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Computer Aided Facilities Management and Design

Omer Akinand John Eberhard
Department of Architecture
Carnegie Mdlon University

Pittsburgh, PA 15213

January 20,1993

Design is one of the most widely recognized of all activities that impact the creation of buildings.
However, it is not the only or the most lasting one when we consider the " lifetime* of buildings. Often,
maintenance of physical plants, equipment, and furniture; development of plans for use, reuse, and
renovation of buildings figure mor e prominently into how buildings are used and conceived. Thisisan
area which is under-represented and under developed in the area of computer aided design (CAD).

A largeamount of information is generated by ar chitects and engineersduring the design, working
drawing and specification writing activities . This information is also needed during the facilities
management process and therefore by computation based facilities management systems. Under ideal
conditions, a CAD based design process would automatically create data that can be used directly by
facilities management applications. Currently, there are very few systems that make this interaction
seamless or easy.

There are numerous inefficiencies arising from redundant representations, difficulties in information
gathering, and costly error recovery tasks. Furthermore, the fact that these tasks are typically
sretched over long periods of time makes the already complex information and communication
problems even wor st. This project envisions seamless and redundant-data-free applications supporting
facilities management systems that can assist both the designer and the facilities manager.

Approach

This project isbeing conducted to deal with two problems simultaneously: the potential use of an
integrated database by the Carnegie Mellon University's (CMU) design and management gaff for its
facilities operations; and the further development of on AutoCAD based CAD softwar e environment
called ASG-TTMS as a facilities design and management tool.

Our overall strategy is to build a relatively large system up from individual modules that respond
to specific design and management tasks. Presently work isbeing doneon arapid prototype based on the
CMU facilities management and design operations, the Margaret Morrison Building, one of the
academic buildings on the CMU campus, and the ASG-TIM S facilities management and design
software.

Our a{pproach is to use two parallel research strategies in collaboration: 1) evaluating and modeling

thefacilities design and management processes; and 2) designing computer systems that implement
these models and respond to these evaluations (Figure 1).
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The collection of papersincluded in thisvolumerepresent the former effort, namely our present
attempts at describing and modeling the various use typesthat we are likely to encounter in the area of
Computer Aided Facilities Management and Design (CAFDaM). Thefindings areintended to inform
the latter, the system development group, and enable an approach that isresponsive to user aswell
system requirements.

While some of thé studiesincluded in this volume were motivated by circumstance and opportunity,
we consider them useful building blocks of an empirical foundation for developing use paradigmsfor
CAFDaM. Thefirg study isonethat providesa survey of the CAFDaM systemsin useat US
univer gities. The second oneisa case study of the FDaM oper ations practiced by the Design and
Construction Office at CMU. Thethird isanothercase study, exploring possible connections between
theuse of CAD and reductionsin the number of change ordersissued. Finally, the fourth study included
in here, deals with a specific user application domain: space allocation, involving the College of Fine
Arts facilities at CMU.

Benefits

Thelong term benefits we expect from thisresearch effort include but are not limited to the
improvement of the information exchange between design delivery and facilities management
processes. We anticipate that clients will be able to obtain accurate, electronic, building description
data, much mor e efficiently, as an output of the design and production processfor usein facilities
management; and beable to use such datain a seamlessdesign delivery process.

We also anticipate that there will be longer term benefitsin terms of the standar ds governing the

representation of buildings as well as applications directed towar ds steady state building maintenance
operations.
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A Survey of Computer-Aided Facilities Management at Eight U.S. Universities

Zeynep Anadol
Department of Architecure
Carnegie Mellon University
Pittsburgh, PA 15213

January 20,1993

In thissurvey, we focuson computer aided facilities management (CAFM) applications being used
and developed at US universities. While our initial sasmpling included a much larger number of
universities, we limit our reporting here to eight Examples of CAFM tasksand their usein these
universitiesare summarized in Figure 1. In each case, while standalone computer applicationsare
available for the majority of these tasks, there isa common tendency towards integrating these
applications under one operational umbrela.

Figurel Computer Aided Facilities Management Applications at Other Univer sities,
BMawr | lowaS UCLA | UUtah 1 UWA JVATechy WSU
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Theoretically speaking, integration of CAFM applicationsreduces the amount of time and effort
spent, and the number of potential errorsthat might be involved in duplicating data acr oss departments
concer ned with facilities management. For example, the drawings created by the design department
could be used by the space management per sonnd who could in turn share their space owner ship
diagramswith the maintenance management team to be used in maintenance planning and scheduling.
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The samedrawings could be used by the ener gy management department to generatereportson energy
consumption on a squar e footage basisfor abuilding'sHVAC zones[Kimme 1990].

CAFM at Eight U.S. Universities

In the following sections, we will discuss the computer aided facilities management
implementations at eight US universities about which our survey contains the most detailed
information: University of California, Virginia Polytechnic Institute and State University,
Washington State University at Pullman, University of Utah, University of Washington, Bryn Mawr
College, lowa State University, and St. Mary's University. These institutions provide an interesting
spectrum of applications of varying contexts and sizes, and utilize different technologies from
databases to direct digital controls to bar coding applications.

University of California, Los Angeles, California

The Facilities Management Information System (FMIS) being used at University of California/L os
Angelesisan "integrated system of computer hardware, softwar e packages (modules), and data
designed to providetimely information in support of routine and unique decision processes* [Freeman
1987]. The UCLA FMIS wasinitiated with the need to accurately document the campus's deferred
maintenance backlog. Although theinventory data base was compiled for deferred and annual
maintenance funding judtification purposes, presently, it isbeing utilized to support additional
practical applications such as a deferred maintenance program, a preventive maintenance program, a
computerized work order system, a component on work history information, project estimating support,
and gaffing requirements.

TheFMISconsistsof anumber of modules. The deferred maintenance backlog modulekeepstrack of
deferred maintenance and capital renewal tasksand work in conjunction with the maintenance cost
estimator to schedule and manage maintenance and repair tasks. The facilities inventory module keeps
track of all facilities systems (buildings, grounds, utilities) and components for the daily operation and
maintenance of the physical plant. Applications include preventive maintenance, custodial planning,
relamping and painting. The maintenance inventory module keepstrack of equipment that isin the
preventive maintenance management system, a subset of the facilities inventory. The preventive
maintenance tasks module specifiesand schedules preventive maintenance work on inventory
components. The space inventory module keegpstrack of the " space planning" attributes of a room. It
allows the facilities manager to list all attributes of a room necessary to plan its use or assign a function
to the available inventory of space. The work history module worksin conjunction with the other
modulesto keep record of all maintenance and improvement work performed at theinventory component
level.

Other modulesin development include an accounting module that worksin conjunction with the
organization's existing financial accounting procedures, a graphic index of the data bases, a contract
administrator that allows the facility manager to manage the work performed by outside contractors, a
construction cost estimator, and an energy analysis module. Additionally, there will be a growth
projector that worksin conjunction with space planning to allow the facility manager to smulate
facility growth and study the impact on space requirements and oper ations, a leasehold management
module, a maintenance cost estimator, amaterial inventory module, a personnel management module, a
planned maintenance and an improvement module that combinesall financial requirementsintoapro
forma cash flow scenario. Further, there will be a scheduling module, a space analysis module that
provides the facilities manager the tools to analyze the efficiency and usage of the facility, a space
planning module that provides the infor mation necessary to plan the usage of the facility, a work order
generator that interfaceswith other modulesto print out work ordersto be given to saff performing the
work and to feed back completed work to thework history module.
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Freeman [1987] notes that the FMIS is valuable to the physical plant administrator in terms of
decision support and improved communications. The FMISsuppbrtinnksbetween maintenance
administration and shop administration; shop administration and shops; shop and craft shop;
maintenance administration and planning administration; work-control and facility users; and
maintenance administration and institutional administration. Freeman adds. " Automated systems,
managing reliable facilities information, have led to substantial productivity increases, improved
decision making, and ultimately reduced operation and maintenance cogts™

Virginia Polytechnic Institute and State University

At Virginia Paolytechnic Ingtitute and State University, the renovation work done annually is
worth more than $5 million. Through the 1980's, its estimating and scheduling activities were
automated. Typically, the estimator for a renovation job might be concerned with issues such asexisting
mechanical or dectrical componentsin a wall that isto betorn down, the cost premium on the materials
designed into the project to "match existing,” and the practicality of only painting the new wall and
leaving the existing walls as they are. The scheduler, on the other hand, is concerned with the
interruption of classes or research, and coordinating the project activities with the material deliveries
dueto limited on site storage space.

Since an estimate is always required before any work can be authorized and the information is often
wanted within a few days time, it is essential that estimating bé able to promptly address multiple
projects. There are three (mechanical, dectrical and structural) estimators equipped with a personal
computer and digitizer board, and utilizing a construction estimating softwar e package. While the
computer provides speeded-up estimating procedures, the availability of clear and concise printouts
proves equally useful in a number of areas (i.e. defending the estimates even when the per son who
actually prepared the estimates is not available; basing material orders directly on the estimates
copy; using the printoutsaswork order sheetsin very small projects).

Thus, automation also allows the scheduler to addressa number of projects simultaneoudly.
Computerized scheduling provides the ability to modify line items as needed and have the entire
schedule updated instantaneously. Another advantage is the ability to quickly look at alternative
scheduling scenarios and deter mine the most advantageous plan, This search isalmost never made using
manual methods since it requires too much time and effort. A third important advantage is the ability
to look at the work force across several projects and make sure that the gaff is not overcommitted. Use
of resour ce management reportsallows the monitoring of work progressand comparing it to initial
estimations. This also allows the managersto project the outcome of a project early on and alerts them
to any problemsthat may affect the schedule and budget before they become critical [McCoy 1990].

Washington State University, Pullman, Washington

The computerized planned maintenance system at W SU/Pullman (Figure 2) integrates activitiesin
scheduling, timereporting, project management, storesinventory and billing. This system keepstrack of
maintenance history for each equipment in four categories. preventive maintenance, repairsand call-
backs, materials, and subcontracting. A system feature provides flexibility in assigning the workload
accor ding to available gaff. Equipment maintenanceis carried out on the basis of equipment use as well
ascalendar dateinspection and service. Maintenance schedules ate used in determining dueand
scheduled maintenance tasks versus deferred tasks. Monthly and annual reports provide summary
information. Management uses this information in planning and ‘also defining staff requirements based
on objectives. Maintenance and deferred maintenance statistics judify budget requirementsand aid in
selection of areas for budget increase or reduction. The planned maintenance system at WSU/Pullman
has reduced repair costs and hasassured top management that maintenance schedules are being met
The system, when integrated with the project management and inventory management systems, will
include all physical plant services at WSU/Pullman. Expansions to the system are planned for
gructural maintenance, custodial services, and vehicle maintenance [Jacobs 1988].
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Figure 2. The Computerized P | _ ington State/Pullman
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University of Utah, Salt Lake City, Utah

At Univerdity of Utah, a decision wasmade to develop a system that would.provide support in
work planning, work control, work review, and cost accounting. The system developed iscalled the
Information Retrieval, Management and Accounting (IRMA) system (Figure 4.2). IRMA provides
support in the following maintenance management tasks. preventive maintenance, key control, motor
pool, capital renewal and replacement, deferred maintenance, custodial standards, and utility cost
analysis [van der Have 1988]. The system, in essence, manipulates data in several databases such as
facilitiesinventoriesto generate new information needed to accomplish a maintenance task. The
databasesarereferred to as "tables' in Figure 3 and working filesare created for generating work

orders, billsand reports.

—Figure 3 The IRMA System af the University of Utah
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University of Washington, Seattle, Washington

Maintenance managers at University of Washington/Seattle, concerned with the valuable labor
time wasted and theamount of error introduced in the process of manual records keeping or the transfer
of these manual records to the computer, decided to use bar codingto keep track of their maintenance
activities. Considering the data management problem they had at hand, the managers decided to start
with a pilot program for the maintenance of the 6,000 portable fire extinguishers on campus. Since all
equipment on campus already had a unique digital identification (DI) humber describing what building
theitem isin, what floor it's on, what kind of system or unit it is, and which of the several similar
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unitson thefloor it is, they used the DI numbersin creating bar code labels. These labelswer e placed on
the extinguisher stations, individual extinguishersand the replacement stock. An interface program
waswritten between the bar code program and an inventory program that wasalready in place. The
fire mar shals wer e also given an employee bar code. Each week a fire marshal sarts hisroundsby
reading in his employee bar code. Next, he readsin the fire extinguisher station and then all thefire
extinguishersat that station in a certain sequence. At the end of the day, the bar code is downloaded
and theinformation isentered into the data base. The samebar code reading and downloading process
applies when the extinguishers are replaced with new ones from the replacement stock [Heinz 1987].
Because the bar code system is so precise, the University is now working with the local fire department
to abolish the need to check and paper tag each extinguisher.

‘ Bryn Mawr College, Bryn Mawr, Pennsylvania

At Bryn Mawr College, a computerized work and inventory control system wasinstalled to provide
management with the capability to closely analyze work and material flow. The information
available from the system helpsin theidentification of problem areasin work control and concentrate
effortson correcting them. The computer system helps keep track of backlog items, scheduling of work,
progress/productivity reporting, material ordering, material withdrawal and cost analysis. Work
supervisorsno longer lose work ordersin the shuffle or leave them unnoticed. The backlog listing does
not drop any work unlessit hasbeen completed or canceled. All materials purchased are accounted for
by monitoring thedollar flow from the stock roomto thejob site [Lash 1988].

lowa State University, Ames, lowa

lowa State is among those universities that hasinvested in an extensive building automation
system (BAS) for monitoring and control of equipment. Initiated in 1976, the BAS has been expanded
with funding available from a total energy management program, to include fifty-five buildings. Over
3300 separate points, in distances of morethan two miles, are monitored and controlled by direct
digital control (DDC) equipment [Reynolds 1987].

St. Mary's University, San Antonio, Texas

At St. Mary's, management uses the People Oriented I nformation Systems for Education (POISE)
softwar e system. POISE isa series of programs designed specifically for creating and maintaining files
of repetitive data, and S. Mary'sisusing it for keeping track of work orders. With the database
loaded with information on work orders, the system isused to generatereports such asan incomplete
work order report, monthly customer billing report, building maintenance history report and a
dormitory billing report to the housing director. Other types of reports anticipated in the futureinclude
a shop productivity report, customer budget preparation report, and an automotive maintenance history
report [Jenkins 1988].

Computer Aided Maintenance Management (CAMM) in CAFM

Computer aided maintenance management (CAMM) systems form a lar ge subset of computer aided
facilities management systemsand thus deserve mention, before we conclude. M aintenance management
simultaneoudly involves a number of physical plant operations such as facilities inventorying, time and
labor scheduling, cost estimating, space management, ener gy management, and work order control.
Therearetwo main areas of concern in maintenance management: preventive maintenance and
corrective maintenance. Preventive maintenance is the collection of planned maintenance activities,
usually scheduled over a period of twelve months, and isagreed to be an effective means of prolonging
equipment usefulness, cutting down on repair cost and achieving ener gy savings. Corrective maintenance
is, on the ather hand, what managersrefer to as " putting out fires." Unlike preventive maintenance, it
isnot a scheduled activity. It includesthoserepairsmade when equipment breaksdown or a window
breaks[Gold 1990].
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Thereare four fundamental stepsin maintenance management (1) inventorying facility equipment
and resour ces, (2) determining what isto be done from the standpoint of maintenance practicesand
procedures, (3) keeping histories of all activitiesand occurrences and analyzing, results, and (4) making
changesto continually improve maintenance oper ations, based on theanalyses. A CAMM system
consistsof four distinct components: (1) generation of planned maintenancework orders, (2) generation of
repair work orders, (3) an equipment database, and (4) a maintenance history database. The equipment
and maintenance history databases provide the necessary information for the formation of an initial
maintenance schedule. Then the planned maintenance and repair work ordersareissued. Planned work
ordersareissued on a calendar basiswhilerepair work ordersareissued asrequested. If the database
can interfacewith a building automation system, then planned maintenancework order s can bebased on
actual equipment runtimes rather than the calendar, while repair orderscan be generated in response to
off-normal conditionsrather than obvious breakdowns. CAMM provides a capability for not only
scheduling work but also analyzing, managing, and optimizing it. The maintenance history database
contributes to the third fundamental step in maintenance management. The availability of specific and
precisereports can be used in the fourth step. For example, a failure analysislisting all failuresover a
six-month period is difficult to use if the information actually needed isrelated to a particular
building [Kleismet 1987].

A survey conducted by Johnson Controlsand Association of Physical Plant Administrator s of
Universitiesand Colleges (APPA) on planned maintenance cost savingsand specifics of energy savings
through use of planned maintenance and computer-aided maintenance revealed that a majority of the
respondentsused some form of planned maintenance, with manual systemsbeing used by nearly two-
thirdsand computer -aided maintenance management (CAMM) systemsbeing used by lessthan one-
third. The results also showed that more than three-quarters of the respondents per ceived significant
savingsresulting from the use of planned maintenance and these savings aver aged about ten per cent of
their facility maintenance budgets. Energy savings wer e far and away the most important of all among
savingsresulting from planned maintenance activities. Equipment related savings wer e second and,
combined with ener gy savings, comprised the bulk of all savings [Kleismet 1987].
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Case Study One

Facilities M anagement and Design at Carnegie Melloh University

Zeynep Anadol and Omer Akin
Department of Architecture
Carnegie Méellon University

Pittsburgh PA 15213

January 21,1993

A review of theWoods Hole (NAS, 1986) model for an integrated database represents a point of
departurefor this study (Figure 3.1). This model represents a point of departurefor this study, since
it isbased on the basic idea of supporting a design delivery activity with seamless processes and
centralized and coordinated data about buildings. Our purposeis to investigate facilities
management operationsin order to better under stand the activities that contribute to such adesign
univer se. From this vantage point the Woods Hole model reveals two main fields of activities
related to building life cycle: facilities design and facilities management.
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Figure 3.1

Facilities Design and Management in the Woods Hole Diagram.

In this case study, we present a bench marking study on existing facilities design and
management processes at Carnegie Mélon University (CMU). The information gathered for this
pur poseisbased on interviews with key personnd of the Design and Construction Office (DCO) of
the Office of Physical Plant at CMU and analysis of related documents. The diagram in Figure 3.2

summarizes the existing processes.
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Facilities Design at CMU

The projects undertaken by the DCO vary from redecor ating offices and classrooms, to
renovating a wing of an existing building, to multi-million dollar capital projects (Figure 3.3). The
value of renovation projects totals approximately $6 million annually and forms 60% of the
University's total capital budget (Roach, 1992).
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Figure 33 The CMU Physical Plant.

All projects areinitiated with a Project Request Form. The requester of the project completesthe
form by including information about himsef, a description of the project, the anticipated funding
sour ce, and theexpected completion date. Any member of the univer sity can request a project, but
only a Dean or Department Head may sign theform. The Project Request Form isthen turned in to
the business manager at the Office of Physical Plant. DCO gaff then review the scope, and attach
to the form preliminary hours and fees that are needed to establish project scope as well astime
and budget estimates.

The DCO usestwo computer systemsin project management. Thefirg oneisthe Project
Management System (PMS) running on the univer sity wide administrative network Mirage; the
second is a collection of in-house spreadshests, created on a commercial spreadsheet package.
Although the PM S provides useful reportson time and budget assignments, thesereportsare
detached from each other and require moretime to produce than the in-housereports which
provide a better overview of all work in progress. The Business Manager can access both systemson-
line. Project team members are provided with printouts of the reports.
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PlanningandProgramming

The completed Project Request Form, together with a preiiminary estimate of hoursrequired to
complete the project, are submitted to the Pre-Planning Committee (PPC). The PPC meets biweekly
and consists of the following members. Associate Provost, Associate Vice President for Budget and
Planning, Director of Physical Plant and Business Manager for Physical Plant. The committeeis
mainly concer ned with theissues of (a) space owner ship (i.e. the spaceor building in question being
actually owned by therequester), (b) source of funds, and (c) design implications. If theproject isa
lar ge scale capital project, outside consultants (coordinated by in-house staff) and the Design
Review Committee of the university is involved in the evaluation of aesthetic criteria and the
development of an architectural program for the project. For small projects, these tasksare
undertaken by DCO dgaff. The PPC, after reviewing therequest, approves therequest or ask for
additional information unlessit has decided on denial of the request. Projects do not proceed onto
the design phase unless approved by the PCG

DesignandEngineering

Onceaproject is approved, DCO forms a design team and the firs meeting is held with the
client to define project scope, establish design criteria, and discuss schedule and budget objectives. |f
the project scopeis feasible at this point, the DCO team prepares the sketch design and rough
estimates to be reviewed by the requester. Smilar to the planning and programming phase, DCO's
design team collaborates with outside consultants on design issuesif necessary. The typical
organization of DCO design coordinatorsis shown in Figure 2.4. If the sketch design and the
estimates are not within the available budget, the requester might discuss scope adjustments with
the DCO team. With the user's approval, the DCO team completes the preliminary scope
statement, sketch design, final estimates and the Capital Project Request Form to be submitted to
the Capital Project Committee (CPC). The CPCsprimary concern isto make surethat the project is
properly funded. Its membersinclude the PPC memberswith the addition of Director of Campus
Services and Associate Director of Physical Plant for Congtruction. Once the project is approved by
the CPC, it enters the University Capital Project Tracking System and is given a Capital Project
Number by the University Budget Office. Upon receiving CPCs approval, the project proceeds into
thefinal design and construction documentation phase.
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Figure3.4 Design Coordinators at the Design and Construction Office
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DCO has one machine dedicated to computer aided drafting. The system runs AutoCAD and is
used occasionally; drafting is done mostly by hand. One major obstacleidentified by the DCO
designersisthelack of complete and precise as-built drawings of campus buildings. Although a
computer tape containing all the drawings for the University's buildings does exist on campus, this
media is not readable by any of the University's existing computer facilities. For very small
projects, the designers havetried scanning existing printouts of these drawings obtained from the
University Planning Office, then reprocessing them in a CAD package to be used as construction
drawings. DCO also uses computer toolsin specificationswriting. Themost recent ver sion of
MasterSpec on laser disc is used together with Sweet's Catalogue.

Preparation of Procurement Documentsand Bidding

The selection and procurement of furnitureand furnishings (soft costs) isundertaken by thein
house DCO interior designer while all other hard cost items are procured by the contractors. Asthe
congtruction documentsarebeing completed, a DCO congtruction coordinator isassigned to monitor
bidding, contractor work and construction activities, and communications with campus utility
systems. Projectsarebid to either general contractorsor sub-contractorswho arein turn managed by
the DCO construction coordinator. Very small projects may be handled by in-house craftsmen.

Construction, Turnover,and Acceptance

Theinitial pre-construction meeting finalizes the construction schedule. Scheduling is even
mor e challenging on an academic site; the construction coor dinator strivesto bring minimum
disturbance to academic activities, as construction work is known to proceed mor e efficiently when
the siteisnot occupied. However, the schedule might have to be planned around ongoing activities
such asclasses, exams, meetings and confer ences. Conflicts between academic and construction
schedules can causedelaysand increase congruction costs. Changesto the construction contr act
during congtruction resultsin changeorders. Any changeorder not included in the project budget as
congtruction contingency is reviewed by theadministration. Frequent reasonsfor change orders
include unforeseen siteconditions such asexisting building deficienciesuncover ed during
congtruction, and changesin scope such as additional work requested by theclient or initiated by
the construction coordinator.! The progress of construction activitiesis discussed in weekly or
biweekly congtruction meetings held by the construction coordinator and the contractors.

The DCO coordinator assuresthat the work of the contractor is complete and that the project
siteisready for occupancy. Systems are tested and maintenance daff and occupants are trained in
their use. Move-in isalso directed by the coordinator. Once a project is completed, all written
documents pertaining to that project are collected in a Capital Project Master File.

A oneyear warranty period isin effect as of final project close out Feedback from the occupants
is essential during this period both for enforcing warranties on unsatisfactory work or materials as
well as for improving the performance of future projects. DCO is presently working on establishing
postoccupancy evaluation policies for the university. The Manager for Capital Program Services at
Physical Plant is contributing to the establishment of the University Standards and Inventory
Management (USIM) Committee, aimed at promoting Univer sity wide use and management of
standard materials and equipment.

! See Case Sudy 2 for adiscussion of change orders and the need for asbuilt drawings as a way to reduce
changeordersin the contractsissued by the Office of Physical Plant at CMU.
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Facilities Management at CMU

Carnegie Mdlon University maintains over 3300,000 squar e feet of spacein thirty two
academic/administrative buildings and twenty four residence halls standing on the 101 acre
campus. Thebuildings are used by over 3,000 full time faculty and gaff, and over 6,500 full time
equivalent (FTE) students [Roach 1992]. Building oper ations and maintenance tasksat CMU are
undertaken by the Service Response Center (SRC) at the Physical Plant while user operations
concern a variety of departmentsin the University ranging from Telecommunications to the Office
of the Regidtrar. With regards to user operations, we will be focusing on the issue of space
management that is undertaken by the University Planning Office.

Building Operations and Maintenance

The SRC forms the " communication hub" of the Physical Plant by acting as a conduit between
user needsand thetrade groups who actually carry out thetasksto meet these requirements. There
arefive categories of service that the SRC provides to the CMU community:

1. Daily Service (DS) is limited service work, scheduled by need priority and availability of
trade groups. If onelight is out in an office and alternative lighting is available, for
example, therequest is classified as DS.

2. Unplanned Maintenance (UP) is any emer gency addressed within 24 hoursto insurelife
safety, to protect university assets or to meet critical user needs. A report of total eectrical
shortagein a classroom is classified as UP on grounds of critical academic need.

3. Planned Maintenance (PM) is preventive maintenance carried out on a planned scheduleto
prolong equipment and building lifecycle.

4. Projects (PR) include installation or modification work which enhances the asset value of a
building and its systems.

5. Partg/Contracts (PC) is work pending due to material availability (longer than 1 week)
and specialized services contracted to supplement service capability.

The primary tool of the SRC is the Service Order Scheduling (SOS) system. SOS system is used
in generating, scheduling, and if required, estimating work orders. SOS system isalso used to keep
track of work in progress, backlogs, work completed, and work order history records. All work orders
arecurrently recorded in a computer database. Monitoring and scheduling isdone manually by the
help of a scheduling board set up on awall in the main SRC office. The board isa matrix of trade
groupsin columnsand the five categories of responsein rows. Actual work order formsare sacked on
thisboard in the order they were received or as prioritized by the scheduler.

Preventive Maintenance at CMU

The steps taken in implementing the preventive maintenance (PM) program that was recently
put in use at the Physical Plant include:

» selection of a pilot group of buildings for PM (twelve wer e selected initially),

* development of an equipment inventory for these buildings (wherethe equipment is
located, what type of serviceis needed and whether it is a critical piece of equipment or
not),

procurement of the materials needed for PM,

scheduling of activities,

preparation of estimates,

monitoring (developing a maintenance history, making future projections).
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The equipment inventory is recorded in a computer database. Scheduling of activities,
preparation of estimates and monitoring of PM activities are done manually. PM tasks.are usually
planned over a twelve month period. While certain equipment requires monthly or annual
maintenance, others require PM every so many years. Still, say that thereare four piecesof a
certain equipment on campus that need to bechecked every four years. That means, one of these
might be included in the PM schedule every year. The maintenance manager issues Maintenance
Task Sheets for all types of equipment in the database. These sheets serve as punch-lists for the
mechanics working at the site. The man-hours spent on a PM task can betracked from these sheets.
The maintenance manager hasa record of estimated hours for specific tasks that he can compare
against theactual time spent. Thisisone way of monitoring productivity. Every PM task on a sheset
hasan ID number that corresponds to a task description. Thesetask descriptions are collected in a
document to which the personnel can refer if needed. This helpsin reducing the time and effort
spent by the personnd in searching for answers to questions which may already have been
answered. Currently, there are six people dedicated to PM.

Developing a maintenance history proves useful not only by providing the information needed
to estimate when equipment islikely to require PM (other than its calendar age) but also by
providing feedback to facilities designers and engineersfor the selection of equipment previously
used on campus. Such equipment previously employed by the University has a maintenance history
on campus. A database of equipment histories should ideally lead to campus wide standar dization
in equipment selection.

User Operations. Space Management

The University Planning Officeis involved in space management issues. Its tasks are grouped
under two main categories. spaceinventorying and spaceanalysis. For spaceinventories, the
Planning Office uses a Facilities Management program running on the university wide Mirage
system. This program is essentially a database created with INGRESS software. The space
inventory database keeps track of space owner ship, usage, and sguar e footage and provides a
variety of reports to departmentsin the University. The Design and Construction Office and the

Office of the Registrar have on-line access to some of the database files.

The Planning Office also keeps space owner ship drawings of all the buildings on campus. These
drawings are created in a "paint" software package and are not linked to the inventory database
Thesearenot intelligent drawings. In addition to the University's own policies on space
management, the Planning Office uses the Physical Facilities | nventory System | nstructional
Manual published by the Commonwealth of Pennsylvania and the Revised Higher Education
Facilities Inventory and Classification Manual published by the National Center for Education
Statigtics as reference documents. The Planning Office also provides servicesin space analysis by
giving feedback to departments on alter native space assignment scenarios. These scenarios are
created manually.

Summary of Observations and Opportunities

Below, isa summary of our observations on the current status of facilities design and
management activities at CM U, and opportunities for the development of an integrated database.
Thisisa preiminary list which will be expanded in the future phases of our project.

* While bench marking the existing facilities design and management activities at CMU, we
adopted the Woods Hole diagram into the one shown in Figure 3.6. When thisdiagram is
compared to theoriginal in Figure 3.1, one obvious difference to be noted is thedistinctive
separation between facilities design and facilities management activities at CMU. This
separation is not present in the seamless schema of the Integrated Database. Furthermore,
this presents problems of redundant data creation and discontinuous task follow-through.
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*  Presently, computerized and manual methodsare being used in an ad hoc manner in almost
all phases of facilities design and management. A recurring trend is the use of computerized
databases as a mere substitute for manual filing systems. For example, although thereis an
equipment inventory database, maintenance is monitored manually. Real advantages
related to cost and time of operations are not realizable.

e Insome cases, computerized methods themselves are being used discontinuously. Thereare
"shaded" drawings of the buildings on campus in a paint program which depict space
ownership. Independent of these graphical representations, there is also a space inventory
database for these buildings. These drawings are not, however, usable by facilities
designers working with computer aided drafting methods since they are raster images only

and arenot precise enough to convert into working drawings.

The information presented in this chapter was gathered from interviews with Physical Plant
and University Planning Office staff. However, if the University is viewed in its entirety (Hgure
3.7), it is possible to find other departments that might benefit from the Integrated Database. It
would not be farfetched to claim that the data in the furniture inventory files of the Purchasing
Department could be the same information used by thedesigners while renovating a classroom and
the updated file for that space could be accessed by the Registrar in making decisions for classroom

scheduling.
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Change Ordersand CAD
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What purposea computer aided architectural design tool should serve has been discussed
extensively. Still, researchers who have been working in developing " intelligent” tools to assist
designersin their tasks are faced with the fact that "dumb" drafting packages dominate the use of
computersin the architect's workplace (ALA, 1991). While the use of computers as drafting tools is
increasing, it is claimed that architects arereluctant to use them in the "true' sense of the term:
computer aided design. The explanation of this claim is more complicated than what is often given as
designers unwillingness to compromise their creativity. Traditionally, electronic drafting tools have
been consdered asa direct, one-to-one subgtitute for manual drafting, an unavoidable part of thedesign
process. The benefits of computation in thiscaseareeasier to measuresince the objectiveisto produce
mor e accuratedrawingsin lesstime.

Theintegration of computer aided design tools over the whole span of the design process, on the
other hand, isnot an obvious task. Neither isit desirable nor isit efficient in thelong run to look for a
one-to-one mapping between existing processes and computer aided ones. Computer aided design tools
are here to change the way things are done from the traditional modes of design activity, that is, if we
are to realize any substantial benefits (Akin and Anadol, 1992).

Therearea number of diver seissuesrelated to the or ganization and human resour ces of the
architect's workplace that the implementers of CAD tools need to consider together with the " dumb"
versus "intelligent" characteristics of systems. These technical and non-technical issues have already
been recognized in theimplementation of new technologiesin business, mechanical engineering,
manufacturing (Forester 1989, Long 1987, Mumford 1983, Robertson 1992). I n this study, we set out to
identify methods to successfully integrate computer aided design tools such that thereis measurable
benefit to the practice. The work presented in this chapter isa bench marking study for comparing
manual and automated projects to identify if and at what stage computer aided design tools have an
impact on the building delivery process. If thereis evidence that computer aided design tools havein
fact made a contribution, the next step isto look at the way those tools have been integrated in the
workplace. This work also involves the development of a method for undertaking this task.

Previous Work on Change Orders

A report prepared by the Committee on Congruction Change Orders (1986), formed upon request
from the agencies that sponsor the Federal Congtruction Council, explains that federal agencies have
been receiving criticism from Congress and other gover nment officials for excessive changes to their
congtruction contracts. This has led the agencies to impose strict and costly controls on the changes they
make which in some cases have jeopardized the functional performance of the new buildings. The
committee has analyzed how the agencies record and report the changes and have made
recommendations on adopting uniform standards. Asa minimum, the agencies have been advised to
develop statigtics, on the basis of completed projects, on the number, dollar amount and per centage of
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original contract amount of modifications to their construction contracts and thereasons causing the
change orders. The committee has advised the use of five broad categories of reasonsin preparing the
statistics: design deficiencies, criteria changes, unforeseen conditions, changesin. scopeand other. The
satigtics provided for this study by two of the federal agencies show that changes related to design
deficiencies are the most frequent and most costly among the five categories. Although the objective of
this study is different than ours, the statistics reqgtiirements, the categorization of changes proposed by
the committee and the results of statistics analyses are similar to the ones with which we worked in
this study.

Golish (1992) is presently working on another project to " analyze and categorize current Cor ps of
Engineer projectsto determinewheremost errorsoccur in the design/documentation process™ and also to
" determine to what extent automation ... and standardization ... have reduced errorsin the process."
Hismethod involves analyzing and categorizing reviewsand comments given to a number of Corps
projects and then reviewing these projects after construction "to determine other errors missed by
reviewer swhich result in changeorders”” Hehas broken down thetypes of problemsto which
reviewers point out in projectsinto three main categories:. criteria, design issues and documentation.
Design issues are further broken down to scope, design analysis, design configuration, product/system
selection and coordination. Documentation related problems are also further classified into
coordination, omissionsgerrors, format/presentation of information, terminology and estimates. It is
worthwhile to note that, some of what Golish has categorized as problems encountered prior to
congtruction, we havein fact observed manifested during the construction phasein the form of change
orders.

Ibbs et. al. (1986) have studied the impact of - = rious contract clauses on project performance.
Examining the " change family" of clausesin contracts, they have listed fifteen types: work scope
definition, design changes, construction changes, quantity variations, workmanship variations,
schedule intervention, errors and omissions, as-built drawings, correction of damage/other's work,
subsurfaceinvestigation, forcemajeur e, unforeseen conditions, design rework, equipment/material
rework, construction rework. Among these reasons of change, they have named work scope definition,
design changes, construction changes, workmanship variations and design rework asthe " most
problematic" contract clause types with regards to the general measures of project performance such as
cost, schedule, safety and quality. Among these measures, we have observed that the impact of changes
on cost leads to similar observations.

Objectives
This paper aimsto:

« determinethe overall percentageincreasein the contract amount due to change orders,
« categorize thereasons for changes,

* identify how many in each category of change exists,

« identify the impact of these categories of changes on overall increasein cost, and

* observe the implications present in the statistics for manual and automated projects.

Weareinterested in comparing two groupsof projects, CAD versus manual ones, on thebasisof the
change order statistics derived from our observations. We are looking for any evidence which shows
that thereisin fact a difference between the two groups. We expect that use of computer aided design
tools leads to see less number of changes and lessincreasein cost. In this respect, we will especially be
scrutinizing those categories of changes that can betraced back to the design phase of the project.
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Method

The study was conducted in two main steps: data acquisition and data analysis. Thedata
acquisition phase involved the selection of offices, selection of projects, examination of written project
records and interviews with the project managers of the selected projects. Therewer e two offices
involved in our study. One was the design and construction office at the physical plant of a private
university and the other was a private architectural office. Throughout the paper, the former is
referred to as " OfficeA" and the latter isreferred to as " Office-B." We have chosen these two
particular offices primarily because they represent the two different categories of design delivery
methods. Office-A predominantly uses manual methods and Office-B works with computer aided
design tools. We should add that both offices wer e very cooper ative in making their resources
accessible for the collection of data.

The selection of projects was primarily driven by the intention to sample the two different
categories. The second important criteria was that all projects we study would be completed projects,
their written records would be filed and accessible. Both Office-A and Office-B projects were
renovation jobs, completed in a " compressed congtruction timeframe" Thiswasnot a premeditated
choiceon our part but did provide uniform groundsfor comparison.

The examination of written project recordsinvolved the examination of the budget breakdown and
most importantly thechange ordersissued for each project. Wefocused on thechange ordersissued to
the general contractor. In each case, the final amount of the contract signed with the general contractor
reflected more than half of the project's budget while the contracts signed with the subcontractors
provided littleor no information on changes. Since a change order often consists of anumber of items,
when looking at the type, number and cost of changes, we took these individual itemsinto consider ation
rather than the changeorder documents, in lump sum.

Next, we consulted the project managers of each project to find out about thereasons for the change
order items. Through these interviews, we developed eight categories for the reasons of change:

 The category of incomplete as-built drawings refers to the changes caused by inadequate or
missing information because the as-built drawings of the building wer e incomplete.

 Thecategory of design errorsrefersto errorsof omission, errorsof commission and the
combination of the two made by the designers during the design phase of the project. Thereare
yet other subcategories these three can be broken down into but within the scope of this study,
wewill only bereferring to the main design errors category.

» Thethird category, site conditions, refers to the unforeseen conditions that wer e discover ed
during congtruction. Thisisdigtinct from the "asbuilt" category asit involves aspects of use and
equipment installations not normally included in as-built drawings.

» Thefourth category, user requests, are mainly changesin the scope of work requested by the
user of thebuilding or space that was being constructed. This category includes the cases where
theuser makesa changein hisdecision about the scope of thework or requests some part of the
design to bedemolished and reconstructed.

» Changes in scope, is the collection of changes that wer e often initiated by the project
manager. Such changesinclude repairing the damage done by others, extra work needed in
anticipation of future additions, and improvements of performance of the facilities.

"We separated this from the next category, changes in scope, since this is initiated by the user/owners of the space and not
by the construction managers.
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 Contingency, refers to anticipated additional work and for which necessary funds were
allocated at the time the contract was prepared. .

*» The seventh category, credits, refers to the deductions in the contract amount due to
elimination of work or savings realized through existing resources and val ue engineering.

* Finally, the eighth category, combination, refers to the reasons for change in which a
combination of any of the seven categories mentioned above are relevant.

In the data analysis phase, we developed summary tables for the data collected and made
observations on the trends present by the data. In the following section, we will discuss some of these
findings.

Results and Observations

A total of eight manually delivered projects were examined from Office-A. The numbers of change
order items issued to the general contractor for all projects totaled 196 and cost $250318 which
represents a total original contract amount of $2,307,771 to a final $2,558,089 after the change orders.
This means a 10.85 percent increase in the contract amount. The fina total budget for these projects was
$3,721344 representing additional appropriations made in each account once the initial construction
phase was completed (Table 4.1).

Table 4.1; Office-A projects, statistical summary.

500237 592108 590135 590124 1590124 590129 591111 590129 TOTAL

Total Budget ($) 1212500 550,940 424,735 404,299 360,680 283810 247,260 237,120 3,721344
Original Amount 795,100 283500 297571 278650 161,250 177,800 143,600 170300 2307,771
%)

Number of 68 22 23 5 20 12 31 15 1%

Changes

Cost of Changes 76,392 23873 41,780 34679 25157 10,838 28933 8666 250318

($)

Final Amount (§) 871492 307,373 339,351 313329 186407 188638 172533 178966 2,558,089
Percentage 961 842 1404 1245 1560 610 2015 509 1085
Increase

There was only one project from Office-B and it was delivered using computer aided design tools.
Fifty-nine change order items were issued, costing $240304. The original contract amount, $2,284,383,
increased by 1052 percent to $2,524,687 (Table 4.2). Although several other projects were also
available for our analysis none fit all of the selection criteria we used in this study.

Table4.2: Office - B, Project 91200, statistical summary.

Original Amount ($) 2,284383
Number of Changes 59
Cost of Changes (%) 240,304
Final Amount ($) 2,524,687
Percentage I ncrease 1052
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L ooking at the classes of reasons for change, in Office-A projects, the most frequent and most costly
reason for changeistheclass of design errors. The second most frequent and costly reason isthe class of
user requests. Third in thisorderingisthe dass of changesin scope (Table4.3). .

Table43: Number and coat of reasonsfor changein Of fice-A proj ects.

as-built d-errors site usey scope SOt credit  comb*  TOTAL

Number 53 70.5 155 36.5 55 9 4 17 1%
Cost (§) 1,965 131,723 18438 36360 56786 8,946 -4500 50,907 250318
% in Total 0.08 571 0.80 1.60 2.46 039 -0.19 N/A 10.85
I ncrease

* These are distributed between the classes from which they consist

Thisordering changes in the Office-B project where the most frequent and the most costly reason for
changeistheclass of user requests. The second most frequent and costly reason isthe classof design
errors. Third in the Office-B ordering is the class of unforeseen site conditions (Table4.4). Ina
preiminary way this supports our hypothesis that the use of CAD may be responsible for the reduction
of design errors, particularly when it is organized centrally and serves as a clearinghouse for design
information generated concurrently.

“Table4 Number and cost of reasonsfor changein Office B pr oj ects.

as-built d-errors site user scope contin.  credit  comb* TOTAL
Number 0 23.2 103 245 1 0 0 2 59
Cost (%) 0 87478 35104 95658 22,064 0 0 21,873 240304
% in Total 0.00 3.83 154 4.19 0.96 0.00 0.00 N/A 1052

I ncrease

* These are distributed between the classes from which they consist

During the interviews with the project managers, we took note of the observations they had made
on the nature of the changesto ther projects. One comment Of fice-A project managersagreed on was
that most of the time, the changesweredueto either changesin scopeor user requests. Changesdueto
design errorsdid not occur as often but they did tend to cost more. After classifying the changesto
Office-A projects (Table 4.3), we observed that thisinformal conclusion held. The sum of the number of
changes dueto changesin scope and user requests (approximately 91 changes) was higher than those
duetodesign errors (approximately 70 changes). On the other hand the sum of the cost of changes dueto
changesin scopeand user requests had lessimpact on the total increasein contract amount (37 per cent of
the total increase) than the cost of changes due to design errors (53 percent of the total increase). The
project manager of the Office-B project had stressed the fact that user requests and unforeseen site
conditions wer ethe predominant reasons for change both by number and cost. We observed that the
total number and cost of changes caused by user requests and unfor eseen conditionswasin fact higher
than those caused by design errors (Table 4.4).

.~ Considering that all of these projects wererenovation jobs and from the observations of the project
manager s, we wer e expecting those changes due to incomplete as-built drawings and unforeseen site
conditions to be much higher than what is reflected in the data. However, this does not overrule the
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possibility that these two categories might be among the underlying reasons for some of the change
order categories. In fact, for both offices (Table 4.3 and Table4.4), the sum of the costs of incomplete as-
built drawings, unforeseen site conditions and design errors had a higher impact on thetotal increasein
contract amount (61 percent of the total increase for Office-A and 51 percent for Office-B) than the sum
of the costs of user requests, increasesin scope, contingenciesand credits (39 percent of thetotal increase
for Office-A and 49 percent for Office-B).

Based on the small sample of projects we studied, especially in Office-B, it is somewhat premature
to make comparisons between manually delivered projects and those that incor porated computer aided
design tools. It is still useful to mention the trends that are evident in the data. For example, although
the sum of the costs of incomplete as-built drawings, unfor eseen site conditionsand design errorshad a
higher impact on the total increase in contract amount in both offices, the impact on Office-A projects
(61 percent of thetotal increase) is higher than the impact on the Office-B project (51 percent of the
total increase). To establish that this difference is an indication of the positive contribution of
computer aided design tools, more detailed comparisonslooking at the subclasses of changes are needed.
For example, comparisons can be made on thebasisof design errorsdueto concurrent engineering where
different parties might be working on incompatible aspects of the same design. We observed that
Office-B shared the computer files of the architectural base drawings with the engineers which
eliminated replication of data and also enabled these parties to act on the same information,
consistently.

Concdlusons

It isno great revelation that advanced CAD tools should be integrated in the architect's
workplace. To seetheimpact of computersin this process, there hasto be an under standing of thedesign
delivery processes and the design agents involved as well as the potential role computer aided design
tools might play in all of this. The bench marking study represented by this paper is aimed at
identifying if and at what stage CAD tools may have an impact on the building delivery process.
While limited by the sample of data we collected — the preliminary results indicate that CAD tools
even if dumb drafting systems, can make a differencein controlling the number s of change ordersissued,
provided that the CAD systems serves as a clearinghouse for design infor mation.

The ultimate goal of our study has been to analyze the ways computer ?led design tools are
integrated into the workplace with respect to relevant technical, organizat:: nal and human resource
issues. We hopeto extend the preliminary findingsin these directions, in the near future.
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Case Study Three
Space Allocation for the College of Fine Arts

Omer Akin and James Roche

Department of Architecture
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Pittsburgh PA 15213

January 21,1993

To study the process of spaceallocation, welooked at the example of Carnegie Mellon
University (CMU)and in particular, the continuing process of space allocation within the College
of Fine Arts (CFA). A principal goal of thisstudy isto gain insight into the benefits of and
strategies for automating this process, within the general context of computer aided facilities
management (CAFM) applications.

TheCollegeiscomposed of five departments: Architecture, Art, Design, Drama, and Music,
aswell as several extra-departmental ingtitutes and centers of study. While CFA asa wholeis
based in the College of Fine Artsbuilding, many departments use spacein other, often
unsuitable, campusbuildings. Additionally, themajority of a second building, Margar et
Morrison Carnegie Hall (MMCH) continues to be gradually vacated by those departments
external to CFA. The University envisionsdedicating the vacated spaceto the CFA. Thedesireof
some departmentsto recentralize, aswell as theimpending congtruction of a Center for the Arts
facility to accommodate the Drama department, necessitated therethinking of current space
allocation.

An outside consultant, John Fisher, of John Sergio Fisher Associates of Tarzana, California,
was called in to plan therealignment of current space allocationsto reflect both new construction
aswell asthe changed needs of thedifferent departmentsand other CFA entities. To formulate
therevised space allocations, the consultant used a process, roughly divided into the following
stages: (1) data gathering, (2) inter mediate space allocation and mapping, and (3) configur ation
testing. (Figure5.1) Thesethree stages need not be exclusiveto the case of the College of Fine
Arts. Indeed, the CFA exampleillustrates alogical path which might occur in other space
allocation tasks."

“We collected our own data about this process through an interview with John Fisher and documents he has provided
for our use, including the final report submitted to CMU which is cited in our bibliography. We are grateful to Mr.
Fisher for hishelp in this study.
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Data Gathering ,

Thefirg area of concern for space allocation isdata gathering. Before proceeding, the
"dlocator” must have building drawingswhich are accurate. From these drawings, hemust be
ableto deriveareatotals. Thiscollection of plansand area data isoften no easy task. In Carnegie
Médlon's experience, there wereno single, consistently updated drawings of either the College of
FineArtsor Margaret Morrison Carnegie Hall. Floor plans on file often did not reflect changesin
interior partitions. Additionally, the University's Planning Officeand theindividual departments
often had different square footage tallies for the same spaces. An equally acceptable alter nativeto
deriving areatotals from plansisto use previously compiled data already correated with the
building'sdrawings.

Data, however, cannot berelegated to information available from floor plans. Additionally,
theallocator will need a host of other information specific to theallocation task at hand. For
certain functions, it will beimperativeto know such diver se information asroom height,
proximity to aloading dock, or availability of 220V power connections. Whilethe person
allocating space can never becertain of all the necessary variables, hecan providefor alarge
number of these concer ns by interviewing the groups affected by theallocation. In CMU's case,
this meant interviewing each of the five departments, the Office of the Dean of CFA; and other
representatives for the Univer sity.

Step 1: Interviewing on the Departmental Level

Asa university, Carnegie Mellon servesasa good model of an ingtitutional hierarchy. In the
university asin most businesses, a management structur eexists wher edivisions (collegesin the
example of a university) are broken down into departmentswhich in turn may bebroken down
into working groups. Morerefined "wish lists' can bederived from interviewing each
department or working group separately. To account for the changing structures of these
departments, the space allocator is confronted with different levels of need. In the case of CMU,
thiswasexpressed in termsof three questions: (1) what does each department absolutely need at
the present time? (2) what would each department prefer at the present time? and (3) what are
the department's futur e plans?

Thefirst area of concern when conducting an interview with an individual department isto
find that department's minimum needs in terms of both squar e footage of each space required
and parameters, adjacencies, or infrastructureassociated with these spaces. To reallocate space
vacated by the Drama Department's move from the College of Fine Artsand Margaret Morrison,
Fisher first interviewed the five departments of the College. From thesefirt interviews, Fisher
derived what can be termed essential parameters. Commonly found on thelists of each
department wer eroom height, evacuation of hazar dous materials, and visual accessto the
exterior. Other parametersreflected the diver se natures of the individual departments, from the
Music Department's acoustical concernsto the Architecture Department's need to belocated near
a loading dock-

After locating each department’'simmediate concer ns, the space planner must then ascertain
secondary concerns. Asopposed to " absolute necessities', these secondary concernsreateto what
thedepartmentswould prefer if given thechoice. For some, this might mean adesireto
consolidate far-flung spacesinto onebuilding. CMU's Design Department saw consolidation of
its spaces from three buildingsinto one as secondary to the primary concer n of having adequate
sguare footage. Additionally, the Design Department would prefer such amenities as movable
partitions. Providing for any similar "extras' can be considered as secondary to meeting the basic
requirements of minimum squar e footage or room heights.
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Finally, the space allocator needs to discer n the future plans of the department in question.
Going beyond an immediate " wish lig", such plansfor a Univer sity would include goals.which
thedepartment hasto establish a graduate program or new research institute. Thereisagrowing
need to identify and anticipate the changing dynamics of the department in question. Adding
additional personnel will directly affect space allocation. If the department knows it will be
purchasing a ten foot tall piece of machinery, height consider ations will affect future space
allocation and must be accounted for. Technological shifts, notably the growing computerization
of theworkplace, must be anticipated when planning future space allocation. Will mor e spaces
need to bededicated ascomputer laboratories or data storage areas? Whileno one can betotally
accuratein predicting the future, by carefully analyzing current trendsand the future goals of
each department, the space allocator can plan for many future developments.

Step 2: I nterviewing above the Departmental Level

Whileindividual departments, and specifically smaller working groups, can give the space
allocator the most accur ateidea of the specific needs of these groups, it isimportant for the space
allocator tointerview above thedepartmental level. In Carnegie Mélon's case, Fisher met with
representatives of both the Dean of the College of Fine Artsand the administration of the school.
Within the College, each of thefive departmentshad a"daim™ to certain areas, whilethe Dean's
Office controlled other areasindependent of the departments for its own administrative needs.
Additionally, two research centersexist within the College which arecontrolled directly by the
Office of the Dean and areindependent of the departments.

Although the primary purpose of talking with the Dean's Office was to coor dinate space
allocation for the changing administrative needs of the office and of theindependent research
centers, an important secondary function was the use of the Dean's Office as a mediator for
disputesarising at the departmental level. Representatives from the University's administration
served the samefunction wherethe spacein question belonged to a department external to the
Collegeof Fine Arts.

Data Gathering Phase: atemplate

With such diver se divisions as might beencountered in a univer sity or corporate structure, it
makes sense to explor e streamlining the interviewing process for space allocation. As noted
earlier, even themost diver se departments and wor king groups share basic concerns for space
allocation. Thevalue a department placeson certain concernsisrarey shared to the samedegree
by other departments. Nonetheless, a sandard questionnaire, format could be useful during the
data gathering phase.

In hisinterviewswith individual departments, Fisher gathered information on each spaceto
be allocated by using a general outline, divided into conceptual, functional, and environmental
control system requirements. He further subdivided the environmental requirementsinto
acoustical, thermal, and lighting/electrical. While thismethod provided theresults Fisher needed
to perform the spaceallocation, it gave equal weight to all concernsfor each department. Some
departments consider ed conver sational privacy to bethe only important acoustical concern,
where as a department such as Music described much mor e specific needs for acoustic
separation, reverberation time, and wall surfacetexture.

To anticipate all needs of each department asredated to space allocation isa difficult task.
Therefore, weenvision thecreation of an automated "template' to anticipateand record the needs
of any function group in an allocation task. Such a template might consist of a program which
would interact with standard database files. Based on certain responses, the program could
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search thedata basefor default values, obviating the need for the user tofill in each variable. One
obvious benefit of such a system isthat thetemplate could be used both to collect information on
a spaceto beallocated aswell asto search the database for any roomswhich fulfill the needs of
theuser. Additionally, the template might serveasa checklist for local and gover nmental safety
ordinances. Thesystem could, for example, then be used to identify emer gency egressareasor
spaces unsuitablefor the storage of hazardous materials. 1t might even be ableto adapt to
changes that may bemade in safety ordinances over thelifetimeof the building.

A typical templatewould include, firgt, information on theroom to be allocated and would
includetheroom name, group name, department name, number of thespace, and desired ar ea.
All additional information could begr ouped intothreecategories: adjacenciesand proximities,
interiors, and systems. Thefirg category, adjacenciesand proximities, would contain questions
about all linksof the space, both physical and visual to other spaces. The second category,
interiors, would contain questionsrelatingto the spaceitsdf: itsdimensionsor proportions, and
any material selectionsfor theroom'scomponent parts. Thethird category, systems, would
contain all questionsrelated to environmental control with the space.

With such atemplate as outlined above, both data gathering and subsequently intermediate
space allocation and mapping, could be automated and improved. Rather than providing the
entire blank template for each and every spaceallocation task on campus, mor e detailed
questionscould be "triggered" by previous answers. Separate questionnair es could be created
which would ask only those questionsrelevant to certain types of space: Answersto these
questions, entered automatically into a database, would provideeasily queriable data for more
and fagter inter mediate space allocations.

Three possibleexamples of an allocation template are shown in Figure5.2. Theusersarefirg
presented with a set of five " space identification" questions. After these, the user s can chooseto
usedefault fieldsto proceed with the process of dataentry. If "yes' isselected, the system finds
themost appropriatetemplatein the database based on the answer s to the previousfive
guestions. In theleft column of Figure5.2, the responses " mudc," " graduate” " practiceroom,” and
"10' prompt a set of questions (in theleft column) aswell astheir answers (in theright column.)
Should userschoose not to employ the default questions, they will type"nd" at the" use default
fidds' prompt and will receive an all-inclusive version of the templates, not specific to their
responses to the " gpaceidentification” questions. Again, to facilitate data entry, default answers
aresupplied in thefull questionnairebased on theusers' input of thesefirst five questions. The
users can alternately override any of the default questions or even the selection of the specialized
template. Thelinksbetween theinitial questionsand templatetypescan, of cour se, be
customized to each usesituation.

Intermediate Space Allocation and M apping

From information obtained in the data gathering phase, the space planner typically formsa
series of inter mediate space allocations, each timewidening the scope of variables considered in
theallocation process. In the College of Fine Artsexample, Fisher identified square footageasthe
primary variable in consideration. Before individual concer ns of different departments could be
considered, hehad to make surethat there was enough gross squar e footage to satisfy minimum
requirements stated by the departments. Asthe space available to allocate was less than that
made available by the Drama Department's moveto the new Center for the Artsbuilding, Fisher
made an initial space layout based primarily on squar e footage needs identified in interviews
with thedepartmentsin question. While not taking into account all other information, Fisher kept
in mind several important adjacenciesidentified by some departments as primary concer ns. By
prioritizing the net squar e footage over other needs, he could assemble several rough drafts, or
working plans, to which he could add further congtraints set forth by the departments concer ned.
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Tovalidatetheinitial variationsin plan layout, the allocator must ask if.all desired rooms
haveindeed been allocated and further if the total desired squar e footage has been allocated. A
record of room areas, at thisintermediate space allocation stage, needsto exist in a database. Any
graphic interface which might show plans of the buildingsin question would serveonly asa
secondary means of conveying information. The possibility exists, however, that by using
graphicsin addition to tabular information, the space allocator may seeways to manipulatean
allocation. For instance, from a graphic, theallocator might seethepossibility to createalecture
hall by combining three smaller rooms, at sametime adding squar e footage formerly occupied by
wallsto thelecturehall.

After theinitial spaceallocation, thelogical path isto proceed to the configuration testing
phaseby integrating the department's lessimmediate concerns (or preferences) and future plans
to producefurther iterations of the space mapping. However, theremay be, asin the case of
CMU, theproblem of lack of squar e footage availableto meet the primary needs expr essed by the
departments. Congtrained in this manner, the space allocator might opt for moreintricate
manipulations of theavailable spaces. M ezzanines might be added in high spaces or rooms might
be subdivided. Fine tuning an alternativeto increase net squar e footage might requireincluding
spacecurrently occupied by walls and hallways. I n each manipulation, the space allocator must
consider the cost to benefit ratio of the proposed change.

Configuration Testing

After arriving at a preiminary allocation, the planner must finetuneit. The ultimate space

planning solution (or several solutions) will satisfy both the squar e footage requirements, aswell

.astheadjacenciesand as many other parameters as possible of those set forth by all concerned
parties. In thisphase, the spaceallocator is concer ned with meeting such secondary concernsas
adjacency, room acoustics, exterior access and ceiling height. If space per mits, a department’s
future squar e footage needs can be addr essed here. When testing any of these configurations, if
any concernsremain unmet and posea serious problem to any involved department, the
allocator can return to the testing phasetaking these new factorsinto consider ation. After all
secondary concer ns have been tested and implemented, theallocator might consider what could
bedeemed "tertiary" concerns. Any non-critical "extras' whether additional rooms, square
footage or other that a department had requested fall into this category. One mor e classroom or
larger storage closets might fit here. Again, with thesetertiary concerns, the process would return
totheintermediate allocation phase.

Conflict Resolution

In the alter native solutions proposed, there may still be unresolved conflicts between
different departmentsover theallocation of a preferred space. In thiscase, a cost/ benefit or
existing infragtructure analysis might resolve the conflict in favor of one solution or another. Such
conflicts might be put in one of several categorized by physical concerns. For example, at
Carnegie Mdlon, both the Architecture and Design Departments wanted to consolidate their
activitiesin theMargaret Morrison building. However, the sum of each Department's square
footage needs exceeded thetotal available squarefootage in the building. Therefore, an
intermediate space allocation could not accommodate both departments desires. Inthisingtance,
other factors, in this case physical concerns, mitigated the impasse. The Architecturewood shop
needed to havethe high ceilings and accessto a loading dock that Margaret Morrison could not
offer. When the squar e footage of the wood shop was subtracted from the Architecture
Department's total, theremaining needs of Architecture, added to those of Design, fit within the
congraints of the building.
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Additionally, conflicts might beresolved by comparing the existing and proposed .
functionalities of the given space. If Margaret Morrison offers existing officespace, it might be
mor e economical to continueto use this space for offices, rather than try to convert itsuseto
studio space or other functions. Conflicts can further be resolved by considering adjacencies and
contiguities of the spacein question. Building on theabove example, it would bedesirableto
place the Architecture shop next to the Freshman studiosin the Margaret Morrison building.
However, even if it werepossibleto build aloading dock in MM CH, placing the shop in CFA
would offer smilar centrality to all Architecture Department users.

Conclusions

Ascan be seen from the example of Carnegie Mellon, spaceallocation islargely a manual
task, involvinglittleor no use of automated computer tools. Many stepsin the allocation process
could beautomated to provide improved efficiency and speed to the process. In theinitial data
collection stage, templates could serve ashboth a checklist for data to beentered and an automatic
interfaceto thedatabase. I n thisway, intermediate question forms could be eliminated, asthe
computer cold provide the template specific to different departmental needs. To decrease data
entry further, default answer s could be provided asindicated in Figure5.2.

Automation could beused during thefirst, square footage based allocation. By using data
recordsalone, without need to for graphic capability, the computer can easily compute areatotals
of required and available spaces. Beyond a simplearea based allocation, an automated allocation
system can use heuristic rules for conflict detection. By comparing records of thebuilding's
infragtructurewith records of spacesto beallocated, the system can easily locateany and all
rooms suitablefor a certain purpose.

A morecomplex task for an automated allocation system isto find " new opportunities’ not
currently availablein an allocation scheme. Such new opportunities might include the creation of
oneroom wherethreehad formerly stood. Removing wallsis easily done by the computer;
calculating the ensuing effects of structural and mechanical loadings, however, may not be. Thus
theidea of integrating structural, mechanical, and other analysis programsto find " new
opportunities’ availablein spatial permutations must be studied further for possible future
application.

It isimportant to notethat thereare several tasksfor which a manual approach to problem
solving remains themost valid. While data entry can be automated, data collection both at and
above the departmental levels need to be performed in an interview session, dueto the
unpredictable natur e of theseinteractions. The automated template may indeed provide the best
checklist of data to berecovered from theinterview, but the interviewer can still function to
record responses that even the automated template cannot anticipate. Also the space allocator,
whiletesting the merits of alter native allocation scenarios, often needsto function asa diplomat
to convinceall partiesinvolved of the merits of any given solution. Thisobviously isa process not
conducive to automation.

It can be seen that the process of space allocation is multi-faceted, involving thedistinct steps
of data gathering, inter mediate space allocation and mapping, and configuration testing. Diverse
and often conflicting agendas which the space allocator must consider exist at several distinct
organizational levels, from administration, to departments and working groups. With increasing
demandson limited amounts of space, the space allocator is often forced to increasingly seek
wor kable solutions for available space. In so doing, he encountersa large number of situations
wher e conflict resolution must becalled into play. By regularizing thediver se needs of all parties
into standard templates used for both data gathering and inter mediate space allocation and
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mapping, theallocator hasthe potential to arriveat a wider array of feasble solutionsin a shorter
amount of time. Such an interactive system, if automated, may be ableto search througha
database for conflicts aswell as solutions; and could become a sandard tool for the space
alocators, in thefuture.
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