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Abstract

This thesis was based on the hypothesis that functional
deficencies in aircraft maintenance facilities could be
reduced if definitive floorplans and functional specifica-
tions were available. The thesis examined deficiencie.: in
tactical aircraft maintenance facilities which affected the
functional users. Problems with the military construction
program were explored through the programming, design, and
construction phases. Emphasis was placed on those defects
which negatively impacted the functional user's ability to
efficiently carry out aircraft maintenance operations.

Research consisted of observing 25 maintenance facili-
ties, reviewing 28 facility project files, attendance at 30
facility design reviews, and review of pertinent literature.
Those types of maintenance facilities which appeared
frequently in the MCP were selected for research.

The objective of this thesis was to define a method-
ology to improve the functional utility‘of tactical aircraft
maintenance facilities through improved design. The process
involved identification of deficiencies and recommendations

for corrective actions.
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Conclusions from this research indicated most mainta-
nance facilities were designed as one-of-a-kind projects
with little benefit from construction of similar type facil-
ities. The same types of mistakes were often repeated, or
previously successful aspects of completed facilities were
designed differently due to lack of definitive floorplans,
criteria, and specifications. The author recommended an
initiative to develop definitive prints and specifications,
of bidding document quality, for frequently built aircraft
maintenance facilities. Additionally, a recommended method-
ology to accomplish this task successfully was developed and

outlined by the author.
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iﬂ\ AN INVESTIGATION OF FUNCTIONAL DEFICIENCIES
’*_-ﬁ IN TACTICAL AIRCRAFT MAINTENANCE FACILITIES
o
L
A

’ I. 1Introduction

5
v General Issue
o Every year millions of dollars are spent building or
%{ renovating tactical aircraft maintenance facilities. 1In
$, Fiscal Year 1984 and 1985 major commands submitted total Air
bt Force Military Construction Program (MCP) reguirements of
é: $4.0 billion. Program Objective Memorandum (POM) submittal
é: for 1984 was $2.3 billion, including $529 million for 127
%g logistics related projects. POM submittal in 1985 was $2.6
‘ES billion and contained $680 million for 153 logistics related
;; projects including aircraft maintenance facilities (65:3).
éi Professional base level Air Force (AF) engineers, major
EE command engineers, the Army Corps of Engineers (COE), and
 §; civilian architactural and enginecering firms are tasked with
I satisfying the needs of the user. For this purpose, the

% user is an aircraft maintenance technician or maintenance
2% officer taskad with the additional duty of providing the
;2 correct scope, functional requirements, and special provi-
‘;E sions to be included in a facility project book (24:33). As
?a observed by the researcher, the user normally accomplishes
S l
e
1
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this task with no training, no knowledg=2 of construction,
and no experience in using the governing regulations. Most
aircraft maintenance facilities have no definitive drawings;

the products which attempt to achieve this end are dated,

general, and deficient in functional utility (29). Occasion-

ally the right combinations of talent come together to
orogram, design, and construct an excellant facility.
However, more often than not, facilities are functionally
deficient, have limited flexibility, and do not comply with
all governing regulations, specifications, and safety codes.
The efficiency of the aircraft maintenance performed is
often less Ehan optimal due to factors such as poor shop
layout, poor floor plans, malpositioned utilities, omission
of mechanical, electrical, and civil requirements, access

problems, or failure to incorporate state-of-the-art techni-

ques and technologies (36:1).

Specific Problem

The lack of definitive drawings and functional specifi-
cations for tactical aircraft maintenance facilities may
result in functionally deficient buildings. A methodology
is needed through which definitive floorplans and functional
specifications can be defined for tactical aircraft mainte-

nance facilities.
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Objective

The purpose of this study was to defina a methodology
to improve the functional utility of tactical aircraft main-
tenance facilities through improved design. The process of
developing a methodology involved identification of deficien-

cies and recommendations for corrective actions.

Research Questions

The research issue will be examined in the tactical
aircraft maintenance environment. Observation of thirty MCP
facility design reviews, over a period of four years, signi-
ficantly influenced selection of the following research
questions:

1. Wha +-ypes of maintenance facilities are most
frequently included in the MCP?

2. What are the responsibilities of the functional
user in the MCP process?

3. Why doesn't the functional user identify all
raquirements in the facility project book?

4. wWhat prevents all of the user's requirements from
being satisfied?

5. How do functional deficiencies impact the aircraft
maintenance activity?

6. Why do some deficiencies seem to keep recurring?

7. What is the impact of not having adequately defined

floorplans and functional requirements?

S L A T A > N e MR 1 e B A g s Y p e g s e

e =
ALy

L

) “w_w
%S
e Ve

P o g
STEAR

-

Yo ) .”’;f.’/' >,

" s

-

»”

L ]

%

L3

AP



8. Has thera been any att=mpt td> ben2fit from la2ssons-

learned during design and construction of similar type facil-
ities?

9. How can previously design=d facilities be used to
improve programmed facilities?

10. What methodology can be usad to develop definitive
drawings and functional specifications for maintenance facil-

ities?

Assumptions and Limitations

This study was limit=d to unclassified tactical
aircraft maintenance facilities used by thes active duty AF
in the United states (U.S.). Regquirements for hardened or
semi-hardened facilities were not considered. Hardening of
facilities changes the structural and mechanical design, not
the functional requirements inherent to the maintenance
process. Selected facilities were observed first hand whil=
others were analyzed from project files. Aircraft mainte-
nance facility projects in Tactical Air Command (TAC) and
Alaskan Air Command (AAC) formed the data base for the
study. The projects researched supported F-15, A-10, and
F-16 maintenance operations. Facility deficiencies were
looked at from the perspective of the functional user.
Detailed technical discussions were not included. Howevar,
recommendations to correct deficiencies were of sufficient

detail to allow professional enginsers or architects to

understand the regquirsments. Discussions of the MCP exclude
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the parts of the program wanich occur aftsr project
submission to the Headquartars Unitad States Air Force

Engineering and Services QOffice (USAF/LEE).

Background

Basic knowledge of the MCP is needed to understand the
research problem. In July 1983, Major General Alfred G.
Hansen, Deputy Chief of staff for Logistics and Engineering
(LEXP) stressed the importance of educating the people in
the field on how the Program Objective Memorandum (POM)
works and how to prioritize and articulate logistics requirs-
ments to the Major Command (MAJCOM) planners active in the
POM process (65:1). The MCP seguence of events begins when
a logistician, planner, or aircraft maintainer determines
there is a need for a new facility, or a major renovation of
a facility is requir=d. The base level user of the proposed
facility then initiates a Logistics Facility Summary data
report. In September 1982 USAF/LEXP provided specific guid-
ance and tasked all MAJCOMs to submit facility summaries for
logistics projects in future years (65:1). The facility
summaries are used by USAF/LEXP to support and defend
projects when gquestioned by the 0Office of Secretary of
Defense (0SD) and Congress (65:1). At base level the
information from the facility summary should be used by the
Civil Enginesers (CE) to complete the MILITARY CONSTRUCTION
PROJECT DATA Form (DD Form 1391)., The intended user of the

proposed facility provides the project description, the
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current situation, and the impact if the facility is not
provided. The base level programmer completes a rough
estimate of the project cost based primarily on type of
facility and square footage. Special raguirements ara
oriced separately and included, if identified by the
functional user. The project then meets several boards, is
prioritized, and depending on priority and support, may be
forwarded to MAJCOM for inclusion in the command MCP.
Projects ranked in the funded part (based on historical
funding levels) of the MAJCOM MCP are forwarded to HQ USAF
to compete with all other Air Force MCPs. Although project
reviews do occur at MAJCOM headguarters, the scope and cost
estimates of projects usually remain close to the original
base level estimate. At this point the cost and scope of
projects are very difficult to change. When funds for a
project are appropriated the Air Force normally passes the
project to the Army Corps of Enginsers which contracts with
an Architectural and Engineering (A-E) firm to do the
design. At this point in the design process the A~E firm
and the user are normally locked into a total cost and

maximum size for the facility (24:1-60).

Justification

Every year the cost of satisfying the reguirements for
aircraft maintenance related facilities far exceeds the
funds appropriated for that purpose. It is the responsibil-

ity of all government employees to conserve public funds.
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Consegjusntly, the objective of facility design is to satisfy
the validated reguirements of the user in an efficient
mannar (24:33). The after-the-fact correction of faulty
designs, and modification of new facilities resulting from
unmet user requirements, impose an unacceptable drain on AF

resources and degrade overall capability.

Summarx

The ultimate user of a proposed facility has many

responsibilities in the programming and design process.
Discussions with functional users of facilities studied
indicate few aircraft maintainers are knowledgeable of the
regulations which define their responsibilities and
constrain facility scope (36). The hypothesis that func-
tional deficiencies in aircraft maintenance facilities could
be reduced if definitive floorplans and functional specifica-
tions were available, is addressed in Chapters IV and V.
Few published sources specify design criteria for mainte-
nance facilities. Those which ar=s available leave a void
between theory and execution. The research methodology in
Chapter II guided development of a process to fill that

void.

" = ] -
.'. " e ‘-\\\ W A LR

I\

-

o



T m e

P Ay

g

x

e ¥ X

"9 .t 0 o Y0200 0 e a0 0.0 00" B0 8 2% O N A O U KU AT W T W 0 TR IR P o ¥

II. Methodology

Explanation of Research Methods

Direct observation of facilities and analysis of
project files were the two primary types of research used to
study the issue of functional deficiencies. Observations
included visits to 25 maintenance facilities, attendance at
30 facility design reviews, and participation in Air Staff
level program presentations. Analysis of project files
included review of maintenance facility project files and
published design criteria. Additional research included
review of relevant literature, discussions with facility
users, and discussions with MAJCOM and COE staff members.
FPew published sources addressed the issue of land based
aircraft maintenance facility design. The primary sources
of published facility design criteria were the documents
produced by prime aircraft manufacturers under contract to
the government. While the lack of published information on
facility design was disheartening, historical data from
using commands and accumulated experience in fac’lity design
provided an adequate data base. This effort was primarily
qualitative and looked at designs for eight types of
aircraft maintenance facilities.

Review of facility design criteria and specifications
for saudi Arabian aircraft maintenance facilities kept in

perspective those design considerations which were driven
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solely by limitad funds. Wwhen Saudi facilities were built,
cost was not a limiting factor (64:1.1-4.71).

The final product of this research was a sample matrix
of functionally related facility deficiencies developed to
link findings and recommendations (see Appendix B). The
process by which the research questions were answered
follows.

Using the TAC and AAC facility plans, several types of
frequently built aircraft maintenance facilities were identi-
fied (52; 53). Thirty-six projects in various stages of
programming, design, construction or in use were studied.
Twenty-eight project files were reviewed and 25 of the
facilities were physically observed. Table I summarizes the
project types by base. Project books were reviewed to deter-
mine input of functional users in requirements determina-
tion. Review of programming actions and governing regula-
tions provided answers as to why all requirements were
sometimes not satisfied. On site observation of maintenance
operations and discussions with functional users revealed
numerous deficiencies impacting efficiency. Published TAC
maintenance facility policy was examined (56). A logical
and seguential combination of research information f.om
maintenance facility projects was used to produce the method-
ology to adequatz2ly define definitive drawings and specifica-

tions for maintenance facilities.
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Table I

Summary of Project Types by Base

Reviewed Physically Cost

Project Project Observed in
Type FY Base File Facility Millions
AMU 84 Eielson X X 2.0
AMOU 88 Elmendorf X X 1.0
AMU 86 Luke X .8
AMU 86 Moody X .8
AMU * Langley X .9
AMU * Langley X .9
AMU * Langley X .9
AMU * England X 1.0
Engine Shop 85 Eielson X X 3.5
Engine Shop 87 Elmendorf X X 2.5
Engine Shop 88 Seymour X 7
Engine Shop 88 Nellis X X 3.8
Engine Shop 86 Luke X 1.8
Engine Shop 89 Davis Mont. X 2.2
Hush House * Elmendorf X X 1.5
Hush House 86 Elieson X X 2.2
Fuel Shop 88 Nellis X 6.1
Fuel Shop 86 Luke X 2.0
Fuel Shop 89 Cannon X 3.0
Fuel Shop ** Elmendorf X X .7
Fuel Sshop * Langley X 3.0
Alert Shelter 90 Galena X X 10.0
Alert Shelter * King Salmon X 10.0
Alert Shelter 39 Homestead X 6.6
AGE Shop * Langley X 1.5
AGE Shop 83 Eielson X X 2.8
AGE Shop * Elmendorf X X 2.0
Battery Shop 88 Elmendorf X 1.5
Corrosion Shop 86 Eielson X X 9.0
Avionics Shop 85 Eielson X X 4.5
R&R Hangar 85 Eielson X X 2.5
Hangar 82 Eielson X X 2.8
Hangar 84 Eielson X X 8.0
Hangar 86 Eielson X X 3.5
Ramp Lighting 85 Nellis X .5
Maint Dock 87 Luke X 6.3

* --Existing Facility
**__Modification, non-MCP
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2
summar oW,
;2.
The basic approach of this research metnodology was to %
look at several attempts to design and build similar mainta- z:
.
nance facilities. 1If problems with existing facilities were :’;
)
Y
documented, and the source of those deficiencies were identi-
fied a methodology could be developed to avoid repetition of :'*-
* et
I‘
defects. 1If successful designs were available, future o
A
efforts to build similar type facilities would logically "‘
produce more functionally correct facilities. Review of 28 ::',;‘
W
project files and extensive observation of the design "~
“
&
process provided the basis for findings and recommendations. M
However, observing maintenance operations presanted the ;'.:,
N
best cases for improvement opportunities. .:.‘
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III. Literature Review

Introduction

Literature ralevant to the design of tactical aircraft
maintenance facilities fell into three main areas: (1)
general program management literature, (2) design criteria
published by aircraft companies, and (3) design criteria
used in actual USAF facility projects. To fully understand
the design of tactical aircraft maintenance facilities all

three arzas wers reviewed.

The program management concept is used by the COE and

provides the basic structure for the design process. Each

3
g COE project is assigned a project manager (project and :
i program are used interchangeably). Basic knowledge of ?'
E project management is required to help identify the origin é,
I and cause of design deficiencies. Lé
Facility design criteria developed by aircraft manufac- L'
b .j;t

turers are published and provided to the USAF through nego-

-

o
il

tiated contracts. For this thesis, facility requirements

plans from three contractors were reviewed. Each of the

three provided reguir=ments tailored to the specific

aircraft which was being sold at the time.

In addition to the civilian safety, electrical, fire,
and local building codes, design of AF facilities is subject
to several AF manuals. Four of the most applicable were

raviewed to provide understanding of (1) staff guidance,

12




(2) limitations, (3) critaria, and (4) management preroga-

tive delegatad to AF engineers.

Facility Design

Project Management. Program management has ba2come an

accepted management tool in the 1980s. The Army COE used

the project management coacept for facility design and
construction and usually acted as the cdesign and construc-
tion agent for the AF (29). To understand why facility defi-
ciencies occur and to devise a methodology to prevent recur-
rence of those deficiencies an understanding of the project
management (PM) process was mandatory.

Program management can be described as,

The planning, scheduling, directing and controlling
of company resources for a relatively short-~term
project which has been established for the completion
of specific goals and objectives. Furthermore, project
management utilizes the "systems approach" to manage-
ment through the use of functionally controlled person-
nel (vertical hierarchy) assigned to a specific project
(horizontal hierarchy) [59:2].

Twenty years ago program management was confined to
construction companies and defense contractors. 1In the
sixties and seventies the pace of the business world
increased and changes in technology occurred daily. The
growth of many companies and the accompanying bureaucracy
highlighted the need for an organization internal to the

parent company which was highly flexible, able to interact

directly with clients, and diract resources necessary to

13
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A complete individual projects, on time and within budget. Y
Growth of program management has occurred more out of neces-
sity than through the active support of company executives.

Program management's slow growth can be attributed to the

-

>

by lack of acceptance of management techniques necessary for

success. The major problem areas centered around conflicts

é in authority and resources. Upper level managers had to E
: relinquish some of their authority through delegation to the :
. middle level program managers (60). Despite the resistance \
E to change, program management has succeeded due to several é
: driving forces. According to Gaibraith, there are five .%
reasons for its success: E‘

1. The time span between project initiation and comple- “

tion is increasing. .

2. Capital committed to a project prior to use is ?

4 increasing. z
: 3. As technology increased, the commitment of time and F
money appeared to become inflexible. E

4. Technology requires more and more specialized év

&

v

manpower.

v
5. Success requires more effective planning, sched- -

\l

N

i uling, and controlling (45:90-107). f

4 Galbraith's rationale for program management's success

X s
o !

4 applies directly to AF MCPs. It reguires approximately five
years to proceed from project conception to occupancy of a

facility. The cost of construction and the cost of the

14
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Ny
weapon systams maintained in new faciliti- s has i.-r: -ed as by
~
the technological sophistication of the aircraft incirmasad. N
Just as Galbraith was an advocate of effective planning,
scheduling, and controlling, Xerzner also strsssed their !
. » . . .« * v 'm
importance in his project management books. Additionally,
Kerzner discussed three problems common to project manage- N
.-::
ment which also occur in managing the MCP. o
S
. . . . L K
Bottlenecks in oroject management, communications with T
»

d

the client, and the effects of the horizontal hierarchy the

=~ fo
-

project manager must operate in are discussed further.

Bottlenecks in project management and communications with 6%

the client are relatad in that all communications must by %j

design go through the project manag=ar. Informal t{

2o

communication between the client's technical people and the i

contractor's technical people may occur, but all formal :;i

direction must come from the project manager. In the MCP EEE

there are normally two project managars (one AF and one COE) sa

through which all communication must pass. Problems arise 3@

b4

when the workload of one project manager (or pboth) is such ;

that necessary information is not passed in a timely manner. E

Even wh=2n actions ar= executed quickly, the number of Ei

: levels a simple reguest for a change must pass through and %ﬁ

1 the repeated staffing take considarable time and tend to ff
|

| obfuscate the original request. E:

-

The horizontal hierarchy Kerzner writes about is the EE

dependance a project manager has on his functional S:

3
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counterparts to get his job done. The project manager must ;

- G

motivate his peers, witn no direct authority over them, to 4

’ produce the results necessary for his project's success. If

N the COE project manager is unable to function well in his ‘

; horizontal hierarchy the AF project suffers from benign T
neglect (59; 60).

} Gaynor presented several thoughts concerning communica-

tion and the project manager. The importance of the communi- i

cator of the message is sometimes shortchanged. After all,

h he is the originator of the message. How he conveys the

ALK N

h

= message, his confidence, and his command of the subject
cause the communication process to succeed or fail (46:19).

In large, bureaucratic, not-for-profit organizations, such

[T A 5 S LA

as the AF, the role of the facility functional user in

L. communicating his needs to the engineers is a critical link

5
..

in the design process.

Review of the program management literature coverad s
® many criteria used to rate the effectiveness of a program
. manager. Cost, schedule, and performance wers usually S
C mentioned. Freidlob pointed out that cost control and :
budgeting were two of the primary scorecards used to grade A
program managers. He also indicated a project's success in K
terms of functional efficiency was hard to measure in a not- SN
for-profit organization (39:61). This led the researcher to
believe little external motivation existed to minimize . vl

) functional deficiencies, and the measure of program %

y .
s’ -
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management success in the DOD was calculatzd using othar !
L]

Darameters.

Kelley took a different approach to problems in program %:
3 management and attempted to identify the characteristcics of “%
successful programs and program managers. This article was i&
based on the book, In Search of Excellence, by Thomas J. 5
Peters and Robert H. Waterman, Jr. Many of the attributes E&
described in this book were applicable to the 12 successful E:
defense acguisition programs studied (58:20). The article “:
infers the following management styles or actioans were found ;%
in successful programs: X
1. A bias for action. The importance of making timely E;
decisions cannot be overemphasized. 1If the program manager i;
does not make the decision, others will make one for him and :j
the results may be difficult to live with. :;
2, Stay close to the customer and remembar, "works {Q
well in the field" is the most important factor as a measure ‘ﬁ
of program success. fﬁ
3. Good, open communications. E;
4. Productivity through people. You cannot do all the Q\
5 work yourself. :2
E 5. Stick to the knitting. You cannot be all things to ;é
| all people. -
6. Simultanesous loose-tight properties. Or in other 5:
byl
words, the ability to produce on time, within budget, :5
>
o
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N
¢
LN AN N




[N NE YO UYUW YUY TR C 743 oo 3 0. R "aNa 3V % 078 85,099 §a8 St 420 1g N VW WY Wy » AT AT e W Y A DS I TN

- > o - -

-

following professional standards wanile operating in a mostly

ew -

. . 9
: unpradictable environment with little supervision. :

7. Experi=ance as a program manager. Y

8. Ability to put a team together and lead it.

3
X

! 9, Ability to get along with people.

10. Willingness to accept responsibility and execute
authority.
Successful program managers want to be program manajers.
Enthusiasm and interest were common to success. Most of

these attributes must be worked at, but all are achievable.

-

Educating potential project managers was an issue
drawing the attention of professionals in the field, as well

as the academic world. Today's educational systems have not

-

orovided a univarsally accepted path to a career in project

-

management. »Debate continues as to whether a program
manager should enter the field from a technical or a
management background. Successful program managers have
come from poth types of educational backgrounds (70:11).
D Because formal education for project managers was not
available in the past (formal programs are still very
limited), most program managers were not planning to be
) program managers--it just happened. The sink or swim
approach was used when management had to react guickly to
{ problems with an existing project or project management,
Candidates usually were the top technical experts, a very

experienced and well trained line manager, or a bright new

18




amploy2e who did not have a curr=nt assignment. These guick

fix approachas hava been used often and obviously thers
needs to be a batter way (70:11). Training for program
managers was evolving slowly. Disagreement among prograa
managers and disagreement about the academic curricula
needed to train program managers was being examined. The
type of training a project manager needed was dependent upon
the type of projects encounterad, e.g., high tech projects
were more technically demanding, and low tech project manage-
ment could be successfully handled with a strcng management
background. The author described in detail what program
managers need to know, but said different types of projects
regquired some special skills and skill levels. 1In the
future, project managers will be trained through seminars or
educated in formal dsgree programs. The formal academic
training will eventually lead to professional statﬁs for the
project manager (70:11).

The program manager litarature impli=s that the project
manager seems to oe in a type of Demilitarized Zone (DMZ)
between the engineering profession and management. Qften
the program manager has no one working for him full time,.
The success of a project depends on his ability to put
togethar a good project team. Since a particular project is
not the prime responsibility of the line manager, he is not
going to easily give up his best people. Since most program

managers have had no formal training in project management,

19
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learning takes places through tih=2 "school of hard knocks."

Success depends on the program manager's ability to lead and

manage a small team of people on loan to him. Much of the
work is done by technical specialists working for the line
managers. The amount of backing senior management givas the
program manager is sometimes in guestion because many of
those managers have to relinguisn some of their authority

and resources to the program manajer. The program manager

is resoonsible for juggling many balls at the same time:

cost, schedule, customer satisfaction, personnel management,

v w

technical problems, administrative duties, etc. Commun-
ication within the project management team, betwezn the
program manager and management, with the customer, and with
the contractor are all very important. OQutsidars cannot
have much confidence in the project management tesam if they
cannot find out what is going on. Supporting offices must
b2 able to plan their work and the neaeds of the program
manager must bes identified in a timely manner. It is
obvious project management is dynamic and demanding.
Project managers must want to be project managers.

Aircraft Contractors. As stated previously, facil-

ities designed for F-15, F-16, and A-10 aircraft were of
primary interest. Conseguently the facility reguirements
plans published by the respective aircraft manufacturers

were reviewed.

»

»,

Ly
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F-15 Facility Reguirements Plan. This plan

dafined facilities ra2guir=2d to support F-15 w=2apon systams

operations at USAF bases. The baseline data in tha plan

cox

provided basic information to assist the AF in formulating

F-15 systems facility support policies. The stated purpose

of the plan was to "document the F-15 technical ragquirements

for operational and maintenance support facilities which

- ..

assists AF facility planners in evaluating existing and
programmed facilities" (37:xiii). Technical descriptions

are providad for each type maintenance facility. Since the
information presented for each type of facility was similar
in format, data from the Engina Inspection and Repair Shop
sactions were used to compare the information provided by

the different contractors. McDonnell Aircraft Company logis-
tics engineers stated ther= were no applicable da2finitive

drawings for the shoos in AFM 88-2, Definitive Designs of

Air Force Structures (37:7-5-77). The recommended size for

the shop was calculated using Table 8-3, in AFM 86-2,

Standard Facility Reguirements and contractor estimates of

the number of scheduled and unscheduled engine ra2movals.
The functions of the facility wers outlined, as were siting
reguirements, special construction and ejuiopment installa-
tion regjuirements, electrical, and mechanical considera-
tions. A suggested floorplan was providsd showing adminis-

trative areas, work areas, and support equipment locations.

Justification for the facility, functions to be performed in

21
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) tne facility, and technical intsrface wita install=d supoort

. equipment (SE) were provided. The updata2d4 version of tha

McDonnell Aircraft Facility Requirements Plan is th2 most

complete guide to facility design for the F-15.

o F-16 Facilities Reguirements and Design Criteria

Report. This report defines the facilities rejuired for
support of the F-16 Weapons System at USAF bases. Tha
report identified recommended structures, eguipment layouts,
and special requirements for F-16 operations, training, and
maintenance. As with the F-15, this facilities plan
provided definitive design information and referesnced many

! AF publications and civilian codes which must be used by an

A-E firm designing facilities (67). The engine inspection

and repair shop, as described by General Dynamics (GD), was

similar to the McDonnell Aircraft plan (37). Both contrac-

tors provided National Stock Numbers (N3Ns) for support

' equipment, if available.

. Fairchild Republic Company followed a format similar to

\ the F-15 and F-16 facilities reguirements reports. The
formats of all the facility reports were determined by the

R aircraft System Program Office (SPO) at WPAFB, OH (37:xiv).

| The facilities included in this report wer2 not peculiar to

! the A-10 and did not raquire concurrent development. The

, data was once again aimed at assisting goveramant planners

in assessing their present resources to determine the extent

N S

5

( of compatibility with the A-10, and plan for modification of

22
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existing or construction of new facilities., This plan and
the two previous plans were all based on Multiple Command

Regulation (MCR) 66~5, Combat Oriented Maintenance QOrgani-

zation and the curr=nt decentralized organizational struc-
ture used by Tactical Air Force (TAF) maintenance sguadrons.

Saudi Arabian Aircraft Maintenance Facility

Construction. The Unitad States Government (USG), under

contract with the Saudi Arabian government, provided

complete facilities to supvort 60 F-15 aircraft with designs

orovided by A-E services. The COE served as the construc-

L 4

tion manager. The Air Force Logistics Command (AFLC)

‘y WD N

LY

managed the facility program, c¢onsisting of more than 150
line items at five locations dispersed across Saudi Arabia

(66:16). Aircraft maintenance facility construction was

AWy

concentrated at Dhahran, Taif, and Kamis Mushayt (83:viii).
The process of providing facilities to support the F-15 in
Saudi parallzaled the process used by tha USAF to beddown
aircraft at a new operating location. Facility site survays
were conducted with the objective of making maximum use of
2xisting facilities. This objective was adher2d to insofar
as sound engineering, operational, and eccnomic factors
permitted (S51:1-80). Results of the surveay, based on actual
on-sita investigations and engineering analysis, were Jocu-
mented in the applicable facility report (50:1-1). Basad on
the sit2 survey, the McDonnell Aircraft Company devaloped

and published Facilities D=2sign Criteria specifically for

23
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=15 maintenance facilities in Saudi (64). Not surpri-
singly, the format and contant were similar to the F-15
Facility Reguira2ments Plan for the F-15 used by the USAF
(52).

Funding constraints which often limit the flexibility
of designers working with USAF maintenance facilities were
not a factor in designing the Saudi facilities (64:1-10).
Photograpns maintained by HQ AFLC Foreign Military Construc-
tion Division confirm that the interior and exterior archi-
tactural treatmeat of most Saudi facilities is superior ia
terms of materials and attractiveness to that of USAF main-
tenance facilities.

Since the research focused on functional deficienci=s
in maintenance facilities, available prints and specifica-
tions of the Saudi facilities were carefully reviewed (€1l).
The Saudi facilities had floorplans similar to USAF maints-
nance facilities. The scope of individual facilities and
square footages allocated to many functions were greatar than
that allowed under guidelines of AFM 86-2. Separata areas
were dedicated to maintenance of installed and uninstalled
aircraft engines. Additional space was provided for engins
storage and for larger training rooms. Sun sheltars wer=2
provided to protect aircraft from the intense sun
(64:2-1-2-4). Light intensities in some maint2nance areas
were higher than in typical USAF facilities (64:2-28). The

general lavel of detail in the Saudi Facility Design

24

AT AT AT A T AL AT A e NS -y .
\'\- v ‘ Ny ".'..--' N\ Ny \}‘V'\-’\;\ )™ \*" ~ \‘"\*'\f'\’\..\ ".“. ‘u(“uF‘.

BNt PO S0 by




Critaria exca2eded that of the USAF plans. Physical
observation of the Saudi facilities would hava been ideal,
but was not possible.

Contracted Studies. A concept study brochure on

general purpose aircraft maintenance shops accomplished by
the US Army Facilities Components System (AFCS) was
raviewed. The stated purposes of the study were as follow:
(1) to provide only sufficient design and shop layout to
determine if the shop meets minimum functional requirements,
(2) to provide an adaptable and rapidly constructed design
for short term use, and (3) to provide designs not intended
for use in normal construction, but for use in national

emergencies.

While the stated purpose of this brochurs did not apply
directly to this thesis, the process by which the AFCS
gathered the data and compared reguirements for different
types of fighters was useful in developing a methodology to
achieve the objective of the thesis. AFCS personnel
researched all available data for different types of fighter
aircraft. A comparison chart showing recommended scope and
shop equipment layout was then developed to support all
fighter aircraft (28). This study was the only one avail-
able to the researcher where an attempt was made to devalop
a generic type maintenance facility capable of supporting
most fighter and attack type aircraft. Although the level

of detail and purpose made the results of this study

25
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anusaopla in reducing functional d2ficiesncias in U.S.-based
parmanent type facilities, the methodology could be used.

USAF Regulations. The following USAF ragulations

were used freguently, and impact facility design considar-
ably. Understanding of the regulations was essential in
designing functionally efficient and safe maint=snance facil-
ities. Only a brief explanation of each is providad.

AFM 86-1, Programming Civil Engineer Resources

Appropriated Fund Resources. This manual explains tha

process which must be followed to initiate repair and
construction projects. It explains the reguired documents
and their preparation for Unspecified Minor Construction and
Maintenance and Ra2pair projects. The annual MCP submission
is outlined and the responsibilities of the functional user
are defined (24). Functional users of facilities can oftan
benefit from major repair projects, including a modest level
of minor construction, without undertaking the lengthy MCP
route,

AFM 86~-2, Standard Facility Requirements. This

manual contains approved criteria for the type, number, and
size of facilities AF units can use to support their
missions. The manual also describas responsibilities,

policies, and procedures for the facility requireaments

systam. Specifically, the manual limits the scope of facili-

ties and tha functions to be conducted therein by assignment

of a category group to the project. For example, if a unit
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builds a drive-through hangar (cat=gory grouo 211-111), by
definition, aircraft maintenance, inspection, and repair may
o2 conducted within. Refueling, however, would be prohib-
iﬁed because th2 catagory group was not that of an alert
sheltar. Limitations on the size of aircraft maintenance
facilities ares containad in AFM 86-2. The 8,000 sgy. ft.
standard for a tactical AF AMU was just one example. Func-

tional users of maintenance facilities must b= aware of and

o

understand the provisions of AFM 86-2 if they are involvad
in programming new facility construction or rasnovating older
facilities (26).

AFM 88-2, Definitive Designs of Air Force Struc-

tures. This manual contains architesctural dafinitive

drawings that were used as guidzs in planning, programming,

P4

and designing AF structures. The manual is not current as

P2

an AF publication. However, the objective of the manual was

D

sound and the potential besnefits substantial (23:1).

The availability of avproved definitive drawings expe-
ditas the construction programming process by elimin-
ating tha delays and errors causad by the lack of firm
design and reguirements critaria. The uss of defini-
tive drawings leads to the development of standard
working drawings and the use of site adaptation pro-
cesses. This produces substantial savings in design
and construction costs [23:1].

o

S e

o

R

NP,

AFM 88-15, Definitive Designs of Air Force Struc-

-y

P
s LS

tures. This manual contaias construction criteria and

“e 2 Y

AR

standards applicable to structures and utilities at AF

installations. The manual provides basic guidance for the

27

-

NSO

CRANY o

'.: 4 '--_:«'.;.' -

AN




construction anid selection of mat=2rials for permanent AF

facilities. The manual restricts the options available to
the functional user of a facility by d=2fining compatible
facilities, types of materials to be used in hazardous
areas, and design limitations (22).

AFM 88-31, Selecting Architect-Engineer (A-E)

Firms for Professional Services by Negotiated Contract.

This manual describes the required process AF organizations
must follow to select A-E firms providing professional
services for military construction. It is consistent with
the Federal Acquisition Ragulation (FAR) and the Department
of Defense (DOD) and Air Force FAR Supplements. It estab-
lishes a statutory fee ceiling for most design work associ-
ated with routine MCPs. Part of the selection process is
the determination ofrqualified A-E firms for designing a
particular project. The qualifications and experience of an
A-E firm are of critical importance to the functional user

of a facility. The qguality and functional efficiency of the

completzd facility depend on the performance of the A-E.

Tactical Aircraft Maintenance Facility Construction

The TAC published the TAC NEW LOOK PLAN in Septamber,

1978. The plan initiated a project to improve the work
environment and incentives of maintenance people, The goals

were as follow:
1. To upgrade maintenance facilities and furnishings.

2. To givz reccgnition for outstanding performancs.
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3. To iasur2 maximum support of the maiatanance work
force.

The goals wer2 vased on the fact that TAC aircraft main-
tanance people are the front line support people maintaining
TAC's readinass. Thalr jobs require working ocutdoors in all
types of weather, shift work, and weekend duty. NEW LOOK
was intended to provide them with adeguate facilities and
support to compansate for these job reguirements (54:1).

Headquartars TAC Engineering and Services also
published a lettar outlining special raguirements and guid-
ance to be used in designing new facilities, The lettar
included guidance on: (1) interior finishes, (2) wall tresac-
ments, (3) finishes, (4) comprehansive interior design, and
(5) overall design (56). While the TAC letter may have
reduced the number of unacceptable initial facility designs,
the guidance did little to eliminate functional deficiencies

in maintenance facilities.

Summary

Review of the availabls litarature concerning dasign
and construction of aircraft maintenance facilities revealed
no information sponsoraed or published by the AF logistics
community, In fact, the Logistics Facilities Board which
usually meets once a year is the only formal logistics

facility organization chart=ared with promoting logistics

facility needs (65).
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ﬁ‘ The logistics facility regquirements plans published by
$ aircraft manufacturers providad good basic guidance but in
53 most cases were not available to facility managers (36). An
Eg understanding of project management and its application to
;L the design process used by the COE is essential if one is to
; influence design decisions.
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IV. PFunctional Deficiencies in Maintenance Facilities

Introduction

Aircraft maintenance facilities were cat=3gorized into
eight types for the purpose of deficiency identification and
analysis. As statad in the thesis methodology, a combina-
tion of three methods was used to identify facility deficien-
cies and deficiencies in the programminj, design, and
construction process. Y

The first method was observation of the programming,
design, and construction process. Over a period of five
years I was responsible for all aircraft related facility
projects in the AAC. Working at the MAJCOM level, with
frequent Air Staff interaction, I observed the AAC MCP
process with its problems and deficiencies, and the programs
of the other MAJCOMs as presented to the Air Staff.

The second method was a review of 28 aircraft mainta-
nance facility project files in the AAC and TAC. Most USAF
MCPs were initiated and followed a specific process outlined
in AFR 86-1. The base level functional user would det=2rmin=
the need for a new facility, fill out a logistics facility
summary, and provide inputs to the base civil 2nginz2ers. A
project book would be devaloped and sent to the appropriate
headquarters with a DD Form 1391 (Military Construction
Project Data). From that point on all available documenta-

tion on a specific facility project was usually maintainad
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in a oroject file, a copy of whica was locat=d at the appli-

cable MAJCOM headquarters. Information in aircraft mainte-
nance facility project files at HQ AAC and HQ TAC was
raviewed. The specific projects reviewed are listed in
Table I. Early in the review process, it was noted that
similar type facilities had similar problems during design
and construction. Comments concerning the project files
reviewed apply to a given type facility, not a specific
project.

The third method was to physically observe 26 mainte-
nance facilities. Some facilities were observed under con-
struction and later while in use. Others wer= only observed
while under construction or in use. Conversations with the
functional users of the facilities provided insight of defi-

ciencies not readily visible through observation alone.

Aircraft Maintenance Units (AMUS)

An AMU consists of the technicians, managers, adminis-
trators, equioment and the facility necessary to operatz and
maintain a sguadron (24) of tactical aircraft on a day-to-
day basis (21). The size of the facility is limited to 8000
sq. ft. (26). The AMU was the most frequently built and
renovated maintenance facility studied (20; 53). Approxi-
mataly 246 people are assigned to an AMU (12:52-57). The
functions which take place in the facility include adminis-
tration, dispatch, tool storage and issue, supply, mobility,

training, scheduling, documentation, technical order
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maintenance, debriefing, and enginsering and technical
services (ETS). General problems encountered in design and
construction of AMUs are documented in the following para-
graphs, specific problems ar=s in Appendix B.

The two most common functional deficiencies which
impactad maintenance operations in the AMUs were size and
functional layout of the facility. Size was documentad as a
deficiency in all project files and was commented on by
users during all facility visits, Lack of space in the tool
issue and support equipment storage section was the area
most effected by the 8000 sy. ft. scope limitation. Lack of
space for personal lockers, vending machines, and mobility
equipment was common to all AMUs. Each functional user
seemed to prefer a variation of the TAC approvad definitive
floorplan. In an attempt to improve the functional layout
of an AMU, the architactural branch of HQ TAC Enginsering
Division published a single line drawing showing a recom-
mended AMU floorplan (55). Unfortunately the floorplan had
not been refined to a point where it satisfied all users,
and the guidance for its use was misunderstood. Producing
an optimal design for an AMU which would be supported by the
engineers and aircraft maintainers takes considerable time,
effort, and money. When confronted with a challenge to the
AMU floorplan requiring immediate action the headquartars
staff did the only expedient thing they could: waive the use

of the floorplan (71).
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.
; Other major problems in the AMU ar= discussed her=,
E The major problems and those of lesser importance ars docu-
f mentad in Appendix B. Floor coverings were a problem in all
q AMUs. Many manhours were expended cleaning and waxing vinyl
)
s flooring. Sheet vinyl was too soft to withstand the heavy
' use in many parts of the AMUs. Wall coverings were some-
;j times not appropriate. The use of painted drywall proved to
.\' be a poor choice, because marks on the walls and dents made
A frequent repair and painting necessary. High use doors were
é not designed to withstand constant use in six AMUs. No
¥, provisions were made for storage and disposal of waste lubri-
t cants and fuel in any of the AMUs. Adequate provisions wers
§ often not made to accommodate the number of computer
» terminals required by the maintenance organization. All six
of the AMUs which were physically observed had self-help
projects under way. This included those AMUs which were
" newly constructed.
" The new AMU at Langley AFB was constructed adjacent to
g the new Operations facility, and thus had access to a large
; briefing room for mass meetings. The AMU at Eielson AFB was
E constructed adjacent to a hanger, which could accommodatsz
& mass briefings. Other AMUs did not have the capability to
é hold mass briefings.
Engine Shops
ﬁ Construction and renovation of engine shops followed
4 the AMU in frequency of occurrence. BAll engine shop
0
; :
; 34
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projects reviewed were responsible for the complete teardown
and reassembly of entire jet engines. Functions supported
included intermediat= maintenance, supply, parts cleaning,
small gas engine repair, training, technical representa-
tives, tool issue, administration, Support Eguipment (SE)
and War Readiness Material (WRM) storage. According to the
project files reviewed, the most common problems affecting
the functional user were as follow:

1. The floorplans for all of the fighter engine shops
contained most of the same basic functions with proportion-
ately the same amount of space dedicated to each function.
As with the AMU, the desires of the particular user detar-
mined the outcome of the project. Through guestioning each
of the functional users charged with managing facility
projects, it was learned that none had managed similar
projects before, nor were familiar with the MCP manuals and
regulations. This lack of experience led to repetition of
many of the same mistakes in different engine shops.

2. Problems with bridge-crane systams were documentad
during design or use in five of the six engine shops
studied. The basic requirements and specifications for the
cranes were included in all of the facility plans published
by the aircraft contractors (37:7-113; 67:7-268). Even with
this guidance cranes were installed with insufficient
numbers of hoists or one bridge instszad of two. Some common

initial operating problems were routing of electrical
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controls, ovzarheating of electrical components due to thneir
location near overhead lighting, and travel speed of the
hoists.

3. Each of the engine shoos required a bearing and
parts cleaning room. The design of the rooms and specifica-
tions for the engine parts cleaning equipment consumed consi-
derable time and effort as evidenced by documentation in the
project files. The type of cleaning vats and the size and
specification for explosion proof electrical or hydraulic
motors were not agreed upon.

4. The type of sealer or coancr2te floor topping used
on the shop floor caused the users problems in three of the
shops researched. The other three were not complete,.
According to the users and maintenan~ce managers questioned,
an engine shop is viewed as a high tech industrial-area
which is required to be attractive and clean. To achievea
the desired effect many types of concrete sealers, paints,
and floor coverings were tried-~-with poor results. The shop
at Eielson AFB included an integral, colored, floor topping.
The workmanship in applying the topping was poor, but the
shop was not y2t completa so no conclusions could be drawn
about the effectiveness of the topping.

5. Lack of space in the tool issue and support
A change to AFM 86-2

sections of four shops was documented.

attempted to correct this deficiency (26:8-3).
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Fuel Shoos

The fuel systzms shop is responsible for repair, func-
tional check, and inspection of aircraft fuel and in-flight
refueling syst2ms. The shop also maintains external
aircraft fuel tanks.

The seven most critical deficiencies in fuel cell
design werz the following:

1. 1Installation of deficient ventilation systems was
most common. Ventilation serves two purposes in fuel shops.
One system is required to provids fresh air for in-tank
maintenance and another to keep the lavel of fuel vapor in
{ the shop arza balow established levels. Problems with in-
tank ventilation systems included the following: (1) the
air ducts were not grounded, (2) the temperature of the air
{ was too hot or too cold to allow the tachnician to work in
th=2 tank, and (3) the volume was insufficient to purge the
tank in a timely manner. Two problems witn shop ventilation
wera exchange of stratified vapor laden air near the shoo
floor and heating of make-up air required in northern tier
shops. Four out of five shops had ventilation problems.

2. Improper treatment of electrical systems installed

in hazardous areas. Three of the fuel shops studied were

deficient in both ventilation and electrical systems,

3. Locating and interpreting all manuals and codes
pertaining to installation of electrical systems was a major

) problem for all A-E firms.
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1. Detarmining the nazardous classification of diffsr-
ent areas in the facility and specifying the correct type
elactrical equipment consumed many hours. Additionally,
hazardous arzas in certain facilities were dependent on ths
tvpe of aircraft maintained. The type of electrical eguip-
ment raquired is dependent on its distance from the fuel
storage and transfer systems in the hangared aircraft under-
going maintenance. Therefore, location of internal and
external fuel tanks as well as fuel vants dictate the class
and division of electrical egquipment., Few of the mainte-
nance facilities studied met all electrical, fire, and
safety requirements.

5. Many different proposed solutions to the problem of
containing hazardous wastes wer2 discussed., How to collect
soilled fuel was the main problem. Installation of holding
tanks, fuel/water separators, and leach fields wer2
discussed without arriving at a consensus.

6. Contiguous grounding systems were reqguired out
seldom found.

7. Maintenance of comfortable working temperatures
affected safety and efficiency in all fuel shops (40; 41;

42; 43; 44).

Hush Houses

A hush house is an air cooled sound compressor designed
to test aircraft engines. The test cell function is respon-

sible for tasting engina2s to evaluate the quality of
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mainteanance and engina2 performance. Technicians ctrouble-
shoot engines, do minor maintenance, and make adjustments to
installed and uninstalled aircraft =ngines. The Hush House
is real property installed equivoment (RPIE) and not real
property, as normal facilities are. Because the AF was

going to install many like facilities, an A-E firm was hirzd

to develop standardized prints and specifications for instal-

lation of a complicated foundation. A pre-engineered,
standardized steel building is then erected on the founda-
tion. This method of design was intendad to save money,
speed erection, and improve the quality of facilities.

Major problems with all hush houses were as follow:

1. Expansion and contraction of exhaust tube liner
panels due to the difference between ambient temperature and
the temperature of the engine exhaust caused the liner panel
to buckle, warp, and come loose.

2. No provisions were made to maintain suitable
working temperatures for technicians in northern tier facil-
ities. Because of the building's design and its funct: on,
the interior temparature was usually below ambient t2mpesra-
ture,.

3. No provisions wer=2 made for administrativa spacs2;
Users had to eract portable or temporary sheltars nearby and
submit work orders for permanent structures,.

4. Approval to rzafuel aircraft in the hush nousa was

not grant=2d unless extraordinary procedures were followad.
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S. Entrance door track n2ating was inoperative and

microswitches for door operation were unreliables (71; 72).

Alert Shelters

Alert sheltsrs arz raguirad to house the alert force.
The alert force provides the support raquired for th=2 immed-
iata launch of tactical aircraft for air defense missions.
The branch is responsible for alert preflight inspections,
servicing, towing, parking, minor maintenance, combat turas,
and launch and recovery of alert aircraft (21:10-1).

The main problems with alert facilities are as follow:

1. The lack of space regquired to comply with all muni-
tions quantity-distance safety reguiraments generated
reguests for waivars at all thres alert facilities.

2., The in=2fficient alert cell heating systems resulted
in stratification of hot and cold air in two northern tier
facilities.,

3. The outside air infiltratsd around hangar doors dus
to poor seal design or poor maintenance.

4. The electrical systems did not meet astapblished
standards for hazardous ar=as.

5. The static grounds wer2 not positioned corractly
for aircraft and refueling equipment.

6. The aircraft parking plans were not designed to
accommodata hot refueling of aircraft.

7. Two facilities lacked sufficient space for aircraft

support equipment and spar2 parts.
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8. Th2 alert crews had to exit the building ani
reantar to board alert aircraft in one alert facility. This
occurred because there was no direct interior access to
alert aircraft due to lack of space.

9. The emergency lighting reguired in the cells was
not installed in two facilities,

10. The electro-mechanical intrusion detection alarms
used to secure alert aircraft cell 4id not work properly in

two facilities.

Aerospace Ground Equipment (AGE) Shops

The AGE Branch is responsible for providing power=d and
nonpowered support eguipment for the wing mission. Power=d
and nonpowered AGE is portable equipment used by technicians
to aid in the repair of aircraft subsystems. The branch
providas the capability for pickup, delivery, repair, modifi-
cation, inspection and servicing of most AGE. The AGE facil-
ity provides space for maintenance and cleaning of eguip-
ment, parts storage, administration and mobility operations.
Major problems with three AGE facilities arz as follow:

1. Floor coverings were deficient. Paint peeled
quickly, and concrete sealers deterioratad rapidly in all
three shops. The sealers observed had no light raflective
properties and d4did not improve the appearance of the work

areas,
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2. Space was not providad in two siops £O0 store AGE
which reguired protection during wintar months of the work
areas,

3. An eguipment run-up room was designed improperly.
Equipment viewing windows were not installed, cabls access
holes were not placed properly, and exhaust stack flues did
not function properly.

4. Adeguate ventilation was not providad to maintain
carbon monoxide levels below established standards during
wintar months when shop doors were closed (three shops).

5. Industrial type sinks wer=2 not provided to handle
oersonal hygiene rsguirements during shift changes (three
shops).

6. Hot air curtains or remote control garage door type
openers were not provided for efficient movement of equip-
ment into and out of the shop (three shoos).

7. Equipment had to be backaed onto wash racks. A
drivs tarough eguipment washing ar=2a would hava been nuch
more efficient (two shops).

8. Lubricant dispensing egquipment to support fraquent
servicing operations was not installed. Manual servicing
from cans and drums was the norm (three shops).

9. No provisions were made for the segragation and

storage of wast2 fuel and lubricants (1l; 2; 3).
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Aircraft Hangars

Aircraft hangars provida protaction for aircraft and a

suitable working environment for technicians. Inspection,

major maintenance, and modification of aircrafc ar= accom-

plished inside of the protsctiva structures. Manv types
hangars exist and include facilities with huge expansivs
open bays or facilities with individual cells for =acn
aircraft, Major propblems with aircraft hangars wers as

follow:

1. Concreate floor sealers rapidly deteriorated. Ths

sealers used had no light rzflectivs propertiss and did not

orovids the proper appearance.

2. Expansion joints in concrete were not properly
filled and provided areas for accumulating debris.

3. Trench drains were connected between calls
providing a possible patnh for fuel vapor to travel. The

ranchas wer2 not wide enough to allow for easy cl=aning.

4., Some nangars had no provisions for segr=gation and

disposal of wasta fuesl and lubricants.

5. The sp=2ed of the emergency manual mode of hangar

door operation was far too slow to permit rapid evacuation

of aircraft =2gquipment  from hangars.

6. Stratification of hot and cold air was a problem at

oases during the winter season. Temporary canvas ducting

had to be added to diract hot air to floor level.
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?ﬁ 7. Ona2 pisce overhead hanjar 3oors war2 designed

L

(‘.

" improperly. The resulting unsafe condition led to the shut-
ﬁb down of an entire facility.

i.l.

’ .

ﬁf 8. Uncommandad activation of Zirs det2ction and

3

i Uat

ﬂ& suppression systems charjed an otherwise dry nipe systenm.

" Overations involving open hangar doors during winter montis
& ) L] 1

v hadto be suspended until the systz2m could be purged of

)

g water.

g; 9. Special directions as to hangar lighting intensity
0.3

%2 had to be issued by the AF. Possible problems existsed with
oo

Pl using the Illuminating Enginzering Society (IES) lightiang
50N standards.

4N 10. Roof drainage was diracted across aircraft ramp
s used by taxiing aircraft, Ice build-up in winter months was
Sﬁ hazardous (47; 48; 49; 62; 69).

“r

o Miscellaneous Facilities

s. .l

A Miscellaneous facilities include battery shops,

1Y

4 "

::, avionics shops, corrosion shops, and ramp lighting projects
~'

N (16; 17; 19; 63). 1Investigation of these type facilities

was not as intensive as that of previously discussed £facil-

ﬁ ities, While problems existed in these facilities, few func-
y .

ﬁ tional deficiencies were documented. Those problems docu-
"

. mented include the following:

-,

72; 1. Ventilation in the portion of the battery shop dedi-
4

:j catad to charging lead acid battesries was deficient.

! f,

o

o

i 44

A

]

s [V R R R W N S Y Sy v B e - TN AT WS ettt e e N Rt t A At a
...0“‘.. “.l“v ‘. QID.- d‘i‘o 1) \‘ " e ) \# '.\ "‘\ \"'I -.\}x"\.‘. ."'\‘. ".\.s"- VN RO RITTIAG R J'.'f,.f ""\\V'-,"d"-




I‘.‘ (]

A

]
s
: "x

2. Space for r=frigsration of naickli2 cadmium batt2aries :

was inadeguate.

. . . e
3. No overhead hoist was availablz2 to handle large ;.

) >

tractor batteries. ﬁ
o
4. No efficient means of deliveriag or picking up .
batteries was in use. All batteries had to be carried in -
Ry

S
and out of the facility by hand or the delivery vehicle had N
»
to back inside the building. :’
.‘ \J
5. The walls and benches in corrosiva arzas of the ‘ﬁ

\i
, , o)
shop wer_. not made of corrosion resistant materials. W
)
)
6. The lack of airflow moving past the painter in i‘
corrosion control shops violatad the Occupational Safety and QE
Mo
Health Administration (0OSHA) standards. ::
t

. . . , =

7. The orientation and placement of the aircraft to oe :
painted was changed several times during design of the corro- ﬁ
s

N o . “
sion facility. Fn
Al y

8, The criteria was vague and hard to find which idan- Y
tified the provisions necessary to design the capability to Z*7
3
decontaminate aircraft, o
9., Much of the eguioment r2guired by th2 functional N

user in the corrosion facility had to be identified, -~
-~

. . - . A

researched, and specified by th2 usar. Tue design agent e
seemed to be unwilling or incapable of completing the work. ;
Inexparience in designing aircraft relatad facilities sesemed E
‘ -

to be the cause of the proolam. ::
Y
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i 10. Floorplan d=sign of th2 avionics shop was the

Y

facilities major problem. Conversion from the traditional,

conventional avionics shop layout to the mors open floorplan ¢

-
N -

» of an integrated avionics shop was a lengthy and involvad ;

process. h
4 1l1. The electrical power supplies and riser locations
in avionics shops seemed to accommodats only one type of

8 test station.

. 12. No standard seemad to exist for type of lighting 3
) fixtures to be used for airfield lighting. Changas in \

design criteria led to cancellation of a project. 2

iy Summary

’ Manv examples of deficiencies in tactical aircraft main-
tenance facilities wnich affacted the functional users'

ability to perform in an efficient manner have been idanti-

efas" w0 &

fied. As the facility programming, design, and construction

1
|

process was examined, many of the deficiencies were encoun-

tarad more than once. Discussions with the usz2rs and facil-

[l b W 5 g 4

ity managers indicated that as the deficiencies became

apparent work orders were submitted to correct the deficien-

cies. Some problems wer2 not easily corractable. The

resultant drain on productivity would continue until major

PP

modifications were accomplished years latsr. The cost of
corracting the deficiencies idantified was not calculated.

n
However, the cost would seem to be substantial and room for :
A

improvement obvious.
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V. Findings

Introduction

Chapter V continues the tneme of discussing functional

i

deficiencies established in the previous chaptar. The emoha-

‘1 !

sis is shifted from specific problems with individual facil- ::‘
ities to more= general findings. Findings r=lated to the 2{
research questions identified in Chapter I are addressed =
first. Each of the ten guestions is answered as completaly *ﬁ
as possible based on the results of the research conductad. ﬂ:
Findings r=lated to administrative problems and th=a MCP %;
process itself are then discussed next. E;
=3
Findings Related To Research Questions %J
Research Question #l1. The Aircraft Maintznance Unit, F}
Engins Shop, and Fuel Shop wera three of the most frequently EET
orogrammed and constructed maintenance facilities in TAC and i’
AAC during the years 1984 to 1990 (52; 53). Table 1 shows :‘
the facility projects whica the author researched and ths &
approximate cost of each. As the frequency of construction ;'
for a certain type facility increases, the greater becomes ?&.
the potential benefit of definitive floorplans and specifica- .&
tions. As evidenced by the standardized AF hush house foun- :
dation prints and pre-engineerad structures, the guality, 3?
cost, and timeliness of construction surpasses that of SE
=
typical MCPs (71; 72). Attendance at over 30 facility ;¢
47 .,
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o! design reviews ravaalad th=2 tramendous number of manhours
e required by the COE to review prints and specifications

prepared by civilian A-E firms. Of all the projects

)

,k reviewed, no two similar facilities wers designad oy the o
:% same A~-E firm. Essentially, all projects receivad

'x one-of-a-kind treatment. Consequently, many of the same

f§ oroblems recurred had to be solved repeatzdly. Those /
- problems which were not recognized or solvsd corractly

:E contributed to the number of design deficiencies.

ﬁ: Research Question #2. Th2 responsibilities of the

w functional user in the MCP process were outlined in AFR 86-1

;f and passaed to MAJCOMs through the logistics facility board ' j
E; chairad by the Chief, Logistics Facilities Programming v
.ﬁ Office. Review of project files and observation of over 30 !
:ﬂ facility projects and design reviews indicate few, if any, .
| »

lﬁ of the maintenance technicians or officers involved in the

e process understand their responsibilities. Wwhen an aircraft

& angine technician was taskad to provids detailed critaria E
% énd special facility requirements to an A-E firm whosea !
k engineers had never sean an engine test cell, experienced

:‘ low frequency engine vibration, or understood cell depres- :
7& sion, the potential for a deficient design was oobvious (72). E
i? In most cases the functional user tried to fulfill his :
v responsibilities, but was hamper=zd by the lack of experiance

.ﬁ in facility design and knowledge of manuals, regulations, :
b codes and standards within the construction industry. His X
.

N
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standards were set by what he saw in his old shopo zad war

A
not related to what was available in the construction R‘
industry. Eg

.
Research Question #3. Some of the r2asons why th2 ﬁ

functional user had not identified all special r=gquiramaants
in project books are discussed in the paragraphs above. 1In
addition to those reasons the users of most facilities
assumed the engin=ers are knowledgeable about their parti-
cular type of facility. For example, the user of a corro-
sion control facility, whers aircraft are washed or painted
daily, saw no need to include industrial type soap dispen-
sers and paint stripping vats as special eguipment (19).
The user may not have the time required to do a thorough job
in preparing inputs to the projsct book. Most facility
managers interviewed in this research were not the managjers
who originated thas reguirement and providad input to the
design process. AF assignment policies do not seem to
encourage dedication to long-ta2rm projects.

Research Question #4. The reasons why all of the

users' requirements were not satisfied f2ll into three cata-

gories,

1. First and most fraquent was accidental oversight,
or inexperiznce on the part of the design agent. The lack
of definitive drawings, late design initiation or failure to
follow a prudent design schedule contributed to deficiencies

in the final design.

49
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2. AF manuals, codes, or pnolicies limit=d tas tso2 of
materials, activities, or uses a particular facility da2sign
could accommodat=.

3. The original cost estimate was too low to allow for
inclusion of all required items, or a dbudgeting action
reduced the amount of money available for a particular
project.

Inexpearienced project managers dependent on a staff of
design specialists (organized in a horizontal hierarchy) are
sometimes unable to provids the dir=ction necessary to
insure the facility users' requirements are satisfisd.

Research Question #5. Functional d=ficiencies that

impact the aircraft maintenance activities werz2 easy to

observe but hard to quantify. The impact ranged from th=
loss of a few seconds due to inefficient location of tools
in a support section to temporary loss of use of an entir=z

eight bay maintenance hangar dus to incorrect design of

aircraft entrance doors (48). The success of maintenance

b operations was measured in aircraft mission capablz rats=s,
sorties, and readiness. While mission capable rates and
sorties ar2 quantifiable, variation in rates are not neces-
sarily correlatad to deficiencies in facilities. Maintz-
nance technicians iearned long ago how to compensate for
deficiencies. Longer work hours and counterproductive
environmental conditions have become part of the aircraft

maintainer's job description.

50




Research Quastion 46. Res=arch has shown taat some

functional deficiencies ke2p racurring. As praviously dis-
cussed, the designers of similar facilities ars different;
therefore, designs ars treated as one-of-a-kind. It appears
that the design agent (the COE) does not use a lessons-
learned systam to provide prints and specifications of
previously Jdesigned facilities to the A-E £irm selacted for
a particular project (29).

Research Question #7. The lack of definitivs

floorplans and specifications for facilities contributed to
recurrence of deficiencies. 1If definitive specifications
and single line drawings were not available, the design
engyinzser and architact had to devaloo their idea of what the
user needed. If the designers had not specialized in the
tyoe of facility under design, several iterations usually
had to be presented to the user at dssign reviews. The COE
normally scheduled a predesign review and two or three
subseguent reviews. Most project managers allowed f2w major
changes at the first design reviews (s2cond me=2tingy); aftar
that time, users wer= told by the AF project manager that
further changes would delay design efforts and cause the
oroject to slip to tne next fiscal y=ar. Since the process
was taking five years, few users would approve delaying th=2
project. The statutory design fee limitation of six percent
(of the programmed facility cost) providad little incentive

for designers to invest additional time and effort in a
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project once the minimum acceptable lavel nad been reach=24

»r

(25).

Research Question #8. The most notable example of "

e

using lessons-lesarned from previous design and construction t

B A B

efforts is attrioutable to Air Force Logistics Command 4

P (AFLC). Standardized prints and specifications for construc- :
i tion of the engine hush house were developed by an A-E firm t
under contract to the AF. TAC attampted to provide a single a
' line drawing of the floorplan for an AMU but met with ;
: limited success. HQ AAC assigned a staff officer to partici- ﬁ
L pata in all aircraft related facility design reviews for "
2 that command. E[
; The corporate knowledge retainad by the COEs was some- 3
. times apparaent during facility design reviews but was ?
; limited to generic type problems. TAC had hir=d4 an A-E firm ii
ﬁ to begin developing a standard alert facility. AFM 88-2 was ﬁi
: no longer current, its standard facility drawings and speci- ?
': fications wer= of no use because they were outdatad. %
However, the original objective of the manual, to provids ;b
approved definitive drawings which would expedit2 the E‘
3 construction programming process by eliminatiang the delays &'
J '
4 and errors created by the lack of firm design and raguirs- s
ments criteria is still wvalid. o
Research Questions #9 and #10. Research questioas 9 E
s

1 and 10 are closely related to the objectiva of this thesis

and can be addressed together. The objective of this thesis
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was to define a mathodology to improve the functional

utility of tactical aircraft maintenance facilities through
improved design. Th2 answers to research questions 9 and 10
are embodied in the methodology developed by th=2 researcher.

A brief summary of that methodology follows with a
detailed explanation presented in Chapter VI.

1. Select a facility type which freguently appears in
the MCP.

2. 1Initiate a design project to optimize the
functional utility of that facility and eliminate functional
deficiencies.

3. Select an aircraft maintenance project officer,

4, Write a statement of work.

5. Use th2 COE as the design agent.

6. Hire an experienced A-E firm.

7. Encourage TAF participation.

8. Complete the design and distribute complete bid
packages.

9. Establish a m=2ans of changing and updating prints

and specifications.

Other Findings

The avarage time from project initiation to occupancy
was four to fiva years. 1If a functional user established
criteria for a MCP without knowledge of future changes in
maintenance concepts, functional reorganizations, or major

aircraft modifications, deficiencies in finished facilities
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may rasult, For example, the conversion from conventional

i

avionics to intagratad avionics dictated a more open floor-
plan in maintenance bays (16). Conversion from the four
sgquadroa maintenance concept to a three sguadron concept
(AFR 66-5) completely changed tha size and responsibilities
of the Organizational Maintenance Sguadron (OMS) to those of
the current Aircraft Generation Squadron (AGS) (21). The
major deficiency in the current AMUs (lack of space) may be
attributable to the old OMS organization.

The design schedule for some facilities at bases which
experizance harsh winters did not address the need to pbegin
construction in the spring of the year. After design
efforts reached 35 percent in September, schedule slips
delayed award of three projects preventing construction
start in the June timeframe. ©Loss of the June-October

building season extends the facility completion date by one

year. The functional users had to make do with substandard
facilities or do without if no old facility existed (16; 19;

31).

My %u e .‘-,'- s m Y

Liability for deficient designs was an issue raised

Y]

after occupancy of several maintenance facilities (1; 4;
48). The user had few options in these cases and little
cooperation was received. If the difference between the
actual facility cost and the funded amount were great

enough, the user could ask the AF and the COE to issue a

change order and correct the deficiency. This process was

54

......

~
. ~

™ (. L AL LR L P AR I I S B R W WY W - - N
0 G A S S Gy T G Qo S A G A R A ST L Ay G4 R R



e o

L g o e B g o

rrxrrErryre.

vy

bl A 3

W

much easiar to descrid2 than exacut2. In r=ality th2 corrac-

tion of deficiencies was much more complicated. In most
cases the user was unablz to corract problems because
neither the AF nor th2 COE was willing to sign change orders
to correct deficiencies. Either bureaucratic drag or an
unwillingness to admit mistakes seemed to be the cause.
Whether the problem was a design deficiency or a requirament
the functional user failad to identify, the r=2sult was essen-
tially the same. If funds for the project were exhausted
the user had 10 choice but to identify the deficieancy,
program corrective action, and wait. Attempted assignment
of blame was wast=d effort because the COE approvead all
designs submitted by A-E firms and approved shop drawings
orepared by the contractors.,

A representative of the functional user was invitad to
attand all facility design reviews. With the exception of
the user, all attandees were usually engineers or archi-
tects. Normal procedurzs was to spend two days raviewing
written design comments previously submitted. If the user's
representative did not understand the terms used and the
implications of decisions made by the engineers, or was
unable to express his needs in terms understood by the
attendees, his influence on facility design was minimal.

Time and motion studies weres not included in this
research effort. The researcher, however, routinely

observed maintenance delays and work stoppages attributable

55

- - T - - '-. .--
Ca NS
. "

I AT

5 ey
RARRC I PR

e e ¥ Vs

LrAEL ST




NI A A

T e e e e e N A T N e e A LA PN A

to facility deficiencias. Examplas wer2 as dramitic as work

stoppages due to unsafe carbon moncxids levels caused oy
deficient ventilation or as mundane as an extra 60 seconds

waiting for a tool (1l: 7).

Summary

Several types of maintenance facilities, (AMUs, engine
shops, and fuel shops), appear=d fraguently in the MCP.

The projects wera initiated by the functional users. Their
rasponsibility was to provide criteria, specifications, and
special requirements for inclusion in the project book. FrFew
users realized the importance of their input and fewer still
were able to provide the necessary information. Users
perceived the engineers as the experts because the AF builds
maintenance facilities every year.

However, similar facilities were not designed by the
same A-E firms. Each project was treated as a one-of-a-kind
facility and as a result, designs varied considsrably. 1In
attandance at over 30 design reviews, the same problems wer=a
being solvaed repeatedly. But, one would not expect a one-of-
a-kind facility designed by engineers unfamiliar with its
functional use to be frze of daficiencies affecting func-
tional efficiency.

The COE, which was normally the design and construction
agent, did not use a lessons-learned system to improve tha
designs of like facilities. Maintenance facilities designad

followingy the methodology identified by this research paper
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snould produce exc=2llzant rasults. Idsntificazist of
functional daficiencias and discussion of ras=arcn findings
naturally led to several r=commendations documsat23 in

Chaptar VI.
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VI. Conclusions and Recommendations

4 Introduction

. This chapter presents conclusions and recommendations
based upon the results of the research study. The chapter
i begins by presenting conclusions drawn from the findings

¢ which answered the research gquestions. Conclusions from

LT o SN NN l""'ﬂa -

additional findings follow.

" j

Following the conclusions, several rzcommendations aras
presented which suggest ways this study could be usad to
improve the efficiency, and reduce the number of functional
deficiencies in aircraft maintenance facilities. The

3 recommendation suggests additional research which could b=

done based on tha study.

Conclusions

1. Tactical AF units in the United States frequently
design and build similar types of aircraft maintenance
facilities. The AMU, Engine Shop, Fuel Shop, AGE Shop, and

; aircraft hangars were examples.

2. The functional users of most maintenance facilities
were unaware of their responsibilities to establish :
criteria, specifications, and special raquirements to b2
used in designing new facilities. PFurthermore, the
; maintainers were not trained nor qualified to provide the

detailed information engineers needed to design and
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construct buildings devoid of 3aficiencies affacting th2
functional user.
3. Deficiencies in maintenance facilities occurrad
because of tne following reasons:
a. Functional users failed to identify all
requiraments.

b. Tha original AF astimate used to program the

I facility was too low and the reguired scope of the project
had to be reduced to stay within the programmed amount.

¢. The design agent or A-E rasponsible for the
design had never designed a similar type facility.

d. Most facilities wer= designed as one-of-a-kini
without the benefit of lessons learned from construction of
similar type facilities.

4. The impact of facility deficiencies was not quanti-
fied by this research. However, there was a negative impact
on the efficiency of maintenancz operations and the number
of man-hours normally required to perform various tasks
increased. Additionally, the cost to correct deficiencizs
listed in Appendix B would seem to be substantial.

5. If the methodology outlined in Chaptzar V wera
followed to develop definitive floorplans and specifica-
tions for frequently built maintenance facilities, func-
tional deficiencies would most likaly be reduced.

6. The facility requirements plans prepared by

aircraft contractors provided a good basis for facility

59

-\'-.wx\\\""‘\\\\ b T P SO T G A
PG G A N R A A AT A N A A W NN A )

[

2
A
' h
F
’
»
x




oSl A o

E At @it a6 ond 3.0 gat | $ a6 ab ot gad Bt at fod §o0 ¢ “ et KX bt Da? §1% | L% nt fat o N

[ R
ol

PP N

design. However, the level of destail f=211 far short of that

raquired for bidding documents.

-
-’

General Recommendations

- -

Y Senior logistics managers should adopt an initiative to
) develop definitive prints and specifications, of bidding

« document quality, for frequently built aircraft maintenancs
D facilities. A seguential explanation of a methodology
designed to promote the efficiency of maintenance operations

and eliminate functional deficiencies follows:

-l as e

1. Most types of maintenance facilities are similar ia
function and design from base-to-base. The functional user

would benefit the most from improved design of those facil-

e ities which appear in the MCP freguently. Step one would
K. begin when the proper logistics directorate initiates a K
\ project to produce standardized prints and specifications .

for a selected type of maintenance facility.

2. An aircraft maintznance officer experienced in
facility use and design would be selected and appointed as
the project officer. His charter would be to guide the
process through the necessary steps while ensuring that

lessons-learned from previous design attampts are

s e aRER

incorporatad. He would also be responsible for ensuring

. maintenance participation in the design and validation

; efforts. A project officer responsible for managing the

S S

design effort would also be appointed in the engineering

directorat=,
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3. As with most facility projects, the initiating
MAJCOM Engineering Directorat=2 would be responsible for
managing design effort. The COE would be the design agent
for the project. COE participation in the project is essen-
tial because the success of the finished product dapends on
its acceptance by the COE.

4. A statement of work (SOW) would be written detail-
ing the tasks to be accomplished and the expectad results.
This effort would require joint participation of the logis-
tics and engineering staffs. The SOW would include the
following:

a. Review of existing project files, and review
of available criteria for that type facility would be manda-
tory. Research similar to that of this thesis would be
regquired. Identifying means of correcting deficiencies
documented through this process would be part of tha design
effort (see Appendix B). Coordination with logisticians and
AFLC must be accomplished to plan for peculiar requirements
of new weapons systams,

b. Site visits by the designers to five similar
facilities recommended by the project officer would be manda-
tory. Functional users of those facilities would highlight
the excellent features and discuss all deficiencies with ths
architects and engineers responsible for the design effort.

¢. Three formal design reviews would be sched-

uled.
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d. The finished product would be prints and
specifications of bidding document gquality with minimal
raquirements for site adaptation, Two foundation details
would be provided--on2 for near frost-free environment and
another for northern tier bases.

5. An A-E firm experienced in designing that type of
facility would be selected. The logistics project officer
would be included in the selection committee. The pre-
design and follow-on design reviews would occur as detailed
in step 4. Format and participation would be similar to
that of a normal facility design review conducted by the
COE. The A-E firm would be rasponsible for id=sntifyiag
scope limitations or design constraints imposed by AF
publications which contribute to functional deficiencies.
The logistics and engineering project officers would then be
responsible for ressolving those problems through normal
channels.

6. Participation by tactical AF units in all appro-
priate commands would be encouraged. Time would be allo-
cated for distribution of prints and specifications and
raturn of comments from all interested MAJCOMs. Those inter-
estad parties would be invited to all design raviews. For
certain types of facilities participation from ALCs may be
appropriate,

7. Completed prints and specifications would be distri-

buted to using MAJCOM maintenance and enginzering

62

BT WY R TP, O v R N e e ) T T TR T O TG T T TR PR TG RS T LI R VR Y
MR S Do o N PR R TV A - T R R A TG A M AL A N

" "o

PR

o v

P As




A e

diractorates. Use of the standardized bid package would be

encouraged. Direction would be provided to the COE stating
that only minor site adaptation would be required prior to
completing construction of that type facility. However,
variation from the design would be approved by the appro-
priate headquarters aircraft branch and engineering branches
when required.

8. Standard drawings would allow the COE to do "in-
house" site adaptation for future projects. Return on the
funds spent for a standardized design would be realized
through elimination of future full-scale duplicate design
efforts.

9. A means of updating the package and making changes
would be reguired. The initial SOW could include the
requirement for the designer to provide this annual service.

10. Execution of this process would test its validity,

its ability to reduce functional deficiencies, speed up the

!

design process, and save construction dollars. )
*

. 2

Recommendations for Future Research b
1

Appendix B of this thesis is the beginning of a data f0

&)

base which could serve as lessons learned from the design b
v

and construction of maintenance facilities. More aircraft e
maintenance facility project files need to be researched and -~

« W

more maintenance facilities need to be observed to increase }J

the size of the data base. If functional users cannot iden- :,
tify and document deficiencies or will not expend the :

¢

"

\]
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rasources to do so, their =sxperience will be wasted and
their mistakes perpetuated.

Appendix B also provided recommended corrective actions
for deficiencies identified. Further study of many of those
recommendations is required.

Research indicates the functional users of maintenance
facilities and the staff officer ranks have been somewhat

remiss in their duty to establish definitive criteria for

the aircraft maintenance work environment. As our fixed
manpower resource is spread thinner to cover more weapons
systems, means to improve operating efficiency must be exer-
cised. The time has come to eliminate facility deficiencies
which detract from efficient maintenance operations. The
learning curve, expense, and lack of flexibility character-
istic of one-of-a-kind design efforts can be avoided. The
methodology defined in this thesis is the tool logisticians
need to improve their facilities. Execution of that task is

their responsibility.
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Appendix A: Definitions =

'
. o
1. Definitive Drawings--Architectural prints of a #4

-

-

proposed facility which specify room sizes, locations,
electrical, and mechanical requirements.

b 2K

" 2. Floorplans--Single line drawing showing the interior
layout including room location and size.

P e O R X ]

La”
.’
3. Functional Deficencies--A defect in the design or 7
construction of a facility which negatively impacts the N
ability of the user to accomplish maintenance opera-
tions. The deficiency detracts from the utility, effi- N
ciency, or flexibility of the finished facility. )
4. Functional Requirements--Physical characteristics of a X
building which must be included in the design process to X
insure efficient and economical maintenance operations
can be conducted. G
e
5. PFunctional Specifications--Characteristics and &
gualitative desciptions of items required by the a0

functional user to perform the type of maintenance
intended in a given facility.

6. Functional User--The maintenance manager responsible
for maintenance operations conducted within a given
facility.

7. Hardened Facilities--Structural, electrical, and
mechanical modifications to standard design made to
protect a facility during attack.

T SR 3% |

A

8. Project Book--A document intended to completely
describe the scope, functional requirements, and special
provisions of a proposed facility. It is compiled by
the AF and submitted to the COE who hire an A-E firm to

Rt ek ol §
[

b proceed with the design of the facility. $~
] 4
ot
’ 9., Project File-~A collection of all documents, and "
correspondence pertaining to a specific facility. The ;.
file contents usually cover the time period between
project initiation and completion to include information N
concerning events which occur after the facility is =
| occupied. ~
: %
10. Scope--Includes the size (square footage), interior i:
clear height, purpose, functions performed within, and )
| special requirements of a maintenance facility.
2
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3 11. Special Provisions--The equipment and capabilities
A the user wants but the facility designer does not know
'y about.
§ 12, Tactical Aircraft Maintenance Facility--A building
" constructed to house attack or fighter type aircraft
u for the purpose of performing maintenance. Also,
" building constructed to house shops maintaining
B aircraft parts.
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Research consisted of observing 25 maintenance facili-
ties, reviewing 28 facility project files, attendance at 30
facility design reviews, and review of pertinent literature.
Those types of maintenance facilities which peared fre-~
quently in the MCP were selected for research3

The objective of this thesis w ne a methodol-
ogy to improve the functio ility of tactical aircraft
maintenance facilities ough improved design. The process
involved identificationf of deficiencies and recommendatioas
for corrective actions.

Conclusions from thls research indicated most mainte-
nance facilities were designed as one-of-a-kind projects
with little benefit from gonstruction of similar type facil-
ities. The same types ofj mistakes were often repeated, or
previously successful asgects of completed facilities were
designed differently duef to lack of definitive floorplans,
criteria, and specificafions. The author recommended an
initiative to develop finitive prints and specifications,
of bidding document quallity, for frequently built aircraft
maintenance facilities Additionally, a recommended method-
ology to accomplish this task successfully was developed and
outlined by the author.® - ‘
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