry. In &ct, some companies have
invested considerable time and resources in developing maintaingbilgyams to failitate a
timely integration of maintainability into thgroject deliveryprocess. This report captures the
essence of maintainabilitgrograms and provides readers wittagircal insights into wrrent
maintainability implemetation.

Research Purpose and ObjectivesThe primary purpose of this research is to document
the current @teof-practice in maintainadlity. Specific research oégtives include(l) conduct
in-depth case studies; (2) capture implemented mainiltipddest pactices; and3) perform a
comparative analysis between maintainabpitgygrams.

Research Scope— The CII Maintainaiity Research Team interviewedhdustry
professionals from a broad crogzg8on of companies. Caseaigdy participants were involved in
many different types of industry: general building, maetdring, chemicals, and
pharmaceuticals. Additionally, the case studies document a wide variety of maifitginab
programs, ranging from formalized corpte-wide maintainality programs to pilot programs
implemented at one plant locaiti. The maintainaldly programs were applied to peajs
ranging from retrofit pragcts (less tha®500,000) to capital pregts (greater than $@illion).
Capital and retrofit prejctsfor equipment, systems, and ifdies were included in this research.

Furthermore, the case studies present differenegrrpgarticipants leading maintainiéip
implementation: owner-led, contractled, and designer-led. Additionally, different persfives

of maintainability implemetation were soughtom progct roles of owner, contramt archiect,
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design engineering, and supplier. But as maintainability mostctlir impacts owners of
constructegrojects, the majority of this casaudy research focused on owner organizations.

Research Methodology- The research methodology adopted is fited snilar to
constructallity and identical to “A Model Procedsr Maintainalility Implemertation” Russell
et al. 1999. The research methodology included: (1) a questionnaire survey; (2) 35 data
collection interviews; an{B3) seven in-depth case studies with industry professionals. The seven
case studies are grouped into teategories(1) major case studies and (2) minor case studies.
The major case studies describe elements of a maintaingdsdigam and include a project
implementabn, if available. The minor case studies describe maintéipalbest pactices
implemented on specific pegts.

Maintainability Approaches — This report presents seven maintailitgbapproaches:

(1) standard design actice;(2) contact specifications(3) cross-functional prect nvolvement;

(4) pilot maintainallity program; (5) integration into existing programs; (6) formalized
maintainabilityprogram; and (7) comprehensive tracking. Description andcapipl of each
approach is presented.

Maintainability Program Attributes — This report presents an organized emlbn of
attributes that positively contribute to an effective maintaiityalprogram. Theattributes are
grouped into five areas: (1) corpde canmitment; (2) program resources; (3) maintainiap
planning; (4) maintainality implemertation; and(5) program updating. A comparative analysis
compares and contrasts attribufes two maintainaliity programs (owner-led and coattor-
led).

Conclusions — Research findings reveal the emergence of maintainapildgrams.

Varying degrees of formality in maintainbiy programs exist among several industries and
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project participants. The comparative analysis highlightsomant programattributes that
positively impact maintainality implemertation. For example, a structured framework for the
maintainability vork process enhances consistent anecgiffe implementabin. Also, cokcting
feedback and tracking program progress is paramount for continuous improvement. This
research observed maintainability impletaion evolving in its infancy stages. Active owner
involvement continued corpate conmitment and @pport, and increased project
implementations are essentidbr ensuring socessful implementation and pmoved

maintainability in the future.
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CHAPTER ONE

INTRODUCTION

Typically, maintenance is given inadequate consideratiopraject planning and
design. As a result, uncertainty in maintenance expenses can contribute to high life cycle
costs; thus increasing importance of considering maintainability in the design process.
Research condted by theConstruction Industry Institute (CII) reveals an increasing level of
awareness and development for maintainability.

For purposes of this research, maintainability is defined as the “inherent characteristic
of system design pertaining to the ease, accuracy, safety and economy in the performance of
maintenance actions (Blanchard 1995).” Simpdtexd, maintainability is a design parameter
for the ease of maintenance. This definition reinforces the concept that maintenance
capability for a progct is largely determinediuring the design process. Therefore, a
proactive @proach requires early planning and design for maintainability.

This report is an extension of the research conducted in “A Model Process of
Maintainability Implementatin,” (Russell et al. 1999) in which the CIl Maintainability
Research Team investigated means by which companapom@te maintenancknowledge
and experience into the peaj deliveryprocess. This research documents the varying levels
of maintainability programs being implemented in industry. Informal programs incorporate
maintainability simply through designer experience or engineering standards. At this level,
maintainability lacks a structured process to facilitate consistent implementation and
maintainability benefits have not been formally recognized. In comparisonalfpech
maintainability programs have corpoe conmitment to &pport integration of
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maintainability into the prejct deliveryprocess. Corpate procedures and resources have
been developed to assist effective maintainability implementatiThe varying degrees of
formality in maintainability programs reftt different pproaches taken by companies to
design for maintenance.

The CIl Maintainability Research Team documented seven in-depth case studies of
maintainability implementation in indugt Appendices A through G present all seven case
studies in detail. With the data collectedm the case studies, the reseatedim identified
seven approaches used to implement maintainability. Additionally, this report presents a
comparative analysis that compares and contrasts two maintainability programs. The first is
an owner-led maintainability program implemented by the engineering division within the
owner organization. The owner-led program is applied to equipmaelitifacin the
manufacturing industry.  The second is a cactior-led maintainalty program
implemented by a full-services organization contracted out by the owner. The contractor-led
program is applied to equipment/iides at a government owned aerospacgustry site.
Program attributes are used as evaluation criterithe comparative analysis.

This report provides readers with manwagtical benefits. The comparative analysis
presents an organized collection of attributes positively contributing to an effective
maintainability program. The case studies present benchmark examplestusi
maintainability programs implemented in industry. Readers will be more informed on the
stateof-practice in maintainability; thus readers are in better understanding of the elements

involved in development and implemation of a maintainability program.
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CHAPTER TWO

RESEARCH METHODOLOGY

2.1PROBLEM STATEMENT

Historicaly, maintenance has been perceived as a “necessary evil” and an inevitable
burden of cost for al prgect. This view of maintenance is changing. The impad of
maintainabil ity on availability and ultimatdy, profitability has affectel the gpproach taken
towards maintenance. For some, maintenance is a proesson requiring the skills of planning,
scheduling, and measuring for effeciveness The increased importance of prgect planning
and design for maintenance has sparked the awareness and growth of maintainability. In
fact some mmpanies have invested considerable time and resources in developing
maintainabil ity programs to fadlitate a imely integration of maintenance @mnsideration into
the prgectdelivery process

The emergence of maintainability programs appeas in varying levels, approades,
and applicatons. With awide range of differencesin implementing maintainability, standard
criteria ae needed to evaluate maintainahlity programs. Thus, this report identifies

attributes to be used as evaluation criteria for maintainability programs.

2.2RESEARCH SCOPE AND OBJECTIVES
The CIl Maintainability Research Tean adopted a format similar to constructabili ty
as its reseach methoddogy. This report is an extenson of “A Model Process for
Maintainability Implementation” (Rus=ll et al. 1999) and thus, the reseach scope and
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methodology are identical. Readers can refer to the previous report (Russell et al. 1999) for
further detalil.

The purpose of this report is twofold. First, the report provides readers with
benchmark examples of maintainability programs implemented through various approaches
by different players (owner, designer, and contractor) in different market sectors
(manufacturing, general building, pharmaceuticals and chemicals).on&ethe report
provides evaluation criteria for maintainability programs. Specific researdttiviejs
include:

1. Conduct case studiesitinistrate the statef-practice in maintainability;

2. Capture implemented best practices tharowed maintainability; and

3. Perform a comparative analysis to identify evaluation criteria for maintainability

programs.

2.3CASE STUDY INVESTIGATION

The CII Maintainability Research Team documented seven in-depth case studies.
The research approach leading up to the case studies consist of three phases: (1)
guestionnaire survey; (2)ath collection interviews; an@) case studies. Phase | began in
October 1997 when a three-page questionnaire survey was distributed to industry
professionals (i.e., pre¢t managers, operations and maintenance managers, and maintenance
technicians) from companies represented within and outside of the CII Maintainability
Research Team. Of approxtely 75 questinnaire surveys distributed, 48 surveys were
returned; thus, the response rate was appairin65%. Further details pertaining to the

guestionnaire survey are documented in a previous report (Russell et al. 1999).
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Phase I, data cattion interviews, began in Briary 1998 and overlapped with case
studies. In total, approxmely 90 ndustry professionals were interviewed in 35 different
organizations. Industry professionals participating in the interviews ranged from corporate
engineering to maintenance technicians, all of who had experience and/or knowledge
working with design for maintainability. Phase Il was used to identify case study
participants. Case study preference was for formalized maintainability programs with an
example of pract implementation.

Phase lll, case studies, was costptfrom September 1998 to August 1999. The
purpose of the case studies was toeoblldetail mformation onactual maintainability
programs. The researdeam documented seven case studies that ratged into two
categories(1) major case studies and (2) minor case studies. Major case studies describe
corporte maintainality programs with exampleoroject implementations (if available).
Minor case studies describe maintainability bescpces implemented on specific projects.
Datafor the case studies was eaited hrough a series of interviews that ranged from half a
day to two days. Case studies from several industries provide an array of different programs

and approaches to maintainability.

2.3.1 Format of Case Studies

Five major case studies focus on elements of a camganaintainabilityprogram.
Each case stly was compared to the model process for maintainability implkatiem
(Russell et al. 1999). Thusach major caselsly outlines six milestone phases: (1) commit
to implementing maintainability; (2) establish maintainability program; (3) obtain

maintainability capabilities;(4) plan maintainability implemeation; (5) implement
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maintainability process; and (6) upié ©rporate program. Actions taken to develop and
implement a maintainability program are described within these six milestones. This format
for the major case studies allows readers &ichn case sty information with the model
process for maintainability imple metion.

Two minor case studies focus on specific petg thatillustrate implementation of
best practices that pnoved maintainability. The minor case studies are shorter in length and
are less detailed than the major case studies. Although a formal maintainability program may
not have been in-ate, the nmor case studies demoradt that desigfor maintainability can

still be achieved through implentation of best practices.

2.3.2 Bief Summary of Case Studies

Providing an overview of thetateof-practice in maintainability, the case studies
were documented from several industries: general building, @etomihg, chemicals, and
pharmaceuticals. A specific casadt does not @cessarily represent the collective stafte
practicefor its industry; rather the case study represents only the individual company itself.
As shown in Table 2.1, the case studies have differences in: (1) formality of maintainability
program; (2) pragct applications; an@) implememation lead. Appendices Atough G
present all seven case studies in-detail.

The formality of a maintainability program varies widach case sty. The

maintainability programs range from formalized cogierwide maintainabilityprograms
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TABLE 2.1 Summary of Case Studies

Project Applications _§
Type *g ]
. T 3) S &
Case Formality of Maintainability 1 " =
Study Program 215 |¢g 2 Size r=
Index § 5| 3 £ Project Example
(1) (2) - (4) (5) (6)
(a) Major Case Studies
1 _Formal corpaateprogram X | X | X > $2 million Owner Medium-sized clean room projelct
(highly suggested work process)
> .Formal corpoateprogram x | x | x < $500,000 | Contactor Small retrofit progctson-site
(highly suggested work process) location
3 . P'k.’t program X | X | X Not Available Owner Small air-handling unit retrofit
(initial trial at plant site)
~ 4 Infor_mal corpoateprogram x | x | x | x |NotAvailable owner Large wastewater treatment
(defined project activities) facility
5 Formal corpaateprogram X | X | X Not Available Owner Not Available
(elevated to mndatory compliance)
(b) Minor Case Studies
Maintainability best practices: Architect /
6 1. contract specifications X X | Not Available . Large airport terminal expansion
. Engineer
2. design concepts
Maintainability best practices:
7 L f_ront-end Ioac!lng of maintenance X | X Not Available | Engineer Small hospital chiller retrofit
2. life cycle costing
3. maintainability design tool
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to pilot programs implemented at one plant location. In addidanh maintainability
program differs in the settion and level of participation pfoject team members. The
varying degrees of formality illusite the evolution and development of maintainability
programs.

Maintainability programs should be developed and implemented apedprio
organizational and project needs. The case studies present mailitiaipatgrams
applied across a variation of peof types and sizes. Project applications waom small
retrofit projects (less tha500,000) to larger capital pegts (greater than $2 mdh).
Both capital and retrofit pregtsfor equipment, systems, and ildies were included in
the maintainability programs.

While maintainability programs are primarily owner-driven, the case studies
document different pregt participants leading maintainability implementation: owner-
led, contractor-led, and designer-led. Also, different maEtpes on maintainability
implementation were souglitom progct roles of owner, contramt architect, design
engineer, and supplier. But as maintainability moseatly impacts owners of

constructegrojects, the majority of case study research focused on owner organizations.

2.4 SUMMARY

Maintainability is a topic growing in awareness. Recognizing the importance of
maintenance, companies are developing and implementing maintainability initiatives.
While varying levels of formality do exist, all efforts are aimed to achieve the same goal:
design for maintainability to increase return on @cojinvestment. This pert presents

case studies describing different programs and eptojimplementations of
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maintainability. The assortment of case studies provides an insightful look intiatire s
of-practice in maintainability across several industries.

The next chapters present the research findings and results. Chapter 3 presents
approaches for implementing maintainability. Chapter 4 introduces a comparative
analysis and describes the organizational characteristics of the two maintainability
programs. Chapter 5 presents the comparative analysis and identifies pabigitautes
as the evaluation criteria. Chapter 6 concludes with practical applications and future

research.
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CHAPTER THREE

SEVEN MAINTAINABILITY APPROACHES

3.1 INTRODUCTION

The wide range of industries and @i participantsnvolved in the case studies
contributes to a broad cetition of data. The case studies document the atgiractice
in maintainability, illustrating many facets of a maintainabiliffoeg and differences in
approaches to implementing maintainability. This chapter overviews the five levels of

maintainability implementation and describes seven maintainalpigyoaches.

3.2 LEVELS OF MAINTAINABILITY IMPLEMENTATION

The synthesis of data collection interviews and case studies presents five levels of
maintainability implementation(1l) designer experiee; (2) effective organizational
standards; (3) developing maintainability process; (4) formal maintainability process; and
(5) comprehensive maintainability programetBils of the five levels of maintainability
implementation are presented in a previous reseapurtréRussell et al. 1999). For
purposes of illustrating theateof-practice in maintainability, a brief overview of the
five levels will be described.

The five levels of maintainability implementation illustrate the increasing
formality and standardization of a maintainability program. Level 1, designer experience,
is the minimal level of maintainability implementaii Level 1 depends upon the

initiative, awareness, skill, and knowledge of the designer to inaaonaintainability
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into the design process. With each succeeding level, increasedmparmvolvement and
maintainability activities enhance effective maintainability implementation; thereby,
increasing the opportunity for pegts to capture additional beneft®dm improved
maintainability.

Level 5, comprehensive maintainability program, is the highest level of
maintainability implementati. Level 5 consists of a foatized orporate
maintainability program containing a structured work process witlitemnrprogram
procedures. The maintainability work process includes a method for tracking
benefits/costs, lessons-learned, and best practices to continually improve atelthpd

program. Level 5 is considered the ulim best practicprocess.

3.3 APPROACHES TO IMPLEMENTING MAINTAINABILITY

While the five levels have been previously defined by a prior research report, this
report identifies seven approaches used ttaimthe certain level of maintainability
implementatbn. A combination of the literature review and case study findings reveal
seven approaches: (1) standard desigrctime; (2) contract specifiations;(3) cross-
functional progct teamnvolvement; (4) pilot maintainability program; (5) integration
into existing program; (6) foralized maintainability program; and) comprehensive
tracking. The approaches are not mutually exclusive. Most often, several approaches are
used in combination to implement maintainability. As shown in Figure 3.1, the
approaches are presented in relative order of increasing maturity and increasing resource

requirements.
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1. Standard Design Practice

2. Contract Specifications

3. Cross-Functional Project Team Involvement
4. Pilot Maintainability Program

5. Integration into Existing Program

Increasing maturity and
required resources to
support the approach

6. Formalized Maintainability Program

7. Comprehensive Tracking v

FIGURE 3.1 Approaches to Implementing Maintainahlity

3.3.1 Standard Design Practice

Standard design practice relies on the designer or company standards to include
maintainability as a design objective. Maintainability should be considered in the
parts/equipment seleon, faglity layout, informationtechnology, and overall design of
the final product. Examples of maintainability design concepts inchagessibility,
standardization, modularization, color coding and labeling, preventive and predictive
maintenance capability, visual managem&sthniques, and preferred suppliers. A
further explanation of maintainability design concepts are presented in a previous
research report (Russell et al. 1999). The standard desigticpr @proach assists in

providing maintainability concepts to beaetlitly incorporated into the design process.
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3.3.2 Contract Sgecifications

Contract specifications defineproject expectations and requirements for
maintainability. Effective contract specifications outlingl) definition of
maintainability; (2) maintainability obgtives; (3) maintainability activities; and (4)
maintainability personnel. Specific requirements identified in echtspecifications
include: (1) operations and maintenance documentation, such as maintenance procedures;
(2) operations and maintenance training; (3) maintenance management information
systems; (4) maintainability personnel, such as a coordinator; (5) collaboration of project
participants in a work process; and (6) preferred suppliers for parts and equipment. The
contract specificationspproach assists in clear idergdtion of maintainability goals

early in the pragct deliveryprocess.

3.3.3 Cross-functional Project Team Involvement

Cross-functional prejct team nvolvement seeks the knowledge, expertise, and
participation of personnel experienced in maintenance or personnel affected by the
maintainability of the designed projec€ross-functional prejct teamnvolvement may
include the following participants: maintenance technicians, skilled craftsmen, end users,
and suppliers/manufacturers. The commitméot cross-functional prect team
involvement needs to be established early in theeptogelivery process; thereby
allowing cross-functional pregt teamnput to be incorp@ted into the desigprocess.
The cross-functional pre¢t team nvolvement approach assists in obtaining the
necessary maintainability expertise by involving the appabtgrpeople in theroject

delivery process.
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3.3.4Pilot Maintainability Program

The pilot program approach identifies key maintainabdityivities for sekcted
project implementation and experimentatiorfdoe a formal program is administered.
The results from pilot pregts are usetbr refining the maintainability impleméation
process. Also, benefits and costs may be documented to justify the maintainability
program. This approach can assist @tedmining the pproprateness of a sta-alone
formalized program or integration into an existing program. The pilot program approach
assists in focusing on selectpbjects to determine the most efficient implementation

process and validate justificatiéor the maintainability program.

3.3.5 Integration into Existing Program

The integration approach identifies maintainability beatpces to be integrated
into existing programs. Maintainability can be integrated into existing programs, such as
reliability, process hazard analysis, and front-end loading. The integration approach is
advantageous by linking maintainability to well-established work processes to share
personnel and support resources. With the integration approach, mailitairgln
objective used to achieve bigger over-arching goals. Additionally, maintainability is

more likely to be implemented when integrated into an existing program.

3.3.6 Formalized Maintainahlity Program
A formalized maintainability programparoach has high corpmte commitment
and support. The corpate-developedormal maintainability program consists of a

structured work process that defines procedures, tools, personnel, and resources for
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maintainability implementadn. Maintainabilityactivities andproject roles are clearly
identified. =~ The structured work process standardizes, nsiress, and wpports
implementatiomprocess. The formal maintainability program provides a structured work

process to facilitate implementation and enhance maintainability.

3.3.7 Comprehensive Tracking

Comprehensive tracking elevates tloemalized maintainability program a step
further. Comprehensive tracking is a means or methods to capture, document, and share
lessons-learned, benefits, and costs for the formal maintainability program. The
capability to capture lessons-learned assistseierchining standards that will become
best practices. Documentation of benefits and costs establish datavide economic
justification and retain managementupport for the maintainability program.
Comprehensive tracking initially begins in the form of a pajp¢althse. With experience
and maturity, the paper database anverted to an electronic format. Thealonic
database aids better management, wider accessibility, and effepilages for the
maintainability program. The comprehensive tracking approach assists to continuously

improve, updte, and refine the maintainabilppyogram.

3.4 OBSERVATIONS OF APPROACHES IN CASE STUDIES
Each organization needs to select a maintainabipiyr@ach or a combination
thereof that is most suitable for pgof needs. This section describes the maintainability

approaches observed in the seven case studies. The case study observations are presented
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in the order of increasing approaches. A summary of the maintainability approaches used

by each casewtly is presented in Table 3.1.

3.4.1 Case Study 7

The primary approach observed in case study 7 is standard desigicgor The
project engineer waknowledgeable on the importance and significance of long-term
considerations such as maintainability. The gubpngineerdok the initiative and extra
effort to integate maintenance into the desigmocess using front-end loading of
maintenance, life cycle costing, and maintainability design tool. The standard design
practice @proach requires the least amount of program resource supports and
requirements, because thppaoach was highly dependent upon the maintainability

experience and knowledge of the paijengineer.

3.4.2 Case Study 6

The primary approach observed in case study 6, contract sp#oifis, obtained
maintainability input from the owner and argut/engineer. Contact specifications
clearly defined pr@ct requirementsfor: (1) operations and maintenance data
documentation including maintenanqeocedures; (2) operations and maintenance
training; (3) operations and maintenance coordinator/scheduler; and (4) maintenance
management information systems. Clear ideyaifon of maintainability requirements
facilitated the communication of maintainability expectations and assisted in organizing

and planning implementatiorugports, resources, and funds. Additionally, contract
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TABLE 3.1 Approaches Observed in Case Studies

Case Individuals Interviewed Maintainability
Study Industry Organization | Representative’'s Role| Description of Maintainability Approach
Index Represented Approach
1) 2 3 (4) 5) (6)
(a) Major Case Studies
1 Manufacturing owner Cor_ponate Epglneerlng Owner-lmplemgn_ted by project . Eormgllzed
Project Engineer engineering division. Maintainability Program
Engineering & Owner undertakes a new business Intearation into Existing
2 Aerospace Condictor | Construction methodology by having cortctor- 9 Proaram 3
Supervisor implemented maintainability. 9
. .| Owner-implemented pilot progran : P
. Corpoiate Engineering| . N - > Pilot Maintainability
3 Pharmaceutica Owner Project Engineer !nserts key malntqlnablllty activities Program
into the progct deliveryprocess.
Owner-implemented by integration o i
4 Chemicals Owner Corpate Engineering| of maintenance into the corporate IntegratFLon Into Existing
= Front-end Loading process rogram
0o gp :
5 Manufacturing Owner Division Engineers _Owner-lmplemented_by high . F_ormghzed
involvement of suppliers and usersMaintainability Progran
(b) Minor Case Studies
Architect/engineer-implemented gn
General . . , an airport expansion through S
6 Building Design Architect/Engineer maintainability contract Contract Specifications
specifications.
Engineer-implemented on a
hospital chiller retrofit through .
7 nggral Design Project Engineer front-end loading of maintenance, Standard_DeS|gn
Building . . Practice
life cycle costing, and
maintainability design tool.
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specifications allow contractors to include maintainability as a significant cost added to

project bids, wihout reducing their chances for poj award.

3.4.3 Case Study 3

The primary approach observed in case study 3 is a pilot maintainability program
implemented on small projects by a pharmaceutical cagnpa’he key maintainability
activities and resurces identified and incorpated into theproject deliveryprocess for
case study 3 included: (1) peci-level maintainability representativ€) maintenance
contact matrix; and (3) maintainability design considerations. The pilot program required
less resource requirements up-front to develop and refine a maintainability process before

a corporate-wide maintainability program is administered.

3.4.4 Case Studies 2 and 4

Observed in both case studies 2 and 4, the primary approach is maintainability
integrated into existing programs. Casedgt2 chose to integte maintainability nput
and activities into the félity activation phase of its project delivepyocess. For case
study 2, maintainability was a means to achieve smooth faatiiyation by delivering
projects timely and cost-effectively. Caseidst 2 did recognize the integration of
maintainability into facility activation as #ormalized maintainability program. Case
study 4 chose to integte maintainabilityiput andactivities into an establishefdont-
end loading corpate process. For case study 4, maintainability was a means to achieve

long-term business goals and jeajobjectives byront-end loading maintenance.
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3.4.5 Case Study 1

The primary approach observed in case study 1, formalized maintainability
program, teated maintainability as high prioritpgut for achieving long-term optimal
production availability for manatturing equipment/facilities. Corpomate plant
engineering, the author of the formal maintainability program, provided visible corporate
commitment and supports for implentation. Corpoate conmitment, maintenance
philosophy, and program procedures were clearly documented within an imtdéoren
manual. Furthermore, the implementation manual contained implementation tools, such
as design checklists and maintainability reviews. Providing gduessary supports, the
implementation manual defined a maintainabilitgrikvprocess. Resource requirements
that faciltated maintainability implementation included(l) corpoate-level
maintainability personnel (i.e., champion and coordinator) to provide program training
and support to individual plants; (2) corptg administratin, commitment, and
recognition of annual awards program for maintainability; and (3jtemriprogram
procedures.

In case study 1, maintainability is owner-implemented by theepr@ngineering
organization. In-house maintenance personnel assisted thectprengineer in
establishing maintainability objectives, expected maintadlihabmeasurements, and
maintenance procedures. Maintainability activities were integrated naonsly
throughout the entire pmgt deliveryprocess, from pregct scope tgroject closing, for
thorough consideration and evaluation of maintainability. In summary, case study 1 had
a corporate-supported, formalized maintainability program that design for maintainability

continuously throughout the entire prof deliveryprocess.
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3.4.6 Case Study 5

The primary approach observed in case study 5 is a combination of integration
with existing program and a foahzed maintainability program. In caseudy 5,
maintainability was combined with reliability. Reliability and maintainability are
interdependently linked; therefore, it was logical to combine the two into one formal
program. Combined, reliability and maintainability had a stand-alone formalized
program. Maintainability input was provided from many sources: (1) in-house
maintenance personnel; (2) end users; (3) experienced design engineers; and (4)
equipment suppliers. The foatized program had wtien procedures that were easily
tailored to individual projects.

Although both case studies 5 and 1 had formalized programs, there were two
elements that distinguished the two programs. Case stadjively nvolved suppliers
in the maintainability implementatioprocess. Suppliers had actiy®oject roles,
provided lessons-learned and were involved in re-design of failed oatagd
parts/equipment.  Supplier involvement contributed to aaqince designprocess,
because the desigmrocess involved all participants iaqting maintainability. The
second distinguishing element in case study 5 was that the owner organization was
increasing its maintainability commitment by requiring all suppliers to comply with
maintainability requirements and specifications. Caselyst displayed the closest

approach to comprehensive tracking.
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3.5 SUMMARY

Each case watly presents a different perspective on maintainability
implementation; thusproviding a wide spctrum for the tateof-practice in
maintainability. This chapter described seven maintainability approaches: (1) standard
design practice; (2) contact specifications; (3) cross-functional pregt team
involvement; (4) pilot maintainability program; (5) integration into existing programs; (6)
formalized maintainability program; and (7) comprehensive tracking. The approaches
increase in maturity and resource requirements moving from standard design practice to
comprehensive tracking. Table 3.2 presents a summary of the approaches used to

implement maintainability in each of the case studies.

The next chapter will present a comparative analysis of two maintainability
programs, highlightingttributes that positively contribute to effective implementation.

Similarities and differences in the two programs will be described.

TABLE 3.2 Summary of Approaches Observed in Case Studies

Case Study
(2)
(@] (@] (@]
Approaches % ” % %
S | s S5 |5
@)) 5 |2 |E|E |5 |® |@
c c < ) c c c
© (@) = < © Q @
= O [a} @) = o o
— o o™ < o) © N
Standard Design Practice X X +
Contract Specifications *
Cross-Project Teatmvolvement X X X X X X X
Pilot Maintainability Program +
Integration into Existing Program Y Y X
Formalized Maintainability Program * | X *
Comprehensive Tracking
% = Primary Approach X = Secondary Approaddascuments
22 Document Sharing Hub

Full document details: Cll RR142-12 1999


http://www.avadocuments.com/doc/cii-rr142-12-1999
http://www.avadocuments.com/doc/cii-rr142-12-1999

CHAPTER FOUR

COMPARATIVE ANALYSIS: ORGANIZATIONAL CHARACTERISTICS

4.1 INTRODUCTION

Maintainability programs vary among different segments of the construction
industry. To compare and contra#iributes, a comparative analysis isfpemed on two
maintainability programs, derived from the major case studies. The main distinction
between the two programs is the organization leading the implatizerprocess. One
maintainability program is owner-led, while the other program is aotdr-led. The
dissimilarity will provide different pergrtives on maintainability. This chapter
introduces the comparative analysis by describing organizationaatbasticsfor the

two maintainability programs.

4.2 OWNER-LED MAINTAINABILITY PROGRAM

A large manufacturing company having annual sales of $15 billion in 1998
developed the owner-led maintainability program. The company manufactures and sells
over 50,000 products in 40 merchandise divisions ranging from automotive to healthcare.
For this owner, design for maintainability is a means to achieve long-term optimal
production availability. Therefore, maintainability is acknowledged to be an important
component of improving profitability an@taining global competitiveness.

Corpomate plant engineering developed tbamal maintainability program that is
a highly suggested work process for delivering equipment aiityfacojects over$l.5

million. In brief overview, the formal maintainability program defines a work process
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containing tools that enhance consistent and effective implenmnta®esponsibility for
actualproject implementation is given to th@oject engineering organizati, which
oversees planning, detailed design, and construction activities. Maintemguteisi
obtained collectivelyfrom various in-house departments: engineering, operations and
maintenance, safety, and ergonomics. As such, this owner company possesses sufficient
in-house capabilities to provideecessary resources to support a formal maintainability

program.

4.3 CONTRACTOR-LED MAINTAINABILITY PROGRAM

The contractor-led maintainability program involves an owner in the aerospace
industry. Embracing a fully integtedproject deliveryprocess and engaging in a new
business methodology, the owner has contracted with a full-services organization to lead,
facilitate, and pgorm maintainability services for one sitec&dion. Working together,
both the owner organization and the full-services third-party contractor provide
maintenance input and resources for the maintainability program.

A fully integratedproject deliveryprocess is a growing trend. Histally, the
typical progct deliveryprocess was disconnected with litttifarmation fed forward or
backward among the stovepiped puaijdelivery phases. Usually, design engineers are
not directly held acmuntable for servicedlty impacts (including maintainability) of
their work. Often times, design engineers do not have a sense of ownership for the
project, thereby eliminating the consideration of long term factors, such as
maintainability, in design. This practice mpgoduce practs with low initial cost but

result in high life cycle costs such as excessive maintenance expenses. To remedy this
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situation, a fully integatedproject deliveryprocess attempts to combine sepapatgect
delivery phases with smooth transitions to encourage alegrgjarticipants to work
cooperatively in delivering an end product thaets bothlsort and long term obgtives.

To effect thefundamental change in the peof deliveryprocess, the owner has
embraced a new business hwtology by contacting with a thid-party full-services
organization to provide long-term results through a design, constructatepemnd
maintain contract. The single point pessibility enables a pregt to be designed and
constructed as plannddr efficient maintenance. Additionally, the caaatt provides
flexibility for the full-services organization to coordie work among all involved
parties, thereby creating greater efficiencies withinpttogect deliveryprocess.

The contractor-led maintainability program is faatied hrough owner guidelines
established in a performance-based contract. Theaobmérm idor five years, one base
year plus four one-year renewals. The firm fixed-price of the five-yearambns$128.2
million. The contact covers small capitgrojects, less tha$200,000 in construction
value, with a cap limit of 400 pre¢ts per year. The long-term, rfsgmance-based
characteristics of this contract is a new busineshaodelogy for placing a third-party
contractor responsible for maintainability of small capitalgrtg on an owner site.

The long-term, performance-based contract strongly encourages the full-services
organization contractor to assure a planned design for maintainability will be coedtru
accordingly, resulting in a facility that can be operated and maintained efficiently.
Projects that have a lack of maintainability consideration may require subsequent re-
designs or change orders to adetgly accommodatéor maintenance. Re-designs or

change orders can be costly anll megatively img@act the quality of wrk performance
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on this contract. Thefere, the full-services third-party contractoapés inportance on

considering maintainability in design.

4.4 SUMMARY OF MAINTAINABILITY PROGRAM CHARACTERISTICS

Table 4.1 presents salient characteristics for the owner-led andiactonied
maintainability programs. The two programs deal with different focus areas for
maintainability. As mentioned earlier, the major distinction between the two programs is
the organization responsible for leading maintainability impléeatem (owner versus
contractor). The summary of program aweristics outlines the baakgind for the

comparative analysis presented in the next chapter.

TABLE 4.1 Maintainability Program Characteristics
Maintainability Program

Characteristic Owner-led Contractor-led
) (2) 3
Industry Manuécturing Aerospace
Focus of maintainability Manufacturing equipment  Equipment/Facilities
program
Project type Capital progcts, new and| Small capital projects on

retrofit same owner site
More than $1.5 million Less than $200,000

Threshold for maintainability
to be used on a project

Responsible for Project Engineering . .
. : R 2 Third-party ~ full-services
implementation of Division within the owner S

A I organization
Maintainability Program organization
4.5 SUMMARY

The comparative analysis is valuable to both owners and contractors by providing
insights into program attributes and effective implementdtormaintainability. This
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chapter provided background information on the organizations involved in the two
maintainability programs.Eachprogram is distinctly different in salient characteristics,
such as industry type, peat applicabn, and implemetation lead. Next, chapter 5 will
present a comparative analysis highlighting program attributes that positively contribute

to successful implementation.
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CHAPTER FIVE

COMPARATIVE ANALYSIS:

ATTRIBUTES OF MAINTAINABILITY PROGRAM

5.1 INTRODUCTION
Through literature reviews andua collection interviews, théll Maintainability

Research Team identified specific attributes contributing to effective maintainability
programs. Table 5.1 presents an organizececn of thefundamentalattributes
existing within the owner-led and contractor-led maintainability programs. The program
attributes are separated into five maioups:

1. Corpomte Canmitment;

2. Program Resources;

3. Maintainability Planning;

4. Maintainability Implementation; and

5. Program Updating.
This chapter presents each progratimibute along with a description of elements and
examples, if applicable. In addition, the approach used to address each attribute will be
described for the owner-led and contractor-led programs. The information presented in
this chapter will allow readers to compare and contrast similarities and differences in two

maintainability programs.
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TABLE 5.1 Attributes of Maintainab ility Program
Program Attributes Owner-led | Contractor-led
) 2) 3)
(a) Corporate Commitment
Policy statement Y Y
Executive sponsor Y N
(b) Program Resources
Designated maintainability pensnel
Corpote-level Y N
Project-level Y Y
Written program procedures
Maintainability design characteristics Y Y
Metrics or performance measurement criteria Y Y
Maintainability roles and responsibilities Y Y
Maintainability activity scheduling Y Y
Maintainability design approval procedure N N
Sample tools Y Y
Program progress tracking
Costs/Benefits N N
Best practices Y N
Information catabase
Lesson-learned / Best practices Y N
Life cycle cost model N N
Maintenance information management system Y Y
Orientationprogram Y N
(c) Maintainability Planning
Review lessons-learned Y Y
Establish maintainability objectives Y N
Maintainability activity and resurces planning Y Y
(d) Maintainahility Implementation
Cross-functional tams Y Y
Maintainability meetings Y Y
Design reviews Y Y
(e) Program Updating
Evaluateprogram Y Y
Update lessons-learned/best practices N N
Integration of innovativéechnology Y Y

5.2 CORPORATE COMMITMENT
Critical for siccess, corp@te canmitment establishes thegport and resources
needed to develop, implement, and refine a maintainability program. Corporate
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commitment for maintainability consists of two prograttributes:(1) policy satement

and (2) executive sponsor.

5.2.1 Pdicy Statement

A policy statement recognizes and emphasizes tipertance of maintainability
in achieving company goals. In addition to increasing catpewide awareness, the
policy statement raforces corpate canmitment to maintainability. Edfctive policy
statements include(l) company commitment to maintainability; (2) definition of
maintainability; (3) role of maintainability in business and maintenance goals; and (4) an
implementation plafor maintainability. As shown in Table 5.2, an impletagion plan
facilitates the integration of maintainability into company culture. The implementation

plan is a sample taken from a large mawtiiring company.

TABLE 5.2 Sample Implementation Plan for Maintainahility

Year Phase Goal
) 2) 3
1 Informal process Awareness and appreciation
2 Highly recommended process Detailed focus
3 Mandatory process Fully intemged maintainabilityprocess

Both owner-led and contractor-led programs have poliajesents xpressing
corporte canmitment to maintainability. The owner-lpdogram has an informal policy

statement embedded within its maintainability program manuatofSed by corporate
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plant engineering services, the policy statement stresseguimose, importance,
features, and benefits of maintainability. Similarly, the contractor-led program has a
maintainability policy statement distributddom the owner to be enforced by the
contractor. The policytatement stresses the desired results of designed-in maintenance.
Both owner-led and contractor-led programs are highly suggested faciproge.
Inconsistent use of the maintainability program does not reach its full potential for
benefits and implementati. Thus ultimtely, a mandatry policy fatement is a
necessity for corpate wide compliance. In summa Figure 5.1 presentedtures

constituting an effective policy statement.

Maintainability Policy Statement
Express commitment to maintainability
Define maintainability
Describe role of maintainability to business and maintenance goals
Provide implemetation plan

FIGURE 5.1 Features of Maintainablity Policy Statement

5.2.2 Executive Sponsor

An executive sponsor oversees the entire corporate maintainability program,
evaluating and refining it for continuous improvement. The owner-led program has an
executive sponsor in corpde plant engineering services. The executp@nsor has
influence to affect executive decisions made in regards to the maintainpbagsam,
such as assignment of resources. In contrast, the contractor-led program uses a different
approach. Instead of an executive sponsor, the maini@nakfort is lead from middle
management. The maintainability sponsor at middle management helps champion
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implementation at th@roject-level. While having a maintainabilitp@nsor at middle
management has advantages, an executive sponsor at thatshpeel can help allocate

corpoite resurces to improve and expand the maintainability program.

5.3 PROGRAM RESOURCES

Program resources provideatit sipport for a maintainability program. Program
resources consist of five attribute@) desigated maintainability peosinel; (2) writen
program procedures; (3) program progress tracking; (4) informatitabdse; and (5)

orientation session.

5.3.1 Designated Maintainabity Personnel

Designated maintainability pemsnel at corpate and project-levels are
responsible for decting implementation of the maintainability program. The owner-led
program has desigted five orpomate-level maintainability peosnel. Serving as
information sources, the desaged orporate-level persnnel provide individual plants
with training and support in implementing the maintainability program. The names and
contact numbers fagach designatedgporate-level person are printed on the front page
of the maintainability program manual.

In contrast, the contractor-led program has dedaph project-level
maintainability personnel. A middle manager (i.e., engineering and construction
supervisor) provides guidance in @it implementation of the maintainability program.
The middle manager also is involved in improving maintainability efforts on thegbroj

In addition to the middle manager, a gdtlevel oordinator is responsible for
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organizing, scheduling, and executing maintainability activities. Combined, the middle
manager and coordinator areeditly reponsible for maintainability impleméattion at
the progct-level.

Both programs have des@ed maintainability peosinel such that it is suitable
for their specific program needs. The owner-led program is implemented on a much
larger scale than the contractor-led program; thus the heightened assistance from
corpoirte-level pemnnel provides the broad company-wideedtion needed. The
contractor-led program implemented on one sitation of a large owner works more
effectively whenon-site progct-level persnnel are desigrtedfor direct assistance. For
a smaller scale or in the case of the contractor-led program, ategevel permsnnel
may not be as necessary or as economically justified.

An ideal comprehensive maintainability program would have designated
corpomte andoroject-level persnnel for thorough support and adabion, from top to
bottom. Corpaate-level persnnel provide over-arching guidance and resources for
direct implementatin, while progct-level persnnel execute progranactivities to

achieve improved maintainability.

5.3.2 Written Program Procedures

Written program procedures enhance consistent, effective imptati@n by
clearly describing, defining, and structuring a work process. A work process consists of
involving the appropdte people, equipped with the necessarpue®s, to execute
project activities that enhance desigm maintainability. Thus as presented in Figure

5.2, writen program procedures should outline the following: (1) maintainability design
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characteristics; (2) metrics or performance measurement criteateddb maintenance;
(3) maintainability-reated roles and rpensibilities; (4) maintainability idea approval
procedure; (5) maintaindiby activity scheduling;(6) program progress reporting; and
(7) sample tools.

The owner-led program has writteprogram procedures compiled in a
maintainability program manual. The manual is wellti®r, because it provides a
simplistic, but thorough explanation of maintainability. Conceptually and process-
oriented, the manual describes a work process that directly atdegmaintainability
activities into theproject deliveryprocess. As outlined in Table 5.3, the manual has four
main sections and includes an appendandensed into ten easy-to-read pages, the four
sections cover thpurpose, justiiation, features, and work process for maintainability.
The appendix contains sample tools to assiseptomplementatin. Specific examples
of written program procedures (maintainability design characteristics, metrics or
performance measurement criteria related to maintenance, and maintainabilég-rel
roles and responsibilities) are presented in Table 5.4. Thus, the program manual has
practical applications that can memedately used by readers topmove maintainability
on progcts.

Similarly, the contractor-led program has generaktemi program procedures
outlining a work process that is used simultaneously for total quality management and
maintainability. The work process serves to assist and ensure coordination of

maintainability activities into thproject deliveryprocess. The work process consists of
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