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Abstract

New facilities are expensive. Before new construction
is chosen by an organization as the solution to a facility
space deficiency, every effort should be made to satisfy the
requirement within existing facilities. This may require
rearranging interior layouts, reassessing the actual space
needs of users, reallocating space, and making building
alterations to permit more effective space utilization.

If new construction is necessary, the interior layout
should be systematically designed with functional
relationships and long term flexibility in mind. This study
examines methods used by the United States Air Force (USAF)
and Royal Australian Air Force (RAAF) to ‘manage' facility
space and to ‘plan' facility space. It compares the general
effectiveness of methods used by the USAF, and determines
what effect the quality and accessibility of building
information and space utilization data has on a base's
effectiveness in utilizing its facility space. The practices
of Base Civil Engineering (BCE) Design and Real Property
Sections in the planning and management of facility space
were solicited from key BCE personnel.

The use of the computer as both a space management and
interior design tool is explored. Computer algorithms,
programs, and systems developed and used by private US

ix
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e organizations for space planning and management, are examine .
for potential use in Air Force Civil Engineering (AFCE).

'y Recommendations are made for both the RAAF and USAF to

- improve their utilization of existing facility space.
Specific design tools, rather than intuition, should be used
< to plan floorspace layouts. Utilization studies should be

A% conducted periodically, not only when a deficiency arises.

0y Databases should be examined and updated constantly to ensure
v facility managers and designers have the best information

. possible on which to base decisions on how building space can

W be best used.
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3
M AN ANALYSIS OF METHODS FOR MAXIMIZING THE
;. UTILIZATION OF SPACE IN USAF FACILITIES
&
"
? I. Introduction
e
5 General Issue
3 Each year the United States Air Force (USAF) spends many
o millions of dollars on the design and construction of new
ii buildings to accommodate its personnel and equipment.
L Facility construction and maintenance costs increase each
A year due to such factors as: inflationary effects on the
i; cost3 of labor and building materials; generally improving
52 standards for accommodating personnel; and, the maintenance
2; complexity and environmental control requirements of new
2; ‘state of the art' equipment.
Eﬁ There will always be a need to construct new facilities
3 to accommodate new equipment, and to make the most of
ff potential cost and time savings when operating and
: maintenance procedures for existing functions change

significantly. There will also be a continual need to
replace facilities which have either reached their intended
design life, or which can no longer support their intended
functions and cannot be modified economically to do so.
There are usually many alternative courses of action
available for consideration when planning the accommodation
of a single user's, or an entire installation's, functions.

1
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Con<tructing new facilities to accommodate new or changing
functions is expensive, and other alternatives should also be
considered as part of the facilities planning and design
process. Some of these alternatives could be:

1) redistribution of activities within or between buildings;
2) compression of some functions which no longer reguire so
much space; 3) extension of a facility to reduce the
requirement for duplication of essential services and
activities; 4) internal modifications to lay out functions
in a more efficient working arrangement and thus reduce or
obviate the need for additional space.

Are there existing facilities that have space that is
surplus to the user's requirements? Are there facilities
which are not being used effectively by users? Are functions
so badly distributed througout some buildings that
circulation problems are created, that space is being wasted
by excessive allocations to some functions, or that some
space is unusable by virtue of its position or lack of
essential utlities? 1Is there some surplus space that is
being closely guarded by users for possible future expansion?
Is space being underutilized through the use of inefficient
operating procedures? In this case, could a study of the
user(s) work methods free space for allocation to other
functions which require accommndation?

These are just a sample of the questions that could be

asked and researched as part of a long term facilities
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planning exercise, in the justification phase for the
construction of a new building, or when facility
modifications or extensions are envisaged. In any event,
consideration of all the possible alternative courses of
action requires an extensive knowledge of the functions and
activities of users, their space requirements, and the
facilities which house them. Convenient access to this
information in a usable, reliable database should increase
the quality of accommodation planning and design decisions.

These principles are not peculiar to the USAF. All
organizations must somehow monitor and plan its use of
facility space, whether it owns or leases those facilities.
Doing more with less is a universal business goal. Keeping
down costs is desirable for private businesses as it should
result in increased profits. Government organizations,
although not profit motivated, have an obligation to
taxpayers to get the best possible value for money.

In order to make the most of valuable real estate, to
reduce travelling distances (and travelling time) for user's
and customers, and to limit the requirement for new
construction to that which is essential to support the user's
and installation's mission, an organization's existing
building space should be utilized as fully as possible.
Maximizing the utilization of space in facilities would:

1. minimize the overall requirement for new

construction by satisfying a greater number of requirements
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from within existing building space, and

2. maximize the value of each dollar spent constructing
new facilities, and on modifying those existing.

The Royal Australian Air Force (RAAF), although not
possessing facilities on the same scale as the USAF,
constructs and operates its own installations. Budget limits
similarly constrain the extent of new construction that is
desirable. New facilities must be designed and constructed
to ensure long-term functionality, and the use of building
space must be monitored and managed to ensure that as many
requirements as possible can be satisfied from existing

assets.

Statement of Problem

It was not assumed, before this study was performed,
that the USAF has a problem with facility space utilization.
This study aimed to identify and analyze methods which are
used by USAF installations (and others which could be used)
to layout facility space and to manage its utilization, in
order to determine if there is a problenm.

This study examines the extent of usage of these methods
in Air Force Civil Engineering (AFCE), how appropriate they
are, and their general effectiveness. It identifies those
factors which constrain planners and designers in their
per formance of this task, and determines if there is a
relationship between the comprehensiveness, accessibility,

and accuracy of the available planning data-base and the

4




capacity toc maximize the usage of building space.
A secondary purpose of this study is to develop some
conclusions and recommendations on space planning and space
management methods that can be applied within the RAAF
Facilities organization to help alleviate the accommodation

shortfalls currently being experienced.

Research Objectives

In order to achieve these goals, the following
objectives were used to guide the research:

1. Determine what methods are currently being used by
facility planners and architects in AFCE, RAAF, and civilian
organizations, to design efficient building layouts and to
manage a facility's space throughout its design life;

2. Determine the effectiveness of such methods, and
make recommendations to assist AFCE in making the most of its
building space resources;

3. Gather perceptions of AFCE facilities design and
real property planning personnel on the comprehensiveness,
accuracy, and accessibility of the data that is collected to
manage the utilization of building space, and determine if
there is a relationship between these factors and the
effectiveness of their efforts;

4. Determine who actually controls the utilization of
building space on USAF installations. What roles do the Base
Civil Engineer (BCE) and the Facilities Board (FB) have in
this task? Do Unit Commanders manage the use of space within

5
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their own allocated buildings, or is this function also
per formed centrally to coordinate all base requirements?

5. Determine what constraints there are to the
effective management of building space:;

6. Construct a list of planning factors involved in the
redistribution of building space; and,
7. Determine what effort is actually made to consider

the possible reallocation and/or rehabilitation of existing

building space as an alternative to new construction.

Scope and Limitations

This study examines the process of interior facilitiy
design from the conceptual, architectural layout standpoint.
It examines the approaches, some methodical and some
seemingly intuitive, taken by planners and architects in
deciding how a building should be laid out, and the criteria
used to evaluate the efficiency of layouts. It also
establishes the types of data available to real property
planners and space managers, collection practices being
employed, their perceptions of the accuracy of the data, and
problems they face when using this data to plan the
redistribution of space.

While literature from non-military sources is examined,
no attempt has been made to solicit views and practices from
civilian organizations, due to the time constraints of this

study. The interior design and space management methods of

6




some practicing Architect-Engineer firms are studied,
particularly with reference to the use of computer technology
and to space studies conducted within Base Comprehensive
Planning (BCP) contracts with the Air Force.

The potential for new construction cost savings which
could be generated by maximizing space utilization in
existing facilities by using layout design and space
redistribution methodology is unknown, and this study does
not attempt to quantify this. However, it is assumed that if
a reduction in gross building floor area were possible using
one method over another, then the cost of that facility would
decrease somewhat in proportion to the area saved. It is not
suggested that expenditure on new facilities could be reduced
but rather that more facilities could be constructed for the
same budget.

It is also assumed that a more functional, flexible
facility design would: 1) enhance mission accomplishment by
saving the time and energies of the users; 2) satisfy the
mission requirement for a longer time frame; 3) permit
easier and lower cost modification to fit a user's changing
requirements, or to fit a different set of requirements
should the space be reallocated to other users. The long
term need for replacement facilities could be minimized by
such short term action. This stresses the need for BCP

procedures to include space management studies for all

existing and proposed facilities.
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L. The Royal Australian Air Force (RAAF) has facilities
”;}j regulations which infer the need to maximize the usage of
NN
W existing facility space. Although this study will not extend
-
Li to the collection of data from RAAF sources, it will examine
‘QQ RAAF real property regulations, common practices of data
/._
h =
“:: collection and space allocation (as experienced by the
X
- writer), and make recommendations on how the RAAF could
‘&} benefit by adopting alternative practices.
.J Background
Q Space management is a long term function aimed both at
?; keeping all available space occupied, and having the
j: flexibility to reorganize facility layouts and redistribute
ﬂ , space in reaction to mission changes, technological
A
NG developments, and changing accommodation priorities. It
d
s
::¢ entails the development of a comprehensive database to
‘3 include spaces available within real property assets,
L
.:5 functions and personnel accommodated, unsatisfied space
: requirements, and methodologies and criteria for space
R 4
!2 allocation.
Py
o Space management of facilities on a USAF installation
%: can be viewed from two levels; 1) centralized management of
.'r the utilization of all base real property assets by all
v
:2 users, and 2) management of space within a specific
W%
o
k; facility. Space Planning is a subset of the latter level of
-
2 Space Management, and can be applied to the layout of a
A
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facility once its functions and space needs have been

researched and set. Space Management also includes such
tasks as allocating existing facilities to specific
organizations, allocating areas within a facility to specific
users, tracking and co-ordinating the changing usage of areas
within a facility, keeping accurate account of personnel and
equipment accommodated, and recording or forecasting future
requirements for space.

As all these activities are data intensive, the use of
computers has made a large contribution to current
capabilities and expertise in all areas. Although optimal
solutions for facility layout are perhaps not achievable, the
development of Computer Aided Architectural Design (CAAD)
systems over the past 30 years has greatly enhanced the
architect's and facility manager's abilities to generate and
evaluate many alternative layouts for a specific problem.
This may be required in the initial design process for both
design and remodelling projects, or for altering working
arrangements to achieve greater efficiency or to accommodate

additional personnel and functions.
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II. Review of Literature

Chapter Quverview

This chapter examines literature dealing with methods
and practices used by the USAF, RAAF, academic, and civilian
organizations to maximize facility space usage. Two
perspectives are taken; first, that high utilization can be
‘designed into' a facility (Space Planning), and second, that
in order to maintain high utilization data must be acquired
and updated and space must be ‘managed' (Space Management).

The various USAF regulations and manuals which provide
guidance for: 1) the design of facilities, and 2) their
long term utilization, are examined first, followed by RAAF
regulations and parallel guidelines. Their emphases and
inherent problems are highlighted.

Literature which outlines general space management
principles will then be reviewed. Space Planning will be
introduced and defined. The development of techniques for
space planning in facility layout design will be presented at
the end of the chapter. The concepts of flexibility and
growth, and the development of the Open Planning concept for
administrative and production work areas, will also be
examined.

Some of the documented USAF space studies which have
being carried out, mainly as part of Base Comprehensive
Planning (BCP) exercises, will be presented. The role of the
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$§ Work Information Management System (WIMS) in facility space
o management, will be briefly discussed.
‘\{ Finally, some of the characteristics and capabilities of
\. 3
’l
‘;j computer systems currently in use by A-E firms and space
hY
ST
) planning consultants, other systems and programs developed by
Ef organizations and academics, and commercially available space
\.-
j}ﬁ planning software, will be presented.
Ya
Yy 7
- USAF Regulations
:ﬁf Design Guidelines. The major facility design guidelines
_Sﬁ stressed by the USAF Force are economy, functionality,
.L flexibility, and standardization.
*
RS
Qf Economy and Functionality. The need for economy in
\ ':\
;}: the construction of new facilities is recognized in Air Force
f
ic Regulations (AFRs) and Air Force Manuals (AFMs). AFR 88-15,
o
::' Criteria and Standards for Air Force Construction, states in
o~
ok paragraph 1-15 that:
f? A primary objective in military construction is to
= provide facilities with low construction costs and low
iQ: maintenance costs consistent with the anticipated
-RS duration of the military requirement (14).
[» ~
VR
° However, paragraph 1-5 states that the functions which a new
fé or modified building is intended to accommodate should not be
i\'
" compromised:
V:a . All military facility planning shall employ economical,
functional architectural and engineering design, closely
o tailored to the actual requirements of the project, with
‘f} particular attention to ... the type and extent of
"5 services and equipment to be provided. Designs shall be
fc governed by functional requirements, shall conform to
i existing Air Force standards and criteria, and shall be
I
g
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consistent with applicable Congressional cost
limitations (14).

These standards and criteria are given in three
publications. AFR 88-15, paragraph 1-1, gives the design and
construction criteria to be applied to all new construction,
reconstruction, rehabilitation, alteration, modification and
maintenance and repair of existing facilities (14). AFM 86-

2, Standard Facility Requirements, establishes the basic

criteria that define the size, type, and number of facilities
required for mission support (15). This system provides
allowable building spaces for a wide variety of functions and
activities. The size of a facility is generally determined
by the number of personnel to be accommodated, with some
addition for known equipment and production requirements.
Although AFM 86-2 does not outline design methods, it
lists in paragraph 1-6 the basic steps in developing facility
requirements, one of which is to
Translate design and planning criteria into design
proposals and drawings to determine the needed size,
type, and number of facilities and their configuration
and functional layout (15).
This study examines methods of both establishing design
requirements, and for translating them to functional layouts.
Flexibility. The third major facility design

requirement recognized by AFR 88-15, Criteria and Standards

for Air Force Construction, is flexibility. Flexibility is

defined in paragraph 1-6 as "the ability of an existing

structure to accommodate a change in use with minimum

12
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expenditure of resources" (15). AFR 88-15 also acknowledges
the trend for facilities to accommodate changes in usage
throughout their design lives:

In such a long tenure of use it is inevitable that the

functional requirements of a building will change, often

drastically. For this reason, flexibility is a major
design requirement for all buildings except for those
with highly specialized functions which are precluded

for economic reasons (15).

AFM 86-2 gives general guidance for the design of office
spaces in paragraph 13-4: "In designing administrative
facilities open bay design is preferred for economy of
construction and flexibility of layout"” (1%5). The concept
and design principles of open office planning, and other
design and construction techniques for enhancing flexibility,

will be reviewed later in this chapter.

Standardization. Standardization of facility

design has been an Air Force goal since the early 1950's,

when the first Definitive Designs for Air Force Structures

was developed by the Air Force using the Department of
Defence manual 4270.1. A study by Basham (6) traced the
history of this first effort to standardize facility design

through to the development and refinement of the AFM 88-2,

Air Force Design Manual - Definitive Design of Air Force
Structures (13). These designs are in the form of line

drawings detailing the gross dimensions, layout, and content
of various types of facilities including proposed building

materials and construction methods.

13
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'x The aim of this product was to reduce costs in the

;:E building delivery process (6:13). The use of standard

gb: designs has not been successful and in the early 1980's AFM
.?§§ 88-2 was removed from distribution pending the resolution of
?;" some inherent problems. These problems were

VE;j "misinterpretation, overbuilding, loss of flexibility, poor
3§§ communication ability, costs [of production], and the lack of
o an effective updating and evaluation process" (6:16).

fﬁ% Guidelines for the use of AFM 88-2, in view of design
i;; guidelines in other AFMs and AFRs, were confusing. For

.:? instance, AFM 88-15 states in paragraph 1-5, that "AFM 88-2
j;f establishes architectural requirements, space allowances, and
?Z arrangements" whereas paragraph 1-6 says:

,‘ the architectural design must 1) reflect careful

‘\: consideration of the type and arrangement of

A fenestration and entrances, and 2) provide high quality
.:{ architectural layout and treatment through the expert
féi use of economical basic design concepts (14).

N Overbuilding is "the construction of a facility that

7}% exceeds the requirements and may mean wasted time, effort,
ﬁ; money, and space" (6:18). The average number of different
-:ﬁ size designs for the standard designs at AFM 88-2 is less

;ﬁr than two, and half of them have only one size plan (6:18).
'Eg Thus, there was no flexibility in determining the size of

:gj many facilities if the definitives were used blindly without
ﬁ% consideration of AFM 86-2's space allowances.

'§§ A small survey of air staff, command, and base level

~;:: engineers attending AFIT courses showed that all thought that
: 14
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the use of standard designs was mandatory. Two thirds
thought that variation was encouraged, and the other one
third thought that they were to be used with a minimum amount
of variation (6:17). If this perception was in any way
indicative of the general impression of AFCE design
personnel, then there was a real possibility of overbuilding
and space wastage.

In terms of flexibility, the use of hardline drawings in
AFM 88-2 implied a fixed spatial arrangement, a solution to a
design problem rather than a design guide (6:19). 1In terms
of costs, the document was 400 pages long and design
development costs alone amounted to around $6,000 per sheet.
Costs for printing, distribution, design updating (as
problems became evident), and re-distribution were also high
{(6:21-22). In view of the other inherent problems, the costs
could not be justified.

Real Property Regulations. Paragraph 1-3 of AFM 86-2,
Standard Facility Requirements, states two purposes of the
facility requirements system:

a. To make maximum use of the existing facilities, and

b. To acquire and maintain, through continuous study of
functional requirements, solid justifications for
building new facilities and occupying existing facilities

(15).

Real Property Management regulations refer specifically

to the need for constant monitoring of existing facility

usage. AFR 87-2, Use of Real Property Facilities, requires

that current and accurate data must be kept by BCEs on

15




accommodation requirements and facility usage, and states in

paragraph 2 that "if such data reveal that one or more
facilities are not being put to maximum use, a management
analysis of the use will be made" (16).

Furthermore, a BCE must make an annual presentation to
the Base Facilities Board on facilities usage versus
requirements, both satisfied and unsatisfied. He must detail
where space shortages and surpluses exist and propose methods
of best using the available space (16). This responsibility
is extended to Major Commands (MAJCOMs) as well. Paragraph 2
of AFR 87-2 states that MAJCOMs

should continually validate and evaluate assets and

requirement data developed by bases, and ensure maximum

effective use of all existing assets, through periodic
base facility use surveys or other available means.

{They should] make every effort to compress space

assigned to activities, to ensure maximum effective use

and conformity with criteria in AFM 86-2 (16).

This paragraph also states that all departures from AFM 86-2
allowable space criteria must be approved by either the

MAJCOM or Headquarters United States Air Force (HQ USAF).

AFR 87-22, Utilization and Retention of Real Property,

paragraph 6, requires that each installation must "develop
and maintain a current 5-year plan for the optimum use of all
assigned real property" (17). Procedures are also outlined
for the reporting of Air Force Real Property which are not
and cannot be utilized effectively.

These design and real property regulations all stress

the importance of utilizing existing building space

16
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effectively, but none deal with practical methods. How does
one modify buildings for optimal space usage, compress the
space requirements of functions, or reallocate space from one
user to another to ensure that the high+'st priorities are
satisfied? These questions will be examined in the

succeeding chapters.

The RAAF Facilities Organization

This section describes the structure of the RAAF
Facilities organization, regulations governing the management
of building space from both the design and real property
perspectives, and observed deficiencies in the RAAF's real
property data collection practices. Data on RAAF methods for
managing the utilization of building space will not be
collected and analyzed as part of this study, and the
following is submitted as an accurate account of current RAAF
practices.

Organizational Overview. Design and construction of all
facilities for the Australian Department of Defence (DOD) and
all other Federal Government Departments is performed by, or
arranged through, the Department of Housing and Construction
(DHC). While DOD is responsible for the management of its
own facility construction and maintenance programs, all
designs for Air Force and Navy facilities (and most major
Army facilities) are produced by DHC architects, engineers,
and draftsmen, or by consultants contracted to DHC. All

facility construction is performed by contractors but the

17
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2
:Ef: production of plans and specifications, all contract
:.\ negotiation and administration, and quality assurance, are
‘itz the responsibility of DHC.

§5 RAAF interests are preserved by the Director General of
}’;' Facilities - Air Force (DGF-AF) and his staff of RAAF and
Sﬁ% Public Service engineers and planners. The organization of
::E the Facilities Branch and a summary of the duties and

;;i. responsibilities of DGF-AF are in Appendix A (3). Within the
‘ég Department of Defence - Air Force Office (AFO), DGF-AF has a
ifﬁ dual responsibility to the Chief of Air Force Development
AN
zv“ (CAFD) and to the First Assistant Secretary Facilities
{ﬂ? (FASF). Administratively, the Branch is located within the
‘ig Facilities Division of the Department of Defence (Central),
} v but physically, within the AFO building area.

?ﬁ The two RAAF Commands, Operational Command (HQCC) and
j;% Support Command (HQSC), have small Facilities staffs and most
‘j;' RAAF installations have one or two positions for Facilities
.3; Officers. Most Facilities Officers have Bachelor of

ié; Engineering (BE) degrees. Their expertise in facility

Eﬁ planning, layout, programming, and management is acquired

?; through experience.

E;; Design Guidelines. The RAAF requirements for a new

iﬁ facility or modification to an existing facility which is
fé: anticipated to cost in excess of AS$ 0.07 m are broadly

5;7 defined in an Air Force Works Requirement (AFWR). This

’ﬁ; document is an in-house justification of the need for a new

o
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facility or major facility modification, and is usually
written by the proposed user or his Command or HQ controlling
Directorate. A copy of the AFWR format is in Appendix B.
RAAF regulations are in the form of Defence Instructions
(Air Force), or DI(AF)s. DI(AF) AAP 3300.001 is entitled

RAAF Facilities Manual (or FACMAN) and contains, amongst

other things, all instructions, guidelines and procedures
which RAAF facilities personnel must follow in the provision,
maintenance, and management of RAAF real property assets (3).

Another publication, the Services Scales and Standards

of Accommodation (SSSA), details space entitlements €for

certain facility types on all DOD military installations (4).
Floor areas of community, single person accommodation,
military family housing, administrative, and ablution
facilities are carefully regulated and space is usually
allocated on a troop strength basis. Operational,
maintenance, production, and technical workshop areas are not
regulated, but such requirements (in the form of an AFWR)
must be justified and pass scrutiny by Base Facilities
Officers, Command Facilities Officers, DGF-AF staff officers,
and the Air Force Requirements Committee (AFRC).

If endorsed by the AFRC, the requirement will be
considered by the Air Force Works Priorities Committee (WPC)
for inclusion into Air Force submissions for upcoming capital
works programs. These submissions are combined with similar

submissions from the other Armed Services and DOD

19
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N
,i: organizations and pass befcre various DOD committees before
o,
)
;bf the actual programs are developed.
RV, Before a programmed works item can be passed to DHC for
N
ﬁﬁ: design, a Functional Design Brief (FDB) must be prepared by
K. DGF-AF staff officers and approved by FASF. It must also be
o referred to the Department of Finance (DOF) if the initial
\ 3 DGF-AF cost estimate exceeds A$ 0.1 m. The FDB is
Al
*,
.: A brief which comprises a detailed statement of the
design features, engineering and architectural
Y requirements necessary for DHC to complete design and
o documentation to the stage of letting contracts for the
"N proposed works (3: Annex A to AFTI(FAC) 8/8%5).
.
J‘.‘.
> It "provides DHC with .. design concept"” and "supplies all the
- necessary information to DHC to meet the functional
jﬁ requirement as stated in the AFWR" (3: Section 8-4, para
jfé 425). A copy of the FDB format, taken from the RAAF
A
}ﬂ Facilities Manual (3), is in Appendix C.
%
P "‘
‘E AFWR and FDB Space Controls. Information for
l~.
:; mandatory inclusion in the AFWR is listed in the AFWR format
':: in Appendix B. This information includes:
N
‘?: 1. activities to be accommodated,
I8
33( 2. the number of personnel to be accommodated,
7o 3. division of personnel between sections,
;f 4. expected duration of requirement,
-
2 5. anticipated and/or possible future activities to be |
@, accommodated, |
> ‘
.?f 6. whether the area entitlements of the SSSA apply. or
o whether there are overriding reasons why they should be
3= exceeded,
=
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?rﬂ

N

e

, z 7. existing facilities that are currently being used to

'ﬁ' accommodate the activities (if applicable), and their

. deficiencies, and

By

lv 8. an analysis of alternative ways of satisfying the

N requirement, including modification to, or extension of,

2~ existing buildings (3: Section 8-4, Annexes A and B).

D

:\ The production, passage of the document through the AFWR
3r approvals process, and ultimate AFRC endorsement is the

T,

m. responsibility of the sponsor (the user's representative at
C'.

" AFO level). However, Facilities officers at all levels act
_\{ as consultants, providing advice on alternatives, and real
i:f property and facilities programming information.

&Y

"

g After assessing the true needs of the user in relation
;\f to the existing facility resources of the installation, DGF-
~

‘I

|:j AF must decide if a new facility is warranted or if building
o
L space can be made available, modified, or extended. This

if process is largely subjective, and depends on the accuracy of
oY

"

. the AFWR's research, the experience of the DGF-AF Plans

l

y section staff, communications with Command, base and regional
T

4; DHC personnel, and their personal familiarity with the Base's
ﬁb existing facilities and operations. The desires of the user,
N

'y base management, and specialist officers at Command and AFO
2y

i{ levels, can also introduce political factors which can
,’{ influence the scope of work and whether existing space (if
¥
@ available) is modified or a new facility is constructed.

?i The FDB is currently written by the DGF-AF staff officer
P
':i responsible for facility development at that base, although
*} consideration has been given for some time to the delegation
"
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1
fj of some of this responsibility tc Command Facilities
N Officers. The Staff Officer will usually have bteen involved
lﬂ with all aspects of the proposal from its inception, and will
N
e be reasonably familiar with the base. The information he
¥
. must supply on the FDB includes:
[}
o 1. approved activities, in the form of a room-by-room list,
o
b 2. personnel numbers for each room, and whether they occupy
L that room on a permanent or temporary basis,
; 3. whether future extension is envisaged (the same Officer
N is usually responsible for Master Planning of that base's
K long term facility requirements),
.
‘: 4. whether permanent or temporary, pre-fabricated and/or
‘ modular construction is required,
N 5. a Functional Relationship Diagram detailing the
. interrelationships of all activities and key personnel,
. and
;ﬁ 6. any special criteria which should be used to evaluate
e alternative floor layouts, such as the number of visitors
=: expected, foyer requirements, minimum corridor widths,
. and any restrictions on access to certain parts of the
i: facility (3: Section 8-4, Annex E).
4%
Functional Relationship diagrams provide a description
. of the interplay of activities within a facility, and is
. vital to acquaint DHC architects with the operations of the
; user. This technique will be described in more detail later
o in this chapter. A standard clause in all FDBs is:
fﬁ The final design must take best advantage of the site
- and incorporate all economies possible with regard to
“i floor area and construction, yet still retain the
: necessary functional requirements and work flow pattern
- (3: Section 8-4,Annex E).
.
.. DHC has its own comprehensive design guidelines.
,7 Minimization of construction costs and underutilized space
K>,
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5

".‘0'

,\E for all Federal Government buildings are also its stated
. objectives.

;3; Real Property Regulations. DGF-AF is responsible for

Eg the approval of any changes in the functional usage of

x§ facilities, subject to agreement by the specialist AFO

&:3 Directorate overseeing the operations accommodated by the

ié facilities in question (3: Section 5-9, para 906). Each RAAF
4

o installation has a Facility Usage Schedule which is a one

ﬁj line summary of each facility's user, broad usage, RAAF

'EE building number, and DHC building number. An annual update
i? of this document is required.

;z The Property Assets Register (PAR) for each installation
Ez holds the building data for all facilities. In many cases,
;:‘ this data is the only building data held by the RAAF on a

ig facility. It includes details on the gross floor area,

_ﬁ number of rooms, construction materials, internal engineering
u; services, fixtures and fittings, and items of fixed

: : electrical and mechanical plant. DGF-AF is currently

5:5 attempting to have final design drawings for new facilities
"‘ transferred to microfiche once construction of the facility
};T is complete. The backlog of plans yet to be processed by the
;E responsible Government agency is enormous, and hardcopy

SE storage room in the DGF-AF offices has been exceeded,

Eg resulting in loss or forced disposal.

;g The RAAF holds no engineering services or floorplan

ol drawings for the majority of its existing facilities.

3
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‘:% Hardcopy, full size drawings are sometimes available from DHC
:Q“ on request, but DHC does not make a practice of securing 'as-
:it built' drawings from construction contractors nor do they

E; update drawings when minor modifications are carried out

;Ef later in the life of a facility.

24 Successful management of the space within facilities and
ai throughout an installation is difficult when so little data
!b? is available on existing building layouts, and when the

%}' decisions on how to satisfy requirements are made remote from
;; the base. Base Facilities Boards are a relatively recent

ﬁ} phenomena on most RAAF bases. Historically, once a building
1$f is allocated to a user (with the approval of DGF-AF), that

. user arranges the usage of that facility to £it his

[»".
i;' particular requirements.

.Jﬁ Space utilization studies are usually undertaken only if
wé; their is a perceived space deficiency due to increased

"

:;' mission requirements, modified maintenance responsibilities
f;i and/or procedures, or equipment acquisition or updating. DHC
Eg or consultant architects have never, to the writer's

;; knowledge, been engaged specifically to study the utilization
E;; of space in an existing facility or group of facilities.

'E; Such a study may be done as part of an AFWR
;;f justification for new works, but this is usually done by the

3

facility user. A bias towards new construction is usual by
users, and DGF-AF is responsible for establishing the

authenticity of the claimed space deficiencies and suggesting

24
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o
;bﬁ alternative courses of action, before the AFWR is examined by
A
O the approving authority. 1If the deficiency is acknowledged
'ﬁﬁ and a project approved, DGF-AF will decide the best course of
;S action after DHC and design consultant advice (if necessary)
‘)' has been evaluated.
‘kf While base Master Planning is a coordinated effort by
j;j RAAF and DHC personnel, data input on available existing

- building space to satisfy additional long-term requirements
i; is largely a function of the planners' familiarity with base
"-.-::.

:: facilities. Two exceptions of note are single living-in

) l...’

b accommodation and military family housing requirements, for
5 which excesses and shortages can be estimated with reasonable
;ni accuracy from base personnel records and on-base living
('J accommodation records.

'\‘.

z%j Comparison of USAF and RAAF Guidelines

j:k' The emphases in USAF facility design guidelines are:
‘2, 1) support for mission accomplishment by ensuring the

>

;}2 functionality of facilities, 2) costs, and 3) minimizing
)

ft{ the size of facilities by placing maximum limits on activity
L

P spaces. The emphases in real property guidelines are:

P

'i{ 1) accounting for Air Force assets, and 2) maximizing the
L

';; use of facility space. The regqulations provide guidelines
-@n -

W for the design of Air Force facilities and define the

w4

ﬁg documentation requirements for monitoring the usage of

§ ”

”;: facilities but they do not detail methods of designing

‘-'}.-.

-\.'_'_
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facility layouts or establish how the real property data
should be used to manage space.

While RAAF facility design guidelines stress similar
objectives, they also mandate methodical layout planning to
ensure that the interrelationships of activities to be housed
by a facility are considered. USAF action to introduce
similar requirements into the AFM 88-2, Air Force Design

Manual -Definitive Design of Air Force Structures, will be

outlined in Chapter 3.

RAAF real property accounting does not provide decision
makers with sufficient data to adequately plan facility needs
or to evaluate facility proposals. Records are entirely
manual and are updated infrequently. Drawings for newly
constructed facilities are available but overload problems
are preventing their accessibility by Facilities Officers
when required. Accurate drawings for most existing

facilities are not, for practical purposes, available.

;A Assistance is usually sought from DHC architects and
oy
f} engineers to provide data and drawings for existing
S

facilities and engineering services, and to produce costs for

.
' .,:

several alternative courses of action. In many situations

-' o

more accurate indicative costs, for the purposes of comparing

CASNAS

r;i alternatives and developing facilities programs, could be ‘
Ef established by Facilities Officers if accurate drawings of %
£§ facilities and engineering services were available.

5
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;ig Facilities Space Management Literature

:f. The available literature dealing with the tracking of
;ﬁg activities and allocated space within real property

e

35: facilities, managing its usage, and improving its

k; . utilization, deals exclusively with the use of computerized
'éﬁ Database Management Systems (DBMS) and ‘spreadsheet!’

&s software. As is presented later in this chapter, many

b computer systems interface DBMS and spreadsheets directly
E:? with floor plan layout programs. In many cases, area take-
o

fE; offs to the database and spreadsheet are made automatically
'.ﬂ when any changes are made to final floor plan layout

2 drawings.

A Although such space management systems can be used
(‘ effectively to store information and report usage in whatever
3% format is desired by the designer or client, the effective

utilization of space within individual rooms and open plan

At
(]
I
w

C§

areas requires much hand collection and subjective analysis

N .F" . . .
';\ of data to determine work flows, workstation and equipment
1
‘rh
j- area needs, privacy requirements, and utility requirements,
S
® in order to determine activity space needs.
,f: In order to manage facility space, there must be a clear
:é} definition by the user (or client) of the activities to be
e
- @ accommodated, the work processes to be performed, the
ﬁﬁl relationships between each pair of activities and between
ot
.- each pair of discernable activity groups, and the areas
LS
(A
] required for each activity. For a new facility, this
o
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N 27
\
of"
T
04
o
4 \ ,5‘

‘. \u'\- AL S N Ny CREE TR RN
AN l' . . u'\!'o AN '. W 'c .‘ A SelAN 0': ) {m.&ﬁ.x&}}‘.’ri\.‘hﬂ".}u a.{u{&ﬁ.'ﬁuh,.mx_&- AX‘AJ'AH’.)QQ




-l sl.
’ l'

,
i

S

DA
"

. n'..~- R
o d s

PP R RN}
ettt

L AN
o
P )

'
.
(Y

RIIR '-' R

i 4o

L AN

RAERPATREAES
AT PL AR

AN
‘.'A.’t‘ -

e NS S

‘.-
-

definition and analysis of needs must be accomplished before
the facility is designed, to provide design criteria to
architects and planners. For an existing facility, these
needs and relationships must be re-assessed prior to any
remcdelling design. Moreover, in order to effectively manage
the facility's space throughout its design life, these needs
and relationships should be re-assessed on a regular basis in
order to identify space surpluses, deficiencies, or
inefficient layout of activities or workstations.

As organizational roles and missions (in the military
sense) change with time, so do the needs for certain
activities and the space required to perform those
activities. How often is a user's utilization of a facility
re—-assessed (either by the user or by the BCE)? 1If the
answer is never, or even seldom, then it is highly likely
that the facility does not properly fulfil that user's needs.

Identification of this ‘gap' could be followed by a
planning exercise to generate alternative reorganization or
remodelling layouts. If functionality is of prime concern
then possibly the best solution, based on proximity
relationships between activities, would be chosen even if the
cost is high. If cost is of prime concern then the exercise
would still be worthwhile.

As is discussed late~ in the facility layout design
methods section of this chapter, most space planning computer

software incorporates the capability to fix certain spaces in
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the layout for certain activities. 1If some activities would
be too costly to relocate within a facility due to special
environmental control requirements, floor load capacity,
special lighting, or essential proximity to utilities or
external access points, then they can be fixed and only the
other spaces and activities be re-assessed. If the building
construction is inflexible (eg; if walls are load bearing and
not easily removable, ceiling and roof levels are staggered),
then these factors should also be incorporated to f£ind the
most practical and acceptable solution to the space problem.
Such a planning exercise could also be the starting
point for the justification of a new facility, or a facility

extension or major modification. Should part or all of a

facility be vacated, due to its inability to support the

organization's current mission, then this process of
assessing space needs, as well as layout planning, would be
required for potential new users of that space. If a number
of space requirements exist on the installation, and one cr
more must be selected to occupy the space, then this
selection should be methodical. The following criteria could
be used for selection:

1. Highest priority, in terms of mission essentiality
and/or necessity to meet time constraints over which the
installation has little or no control (system
acquisition, for example).

2. Area reguired. If a high priority requirement would
either not fit into the space available or would leave

excessive space over, then a lower priority requirement
may be preferred.
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Suitability of type of construction with regard to
type of work to be carried out inside the facility.
example, electro-magnetic screening, floor loading
capacities, physical security and fire regquirements.

Suitability of facility location with respect to other
cn-base facilities, especially those operated by the same
user, airfield pavements, and major support facilitlies.

Commonality of work—-type with other building users, and
the ability of all users to co-exist without the loss of
efficiency or the disruption of operations.

Cost of remodelling or modifications necessary to make
the facility comply with functional requirements.

Determination of Space Needs. Pulgram and Stonis, in

Designing the Automated Office: A Guide for Architects,

Interior Designers, Space Planners, and Facility Managers

e e ‘m’- N e e
DAL TR .‘f\“\ p..".‘-\ ' v-‘.-‘ o, =
Aot cadt b i Lo

(47), recommend a four-phase process for determining the
spatial needs of an office-type facility. The process can
equally be applied to most facility types, and comprises
1) data collection, 2) analysis and synthesis of collected
data, 3) definition of hard criteria, and 4) preliminary

and final reporting. Each phase will be discussed.

Phase I - Data Collection. Information on work

procedures, workstation requirements, personnel job
descriptions, activity dependencies, existing facility
inadequacies and deficiencies, functional descriptions,
personnel numbers, equipment types and quantities, storage

requirementls, and utility requirements, must all be obtained.

There are usually three types of information source:

facility users, specialists such as management consultants

and/or facility managers, and the organization's management

30
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(47:22). There are four primary techniques available to
collect this data; observation, questionnaires, interviews,
and applied experience and research (47:23). Most readers
will be familiar with the first three techniques. Research
includes extraction of relevant data from organizational
records, standard operating procedures, regulations, and work
standards.

The information must include individual task demands,

group task demands, and organizational task demands. This
information
forms the nucleus of the organizational structure. It

provides the basis for understanding equipment needs,
for developing space layouts patterned around functional
relationships, for designing appropriately furnished
workstations, and for providing sufficient building
systems support (47:24).

Phase 11 - Analysis and Synthesis of Collected

Data. This involves "identifying patterns and clusters of

similar requirements around which standards or conclusions
can be developed" (47:27). Previously collected data is
disassembled, patterns found, relationships identified, and

design direction and standards formulated. Synthesis entails

bl

assembling the data pertinent to the tasks (such as specific

’

LRI

design criteria) that will guide the generation of design

I 2, 4

v .
St
[N I R

alternatives and permit their evaluation, as well as enable

..

space standards to be established based on known and
anticipated requirements (47:27).
The ‘data bank' can be broken into 10 categories (47:27-

38), as follows:
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1. Functional Unit Profiles. What will they be doing? How

will they operate? Which will be most heavily affected by
anticipated changes?

2. Personnel listings and ancillary support spaces, such as

rest rooms, conference rooms, and stationery storage.

3. Growth projections for personnel numbers and ancillary
functions. 1In particular, areas where there is heavy growth,

extensive storage requirements, and extensive conference and
briefing requirements, should be noted.

q. Ancillary functions that support group and

organizational tasks, such as libraries, computer rooms,
canteens, reproduction, central typist word-processing pools.

5. Technological requirements including equipment: sizes,

combinations, shared usage, quantities, special location
criteria such as external building access, venting, utility,
and environmental controls.

6. Base building regquirements - the type and character of

the space to be occupied. Will it be rehabilitated existing
space, some hypothetical office space (facility yet to be
nominated), or a new facility? Architectural features,
building systems, and optimal interior zoning data, should
also be identified to set constraints on the design. The
need for subsequent flexibility should be defined: How often
do functions change? How often do equipment, workstation
configurations, and personnei allocations change? What is

the population density, or space allowance range per person?
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?% 7. Communications. How does paperwork and material flow?
:" Which activities and staff have heavy personal or telephone
?ﬁ contact, write to each other extensively, develop plans and
gz policies together, perform similar tasks, or perform tasks
v' requiring co-ordination? Who has heavy storage requirements
;E and/or a need for frequent access to storage areas?
IEE 8. Adjacency requirements. This type of data is
. synthesized from all data types mentioned above, and refers
;:ﬂ to the perceived need for any two activities to be located
|§ next to each other. Adjacencies can be determined by volume
A of material passing between activities, the need for
,21 extensive communication or coordination between activities,
ﬁg minimization of total daily travel time or walking distance
;;‘ between activities. It could also be determined by technical
,E? requirements, such as the need to minimize utility runs from
;Eg central building utility cores in order to minimize costs, or

by noise dampening requirements such as the need to separate

o

' 4

classroom areas from plant rooms and heavy workshop areas.

o

o

"y 9. Special reguirements such as lighting, power, acoustics,
L

a¥ s .

® plumbing, excessive floor loading, security, abnormal working
;f hours, windowless space, HVAC, audio-visual, computer

35 terminals.
“‘L 10. Space standards for entire facilities and/or individual
'Jj activities. These may have already been determined by the

‘- -

AN

}j organization or left open, to be dictated by the particular
"y

>

TN need and justification. Space standards may exist for:

’ 33
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' a. Tasks (per person, or per group) such as writing,

K conferencing, filing, storage, telephone usage,

B production workstations, reproduction, word processing,

. typewriter, computer terminal.

WY

'~ b Individual offices, multiple occupancy offices, open plan )
N offices, and workshops. Personnel may be allocated a

Ny type of office or workstation based on their

! organizational status or level, their trade or

;ﬁ profession, or the kind of work performed. ]
" c. Access requirements to work areas (circulation space,

- hallways), expressed as a width or as a percentage of

: total gross or net floor area.

d. Mechanical and electrical plant space. If the design
requirements are not known, then a percentage of the
gross or net floor area may be applicable.

[ ¥

1
I e. Buffer space for unknown future space requirements, or
P for future layout flexibility if relationships change or
- functions are redistributed.
- f. Qualitative requirements such as access to window views,
'Q: space for plants, wall hangings, visitor comfort, and
- aesthetics.
r g Staff facilities such as canteens and rest rooms. If
& such standards do not exist, they should be created at
A this point in order to make future space management
workable.
A
N Phase III - Definition of Hard Criteria. Pulgram
S

and Stonis explain this phase as "Obtain owner review

comments, add circulation and layout factors, tabulate

e .
("2 2aF I MV 26 TR

2w

guantities, and summarize the qualitative program" (47:38).

i This phase comprises (47:44):

[\

u: 1. Finalization of space standards,

L}

:. 2. Personnel tabulation,

L

’ 3. Space requirements tabulation,

’f 4. Tabulation of area calculations, and addition of
& circulation and layout factors, expressed as percentages
= of the total tabulated area.
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P 5. Tabulation of total square footages by functional unit
»”Q for personnel, storage, and other requirements.

’ 6. Tabulation of total square footage for special areas.

4 :

t# : 7. Summary of grand total square footage.

-4

8. Summary of qualitative requirements.

i

;) 9 Summary of adjacency diagrams.

'\ Phase IV - Preliminary and Final Reporting.

) :
?ﬁf Although this phase is critical in commercial practice for
.UU presentation of findings and recommendations to the client,

o

o~

o it is not always as essential a requirement for USAF in-house
":-\."f

ZS facility design and space management tasks. It would,
by < however, be required of a management consultant or

o Architect/Engineer (A-E) firm if contracted by the Government
,ﬁﬁl to provide a space needs analysis, base comprehensive
}hx planning, or design service where user requirements had not
=>

\
é& been formulated.

o

.{S The final report should be similar to the preliminary,
j?, but would incorporate client review comments and amendments.
L) ' {-.

:% It would outline all tabulations from the previous phase, and
a0

-
:?? include: the terms of reference for the study; the

o
e methodology; the adjacency diagrams; quantitative and

o

?; descriptive information about functional, personnel, and
N
R equipment projections; the need for flexibility of design and
@

A buffer space; maybe an initial possible block floor plan
- layout; and recommendations such as restrictions on area

s

..‘ .
ffj shapes, and space quality.
1;
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Models for Determining Space Needs. In Computer~-adided

Architectural Design (39), Mitchell examines methods of

analyzing gquantitative data on space needs to determine
relationships and area requirements for activities. He
states that
Computer-based techniques are beginning to revolutionize
this phase of design, since they make possible the
efficient manipulation of large volumes of data, and the
per formance of much more extensive and sophisticated
analyses than had been possible in the past (39:399).
Methods reviewed are simple empirical methods, timetable
models, queuing models, simulation models, and normalization
of space needs. Mitchell cautions the use of computers in
this task, in that they
tend to require a great deal of accurate and detailed
input data, which is rarely readily available, and which
may be difficult and expensive to collect. Furthermore,
the modelling effort itself is quite a lengthy and

expensive process (39:410).

Empirical Models. These models are simple

heuristic formulae produced through experience. Mitchell
gives the example of such a formula for determining the
number of seats in a lecture hall as a function of the
average number of hours of teaching per student per week, a
frequency factor, an occupancy factor, and the length of
teaching week (39:399). The area of the hall would then be
based on the number of seats required.

Mitchell cites an example of the application of
empirical models in generating lists of spaces to be provided

in generic facility types, based on the number of occupants.
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His main criticism is that mistakes of the past will be
carried forward into the future, as this method takes no
notice of changes in policy. Also, it "provides no firm
basis for optimization of space usage, or for examining the
sensitivity of space and facility needs to variations in
activity patterns and space use policy" (39:400).

Timetable Models. Timetable models are used widely

for assessing the classroom requirements of educational
facilities. They involve examining the number of students
enrolled in each course and the schedule of classes for each
course, to determine the number of rooms of different sizes
that would be required to accommodate all classes. It is
used not only in facility design but in timetable formulation
to ensure that class scheduling does not exceed the capacity
of classroom space available.

Queuing Models. Where customer service is of great

importance in facility design, for example in supermarkets,
cafeterias, and department stores, queuing models can be
useful in determining minimum space needs for projected
customer numbers, available staff numbers, and desirable
maximum customer waiting times.

Simulation Models. Simulation can be used to

assess space needs in customer service facilities where the
mover2nt of personnel through a facility is more complex, and
where servicing is in multiple phases. Most simulation of

this kind is concerned with input and output to spaces in the

37




system, such as arrivals and departures of people, but not
with the details of individual behavior within spaces
(39:405). Computer simulation programs have been written to
simulate traffic flow through multi-story vehicle parking
stations, cafeterias, and air terminals, as well as for the
flow of goods and personnel through warehouses and production
facilities (39:405).

Normalization of Identified Space Needs. Once the

required activities and their areas are known, there may be
cases where it would be more cost effective (for both initial
construction and remodelling situations) to consider having a
limited range of standard shape and size modules to choose
from. For example, take the construction of modular
buildings, where room areas must be in multiples of standard
sized modules - say 8 feet square, or 64 square feet (SF).
Economies of scale may be possible by constructing a large
number of a few different size spaces than a vast array of
different sizes to exactly meet the identified space
requirements. Construction costs might be minimized by
constructing 10 spaces, each of area 192 SF, rather than 8
spaces of 192 SF and 2 of 128 SF. A simple problem of this
nature could be solved by hand.

If many different standard size modules were available
and many activities with differing space requirements must be
accommodated, the optimum selection of sizes and quantities

to minimize costs requires the application of dynamic

38




.
75; programming techniques, which are best handled by computer
e
L (39:407-409).
:::
}g Space Planning - Facility Layout Design
$$ The concept of space planning and some basic principles
iﬁz will now be examined. Literature dealing with both manual
.E: and computer aided methods of floor plan layout is discussed
;i: in depth towards the end of this chapter.
e Whether the internal space of a building is laid out by
‘iz hand, or with the aid of a computer, the architectural
,£§ principles used to compile and evaluate the alternative
e, arrangements are similar. In order to effectively utilize
;if the computer to: 1) process the designer's input, 2)
IEE produce a layout, and 3) evaluate it in terms of performance
?\? against specified criteria, the required procedures are
;E? algorithmic, highly mathematical, and commonly consist of
‘ii complex manipulations of matrices.
ii. Definitions. According to Grant, in A Partially
;iE: Annotated Bibliography on Space Planning Methods for
:j% Architects and Space Planners, space planning is "the
‘:E placement of elements being designed or planned in a given
%E space or environment”" (26:2). He gives a more narrow, but
53 incomplete, definition as "the complete filling of a space by

the elements being designed, as in the filling of a hospital
floor, with no floor space left unoccupied" (26:2).

Eastman, in Automated Space Planning and Theory and

Design: A Review, defines space planning as "the arrangement
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of a set of elements, where distances, adjacencies and other

functions of the arrangement are objective" (21:2).

Friedmann et al, in Interior Design: An Introduction to

Architectural Interiors, defines a space planner as one

concerned with "the analysis of spatial requirements, the
programming of needs for clients, the preliminary space
layouts, and ultimately the final planning” (24:476).

Space planning is as much a part of the design of
modifications and renovations of existing facilities as it is
a part of the initial facility design process. When a
facility is being designed, space needs of the users and
activities are gathered and analyzed in order to provide a
structure which meets the functional requirements. When
planning an internal modification where the available overall
area is considered adequate but in need of rearrangement to
accommodate new or changed activities, spaces have to be
placed within a given area. In such cases space planning is
referred to by some authors as ‘space-filling'. Miller, in

Computer Aided Space Planning: An Introduction, defines it as

"the act of positioning a set of elements in some predefined
space such that they satisfy a given set of constraints"
(38:6). Grason, in A Dual Linear Graph Representation for

Space-Filling Location Problems of the Floor Plan Type,

defines space-filling location problems as

the placement of a set of subspaces in a particular
larger space, subject both to a class of location
requirements and to the constraint that the subspaces
must entirely £ill the larger space (27, in 36:170).
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Grant states that in all space planning definitions,

the emphasis is on the placement of elements with regard

to relational -proximity criteria; that is, the relations

among the elements being placed, in terms of adjacency,
contiguousness, distances apart, and the consequent
costs or utility in terms of total traffic distances or

conflicts (26:2).

Space planning in architecture refers both to the
selection of sites for individual facilities (location
planning) and to the location of individual activities within
a single facility (layout planning). Facility location
planning is practiced by city and town planners, master
planners, and base comprehensive planners and is not dealt
with in by this research. Facility layout planning is
practiced mainly by architects, facility managers, and real
property managers, and is the subject here. Techniques for

layout design are examined after the following review of

literature dealing with AFCE practices.
|

USAF Methods for Facility Space Planning and Management.

A
13

g

The only literature available to the author that deals

-
A

with specific USAF space management or space planning

w
Cal o ol
shn,

exercises are documentation of a get-well program run in HQ

USAFE in the 1970's, recent Base Comprehensive Planning

¥ ey

LREAR L A
'l ‘l 'A‘
Faay .

Ei; studies, and some planning criteria statements. The two

Eﬁ latter address the long term effective utilization of an

%E; installation's facilities and have endeavored to consolidate
gﬁg exlsting space, establish planning criteria and philosophies
[ M for the orderly development of future facilities, and to

i
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establish current deficiencies and expected future space
requirements. Some have also established which existing base
facilities should be renovated or modified and the functions
for which they should be used.

No literature could be found which dealt with the use of
space planning principles, methods, or techniques by AFCE
when designing »r modifying facilities.

HQ USAY: HQ USAFE identified several problems with
space utilization in facilities on bases within its command
in the early 1970's. With 31 major air bases or air stations
and 480 supporting installations including communicaticns,
housing, and ammunition storage sites, control of an
increasing inventory of facilities had become thin. General
David C. Jones wrote, in a letter to Wing and Base Commanders

in March 1972:

Inadequate control of facility use has become a
matter of increasing concern to me. Actual use of
facilities often differs from reported use. Existing
requirements regarding approval and documentation of
canges in use are ignored. As a consequence, our total
facility programming effort continues to be adversely
affected by unreliable source data. ... Facility use
should remain as stable as possible consistent with your
mission. Arbitrary changes must be avoided. Any
proposed changes in use must be supported by your civil
engineer's facility use study. Required approvals must
be obtained before the changes are made. The objective
is maximum effective use of all existing facilities
under your control (29:1).

A Facility Use Study was undertaken in 1972

to implement a command-wide program with the objective
of insuring maximum effective use of all existing real
property facilities under USAFE jurisdiction, control,
and accountability (29:1).
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A Facility Use Team was formed and tasked to visit major

USAFE installations to (1:2-3):

1. develop space reguirements based on an installation's
mission and standard facility criteria;

2. wvalidate the base real property survey, and find out what
facilities were actually being used for;

3. compare known requirements against existing assets, by
category code; and to

4. initiate change in use requests, approve or disapprove,
initiate disposal action where required.

The team noted that in many cases the base's mission was
not clearly defined, and thus facility requirements had not
been accurately assessed. Also, it found that space

management on bases tended to be left to one individual in

the BCE organization with no support for his activities from

the BCE, the FB, or Commanders. Finally, it judged that the

FB was not acting as a corporate decision-making body on ;
space use, and that decisions were largely oriented to

changing operational requirements rather than to a base

program or objective.

The team was disbanded in the mid-1970's due to a lack
of funding and manpower. The Planning Assistance Teams which
were set up in the early 1980's to assist bases in
ccmprehensive planning of base layouts took over this role of
overseeing base facility utilization. However, this was done
as a once only project for input to the Base Comprehensive

Plan rather than as an on-going program. USAFE's current
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stated methodolgy for achieving maximum effective use of its
facility space is in Appendix J.

Space Management in USAF Base Comprehensive Planning.

The USAF Base Comprehensive Planning (BCP) process is used to
plan for the future of USAF installations (9:586). Clark, in
his article "Base Comprehensive Planning: Leading the Air
Force into the 21st Certury." states that Air Force
Engineering and Services has the responsibility of
stewardship for the real property assets entrusted to the Air
Force by the American taxpayer (9:586). This involves
the economical and environmentally sensitive care and
maintenance of 11 million acres of land and all the
facilities and systems that we build on it. These
include 66,000 buildings .... (9:586).
BCPs are carried out under HQ USAF funded contracts by
A-E firms. Phase 1 of the process involves the
identification of where we want to go (what are the
future goals and objectives for developing the base as a
community?), what we have now (an inventory), and what
the current deficiencies are (9:587).
As part of this phase A-E firms have produced, with the aid
of BCE staff and facility users, complete inventories of
space usage for all buildings on an installation. Such
studies may be all inclusive, or divided into functionally
discrete base areas each having its own Master Plan. Studies
undertaken at Scott AFB, Illinois, and the United States Air

Force Academy in Colorado Springs, Colorado, are discussed as

examples of each type. 4
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The BCP for Scott AFB, conducted by Harland Bartholomew

and Associates, Inc. from St. Louis, included a Space
Requirements Study for all categories of building space. The
scope of the Administrative Space Requirements Study was

to determine how much administrative space will be

required to accommodate each organization or unit, and

where that space should be located to carry out mission

and functional requirements (5:1).
The report tabulates all existing space quantitatively
according to building number and user organization, giving
category and condition codes. It tabulates, on the same
table, the future space requirements anticipated by
organizations as a function of personnel numbers, an
allowance of 135 SF per person gross building area, and
individually listed special purpose areas covering such
things as EDP, drafting, reception, and contractor space.

Requirements were gathered from users by survey of unit
and squadron commanders. The survey requested information
about each unit's mission, organizational and functional
relationships, number of authorized administrative personnel,
contractor and special purpose space requirements, and space
deficiencies (5:2-12). Serious deficiencies were noted, and
much of the existing space assessed as unsuitable for
renovation or continued long-term use.

The study was able to identify the amount of new
construction required, those existing inadequate facilities
which could be renovated, and non-administrative space which

could be converted for administrative use. These
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recommendations became part of the BCP. A sample of the
final tabulations, functional relationship diagrams, and user
survey, are in Appendix D.

At the United States Air Force Academy., Master Plans
were created for =2ach discrete area, and space requirements
studies were conducted simultaneously for all space types
within an area. Skidmore, Owings, and Merrill (SOM), a large
nation wide A-E firm, was engaged. In preparing the
Community Center Master Plan, a two-phase assessment of the
existing facility conditions was undertaken. An inventory of
all usable spaces including physical dimensions, broken down
by user and space type, was performed and existing building
layout plans were generated by computer. Then the functional
and operational characteristics of all departments and
programs using the facilities were determined (50:A-0).

The first phase required visiting each room in every
building and recording dimensions, user, space type, and

function, then comparing these records with as-built drawings

’

held by the BCE. The second phase consisted of interviewing

k)

"’
.

users to assess missions, goals, and functional relationships

“
.~ .
-0
-
-
.

within and between organizations. Deficiencies were not
recorded unless "they impacted the Master Planning effort"

(50:A-7).

S@r A

The Cadet Area Master Plan study dealt similarly with

PLEP A AP

the identification of all spaces, their users, their

Aan ety

suitability for conversion for other functions in terms of
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> their condition and location within the area, and with the

identification of deficiencies. Out of 11 area types

P AP

including classroom, lecture, laboratory, office, dining, and
housing, only dining was found to have no deficit in space.
The total space deficit was about 15 per cent of the existing
space available.

Recommendations were made, as a result of computer

A % T %~

intensive space planning studies, on the short and long term

R

requirements for new construction and conversion, and
relocation of functions. Due to limitations of available

land, development of site was to be minimized. This meant

Aakany

that maximizing the utilization of existing facilities was a

LLLES

goal of the study. The study states:

By surveying each of (the) Academy programs, an
operational base of information was established to
determine present facility utilization and to understand
the characteristics which may direct future utilization.
Decisions to consolidate, reassign, or build additional
space are based on an assessment of the use and
magnitude of existing facilities (49:11).

e

) /‘. 't. "' i

0 Facility Design Criteria in Base Comprehensive

? Planning. Brooks AFB has identified design and planning
criteria for the long term requirements of its research and

development (R&D) facilities. 1In a report entitled Advanced

LR NN

Air Base Planning Prototype, Brooks AFB, San Antonio Texas,

it was recognized that the base's program requirements

SR avy

exceeded both the capacity and adaptability of its R&D

- facilities. The report stated,
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As projects begin and end, processes and thus facility
support systems, spacial configurations, and
environmental controls can change. For this reason,
state-of-the-art facilities are designed to accommodate
change. Three criteria for R&D facilities should be
applied to Brooks AFB:

- Flexibility

-~ Adaptability

- Maintainability (28:3.15).

It further developed the following planning considerations to

implement these criteria (28:3.15-3.16):

1. a modular approach to space planning;

2. zoning areas as wet/dry - keep «ffices out of wet areas:

3. place all mechanical equipment at ground level to enhance
accessibility for maintenance and to reduce vibrations

and loads on structures;

4. place people-oriented spaces on the outer edges of
buildings to maximize the use of daylight:

5. wuse movable equipment and partitions;

6. use materials that provide for low maintenance and
longevity; and

7. select systems that permit these facilities criteria to
work.

Such definition of criteria and planning guidelines give
the architectural development of an installation direction,

and forces building designers, real property space managers,

and facility managers to monitor and plan the use of each
facility's space.

1 Lt J.P. Mitnik, in Computer-Aided System Needs for the

Squadron, surveyed commissioned officers in BCE design
sections on a variety of issues relating to their duties
(40). Of the 306 design personnel surveyed using a random
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sampling technique, 65 were architects. The entire sample
was asked to rank a list of design activities in order of
time spent accomplishing them. Of the architects, 20
reported thet they spent more time in architectural layout
(eg; space layout, circulation, flow, functionality, bubble
diagrams, user needs) than anyother technical activity, and
22 spent more time allocating space, computing square
footages, determining requirements and space utilization than

any other technical activity (40:5.8).

Computers in AFCE Space Planning and Management

The WIMS system is an integrated computer Decision
Support System whose objective is

to provide Air Force Civil Engineering at all levels

with data automation tools and equipment that are easy

to use, flexible, accessible, and operable by Civil

Engineering personnel and responsive to management and

mission requirements (10:3).
WIMS will eventually be implemented in throughout the AFCE
organization worldwide. The intent is to give "key managers
the ability to fully automate--in the form they choose--the
data required to do their jobs" (10:2). Data input and
program execution is performed interactively at individual
mini-computer terminals.

Real Property records are integrated with the Long-range
Planning module, one of 14 modules contained within the
system. The real property personnel have at their disposal a

customized database of facility areas, with category codes,

condition, user organizations, and functional activities.
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hﬂﬁ Data will be transferred into the WIMS databases direct from
3\: the Base Civil Engineer Automated Management System (BEAMS).
:Sﬁ The accessibility of building information, building
éi§ usage data, ease of use, and ease of updating records, are
f:i all greatly improved from BEAMS. An added feature is that
ii& the database files can be modified to include additional
:;2 fields and to produce output in whatever format is required
el (10:4). With WIMS real property data can be accessed quickly
,fﬁ and directly by designers and real property space managers at
,i; their desks, without the need for generating and searching
.;i through hardcopy reports.
’ﬁ? The WIMS also has the capability of running ‘canned’
.%é software and high-level programming languages. WANG, who
{:A manufacture all of the WIMS hardware, has produced a special \
[ adaptation of AutoCAD which will run on the hardware as a
i;i stand alone package without interfacing with WIMS. AutoCAD |
E;L is perhaps the most extensive, versatile, and popular
f Computer Aided Design (CAD) software packages available. It
3 has a space planning capability, with ‘blocking’ and
'b ‘stacking' features only usually found on more sophisticated
'ié space planning programs, to improve layouts of activities on
,EE one or more vertical levels. WIMS can be configured with
‘:-: high resolution graphics to support CAD.
:iﬁ With its integrated databases, wide accessibility, ease
‘5} of use, and the WANG AutoCAD option, both space management
..
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and space planning by BCE real property and design personnel
respectively, will be aided.

Mitnik's study (40) asked BCE design personnel if they
had any CAD experience, and what would they use CAD for if
they had access to it in the workplace. From the sample of
306 designers, 40 had used CAD, a further 19 had used
computers for data analysis, and 15 more had some computer
language experience but had not used computers in design or
analysis. Generalizing this data to the entire population of
BCE designers, a surprisingly small proportion (approximately
24 percent) have had computer exposure. This is especially
surprising as 61 percent were Lieutenants, 60 percent had
been commissioned for less than four years, and for 55
percent their current assignment was their first as a
commissioned officer (40:4.4).

Desirable uses for CAD were solicited by an open-ended
question. The most relevent responses to this author's study
are in Table I below. Respondents were free to include as
many uses as they wished.

Although this data is aggregated for all designers and
not just architects, it does indicate that there is some
interest in achieving better design and having better access
to accurate buiiding data for design purposes. However,
these levels of interest (4.9 and 3.9 percent respectively)
Wwere no greater than the percentage of designers who felt

that CAD was not warranted for thier purposes (4.9 percent).
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Table I.

Possible Uses for CAD in a BCE Technical Design Sec*ion
- Survey by Mitnik, 1986

)
s}

-

Response Number % of sample
Alternatives/detaiied 54 17.6

design analysis
Calculations 53 17.2
Cecrease drafting time 52 170
Update as-builts (better) 47 15.4
Modify drawings quicker 43 14.1
Reduce design time (gquality) 31 10.1
Concept/schematic 16 5.2
Better design 15 4.9
CAD not warranted 15 4.9
Intelligent/accessible database 12 3.9

Facility Layout Planning Techniques

This section is an in-depth review of space planning

methods and techniques involving some technical discussion.

It may be of particular interest to architects and other
personnel involved in interior facility design.

Grant states that most traditional facility layout
methods are "implicit or intuitive, based on education,
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’js experience, sensitivity, and taste" (26:4). When pressed for
}?‘ reasons for favoring one alternative layout to another, or
E} for reasons for making specific room adjacency decisions,

f%i designers who use intuitive methods have usually either

:; admitted to basing their decision on one criterion to the
IES exclusion of all others, or have declared that a more

;5 systematic approach would threaten their creative potential
- (26:5).

i{\ Systematic methods have been developing since the early
ia 1960's (26:5). Reasons for favoring systematic methods have
ié been proposed by many authors, and include:

1. It enhances communication of ideas between members of
design teams, and between designers and the potential
users of the facility (26:5);

2. It enhances the teaching of design and planning (26:5);

);} 3. It encourages or enforces thoroughness (21); and

,ﬁ, 4. It allows the average designer to emulate the successful
~5 efforts of the ingenious (26:5);

2 5. It makes design decisions more understandable,

;j recordable, and retraceable (21).

:fj Grant feels that perhaps professional accountability and
.-J

.;f objective analysis are the primary reasons for space planning
o methods to be systematic:

X

}ﬁ The nature of design itself - an activity aiming at

o altering a situation to bring it closer to somebody's
‘& image of what ought to be - makes it incumbent on he who
‘;§ exercises delegated authority, as does the architect and
e planner, to always stand prepared to explain and justify
i, the basis of his decisions. If his decisions are based
?} only on unexplained intuitive or implicit processes, it
- is difficult to defend them or even explain them on any
'I: basis other than experience, genius, or a plea of 'trust
- me, I know the way'. If decisions are systematized and
.
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explicitly described, the decisions may not be better,
but at least they are open to argumentation and analysis
(26:6).

For these reasons, the development of systematic methods
has been slow and resisted by the profession in general, as
most cling to intuitive methods for fear that individual

creativity will otherwise be eliminated from design (26:7).

Lee, in his book Computer Aided Space Planning, analyzes

the steps that most architect/planners take intuitively when
designing space layouts. They are as follows:

1. Identifies each element involved and defines the
relationships between each pair of elements.

2. Establishes for each element the required area, and any
specific configurations desired.

3. Diagrams element relationships by relating various
elements to each other graphically as bubble diagrams.

4. Transforms bubble diagrams i1nto a space relationship
layout by incorporating the area required for each
element. The layout becomes a scaled drawing.

5. Evaluates alternative arrangements according to program
constraints, such as functional requirements, project
budget and aesthetic consideration (33:19).

Bubble diagrams will be further discussed later in this

chapter.

Steadman, in Architectural Morphology (54), divides all

systematic methods broadly into two groups, heuristic and
exhaustive. A heuristic method might be intended to generate
just one, or a few plans, in which certain stated
requirements of adjacency between rooms, and perhaps also
constraints on the dimensions and shapes of rooms, are
optimally satisfied. Exhaustive methods are designed to
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produce all possible plans conforming to the given

requirements. Heuristic methods can be employed both by hand
and by use of computers but have a serious drawback. These
methods commonly attempt to optimize the plan by applying one
evaluative criterion alone - that of circulation. No other
planning criteria such as aesthetics, structure (the skeleton
of the building), heating, and lighting, are considered.
Steadman describes the process:

For every pair of rooms or 'zones' in the building, a
figure would be worked out - perhaps derived from
surveys - for the typical frequency of journeys made
between those rooms per day or per week. In any actual
layout, this figure could be multiplied by the distance
separating the rooms in question. Then the total of all
such products could be summed for all pairs of rooms.
These design methods were intended to find arrangements
in which this sum was minimized (54:141).

Exhaustive methods are better handled by computers.
Neither the computer program nor the technique itself
exercises a choice, beyond the constraints initially fixed by
the designer:

The architect [(or designer] is presented with the entire

set of feasible alternatives under the specified

definition, and can then apply further criteria of his
own for selection within this range. Or else he can, as

a result of seeing the possibilities, go back and change

the initial constraints so as to generate some different

set (54:140).

Grant believes that there are three grnups of criteria
for formulating and evaluating spatial plans such as floor
layouts:

Intrinsic physical or situational characteristics such as
access to views, the existence of in-floor or in-ceiling

utilities, and load bearing capacity of floors at
different locations; and social, economic, and aesthetic
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conditions such as the cost of floor space rental,

historical associations, prestige, or negative prestige
value;

Relational -proximity, such as -

a. Relation to existing features (distance to exit,
stairway, elevator, utilities)

b. Relation to new elements being located as part of
the subject design (distance between a nurse's
station and patient ward, volume of traffic between
a facility's front entrance and an information or
serving counter)

'Gestalt' or wholistic characteristics. This group

involves the facility as being more than the sum of its

individual elements. It involves overall effectiveness

of the layout in achieving its functional objectives.

Most of the literature deals with space allocation
models focusing on relational criteria, mainly with respect
toc minimizing distances and circulation (traffic flows)
between spaces. This classification includes such technigues
as SLP and Dual Graph floorplan generation models, and
require the input of areas and relationship data in the form
of a relationship matrix which are converted to two
dimensional layout plans or data matrices which can be read
as plans. Most computer applications are based on relational
criteria.

Another classification of space allocation model is the
overlay type, in which multiple maps of the floor plan
envelope are shaded to "indicate value judgments about
suitability and desirability, and then stacking the several

shaded maps on a light table to obtain a composite

evaluation"” (26:7). One plan is shaded for each criterion.
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Q This technique has thez capability of combining intrinsic,
Ei situational criteria with relational-proximity criteria, by
. allowing the designer to view and consider the effects of

a0 many such criteria acting at once (26:8).

Mitchell, in Computer Aided Architectural Design,

. classifies space planning techniques into assignment, dual
-,
‘? graph, and overlay (39). Dudnik and Krawczyk, in An

Evaluation of Space Planning Methodologies classify

techniques similarly, and single out the assignment type as

having the most objectivity. They define assignment

techniques as an approach which

N considers the space planning problem as a combinatorial

i problem of assigning the various required spatial
elements to discrete locations or modules in the
available space in such a way as to satisfy a given set

(' of constraints and to optimize some objective function
(20:415).

:f Grant explains that the objective function is

- generally some function of distance and interaction
among the elements being located, with the interaction

- function usually dealing with cost of traffic, volume of

X traffic, relative importance, or some hierarchy of

g priorities among traffic types (26:38).

This definition could include both relational-proximity

techniques and linear/non-linear programming models.

f Eastman states that the objective of space planning

- exercises, and the conditions under which they are

undertaken, are not always the same. One such objective, but

; not necessarily the most important one, is to fit a set of

- activities into as small a space as possible without

overriding adjacencies (21).
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Eastman recognizes there being two major classifications

of space planning models or algorithms - ‘heuristic' and
‘optimizing'. His definition of heuristic is not quite the
same as Steadman's cited earlier (54). It and includes

methods of generating a few alternative layouts or an
exhaustive number, the objective being to evaluate each
alternative numerically according to specified criteria and
selecting the one with the greatest compared worth.
Optimizing algorithms take the form of linear and non-linear
programming problems, the equivalent of Mitchell's assignment
problems. Some practical examples of their use are drawn

from Mitchell later in this Chapter (39:468-474).

Lee favors heuristic methods of space planning. He

states that as the requirements become more complex,

the task of arriving at an optimum solutien or

generating alternatives for evaluation becomes less

manageable as well as [(more] time-consuming. ... no
solution can possibly satisfy all criteria. Optimum
solutions are compromises where the conflicts are

minimized (33:19).

He advocates the use of computers to generate solutions to
space allocation problems - "With its large, accurate memory
and low computation time, the computer can be used to
generate as well as evaluate solutions" (33:20).

Each of these techniques, relational-proximity, overlay,
heuristic, and assignment, will now be examined. Some
conceptually different design methods of minimizing
construction costs while improving layout flexibility, such

as Open Office Planning, will also be discussed. Computer
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applications of these layout techniques have been developed
by practicing architectural firms, organizations, academic
researchers, and commercial interests, and will finalize this
discussion of design methods.

Relational Proximity Methods. This type is documented

extensively and, in its simplest form, is the one most easily
applied by hand. The most common technique, and that which
most popular computer applications seek to automate, is known
as SLP. This was first documented by Muther in Systematic
Layout Planning in 1961 (35). The technique is also

documented by Pulgram and Stonis in Designing the Automated

Office (47:46-50), by Gaither in Production and Operational

Management: A Problem Solving and Decision Making Approach

(25:342-346), and by Francis and White in Facility Layout and

Location: An Analytical Approach (23). It is essentially a
six-step process:

Step 1. Compile a list of activities to be placed
in the overall space. This may consist of individual rooms
to which activities will be assigned, or could comprise
various administrative or production operations to be
arranged within a large open space. Areas are also required
for each activity.

Step 2. Graph on a chart (or matrix) the
interrelationships of all pairs of =ctivities or rooms in
terms of their need for adjacency. Muther designed the

original chart at Figure 1 with six levels of proximity, from
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*absolutely necessary’ to ‘undesirable' (43; 35:197-198),

-
P .."
& although two or three level scales and color codes have all
:: been used for this purpose (47:30-32). Pulgram and Stonis
.\
> state that
-
' Requirements for adjacency are born out of relationships
;” that exist within functional unit (intragroup) and
st between functional units (intergroup). Typical
'\ relationships include:

Intragroup - user(s) to user(s)

b - user(s) to group items and spaces, eg;
equipment, storage, conference spaces.

Intergroup - group to group

iﬁ - group to ancillary, eg; conference,

£ central computer, word processing.

N - specific user(s) to user(s)

”; - specific user(s) to group(s) (47:29-30).
'E Figure 2 is an example of a three-level relationship chart.

~

t As shown at Figure 1, the original Relationship Chart of

Muther also included a number coded reason for the
relationship chosen, such as material flow, supervision,

personal contact, or noise (45:7).

- Step 3. Convert the completed Relationship Chart ;
) into a ‘Bubble Diagram'. A bubble diagram is a graphical
oYy
ﬁ: means of
-
e relating the various activities to each other visually
: and geographically to form the basic pattern of the
- layout ... the object being to work out on paper the

arrangement of activities that will place those with
higher closeness ratings nearest each other, and those
with lower closeness ratings progressively further away
(45:8).

---------------------------
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Figure 2.

Three level Relationship Chart (47)
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The ‘bubbles' represent activities and the lines joining them
indicate the strength of the relationship as indicated on the
Relationship Chart. At Figure 3 (47:31) are examples of such
diagrams. Once the relationships have been represented

correctly, usually by varying the thickness, number, or color

3uooie Clagrams: (A) The Parsonal Subdie
Clagram. “us cragram ilusirates "2:30¢7shiCs
amerg ysers, ;roud tems Hfiles,, anc scaces
‘conrerence: mittin 3 smailer ‘uncLenal Lt
(8) The intragroup 3ubbie Jlagram. “~is
2:dGram WusSiates ‘®3ucnssics aAmeng sus-
FrOUCS atttin 3 [arGer SvISiICN Gr ‘urceral ¢
urit. (C) The intergroup Sudbie Oiagram.

This c1agram dusvates ®apcnsmcs ameng

Ctal Frouss or SviSiCns mttin an Srgarizacen.

Figure 3. Examples of Bubble Diagrams (47)
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1i3 coding of lines joining each pair of activities according to

I

;‘ the number of levels on the Relationship Chart, the

&H activities are moved further apart or closer together

ti{ depending on the strength of the relationship. Activities

:5. are then rearranged such that they will fit into whatever

’5: facility shape the designer has envisaged, on the basis of

i% construction costs, site restrictions, or aesthetic appeal.
If the designer is concerned mainly with the functionality

l;? and efficiency of operations within the facility, then he may

é; not wish to confine the design to any preconceived shape. In

'E; military construction both construction costs and function

Ji‘ are of concern, so a balance must be struck.

fsz Step 4. Incorporate the area requirements of each

(:* activity to create a Proportional Bubble Diagram with each

3

»
v

activity space represented as a square reflecting its

™

proportional size. Figure 4 is an example of this.

.
»
[l
P
Y

Step 5. Mold the proportional bubble diagram into

<

a Block Diagram, which fits individual spaces together

.

Eﬁ according to relationship strengths by adjusting the shapes

/.

‘., but preserving the areas. Figures 5 and 6 show the stages

iii involved.

ég If there are constraints on length to width proportions

is for each space or for the overall floor plan, then these are

&f included in this step. Many such block diagrams are possible

;3 from any proportional bubble diagram. If the objective is to |
TE fit a set of activities into a building space, then this step

5
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must also include consideration of situational criteria such

as the floor load capacities at different positions,

structural support locations, window locations, stairs, and

o c?
X G
- R j
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] ! '
! €2 |!
| 1 E-§ '
c3 83 M| o o2 || o3 R ED ' H
' €3 ]
ooler
Les€r [
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1
k-t 1] k2 || k3 || o
!

-3
¢ [Sgrgegg g g e
| | N,
The Proportional Bubble Diagram. This Ll L2 L3 L4 LS
scaled ciagram iliustrates re:aionsmps among
specific gepartnents and services within an
orgamzation according 10 size Legend: A,
aormirustrative: 8. legal attairs; C. accounting.
D. computer services, £, ccroorate planming. trons,; J. nuclear operations: K, corporate
F engineering anc consuiting. G. Systems recoras. L. storage, M, pubiic scace. N,
engineernng; N, enargy. | customer cpera- employee services.
Figure 4. Proportional Bubble Diagram (47)
major utility services. These existing features are often

too expensive to relocate, and would only be moved as a last
resort and only if funds permitted. 1If available

modification funds are very limited then existing non-load

L3

-
.
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bearing walls, electrical distribution, domestic plumbing,

and lighting arrangements may also be considerations in the

formulation of feasible block diagrams.

Figure 5.

Conceptual Use of Block Diagrams. (a) Block
diagrams developed by space determinations,

(b) Proportional Block Diagrams showing space and
adjacency requirements, and (c) Block space
allocations and adjacencies considering building
constraints. (47)

Block diagrams are also a means of planning and evaluating

the required vertical and horizontal relationships of these

elements within a space or a building. .... In any office,

conventional or automated, this step is important to the

organizational logic of the office (47:48).
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Figure 6. Molded Proportional Bubble Diagram
and Resulting Block Diagram (23)

Step 6. Evaluate the feasible block diagrams.
There are three basic methods of evaluation (45:12):

Balancing advantages against disadvantages. It may be
possible to screen out some alternatives initially as
not in compliance with high priority criteria, such as
conformity to security and fire regulations, irregular
shapes that could not be effectively utilized by the
intended functions, and small pockets of unallocated
space that cannot be effectively distributed to those
activities having the greatest need for additional

space.
Factor Analysis Rating. This comprises making a list of

organizational objectives (factors) related to the
configuration of the activities in the space, assigning
a numerical scale weighting to each objective in term.
of priority for achievement, rating each alternative
block layout against each factor, multiplying the weight
of each factor by the rating for each alternative, and
summing to produce a score for each alternative. The
plan with the highest total score is selected.
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Cost Comparison. All alternatives can be costed to include
planning, installation, operating, and maintenance
costs. Also, projected and hypothetical costs for
modifying and/or expanding the layout at some future
time could be considered. The alternative with the
lowest costs would be selected. This method of
evaluation introduces the concept of layout flexibility
into design. This concept is of vital importance in the
design of facilities for organizations with changing
missions, where the market for products or services is
constantly changing, or where new technologies lead to
rapid growth of the organization or to restructuring of
administrative procedures, processes, and production
techniques. Flexibility and growth will be treated in
more detail later in this chapter.

Dudnik and Krawczyk (20) and Eastman (21) classify
relational-proximity techniques as either ‘constructive' (or
build-up or generative) or ‘improvement' (or hill-climbing).
Mitchell acknowledges this classification as well (39:440-
452). They are algorithmic, or procedural, in nature and
require much iteration before approaching cptimality. They
are well suited to, and extensively used in, computer
applications.

Constructive Techniques. These begin with an empty

layout (no activities allocated) and a relationship matrix.
Each element is located in accordance with whichever of the
following four algorithms is chosen:

Random Generation. Mitchell explains the concept:

A random sampling strategy, in conjunction with some
simple assembly rules, is employed to very rapidly and
cheaply generate plans for consideration. Each plan
that is produced is scored by summing the importance
weightings of the adjacency requirements that are met.
The plans for which the score exceeds a specitied
minimum value are printed out (39:441).
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Polymino Assembly method. The element placed next is the one
having the highest interaction with the last placed
element.
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Ordered Score method. The elements are placed in the
building space in the order of decreasing total
interaction scores from a relationship chart.

ey e

I The Nuclear Growth approach. The choice of element to be
placed next is based on the total interaction score of
an individual element not yet placed, with all those
elements placed previously (20).
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Improvement Techniques. These '"start with an

3 initial layout and a matrix, and a attempt to alter the
layout in such a way as to improve the measure of per formance
produced by the objective function" (26:37). Four different
algorithms are commonly employed to define the process by
which elements are selected for re-configuration (26,20):
Random Switching method. Switch the location of any two
elements and reassess the value of the objective
function. If the value increases keep that arrangement;
if it decreases then reverse the switch. Keep switching

pairs of elements until it seems that the value of the
objective function will not increase.

: Ordered Score and Alternative Checking method. Each element
is switched in order of its total interaction score with
all other elements. The layout is re-evaluated after

. each switch is made, until the best layout for those

G elements placed is found.

’; Sirgle Switch method. This procedure is the same as for
- random switching, except that the switch order is
systematic.

Greatest Improvement methods. All possible switches of pairs
- of elements are considered but only the one resulting in
P the greatest single improvement in the value of the

- objective function is executed. The process continues

N urtil no further improvements are possible.

Mitchell (39) and Eastman (21) each explain improvement

techniques with the analogy of climbing a hill at night when

.
ol
n
.
-
-
[
i
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the summit os not visible. One can take a step in any
direction and, if it results in an upward movement, stay
there and take another step. If not, one would step back and
try again. After many steps, a peak would eventually be
reached although it may be only a local cne and not the
summit. Alternatively, one could test every possible
direction with one foot and only execute a move to the
position that one knows is the highest.

This method would guarantee the most direct route to a
peak, although that peak may similarly not be the summit
(39:443-448). Both authors believe that the ability of
improvement methods to achieve optimality depends on which
starting layout is chosen, and how many steps (or how much
computer time) the designer is willing to invest.

The Dual Graph approach is also a Relational-Proximity
technique, but is more graphically and mathematically rooted.
Bubble diagrams are called dual graphs. Whereas block
diagrams are planar representations of spaces and can be
dimensionned shaped in a variety of ways, dual graphs are
non-planar representations of activities or processes, and
not spaces. Both are used to generate and evaluate
alternative floor layouts.

Relational-Proximity methods have been criticized for
their over emphasis on two criteria; circulation, and traffic
flow between spaces. Grant criticizes the ‘“triviality' of

their application -
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They incorporate too little input, merely a relationship
matrix and traffic flows, and yield too much output: an
entire floor plan layout.... They attempt to determine
building layout as only one criterion, that is,
proximity among the designed elements and the
implication of a given layout in terms of the total cost
of movement in a typical working day (26:8).

This criticism is true if Steps 5 and 6 of the SLP process
reviewed earlier do not attempt to; 1) incorporate physical
and situational constraints in the formulation of alternative
feasible block diagrams, and 2) evaluate these alternatives
with the organization's objectives clearly in focus.

Another criticism is that, if performed manually rather
than using one of the many computer applications that have
been developed, the physical arrangement of the bubble and
block diagrams is highly subjective and the selection of the
‘best' alternative is a function purely of the time allocated
by, and the imagination of, the designer. Even though
optimality will probably never be reached using these
techniques, the computer will generate many more alternatives
and can evaluate them according to programmed instructions or
permit the designer to do so interactively.

Buffa and Armour were two pioneers in the use of
computers in space planning. They developed a program called
CRAFT in 1964 for evaluating layouts for production
facilities. Evaluation was based on minimizing the distances

that materials and goods moved between areas during

production. In their initial published documentation of *he
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process, Allocating Facilities with CRAFT, Buffa, Armour, and

Vollmann wrote:

Ordinarily, the bulk of a manufacturing company's assets

is tied up in plant and equipment. The operating

effectiveness of these facilities depends in
considerable measure on the effectiveness of the layout.

A poorly conceived layout can result in congestion and

prohibitive material-handling costs, and, on the other

hand, an effective layout can provide an environment for
efficient production. How can a manager evaluate the
effectiveness of a layout for a complex production
system? Is this important? Of course it is, for the
basic layout used sets the design of the entire
production system for some time to come, and it cannot

be changed without considerable cost (8:136).

The CRAFT technique is still used today and has been modified
to use other evaluative criteria besides traffic flow. It is
reviewed along with other computer aided space planning
packages later in this chapter.

Overlay Technigques. Overlay techniques are used mainly
in facility siting, highway routing, urban planning, and area
Master Planning, but is mentioned briefly here because of its
potential ability to consider more than one criterion when
laying out facilities. Overlay techniques have been

developed and used over the past 20 years by McHarg. In

Design with Nature (37) he outlines a model he has applied to

regional planning and landscape design. The technician
super imposes maps shaded to indicate value judgments by the
designer on the suitability of various sites as a facility

location. One map is required for each criteria. The

heavier the shading of a certain area, the more unacceptable




it is as a potential site. When overlaid, the darker the
spot the more unacceptable.

This technique can be used for locating a particular
activity within a facility or within an installation, but is
not so readily applicable to designing a layout involving
locating many related and unrelated activities within a
building envelope. In such a case a map would be required
for each activity with respect to each criteria. With 20
activities and 10 criteria, 200 maps would be required.
McHarg believes that the technique permits the designer to
objectively ascertain the best location for each activity.

He describes it as "a method whereby the values [(arel
explicit, where the selection method [is] explicit -where any
man, assembling the same evidence, would come to the same
conclusions" (37:35).

While computers can effectively discern shading levels
and apply weights, the human eye has difficulty. Grant sees
many problems in the manual application of this "McHarg
Technique" (26:67) -

Each added parameter map, with its judgmental shading,

increases the overall trend toward a uniformly dark gray

or black outcome space, with resultant difficulty in
discriminating the implied patterns. One result might
be a hesitancy to increase the number of parameter maps

considered (26:67).

Also, because the inputs are judgmental, "it seems desirable
to be able to re-iterate at a low cost, with changed
judgments, in scme cases many times" (25:68). Unfortunately,

the more parameters and the mcre differing judgments by the
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different people participating in the design, the more

~ .

f‘ expensive the process if performed by hand, and the darker
Q£ and less discernable the final product.

?E Heuristic Search Procedures. Mitchell states that this
:: class of methods "is characterized by solution-generation in
ﬁ: a sequence of stages, with evaluations based on the partially
i; specified state of the data structure being made at each

:“ step" (39:454). Because it is heavily reliant on exhaustive
:ﬁ enumeration of potential solutions, this type of method is
2£2 best handled by computer.

gj Mitchell gives a simple example of a heuristic search,
.;: based around several decision rules. He points out that, in
i; most situations, there can be many ‘reasonable' decision

i:' rules, and that the purpose of these rules is to eliminate
E; large portions of possible activity allocations.

;;E The method appears to be similar to the Ordered Score
N and Nuclear Growth methods detailed by Dudnik and Krawczyk
}3- (20) but that a more rigorous set of decision rules is

féz applied to satisfy as many adjacency requirements as

R4
]

-

possible. As with Relational-Proximity techniques, a
relationship chart or matrix is required.

Mitchell's example is the creation of a floor plan

AR a2 Y S o0 n gn
LR N A NS A‘l‘.

[P AN
B .

within a 25 by 25 square modular grid. The dimensions of

7]

each module (grid square) is set to the minimum common

"'
»

P
4

i denominator of all activity space requirements, say 5 feet

ket ol

square (25 square feet). The decision rules are:
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S 1. Select the space which has the highest number of

N adjacency relations with other spaces.

" N

' 2. Place the first module in the center of the grid.

b

ib 3. For placement of subsequent modules for this activity:
b

K .‘\‘ s . : s :

b~ a. List all empty grid locations which are directly
. adjacent to located modules.

:ﬂ b. If there is only one location, select it, else

i c. For each such empty grid location, count the number

.- (between 1 and 8) of adjacent located modules.

Select the grid location with the highest number.

e. If there is a tie for selection, break it
arbitrarily.

Q

‘y
a
£~

To select subsequent activities for placement, select the
unlocated activity having the highest total number of
adjacency relations with activities that have already
been located.
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To ‘grow' these subsequent activity spaces, a variation
of Rule 3 might be used;

P
P
|

SN
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o
P

a. List all empty grid locations which are directly
c- adjacent to located modules.

! b. If there is only one location, select it, else

-
(0 ]
'v "

AU
Q

For each remaining potential location, count the
number (between 1 and 8) of adjacent located modules
of the current activity, and eliminate all locations
which have a lower number of adjacencies than the
maximum which occurs.
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P
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If there is now only one location, select it, else

b
’

efelnls
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alate e

e. For each remaining potential location, count the
number (between 1 and 8) of adjacent located modules
of any other activities adjacency-related to the
current activity, and eliminate all locations which
have a lower number of adjacencies than the maximum
which occurs.

A
.

T tr fe .
AR

FLE A

j: f. If there is only one location, select it, else make

. an arbitrary selection (39:459-460).

%".

:2 This method, says Mitchell,

s

2 grows spaces which fairly closely approximate a square
X in shape, and which are located so as tc simultaneously
7 satisfy as many adjacency requirements as

'g: 75
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possible....Numerous floor plan layout programs which
employ plausible selection rules of this type to locate
modules within a sgquare grid have been developed. The
best of them are computationaly very efficient, capable
of locating thousands of modules in a few seconds, and
produce results of excellent quality (39:460).

As with SLP, the relationship matrix need not be based sclely
on circulation/traffic flow between spaces, but on a wide
range of criteria, both quantitative and qualitative.

Assignment Technigues. The common thread in this class

of methods is the use os mathematical techniques to optimize
the space allocation, by maximizing or minimizing some
objective function rather than merely reporting its wvalue.
Three methods will be reviewed - gquadratic assignment, linear
and non-linear programming problem formulation, and
analytical (or algebraic) procedures.

Quadratic Assignment. This type of problem

formulation was first done in 1957. The purpose is to assign
a set of activities with known space requirements to a set of
possible locations., in such a way that the following

objective function is minimized:

n n

Total Circulation Cost = & z Gij Cij (L
i=1 j=1

where
n = the number of activities to be assigned
Gij = a measure of distance between pairs of located
' activities i and j
Ci; = a measure of circulation cost per unit distance

netween 1 and jJ
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The set of locations is usually taken as the set of modules
(or cells) in a square grid. The individual cells can be any
shape or size desired. "The floor plan layout is represented
as a problem of assigning integers to locations in a two
dimensional array”" (39:426). Values for Cij and Gij must be
input by the designer. An arbitrarily high interaction value
between modules of the same activity can be given to prevent
activity spaces being ‘split'. Mitchell explains:

If the circulation data is in terms of numbers of trips

per week [or dayl, the objective minimized is total

distance traveled by building users. If values are
given in terms of travel time or cost per unit distance,
then either time spent in circulation or the total cost

of that time respectively is minimized (39:427).

The problem can be modified to preset locations for some
activities. TIf cost is to minimized then a fixed cost (say
Fij) would be associated with each such module i, preset to
location j. An example of this would be to "reflect a
preference of high status employees for corner locations in
an office floor layout" (39:427) or for such spaces as
entrance halls, loading bays, and plant rooms to be located
on an external wall, at ground level, for external access
purposes. If spaces are pre-assigned, they serve as the
starting point, or nucleus for the assignment process.

This method is efficiently handled by computers and is
similar in principle to the Nuclear Growth method. Mitchell
cautions its use, saying that it is "appropriate only in
situations where circulation efficiency or some directly

analogous objective is regarded as the primary determinant of
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the plan" (39:428). Other limitations are that:
1. It takes no account of shape constraints on spaces.

2. It does not recognize any difference between circulation
space and other types of space, and may produce splitting
of activity spaces in the plan.

3. The collection of necessary circulation and cost data may
be difficult and expensive, if not impossible. For this
reason, experience and professional judgment is commonly
used in place of actual circulation and cost data
(39:428).

4. There is no known solution procedure for this type of
problem, "nor is there a direct way of computing the
optimum value of the objective. Enumeration and search
procedures of various kinds must be employed" (39:429).

Linear Programming. Standard linear programming is

applicable when the objective function and space dimension
constraints can be formulated in linear form. Mitchell says:
Typical linear objectives are maximization or
minimization of overall plan length, width, perimeter,
or proportion ratio. Typical linear constraints are
upper and lower bounds on allowable lengths, widths,
perimeters, and proportion ratios of individual rooms
and of the overall envelope..... An immediate obvious
limitation of the linear programming approach is that
area constraints are non-linear, and thus cannot be
incorporated... (39:470).
Also, properties such as construction costs and heat loss are
functions of area and cannot be included as constraints or
objectives. However, by setting one dimension for each
space, and setting an allowable range for each area (min,
max), the optimum value for each other room dimension, and
hence the optimum area, can be determined. The limitation
here is that area adjacency relationships cannot be used to

determine the best arrangement of spaces. A rough block

diagram must be obtained prior to this application.
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Mitchell cites an example where linear programming 1is

particularly applicable. For the layout of a trailer or a
building with severe site restrictions, where the total width
of the facility is preset, linear programming can efficiently
optimize the length of each room and overall length of the
facility, given suitable area ranges for each room and pre-

set room widths as follows:

Room Minimum Area Maximum Area

(square feet) (square feet)
1. Bath 1 75.0 80.0
2. Bedroom 2 160.0 180.0
3. Utility 50.0 80.0
4. Kitchen 150.0 200.0
5. Dining 100.0 125.0
6. Bedroom 1 180.0 200.0
7. Hall - 60.0
8. VLiving 180.0 200.0
9. Bath 2 60.0 80.0
10. Family room 100.90 125.0

Circulation space such as hallways must also be input as
activities and given similar area and dimension constraints.
Room lengths are input to the objective function and
constraints as variables a to g. These variables are
represented in Fiqure 7. The obiective function and

constraints are as follows:
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Minimize @ = ~c+d—e+f+7)

subject to: 21042
22625 @+6)=15-0
a=<6-67 @+6)<16-67
(b+c)=15"33 (c+d+e)=20'0
G+o)=15-0 (f+g)=15-0
d=Z4 17 (f+2)=16-67
d=s6-67 cZ06°67
+H=12"5 c=<8-89

e+ H=<1667 W@+e)=11-11
g=835 d+e)=13-89

The initial block diagram and final plan showing optimal
dimension, for Mitchell's trailer example, are shown at
Figure 7.

Non-Linear Programming. Non-linear programming

overcomes some of the limitations of linear programming, and
"has been used in cconjunction with dimensionless
representations of floor plans to generate optimum
dimensioned layouts with respect to some cost criterion and
subject to certain functional constraints” (39:468). A block
diagram showing the required space arraungement is necessary,
as well as maximum and minimum room lengths, widths, and

areas, and a maximum proportion ratio for each room if
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Figure 7. Application of Linear Programming to Floorplan

Layout. (a) Initial Dimensionless Block Plan for
a 24 ft Wide Trailer with Short Side Dimensions
Fixed. (b) Final Optimum Dimensionned Layout Using

Linear Programming (39)

desirable.

The objective function could be to minimize costs, as

follows:

Minimize

This type of problem can handle area constraints.

WMo
[o7]
Ry
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i; where
l\"
v n = the number of rooms or activities to be fit into
the facility,
a, = the total floor area of room or activity i, and
c. = the construction cost per square foot for room 1i.

Simple problems, such as the one following, could be solved

‘x' by hand. The objective function and constraints are not

Ef. stated but can be deduced from the table. The primary

: difference between this and the previous linear programming
) example is that no room dimensions are fixed. Hand solution
of even this relatively simple problem is tedious and time
- consuming and there are many low cost computer packages
available which make this unnecessary. Figure 8 shows the
E}' table of requirements and a computer solution.

o Mitchell qualifies the effectiveness of this method -
"They cannot absolutely guarantee to generate the optimum
solution, but experience has shown them to be extremely

% reliable and efficient" (39:470). One limitation of SLP is
'g: that the final dimensioning of rooms within a facility is
subject to the designer's innate ability to dimension rooms
according to some constraints such as building and room

; proportion, and shape reqularity. Non-linear programming is
directly applicable to this phase of SLP.

* Algebraic Procedures. Simultaneous equations can

be found to describe desirable relationships between

different room areas and dimensions, overall building area

and dimensions, and building and room proportions. However,
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(b)
(c.

(a)

Table

Dimensionless

Applicaticn of Non-linear Programming

of requirements,
Representation of Layou%, .::
Op-imum Dimensionned Solution. (19)
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Mini- Maxi- Mini- Maxi- Mini- Maxi- Maximum
mum mum mum Mmum Mum mum proporeion
length length width widch area  area  ratio
Room foy  (fy (v (o (f©™) ()
S
{ iving room  8:0 20-0 8-0 20-0 {150-0 300-0 1-5:1
2 kiechen 6:-0 180 6:0 180 30-0 1200
3 bathroom 55 55 35 85
4 hall 0 150 35 60 0 "2-0
S nedroom O 2000 90 2000 100-0 1801 5
6 bedroom 2 S0 IS0 Nt 180 100-0 18000 s
T bedroom 2 TO-0 0 700 00 170 00 1801 5
(a)
80 | 45 55 9.0
Living Bath Bed 1 Living Bath | Bed 1
8.5
Hall 1.0 Hall
3.0 Bed 2
Kitch. |Bed 3
Bed 2
10.0
|
Kiteh, Bea 3 l | | ‘ '
Area = §12.5 q. ft.
(c)
(h)
to Fleoeoo
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N
;\g the number of possible combinations of simultaneous equations
Eh‘ becomes immense as the number of rooms increases. There are
?;- 2™ different sets of equations, where n is the number of
:E% rooms in the plan (39:472). For small buildings, it may be
?3 possible to list and solve all sets by hand, but computer
:fﬁ programs have been (and can be) developed to handle linear
,Sﬁ and non-linear combinations of variables.
e
Y. Flexibility in Layout
§$} Flexibility was defined in Chapter 1. Floorplans,
;g according to Pulgram and Stonis should be designed to
e incorporate room for growth - "Space planning efforts that
&E allow for growth ensure a floor plan that can be expanded,
ﬁ;ﬁ contracted, shifted, or changed. Present space allocations
ET« must be able to be tailored to future usage requirements”
; E (47:51). Efforts to maximize this level of flexibility have
A;“ only recently become popular and effectively used. Modular
;) construction, office landscaping (or Biiro - Landschaft),
E:ﬁ workstations and systems furniture, and modular partitions,
ﬁ ) have been introduced widely into administrative facilities
; since about 1960.
\;; Modular Construction. Many companies now specialize in
%u producing and assembling kit buildings composed of pre-
2: engineered building components. This type of construction is
235 termed modular due to its building block approach.
§x§ Facilities can be designed to provide a range of ceiling
;é heights, internal lighting levels and arrangements, and areas
*’_\j 84
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which are multiples of a standard size module. They are
utilized predominantly as interim accommodation during
construction of new facilities, remodelling of existing
facilities, or as overflow accommodation for expanding
functions pending the provision of additional building space.

Foundations can be permanent or temporary, strip or pad
footings. Power, water, sewerage, and other utllities can be
permanently fixed or temporary junctions. Internal walls can
be relocated to vary the number and arrangement of internal
spaces. Security, fire, computer, and high floor loading
requirements can all be met using modular construction.

Remodelling, extension, and utility flexibility are all
enhanced, and can be carried out at lower cost due to the use
of pre-engineered floor, ceiling, and wall panels, and
roofing systems. Facilities can be relocated and components
re-used in different confiéurations to support different
mission requirements.

Transportable cabins are a form of modular building and,
if capable of being mated together, can provide a measure of
flexibility in configuring emergency use, mobile, and
deployable facilities.

Office Landscaping. Otherwise known as Open Office
Planning, or simply Open Planning, this concept of office
layout design was developed in Hamburg, West Germany, cdiring
the early 1960's by a firm of office management consultants.

Pile, in QOpen Office Planning (1984), states that
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The dominant trend in office design is toward more use
of open planning. More than half of the office space
currently being planned and constructed is said to be,
in some way or other 'open' although an exact measure is
hard to establish. ... The open office is clearly here
to stay and demands only the best, the most thoughtful,
and most flexible thinking to make it maximally useful
(46:16-17) .

Mogelescu, in Profit Through Design:Rx for Effective Office

Space Planning, describes the general principle of the

concept as that

office planning should not be based upon the traditional

organization chart of command structure, but rather on

the groupings of personnel in open space along the lines
of interpersonal relationships and communications

(41:103).

Friedmann et al, in Interior Design: An Introduction to
Architectural Interiors, add that all other values such as
appearance, status recognition, tradition, privacy,
acoustics, are either ignored or given very minor status
(24:187; 46:8). In open planning, there are no fixed walls
and private offices, all workstations, furniture, screens and
plants are movable and are usually arranged to create
functional work groups (41:103).

Mogelescu says that "With the elimination of fixed walls
or partitions, a maximum degree of long term flexibility can
be achieved ...." (41:103), but adds that several technical
problems are produced as a result. These include the
provision of telephones, power, lighting, air conditioning,
alr conditioning and heating, and nolse controls (41:103).

These can all be all be solved to produce a satisfactory work

environment.
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Pile, in Open Office Space (46), lists some of the

benefits of, and objections to, open office planning.

Benefits include:

1.

gy
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Workers achieve better communications than in
conventional partitioned offices. People can talk
directly to each other, use visual signals, and pass
papers to one another.

Groups working together develop a better sense of
teamwork and cooperation.

Managers can direct and supervise more naturally, as they
are not isolated from the rest of the team. "They will
be seen as mentors rather than as task masters" (46:13).

Changes in the arrangement of work stations, to react to
changing workflows and procedures, are relatively easy to
make. Furniture and equipment can be relocated easily.

Provided that main utility runs are initially designed
for flexibility (whether ducted in-floor, or in-ceiling
with drops to each workstation grouping), wiring for
electrical, telephone, and communications requirements
can be changed more easily to f£it changing work
arrangements and consequent equipment relocations.

Large open spaces are easier and cheaper to light, heat,
and cool than the equivalent area of separated offices.
Pile does not consider, however, that with separate
offices all may not be in use simultaneously and some
services could be switched off.

With proper acoustical floor and ceiling treatment (and
possibly background music), the noise problem normally
associated with the lack of individual privacy can be
avoided. It can, in fact, create a less distracting work
environment than will total silence with conversations
leaking through walls and service ducts.

Initial cost savings are possible due to the absence of
internal walls and doors. Pile stresses that this should
not be a major criterion for using open planning.

Major changes can be carried out overnight with little or
no remodelling costs and lost working time. For areas

subject to frequent user and mission changes, savings in
time and money in this area can be significant.
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10.

11.

There may be a saving in total floor space, leading to

a saving in construction costs. However, in many cases
this space would best be constructed as a cushion for
future construction. In military applications, this may
or may not be justifiable and would depend on forecast
requirements based on pessible future mission changes and
historical precedence.

Friedmann et al assert that "given good planning and
equipment, users like open offices better than warrens of
closed cubicles, ... [leading to]) improved morale, a
reduction in absenteeism and worker turnover, and to
improvement in total office productivity" (24:13).

Objections to the open planning concept include:

1.

Loss of privacy. There are many situation which do not
lend themselves to this type of layout, especially where
confidentiality and individual customer relations are
important. In any open office there should be
conventional partitioned areas for such activities as
conferences, private interviews, counselling, and
reception for clients.

Noise. As mentioned earlier, proper acoustical treatment
can create a deadening or damping of noise to acceptable
background levels. 1If silence is required, this type of
general office planning is inadequate,

Absence of status recognition that private offices
provide. This type of objection has little to do with
productivity or functionality. Many open plan offices
incorporate strategically placed partitioned offices for
some managers.

Some poorly designed open offices can be depersonalizing
if workstations are arranged too symmetrically. This
need not be so. European open offices have been
criticized by US architects and interior designers for
their random appearance, although this would permit each
worker a greater personal identification with his own
space.

Ease of communication is the key principle of open

planning. This principle relates well to relational-

proximity space planning techniques such as SLP, which are

rooted deeply in activity interrelationships and the need for

adjacency. Bubble diagrams show activities arranged in their
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most satisfactory pattern according to specified criterla.
Whereas block diagrams restructure these patterns to fit a
more regular building envelope with relatively straight
corridors linking activities, open planning preserves these
‘optimal' bubble diagram activity arrangements with minimal
compromise for building shape (46:15).

In terms of saving space, Friedmann et al list as a
benefit, that "in an office space without subdivision there
is a saving of space resulting from the sharing of
circulation space that would otherwise have to be duplicated
in each private space" (24:189). Pile submits that a common
expectation among clients is that this form of office
planning will save money. He says that,

if the plan involves saving money by ‘compacting' to

reduce floor area, a sense of crowding may develop with

related acoustical problems and a resultant loss in the

hoped-for flexibility of layout (46:47).

The biggest savings in money are realized with time, and are
reflected in reduced costs of cleaning, making changes to
working arrangements, and in renovation work (46:48).

AFM 86-2 promotes the use of open planning in Air Force
administrative facilities, as referenced in Chapter 1, for
reasons of layout flexibility.

In terms of overall space allowances per person,
paragraph 13-2 of AFM 86-2 provides definitions and
allowances for gross building area, net office area, net
floor area, administrative support space, and special purpose
space. At paragraph 13-3, net floor area per building
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occupant is restricted to 115 SF minimum and 130 SF maximum.

This includes administrative support areas such as conference
rooms, file storage, supplies storage, mail handling, and
reproduction. The actual usable net office area dedicated
for each individual office or workstation is restricted to 80
SF minimum and 90 SF maximum.

Paragraph 13-4 of AFM 86-2 gives guidance to designers
on this issue:

Project planners and facility designers should make an

analysis of the types and numbers of personnel to be

housed, and determine the desirable minimum net office

area per person. This should be followed by an analysis

of administrative support space requirements, taking

into account the types of activities being housed (15).
However, it also states that these requirements must not
exceed the maximum allowances quoted above. Thus, while
promoting the open planning concept and recognizing its
inherent flexibility and space-saving potential, there is no
policy to reduce space allowances to below that for
conventional partitioned offices. However, Major Commands,
BCEs, and individual designers may feel that particular
situations warrant restriction to the lower end of the space
allowance range.

Workstations. Workstations are individual working
areas, and are usually clustered in functional arrangements
along lines of communications and workflow. Mogelescu states

the results of an unreferenced survey of executives conducted

in the late 1960's. 1In the survey,
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;S The workstation concept was ranked high among the ten
Y most significant post-World War II office developments,

R largely because of its importance in the utilization of
" space and the offsetting of spiralling costs (41:105).
\

.$ Systems furniture is a recent term given to describe

}i complex workstation furniture designed to improve the

functionality, decor, privacy, and flexibility of

xS

&5 workstations. Systems furniture is usually composed of the
i‘ following interlocking components : movable screens or

= panels, to offer some visual privacy for personnel when

}2 seated and some acoustical damping; shelving for books;

g drawers; working surface, including space for a computer

@ terminal; and integral task lighting, electrical and

E; communications wiring, and power outlets.

?i Much of today's systems furniture is modular with many
37. optional accessories and variations of arrangement to suit
5§ individual preferences and workflow requirements.

ii Workstations utilizing systems furniture can also be

ii clustered together in many different arrangements, to suit
CE group activity needs.

EE Pile, in Open Qffice Planning, reviews 13 of the several
g? hundred office furniture systems now in production (46:18-
o 45). His main observation on the use of systems furniture is
TQ that, for any single facility, "Dedication to a particular
‘? system - all of whose components are fully interchangeable -
f\' furthers flexibility..." (46:18). Pile presents 12 case

zr studies where open planning has been used, primarily to show
 $ that there are many ways of effectively using and arranging
e 91
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e
o":
43
:$' systems furniture, lighting, carpeting, file storage, and
i
J” computer systems in an open plan office, to maximize the
{g‘ functionality of the space and yet provide an attractive,
"
P
”Q enjoyable working environment.
X
W
?3 Pile issues a warning on the use of privacy screening in
j open planning;
N

’ The use of systems furniture has a tendency to limit the
e openness of open planning, replacing truly open areas

- with clusters of screened units that often seem to
approach the cubicles of a partitioned office. An

‘iﬁ excessive use of screen enclosures is probably the most
B, common mistake in current open planning...(however) Even
A when you an ‘open' plan seems to be drifting toward

fﬁ total enclosure, it still retains the virtues of easy
e flexibility, a flexibility that no conventionally

o partitioned office space can approach (46:16).

xﬁ Demountable Wall Partitioning. Floor plans for large
425 office functions can be designed as essentially open plan
;._ offices but partitioned into individual and small group

L

t. 4 :

%-, offices using floor to ceiling wall partitions which either
3 . fix or slide into covered floor and ceiling tracks.

i

&) Flexibility is still enhanced in that a number of redundant
g

*j tracks are installed with the initial construction, and the
"(

: - users privacy and noise requirements can also be satisfied.
‘,, Air conditioning, heating, and lighting are all either
X

{{ in-ceiling or in-wall, electrical and communications wiring
F 7y

;}j is usually floor and external fixed wall ducted. No

'!f electrical or other services are integral to the demountable
.r:'

o walls.

J'_‘

ﬁf In such offices the walls tend to be semi-permanent.

N R
ARNL -RARARRE

Removal and installation usually require semi-skilled labor,
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and creation of additional doorways requires skilled

carpentry.

For those organizations skeptical of the open planning
concept but desirous of greater flexibility and reduced
remodelling disruptions and costs, this type of design and

construction may be an effective compromise.

Computers in Space Planning and Management.

For all but the most straight forward methods of space
planning reviewed earlier in this chapter, computers are used
almost exclusively because of their capacity to handle large
amounts of data, generate many alternative layouts quickly
and at low unit cost. Programs utilize algorithms or
heuristic rules and procedures. The earlier discussion on
systematic versus intuitive space planning methods
highlighted the need for objectivity and thoroughness to
ensure all functions, activity relationships, locational
criteria, and space constraints are considered in designing
or redesigning a floor plan layout. Grant states

Systematization of approaches to design and planning has

been encouraged by the development of the computer, and

the temptation to try and develop computer-assisted
design techniques. The computer is a harsh critic with
regard to detail, thoroughness, and explicit process
description; it simply does not function if these

characteristics are not satisfied (26:5).

In many organizations computers are utilized effectively

as drafting tools but not as design tools. Some

organizations which are exceptions to this, particularly in
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space planning, are listed in the review of applications to
follow.

The following extract from an article by Buffa, Armour,
and Vollmann, entitled Allocating Facilities with CRAFT,
highlights the advantages of computerized techniques in space
planning. CRAFT does not generate alternatives; it only
evaluates them. However, despite being developed in 1963, it
is still used in conjunction with layout generator programs.
Although directed at manufacturing plant application, it is
equally true of the design of most facility-types:

How can management evaluate the effectiveness of the

layouts which come in from the company's industrial

engineering department or from an outside engineering
and architectural firm? Usually, there are only a few
alternate plant layouts for management to study,
although the number possible is staggering. Of the two
or three alternate layouts, it may be fairly obvious
which is the most effective. But what of the thousands
of possibilities not presented? Management assumes that
the analysts have disposed of them in their analysis,
but have they? The answer in the past has been no,
because 1t would have been too expensive to attempt to
analyze any large fraction of the possible alternate

layouts (8:136).

Programming languages that enable designers to translate
building descriptions (including spatial arrangements) into a
format capable of being transformed by computer, displayed in
visual form, and evaluated in terms of some input criteria,
have been under development for some 25-30 years. Computer
hardware and software have been developed to utilize these

capabilities. Mitchell (39) cites a study, by Hoskins made

in 1973, of the requirements for the development of such
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::: systems. It concluded that the following are required for
o
ey full realization of the benefits of such a system:
:I: 1. A manageable database of components whose performance
Nl standards are known and assembly conditions pre-defined,
. and a database structure for ease of accessing and
s storage;
B L
}) ’ 2. Design rules for locating components;
oy
.“ﬁ 3. Design rules for arranging spaces;
'Y
hf 4. Activity data for specification of spaces, fittings, and
e finishings; and
i-& 5. Establishment of criteria for evaluation and
o optimization.
gy
DA 1}
.;h There exist today many programs that handle such data
e p
‘:. and act as effective design tools. Some of these have been
i@ reviewed and are presented in Appendix E. Some are systems
o
fftﬁ developed by organizations for their specific use, some by
»
i,_. academic researchers, and others for commercial purposes.
;%ﬁ\ Only those which available literature indicates incorporate
‘f& automated space planning, evaluation, or space management
737 packages, are included.
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III. Methodology

Chapter Overview

This chapter describes the methodology used to
investigate the research objectives stated in Chapter I. It
describes the development of the instruments by which data on
AFCE practices and perceptions was obtained, and how this

data was analyzed to answer the research objectives.

General Method

Data was obtained from HQ USAF, MAJCOM, and BCE
personnel, and from a review of literature. Three different
means of collecting data from personnel were used. First, HQ
USAF experts in Base Comprehensive Planning and Real Property
Accounting were interviewed. Second, MAJCOMs were sent a
letter requesting details of space planning and management
policies for bases under their control. Finally, BCE Real
Property and Design chiefs were surveyed for actual space
planning and space management practices used at base level

and for their perceptions on various related issues.

Justification of Approach

Interviews. HQ USAF/LEEVX BCP expert, Mr Phil Clark,
and HQ USAF/LEERV Real Property leaders, Mr Dick Jonkers and
Mr Bill Edwards, were interviewed in person for the following

purposes:
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1. to provide initial guidance for this research,
assist in the refinement of its scope, and to provide sources
for the review of literature;

2. to gain an overall appreciation of the USAF's
design, planning, and real property policies dealing with
facility space management issues;

3. to produce a list of planning criteria seen as
important considerations when designing and managing building
space;

4. to obtain background material on factors that
constrain AFCE personnel from achieving high facility
utilization; and

5. to construct a measure for assessing the
effectiveness of methods used by base personnel to manage the
use of facility space.

Being a foreign Officer, the author was unfamiliar with
AFCE Design and Real Property regqulations, policies, and
procedures. The interviews provided a good perspective of
the AFCE organization. Data produced from these interviews
[ ] and follow up conversations were qualitative only and were

not analyzed statistically.

; Letter to MAJCOMS. A letter was sent to all MAJCOM/DEs
[

-@ to determine their policies on space usage issues other than
.

:2 that found in AFRs and AFMs. The letter also aimed to

i

If:

t. determine if MAJCOMS monitored the utilization of space on
.

o

' bases as directed by AFRs, and how they were able to assess
v
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xé whether a base was utilizing its available facilities as well
- as it could. A copy of the letter is in Appendix F.

i;ﬁ Their perceptions of how base personnel designed

E facilities and managed existing space were also canvassed,
:“. for comparison with actual practices learned from the BCE
ay

ot survey.

15& Survey Questionnaire. Civil Engineering personnel at
b Air Force bases provided data on actual space management

‘i; practices and perceptions via a mail survey. No similar

73 study has previously been made, thus no database existed. A
b copy of the questionnaire used is in Appendix G.

'E: The advantages and disadvantages of conducting surveys
ié; are acknowledged. Dominowski, in his book Research Methods,
{ ! states that "the survey method draws the researcher's

1£ attention to the use of getting a representative sample of
;i subjects" (19:186). He also states that, because they rely
TS on reports of behavior rather than observations of behavior,
.f surveys can cause bias in the information obtained (19:186-
%E 187). He adds, however, that this bias can be reduced by

: increasing the degree of anonymity felt by the respondent

?j (19:184). Stone, in Research Methods in Organizational

tz& Behavior, agrees with Dominowski that an uncoded mail survey
LE produces the maximum anonymity (56:69; 19:185).

ﬂg Dominowski states that "surveys can be used simply to
;% estimate population characteristics or to study relations

‘ between variables” (19:185). This survey did both.
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Fowler, in his book Survey Research Methods, favors the

personnel survey method. Among this method's many
advantages, he lists its effectiveness in gaining the
cooperation of respondents and the ability of the interviewer
to probe for deeper, more succinct answers to complex
questions (22:70). However, the time and expense required to
set up and conduct such series of interviews would have
exceeded that available.

Fowler lists as some of the advantages of thc telephone
interview, the potential for a much shorter data collection
period than either the personal or mail survey method, a
better likely response rate than for a mail survey, and low
costs (especially where an organizational telephone network
such as AUTOVON is available). The main disadvantage is seen
as the limitation on the range of response alternatives that
can be offered over the telephone (22:71).

The mail survey method was chosen rather than telephone
or personal interview for three reasons: first, the writer
has insufficient time to visit each MAJCOM and base; second,
to avoid the risk of being misunderstood by respondents
during telephone conversations; and third, to permit the
respondents to answer structured, subjective questions
freely, honestly, and thoughtfully, with a maximum of
anonymity and the flexibility to look up records and consult

with others if required (22:71).
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Populations

MAJCCMS. Due to the small number of MAJCOMS, all were
sent the identical letter. This constituted a census of
Command policies for regulating base procedures and Command
procedures for monitoring base efforts.

Mail Survey. The author chose to survey Chiefs of

Design (DEEE) and Chiefs of Real Property (DEER) at
Continental United States (CONUS) Air Force BCE
organizations. As many of the survey questions reguired
factual responses it was felt that only one response was
required from each of the two sections of each organization.
For example, the methods and procedures of architectural
design and space management used by BCE staff should be known
by these section chiefs. "Also, it was felt that these
individuals would probably be, as a group, more concerned
with improving their organization's effectiveness in facility
utilization than their staff, and so their perceptions would
be of most value.

A list of the 82 CONUS Base Civil Engineering squadrons
was obtained and a separate guestionnaire was sent to each of
the two office bearers, giving a survey population of 164.
For such a small population, a census was chosen. It was
assumed that most of the population would be civilian,
although confirmation of this was neither sought by, nor
considered relevant to, the study. Although the names of

respondents were not requested, the questionnaires were coded
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:4 by hand prior to distribution toc allow the author to identify
,1
o the base and office for each response.
N
& .

e Data Collection

Sy

.: The MAJCOM letter sought open-ended responses only. The
iﬁ ’ mail survey questionnaire was sent to the Personnel Survey

h)

»J‘ Branch, Air Force Manpower and Personnel Center (AFMPC) on 24
oy
by April 1987 for approval. The approved questionnaire was

» given USAF survey control number 87-61, expiring 1 August

J',‘

2- 1987. The questionnaires were mailed, one to each Chief of
o,
1ﬁ Real Property and Chief of Design, on 2 June 1987. From the
s

s pre-distribution codings, responses were identified as being
¥ either from a Chief of Design or from a Chief of Real

\
o Property. Throughout the entire questionnaire both groups,
a‘ or sub-populations, were asked to respond to the same

D

5: questions whether they referred to space planning or space

b ]

Cad

f: managemcnt issues.

b The survey questionnaire was constructed in eight parts
R l’

o

h and sought to provide a mixture of quantitative and

L4

o

‘ perceptual data. The first seven parts were directly related
e to the research objectives, while Part 8 focused on the

Y

‘S background of the respondent. Most questions in Parts 1 to 7
J

)

o provided a statement which called for a judgment or opinion.
,: These questions requested responses on a Likert scale, from
iS9

: ‘strongly disagree' to ‘strongly agree,' as shown below.

A
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&f: 1 = Means you strongly disagree with the statement.
&ﬂ\ 2 = Means you moderately disagree with the statement.
ﬂkf’ 3 = Means you slightly disagree with the statement.
. { 4 = Means you neither agree nor disagree with the
P statement.
*f} 5 = Means you slightly agree with the statement.
A~ 6 = Means you moderately agree with the statement.
'Q 7 = Means you strongly agree with the statement.
)
\) '
‘ot A second type of question asked respondents to make a
§ \’: -~
‘Ifj selection from a list of independent and unordered responses
LA A
C ¢
e such as procedures, design tools, and data sources. A third
fij type of question provided a list of ordered, quantitative
)",..
\ '. . a2
Yy responses. Both of these types of gquestions required factual
A
ED” answers rather than perceptual.
;f: A definition of each of the four levels of data commonly
s
w}ﬂ generated by surveys is provided below:
b 'if.
L. : : . :
5' Nominal - people, organizations, events, are sorted into
i‘,' unordered categories with respect to a particular
o attribute or variable.
U
ﬁﬁﬁ: Ordinal - people, organizations, events, are ordered or
::ﬁ- placed in ordered categories along a single dimension
;j’ with respect to a particular attribute or variable.
ff: Interval - numbers are attached that provide meaningful
K information about the distance between ordered stimuli
R % or classes.
\ ‘\-::‘
S0 Ratio - numbers are assigned that have absolute meaning, such
Wk as a count or measurement by an objective, physical
}E scale such as distance, weight, or pressure (22:85).
M
- In Parts 1 to 7, the agree-disagree questions produced |
1Y
f.: interval level data, the second type generated nominal level ‘
j\:t data, and the third type generated ratio level data (actual
o \.,,"»
:%S square feet of area), although the data from these Questions
\ A ',.'\
;1$ was treated only as ordinal in the analysis.
‘;.. y
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Sonquist and Dunkelberg, in their book Survey and

Opinion Research, state that the assumptions of the Likert

model "lead to a linear combination of items (eg. their sum
or average) and so0 to an interval scale, rather than one with
merely ordinal properties" (51:263). They also generalize on
the adaptability of the Likert model to different research
requirements -

With enough items, Likert scales can apparently be made

highly reliable, they are relatively easy to construct,

and they can easily be adapted to many different types

of measurement situations (51:265).

They outline various methods for constructing surveys
having questions with different ranges of possible responses
and subsequently normalizing them to a common range.

Fowler recognizes the prevalence of agree-disagree
guestions in survey research today and notes two main
potential limits. First, "The statement, in order to be
interpretable, must ke located at the end of a continuum”
(22:89), meaning that statements which describe a potential

judgment or opinion that is non-committal should be avcided

as they will provide unreliable responses.

Data Analysis

Letter responses to the MAJCOM letter were received and
comments to the various questions posed were tabulated on
word processor and compared by hand.

Survey responses were analyzed using the AFIT ASC

computer system, comprising a VAX 11/78% running the UNIX
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\f operating system. The Statistical Package for the Social
o~
‘ \"
.*’ Sciences (SPSS) was utilized to perform a variety of
*¥ statistical analyses and tests. All summary sample
oS!
iﬂ statistics and results of analyses and tests made using the
) P
*; following SPSS procedures are presented in Chapter IV with a
i
e
K discussion of their significance.
LS
S
gy
AL Research Steps for Each Research Objective
oY
Each objective is restated below, followed by the means
N
{i of researching it, those sections of the survey questionnaire
r.~
g4
f}' which provided data for analysis, the statistical methods of
¢ analysis used, and the SPSS procedures used. Only brief
L/ .r:'
:{ explanations of statistical principles are given.
.r?‘
e
. ‘. .
i } Research Objective 1.
e
2? Determine what methods are currently being used by
}ﬁ facility designers and planners in AFCE, RAAF, and
) civilian organizations, to design efficient building
' layouts and to manage a facility's space throughout its
—) design life.
3
]
o
oy Methods of space planning and management used by RAAF
~i
X and US civilian organizations were researched and reported in
Zif Chapter II. Chapter II researched all available methods,
se.
-t including techniques and programs, whether they are used
;: widely in practice or not.
_;: A sample of the space inventory exercises that have been
e
:i conducted by A-E firms as part of USAF Base Comprehensive
&
LR
”ff Planning contracts and a summary of the capabilities of WIMS
-
':_-;. 104
<
A
‘~'I
L 7
P
A
'."Q. " e \}'.“', '.,' . '.‘_ ..‘.-Q‘.'_“ Y .'...'. .’I L) " L . ® - LIRS R AT ﬂ'r -~ ra -
. e W AL . a~ "‘! e ATy, v o! ,.4..“‘ W] o ..v ..'. '-.!'-.!’\. -.‘.'l AR I YOn Yt M LN I M .';.t.-h.‘.‘ I,




in the area of real property space accounting were also
presented in Chapter II. A previous study by Mitnik (40)
identified the amount of time spent by AFCE architects in
conceptual layout planning and space allocation in relation
to their other activities. It also identified the degree of
Computer Aided Design (CAD) practiced in these tasks. Some
of his data and conclusions are reported.

The letter to MAJCOMs requested more specific data on
methods of space planning and management used by BECE
personnel, including the extent of use of computers for these
purposes. MAJCOM responses to the questions asked are
reported and are subjectively compared to the survey
questionnaire responses in order to assess whether specific
methods are recognized and promoted throughout the USAF.

Part 1 of the survey questionnaire contained 13
questions. Of these, questions 3, 6, 9, 11, 12, and 13 were
directed at determining the methods that are actually
practiced in AFCE.

Questions 1, 2, 4, and 5 sought perceptions of the
adequacy of AFRs and AFMs in providing guidance to BCE
personnel but the responses to these questions were not used
in the data analysis as they could not be related directly to
any of the research objectives. In later sections Questions
33 and 37 were also related to space management methods.

Question 3 referred to the level of intuition used by

respondents when designing a new floorplan layout or
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i
’~. redesigning the laycu® of an existing facility. It was
f&: assumed that both groups are involved to some extent in
T layout activities in the course of their duties. In order to
*
\ determine if intuition is used more in space planning by real
i
My property personnel than by designers, an independent samples
[
A t-test was carried.
-
Lﬁ The purpose of this test is to see if the true group or
)
Y sub-population means are significantly different
:%. statistically (52:267). Without a 100 percent response rate
o
aﬁ} true population mean responses to individual questions cannot
Y
o be obtained. The independent samples t-test compares the
‘ﬁ; means of the two samples and allows the researcher to make a
[ " »
-,
:? statistical inference as to the equality of the two true
-,
K group means, according to the level of significance chosen by
8
:aﬂ the researcher. A hypothesis can be made as follows:
2;5 H
14 =
' .'4 o )-11 112
71 and Ha : ul # My
b
P where
-
-
‘:{ HO = the hypothesis that the true mean of group 1
o (ie. u) is equal to the true mean for group 2 ( “2)
o Ha = the alternate hypothesis that the two true group
. means are not equal
e
Pt
::ﬁ The sample means and variances and the t-statistic are
-Q: computed. The probability p that the true difference in the
D)
means will be higher than the absolute value of the
ﬁ? t-statistic or lower than its negative value is computed. If
e
2,
;jﬁ 106
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this probability is lower than the level of significance «
chosen, then the hypothesis HO i5 rejected in favor of H,.
The level of significance is defined as the least value
of p that is accepted as reasconably being caused by chance cor
sample variability and thus for which Hj is accepted (44:268;
18:102-104). It can be thought of as the probability of
making a Type I error, that 15, rejecting Ho when it is true.

R -
Sclla.

cr
—

A level of significance of 0.1 was chosen for all sta
tests conducted in the course of this research, and all were
tests of means. As the data analyzed dealt mainly with broad
methods used by, and perceptions of, the population, it was
not considered essential to ensure a lower probability of
making a Type I error. If p is greater than « (ie. if p>a )
this does not mean that Ho is true, but that there is
insufficient evidence to reject it. If p is less than « (ie.
if p<axa ) then there is sufficient evidence to reject Ho in
favor of H,. This procedure is known as a two-sided t-test.
Alternatively, the hypothesis may be one-sided. That
is, the alternate hypothesis can be that the true mean of one

group's responses 1s either lower or higher than the true

mean of the other group. An example is:




In this case, Ho i35 rejected if p is less than «/2 (ie. if
p<{ 2/2) as we are interested in only one side of the
probability distribution.

The SPSS procedure T-TEST was used to conduct
independent sample t-tests of the mean responses of the twc

groups to questions 3, 6, and 9. The hypotheses tested feor

questions 3 and 6 were:

Ho LS
and Ha : My < Mo
where
e the true mean of responses from Design Chiefs

the true mean of responses from Real Property
Chiefs

=
N
n o

The alternate hypotheses Ha state: 1) for gquestion 3, that
Design personnel rely less on intuition than do Real Property
personnel when laying out floor plans for either new or
existing facilities, and 2) for question 6, that Design
personnel perceive Real Property personnel as having less
responsibility for the redesign of existing facility layouts
than is perceived by real property personnel themselves.

The hypothesis tested for question 9 was:

- Ho : u1 = u2

and H My > My

where My and H, are defined above.
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;;3 In this case the alternate hypothesis H, 1s that Design
o Chiefs perceive that architectural design expertize iz more
;:{ reacdily provided to redesign layouts in existing facilities
N

itg than is perceived by Real Property Chiefs.

{u . The SPSS procedure FREQUENCIES was used to calculate

x; response frequency distributions and sample statistics such
ég] as the mean, median, mode, and standard deviation for

" responses to all questions. Questions 12 and 13 sought to
Q; establish what general floorplan design methods are used by
EE AFCE building designers and real property managers. Questiocn
0 11 sought to establish what general methods are used by

;;ﬁ organizations to assess whether or not a user is utiiizing
ﬁiz his space effectively. All three questions produced nominal
g‘{ level data and the their frequency distributions and modes
;Q§ are reported.

i% The SPSS precedure CROSSTABS was used to analyze

:)‘ questicn 12 and 13 responses, to establish if there is a

Eq significant difference in floorplan layout methods used by

$§ the two groups of respondents. As the data was nominal, the
’.f Chi-square statistic was used.

:ﬁ The CROSSTABS procedure tabulates the responses into

E; two-way contingency tables. It computes the cell freguencies
1;% which would be expected if no relationship is present between
‘£§ two classificatory level variables and compares these with
i%’ the actual cell frequencies produced in the table. The

’;T greater the discrepancies between the expected and actual
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cell frequencies, the larger will be the Chi-square
statistic. Small values for Chi-square are interpreted as
indicating no relationship, or statistical independence
(52:218-224).

The Chi-square test hypothesizes independence. The
probability of obtaining a higher value of the Chi-sqguare
statistic than that calculated if the variables are
independent, is found. If this probability is smaller than
the level of significance a« (0.1), then the hypothesis of
independence is rejected. In this case the Chi-square
statistic is said to be statistically significant at level «
and we can conclude that the variables are dependent
(52:224). A probability greater than « indicates
independence.

CROSSTABS was also run with the coded group number and
question 11 responses in order to determine if there is
dependence between the two groups and the perception of what
general methods are used by their organizations to manage

existing facility space.

Research Objective 2.

Determine the effectiveness of such methods, and make

recommendations to assist AFCE in making the most of its

building space resources.

The interviews of HQ USAF personnel and the letter to
MAJCOMS attempted to determine a gquantitative means of

measuring the effectiveness of CONUS bases in laying out and
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P managing i{ts facility space The survey gues-lionnaire lator
i Ve
Cy . . . : . N . :
" combined quantitative guestions with perceptual guestions in
N order to produce this measure,.

My

Ll . . .

A though Part 2 of the questiconnaire contained ceven

3

w.

& guestions, only gquestions 18 and 19 were considered during

i

"

9$ the analysis as objectively indicating the effectiveness of
s

«j an organization's efforts to maximize the utilization of its
L)

)

% 3 34 + 3 1 £ b + 3 [~k

facility space. Question 10 from Part 1 and gquestions 52 and

: A 53 from Part 6 were alsc considered to objectively indicate
o

:“~ effectiveness. Question 14 measured self-rated

Lo

! organizational effectiveness and guestion 15 measured

.3. perceived effectiveness of the Air Force as a whcle, and so
¥

5 neither were considered appropriate for inclusion into an
. objective multi-item measure. A measure of organizational
¢
" : : sy s sy
K- - effectiveness in utilizing facility space was created by
-
1

T combining the responses to questions 10, 18, 19, 52, and 53.
[\

o : : :

‘v A3 these questions were a mixture of agree-disagree and

- iy ; : P sy 1
A guantitative guestions regquiring an interval level response,
.-:'

j. responses to questions 19, 52, and 53 were recoded tc permit
¥

6 direct summation with the Likert scale responses of guestions
) 10 and 18.

{

.

3 For question 19, a building space surplus of over

i

é 100,000 SF was seen as equivalent to ‘strongly disagree' on
. the Likert scale with respect to effectiveness. A surplus of
(- less than 20,000 SF was taken as equivalent to ‘strongly

Ca

< : . :

- agree'. The intervening responses were recoded in rough

~
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0
o crcgortion Tzr guestions ©2 and 53, paragraph 13-2 oI AFM
l‘
¥
AN €6-2 3tates that the acceptakcle space allowance for net
e Cn cffice area per bullding occupant in administrative
LY -
-1 facililities is 80-90 SF. Thus, a response of 90 S5F to elther
Y
* guestion would be equivalent to ‘neither agree nor disagree'
. ~
“‘
*os on the Likert scale with respect to effectiveness, 75 SF cor
N
i less would indicate ‘strongly agree', and mocre than 90 SF
‘.4,
o T A s vt . ,
would indicate ‘slightly disagree'. Cther respcnsas wera
‘ :
i} reccded proportionally.
P Before the measure was used to analyze other data, it
b a3,
b N s . . . . . . .
L1 was tested £for reliability. Reliability, in this case, Is
@
¥ synonomous with internal consistency, dependablility,
+ 5
,g; stability, predictability, and accuracy (56:44). Stone, in
-
'I
2 . : : . .
{ Research Methods in Crganizational Behavior, describes
e A, .
O reliability as "the degree to which measurement of any
NJ‘ o
.
N, . . .
st: actribute contains error" (56:44). The less error contained
s
N’ I3 . . .
;) in the measure, the more reliable it i5 as a measurc of tho
{j construct or attribute in guestion.
\‘: . cq s s o : .
-} The reliability coefficient chosen to indicate the
~
o8 , . .
Py internal consistency of the measure of effectiveness and i3ll
O other measures in this research was Cronbach's alpha. This
o
L coefficient is an indicator of how well each pair of
SN
e , ,
“iﬁ variables in a measure correlate with each other. Steel (55)
[N
::: uses the heuristic (rule of thumb) guide in Table II to
-
o assess the reliability of a measure:
"
)
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o

g mab? rT
% Table II
N Yeuristic for Determining the
. Reliagbility of 3 Measure (5%}

LA

W

N

N Cronbach's alpha Assessment

)

2

4 . . . .
0.70 - 0.79 Fair Reliability

R 0.8C - 0.89 Good Reliability

o

. 0.20 - 1.00 Excellent Reliability
i

\d
'l
‘S The SPSS procedure RELIABILITY was used tc calculate
': Cronbach's alpha. It also produced a table of alpha valuss

for the measure 1f each variable was separately deleted frcm
' the measure. These values indicated which variable(s)
[ detracted from thw measure's reliability and should therefor
4 be removed from the measure. In this manner, the measure of
~

¥ effectiveness and other measures were tested and modified o
(-

o obtain the maximum reliability for each before uasing the

e measure in further statistical tests.

‘; Stone states that the reliability of a measure places an
o < ; . .

I upper limit on i%ts correlation with any cther measure. The

. e T4+ + + 3 = -

j observed correlation between two measures having less than
! perfect reliability (that is, 1.00), will equal the product
.

-

i f their “true' correlation and the square root of the
x product of their respective reliabilities (56:5C). This
[ »,*

. means that the observed correlation between two measures will
b be considerably lower than their true correlation if one or

. both measures have a low reliability. The Chapter V analysis
&
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Summary statistics of the measure c ffectiven

computed using the FREQUENCIES procedure.
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T

oy

veness e
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-
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ods used by AFCE crganiza*ticns were determined isL%

SPSS prccedure ANOVA. The population was brcken dow

jo]

- —-_ 3 -
- SCTIONLS

their

O

groups according 2s5ponses Lo Jue

£
b

(a2}

and the true mean e

The relativ

e

ectiveness of each group's organiza

various design and space management

were compared using the following hypothesis:
Hy = Hp = Mo 7 - T Hy
and Ha : At least two of these means are unegua:

where n is5 the number of methods offered as responses

guestions 11 or 12. A high F statistic with a low &ass
probability (g{0.1), indicates that the hypothesis can
rejected and that at least twc 0f the means are signif

different.

Final

wr

ly, the perceived effectiveness of AFCE

organizations
their base facilities was hypothesized to be different
each of the two groups.
to determine if there is a difference in effectiveness
between the two groups'

responses. The hypothesis was
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the true mean effectiveness as perceived by lesiyn
Chiefs
U, = the true mean effectiveness as perceived by Real
Property Chiefs
This t-test was performed on three measures: 1) the
multiple item measure of space utilization effectiveness,
2) the question 14 measure of self-rated effectiveness, and

3) the question 15 measure of perceived Air Force wide

effectiveness.

Research Objective 3.

Gather perceptions of AFCE facilities design and real
property planning personnel on the comprehensiveness,
accuracy, and accessibility of the data that is
collected to manage the utilization of building space,
and determine if there is a relationship between these
factors and the effectiveness of their efforts.

The survey questionnaire, primarily at Part 3, asked ECE
perscnnel 1f they thought that the data collected tc assess
building utilization was comprehensive, accurate with
reregard to the true effective utilization of a building's
space, and if it was readily accessible.

Measures for three constructs - comprehensiveness,
accuracy, and accessibility of the data - were constructed by

summing responses to questions into multi-item scales, as

follows:




PR A
LS

-
Ik
.

»
LA

W

P A

PRI i hi

g
.

AN L7, ¥

WAL

PR

Plld

-
P

i .IL“-.'-.':'I a

.

LA

B

, -« .
e @SN

Py

- ~ - o - - - -~ RN e Yo - 1 RN

3 Comprehensiveness juestizsns 21, 2%, 22, and 2
A ' ~re ~ - . N Q AR A ~y ; 1 9na

ol \CCur Loy yrescionc 9, e, 7T, 26, an

-~ Ao~ - - b~ M - - - ~ - A Rk ERES ) ~

- ACIZess 0Lt =Y - JueaelTln s oo, i, PROT I,

Rezponses tc guestions g, 26, ind 29 were reccded U :coercc

the negativity of *hese questicons. The SPES procedur=
RELIABILITY was used *o determine *the reliability & each
measure and %¢ improve Lt by deleting iny varfables whizh 213

noct correlate well with others in the measurce.
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Summary stati ures were produced

1sing the FREQUENCIES procedure and the means are repor4c?.

The T-TEST procedure was used to compare the percegpticns of
£

Design Chiefs with those of Real Property Chiefs con all thrcoe

constructs. The hypothesis, for each construct, was:

)
and H, My # Ho
where
My T the true mean as perceived by Chiefs of Deczign
Moy = the true mean as perceived by Chiefsz cof Real
Property
Per Yy

These multi-item measures were correlated with +the
measure of effectiveness developed £for research objective 2
in order to determine if these three constructs were relatecd
tc the effectiveness of organizations in utilizing their
facility space. The SPSS procedure PEARSON CORR was used for

this purpose. SP33 - Statistical Package for the Social

Cciences states that the Pearson correlation coefficient r is
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used tc measure the strength cf ralaticnship cetwean “we
interwval level variables %1532, when r 15 sguared, U
indicates the proporticn of varlance in cne varizbloa
exglained by the other (44:280).

As referenced earlier in this chapter, Likert-3c3l=2
gquestions do produce interval-level data (81:263). The

multi-item scales were compcsed of Liker*t-scale guestisns :ind
the resultant summed data is thus also interval-level. The
Pearson r coefficients are reported, together with a
subjective analysis of the strength of the relationships

according tc the heuristic scale presented in Table III (12}:

Heuristic for Determining the Strength of
Relationship Between Two Variables
Based on Pearson r (12)

Absolute value Strength cf
of 'r! Relationship
1.C Perfect
.8 - 0.99 Very strong
0.6 0.79 Strong
0.4 - 0.59 Moderate
0.2 - 0.39 Weak
0.01 - 0.19 No relationship

Question 31 sought to establish the degrec of

computerization in the maintenance of AFCE real property
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iccessibility was divided into four groups, as classified by
questicn 21. The means of comprehensiveness, accuracy, and
accessibiiity for each of these groups were compared to
detect any significant differences. The hypotheses for the

three tests are as follows:

H . = = =
0 Hy H Hy My
and Ha At least two of these means are unegua.
where
ul = the true mean comprehensiveness, accuracy, Or

acessibility of real property data for
organizations using WIMS for real property database
management

U, = the true mean comprehensiveness, accuracy, Or
acessibility of organizations using DBMS software
on personal computers for real property database

1]

management

u3 = the true mean comprehensiveness, accuracy, Or
acessibility of organizations using manual records
for real property database management

W, = the true mean comprehensiveness, accuracy, ot

acessibility of organizations using BEAMS for real
property database management

Ail Pearson r coefficients produced and the results of

the ANOVA and T-TEST procedures are reported.

Research Qbjective 4

Determine who actually controls the utilization of
building space on USAF installations. What roles do the
Base (Civil Engineer (BCE) and the Facilities Board (FB)
have in this task? Do unit commanders manage the use of
space within their own allocated buildings, or is this
function also performed centrally to coordinate all base
requirements?
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Part 4 of the questionnaire addressed each of these

questions directly. Although regulations state that the FB
controls the use of all facilities, the BCE must receive and
coordinate requests for space, suggest and evaluate
alternative means of satisfying these requests, make
recommendations to the FB, budget for new construction and
modifications, program the work, and implement the decisions
of the board.

Since BCE personnel are involved with all stages of this
process, it 1s possible that a BCE who perceives this task as
his responsibility and whose FB trust his recommendations,
will have a greater control over space allocation and be more
successful in finding accommodation for new requirements as
they arise.

With the exception of questions 37 and 40, all Part 4
questions (34 to 42) were combined to form a multi-item
measure of the perceived degree of BCE control over space
allocation within USAF facilities. Questions 35, 36, 39, and
42 were recoded to ensure that low values on the Likert scale
corresponded to a respondent's perception that the BCE had
little control over space allocation, and that high values
corresponded to the perception that the BCE had good control.

The SPSS procedure RELIABILITY was used to improve the
reliability of this measure by deleting any variables not
correlating well with others in the measure. The summary

statistics for the final combined measure are reported.
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The T7-TEST procedure was used tc determine whether this
perception varied between design and real property chiefs.

The hypothesis was:

Ho: L )
and Ha : My # Hy
where
My o= the true mean of summed responses from Design
Chiefs
U, = the true mean of summed responses from the Chiefs

2
- £ Real Property

The PEARSON CORR procedure was used to determine if a
relationship existed between the perceived level of BCE
control and the organizations' effectiveness at utilizing its
facility space. A Pearson r coefficient was obtained for
this relationship by correlating these two multi-item
measures. All T-TEST results and the Pearson r coefficient

are reported.

Research Objective 5.

Determine what constraints there are to the effective

management of building space.

Part 5 of the questionnaire was directed at identifyihg
these constraints. From personal experience a list of
possible constraints was composed and framed as statements

for respondents to consider. These were:
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a. the age and condition of facilities - gquestion 13;

(e}

the Jdifficulty in physically separating surp.us space
from a user's approved 3pace allocation - guestion 34

’

c. the relative availability of Cperation and Maintenance
{C&M' £funds and Military Construction Program (MCP) funds

- question 45;

d. the difficulty in assessing the effectivene.s of a
facility's utilization - gquestion 46;

e. the lack of funds for modifications reguired to maxe
surplus space functional - guestion 47;

£. building habitability - question 48;

g. disruption of user operations during rearrangement and
alteration - question 50; and

h. user objections to sharing £faciliflies with other users -
question 51.

During data analysis it was decided that gquestion 43 was
badly worded and responses did not indicate whether a
respondent perceived age and condition to be a constraint, so0
this question was not used. A response on the upper side of
the Likert scale (that is, in the ‘agree' range!), for
questions 44, 45, 46, 47, and 51, was taxen as meaning tha“
the constraint is considered real to the extent indicated.
For questions 48 and 50 a low response was taken as

indicating that the constraint is considered real.

Research Objective 6.

Construct a list of planning factors inveolved in the
redistribution of building space.

Part 6 of the questionnaire listed possible planning

factors, or criteria, for consideration by BCE personnel when
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fﬁ either designing £loor layouts cor vedistributing existing
o
- space between users. As in rasearch objective 5, they were
W )
Ko, framed as statements for respondents to consider. These
-0

j} criteria were:

~
' ‘ T ) ~ > P32 ] 3 3 + £

‘ . a. allowable “net office area' per building cccupant for new
A £fice accommodation design purposes - guestion 52;

B, -,

Ko b. allcwable “net office area' per building occupant used
= for redistributing space for offices in existing

b . .

i" accommodation - guestion 53;

) c the need for proximity between related activities -
W guestion 54,

s d. the cost of satisfying user requirements for space -
¥ .

AV gquestion 55;

bt e. minimization of low use and circulation areas -
P guestion 56;

1,.

N £. subsequent flexibility of the layout (cost and ease cof
o making later mcdifications) - question %57;

[ -
.
4 g. use of open plan design as a means of enhancing
W lexibility and reducing subsequent costs -
b guestions 58 and 59;

k) ":

- : s : ; ;

3 h. the importance of facilitating circulation (flow ¢f

perscnnel . through a facility - question 60; and

LS

the speed of fulfilling the space requirement -
guestion 61.

P
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§; Sample statistics for the responses tc each cf thecse
guestions are reported.
o
- The first two of these factors have a large impact on
-.\
¢: space utilization. MAJCCMs agreed in their responses toc the
ol
- @, .
- author's letter that a per person net office area allowance
)
[« of less than 75 SF of net office area causes overcrowding.
W
1
Y . .
e AFM 86-2 suggests that 80-90 SF be used as a planning figure.
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An allcowance cf over 90 SF could indicate underutilizat

: e
ing existing
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Due to the constraints imposed by u
ouildings to house functicns for which they were not
designed, it was expected that the space allowance used for

renovating and re-using existing facilities (guestion 52)

rh

PRI
+ticies

[

wculd exceed that for use in planning new £fac
(question 52). This was tested using the T-TEST procedurc.

A paired samples t-test was made because the mean responses

0f the overall population to two different guestions were

o

the same gquestion, as was the case with all previcus

independent-sample t-tests. The hypothesis was:
Ho ©0 M 7 Mg
and Ha : My < Mo
where
M1 = the true populaticn mean response to guesztion

cn
- s
true pcpulation mean response to question 53

"

+
Yy
]

The probability asscciated with the resulting

t-statistic was interpreted in the same way asz for the

independent samples t-test. Questions 52 and 52 produced at

least interval level data.
As with the constraints in research objective 5, a

response in the ‘agree' range toc the other Part 6 questions

{54 to 61) signify that respondents feel that these possible

factors are important.

£

eing compared rather than the different groups' responses *¢
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es5earch Objective 7.

Determine what effort is actually made to consider the
possible reallocation and/or rehabilitation of existing
cuilding space as an alternative tc new construction.

As stated in Chapter I, 1f all possible means of
accommodating a requirement from within existing facilities
are ccnsidered, then unnecessary new construction may be
avoided.

Part 7 of the questionnaire reguested respondents
outline the steps that are taken by theilr organizaticn to
satisfy new requirements for space. Statements were prowvided
concerning the respective roles of Real Property and Dezign
Sections in the requirement review process, and in the
formulation and evaluation of alternative means of
accommodating these requirements.

Questions 62 to 68 were of the Likert scale agree-
disagree type. High responses were interpreted as meaning
that these possible steps are actually taken to evaluate
space requirements and to select the best course of action.
The magnitude of the response was interpreted as indicating
the degree tc which these steps are institutionalized as
standard practices. Responses to question 64 were not uszed
in the analysis as the statement did not present a position
close to the end of a continuum as recommended by Fowler
{22:89).

Question 69 is a classificatory gquestion which provided

A selection of four possible responses. It sought to

12%
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A IV. Results

5 Chapter Overview

This chapter presents the data collected from the two

.. survey instruments and the results of the statistical tests
described in Chapter III. First, frequency distributions for
responses to all demographic, classificatory and multi-level
quantitative questions are presented. Next, for all

. questions requiring a response on the seven level agree-
disagree Likert scale, the sample means and standard
deviations are given. The results of the statistical tests
outlined in Chapter III for each of the seven research
objectives are then reported. A selection of written

- comments by survey respondents is then presented, followed by

Can it
AR

Wwritten responses Lo questions in the letter to MAJCOM/DEs.

..

Presentation of Findings of Survey Questionnaire

Survey Response. A letter hastening responses was sent

on 12 June 1987. From 164 questionnaires distributed, 89

Sl s XL

responses were received by the cut-off date of 16 July 1987,
giving a response rate of approximately 54 percent of the
o population. From the two sub-populations of 82 Chiefs of

Real Property and 82 Chiefs of Design, 52 and 37 responses

respectively were received. This constituted response rates
of 63 and 45 percent. Seeing that a census was taken of the
127
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population rather than a sample, this overall response rate
is sufficient to infer population characteristics.

As the number of responses from each sub-population were
both greater than 30, the Central Limit Theorem permitted
analysis of the survey data using statistical tests which
assume that the data is normally distributed.

Responses to each of the survey questions by the
respondents are in the computer generated list in Appendix H.
Missing data was excluded from analysis by setting the number
of responses to each individual question as the sample size
for that question.

Demographic Data. Questions 70, 71, 72, and the pre-

distribution codings established the duties and academic
background of respondents. Frequency distributions are
presented in Tables IV, V, VI and VII. From Table IV, the
distribution of the 22 ‘other' responses to Question 70 is
given in Table VIII.

Classificatory Questions. Questions 11, 12, 13, 31, 32,

33, and 69 required a selection from a range of independent
responses. The question is repeated followed by the

frequency distributions, in Tables IX to XIV.




Table IV

Undergraduate Degree of Survey Respondents

Degree Number Percent
Architecture 8 9.0
Town/City/Urban Planning 0 0
Civil Engineering * 23 25.8
Mechanical Engineering 4 4.5
Other Engineering 10 11.2
Building Sciences 2 2.2
Other 22 24 .7
None 18 20.2
- No response - 2 2.2

Total 89
*  Mode
Table V

Current Primary Duty of Survey Respondents

Duty Number Percent
Architectural Design 6 6.7
Real Property Management * 46 51.7
Engineering Management 29 32.6
Other 6 6.7
- No response - 2 2.2
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Table VI

Years Experience in Current Primary Duty
Years Number Percent
1 yr or less 4 4.5
Between 1 and 2 yrs 2 2.2
Between 2 and 3 yrs 3 3.4
Between 3 and 4 yrs 3 3.4
4 yrs or more * 75 84.3
- No response 2 2.2
Total 83
*  Mode
Table VII
Distribution of Respondents by Discipline
Chief of: Number Percent
Design 37 41.6
Real Property * 52 58.4
Total 89
*  Mode
Table VIII
Distribution of 'Other' Responses from Table IV
Degree Number Percent
(of total)
Real Property/Real Estate 8 9.0
Business Admin./Real Estate * 9 10.1
English major 1 1.1
3‘ Psychology major 1 1.1
Education/Business Admin. 1 1.1
- Accounting 1 1.1
- Foreign Languages 1 1.1
Total 22
*  Mode
130
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Table IX

Distribution of Methods Used to Assess
Underutilization of Facility Space

(Survey Question 11)

Response Number | Percent
Known occupancy/allowances of AFM 86-2 * 29 32.6
Known occupancy/equipment space reqg'ts 11 12.4
Visiting buildings/subjective assessment 19 21.3
Personal knowledge of base facilities and 10 11.2

the relative efficiency of their usage
Other 17 19.1
- No response - 3 3.4
Total 89

*  Mode

Table X

Distribution of Design Tools Used for Floorplan Layout

{Survey Question 12)

Response Number Percent

Some type of computer software 0

Bubble diagrams 18 22.8

Functional Relationship chart 15 16.9

AFM 88-2 standard designs 10 11.2

Linear programming 0

Intuition and experience * 30 33.7

Other 6 6.7

- No response - 10 11.2
Total 89

*  Mode
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Tan.e XI
Disrsridvution >f Tomputer Usage
for Floorplan Layodu*®

tSurvey Question 1

2
S

Lo et A e ard S pA SAh i albh aidh aid SEC aiv ad” e/t

Response Number Percent
CADkey on a PC 0 a
AutoCAD on a PC 3 2.4
VersaCAD or EasyCAD on a PC 2 2
WANG AutoCAD on WIMS L P
Some other CAD software on PC 1 ol
A computer programming language 0 0
Linear programming software 0 0
No computer * 772 97.5
- No responce - 12 13.5

Total 89
*  Mode
Table XII
Distribution of Automation of Real Property

and Building Databases
(Survey Questions 31 and 32)

Question 31. Is5 the Real Property database
computerized?

in your office

Question 32. Is the building information database in your

office computerized?

Response Number Percent

Q31 Q32 Q31 Q32

Yes - WIMS * 40 33 44.9 371
Yes - Database Management 23 14 25.8 15.7

software on PC
No - Manual records 14 30 15.7 23.7
Yes - BEAMS 8 7 9.0 7.9
- No response - 4 5 4.5% 5.6
Totals 29 89

* Mode for both questions
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Response Number Per
cent
Regular buliding visits by BCE personnel * 35 39.3
Regu BCE surveys of building managers 1 2203
There i35 no ‘zy:izem' for collecting data 23 DI
Zther - - g
- No response - 8 3.7
Total 39
* Msie
Table XIV
Cistrication of Most Used Criterion for lecziding
How ts Bes*t Zatisfy Space Reqguirements
"Iurvey Question 52
alestion H9. Which of the following possible responses
5t describes the criterion most used to make decisionsz on
ether to rencvate, lease, or ccastruct 3 new facilisy?
Fezponrse Numter rercent
A cos* analysis of all 16 2.0
possidD.e alternatives
Relative availlability 7 ~9
of MCP and Cs&M funds
Base politics 18 20.2
The best interest:z of 29 12.6
mission fulfillment *
- Nec Response- 9 10.°
Toral g9
*  Mode
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Quantitative Questions. Frequency distributions, modes,

and means for responses to gquestions 19, 20, 52, and 53 are

presented in Tables XV and XVI.

Table XV

Distribution of Building Space
Deficiencies and Surpluses
(Survey Questions 19 and 20)

Question 19. My base has a list of building space surpluses
totalling approximately:

Question 20. My base has a list of approved but currently
unsatisfied requirements for building space
totalling approximately:

Responses Number Percent
Q19 | Q20 Q19 Q20
Less than 20,000 SF * 62 19 69.7 1] 21.3
Between 20,000 and 40,000 SF 4 8 4.5 9.0
Between 40,000 and 60,000 SF 1 6 1.1 6.7
Between 60,000 and 80,000 SF 0 8 0 3.0
Between 80,000 and 100,000 SF 2 10 2.2 111.2
Over 100,000 SF ** q 22 4.5 1 24.7
- No response 16 16 18.0 | 18.¢C
Totals 89 89
Modes Means Standard Deviations
Q19 - = Q19 - 1.466 Ql9 - 1.313
Q20 - *xx Q20 - 3.658 Q20 - 2.036
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- - 4 - - . P ’
. Distribution of Net Office Area Planning Criteria
N (Survey Questions 52 and 53)
A _ s ‘ »
;:{: . Question 52. What "net office area per building occupant" - .
S (as defined at AFM 86-2, para 13-3) 1is used at '
:‘ ‘ your base for planning space requirements for
> . new administrative facilities?
L o ’ : o
?:3: Question 53. What "net office area per building occupant" is
aCﬁ - used at your base for managing and
':ﬁ: redistributing space in ex1st1ng administrative
) facilities?
Eﬁ Responses : Number : - Percent .
o Q52 | 053 |. Q52 | Q53
- Less than 75 SF 4 5 4.5 5.6
- - 75 SF o 2 3 b 2.2 3.4
T ’ 80 SF ; 5 7 . 5.6 7.9
- 85 SF -9 9 -~ | 10.1 10.1
90 SF - ‘ i 38 27 7 . 42.7 30.3
More than 90 SF Sl 17| 24t P 1901 27.0
= No,Response . 14 fi;14u - 15.7 . 15.7 "
: “Totals | .89 | 89° | . L. |
; _ ‘ e A .
: Modes - " Means Standard Deviations.
T v PP )
D) Q52 - 90 SF gs2 % 4.e80 Q52 -  1.275
—a Q53 - 90 SF Q53 <  4.627 Q53 - 1.459
NN . e /
N ‘ Agree-Disagree Questions. These questions are repcaled,
> with the mean response and standard deviatidn. Responses
- ” . -
= were on the following scale.
f )
:%_ 1 = Strongly disagree 5.= Slightly agree
A 2 = Moderately disagree 6 = Moderately agree
:; 3 =.Slightly disagree . 7 = Strongly agree
e 4 = Neither agree nor disdgree
}i- 1. Design redhlatiéns provide adequate guidelines’ for
ig: . ensuring that architects/planners minimize space wastage in
o~ floor layout. :
v Mean = 4.012 Std dev = 1.787  « ’
.
.
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ot 2. Functional relationships are the most important criteria
y in building layout design.
Mean = 5.631 Std dev = 1.360
A
N 3. I rely on my intuition to come up with an initial
- conceptual floorplan layout when designing a new building or -
N reallocating space in an existing building. .
‘ Mean = 3.576 Std dev = 1.898
4. The use of standard designs (AFM 88-2) does not permit
| designers to tailor a facility to the needs of individual
! users.
Mean = 3.915 Std dev = 2.007
5. Real Property regulations adequately cover how to monitor
building usage.
! Mean = 3.709 Std dev = 2.097
j 6. Real Property personnel in my organization are
N responsible for determining required changes to the physical
. layout ¢f functions within existing buildings.
A Mean = 2.460 Std dev = 1.999
!
! 7. Space utilization studies of existing facilities are
N carried out regularly, even if there are no requirements to
) satisfy.
: Mean = 3.186 Std dev = 2.183
. 8. Our Real Property records do not indicate how efficiently
. a user is using the space that he has been allocated.
q
: Mean = 5.977 Std dev = 1.594
: 9. Architect or engineer assistance is provided only on

request by Real Property personnel, which is usually if
building modifications are required, or if the functional
layout problem is particularly complex.

Mean = 4.756 Std dev = 2.158
10. If space is known to be underutilized or used for some
unapproved or wasteful purpose, action is usually taken to

reallocate it.

Mean = 4.483 Std dev = 2.214
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e

e 14. My organization manages the use of installation building
f: space as well as possible, considering the constraints
- imposed.

W Mean = 5.352 Std dev = 1.736

33 » 15. The USAF manages the utilization of its building space
b well.
» Mean = 3.898 Std dev = 1.598

e

,-l..) . .

yo 16. Our real property records usually track building usage
N well.

i)

¢ Mean = 4.580 Std dev = 1.916

&; 17. Space surplus to a user's requirements can be readily

- identified.

~

rov Mean = 4.000 Std dev = 2.011

2 18. In most cases, surplus space can be modified to satisfy
- some outstanding requirement.

-

N Mean = 4.977 Std dev = 1.851

1

0 21. New requirements data is usually detailed enough to allow
?_, Real Property personnel to look for a suitable accommodation.
i

- Mean = 3.593 Std dev = 1.843

fit 22. Summary data on all outstanding requirements is available
:5 from a single source, without having to look through

individual hardcopy project files.

Mean = 3.226 Std dev = 1.947
23. The data we keep on utilization of existing building
space 1s accurate enough to tentatively match a requirement
to it.

Mean = 4.471 Std dev = 1.743

24. Available building space is readily identifiable from
real property records.

Mean = 4.235 Std dev = 2.158

_<"‘, : MO ek
{A:KJJ(.‘ .. A R .&‘;‘.'.

25. Our records list functions located within all buildings.

PR

4.5

Mean = 5.247 Std dev = 1.920
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26. Surplus space is usually identified by building users.
Mean = 2.337 Std dev = 1.913

27. Up to date building usage data is usually available when
needed by planners and designers.

Mean = 4.477 Std dev = 2.033

28. It is important to have current data on the number of
personnel working in a facility, and the layout of equipment.

Mean = 5.85%9 Std dev = 1.521
29. Ree!l [roperty records do not contain enough information
to cenlac: a detalled analysis of efficient space usage
within facilities.

Mean = 5.198 Std dev = 1.807
30. Space that is known to be misused or wasted is recorded

as such, either in real property reports or on file, for
possible future re-allocation should the need arise.

Mean = 3.616 Std dev = 2.104

34. It is primarily the BCE's responsibility to ensure that
building space is utilized effectively.

Mean = 4.279 Std dev = 2,389

35. It is the Facilities Board's (FB) responsibility to
ensure that building space is utilized effectively.

Mean = 5.407 Std dev = 2.060

36. Major tenants on this installation are reasonaktly free to
decide how they use space within their allocated buildings.

Mean = 5.535 Std dev = 1.992

37. BCE personnel systematically visit every base facility to
reassess utilization.

Mean = 4.453 Std dev = 2.045%5

38. The BCE actually decides how space will be allocated.
Mean = 3.070 Std dev = 2.238

39. The FB makes the decisions on the allocation of space.

Mean = 5.384 Std dev = 2.030
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40. The BCE implements the FB's decisions.

Mean = 6.221 Std dev = 1.384
41. The BCE influences the FB's decisions - they usually
accept his recommendations.

Mean = 5.2%6 Std dev = 1.653

42. We have a Space Allocations Panel (or similar) composed
of tenant representatives, which acts as a forum for
analyzing space shortage problems, identifying possible
solutions, and recommending action.

Mean = 3.85%59 Std dev = 2.587

43. Structurally unsound or maintenance-intensive buildings
are often renovated and used beyond their intended design
life. ‘

Mean = 5.105 Std dev = 2.064

44. It is often impractical to physically separate a user's
'surplus' space from his 'approved' space such that it can
accommodate another requirement.

Mean = 5.605 Std dev = 1.625

45. It is easier to fund the renovation or modification of an
existing o0ld building to satisfy a new requirement, albeit
unsound or maintenance-intensive, than to obtain MCP funds to
construct a new facility.

Mean = 6.235 Std dev = 1.394

46. It is often difficult to assess if space within a
building is utilized well.

Mean = 4.919% Std dev = 1.960

47. Insufficient funds are available to modify all surplus
space to make suitable for other requirements.

Mean = 5.788 Std dev = 1.619
48. The effective utilization of building space is more
important than building habitability, should the two

conflict.

Mean = 3.847 Std dev = 2.073
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49. Building modifications associated with space re-
allocation often cause disruptions to user operations.

Mean = 5.337 Std dev = 1.546
50. The negative operational effects of disruptions caused by
space re-allocations are cutweighed by the benefits of
utilizing space more effectively.

Mean = 4.988 Std dev = 1.842

51. Allocating one facility to more than one organization
often causes problems for all users.

Mean = 4.200 Std dev = 1.876

54. Activities within a building should be located according
to their need for proximity.

Mean = 5.651 Std dev = 1.578

55. Building modifications associated with space re-
allocation are more economical than new construction.

Mean = 4.558 Std dev = 1.656

56. Net usable space should be maximized. Circulation and
low use areas should be minimized.

Mean = 5.884 Std dev = 1.323

57. Building design should include features that minimize the
potential cost of future extensions or modification.

Mean = 6.151 Std dev = 1.260
58. Open plan designs maximize the ease involved in the
possible future rearrangement due to changing functions and
relationships.

Mean = 6.047 Std dev = 1.308

59. Open plan design should be used for office and work areas
wherever possible.

Mean = 5.424 Std dev = 1.930
60. Building layout should maximize the orderly flow of
personnel through the building and minimize unnecessary
traffic through main working areas.

Mean = 6.558 Std dev = 1.058
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61. The availability of suitable space for renovation will
usually enable a requirement to be satisfied quicker than by
new construction.

Mean = 5.919 Std dev = 1.573
62. When 3 new reguirement for space is received it is
staffed first by -“eal Property personnel.

Mean = 4.541 Std dev = 2.398

63. The requirement is checked against AFM 86-2 to ensure
that the request is in accordance with space entitlements.

Mean = 5.906 Std dev = 1.586

64. Space already allocated tc a low priority use is
sometimes re-allocated to a new requirement with a higher
operational priority.

Mean = 5.071 Std dev = 1.713

65. A cost analysis is usually done to assess whether to
renovate existing space, extend an existing facility,
construct a new facility, or lease space - whichever are
feasible.

Mean = 4.447 Std dev = 2.050
66. Real Property personnel always attempt to £ind suitable
space available within existing facilities before
recommending new construction.

Mean = 5.812 Std dev = 1.763

67. Prior to deciding if an identified surplus space is
suitable for a particular requirement, a site visit is
usually made.

Mean = 6.314 Std dev = 1.313

68. The prospective user of a re-allocated space takes an
active role in assessing its suitability for his requirement.

Mean = 6.412 Std dev = 0.890

Statistical Tests. The results of all statistical tests

conducted using the survey questionnaire data are reported in

order of the research objective which they support.
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Cetermine what methcds are current
facility designers and p-.annerc In
civilian ovrganizitions, tc design
layouts and *c manage a faclility's
design life

Comparison of

the mean reliance of
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Property Chiefs on intuition when planning flccr laycuts
new or existing buildings {(Question 3) i3 s3hown below
Group Number Mean
Design 37 3.568
Real Property 28 3.5832
Combined 25 3.576
t= -0.04 Probability, p= 0.970
Az p>0.05 (that is, «/2), the hypothesis that intuition :

equally relied on by both groups

.

level.
Ccmparison of

Property Chiefs

regarding the

is not

the mean perceptions

level of

rejected at the 0.1

of Pesign and Resl

Real Property Sections for the redesign of existing facil!
layouts (Question 6) i3 shown below.
Group Number Mean

Design 37 1.730

Real Property 50 3.000

Combined 87 2.460

t= -3.3% Probability, p= 0.001
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o

@ As p<0.05, the hypothesis that the groups agree on the level
o
<

- of responsibility held by Real Property Sections is rejected
ﬁ; at the 0.1 level.
x The comparison of the mean perceptions of Design and

Real Property Chiefs regarding the level of assistance given

i by architects within the Design section to Real Property
‘e
” personnel in the redesign of existing floor layouts (Question
9) resulted as shown below.
)'
- Group Number Mean
<
- Design 36 4.750
il Real Property 50 4.760
Combined 86 4.75%6
Lﬁ t= -0.02 Probability, p= 0.983
(, As p>0.05%, the hypothesis that the groups agree on the level
s of assistance given by Design staff is not rejected at the
: 0.1 level.
] Crosstabulation of the two sub-populations with design
“ tools that could possibly be used in floor plan layout
-
ﬁ (Question 12) yielded the following contingency table:
e
" Bubble |Relation- | AFM Exper- |Other | ROW
N Diagram { ship chart| 88-2 ience TOTALS
Design 11 6 5 11 3 36
(45.6%)
Real 7 9 5 19 3 43
Prop (54.4%)
COoL 18 15 10 30 6 79
TOTALS (22.8%) (19.0%) (12.7%)] (38.0%)| (7.6%)] (100%)
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The Chi-square statistic, obtained by the comparison of
expected cell values with actual cell values, and the
associated probability of exceeding it if the variables are

independent, were:

Chi-square = 3.02573 Probability = 0.553%5

As p>0.1, the hypothesis that the sub-population and the
design tool preference are independent variables is not
rejected at the 0.1 level.

Crosstabulation of the two sub-populations with methods
which could be used assess the effectiveness of a facility's
space utilization (Question 11) produced the following

contingency table:

AFM Occupancy| Visits | Personal Other ROW

86-2 & Equip Knowledge TOT

Design 9 9 5 5 9 37
(43.0%)

Real 20 2 14 5 8 49
Prop (57.0%)

COL 29 11 19 10 17 86

TCT (33.7%) (12.8%) (22.1%) | (11.6%) |(19.8%)](100%)

The Chi-square statistic and associated probability were:

Chi-square = 11.49840 Probability = 0.0215

As p<0.1 the hypothesis, that the sub-population and the
assessment method perceived as being used are independent

veriables, is rejected at the 0.1 level.
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Input from HQ USAF/LEE experts and MAJCCM/DEs was

solicited to construct a measure for assessing 31 base
effectiveness in utilizing its pbulilding space. Mr
Jonkers (HQ USAF/LEER) agreed that a comparison of surplus

building space with outstanding requirements £for building

3pace may be a good indicator of a base's ability tc manage

]

its space and to effect timely relocations and renovation
Hard data on space surpluses and deficiencies frcocm BCE
records was sought to measure this.

The responses to question 19 indicate a mean building
space surplus of less than 20,000 sgquare feet. The accuracy
0f responses to this question depends upcn the accuracy of

£ underutiliced zpace (=

4

3CE record

o]

9]

the data xept in the

r

ccnsideraed as partially surplus to the user's reqguirements
then the accuracy of real property data on surpius sgace
degends on the capability of Real Property personnel. assess
atilization. The responses %to guestion 20 indicate a mean
but variable building space deficlency of between 40,000 and
60,000 square feet (SF) per base.

The difficulty in assessing if space is utilized well
was measured by question 46. The response indicates that
there i35 general agreement that assessing utilization is
difficult. This casts some doubt on the accuracy of question
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19 responses on buiding space surpluses. However, as no more
accurate data on surplus space was avallable, gquestion 19 was
included initially in the measure of effectiveness.

The proposed measure of effectiveness using questions
10, 18, 19, 52, and 53, was found to be unreliable. It
returned a Cronbach's alpha of only 0.30, which is too low by
Steel's heuristic (Table II) to rate any degree of
reliability at all. Withdrawing from the measure question
19, which dealt with the quantity of building surpluses,
improved the reliability marginally to 0.42,

After responses to questions 52 and 53 were recoded,
they were summed directly with the Likert scale responses to
questions 10 and 18 as discussed in Chapter III. This
produced a multiple item Likert scale measure of space

utilization effectiveness with the following main divisions.

4 = Strongly disagree 20 = Slightly agree

8 = Moderately disagree 24 = Moderately agree
12 = Slightly disagree 28 = Strongly agree
16 = Neither agree nor disagree

The mean and standard deviation for the combined responses to
this multiple item measure were:
Mean = 16.716 Std dev = 5.015
To determine if there is a true difference between
Design and Real Property Chiefs' perceptions of the
effectiveness of their base's efforts to utilize building
space well, their mean responses to the objective multiple

item measure were compared followed by their responses to the
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:: seif-rated measure at gquestion .4. The results are shown

~

.
< below.

\h*

;: 1. Multiple item measure of effectiveness.

.:_\

:Q Group Number Mean

- Design 37 14.081

€Y Real Property 51 18.628

[ Combined 38 16.716

N

t= -4.47 Probability, p= 0.000

’{ 2. Self-rated effectiveness.

Y

3’ Group Number Mean

- Design 37 4.892

. Real Property 51 5.686

- Combined 88 5.352
(* t= -2.16 Probability, p= 0.033

~

:b In each case p<0.1 and thus the hypotheses that both groups
‘-l

:3 equally perceive their organizations' effectiveness, is

rejected.

,5; The perceptions of Design and Real Property Chiefs on
’fj Air Force wide effectiveness at utilizing space (Question 1%)
x-.

g were compared. The result is shown below.

%: Group Number Mean

'ﬁ Design 37 3.622

bt Real Property 51 4.098
s ———— M _

o

) Combined 88 5.898

'.1

Lad
Y t= -1.39 Probability, p= 0.169 ;
*y ‘
. 147

®

;;f\.:n.;-(‘.- ' l‘-,-r‘.-‘.v".' o ‘ -, ” .- _‘-l'_\'. - .__. \'n".h-f ‘ » 1“,{ o .' .‘.- RO a\.- .r\.\,_._ ,\ A '::.;4.‘."'.’



As p*0.1 the hypothesis, that the perceptions of the two sub-
populations on ~he effectiveness building space utilization
Alr Force wide are the same, s not rejected.

The population was then divided into five groups
according to their preferred method of assessing whether a
facility is underutilized (Question 11). The effectiveness
of these space assessment methods was tested using the
measure of effectiveness constructed previously. The F
statistic and associated probability resulting from this

comparison of five means is shown below.

F = 1.51% Probability = 0.2Cé6

As p>0.1, the hypothesis that the methods are equally
effective is not rejected.

A similar test was constructed to assess if there 15 any
difference in the effectiveness of a base's space utilization
as a result of the space planning design tool used (Question

12). The result is shown below.

F = 2.881 Probability = 0.031

As p<0.1, the hypothesis that the methods are equally

effective is rejected.
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Mean = 14.733
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are:

4 = Strongly disagree 2C = Slightly agrec

8 = Moderately disagree 24 = Mcderately agjr2e

12 lightly disagree 28 = Strongly agree

16 = Neither agree nor disagree

Mean = 14.109 Std dev - 4.29%
Accessibility Questions 17, 24, and 27 wern

used for this measure It was fcund to be “fairly relilazil=',
returning a Cronpach's alpha of .77, No improvemant cculd

be made.
The maln Likert scale divisions for this measure, anc

the means and standard deviations of the combined response

9]

are:

3 = Strongly disagree 15 = Slightly ag
6 = Moderately disagree 18 = Mcderately a
9 = Slightly disagree 21 = Strongly agr
12 = Neither agree nor disagree

Mean = 12.466 Std dev = 5.1.88

The means of the responses by Design and Real Proparty
perscnnel to each of these constructs were compareld to
determine if any significant differences in their percepticas

existed. The results are shown below.
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Probability, p= 0.023

Jumber

Number

37
51

Qo
v

Probability

sean
“A m
15.3¢02
19.947

y., p= C.CC1I
Mean
10.4
13.94
12.466

, p= 0.001

In all cases p¢0.05 signifying that all three hypotheses

rejected at the 0.1 level.

Pearson correlation coefficients (r) were yenerated

determine the strengths of relationships between a base's

effectiveness at utilizing its building space and the

perceived comprehensiveness,

the base's real property data.

follows:

e A R N Y

accuracy,

These coeff

icient

mn

were
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and accessibility of
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\.'
¥ ::
e

\.._
e Observed
lﬂ: Caorrelation

~ Effectiveness with comprehensiveness 0.36

fj Effectiveness with accuracy 0.46

':j Effectiveness with accessibility 0.42

i
;ff The Chapter V data analysis examines these correlations with
4&2 respect to the reliabilities of each measure.

.
t A series of four tests were then performed. The

;ﬂ population was divided into four groups according to the type
Ef of real property database automation used at their bases:

Son) 1) WIMS; 2) BEAMS; 3) Database Management Software (DBMS)
X using a personal computer; or 4) Manual records (Question

. 31). The tests compared group means to assess whether the
(:i type of real property database automation makes a significant
- difference in
;i: 1. the effectiveness of a base's space utilization efforts;
O
:) 2. the perceived comprehensiveness of real property data;
;:i 3. the perceived accuracy of real property data; or
,:; q, the perceived accessibility of real property data.

5

'
'2’ In each case it was hypothesized that the mean responses
;i of Design and Real Property Chiefs were equal. The results
3

:i are given below.
b
- @,

o

-
-,
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Test T statistic Prcbability
Type of autcmation vs. 3Space 1.714 2.171
Ctillization Zifectiveness
Type of automation Vs 2.207 c.93¢9
Tomprehensiveness
Type of automation vs. 2.192 c.2Cz
Accuracy
Type of sutcmation vs. 0.103 2.988

Accessibility

As p»0.1 in all cases, there is insufficient evidence ta

reject any o£ the four hypotheses.

Research Cbjective 4.

Determine who actually controls the utilizati £
building space on USAF installations. What r 5
Base Civil Engineer (BCE) and the Facilities Board
have in this task? Do unit commanders manage the
space within their own allocated buildings, or Is
function also performed centrally %o ccordinate al
requirements?

~
4

| =)

oot

o]

The multiple item measure 2f the perceived degree

[0

control over facility space aiiccation was initially a

(9]

summation cf responses to survey guestions 34, 35, 36,

W

39, 41 and 42 after responses to questions 25, 36, 292,
were recoded. It was found to be unreliable, returning
Cronbach's alpha of 0.22 although when applied only toc O

Chiefs responses it returned a alpha of 0.65. It proved

totally unreliable for the Real Property Chiefs response:

returning a negative alpha. Withdrawing guestions

W
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41 and 42 from the measure improved the overall reliability
of this measure to 0.4%5.
The main Likert scale divisions and the mean and

standard deviation of the measure are shown below.

5 = Strongly disagree 25 = Slightly agree
10 = Moderately disagree 30 = Moderately agree
15 = Slightly disagree 35 = Strongly agree
20 = Neither agree nor disagree

Mean = 15.302 Std dev = 6.097

The mean of this measure for the Design Chiefs'’

responses was compared to the mean for the Real Property

Chiefs' responses. The result is shown below.
Group Number Mean
Design 35 14.629
Real Property 51 15.765%5
Combined 86 15.302
t= -0.85 Probability, p= 0.399

As p>0.1 there is no evidence to support the rejection of ¢t

'T

ie
hypothesis that the means are equal, at the 0.1 level.

The Pearson correlation coefficient generated by
correlating the level of BCE control over space allocation
with a base's effectiveness in utiiizing its building space
was -0.0002. The Chapter V data analysis examines this
correlation with respect to the reliabilities of the two
measures.

The responses to question 36, whether major facility

users are reasonably free to decide how they will use their
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Rescarch Chliective 5.

Tetermine what constraints there are tc the effec=lve

management of building space.

Questions 44 tc 51 reguired in agree -disagree responca
“0 ass3es33 whether respondents felt the statements expra2s3zed :

— - - % + o e . 00 . L N ~ & i~ -0 N -~
constraint tc the effective nmanagemen® of bLoilding

space. The means and Standard deviaticns of responses oo
these guestions are restated below
uestion Mean 3td dev

44 5.605 1.625
45 6.235 1.394
! 4.919 1.96C
47 5.788 1.638
48 3.847 2.073
50 4.288 1.%4z2
51 4.200 1.87¢8

Pesearch QObjective 6.

)

C a
.

t 1 bl ing factors involved in the
ibution of buli

"N

D O
“
[T 4

'L

s
-
[t

Questions 54 to 61 required an agree-disagree respcanse
to asszess whether respondents felt the statements identified

planning factors which are or should be used when

-3

h -

()
=3

e

ns ana

{0

redistributing building space between users.

standard deviations of these responses are restated below.
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':5

w0 Question Mean Std dev
Lod
Jv 54. Need for proximity 5.651 1.878
A 55. Modifications are 4.558 1.656
N more economical than

o new construction

g

*5 56. Maximize net usable space 5.884 1.323
)

'v{ 57. Minimize future extension/ 6.151 1.260
ey modification costs

o

L 58. Open plan design 6.047 1.308
' enhances flexibility

;f‘ 59. Use open plan design 5.424 1.930
':ﬁ wherever possible

L~

o 60. Maximize the orderly 6.558 1.058
‘\ flow of personnel

N 61. Satisfy requirement 5.919 1.573
. as quickly as possible

o

S A paired samples comparison of the mean responses to

\

Qi questions 58 and 59 was made. It was hypothesized that the
.\.l

ii means are equal, the alternate hypothesis being that they are
e unequal. The result 1s shown below.

J

R Question Number of Mean
- Responses to

b both guestions

A

® 58. Open plan designs maximize 6.047
‘O the ease of performing

;o future rearrangements.

N 85

. 59. Open plan designs should be

- used for ocffice and work

éﬁ areas wherever possible. 5.423
T

.‘_3;2 t= 4.07 Probability, p= 0.000

B -

Y.

As p<0.1 the hypothesis is rejected at the 0.1 level.

«
1

s
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%
n
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s
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:: Quantitative planning factors were sought by questions
K 52 and 53. The means and standard deviations of the

L\

: responses to these questions are restated below.

2

o Question Mean Std dev
f\ 52. "Net office" area/personnel 4.680 1.225
N ratio for design of new

o) office accommodation.

v 53. "Net office" area/personnel 4.627 1.459

' ratio for redesigning

. existing facilities as offices.

D

“

-~ where the scale used was:

o 3

e

L 1. Less than 75 SF 4. 85 SF

2. 75 SF 5. 90 SF

- 3. 80 SF 6. More than 90 SF

“
;3 Comparison of these two means using a paired samples t-test
{ ' resulted as follows:
=

AP

;j Factor Number of Mean
. Responses to
Jx both questions

A *Net office' area/person 4.726
X ratio used for new design

- 73

g ‘Net office’ area/person

- ratio used for redesign 4.616
o

- t = 1.00 Probability, p = 0.321

- As p>0.05, there is insufficient evidence to reject, at the
o

", 0.1 level, the hypthesis that the two ratios are equal.

-

"
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Research Ibjactive 7.
Catarmine what e£ff0rt i3 actually made to consider the
po35ible reallocaticn and/or rehabillitation of existing
building 3space 33 an alfarnative fo new construct.oon
Questions 62, 63, 6%, 646, 67, and %2 requested in ajrae-
disagree respcnse on steps that may be taken by BCE
organizations to satisfy a new reguirement for building
ipace. The means and standard Jdeviaticns of the rasponse:
ire restated Telcw:
Questicn vean Std Zden
2. Initial 3taffing by 3.541 2,027
Real Propercty
62. Check requirement ©.9C6 1.58%
against AFM 86-2
65. Cos3%t ana.ysis of 4.487 2.05°
airternatives
66. Satisfacticn from 5.812 1,780
within exiszting
facilities 1£f poussiple
57 Site visit ©o assess 5,314 PUEID
suitability of
proposed space
5° Par*lcipation of uler 6.412 .20
in Space sultavilility
Four pczsible criteria which might be used to naxe
Jecisions on whether to lease, rencvate, Oor cConstruc® 3
faciility in order to satisfy a space requirement were
srosstabulated with the sub-populations. The follcwing

*table wago

ngency

produced.

[
[l
<0




o
-
e Decision-making Cricteria
< Cost Funds Base Mission ROW
tx“ Analysis| Source | Politics | Fulfillment | TOTALS
I3
bl Design 5 11 9 7 32
[ (40%)
e
.;) Real 11 6 9 22 48
— Prop (60%)
COL 16 17 18 29 80
TOTALS (20.0%) |(21.3%) | (22.5%) (36.3%) (100%)
w{z The Chi-square statistic and associated probability were:
.
$§ Chi-square = 8.8756 Probability, p = 0.0643
: As p<0.1, the hypothesis that the perception of the most
%
X important decision-making criterion is independent of the
{ sub-population is not rejected at the 0.1 level.
::: Comments by Survey Questionnaire Respondents. Comments
.,
e
nj. were sought periocdically throughout the questionnaire. A
X
»
:) selection of those received are in Appendix I.
12 _'."
'};
L MAJCOM Responses to Survey Letter
N From 12 MAJCOMs surveyed, one (HQ AFCC) sent a nil
o
J,f response due to a lack of knowledge by the author that that
o
ﬁﬁ: Command did not exercise direct control over any USAF bases.
.:"-
M, Written responses were received from HQ TAC/DE, HQ USAFE/DE,
[ 2]
ot HQ SAC/DE, HQ ATC/DE, and HQ AFSC/DE, and an invitation was
o extended by HQ AFLC/DE for the author to conduct a series of
~; informal interviews in lieu of a written response.
-
'f ‘o
\ .
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Respcnses by MAJCOM/DEs to
Appendix F letter are listed in
questions were answered by each

some of the responses have been

each of the questions in the
Appendix J. Not all
MAJCOM. Due to their length,

paraphrased.
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Analys1s and Discussion

Chapter Querview

This chapter contains an analysis of the data co.lected
by the survey gquestionnaire and the survey letter to
MAJCOM/DEs. Fach research objective is analyzed separately,
and analysis 15 based largely on the results of the SPSS
procedures described in Chapter [II. MAJCOM responses are
discussed in relation %o each objective where applicatle, 1~
order *o establish agreement or disagreement between MAJCOMs
and between MAJCOMs and bases regarding actual Air For:e
Civil Engineering (AFCE) practices in space planning and

space manajement.

Research Objective

Determine what methods are currentliy being used by
facility designers and planners in AFTE, RAAF, and
cilvillan organizations, *to design etficient building
layouts and to manage a facility's space throughou* (%=
des:gn life.

CThapter Il reviewed space planning and space managemern*
techniques developed and used by academicians, A-E f:rmz, ind
other organizations. The more complex design techniques ire
zomputer orilented, due to the repetitive and rigorous

mathematical requirements of satisfying many functicna.

relationships and other criteria when positioning and

dimensioning floor spaces.




The responses to the letter sent to MAJCOMs (Appendix J)

indicate that BCE personnel do not have a great deal of
expertise 1n planning layouts systematically, and that A-E
firms are usually contracted for this purpose if required.
Most MAJCOMs indicated that some of their bases had acquired,
or were in *the process of acquiring, CAD :cystems. However,
none 1ndicated that the systems, whether Intergraph or a PC
based system such as CadKey or AutoCAD, were being used for

Space planning purposes.

th

MAJCCMs lack specific knowledge on the application

@]

these systems by BCEs for architectural design. HQ TAC alone
adv:sed *hat none of 1ts bases use CAL for floorplan laycu=®.
A.so, no MAJCOM indicated any plan, intent, or need to
intrcduce CAD as a WIMS application package, although they
accept and promote the purchase and use of stand alone CAD
systems and CAD software for WANG computer hardware.

The survey guestionnaire responses 1n “hapter [V
indicate that although 50 percent of the respcndents nave
tald cut floor plans for butiidings us.ng bubble diagrams,
reiaticnship charts, or definitive designs, less than &

architectura. dez(3rn personne.’' have used TAD

s

percent (a3l
for this purpose (Tabies X and XI'. This resul’ supports ‘the
MAJCOM feeling that TAD 15 not used by AFTE personnel for
space planning.

As for space managgemernt, HO OATT yrd HE AFST recognroe

“hat A-E firms have expertice in cond:icting large scale space

—
n
tu




surveys, but HQ ATC indicated that base personnel can

adeguately conducht such surveys, assess s5pace reguirements,

T

and real.l.ocate space according to base pricrities. Mcs
MAJCOMs indicated that although Real Property personnel in
BCE organizations have the expertise to do such surveys,
manpower ivailability restricts their efforts tc the support 1
0f¢ specific projects, primarily weapons systems bed-dcwn:z.
HQ USAFE alone indicated that 1%t had a prcgram for monitcoring
facility ntilization on 1ts bases on 3 regular 53si3.
Responses to gquestions 10, 14, and 16 of the survey
gues*icnnaire ‘see Chapter IV® 1ndicate that respondents
belleve BCE organizations genera..y manage facillity space
i153ge well despite the numerous comments f(listed .n Appendix

I' that Real Property cections are undermanned and lack the

i
—
[

resoarces to undertake regular i ization surveys.

The reliance cf Design and Real Prcperty Thiefs on

vt

it
T
vy}
i

intaltion and experience Wwhen glanning £loor layou

The perceptions o

rh
Q
v
9]

V9]
3
'Y
o)
o

Rea. Property Chiefcs

regjarding the level 5f responsibliity held by Rea. Property

‘n
-
A
)

Sectiuns for the redesign of existing faciiity layout: were

o}
3
0
e
-
T
o
3
T
T
i
T
)|
o
r
-
jo
oY
—
I
w
-t
9}
+
52
234
.
)
7
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v
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jo

Chiefs perce.ive

tre Peayl Property Cecr oo oan hayving o osignificantly lower

respubsitiiity for redesigning floor Layouns for existing
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facilities than ({5 perceived by Real Property Chiefs. The
low ccmbined mean response signiflies that Real Property
Sections generally have 3 low degree of responsibility for
this activity.

The perceptions of Design and Real Property Chiefs
regarding the level of assistance glven by architects within
the Design Section to Real Property personnel when
redesigning existing facility floor layouts were compared.
The result indicates that Design Chiefs and Real Property
Chiefs have similar perceptions of the level of assistance
given. The mean response is greater than 4.0, signifying
“hat respondents agree that Design Section assistance 1is
Jiven. This result, combined with the result of the previscu:z
test, indicates Design Sections generally hold more
responsibility for redesigning floor layouts for exist.ng
facilities, in support of renovation and relocaticn prolect:s,
“nan dc Feal Property Sections.

2.7 percent of the population use primarily intar®.on

ind experilence to design floorplans; that 13, nc ‘metnod' a3t
all Table X, Pesign tocols used by the population in
floorplan Layout ire, in order of preference: Bubble
Ciagrams, Relationship CTharts, and Cefinitive Cesigns. Trece

(o9
17}
Ui

1gn toolis were cross tabulated with the two sub-

cpu.ations. The results indicate that there .s rnc

T
@]

v

rel3tionship between “he sub-population and the des:ign *or!

N

preference, cor *that they are statistically independent




o

s

o

-is

A

b The use of computers by AFCE personnel in floorplan

SO layout is5 almost non-existent. Table XI shows only three

.. respondents (all Design Chiefs) have used computers for this.
N

- None have used linear programming technigues, and cnly £ive
CS ] have ever used a CAD software package. As 75 percent of the
ji- contingency table cells had frequencies less than five, the
ii: Chi-square statistic and associated probability cannot be

)

y used to indicate the presence of a relationship between sub-
:i population and the use of computers for space planning. The
Eﬁ resu.t of this test is not valid and is not reported.

‘;; Methods used by BCEs to assess whether space is utilized
5 effectively in facilities are shown in Table IX. The two

most common methods are: 1) a straight comparison of known

(xf building occupancy with the space allowances of AFM 86-2, and
Lf' ?2) subjective assessments made by BCE personnel by visiting a
g building.

<.

a The two sub-populations were crosstabulated with

,;: possible methods perceived by personnel as being used to

o

:Ij assess the effectiveness of a facility's space utilization.
R-',-

';’ The results indicate a relationship between the sub-

. population and the perceived method used, or that they are

:} statistically dependent at the 0.1 level. This result not

*j only shows which methods Real Property personnel actually

A3

:Q use, but alsoc that Design Chiefs may not a'l be fully aware
\J '.-_
:;Q cf how utilization is assessed at their bases.
k7

e
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Research Objective 2

rERP oYY

Determine the effectiveness of such methods [of space
planning and space management], and make recommencdations
tc assist AFCE in making the most of its building space
resources.

Ry

-
¥
L

. g
" l, " /
o

e
Ca)

The data indicates a mean building space surplus per

[T ks ~
L]
L

[}
it t

base of less than 20,000 square feet. The accuracy of

responses to this question depends upon the accuracy of the

o
71, 5
I

data kept in the BCE records. If underutilized space is

P

considered as partially surplus to the user's requirements

i
.

fg then the accuracy of real property data on surplus space

'2 depends on the capability of Real Property personnel to

ﬁz assess utilization.

féz It was generally agreed that assessing utilization of a
)¢

facility's space is difficult. This casts some doubt on the

P

‘i accuracy of building space surpluses reported.

3

E? The measure used to assess a base's effectiveness at

Gn utilizing its building space was not reliable, even after cne
,i variable was withdrawn. This indicates either a bad choice
:3 of survey questions aimed at measuring effectiveness or that
a this construct is difficult to measure. The measure was used
t; despite its unreliability.

‘ There is a significant difference between the two sub-

e populations' perceptions of the effectiveness of their base's

space utilization measured by both the multiple item measure
1. the self-rated measures. These results indicate that

1. rroperty Chiefs perceive their bases' space utilization

166
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effectiveness to be higher than is perceived by Design

Chiefs.

No difference was indicated in the perceptions of the
two sub-populations on the effectiveness of facility space
utilization Air Force wide. While both sub-populations
percelve that their bases manage building space better than
do other USAF bases, either Design Chiefs tend to underrate
or Real Property Chiefs tend to overrate their own bases!’
effectiveness.

The comparison of respondents' preferred methods for

] assessing a facility's space utilization does not indicate
any difference in the effectiveness of the methods. This
suggests that the choice of method does not affect a base's
space utilization effectiveness.

The comparison of respondents' preferred space planning
design tool indicates at least two of the group means are

statistically different. This suggests that the choice of

A

design tocl for laying out floorplans does have some impact

5‘ e,

on the effectiveness of a base's efforts to utilize its

[
v Y

‘ building space well. The tool resulting in the highest
E; effectiveness cannot be determined from this result.

g::?

¥, , .

e Research Objective 3

LT

Ll b Gr A i

Gather perceptions of AFCE facilities design and real
property planning personnel on the comprehensiveness,
accuracy, and accessibility of the data that is
collected to manage the utilization of building space,
and determine if there is a relationship between these
factors and the effectiveness of their efforts.

€

-

1 L4
);.’;4' .‘-H.
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The measures of real property data ccmprehensiveneszs ind
accuracy proved to be unreliable, by Steel's heuristic ‘Table
IT). The measure of accessibility proved ‘fairly' reliable.

Using these measures, the comparison of Design and Real
Property Chiefs' perceptions of real property data indicates
that Design Chiefs perceive it to be significantly less
comprehensive, accurate, and accessible than do Real Property

Chiefs.

1

The observed Pearson correlation coefficients (r) tha*

were generated between the measures of effectiveness and

o)

comprehensiveness, accuracy, and accessibility must be

Ui

analyzed in conjunction with the reliabilities of these
measures. Using the method of correction for unreliability
of measures outlined by Stone (56:50), the ‘true' correlation

coefficients are as follows:

Observed True

Corr Corr

Effectliveness with comprehensiveness 0.36 0.69
Effectiveness with accuracy 0.46 0.92
Effectiveness with accessibility 0.42 0.74

According to Davis' rule of thumb guide in Table III,
the relationships between effectiveness and
comprehensiveness, and effectiveness and accessibility, can
be classified as ‘strong'. The relationship between
effectiveness and accuracy can be classified as ‘very
strong'. This indicates that one way to increase the
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comprehensiveness, accuracy, and accessibillty o
real property data.

The comparison of the types of real property database
automation used by the organization (that is, WIMS, BEAMS,
DBMS software on Personal Computer, and Manual Records)

ficant differences 1n the space utilization

[

indicates nc s5ign
effectiveness or the perceived comprehensiveness, accuracy,
and accessibility of the real property database as a rezult

of the use of any methed.

Research QObjective 4

Determine who actually controls the utilization of

building space on USAF installations. What roles do the

Base Civil Engineer (BCE) and the Facilities Board (FB)

have in this task? Do unit commanders manage the use of

space within their own allocated buildings, or is this

function also performed centrally to coordinate all base

requirements?

The measure constructed for determining the extent of
BCE control over space allocation within base facilities
proved to be unreliable, using Steel's heuristic (Table II).
While proving ‘fairly' reliable for Design Chiefs' responses,
it proved totally unreliable for Real Property Chiefs'
responses. Nevertheless, it was used in subseguent
statistical tests.

The comparison of Design and Real Property Chiefs'
responses for this measure indicates that there is no

significant difference in the perceptions of Design and Real
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ity space allocaticn on UEAF bases.

The Pearson correlation coefficien% between the measure
of BCE control over space allocation and the measure of
base's effectiveness in utilizing its building space was
examined with respect to the unreliability of both measures.
Correcting the correlation to allow for the unreliability o£
the two measures, using the technique outlined by Stone
(56:50), returned a ‘true' correlation of -0.0005. This
result indicates no relationship using Davis' heuristic
(Table II).

The high mean response to question 31 indicates that
major facility users are reasonably free to decide how they
will use their allocated space. This suggests that Facility
Boards delegate the responsibility of ensuring effective

utilization of facility space to unit commanders.

Research Objective 5

Determine what constraints there are to the effective

management of building space.

The low mean response to guestion 48 indicates that
building habitability is not considered a constraint. For
the other questions, responses indicate that they are
considered to be real. The responses tc the other survey

guestions which sought to identify constraints indicate the

170




Y, .
s
b;
L

7

Si fcllowing, ({n descending order of agreement, to be

:a
P constraints to “the effective management 20f bulilding zZpace:
€
S 1. the relative availability of Cperaticns and Maintanince
N (O&M) funds;

34 2. the lack of funds for modifications required to better

5 utilize surplus space;

i

C: 3. the difficulty in physically separating surplus space

" from a user's approved space allocation;

’N‘
AN g, the disruption of user operations during rearrangement
+. .

and renovation; and

A
b 5. *he difficulty in assessing the effectiveness of 3
L. facility's utilization.
:\‘:
-Tv From the written comments received both from
ol
s « gquestionnaire respondents and MAJCOMs, it was apparent that
S

ol there was strong suppecrt for including the lack of manninc In
Oy Real Property Sections as a constraint to effective
S . management of facility space.

- Research Objective 6
LS
T Construct a list of planning factors involved in the
o redistribution of building space. ‘
..:_: |
f; The responses to survey questions which sought to

establish planning factors which are or should be used when
redistributing building space between users, identified the
following factors in descending order of importance:

1. the orderly flow of personnel through a facility:

) 2. minimization of potential costs of future extensions or
'? : modifications;

3. the use of open plan designs;

B
g
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R8s 3 soastruction methods that increaze flexibility and
g minimize future medification costs;
o
NS
2 .
s minimization 28 low use and circula*tion areis, anl “he
o maximization c¢f net isable zgpace; and
e 5. the loca*tion 2f activities within 3 bullding according <3
. their need for groximity;
- The result of the paired samples comparison of the *“wo
Sl
- . . . _
" survey gquestions which dealt with open plan design as i
b.-‘-.
o planning tool for space redistribution (Questicons 58 and 59)
was interesting. It indicates a statistically significan®
",
< difference between: 1) the level of recognition by the
-;{ population that open plan design enhances £flexibility, and
N "
o 2) the willingness of the population to use the concep*®
-
JQ
. :
o wherever possible.
. : . :
2. Responses tc the two gquantitative planning factor
oo
( guestions indicate that the ‘net office' area per person
2
a ratios used when designing new office accommcdation and when
- redesigning existing facilities as offices are both within
£
:) the limits of 80-90 SF set by AFM 86-2, Chapter 13. The
S . . R . .
o factor used for redesigning existing spaces as office
:'.f
L accommodation is slightly lower but has a greater variability
N
_‘— than that used for designing new office accommodation. This
s
R indicates that AFM 86-2 may not be seen as being as
n) . . .
" mandatorily applicable to redesign. This may be caused by
N
- @, the additional constraints placed on designing renovations by
d
‘s
{9 the characteristics of existing spaces.
s
./ . : 1
K.+ The result of the paired samples comparison the two ‘net
oy
i office' area per person ratios indicates no statistically
o ,
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:2d when designing new

c2ffice aocommoedaticn and that as5ed Wwhen redesigning existing

Tre MACCOM recponses to the survey letter indicate the
AFM 36-2 guidelines are supported by MAJCOMs. However, they
3l1sc indicate that where open planning and systems furniturse
are uzsed in office accommodation, the area/personnel ratioc
shculd be decreased below the guidelines in accordance wish
Engineering Technical Letter 86-12, Pre-wired Work ZStatizn:z
and Sys*tems Furniture. This may have caused both ratios %o

e lower than 90 SF, the upper limit set by AFM 86-2.

Research Objective 7

Determine what effort is actually made to consider the

possible reallocation and/or rehabilitation of existing

building space as an alternative to new construction.

Responses to the survey questions which sought to
identify steps that are taken by BCE organizations to satisfy
a new requirement for building space indicate that the most

common steps are, in descending order:

1. Inclusion of the prospective user of a space in the
assessment of its suitability for his requirement;

2. Visiting a building before assessing its suitability tc
fulfil a requirement;

3. Checking of the requirement against AFM 86-2 allowances
to determine its validity; and

4. Attempting %o saticfy the reqguiremen® £rom within
existing facilities before recommending new
conztruction.




cuilding space. It appears “hat <ozt analyses 2f£ alternasivy

means of satisfying the reguirement ' %hat 13; leasing,

w3

renovation, new construction, compression of cther finctizn
are conducted. However, this step 1s not regarded as being
as lmportart as any of the other steps suggested by the
au*thor.

The crosstabulation of decision-making criteria with
sub-population indicates that the critericon considered tc b
most Important when deciding how to best satisfy a space
requirement 1s statistically dependent on the sub-
population. The criterion seen as most important is ‘Mizsi
Fulfillment', which indicates mission requirements have a
greater influence over these decisions than cost or base
politics.

This supports the MAJCOM responses in Appendix J.
However, the modal response £for Design Chiefs was the
relative availability of MCP and O&M funds. This may
indicate Design Chiefs are more con-2rned with -he

practicalities of ensuring a project can be funded *han are

Real Property Chiefs.
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VI Summary, Concliusions and Recommendation.

Chapter Overview

This chapter summarizes the main points of this study
and draws conclusions, from the literature review and data
analysis, about the space planning and space management
practices of the RAAF and USAF. It contains recommendations
for changes to the space planning policies and practices ct
both the RAAF and USAF to improve facility utiliza“ion and
minimize naw construction. Conclusions and recommendations
on RAAF practices are based on lessons learned from the
analysis of USAF methods and on the author's subjective
comparison with RAAF methods. Recommendations for further

research on both RAAF and USAF practices are also suggested.

Conclusions

RAAF. No specific data was collected on actual space
management practices at different RAAF bases, but a review of
regulations and guidelines for facility design and £or Rea’
Property Accounting was made in Chapter II. Conclusion= are
based on this review, the review of non-military literature,
and the author's personal knowledge of practices.

Prior tc the design of a RAAF facility, Air Force 0Qff:ice
"AFC) project officers from the Director-General Facilit:iez -

BAir Force (DGF-AF) construct Bubble Diagrams and or
Pelationship Charts as part of the Functicnal Design Brief
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8 Housingy ind CTrnstruchic SHTY archoitoct: ownen laying Cut

facilicy £locr zlans Cerl3n -f government Duildings 13 3

OHC responsibility and no further inpu*® at this s5tage Dy a
client Department is considered appropriate. However, the
formulation of these diagrams and charts is an important part
0of the client's brief to DHC as they describe the intended
operation of the facility by the user.

There is no instruction on the use of Bubble Diagrams
and Relationship Charts. Most Facilities Officers are civil
engineers and the only architectural expertise they have is
acquired on the job. As a result, the best use of these
power ful design tools is often not made. Space needs are not
always assessed accurately from user input, especially where
equipment purchases are involved from another funding scurce
and equipment details such as dimensions, weight, and utility
requirements are not known. Functional relationships and
lines of written and oral communication between unit
personnel are not always established accurately 3t this
stage.

DHC architects do not appear to use any particular
design method such as Systematic Layout Planning (SLP),
computer space planning programs, or CAD. Design reviews

between DHC, DGF-AF Project Officers, AFC specialist

O}

Dfficers, and prosgective btase facility u:
Y

?

rs ~f*en Texd o

o3

substantial reconfiguring of preliminary £loor 1iayout
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i; Al7hcuszh DGF-AF -annot control OHT architecmiral prasz-liczes,
i} “hcrough wrzessment —f pace regulrzments, determination of
‘QE reraticnships, ind knnwl2dge of the SL?P pgrocess by TGF-AF

;iz project officers woull ensure tha- OJHC architects have 1o

b _.;.‘

3 accurate perception of the RAAF's intended opera<zions within
;ﬁ a facility. It would alsc give DGF-AF greater control over 3
o
ﬂii building's design by permitting less architectural lizance
B -‘:..

e Master Planning of RAAF BRBases is alsc a DHC

;ﬁ responsibility, although DGF-AF prcovides guidance on the

;? long-term facilities requirements and developmental criterizx.
e Future requirements are usually descriptive only, with lif¢le
%il quantitative forecasting of personnel numbers and facility
-

E; space needs. Space surveys are not a requirement of Master
. Planning exercises although recommendations are made cn “he
’ij Master Plan drawings as to which existing facilities should
S

:}: remain and which should be demolished within the specifiad

}- developmental “ime frame.

ii A RAAF Rase's annual Facility Usage Schedule i3 the only
fﬁ document produced which progressively reports facility

:' utilization. No breakdown of space is repor*ed, there {g no
?i indication of how effectively the spice is being used, ind o
5; ascessment of space which is surplus to valid user

.

requirements. There i35 thus no database c¢f exiszting or

4" ..‘

v
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Most bases have no Facilities Board to contro!
icilizaticn and allocate space. Base management ni<iites
requests for *the ‘change in use' of a facility, bu* IZGF-AF
must approve them. Base Facilities Officers must =2btain tre
support of their Commanding Cfficers (and zome-imes cf
Command staff and DGF-AF himself) to have 3space realliscated

b
tl
oY)
@)
'y
v
L

from one unit %o another if mis-use or underutil vl
suspected. The RAAF has no usable 5pace management

guidel ines or procedures.

USAF. The USAF 1i5 respcnsible fcr <he archi‘teciural
design of its facilities and fnor the Tomprehensive Planrnir;
£ 155 bases' lcng term fac:ilicles develcopment sl LT
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practices 13 these gpersonne. are
for the actions of their staffs in th
facilities and in managing Air Force
conclusions are:

N Yven though Rubble Diagrams,
and AFM 28-2 definitive drawings are

they are widely used by both Pesign a

personnel (52 percen®) when laying ou
facilities and when rencvating or rea
existing facilities. Real Property p

in designing new flocor layouts for ex

ercelve themselves as havi

ng a signi

o)

responsibility for this activity than

2. About 40 percent of the popu

and experience to create floorplans.
w3is found to suggest that Real Proper
“his task any more intuitively than I
3. Although widespread in A-E £
:nstitutions, computers are not w.de
clanning purposes. Possible rea-

ack of xncwledge of

diregtly respcensitle
e design of Air Force
facility space Trese
Relaticnsaip Char:tz,
considered design toolz,
nd Real Property
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designers; and 3) a lack of interest of personnel to develocp

-~ o
478 2 X

&
»'

an expertise in this specialized area.
4. There is no evidence that the choicea of floorplan

layout design tool used at a base is an indicator of hcow well

ol g b

building space is used. However, there is evidence that the
choice of utilization data gathering and assessment method

affects how well space is utilized. This research did noct

»
[

establish which methods lead to the most effective
utilization of facility space.
5. Design and Real Property personnel'’s perceptions of

methods used to track and assess how effectively space is

PN ol e

used, are significantly different. Real Property personnel

L

actually perform this activity and should therefore present

-

the more accurate picture of methods used. It appears then

-

-

- o o

that some Design Chiefs may not take an active interest in

-

o g 5 &

" the long term effective use of a facility's space.

6. Design and Real Property personnel agree that the
effectiveness of a user's utilization of a facility is
difficult to assess. There is considerable support within
both groups and from MAJCOM/DEs that Real Property Sections
generally lack the necessary manpower to accomplish the

amount of data gathering required to assess utilization

PRI

accurately. While space utilization records are kept, they

are not perceived as being particularly ~omprehensive,

accurate, or accessible. Design Chiefs perceive them to be

- significantly less comprehensive, accurate, and accessible

- 180
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than do Real Property CThiefs. This indicates that the data

- gathered and reported by Real Property personnel on existing
ay,

& facilities is seen as inadequate for use by Design personnel.
}

o 7. Space utilization surveys are usually carried out

. when the need exists, usually to support a proposal for new
construction, or to identify existing available space that
may satisfy a requirement. Base-wide surveys are usually
carried out by A-E firms to support Base Comprehensive

) Planning studies or by a Site Activation Task Force (SATAF),

or similar Air Force team, to identify base facilities that

f could te surrendered by users to accommodate weapons system

4 bed-downs.

3. 8. The AFR 87-2 requirement that MAJCOM/DEs should

: continually evaluate the effectiveness of space utilization

) at their bases and compress spaces assigned to activities

K\ (16: para 2) is not being carried out. Most MAJCOMs feel

that this a base responsibility and it is delegated to the

" BCE and Facilities Board.

9. Real Property personnel perceive that their bases

A use their available facility space more effectively than do

Design chiefs. Either Design Chiefs are less informed on

this subject than Real Property Chiefs or the latter

T T T v,

o - exaggerate their base's effectiveness because they are
responsible for tracking and assessing utilization. Both the

objective and the self-rated measures indicate this
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difference. Both groups, however, believe that their bLases

)

Q:'

- use thelir space more effectively than most other UJ3AF bases.
‘k 10. The perceived comprehensiveness, accuracy, and

)

'* accessibility of a BCE's Real Property database all correlate
e strongly with the effectiveness of a base's space
‘N utilization. This result is not surprising as the Facility
A

é Board relies on input from the BCE to make decisions on how
- space should best be used and the BCE's recommendations are
‘o influenced by his utilization database. The survey data 2did
h Lo

'5 indicate that the BCE does not have much control over space
.

oy allocation but it also indicated that the Facilities Board

| generally accept the BCE's recommendations. There was no

- significant difference between Design and Real Property
. Chiefs' perceptions of how much control the BCE possesses.
LY

l“ . :

- 11. The level of computerization of Real Property

v

e records was shown to have no significant impact on the

b

.l, . . . »

effectiveness of a base's space utilization. Also, bases

;f keeping manual facility utilization records do noct perceivas
)
’: that their data is any less comprehensive, accurate, or

. .

¢ accessible than do bases using WIMS, BEAMS, or Database

o

‘ Management software on a personal computer.
a

‘)
; 12. As a combined group, Design and Real Property
L
Chiefs indicated that there are constraints to the effective 1

L~ . . c 4
ol management of Air Force facility space. Those indicated are:
v

Ay
e 1) Real Property manpower shortages; 2) the lack of funds
)
B3,

- required to modify existing spaces that are considered to be
oe
L 182
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22: poorly utilized; 32) the difficulty in physically separating
g
¥, . :
S space that is assessed as surplus to a user's vallid
-
:ﬂ? requirements, s50 that it can be reallocated to another user;
S
o
AR NN . .
'a} and 4) The disruptions caused to users by space
¥ -
vy
L) . . . . . .
‘3‘ reallocations and consequent building modifications.
1
AN A
‘iﬂ 13. Open office design, or Open Planning, is promoted
b : . s :
AN by Alr Force design guidelines as a means of enhancing
L
'Y N . ; :
' flexibility, reducing long-term modification costs, and
LY A
pf, reducing overall administrative facllity space requirements.
~)
L Vol ]
ﬂk While Open Planning is recognized by the survey population ua:
B
L2 M
N greatly enhancing flexibility, their desire to use this
53 concept in design or redesign is significantly less
o enthusiastic.
b,
O 14. Factors that are considered to be important factors
;,‘,'- . e e a .
" when planning the layout of new facilities and the
i'..
redistribution of existing space are: 1) the orderly flow cf
3 -
‘3 personnel through a facility; 2) the use of Open Planrning
X »
Y concepts if applicable; 3) the use of construction methods
‘" j
;ﬁ that increase flexibility and minimize the cost of future
e
| o] : : . 3
° modifications; 4) the speed advantage of renovation over new
*
':f construction, thereby satisfying a user's requirement faster;
f
.
N 5) functional relationships between activities; and 6) the
¢ . N :
‘6, cost advantage of renovation over new constructicn. This
*
e should not be taken as an exhaustive list, but no further
vl
e suggestions were offered by survey respondents.
a
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15. Area/personnel ratios used as quantitative planning

factors in new faclility design and existing facility

renovation are not significantly different. Both fall within
Air Force design guidelines.
16. When faced with a requirement fcr building space

the following steps that are most commonly taken to satisfy

it are: 1) including the prospective user in the assessment
of the suitability of an available space £for his reguirement;
2) making a physical inspection of an available space befcre

making an assessment of its suitability; 3) checking the

N

requirement with AFM 86-2 to establish its validity; and

3) attempting to satisfy the reguirement £from within existing
building space before recommending new construction. These
were all suggested planning steps, agreed to by respondents.

No other steps were suggested.

17. Fulfillment of the mission is seen as the si

8]

gle

most important criterion in deciding how best to satisfy a
space requirement. It is seen as generally more important
than the availability of funds, comparative costs of
different alternative solutions, and political interests such
as the equitable distribution of funds between units.
However, more Design Chiefs see the availability of £funds as
being the factor which most controls how a requirement will

be sctisfied.
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Recommenda*icns for Action

. RAAF. DPubbtle Riagrams and Relationship Charts must bSe

generated by Facilities Officers in compiiing Functional

; Design 2Briefs (FDBs). The RAAF should issue guidance on how
‘- they should be produced and how they are used by designers to
& guide facility laycuts. The RAAF should standardize its

2 approach tc determining the space needs ¢f new reguirements.
g A more definitive lisht of space entitlements for diffarent

» facility types and more standardized functional relationships:
it

? within facility types would assist DGF-AF in controlling the
; layout design of common RAAF buildings.

N At the same time the RAAF should apprcach DHC to agree

S on either standard Australla-wide facility designs for zome

facility types or standard interior design approaches that

best suit RAAF requirements. At the moment, FDBs for si

+
-

o]

2 =
Fy -

3

facilities on different bases often bear no similarity in the

)
(r

ad *

C

internal layout of activities and in the areas allcn:
these activities.

A program of evaluation, recording, and progressive

2,

reporting of the effectiveness of facility utilization is
required for all RAAF facilities. A database of accurate and

comprehensive user space entitlements and current space

allocations is required as a decision aid for Facilities

Officers to recommend redistribution according to base

mission requirements. It is also required as a tool for
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generating and evaluating alternative means of accocmmedating

s

\
,. "s
,3\ new or changing requirements.
i%} Such a database would prcecvide DGF-AF with a stronger
oy
e basis for making decisions on how best to utilicze the RAAF':
AN
N
') available facilities. It would enable his staff to
¥ : . . . . N
}t objectively evaluate user opposition to surrendering
i .Y
%: facilities that are required for higher priority requirementc
ho
‘l,i .
or for disposal.
.
§¥ USAF. Recommendations for AFCE are directed at
L 4
) "\
&$4 MAJCCOM/DEs and BCE organizations. Suggestions are made such
0
*ﬂ
A that the effectiveness of facility space utilizaticn
~ throughout the Air Force can be accurately evaluated and
s g Y
) improved. They are as follows:
2
. 1. The BCE should ensure that requirements are
‘i" . . . .
Nk revalidated immediately prior to design, and that design
o
$¢ accurately reflect the space needs of the user and functional
P"'
' . . . . . .
D) relationships between the user's activities. Architectural
ﬁb: designers should use their professional expertise by laying
y
~ \J
vt
¥ cut floorplans systematically, whether by the SLP method or
o
'=~ by some iterative or automated means. The theory of some of
) _ :
:: these available methods was presented in Chapter II and
A $‘
WYy : s . s
ﬁqﬁ Appendix E. The use of systematic means will minimize the
L ]
1% Y . s . :
;, wastage of space in new facilities, shorten lines of
- " I3 . 3 . . s 3 . .
ja communication between activities requiring hig* interaction,
,$} and minimize unnecessarily high flows of personnel and
—o
: material through facilities.
%A
o
WP
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2. The use of Open Office Planning is a concept

offering many advantages to the Air Force, not only by

:5 reducing administrative facility life cycle costs and

¥

:3 compressing space needs, but by providing facilities which

)

3 . are more adaptable tc changing mission requirements. The

! concept is promoted by HQ USAF through Air Force Regulations

and supported by MAJCOM/DEs. BCE personnel involved wi%th the

[l e b )

internal layout of new or renovated buildings should be

L encouraged to research the concept themselves and apply It

R

'S wherever possible, in the interest of long term facility

it flexibility.

.4 3. This study showed that many Real Property Secticn

éﬁ personnel are involved in suggesting new layouts Efor
¢ facilities in order to better utilize space. If they have

; not done so already, BCEs should give some thought to either
g divesting some of the layout design responsibility £for

' renovation projects from the Design Section to Real Proper*y,
.é or promoting cooperation between them. Although they may nct
% have had the training that architects have in thiz are=x, this
a study shows that they are no less familiar with some of the

1 design tools than are design personnel.

é Real Property personnel have a great deal of familiarity
: with existing facilities, have more direct access to, and

" familiarity with, the space utilization data that is
f: collected, and may be fully capable of producing good
'3 functional layout alternatives for facility renovations and
.
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LN
I
zé modification projects. They could also conduct studies aimed
'y . . s . P
- at radistributing space throughout cne or mcre facilities,
;:_ including the preparation of concep*ual laycut sketches.
IS
%i Once the layout has bee: £inalized, and evaluated by
il structural and mechanical design personnel, the architect
e . . :
ﬂ¢ could prepare detailed design drawings.
3, *
250 4., Even though BCEs currently produce reports aimed at
18
o progressively updating space utillization data, the
N ; cq s i1 . . .
:*q effectiveness of a facility's utilization i5 neither assessed
hl :
nor reported. Although a user may be entitled to a facility
'\
Y . . . s .
of a certain size, hiz actual activities may not roguire 3l!l
v - . .
i. of this space. It may also be possible to better arrange the
.,'_'
. layout 0f these activities so that his reguirements can be
s
F4 .
¥ reduced. Without such an assessment no usable surplus spacs
jq will ever be reflected in these reports. HQ USAFE's program
i
jﬁ (discussed in Chapter II) is the only one attempting %tz mect
-
:) this challenge head on.
0 5. In order to best gauge the real effectiveness of a
¥ »
L)
¥, . . N N N .
N nser's facility space utilization, Real Property Sections
A
X, need to be manned appropriately. One person, no matter how
? exper ienced, cannot perform the task without assistance or
\l
e
uﬁ support. A team of personnel is required to assess each
] . . . . . .
": facility on a cyclical basis. Surplus or underutilized space
d ’
;',;t: . . »
IZe should be accurately recorded. BCE reports to the Facilities
D Board would be more accurate and there would be less pressure
A
b,
27 on the BCE and Facilities Board allocating space for new
;i.'
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requirements. Facillity funds weould stretch further and some
reguirements would be satisflied socner than £ new
censtruction was programmed.

6. MAJCOM/DEs should be proactive in stressing the need
for building space to be utilized effectively. They should
establish utilization assessment guidelines and space survey
arograms for bases under their command, as is regulired by AFR
87-2, para 2. Standard measures of effectiveness for
Command-wide use should be developed to permit progressive
assessment of an installation's space utilization by
Inspector General (IG) teams and MAJCOM/DEs. TIf£ MAJCOMs
believe *here are certain criteria which measure
effectiveness, then these should be passed to BCEs for
guidance. MAJCOM/DEs should also give BCEs their
interpretation of the AFR 87-2 requirement for a ‘management
analysis' when it 1s revealed that a facility is not being

put to maximum use.

Recommendations for Further Research

Twec areas of research are recommended. First, there was
considerable difficulty in determining the measure of
ffectiveness for facility space utilization required for
this study. This issue requires more substantial input from
HQ USAF/LEE, MAJCOM/DEs, and the Air Force Engineering and
Services Center (HQ AFESC) than was initially believed by the
author. None of the sources that were approached to compile

this measure could give any firm input. Research aimed
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cping a reliable measure tha® can ha

contribution to AFCE facilities management.
Second, the need fcr an automated space planning
capability within AFCE could be researched. The United

States Army Corps c¢f Engineers have used the CAEDS system

extensively for 1ts MCP program (Appendix ®), and many space
glanning programs and Computer Aided Architectural Design
I G Preg

CAAD) scoftware packages for minicomputer and perscnal

computer applicaticns are available.

As much c£ the Air Force's design work for MCP proizctic
{5 ccntracted to A-% firms, the financial and trzining

commitment required to introduce such a capability may nct be
warranted for the level of new facility and renovation layout
work performed in-house. However, as interest in Computer
Aided Design (nct only architectural) is growing within AFCE,
architects and engineers may support the introduction of

automated space planning technigques on a limited zcale.
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APPENDIX A

DIRECTOR-GENERAL OF FACILITIES (RAAF)
- ORGANIZATION AND RESPONSIBILITIES

Extract from the RAAF Facilities Manual
DI(AF) AAP 3300.001
Chapter 1 of Section 1
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e DI(AF) AAP 3300.001 2 : FA MAN 1 - 1

SECTICN | - THE RAAF FACILITIES ORGANISATION AND FUNCTIONS

2%
!
1

s

N - . CHAPTER 1
- - LT IR
S .
e THE BRANCH OF THE DIRECTOR GENERAL
of I3 - - R L -
)
1, SN .
< INTRODUCTION
"i" LA AL AL
'_:,).:‘ 101. At Department of Defence (Air Force Office), the Sranch of the Director
N General Facilities - Air Force (DGF-AF) is tasked with the administration of all
._).‘ Facilities matters pertaining to the RAAF. DGF-AF has dual responsibilities, ie,
to Chief of Air Force Development (CAFD) and to the First Assistant Secretary
Facilities (FASF). Administratively, the Branch is located within the Facilities
y Division of Department of Defence (Central). Its establishment comprises both
-r"': Service and Public Service persocnnel (civil engineers, technical officers,
. drafismen and administrative staff).
.
\ ,\: 102. The Branch is responsible for all programming aspects, in respect of Yew
:: o, Works, Repairs & Maintenance, Furniture & Fittings and Property. Within these
responsibilities, the Branch represents Air Force Of£fice as the specialist on
Facilities matters within the Department of Defence forums. The 3ranch Uis
’-.1_:, involved with other Goverament Departments through liaison in the normal course
3 % of aczivities.
~’\
A e ; )
_? 103. ~ Other responsibilities include the Master Planning of all RAAT
e establishments, the location, design, construction and evaluation of airfields,
Yo'y and associated engineering services.
‘,- - 104. The organisation of the Branch is graphically illustrated at Aanex A and
e a summary of the duties and responsibilities of DGF-AF is contained at Annex 3.
7
Qe ORGANISATION
o AL LT L2l
N
J 10s. The Branch is organised on a functional Dbasis, comprising three
Directorates, ie:
"
. a. Directorate of Facilities Planning and Programming (DFPP). This
5 3 Birectorate nas three planning sections (WPLANS A&, APLANS 'B°,
e WPLANS 'C') and a Works °Programming Section (WPROG).  Within
' designated gecgraphical regions, the Planning Sections are
"y responsible for tha Master Planning, develooment, and co-ordination
of staff work associated with all Facilities matters pertaining o
X - the RAAF establishments responsible within their respective areas.
N The WPROG is responsible for the submission of estimates and the
_._-'.: preparation and administration of financial programmes relating %o
1 RN Medium and Major New Works, Minor New Works, Repairs & Maintenance,
.\_:_, Acquisitions, and Furniture & Fittings.
Ty b. Directorate of Facilities Engineering and Services (DFES). This
-..': UrZectorate nas chree Sections: The Civil Engineering Section
(WCE), the Mechanical and Electrical Engineering Section (WMEE],
(v and the Drawing Office (WDO).
: c. Directorate of Works Policy. This Directorate is responsible for
SOy the formulation oOf works policy and its promulgation and
.,_-' implementation through the RAAF Facilities Manual
Sl DI(AF) AAP 3300.001, Air Force Temporary Instructions (Facilities)
P and Air PForce Pacilities Directives. The Directorate 1is also
- responsible for the Branch adminiscration including all aspects of
1 personnel management and training.
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DI{AF) AAP 3300.001 3 . TACMAN 1 - 1

Works ?lanniag Sectians (WPEANS)

106. Zach of the three Planning Sections s responsible for the co-ordination
of all Facilities matters in relation to cthe RAAF establishments within their
assigned geographical areas (eg P2PLANS ‘A’ for Queensland]). This includes
in the preparation of Master Plans and the Zormulation of

partic:pation

development 2roposals.

1Q7. Planning Sections may assist in the producticon of AFWRS and, at the
-

appropriate stage of procedures, ars tasked with the preparation of <h
Functional Cesign 3rief (FDB) required for all Medium/Maior New Works proposals.
Where these contain civil, mechanical and electrical engineering fea:ures. such

Proposals are processed in conjunciicn with WCE or WMEE, as applicable. lanning
Sections also evaluate all requests ZIor repairs and maintenance, housznq
- acgqguisizions and disposals. Where necessary, Planning Seczions zarticipate :in
.\_r: deliberations wizh other Federal Government Cepartments, State authoritles and
N Local Government. Zach Planniag Seczion s alsc responsible Sor the preparazion
" of Cabinet Submissicns, and Zfor giving evidence beiore <the ?WC in respect of
‘AN Major New Works proposals.
A
) 108. WNPROP  Sub-seczion. The WPROP Sub=-section Lis responsizle for 1l
property mattars, .aciuding the preparation and management oI =he annual

T Acguisitions ?rogramme and maintenance o =he Master 2Property Assets Reglster
R “Iz also preovides :the Lnput Sor the acguisitons and leasing compenents of Alr
Force Cfiice drafs estimaces. Additionally, this Sub-seczion is the gsgoriinatar

of all requests for siting aporovals and for the provision of Zacili<ies numbers
for all new strucmures.

Aorks Programming Sec=ion (WPRQG)

109. This Seczion is responsible Z2or zhe preparation of financial estinmaces
in respect of =he ~Facilizies - related votes and for <he »reparation and
admiaistracion of the annual programmes f3r Minor/Medium/Maior New Works, R&M,
Rent and Furniture and Fistings (F&F). WPRCG also monitors the Acguisiticn and

dousing ?Prcgrammes ln a coordinating zole and is responsidle IZor all aspects of
Cefence housing perzaining to the RAAF in liaison wicth the Cefence Zousing 3ranch.

Y
1 J"
:~,,. Civil Zngineering Secticn (WCD)

L .
3%. 110. This Section is responsidble for the management of all civil engineering
‘-:,. projects, R&M aspects pertaining %o such projects and the provision of specialist
‘- engineering advice. The range of activities include aircraf: savements, aprons,
- roads, navigation aids, bombing ranges, wataer supply, sewerage systems and
Hy ~ ainage. WCE is Zurcher tasked with =he dJdevelopment of new 3ases (eg, Tincal)
.:.:. ~..d 0f so~called ‘'bare' 3ases (eg, Learmonth, Cerdy).

o]
::.' Mechanical and Zlecs=rical Sngineerinc Section (WMEE)
_’.‘: 111. This Section is concerned wizh aviation £fuel storage, eleczricisy
S supply, emergency »ower plants, air-conditioning, ener3yy conservation, toilers,
. heating and £fire protec=ion. WMEE manages all prolects in the 2echanical and
_,, electrical engineering Zield and provides spcc.al.st advxce as regulred.

:‘.-
» Drawing Qffice (WDOQ)

-~ 112, The Orawing Qffice operates within =wo sub-sections. Activitzies include
e Survey Drafting, the RAAF aspects of Defence (Areas Control) Regulations and some
oo areas of operational charting. WDO is also responsible for the Lmolemcn:s:ion of
wy e the RAAF Survey Programme in lialson with the Australian Survey OfZice of DOLGAS,
SO and generally meets z=he needs of the DGF-AF organisacion in the preparation of
'(‘c_' all drawings required by the various Sections in day-by-day overations. The
_“\: Sections is equipped with plan printing and microfilm equipment and maintains a
o0 large data base of plans and facilities.
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~T(AF) AAP 3300.001 4 TACMAN 1=

Alr Force Works Liaison CfZficers (AWLOS)

113. In respecz of all facilizies macters arising within defined jeographizal
areas orf responsibilicy, AWLOsS exercise authority as cthe Zield representative o°F
OGF-AFf. At Formation level, zhe AWLO complements -he existing works crganisation
by the provision of specialist advice and service. Functional control of AWLOs
is vested in CGF-AF and exercised through =he c-elevant ?lans Jel. Seczion Head,
whilst admianistracive control is delegated 9 <zhe Commanding Jfficer of =he
Support Units 20 wnich :he AWLO (s posted 2r actached (except .n che Vor=hern
Tersitory, “here the IC DARWIN is the Administrative Controller £5r AWLCNT). The
duties of zhe AWLD are detailed in Section . Chapter .

Single Manager Resvconsibiliv’les

1ls. The Jirecior General is =he nominated spec:al.st 3and Single Manager
withia 20D Jor:

a. 31r3ilelld javement and aprons 3roects:
D. aviatzion fiel storage: and
c. contrsl 97 Cefence (Areas JontIdl) Regulations.

n

Annexes: A.

~ne CZirece: lenera. Tacilrt.es -
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N SeCTICON .
B "(
Lt RESPCNSIBILITIZS OF THE JIRECTOR GENERAL
- z :LZTIES = AIR TORCI (OGF=AF)
A )
B > -"\.
M
%}%: L. The DJirec=or General Facilities =~ Air Torce s responsible toth to the
> Chiaf of Aur Force Cevelcpment (CAFD) and the TFirst Assistant Secrezary
. ) Tacillcies (FASF) Zor the provision of specialist advice on <the development ofF
N : . .
oy pians, policies and proceduras relevant to the administration and management ofF
"p; the RAAF Facilities funczion, and their implementation. He is alsoc responsible
‘R €3 CAFD for cthe overall direc::on and provision of Tacilites Services wizhin =he
T, ir Torce
A Alr Force.
!f:-'
=, - - : s
ok 2. a2 parzicular, IGF-AF is responsidle Zor:
X
a. ~he 2rovision of an interface Getween Air Force OJf£fice, =h
Tacilit.es livisicn and other departments/external Jrzanisactions .o
respect J3I RAAF Tacilitles matters:
. the deve-oomen:. promulgation, :implemenzazion and review 3% 23AF
Facil.ties plans, policies and procedures:;
<. e avaluazicn of environment issues affaczing RAAF estaplishmencs:
4. <~he master 2»lanning for <k Long=cerm i.velopmcn: s RAAT
estactiishmencs, sncc;f ¢ accommedatisn pianniiag, and the siiing 2F
aon-zechnizal facilizies:;
2. the examinaticon, and sponsorsnid oFf YNew Works, Praoger=wv, Housing,
Repa.rs and Ma.ntanance (R&M), and Turn:izure and Fiztiags (T&I)

sreposals:

L4
L
™ . Z. tne co-ordinacicn and deveicpment 3f RAAF Facilities proposals from
‘:r: the stage 3f a2ndorsement of requirements hrcugh =2 thelr
:\fﬁ sonstIuction, landover and avaluacion, L.e.:
18
|:}?Z (1) definizion of User Requirements (Air Torce Works leguiramenzs):
S
ik (2] 2reparatisn of FTunc=iona. Jesign 3riefs and Prz-ecz 3riefs
J2Fl, CF2, CF3:
{*{ {3} preparaz:cad of cost estimates for Timancial JSivisic 217
. . Prec = Timate sz Tin tal DZivisicns 227,
NG 239, 245, 246, 248, 250 and 252:
" l--‘
» S (4) preparat:on of submissions =2 FASF, cthe Minister, :ena::men
‘{}u} 22 ocal uovcrnmont and Administracive Services (ZCL3AS) ),
Cepartament of Finance (CCF), Cepar=ment of Ar<s, Her::ace and
<he ZInvi-onment, Ecoar-ﬂcnc 2# Housing and Construct=icn (SHC!,
Caprnet and the Parliamentary Standing Jommiz=-ee 2n Puziis

Aorks (2WC):

(3) =he meni=sring of JHC desi3n and szastruction:  and

(6) <=he evaluation of comoleted facili=:e

g. the Isrmulazicn and management 37 RWIAF FTac.lities gragrammes:
L in respec:z 2f approved grogrammes, xhe discharge of Coordinascr

responsidbilit.es, exercising exvendizure delegation and csasrol,
and monissring zhe progress of pro-eces:

1. the management of Air Force proper=y, including acguisisizn,
leasing, hiring and disposal =rasacz:ons, and approvals =5 vary =he
functional use of facilicies:

n)‘~
X
iufn 3. the maintenance of a Master Properzy Assets Register:
LIl
-I-- . .
.:u: <. the co-ordinacion Of RAAF housing requicements:
"
‘?': 196
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DI(AF) AaAP 3300.301 - ANNEX 3 TO
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SECTLCN L

L. the provision and management of RAAF Facilitcies Services including
New Works, Rreperty, Housing, &M, F&F, Unit Works Services, Civil
Engineering “Services and Mechanical and Electrical Zngineering

3 Services;

e e -

m. the provision of professional and ctechnical advice <9 other

) 3ranches, Cireczorates and Commands on Tacilities planning, design

- and construction and on civil, mechanical and elecirical
Ingineering Services:;

K, a. all policy/design matters concerning aircraf: pavements, fuel
& storage and the administration of DeZence (Areas Control)
Regulations:

0. the ccordination of the supply, sizing and use of prafabricaced
A facilizies;
)
& o. the clordinating of <the iavestigacion, design and sonstruc=ion =2
v RAAF Special projects (which ara not the responsibilisy 2 ZHC) and
i sor overseas Zacilit.es;

q. zhe supervision of <the iastallaz:icn of plant and workshep
machinery, in llaison wizh the appropriata Technical Cfficers:

T. =he deveiopment of RAAF =ccmbing and gunnery ranges .(Cefance
Praczice Arasasj:

s. the 3rovision, <through appropriats orogrammes, of <cersain supply
Ltems and civil engineering stires:

o t. the <contributing 2o cthe formulation of Joint Service and RAAT

X operaticnal plans; and

" s .

d u. Planning and colicy Zcrmulacion =25 meet RAAF responsitilizies faor

" the provision of engineer works sarvices in operaticns  in
accoriance w1tz JSP(AS)2A.

\ 3. CGF=AF is a nemoer of the following permanent Commit<ees:

a. the ALr Force Works Priority Commiscee (WPC):

¢ b. the Air Force Programmes & Sstimnates Advisorvy Commit=ae (AFPEAC):
’i <. the Air Force Requirements Jommitzee (AFRC): and

d. che Cefence Tacilizi:as Advisory Grcoup (JFAG).
,: +. When so direczed

"

R at hearings conducted by <he ?Parliamentary Standing Committee on Publiiz works
| (PWC) ia relatzion =3 Air Force Office-sponsored Ma:or New WOrks prosets.

Yy CAS, CZGF-AT represents Air Torce QOffice as witness
Y
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Y CHAPTER [ OF
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L)
‘Covy -
;‘-: DGF-AF RESPCNSIIILITIES FOR THE SUPPLY CF
-’\./ -CUL?. Ej!; an
aS
o
o
i) In respect of his Vote Coordinator role for Divisions 239-03 and 245
" DGF-AF is responsible for funding the supply of the following egquipment, in
';‘“’ accordance wich appropriate Scales of Entitlement:
LW}
-:4‘. a. The inicial supoly of furnisure and furnishings o5 newly
¢ L construczad dbuildings:
L%
iy b. 3uils=-in furniture $or incorporation in New Works profeces:
CRA <. floor coverings, including carpet squares, body cardets, carpec
> » runners, Llinoleum, vinyl sheeting and =<locr <tiles, but excluding
" . bedside rugs:
2
:J d. Curzaias, 5linds and £fiztings:;
Ty
Y
at e. Ffurnisure £or public rzoms of messes and airmens 'ec eaticn/canteen
centras (except Dilliard =ables, which are cptained in acsoriance
e with DI(AF) SUP 18-2l):
-4‘:' )
:.»_‘ <. Furniture and Zfuraishinags Sor marTtied guarters, ilncludinag dcomestic
S;.. refrigerators:
XY . ;
*-"' g-. smmersial refrigerators and cool roems including por=able
AL pre-fabricated refrigerators), gquick £reeze blast cabinets, Iixed
deep ZIreeze capinets (subjecz to approval Sv the De_oa <ments of
[ Defence and zhe Treasury), fixed ice making machines, water ccolerss
.~ and iadustr:ial and morzuary refrigerasion:
-";
h. Fixed messing aquipment including stoves: hot 3Dresses, <vecetadle
_~.’: peeling machines and dish washing machines:
) i. Tixed ©barracks equipmenz including sinks, <roughs and washin
) machines o all types:;
.0 »
¢ 3. Tixed lighting, "heating, ccoling, ventilating and aircondisioning
e equipment (DI(AF) SUP 18-14 refers):
- .
) <. Fixed eleczrical equipment and fizzings as prescrized in CI(AF) §UP
., 18-14:
L. Fire £fighting appliances and euipment inzended Zor -..e sratecticn
'_(."-‘ of Zixed equipment and installacions (excluding £ire noses, ZIire
_u'- extinguishers, and items Jitced =0 mobile Zire Iigh=z=ing agpliances
.4-:‘. or used Zor the proteczion of aircrafs):
P
o : . X . . . - . .
u.' 4 m. Tixed equipment and buils-in furniture in RAAF hospitals and si1:ck
Y quarters;
@ N . . . a: s s
. n. Office furnicure, including drawing office furniture, mobile steel
A shelving (Compactus =ype), office safes and filing <caolnets
).,'. including steel <cabinets ficted with <c¢cmbination la2cks, Sut
T excluding Type A cabinets:
T . . : .
Yo Q. Fixed workshoo, hangar, storage and airodrome equipment an
P> facilities, ie fixed lLifzing devices including rail t=ype hoists,
e storage bins and mobile steel shelving, fixed cranes and weizh
N - bridges. refuelling installations generating sets, fregquency
o converczars;
!
.
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o - -

» : -8 Mooriags. mooring bucys and components: and

W q. Prefabricated demountable houses.

.
V4

- - -
- -

(Fixed equipment referred =5 in this daragraph ices 10t include =hat .astalled :a
or fitted to venicles, zrailers or other porzapcle facilities).
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LAYOUT OF AN AIR FORCE WORKS REQUIREMENT (RAAF}

2
- z 2 3 0
Y

- -'..I‘l -

'..‘.-*‘

Extract from the RAAF Facilities Manual
DI(AF) AAP 3300.001
Annexes A and B to
Chapter 4 of Section 8
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DI{AP) AAP 3300.001
ANEX Y

CHAPTER ¢ oP
SECTION §

TYPICAL LAYOUT OF AN AIR PORCE WORKS REQUIREMENT
{Oniy centre headings are mandatory)

APWR ...../19.... FOR . ..cccoceevceoceooscoesssAT RAAF BASE .icvcvoceccnancannn

INTRODUCTION

. The introduction snhoula provide a precis of the Dbdackground to the
problem ana thus i1dentity the purpose 0f the AFWR.

EXPLANATION AND JUSTIFICATION

Jurrent sSituation

s Statement Of the facts pertaining to the present situatiocn, eg nNow anc
wny the probiem has arisen: present consequences and how tne RAAF estaDlisnmenc
1S presentiy coping; 1if interim action nas deen taken €O alleviate :tne proolem

ang wny such action 1S inadequate L1n the iONG term.

3. The paragraphs 1in tnis section should include all reievan: 3data.
cescription, exp.ianations anc, :: applicapie, supporti:ng sSpeciailst agvice.

. Stacements of 'inacequacy' must Dbe justified wlth suant:caz:ive zata.
~Nere 4ppiicapie, rererence sSnNOUiC De made O Ilnspection rTegerts Or other
re.evant gocumentation.

future Situation

3. A statement, wlth supporting data, as to whether the situation -s
eXpecteq tO remaln Static Or to cnange. If a foreseeaple Jeveiopment rather :nhar
an existing situation is tO De resolved, detailis oOf the anticipacec cnange =:
sircumstances, €G change Of TOie, increase 1n ROE, estapli:snment, etc are to Te
jiven,

5. A statement as Lo wnhether COntingency reguirements nave a vai.s dear:rc

SN the . rnposeq sojlution.

- A scatement Or ctne sonsequences (I pDOS.llve acIl.on (s "Ct taxen ~

reso.ve the prodboiem.

AIM

.-

4. The Stateg ai1m snou.c De tNE® 10QlcCal ccC.rse Of action Ceterm:inec
careiul evaluation Of tnhne ex1stinG prodviem, 2is Jdetaiiec :(r tne prececint:
saTagrapns. It shouia De statecd in the tollOwing Manner:

“The aim Of this AFWR s =0 evaluate the extant anc enguring <aci.:iz.es
COQULI@MENT OF .t ovveeaneanertoeesososcaasossoorsonesosansasanassessasnss

ANALYSIS OF THE REQUIREMENT

iwWhat .s Neeced tOo Achieve =ne A1m
Y. The ‘'requirement’ 18 cthe proposed so.ution o  the prcd.em, Tre
I901.0Wing [ACTOrS must De coverec, as appiicacie:

a. ACtivities to De accommodaced e worxsnops., stores, ‘marrvie:
quacters, ecci:

D. Establisheg personne. to dDe accommocateq:

ALY
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4
'::I 8 Division of personnel petween Sections:
o B

. Location ot the facility/works and siting criteria;

: J'I e. Real Estate, eg lang acquisition, leasing:

A oL TEE-1 AL A0 4
[, ®
» ~‘\ H Relateag Projects. Proj)ects 1i1n progress, approved or zianned ang
"~ tneir ciming; ana

Y
W 3. Timing/Priority. Reasons :or timing ang priority rating.
.‘..)“ lu. Special worxks Requirement. This paragraph shoulc detail any unusual or
i U special wOLKS aspects Of cthe prob.em whlch may affect tne selection Of tne bSest
AR solution ana/or the Inaicative Cost, eg:

-

'y

a. Tvpe ot construction. Conventional, prefapricated, moqular,
Statlng the Creason :(Or selectioOn and making reterence toO the
expected .ife Cycle ot tne racility:

L

S ryture Extension. Antilclpatec ana,or possicie future aci:vities toO
oe accommogatedq;

2
e s

. <. Special Integral Equipment. Statement Of what 1S requ.rec¢ anc who
" 18 tO provice .t .eg OHC, <contractor, RAAF, etc. anc Aqesign
_,'-.‘ impilcations:;
J--‘ . .
T <. Znvironmentai ontro.. Purcose, capacity anc areas zc e
centro..eC, sSpecla. conciticns IS De met anc cust:ificatiorn <I ne
[ requirement;
‘-.. - R <
'Y e. Services Scaies anc Stangarss S Accommogation SSSA. Statement
\.: as <0 wnNetner exlst:ng 535A d4ppiy OF wnetner var.atc.ons are
s sroposea, Or are aireacy unager consiceration.
“
' . R _ " .
\-‘ z. Jtner Jnusuali Reguirements anc Special “i.xtures, Stactement Of
¥ Zetai.s Or any uJnusSua. reguirements, Spec.a. I.xtures wn.cn are not
4 normaliy proviged; ang
1Y
3 Zx18t1ing tacilities. Stacement as tCc Jhether any existing

TaCi.1T1838 Orf parts tnereo: are reguired - De removea f£rom the
sroposea site.

ALTERNATIVE WAYS °F MEETING THE RECUISEMENT

“a- ot .8 .mperat,ve to SNOow tnhac Zeas.C.e .ernaiives nave Zeen
tons.gerec. These sSnOuld De examineC AanNC @va.uatec «~1t- -egard =T suitabDi.ity,
SosSt, va..e 21 w«Crx, Iiming, ectcC. from tnese, Dy Compar.con, tne lCest avai.abile
$0.u42i0N SN0L.C De se.LecCteC as tnhe '“referrec opr.on'., nt27€@ “C a ternat.ves are
avai.ap.e, .S TMuSt De stated.

; Jption . - State the roposec metncc 2 meet.in e requ.rement. e
s P4 SEL LI -
. JONSTruction Of a New 3C.i..%y .0CALEC ............ LT
)'_\'_- AP Z4Cn 2ption SNOuLS De cescridec n gJenera. t=2rmMS, DUT MUST C.ear.ly
G duz.ine = excent Of wOrK invc.ivec. The eva,uat.on I ine Opt.Im mMust rerer
a4 SCCT "I Lts agcvantages anc lisagvantages.
L)
..:- “d “0rxs P.,anning mplicat.2ns.,
<
A a. waster P.an. Statement as - <hether =ne = .S -arc I: tne
..' 2Py LOVEC “aster P.an anc <necner any ciner ac: .es are atfectec:
[
A
A z. Propert. Reguirements. sratement 3§ *C enNeINEr 3CZIULSiTION .S
":.—‘ re wil@C 4NC I 4Ny _r-C.eM$ ire [c-reseen: anc
‘\-'.' -
o - z ZiSpOSa. 1! exis$I.S; zaci..%.e$ I assets, wrere azC..lAal.e.
I..
- 4. A$SCClaceC MT..CALIONS. ~tatemer: a8 D enezner the [roposa.  "as
a2 \mp.lcations tor:
N
-"l
\.a. AL.Y
& ,
v 554.0.1083b 202
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a. RAAP. (Bg effect on human resources or organization):

b. Qther sServices. {Army Or Navy wOorks, operations, establishments or
activicies;

C. Other Lommonwealth Departments Oor Agencles:

d. State or Local Government. (EQ compliiance with local counci.

poiicy, Zoning regulations, or Dy-laws): and

.. Non=-Governsent encies, Businesses Or Private Citizens. (Any

KNOWN CLICCUMSCANCesS YNICN COULd atrect the Jroposall.
5. Environmental Impact. Statement as to whether Or not an Environmenta.
Impact Stacement (£1S) rtor this type of project will Dde required. It

arzirmative, aspects such as tne effect on the natural or numan environment, eg
cnemica. poliution, noise leve,, etc are to De discussed. (Where the originator
of an APWR 18 uncertain as to wnetner an EIS 1s required, advice snould be sougn:c
trom DGAW=AF).

6. staging. If the pro)ect could be completed 1n stages, this should Ce
statea. HOwever, eacn stage must constitute a self-sufficient functional entity,
capapie or fultilling 1ts intended purpose upon completion, 1n spite of Ddeing
part Or a wnhoie.

PN ingicative COSt. An Inc:.cative Cost for the project .s =0 De included.

Jeeion 2 - State tN1s proposa. LO0r meeting the requirement. eg “Modificatior

Of @X18tING BULICQING cecrescensesl”

.8. Eacn succeeding option 1s to oe fully evaluated uncer separate
neagings. All reievant aspects are o De 1ncluaec as for Option 1i. .

Comparison ot options

Y. The CORParison snouic :inc,ude reterence to all the essential/desirapis
1actors anc CONSiGeration O any S1GNirLicant imp..tations reliacive to each option.

ic. Seiection Ot the 3est Jption. Sctatement that Jpeion NO .... 1§ tne
se.eCtec SOLutiOn Decause .- .8$:

a. the cheapest :n zne year Of expected 4utnErizati:on oOf I1n respec:
of lLife-cyCie COStINRgG.;

. the easiest tO CONSLruct In the time aval.,ac.e:

c. the most cost-etfect.ve:

a. the only one tnat ensures tne Cperat.ona.i tagad:ility:
.. the only one avai.,aoie: ang
z. any other reason, as applicapie.

THE REQUIREMENT

The reguirement sSnNOulq De summarizec as IJi.Ows:

»
.-

“The Department o: Detence (Air Force OLZ1Ce! TOGUITES ....ccsessnensan.
veessssssasnssaccas AT RAAF BASE ... .ttt iriescnasrensevensansea 7

[ I
“The Department ot Detence (A1r Force OJffice) requires the
construction Ot a new Base S5Squadron Heacguarters Building at RAAT

Base FLYOVER to replace the existing congemned Suilding, (Buildinc
183).°
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General Des gn COI\COEG

22. Under this neaaing, a short description of the general design concept
zor the proposea tacility 1s to De jiven. However, the design concept and
getaliec specitications will be stated 1n the Punctional Design Brief (FDB).

3. Layout sketches. Simple layout sketches may be provided tO assigst :.n
the seiect.on Ot the desired siting and the lnterrelationship Of activities to be
accommodqated. Attached notes snhould 1ndicate the personnel numbders to Dbe
4CCOMBOGACEAQ ana/or working 1n the 1ndividual areas.

24. Annexes. It appropriate, extracts from the Master Plan, flow charts,
photograpns ...ustrating the existing prodlems, photograpns/drawings of similar
tacilities existing elsewhere, etc. should De attached.

Target Dates ang Approvals

25. Critical Dates ot Related lItems. Statement oOf the anticipated or
requireq ce.ivery qates rOr other source egquipment assoc:ated witn the projec: or
L0 De accommocacec in th