
Full document details: CII IR142-2 1999

http://www.avadocuments.com/doc/cii-ir142-2-1999
http://www.avadocuments.com/doc/cii-ir142-2-1999


CII Member Companies

3M
Abbott Laboratories
Air Products and Chemicals, Inc.
Alcoa
Anheuser-Busch Companies, Inc.
Aramco Services Company
Atlantic Richfield Company
Bayer Corporation
BP Amoco Corporation
Celanese
Champion International Corporation
Chevron Corporation
CITGO Petroleum Corporation
The Dow Chemical Company
DuPont
Eastman Chemical Company
Exxon Research & Engineering Company
FPL Energy, Inc.
General Motors Corporation
General Services Administration
Intel Corporation
Eli Lilly and Company
LTV Steel Company, Inc.
Mobil Technology Corporation
NASA
Naval Facilities Engineering Command
Ontario Power Generation
Phillips Petroleum Company
The Procter & Gamble Company
Reliant Energy
Rohm and Haas Company
Shell Oil Company
Solutia Inc.
Tennessee Valley Authority
Texaco
U.S. Air Force Research Laboratory
U.S. Army Corps of Engineers
U.S. Department of Commerce/NIST
U.S. Department of State
U.S. Steel
Union Carbide Corporation
The University of Texas System
Weyerhaeuser Company

ABB Lummus Global Inc.
BE&K, Inc.
Bechtel Group, Inc.
Black & Veatch
BMW Constructors Inc.
Burns and Roe Enterprises, Inc.
Butler Manufacturing Company
CDI Engineering Group, Inc.
Chemtex International Inc.
Cherne Contracting Corporation
Chicago Bridge & Iron Company
Cianbro Corporation
Day & Zimmermann International, Inc.
Dick Corporation
Dillingham Construction Holdings Inc.
Eichleay Holdings Inc.
Fisher Controls International, Inc.
Fluor Daniel, Inc.
Foster Wheeler USA Corporation
Fru-Con Construction Corporation
James N. Gray Company, Inc.
Graycor
H+M Construction Co., Inc.
Hilti Corporation
Honeywell Inc.
International Technology Corporation
Jacobs Engineering Group, Inc.
J. A. Jones Inc.
Kellogg Brown & Root
Kiewit Construction Group, Inc.
Kværner
Morrison Knudsen Corporation
M. A. Mortenson Company
Murphy Company
The Parsons Corporation
Praxair, Inc.
Raytheon Engineers & Constructors
S&B Engineers and Constructors Ltd.
SAP America, Inc.
Stone & Webster Engineering Corporation
Walbridge Aldinger Company
H. B. Zachry Company

Full document details: CII IR142-2 1999

http://www.avadocuments.com/doc/cii-ir142-2-1999
http://www.avadocuments.com/doc/cii-ir142-2-1999


Prepared by the

Construction Industry Institute

Design for Maintainability Research Team

Implementation Resource 142-2

October 1999

Design for Maintainability Guidebook

Full document details: CII IR142-2 1999

http://www.avadocuments.com/doc/cii-ir142-2-1999
http://www.avadocuments.com/doc/cii-ir142-2-1999


© 1999 Construction Industry Institute™.

The University of Texas at Austin.

CII members may reproduce and distribute this work internally in any medium at no cost to internal recipients.  CII members are
permitted to revise and adapt this work for the internal use provided an informational copy is furnished to CII.

Available to non-members by purchase; however, no copies may be made or distributed and no modifications made without prior
written permission from CII.  Contact CII at http://construction-institute.org/catalog.htm to purchase copies.  Volume discounts
may be available.

All CII members, current students, and faculty at a college or university are eligible to purchase CII products at member prices.
Faculty and students at a college or university may reproduce and distribute this work without modification for educational use.

Printed in the United States of America.

Full document details: CII IR142-2 1999

http://construction-institute.org/catalog.htm
http://www.avadocuments.com/doc/cii-ir142-2-1999
http://www.avadocuments.com/doc/cii-ir142-2-1999


99

Contents

Chapter Page

1. Introduction 1

2. Levels of Maintainability 3

3. Maintainability Self-Assessment 5

4. Maintainability Best Practices 9

5. The Model Process 15

6. Design for Maintainability Tools 19

7. Conclusions 79

Related CII Publications 81

Glossary 83

References 91

Full document details: CII IR142-2 1999

http://www.avadocuments.com/doc/cii-ir142-2-1999
http://www.avadocuments.com/doc/cii-ir142-2-1999


Full document details: CII IR142-2 1999

http://www.avadocuments.com/doc/cii-ir142-2-1999
http://www.avadocuments.com/doc/cii-ir142-2-1999


1

Maintainability is defined as “an inherent characteristic of a system or product

design pertaining to the ease, accuracy, safety and economy in the performance of

maintenance action; a design parameter related to the ability to maintain.”

Full implementation of design for maintainability will improve project return on

investment. This book, produced by the CII Design for Maintainability Research

Team, will assist owners by providing specific instructions on using tools for

improved design for maintainability. It will help designers and contractors by

illustrating methods of integrating maintainability knowledge into project design and

construction.

The following steps are suggested:

1. Become familiar with the levels of maintainability. These levels describe the

current state of implementing design for maintainability, and range from

unorganized to formal and fully institutionalized programs. Understanding the

idea of differing levels of maintainability is critical before one can advance to the

next step.

2. Perform a self-assessment of the current status of your own project or company.

The self-assessment in this book is designed to provide a quick evaluation of the

project or company status relative to the various levels of design for maintainability.

The self-assessment results indicate where the project or company is with respect

to a particular level of maintainability.

3. Compare current project or company procedures for maintainability with the best

practices. The list of best practices is a compilation of the best facility maintenance

knowledge and experiences currently in use, as well as the processes to integrate

this information into the project delivery process. This comparison will identify

gaps that must be addressed to improve within the current level of maintainability,

or to grow to the next level.

4. Compare procedures to the model process. The model process developed by the

research team has clear milestones that are supported in an orderly fashion by best

practices. This step helps the user define the “where you want to be” goal for the
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Chapter 1: Introduction

optimal design for maintainability program. The model process is intended to

enable the user to plan a course of action and measure progress. Fully implementing

this ideal process will maximize the long-term benefits of design for maintainability.

5. Use appropriate tools to improve. To provide specific aid in moving towards the

model process, a toolbox is presented. The toolbox offers an assortment of sample

documents (“tools”) that can be readily adapted to expedite improving design for

maintainability implementation. The toolbox is arranged to support the listed

best practices. They may be applied individually, independently, or in combination

as required.
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2

Levels of Maintainability

Design for maintainability contains four levels of implementation. Based on the

elements in these levels, a model process, or fifth level of maintainability, emerges. The

levels are briefly described below.

Level One — Designer Experience is characterized by members of the project

design team incorporating maintainability into the project on an ad hoc basis.

Maintainability implementation is limited by designer experience. No formal policy

or process guides this effort beyond individual expertise. Maintainability is not

incorporated into project goals.

Level Two — Corporate Standards is characterized by design standards being

established and used to guide the design process, although maintainability is achieved

indirectly. The standards are reviewed and revised periodically. Operations and

maintenance staff are informally involved in the design process, if at all. Moderate

maintainability awareness exists, but implementation is low.

Level Three — Emerging Program is characterized by a formal program to

incorporate maintainability into project design. Maintainability is recommended and

becomes an important design parameter. A documented process is used to implement

maintainability. Project cross-functional team meetings include the maintenance

staff. Management awareness of the barriers and benefits of maintainability increases

and a maintainability sponsor is established. Full corporate commitment to implement

maintainability, however, is lacking.

Level Four — Formal Program is characterized by a full corporate commitment

in addition to a mature maintainability program. Corporate policy statements require

inclusion of maintainability on all projects. In addition, documented processes as well

as organizations are devoted to institutionalizing design for maintainability. The

maintenance staff fully participates in all project phases. Methods such as life cycle

cost analysis are used to make maintainability decisions. Designers and project

reviewers use maintainability checklists. Also, a project “lessons learned” database is

established and made accessible to all project participants.
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Level Five — Comprehensive Process represents the ideal process. It is characterized

by the attributes of level four along with a formal corporate process to track

maintainability objectives and measures. Lessons learned are compiled into a database

to support continuous improvement of the process. Overall, maintainability is fully

integrated into existing project delivery processes, as are benchmarking and continuous

improvement. Feedback at both project and corporate levels is available and occurs

throughout the organization.

Figure 1 is a graphic representation of the relationship between the five levels.

Chapter 2: Levels of Maintainability

Figure 1. Levels of Maintainability
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In Figure 2, a set of statements requests one’s level of use corresponding to a

numerical score. The scores for each question are totaled. The total score is compared

to an implementation “thermometer” to provide an indication of the user’s current

level of implementation of maintainability relative to known levels.

To use this tool, provide your opinion on the level of use that best corresponds to

the situation for your firm or project for each statement. Total the scores for all

questions. Compare your total score to the thermometer at the bottom of the sheet.

Interpreting the Score

The total numerical score should place the results in one of the bands of the

thermometer. Scores in the ranges listed below indicate the following:

0 to 10 points: You are just getting started with design for maintainability.

Perhaps some of your designers are applying their own experience with maintainability

to projects. You are clearly at Level 1 and have a long way to go.

11 to 20 points: Some standards for design for maintainability are evident, but no

real driver exists to use them. There may even be a policy regarding design for

maintainability, but it is not enforced. You are at Level 2.

21 to 60 points: Design for maintainability is a part of your projects. Various

elements such as design reviews, checklists, and corporate standards are in general

use, and perhaps someone is assigned to encourage their use. You are growing through

Level 3.

61 to 90 points: In addition to all the elements listed above, full corporate

commitment supports implementing and institutionalizing of design for maintainability.

Formal policy statements, maintainability champions, and a rigorous, formal process

where each project is thoroughly reviewed for maintainability are all in effect. You are

at Level 4 and doing quite well.

3

Maintainability Self-Assessment
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Chapter 3: Self-Assessment Tool

1. My organization has established a written and widely
distributed policy statement directing that maintainability
shall be used on all projects.

2. My organization/project has a person responsible for
implementing maintainability for each project.

3. My organization has performed a “self audit” to determine
the degree that maintainability has been implemented on
projects relative to some standard.

4. My organization utilizes maintainability standards for each
new facility and/or facility project.

5. My organization/project records maintainability lessons
learned from the project in a database.

6. My organization/team has formal maintainability review
meetings at all phases of the project.

7. My organization/project uses cross-functional teams to
determine maintainability requirements during all phases
of the project.

8. My organization/team uses life cycle cost analysis tools to
determine maintainability needs on projects.

9. My organization/project applies maintainability lessons
learned to continuously improve the process.

10. My organization/project values cost savings from improved
maintainability over the life of the facility as much as
project first-cost considerations.

CII MAINTAINABILITY SELF-ASSESSMENT

Level of Implementation
Always

IMPLEMENTATION ISSUES 1 2 3 4 SCORE
1 3 7 10

1 3 7 10

1 3 7 10

1 3 7 10

1 3 7 10

1 3 7 10

1 3 7 10

1 3 7 10

1 3 7 10

1 3 7 10

TOTAL SCORE

10 LEVEL 1

20 LEVEL 2

60 LEVEL 3

100  LEVEL 5

90 LEVEL 4

Step 1. Circle the number in the column that best
shows your “level of implementation”
with each of the above statements.

Step 2. Place the circled number in the score
column. Add the column to obtain
your total score.

Step 3. Compare your total score to the
Maintainability Thermometer at right.

MostlySomeNever

Figure 2. CII Maintainability Self-Assessment
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91 to 100 points: In addition to the full or formal corporate program, you have

implemented a continuous improvement process to measure performance, compile

lessons learned, and improve the maintainability of the next project. You are at Level

5 and at the head of the class.

At this point the self-assessment has equated a score with a particular level of

maintainability implementation. The next step is to determine what attributes are

shared for a particular level and what attributes need to be acquired in order to

strengthen one’s position at a given level or to move to a higher level. Table 1 is

provided to assist in this step.

The matrix has each of the levels of maintainability at the top of a column with

a brief characterization of the main feature of that particular level of implementation.

The columns contain brief descriptions of the attributes that fully describe the level.

For example, the nine bulleted items under “Level Three — Developing Maintainability

Program” are the attributes that fully describe a level three implementation of design

for maintainability. The left-hand column is a list of key elements of an effective

design for maintainability program. In fact, the questions on the self-assessment were

developed to examine for the presence of these key elements. Moving from left to right

across a given key element, the attributes increase in formality.

To use this matrix, one refers to the attributes of the key elements intersecting at

each level of maintainability as scored from the self-assessment. In this way the

number of attributes common with the user’s application can be determined as well

as attributes that are lacking to fully achieve a particular level. The matrix is also

useful in describing attributes required for advancement to higher levels of design for

maintainability implementation.

At this point you should have a fair idea of where you stand with respect to the

best in implementing maintainability. The next section is devoted to identifying best

practices associated with implementing a better design for maintainability program.

Chapter 3: Self-Assessment Tool
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Table 1. Maintainability Self-Assessment Matrix

C
hapter 3: Self-A

ssessm
ent T

ool

Key Elements

Communication of
Corporate Maintainability
Standard and/or Strategy

Utilization of Multi-
Discipline Teams

Information System/
Technology

Life Cycle Cost (LCC)

Organization

Objectives and Targets

Level One

Maintainability Through
Engineering Experience

• Corporate Standard/
Strategy does not exist

• Standard/Strategy exist,
but not followed
effectively

• Maintainability is
limited by experience of
Project Manager or
Designer

• Information system does
not exist

• LCC analysis is not
considered

• Disconnects between all
phases; planning, design,
procurement, construc-
tion, startup and
operate/maintain

• Objectives or targets do
not exist

Level Two

Maintainability Through
Corporate Standards

• Corporate Standard/
Strategy includes some
maintainability concepts
that are used effectively

• Informal maintainability
process which may
involve O&M personnel.

• Standards do not include
maintainability checklist

• Informal feedback only
for “lessons learned”

• Repair history not
captured

• LCC strategy is unclear
and lacks definition

• Planning and design
phases are integrated

• Objective/targets exist
but lack implementation

Level Three

Developing
Maintainability Program

• Maintainability
Standard/Strategy is not
enforced

• Informally communi-
cated and understood at
the management level

• Cross-functional team
meetings including
O&M personnel

• Maintainability checklist
are utilized

• Full CMMS data is
either not present or not
used to make decisions
on future projects

• LCC analysis data is
available, but not
required

• Planning, design,
procurement and
construction are
integrated

• Corporate Sponsor is
designated

• Maintainability
objectives/targets are
based on type of project

Level Four

Formal Maintainability
Program

• Maintainability Standard/
Strategy Formally
communicated

• Maintainability policy
statement exist

• Maintainability meetings
with multi-discipline
during all phases

• Checklist are used by all
disciplines

• CMMS data is used as
input to future design

• Developed “lessons
learned” database

• Active use of LCC tools
to aid in maintainability
tradeoff decisions

• Planning, design,
procurement, construc-
tion, and O&M are
integrated

• Project Sponsor is
designated

• View effective mainte-
nance as a key contributor
to overall profitability

• Specific objectives/targets
are identified

Level Five

Formal Maintainability
Process

• Maintainability
feedback is distributed
throughout the
organization

• Document feedback
from all levels of the
organization

• Full integrated and
multi-discipline team
approach to all phases of
a project.

• Integrated information
system fully utilized

• Database of “lessons
learned” that are
communicated
electronically

• Formal tracing of LCC
analysis performance

• All phases are integrated
continuously improve

• Objectives/targets are
benchmarked with
specific metrics

• Part of continuous
improvement process
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4

Maintainability Best Practices

Once the user has determined where they are with respect to the level of

maintainability being used within their company or project, the next step is assess and

plan for improvement opportunities. This section explains key milestone steps leading

to the model process and the best practices.

Users are encouraged to examine the best practices presented and compare them

with their existing practices currently followed in the user’s organization. By doing so,

they will see gaps in best practices at their current maintainability level. The user can

then determine the best practices appropriate to enhance the implementation of design

for maintainability.

The best practices are divided into two sections: corporate level and project level.

Corporate-Level Program

First Milestone — Corporate Commitment: The catalyst for implementing design

for maintainability is a corporate commitment to develop and follow a formal process

throughout the organization. This is the first step in the model process. The following

maintainability best practices emerge as critical characteristics of this milestone.

Best Practice (BP)-1, Understanding Maintainability: The corporate commitment

begins with appropriate senior management achieving a reasonable understanding of

the concepts, methods, and objectives of implementing design for maintainability.

BP-2, Self-Audit: The current status is identified by performing a self-assessment

to determine current status against known benchmarks and to identify barriers to

being “best in class.”

BP-3, Return on Investment (ROI) Impact: A prime motivation for moving

forward with maintainability results from assessing and recognizing the economic

benefits of implementing a higher level of design for maintainability.

BP-4, Corporate Policy: The way forward begins with the development of a

formal corporate policy statement on implementing design for maintainability on all

projects. It is vital that the policy language require all players in the process to “walk

the talk” for this process to be fully implemented.
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Second Milestone — Establish a Corporate-Level Maintainability Program: This

is a straightforward process involving a commitment of both human and financial

resources to achieve a consistent process of implementation using standard procedures

throughout the organization.

BP-5, Maintainability Sponsor: Stewardship of the maintainability program is

assigned to an individual or staff dedicated for this purpose. This establishes a

“Corporate Maintainability Sponsor or Champion.” This individual should have

design, construction, and operations experience and be empowered to implement the

maintainability program.

BP-6, Maintainability Procedures: The maintainability sponsor oversees the

development of corporate maintainability procedures. These procedures are best

developed from a logical organization of best practices. The procedures result in

consistent, standard activities throughout the organization. The sponsor, supported

by management, also works to implement these procedures with the help of the

maintainability team.

BP-7, Maintainability Team: A support organization should be developed and be

comprised of key personnel to expedite implementing the maintainability procedures

throughout the organization. The team should include project-level as well as

corporate-level members.

BP-8, Lessons Learned Database: A corporate lessons learned database to record

and archive important maintainability learning for the benefit of the entire company

must be developed, maintained, and made readily accessible to project staff and other

interested employees.

Chapter 4: Maintainability Best Practices
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Project-Level Program

Third Milestone — Obtain Maintainability Capabilities: This section of the model

process moves from the corporate to the project level. Here, design for maintainability

becomes directly engaged in the project delivery process. Reaching this milestone by

following the supporting best practices means that the project is enabled to support

and implement design for maintainability.

BP-9, Project Sponsors: A project-level maintainability sponsor is identified and

chartered. This person has the responsibility to ensure that design for maintainability

is integrated into the project and to measure the effectiveness of implementing design

for maintainability.

BP-10, Project Maintainability Orientation: A major duty of the maintainability

sponsor is to orient the project team into the philosophy of design for maintainability.

This can be accomplished by presenting company goals, policies, and procedures, and

by acquainting the project team with the checklists and other documents the team will

be using throughout the project. It may be appropriate to enter into a partnering

agreement with the project stakeholders to implement maintainability.

BP-11, Project Resource Commitment: The maintainability sponsor facilitates the

project team in identifying resources to perform maintainability reviews during the

life of the project. A vital step in this process is to obtain team consensus on

committing these resources to support the maintainability needs of the project.

Chapter 4: Maintainability Best Practices
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Fourth Milestone — Plan Maintainability Implementation: This step finds the

resources committed and process enabled. Reaching this milestone is indicated by the

formation of a cross-functional project team with resident maintainability expertise. This

team develops the maintenance strategy and the project maintainability objectives, and

considers appropriate maintenance technologies to integrate into the project design.

BP-12, Cross-Functional Teams: Cross-functional teams in this context may be

the project team augmented with maintainability expertise or a subset of the project

team including stakeholders responsible for implementing maintainability on the

specific project. One of the initial responsibilities is to acquaint the project team with

the maintainability policy, the maintainability process, and the roles and responsibilities

of the full team members regarding implementing maintainability on the project.

BP-13, Maintainability Goals: The project cross-functional team defines the

maintainability goals for the project with respect to equipment operational criteria,

design reviews, startup, and performance tracking. In general, these goals should be

clearly written, measurable, challenging, and achievable.

BP-14, Maintenance Strategy: The project cross-functional team defines the

maintenance strategies for the operation of the facility after project turnover. These

may include maintenance techniques, identifying critical items, available maintenance

resources, and defining maintenance needs. These elements are combined into an

overall strategy.

BP-15, Operational Integration: The project cross-functional team refers to the

maintenance database for relevant design information. Project design should include

provisions for a maintenance management system as part of the requirements for

information turned over to the operations personnel at startup. This team also defines

the roles of existing and emerging maintenance technologies for the project. These

technologies are important for determining the appropriate baseline equipment

condition data to be obtained and submitted to the operations staff. Integrating these

elements as part of the project design process, in general, results in a more cost-

effective installation as opposed to retrofitting of the same technology.

Chapter 4: Maintainability Best Practices
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Fifth Milestone — Implement Maintainability: This step finds all the elements in

place to implement design for maintainability. Within this step are the best practices

that actually implement maintainability on all phases of the project — design,

procurement, construction, startup, and review. Maintainability concepts are applied

to the design considered during procurement, recognized during construction, taught

during owner staff training, and evaluated at project conclusion.

BP-16, Formal Meetings: During the life of the project, formal meetings are

devoted to discussing maintainability concepts related to design and construction.

These meetings are critical for ensuring that important maintainability issues are fully

discussed and resolved. It is highly recommended that these meetings begin early in

the project process, when the ability to influence project outcomes is high.

BP-17, Design Checklists: During design and project reviews, design/review

checklists specifically for maintainability are developed and used. This helps standardize

the process company-wide, expedites the process for each project, and feeds into a

standard lessons learned database.

BP-18, Project Metrics: Metrics are developed and tracked during the project to

measure achieving maintainability on the project. The metrics evolve directly from

measurable goals and form the basis for evaluating the level of maintainability.

BP-19, Project Lessons Learned: Lessons learned on the project are formally

documented and reported. They become part of the project file as well as being

reported to the corporate lessons learned database. It is suggested that if the corporate

“lessons learned” file is well developed, the various project files could be reported

directly to this database, thus eliminating the need for a stand-alone project file.

Chapter 4: Maintainability Best Practices
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Full Circle — Back to the Corporate Program

Sixth Milestone — Update the Corporate-Level Program: The critical element that

distinguishes the model process is establishing the feedback mechanism as a driver for

continuously improving design for maintainability. This is the last step in implementing

the corporate-level maintainability program.

BP-20, Maintainability Metrics: This begins with the ability to evaluate the

effectiveness of the current program. Based on maintainability program goals, metrics

are established using parameters that measure effectiveness in achieving overall

corporate goals. In addition to metrics, lessons learned contribute to evaluating

effectiveness and serve as elements for making revisions to the program. In effect,

“lessons learned” can function as a subjective measure of program effectiveness and

should be considered as elements of the maintainability metrics.

BP-21, Implement Learning: After measuring and analyzing program effectiveness,

apply the new information to revise/improve existing procedures and methods. In this

step, the conclusions as well as the more subjective lessons learned data can be applied

directly to improving the existing program.

BP-22, History File: The recommendations stemming from the program

effectiveness evaluation are incorporated into the corporate lessons learned file. The

purpose of the file is to provide a central location for recording the lessons learned and

to provide an easily accessible data bank for future reference. This can be accomplished

with hard copy volumes or with an electronic database.

Chapter 4: Maintainability Best Practices
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The model process for implementing maintainability is organized to achieve a

logical flow. Figure 3 portrays six steps that serve as an overall corporate template for

all projects. The process begins with the corporate-level groundwork necessary to

implement a new program, and then feeds back learning from the projects to improve

the entire process. The steps in the model process are described in the following

paragraphs.

Step one, corporate commitment to implement maintainability, is characterized

by understanding maintainability, performing a self-assessment to establish a

benchmark and goals, performing cost/benefit analysis, and developing a corporate

maintainability policy.

Step two, establishment of a corporate maintainability program, is characterized

by appointing a corporate maintainability sponsor, developing corporate procedures,

and establishing a support organization and library for corporate maintainability

knowledge.

In step three, maintainability capability is established. Here, the corporate level

overlaps with the project level. With corporate support, a maintainability sponsor is

appointed, the project team is appraised of the maintainability program, and resources

are identified and committed for project maintainability reviews.

Step four involves the practical application of corporate maintainability concepts

and policies to the project. As part of the project conceptualization, cross-functional

teams are identified and committed, the project maintainability objectives and

maintenance strategies are identified, and maintenance best practices are integrated

into the design and construction process.

Step five is the implementation of maintainability. In this step the project team is

responsible for several functions. These include conducting formal maintainability

meetings, using maintainability checklists, developing project maintainability metrics,

evaluating the effectiveness of implementing maintainability on the project, and

formally documenting lessons learned on the project.

5

The Model Process
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C
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odel Process

Figure 3. Milestones and Steps of Maintainability Implementation Model Process
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Step six completes the cycle and begins a new one. In this step the project team

reports back to the corporate-level program. Project data are used to evaluate the

corporate-level program. Based on the feedback, improvements are applied to the

corporate procedures and the lessons learned file is updated.

Chapter 5: The Model Process
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The following section contains specific instruments and templates (or “tools”) to

aid in implementing maintainability best practices. These are not intended to be a

totally inclusive set of techniques to overcome all barriers associated with implementing

design for maintainability. Rather, they are a starting point for applying methods and

techniques that can be adapted to the user’s specific needs.

The tools are presented in similar fashion to the model process in Figure 3. Each

tool is cross-referenced to the maintainability best practice(s) it is intended to support.

Corporate Program Tools

Maintainability Self-Assessment: As explained earlier, the thermometer is the

primary tool for mapping out the journey to “best in class” design for maintainability.

It is used in support of BP-2, the self-audit. The assessment is intended to provide a

quick check of the present status for implementing design for maintainability. The

higher the score, the closer one’s program is to the ideal. The self-assessment provides

general indications of the overall level of implementation.

6

Design for Maintainability Tools
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Tool No. 1 — Management Education: To develop corporate commitment to

design for maintainability, an understanding of the concept and benefits must be

established with senior management.

The tool shown on the next page is intended to elicit top management support and

commitment for implementing design for maintainability. This tool is a suggested

outline that can be used to develop the proposal for establishing a corporate-level

maintainability process. Once the concept is agreed upon, maintainability objectives

and benefits that would accrue to the business can be presented. Some detail on

specific methods should be presented to begin to create an expectation on the amount

of resources required to implement the process. Information on benchmarking by

others also would be helpful. The presentation should include a recommendation that

the process should have the goal of establishing a corporate best practice for

maintainability.

Chapter 6: Design for Maintainability Tools
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Tool No. 1

Senior Management Maintainability Proposal Outline

(Use to Implement BP-1)

I. Concept

A. Consensus on maintainability definition

B. Flow chart maintainability process

1. Corporate level

2. Project level

II. Objectives

A. Standardized process

B. Relationship of maintainability to business performance

1. Reduced life cycle cost

2. Improved project ROI

III. Methods

A. Policy statement

B. Maintainability sponsors

C. Standard procedures

D. Maintainability training for project team

E. Integrate maintainability into design process

F. Review all projects for maintainability

G. Evaluate effectiveness and record lessons learned

H. Apply lessons learned

IV. What others (competitors) are doing

V. Acceptance of maintainability as a corporate best practice

Chapter 6: Design for Maintainability Tools
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Tool No. 2 — Economic benefits of maintainability: Improvement of project

financial performance through implementation of design for maintainability is a

major driver of the maintainability process. Clearly, most of the maintainability

economic benefits will accrue to the owner. Benefits for the contractor, engineer, and

supplier organizations also are achievable if they participate in the maintainability

process. The following checklist can be used to identify benefits that may accrue to a

project as a result of designing for maintainability. Depending on the nature of the

owner’s business and the type of capital facility project under consideration, other

benefits may be added to this list.

It is highly recommended that owner, contractor, engineers, and the project cross-

functional team collaborate on completing this checklist. The collaboration will serve

as a mechanism to align the parties in partnership for project success and create a

mutual understanding of expectations for design for maintainability.

This checklist covers the major factors of maintainability that influence the

operations and maintenance costs of a facility that should be considered during

project design conceptualization. The project team should be thoroughly aware of the

business goals that the project is intended to achieve as the factors on this checklist

are evaluated.

The intent of this checklist is to prompt the project planning team into considering

the major factors of maintainability as the project concept is developed. The level of

analysis of these factors is left to the individual project or business requirements.

Chapter 6: Design for Maintainability Tools
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Chapter 6: Design for Maintainability Tools

Tool No. 2

Maintainability Cost-Benefits Checklist

(Use to Implement BP-3)

Potential Benefits Potential Costs

Low Med High Low Med High

1. Improvement in equipment reliability

2. Increased equipment utilization

3. Improved equipment performance

4. Control of maintenance costs

5. Utilization of technology

6. Control of technology

7. Improvement in employee utilization

8. Improvement in employee capability

9. Safe equipment operation

10. Safe equipment maintenance

11. Compressed project startup duration

12. Other _____________________________
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Tool No. 3 — Corporate Policy Statement: The corporate policy statement

formally establishes the importance of design for maintainability to the organization.

Policy statements set forth actions that are required by the company staff. By issuing

a written policy on maintainability, this concept can be institutionalized in an

expedited manner.

A policy statement should include background on the issue and details clarifying

the policy statement. A sample policy format and suggested language are shown on

the following pages. The suggested text may contain more elements than presently

exist in the user’s situation. The example policy is directed at supporting the model

process and therefore contains all required elements to fully achieve the model

process.
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Chapter 6: Design for Maintainability Tools

Tool No. 3

Corporate Policy Statement

(Use to Implement BP-4)

COMPANY POLICY DIRECTIVE
Directive No.:1 Effective Date: October 15, 1997

Responsible Office: Maintainability Management Division

Subject: Maintainability Program Policy

1. POLICY

It is Company policy to accomplish the following:

a. Establish and document Maintainability operational performance requirements

and maintenance concepts for all programs consistent with the Company’s

business requirements and objectives. These requirements must be based on a

clear definition of the business operating environment.

b. Implement appropriate Maintainability engineering, analysis, construction and

operational requirements during all phases of facility project development.

c. Perform timely and continuous assessment of the progress toward achieving

maintainability performance requirements using appropriate metrics. Problem

and failure reporting, tracking, analysis, and corrective action shall be utilized

throughout the life cycle of the product to support these assessments.

Maintainability data shall be used to support related program analyses, such as

safety, logistics, availability, life cycle, and maintenance analyses.

d. Emphasize implementing Maintainability improvements in each succeeding

generation of facility projects.
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Chapter 6: Design for Maintainability Tools

2. APPLICABILITY

a. This Policy applies to all Company organizations and facility projects.

b. Implementation of policy requirements on facilities shall be in accordance with

Procedures and Guidelines Document, (such as) “Facility Project Implementation

Handbook.”

 c. Application of these policies to existing contracts, programs, and/or projects shall

be to the extent practicable. The maintainability/maintenance provisions of these

policies do not apply to systems where a documented decision has been made that

service or maintenance will not be required.

3. AUTHORITY (Include if appropriate)

4. REFERENCES

a. Include as appropriate.

b. Maintainability Lessons Learned Information System (MLLIS).

URL:

c. Company Technical Memoranda

5. RESPONSIBILITY

a. The Company Maintainability organization or Maintainability Sponsor:

1. Establishing policies and preferred methodologies and standards for the

application of Maintainability.

2. Providing oversight to assure that Maintainability processes are incorporated

effectively in all programs, including integration with program safety and

logistics (including maintenance) activities.

3. Performing independent assessments of the implementation and effectiveness

of Maintainability processes and tools used in projects.

4. Assuring that the Company MLLIS database system for the collection, retention,

and retrieval of Maintainability-related lessons learned and preferred practices

is maintained and accessible.

Full document details: CII IR142-2 1999

http://www.avadocuments.com/doc/cii-ir142-2-1999
http://www.avadocuments.com/doc/cii-ir142-2-1999

