DESIGN-BUILD IN THE PUBLIC SECTOR:
A CASE STUDY OF THE COMMONWEALTH OF MASSACHUSETTS
DIVISION OF CAPITAL PLANNING AND OPERATIONS (DCPO)

DESIGN-BUILD PROJECT FOR THREE CORRECTIONAL FACILITIES
AVIalS A

by
Steven D. Minden
B.Arch. The'Cooper Union
(1979)
SUBMITTED IN PARTIAL FUFILLMENT
OF THE REQUIREMENTS OF THE
MASTER OF SCIENCE
IN CIVIL ENGINEFRING
at the
MASSACHUSETTS INSTITUTE OF TECHNOLOGY

September 1986

c Massachusetts Institute of Technology 1986

The author hereby grants M.I.T. permission to reproduce and
distribute copies of this thesis document in whole or in part

Signature of Auwthor__ __ ___ ___ o

Department of Civil Engineering
September 19, 1986

Certified by

Henry G. Irwig

~Jupervisor




Insttuta Archives and Specisl Collections
Room 14N-118
(8171 253-5888

This is the most complete text of the
thesis available. The following page(s)
were not included in the copy of the
thesis deposited in the Institute Archives
by the author:



TABLE OF CONTENTS
ACRNOWLEDGMENTS (p.vi)
INTRODUCTION (p.vii)

PART I: BACKGROUND ON BUILDING PROCUREMENT

1.0 THE NATURE OF THE PROCUREMENT PROCESS AND GENERAL
THEMES (p. 1)

1.1 Control of Time, Cost and Quality

1.2 External Risk and Uncertainty

1.3 Uncertainty and Interdependence

1.4 Information and communication

1.5 Differentiation and Integration

2.0 HISTORIC DEVELOPMENT OF THE TRADITIONAL PROCUREMENT
METHOD (p. 6)

2.1 Evolution of the Building Process

2.2 Definitior. of the Traditional Method

2.3 Problems with the Traditional Method

3.0 BASIC ELEMENTS OF PROCUREMENT METHODS (p.17)
3.1 Actors and Organizations

3.2 Relationships and Communications

3.3 The Dimension of Time

PART II: ALTERNATE PROCUREMENT METHODS AND DESIGN-BUILD
4.0 GENERIC TYPES OF PROCUREMENT METHODS (p.30)

4.1 Defining and Classifying Procurement Methods

4.2 The Traditional Method

4.3 Management Methods

4.4 Systems Methods

4.5 Design-Build Method

4.6 Distinctions and Similarities Between Methods

wn
o

APPLICATIONS OF ALTERNATE PROCUREMENT METHODS:

PATTERNS OF DECISION MAKING (p.54) '

5.1 Case Studies of Alternate Procurement Method
Applications

5.2 The School Construction Development System (SCSD)

Project

5.3 GSA/PBS Experience With Construction Management

5.4 Cases in Power Plant Design and Construction

5.5 Heery and Heery Case Studies

5.6 Chapter Conclusion

iii



A PROCUREMENT METHOD DECISION MODEL (p.68)
Towards a Theory of Procurement Methods
Contigency Factors

Procurement Method Attributes

Criteria for Assessing Variables: The Concept of
Procurement Method Optimization

Procurement Method Decision Tools

DESIGN-BUILD IN DETAIL (p.100)

Organizational Analysis By Fhase

Historical Development and Applications of Design-Build
Critical Issues Surrounding Design-Build

DESIGN-BUILD IN THE PUBLIC SECTOR (p.126)

Unique Requirements and Constraints of Public Sector
Procurement

Design-Build Applications in the Public Sector

PART III: THE CASE OF THE MASSACHUSETTS DIVISION OF CAPITAL

PLANNING AND OPERATIONS (DCPO) DESIGN-BUILD FOR
THREE CORRECTIONAL FACILITIES PROJECT

--USING A CASE STUDY APPROACH (p.149)
--HYPOTHESES (p.151)

BACKGROUND ON THE MASSACHUSETTS DIVISION OF CAPITAL
PLANNING AND OPERATIONS (DCPO) AND THE DESIGN-BUILD PROJECT
FOR THREE CORRECTIONAL FACILITIES (p.154)

The Creation of DCPO

The Prison Overcrowding Problem

Alternate Method of Design and Construction

Investigation

Chronology

DCPO's ORIGINAL DECISION MAKING PROCESS AMND CONCEPTION
OF DESIGN-BUILD (p.170)

Contigency Faxtors

DCPO's Decision Process

Specific Features of DCPO's Recommendation for Design-
Build

OWNER SUB-ACTORS AND ORGANIZATION (p.192)
Overview of the Owner Organization

The DOC Organization

The DCPO Organization

The "Watchdcgs"

THE DESIGN-BUILD TEAMS AND THE PREQUALIFICATION
PROCESS (p.210)

Critical Organizational Issues

The Prequalification Process

iv



13.0 DEVELOPING THE REQUEST FOR PROPOSAL (p.233)

13.1 T}~ Process: Activities and Responsibilities

13.2 Programming and Pre-Design Studies

12.3 Supplemental Technical Requirements and Information
13.4 Formatting the RFP

14.C PROPOSAL DEVELOPMENT, REVIEW AND EVALUATION (p.253)
14.1 Overview of the Proposal Process

14.2 Proposal Development

14.3 Proposal Documentation Requirements

14.4 Evaluation Criteria zand Method

15.0 POST CONTRACT AWARD PHASES: DETAILED DESIGN AND
CONSTRUCTION (p.267)

15.1 The Two-Part Contract and Fast Tracking

15.2 Design Liability and Review

15.3 Existing Condition Risks

15.4 Changes and Precedence of Documents

15.5 Construction Quality Assurance and Control

15.6 Delays

15.7 Post Occupancy

16.0 CONCLUSIONS AND FURTHER RESEARCH (p.287)

16.1 Assessing Design-Build through a Test Case: The Problem
of a Control Reference

16.2 Measuring the Design-Build Project Against the
Hypctheses and Critical Outcomes to Observe

16.3 Overall Conclusions

"BIBLIOGRAPHY AND REFERENCES

APPENDIX A: Heery and Heery Case Studies

APPENDIX B: Chronology of DCPO and the Design-Build Project

APPENDIX C: Excerpts from Alternate Method Report

APPENDIX D: Excerpts from RFP



ACKNOWLEDGMENTS

I would hereby like to acknowlege the following
individuals for their help and support with this thesis:
Dr. Henry Irwig, my advisor who was exceptionally generous
with his time and not only provided excellent guidance but
was also a valuable informant on the case (also to my
advisor's family who were understanding about his coming
home late after meetings with me); Dr. Tunney Lee, Deputy
Commissioner of DCPO, Ms. Deborah Poodry, Director of the
Office of Programming of DCPO and Ms. Christie Baxter,
Deputy Director of the Office of Programming in charge of
the Special Unit for design-build, who were good enough to
allow me to work on the design-build project; the other
staff and officials at DCPO involved in the design-build
project--Mr. Jack Carlson, Ms. Hyun-A Park, Mr. Jack
Gisiger, Mr. David Burson, Ms. Ellen Bell, Mr. Tom Nally,
Mr. Alfonse Binda and Mr. Joseph Sullivan; my wife, Kathi,
who assisted with the illustrations, Ms. Victoria Minden,
who helped edit and proofread; finally, my wife Kathi,
again, as well as the rest of my family, who were supportive
and understanding throughout.

vi



INTRODUCTION

The motivation for selecting this thesis topic is both
theoretical and practical. From a theoretical perspective,
the subject of procurement methodology for constructed
facilities, ie. the process by which facilities

are planned, designed and constructed is an area in which
there is a surprising lack of formal investigation and
analysis. Very little of the work associated with
organizational theory deals with the distinctive problems
associated with the building process-- such as the
fragmentation of key participants and the dynamic, project-
specific nature of activities. This thesis attempts to
suggest a preliminary, theoretical framework for studying

some of these problems.

The practical motivation for undertaking this topic comes
from the case at itself, namely, the Massachusetts Divison of
Capital Planning and Operation (DCPO) design-build* project
for three correctional facilities. This is the agency's

first attempt to use an innovative, alternate procurement
method for a major project. It is also one of the few
applications of design-build in the public sector 2cn a

large, institutional project. As a case study, the project

offers a valuable opportunity to observe, in detail, the

* Design-build is a procurement method whereby the owner
contracts with a single entity for both the design and
construction of a facility. In contrast to other procurement
methods, the designer works directly for cor with the
contractor rather than be2ing sesparatzly hired kv the owner.
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problems, decision-making and outcomes associated with this

application of design-build.

Previous theoretical and practical work in areas related to
this thesis is described at length in Part II. What little
theoretical literature on procurement methodology was
mostly written in the late 1960's and early 1970's. This
writing was largely stimulated by developments in syste@s
building and early applications of construction |
management (CM) which were taking place at the time. ﬁost of
this work focused on how the building industry and building
process cculd be restructured to allow for more
industrialized and rationalized production. Much of the
emphasis was on how organizations in the industry could be
structured to allow technical changé. With notable exceptions
(GSA/PBS, 1970; IF 1976, Heery, 1975), less attention was
given to procurement methodology from the owner's
perspective. In particular, there was, and still is, no
general theory which systematically relates the resources,
needs and constraints of a given owner, project and market

to different procurement methods.

This thesis is divided into three parts. Part I consists of
general background information on procurement methods. Basic
themes and concepts are discussed. The so-called

"traditional" procurement method is described and critiqued.

Part II develops a procurement method decision model and

4. This

'-J

discusses critical issues surrounding dssign-rcul
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part of the thesis begins with a comparative examination of
different generic procurement methods. Various short cases
studies are presented in order to identify emprical patterns
of procurement method applications according to owner, project
and market conditions. These patterns are generalized into a
decision model in which critical owner, project and market
variables or “"contigency factors" are related generic
procurenent methods and specific attributes. Various
concepts of efficiency and optimization of procurement
methods are discussed. Design-build is then explored in
greater detail in terms of the procurement model. Critical
jssues are identified for design build in general and, in

particular, public sector applications.

Part III covers the DCPO design-build case itself. A number
of hypotheses are presented. These are derived from the
procurement method model and examination of design-build put
forth in Part II. The case is then studied in terms of the

procuremeht method model and used to test the hypotheses.

Background information is presented on DCPO and the project.
The decision making process which led DCPO to use design-
buiid is analysed. The principle actors and organizations
surrounding the project are described. These include the
project user, the government procurement organization
(DCPO}, various overseeing entities and the design-build
teams themselves. Each major phase of the design-build

procass is considzred in detail: the r=guest far prcposal
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(RFP) preparation; proposal development and selection;
detailed design and construction. The hypotheses are then

reconsidered in light of the observations cf the case.

Conclusions and and critical questions are raised which
refine the model and will, hopefully, help evaluate the
design-build project. It is important to note that the
project is still in progress. The case study presented is
only an interim one. The conclusions put forth are
preliminary, pending further observation of the project and
its outcomes. A number of broader, overall conclusions are
suggested. These concern the nature of innovation in public
sector procurement practices and the need to develop a

general theory of procurement methodclcgy.

The author acknowledges that this thesis is somewhat longer
than normal. Descriptions of the case tend to be quite
detailed. This was purposely done, not to bore the casual
reader, but to aid those who may analyse and assess the
design build project in the future. Certain decisions,
actions and conditions associated with the case, which may
not seem ﬁmportant now, may prove significant when final
project outcomes are known. Readers who are not interested
in the fine points of the case are directed to Parts I and
II as well as chapter 16.0 in which the conclusions are

presented.



PART I

BACKGROUND ON BUILDING PROCUREMENT



CHAPTER 1.0 !

THE NATURE QF THE PROCESS AND GENERAL THEMES

The process of creating permanent constructed facilities
differs from the provision of other goods and services in
certain important ways. The scale and commitment of resources,
human, material and financial, tends to be large relative

to the total resources of a given owner or user. Constructed
facilities represent concentrated "lumpy" investments which
are amortized over long periods of time. The process of
planning, designing and building such facilities usually

occurs over a number of years, sometimes even decades.

Constructed facilities tend to be unique, one-of-a-kind
entities, both in terms of form, use and location, despite
efforts to rationalize and standardize along the lines of
manufactured goods. Unlike manufacturing or service
industries where delivery of a given product tends to be
controlled by a single, integrated organization, the building
process is characterized by a highly diverse and fragmented
group of actors who all contribute to the creation of a
constructed faciiity.

D - v D = e S GHS G R S G N R D R R R D e S L G ) S — G - G Gmn (OB GRS M S G S S S GG SR A e - Y —— . —— ———n — . — ——

* The term "constructed facllity"”, as used here, includes
all types of buildings (ie. vertical construction) and
infrastructure such as roads, ports and utilities (ie.
herizontal construction)."Procurement Method", also
sometimes termed the "building process" or "delivery method.
or approach" refers to the overall process of planning,
designing and constructing a facility.



This gives rise to a number of unique organizational and

managerial problems which make up the theme of this thesis.

The rest of this chapter will breifly outline these themes.
The next two chapters of Part I will discuss the so-called
"traditional" procurement method and the basic elements which
make up all procurement methods. This, in turn, will form the
reference for Part II, which will explore alternate
procurement methods in general and the design-build method

in particular.

1.2 Control of Time, Cost and Quality

The goal of any procurement method is to control the three

critical variables of time, cost and quality throughout the
process of‘creating a constructed facility. These variables
are highly interrelated and can often be seen as a series of
trade-offs. Failure of a procurment method is manifested in

failure to control one or more cof these variables.

1.2 External Risk and Uncertainty

The building process is fraught with a number of external
risks and uncertainties which are beyond the ability of any
actor involved to know or control. These include
environmental, economic, social and political conditions
which affect a project. Because of their scale, complexity
and time horizon, building projects tend to be particularly

vulnerable to these kinds of risks. Effort can be made to



identify, forecast, assess and plan for such risks, but
ultimately they cannot be avoided. Thus, the problem
becomes how to allocate these risks to minimize their
effect on the project as a whole and individual actors, so

that the net premium cost of risk is minimized.

1.3 Uncertainty and Ihterdependence

A second type of uncertainty and risk arises from the high
degree of interdependence amcng the various separate actors
and sub-actors involved in the building process. This is
discussed in great detail in a study of the U.K. building
industry by the Tavistock Institute (Tavistock, 1966).
Typically, the facility owner, designer and contractor* all
share mutual uncertainty about each others' performance. Yet,
at the same time, all depend on each other to be able to
carry out their own tasks and responsibilities. This causes
fundamental problems of definition of éuthority and
responsibility which must be addressed by any procurement

method.

1.4 Information and Communication

Much uncertainty and risk can be mitigated by communication
and sharing of information between actors. In some cases, one
actor might have better information about an external risk

which ,if communicated to the other actors, would reduce their

* These terms will be further defined and elaborated below.



uncertainty. For example, a contractor may have information
on the cost or availability of a certain building.component
which, if known to the designer or owner, might reduce the
owner's cost or time risk. This sort of communication may

saen obvious, but all too often does not take place.

Similarly, uncertainty can be reduced if actors are open with
each other about their own capabilities, constraints and
needs. This may occur over time as actors gain experience from
working with each other. But becausg of the fragmented nature
of the industry and the fact that different actors rarely
belong to the same organization and frequently do not work
with each other beyond a single project. It is a significant
challenge te ereate systems and channeis of

communication which permit this sort of sharing of

proprietary information.

1.5 Differentiation and Integration

‘The problems of risk, uncertainty and interdeperndence
basically consist of reconciling two divergent organizational
tendencies among different actors within a building project,
namely those of differentiation and integration. On one hand,
each actor contributes a unique set of functional skills
which differentiates him/her from the others. On the other
hand, because of mutual interdependence there is a need to
integrate the activities of the different actors

(Lawrence/Losrch, 1969). The purpecse of any procurement



method, then, must be to effectively identify the boundaries
of function, authority and responsiblity, ie.
differentiation, and to provide necessary channels of
communication among the actors, in order to achieve an
effective integration of the actnrs thoughout the building

process.



CHAPTER 2.0

HISTORIC DEVELOPMENT OF THE TRADITIONAL PROCUREMENT METHOD

This section will attempt to trace the evolution of
procurement method from the original medieval "Master
Builder" system to what is now considered the "traditional"
or "conventional" methoé. Then, the failings or shortcomings
of this traditional method in the face of changing demands
of the building process will be discussed. These failings
have given rise tb alternative procurement methods which

will be the subject of Part II of this thesis.

2.1 Evolution of the Building Process

By the thirteenth century in Europe the building process,
particularly the building of cathedrals and other

major public buildings, was dominated by a strong system of
trade guilds. Thes guilds were responsible for mobilizing the
human, material and technical resources needed to create
such buildings. Leadership and supervision of the entire
project was provided by the so-called "Master Builder", a
highly skilled individual, knowledgeable in all trades and
ususally coming from the ranks of the Freemasons guild. The
Master Builder was employed directly by the owner or
building committee of the project. There was no distinction
between architect. engineer and builder under this systen;

2ll these functions were carried out by the Master Builder.



With the rise of capitalism, the guild system gradually erroded
during the late Renaissance as independent commercial
enterprises became invelved in construction. Higgin and

Jessop (1965) suggest that in England, the London fire of

1666 was the turning point, after which , the guild system

was no longer capable of filling the needs or controlling

the process of building. At the same time, the role of the

architect as separate from the builder began to emerge.

By the late eighteenth century the separation of architect from
direct construction was almost comﬁlete. As the building
process became more commercialized and technically complex
it became impossible for the owner of a building, as a
layman, to protect his own interests. The role of the
architect became defined in terms of professional
responsibility to -protect the interests of his clients
against base or unscrupulous construction contractors.
A code of professional ethics evolved which effectively
barred the architect from directly engaging in
construction. Sir John Soane, sometimes refered to as the
father of professionalism in England, stated in 1788:
The business of the architect is to make the designs
and estimates, to direct the works and to measure and
value the different parts; he is the intermediate agent
between the employer, whose honor and interest he is to
study, and the mechanic, whose rights he is to defend.
His situation implies great trust; he is responsible for
the mistakes, negligences, and ignorances of those he
enmploys; and above all, he is to take care that the
workman's bills do not exceed his own estimates. If
these are the duties of the architect, with what
propriety can his situation and that of the builder, or

contractor be united? (Plans, Elevations...,p.7 cited
in Kostof, 1977)



In 1834 the Royal Institute of British Architects was
founded and began to formally regulate the activities of the
- profession along the lines discribed by Soane. Similar
professional societies were also formed in France,
Switzerland and the United States around the middle of the

nineteenth century.

The role of architect became more specialized . The function
of designing site works, structural and mechanical portions
of facilities, was taken over by the engineer. In the United
Kingdom and some of Europe, the function of material
estimates or "bills of quantities" became the responsibility
of the quantity surveyor. The professional conduct of these
specialists was governed by a similar code of ethics to that

of architects.

2.2 Definition of the Traditional Method

This redefined role of the designer (archtitect/engineer) as
a professional practitioner, distinct from that of builder,
gave rise to a process of designing and constructing
buildings, and a set of relationships betweenlowner,
designer and contractor which is termed "the traditional
method". Basic premises and key features of this process

include the following:

a.) Design and construction are technically too complex and

difficult for the owner of a facility to understand or



control.

b.) The contractor's main interest is profit. Moreover, the
contractor cannot necessarily be expected to have the
technical know-how to properly design a facility. He

cannot be expected to ensure that the owner gets the a
techically sound facility which represents a fair value for

a given payment.

c.) The role of the architect is to protect the interests of
the owner by providing a technically sound design and
assuring that it is properly executed, for a fair sum of
money. The architect is paid by and works exclusively for
the owner and receives no benefit from the construction of

the project itself.

d.) The architect is to be selected solely on the basis Qf
professional merit. Since only the architect can determine
what design services the owner needs, the owner-architect
agreement, including scope of services and fees, is
essentially dictafed by the architect according to
established professional guidelines. Under no circumstances
should different architects compete on the basis of lowest

fee.

e.) Once the owner-architect agreement is made, the owner
provides the architect with a program stating his/her
functional requirements for the facility and a budget. The
architect then develops schematic and detailed plans and

specifications, subject to the review and approval of the



owner. The final documents which become the basis of the
construction contract and are assumed to be " The final
decision on every matter related to design, Specification
and cost and a full design of every part and component of
the building..." (RIBA Handbook cited in Tavistock 1966).
The architect will make an effort to estimate construction
costs during design in order to keep within the stated
budget. However, he/she does not not assume responsibility
for construction cost on the theory that construction cost
is a function of market conditions of which the achitect has no
control (and implicitly no knowledge). Most professional

aggreements have strongly worded disclaimers to this effect.

f.) Selection of a contractor is made on a commercial, as
opposed to a professional, basis. The recommended practice
is to invite a number of contractors to submit bids or
tenders for a project on the basis of plans and
specifications made by the architect. Award of-a contract 1is
based on lowest bid, providing that the contractor is judged
responsible (ie. technically, financially and
organizationally qualified) and responsive (ie. complies
with the terms of the solicitation) by the architect.

(Note that in certain cases, the competitive bidding process

may be waived in lieu of some form of negotiated contract.)

g.) During constuction the architect is the arbiter of the
construction contract between the owner and contractor.

He/she "supervises" the contractor to assure that work

10



conforms to plans snd specs. Note that "superwvise" is
distinguished from "superintend" which is what the
contractor does. The former involves passive observation
with the power tc stop or reject work, while the latter
involves actually directing and controlling the resources
required to accomplish the work. The architect approves
payments, negotiates changes in the contract or any claims
by the contractor, on behalf of the owner. All communication
between owner and contractor must flow through the
architect. Any direct communication between owner and
contractor, particularly any decision pertaining to the
contract made directly by the owner without consutling the

architect, generally voids the owner-architect agreement.

h.) Just as cost and quality of a project are stated in the
construction contract, a time limit is usually specified
also. "Liquidated damages" are paid by the contractor to
the owner if the completion date i: not met. Such a penalty
payment is ususally contigent on there being no mitigating
delays caused by the owner, architect or "forces outside the
contractor's control". In practice, such mitigating forces
usually exist and liquidaded damages for late delivery are

rarely collected.

2.3 Problems with the Traditional Method

The traditional method of constructed facility procurement

described above represents the mainstream of general

11



practice, in both the private and public sectors in the UK
and North America for the last century and is still

prevalent today. In many situtations where all actors
understand their roles and responsibilities and where
technologly, scale, delivery time requirements, financing,
etc..are not unusual, the traditional method has proven quite
adequate. However, with the growing scale, complexity, new
technology, time, and budget risks associated with

many modern projects, this method of procurement has failed
to provide effective control over the critical time, cost

and quality.

This failure can be traced to a general inadequacy to
effectively integrate the diverse actors involved in the
building process while at the same time clearly
differentiating their respective roles and responsibilities.
The failure is also aue to certain unrealistic assumptions
in the premises on which the traditional method is

based.

The main failure of integration in the traditional method
lies in the relationship between the designer and the
contractor. Because of the extremely linear nature of the
process, particularly the fact that the design is finalized
at the time of bid, there is little or no opportunity for
feedback from the contractor to the architect during design.
Since the a;chitect, in practice, lacks the knowledge of

detailed costs, construction methods, time requirements,

12



material performance and availability, etc., which the
contractor has (and on which he/she bases the bid), it is
difficult for the architect to optimize the design or even
to effectively assure its feasabilty in terms of time cost

and quality.

Another problem is that because of the differentiation of
responsibilty in the traditional process, the architect has
little or no incentive to optimize the design of a project.
His/her first reponsiblity is to produce a technically sound
project, while responsibility for cost (and delivery time
for that matter) is all but totally disclaimed. As a result,
there is a strong tendency for architects to over-design.
Very often, a contractor may know a more cost-effective or
faster way of achieving a comparable level of performance or
end product, but is unable to do so because he/she is bound
by the contract drawings and specs which were prepared

without the benefit of this knowledge.

The traditional methoed has also proven inadequate in
promoting the development of innovative building materials
and methods for the reasons mentioned above. The method

makes it difficult for owners and architects to communicate
their needs to manufacturers, who normally deal only with
contractors. Conversely, it is difficult for manufacturers to
communicate their capabilities and product characteristics

to owners and architects. The tendency for the traditional
method to promote design conservatism among architects has

also discouraged the development of innovative building

13



techniques.

The traditional method also bireaks down on very large,
conmplex or risky projects where there are no contractors
capable of committing themselves to total reponsibility for
delivery, or where the number of qualified contractors is so
limited as to eliminate competition. In such a situation

the project must be broken down into smaller "packages" of
work, yet must be coordinated and integrated to produce a
complete and usable facility. A similar problem arises when,
in the interest of saving time a project is phased, whereby
early portions of work are contracted before later portions
are fully designed. The traditional method does not provide

a mechanism for this coordinating function.

Because of the linear nature of the traditional method,'it
tends to be a lengthy process in itself, particularly when
used in the public sector where design review and bidding
procedures tend to be quite formal and complex. There is
also a certain amount of duplication of effort because

fact that much of the information describing a project, ie.
plaiis and specs must be reprocessed into shop drawings,
material order lists, work crders, sub-contracts, etc.. This
reprocessing inevitably results in some mis-communication in
the form of errors and ommisions. Time and cost could be
saved if contract documents were structured more according

to contractors' functional needs.
This points to another flawed assumption in the traditional

14



method, namely that it is possible to create a set of
documents which fully describe "every part and component of
the building" with no gaps, ambiguities or conflicts and
these documents, as a basis of a contract, will produce

the same end product regardless of the contractér. As
projects become more complex and atypical, this assumption
becomes less realistic..There will always be grey areas
subject to differing interpretation, which less responsible
coﬁtractors will exploit. Such grey areas are likely to
cause disputes between architect, owner and contractor. The
weakness of the traditional method, in this case, lies in
its dependence on a "perfect" set of set of contract
documents coupled with low bid as a basis for contract

award.

This returns to the basic assuptions behind the traditional
process that owner must be protected from contractor's base,
commercial motives by the gentleman-professional who is
above such motives. In fact there is evidence to suggest
(Greenfeld 1977) that contractors can and often do act in a
professional and responsible way themselves in order to
maintain a good reputation and get more work in the future.
At the same time, there is ample evidence (Ward Commission,
1979) that architects are not above all sorts of
unprofessional conduct ranging from simple incompetence to
kick-backs from contractors and suppliers. The point here is
not to imply that architec;s are all unprofessional and that

contractors are all honest and decent, but that the kind of

15



double standard of moral, ethical behavior of architects and
contractors implicit in the traditional method may be

artificial.

In summary, it can be seen that the traditional method of
constructed facilities procurement contains critical
weaknesses which make it unsuited to the demands of certain

modern projects.
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CHAPTER 3.0

BASIC ELEMENTS OF PROCUREMENT METHODS

Before describing various alternative procurement methods,
it is useful to define certain terms and basic elements
associated with all procurement methods. A certain amount
of confusion exists around terminology and taxonomy
associated with procurement methods. As far as I know, no
congsensus or standards exist in this area . Different
authors often use different terms to describe the same
things and vice versa. A consiséant terminology will be put
forth here. This will serve as a basis for discussing

procurement methods throughout the rest of this thesis.

3.1 Actors and Organizations

The terms "actors" and "sub-actors" have been used to
describe various key participants in the building or
procurement process. An actor refers to an individual or
gréup which performs a unique, basic function or role within
the process. A "éub—actor", as the term implies, is an
individual or group forming a sub-set of an actor which
performs a unique, specific sub-function or role. For
example, a specialty contractor is considered a sub-actor of

contractor.

An organization refers toc a group of actors and/or sub-
actors which forms a unique legal, commercial or functional

entity with a definable common goal, such as a government, a

17



firm or a corporation. Note that differnt actors may belong
to the same organization (eg. a corporation which both owns
& facility and employs an in-house architect who designs it)
and different sub-actors may not belong to the same
organization (eg. a contractor who employs a separate
specialty contracting company.) The point here is not to
confuse actors and sub-actors, which are defined by their
generic roles and funtions for a given project or
procurement method with organizations whose identity and

function is often independent of the building process.

Returning to actors and sub-actors, I will offer the
following specific terms, definitions and general

characterizations:

"OWNER": The entity which holds title (or legal/financial
equivalent, eg. leasehold) of a facility and initiates the
building process by identifying a need for the facility.
Owner sub—éctors include:

--"User" : The entity which generates the need for, and
ultimately occupies or uses the facility.

~-"Administrative Agency": The entity which acts as point of
contact and direct representative and administrator for the
owner during the building process.

--"Operation and Maintenance (0O&M) Staff": The group which
carries out the ongoing operation and maintenance of a
facility after user occupancy. Typically this includes
operation and monitoring of mechanical/electrical sub-

systems, cleaning, grounds-keeping, janitorial service,



painting and minor repairs and renovation.

Owners tend to be a diverse group with many different
motivations, goals and objectives. Developers are obviously
motivated primarily by profit and satisfying general market
demands. This usually entails considerable financial risk.
Opportunity costs are often a driving force for developers
which makes timely project delivery a priority. Private
businesses which build for their own needs view building as
subordinate to a larger set of business objectives. Cost
control is often an overriding factor for these owners.
Institutional and goverment owners are generally motivated
by functional and political considerations more than
financial ones. Quality is often a prime objective.
Political accountability is also an important factor in many

cases.

In many cases, owner sub-actors have divergent goals and
objectives. This can become a serious organizational problem
in itself since the administrative agency is usually
dominant during planning, design and construction phases,
while users and O&M staff often do not get involved

until after construction is complete. A common -dysfunction
of many procurement methods and owner organizations is lack

of communication and feedback between these sub-actors.

"DESIGNER": The entity which, based on the owner's

requirements, provides the technical definition of the
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project. This involves performing the necessary data
gathering, analysis, design and documentation to provide a
basis for construction. Sub-actors include:

"Architect": Specializes in general space planning, form-
giving end physical treatment of exposed portions of a
facility. Often provides overall design leadership on
building (as opposed to civil or industrial) projects.
"Engineer": Specializes in design of civil works (earthwork,
roads, ports, utilities, waterworks, etc.) as well as
mechanical (plumbing, HVAC, conveying systems, etc.) and electrical
(generation, transmission, distribution, communications,
controls, etc.) systems. Usually these functions are further
broken down into engineering specialties.

"Planner": Specializes in space, functional, environmental
and economic planning and programming of facilities
associated with pre-design phases of a project.

"Design Specialists": A host of other entities specializing
in other areas of design such as "Interior Designers",
"Restaurant Planners", etc..

An important motivational characteristic of most designers
is a strong personal identification with the object of their
desidn efforts. They tend to get significant intrinsic ego
gratification from their work. This motivation often
dominates more obvious, extrinsic motivations like business
success and is not always consistent with owners' needs.
"Intuitive”, “expansivé", "idealisitc", "sensitiye",
"integrating" are words that have béen used to characterize

architects. "Analytical®, "precise", "optimizing" ,
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"arrogant" are adjectives that have been applied to

engineers (Freidman, 1986).

Because of certian legal liabilities which designers often
assume, there is often a tendency to "play it safe" by
making things a little stronger, bigger, and better than
they might need to be. The fear of catastrophic failure must

always remain in the back of any designer's mind.

Designers tend to share a strong common culture which is
reinforced by standardized professional eduacation,
established professional oranizations and a formal system of
legal registration. They often feel a sense of loyalty

toward each other and their profession which transcends their
loyalty toward a particular client or the public in

general. Of all the actors in the building process, they are

probably the most homogeneous.

"CON?RACTOR": Any entitity which directly provides goods and
services directly associated with the construction of a
facility, including the following sub-actors:

--"General Contractor": An entity which undertakes contracts
to deliver all gbods and services required to realize a
design for a facility.

--"Specialty Contractor"”: An entity which undertakes
contracts to provide or install a specific portion.or sub-
system of a facility with the bulk of the work being
performed on site.

--"Supplier"”: An entity which buys and resells or leases
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materials or equipment used in the construction of a
facility.

~-"Manufacturer”: An entity which makes materials, equipment
and sub-systems used in the construction of a facility, most

of which is made off site and installed by others.

Contractors are at the heart of the building process, for
they are the ones who carry out the physical realization of

a constructed facility. They are intimately familiar with

all the diverse resources which go into a facility. They
have detailed technical knowledge of manufacturing and
construction methods. And in particular, they have detailed
knowledge of time and cost associated with the activities and

components which make up a project.

Outside the socialist block and some third world countries,
most contractors are private firms which must make a profit
to survivzs. General and specialty contractors in particular
are especially vulnerable to business risks owing to the
large volume of business they handle in relation to their
net worth. One unprofitable job can ruin an otherwise
profitable company. The business also tends to be highly
competetive and sensitive to general economic trends. For
these reasons contractors are extremely conscious of, and

driven by the need to manage and control risk.

"OTHER ACTORS": There are a number of other actors who
participate in the building process, but do not, per se, fit

into any one of the three major groups described above.
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These include:

"Construction Ménager (PM/CM): This is a new actor which has
emerged in the last twenty years to assume considerable
importance in many projects. The true nature and definition
of this actor is still being debated and will be discussed
at greater length in later chapters. The role of the
construction manager can best be defined as integrating the
building process. In particular, the CM brings construction
knowledge and expertise to the design phase of a p}oject and
coordinates design and construction, especially when the two
phases are overlapped (ie. "fast-tracked"). Basically, CM's
are an outgrowth of either designers or general contractors
and their motivations and "cultural orientation" tend to

correspond to one of these two groups.

"Financier/Investor": The entity which provides capital for
a facility, inclu&ing long-term and working capital for the
owner and/or contractor. Currént trends indicate that
financing is playing an increasingly important role in the
building process. The subject of finance in relation to
design and construction is beyond the scope of this thesis,
but is mentioned here because of the increasing prominence
of finance as a factor in facility procurement.

"Quantity Surveyor": In UK and some European countries the
function of formally estimating the guantities of materials
and other work of a facility is done by an independent

entity. The "Bill of Quantities" then becomes an important
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supplement to the drawings and specifications and bcomes the
basis of tenders and payment. In a sense, the quantity
surveyor becomes a kind of arbiter between the designer and
contractor concerning the quantitative interpretation of the
design. In the US, this function is usually split between

the designer and the contractor.

"Quality Assurance/Quality Control (QA/QC) Agency":
Recently, many projects have used an independent agency to
provide inspection, testing and other services related to
QA/QC. Such agencies may be directly employed by the owner,
contractor or designer, but may also serve as a sub-

contractor to a general contractor or CM.

3.2 Relationskips and Comnunication

The above section outlines the invividual actors and sub-
actors involved in the building process. In this seétion,
the "connective tissue" which binds these actors together will
be considered. Actors and organizations to which they belong
can be seen to have two generic types of relationships:
contractual and normative. These relationships are
characterized by the excharnge of goods and services as well
as information, ie. communication, which can be further
classified as informational, advisory, delegated authority
and direct authority (Irwig 1976, Paterson 1966). These

terms are defined as follows:

"contractual Relationships®™: Formal or informal agreements

between separate organizations for the provision of gocds
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and/or services, usually in exchange for monetary payment.
eg. an owner-architect agreement for design services,

contractor-supplier purchase order, etc..

"Normative Relationships": Formal or informal relationships
which do not involve the exchange of goeds and services, but
only definition of function and/or responsibity among
different actors either within a single organization or
between separate crganizations ( eg. relationship between a
field superintendent and project engineer within a
construction company or a manufacturer's technical

representative and an architect.)

"Informability": Communication of neutral informatiocn between
two actors, eg. a price guote on material from a supplier to

a general contractor.

"Advisability": Communication of specialized or expert
information which carries with it special importance by
virtue of its expert quality, eg. an architect advising an

owner on the choice of certain materials for a new project.

"Delegated Authority"”: The power to issue directives by one
actor to another on behalf, and with the consent of a third,
eg. an architect directing a contractor to correct a defect

on behalf of the owner.

"Direct Authority"”: The power to issue directives by one
actor to another by virtue of a contractual or normative

relationship between them, eg. a contractor who directs a
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specialty contractor to correct a defect.

3.3 The Dimension of Time

The third aspect which must be considered in defining a
procircment method is time. The creation of a constructed
facility does not involve a static set of actors Qnd
relationships, but a dynamic process where these elements
change. As such, any single relational diagram of actors in
a given procurement method will fail to capture the quality

of change through time.

A procurement method must be seen as a series of inter-
related phases corresponding to the basic activities needed
to create a facility. Each phase is characterized by a
different set of actors and relationships depending on the
procurement method. The order phases over time be sequential
or overlapping. For this discussion, the following generic

phases are defined as follows:

"Brief or Programming"”: This involves translating a general
set of goals for a facility into an explicit set of
measurable objectives which serve as a basis for physical
design. Typically this inveolves gathering data on owner
requirements, resources, environmental conditions etc.,

anaylzing and synthesizing them.

"Design": This translates the brief or program intoc a

physical description of a facrility which can serve as a
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basis of construction. Typically it involves a "gpiraling"
process of definition, documentation, coordination and
evaluation, refinement, further definition, etc. until a
sufficient level of detail and definition is reached to
allow actual construction (Tavistock 1966). This level of
detail varies depending con the nature of the project and the

procurement process.

"Contractor selection/negotiation”: This process involves
selecting one or more contractors and defining the terms of
the construction contract(s) though any one of a number of
procedures. Assuming the contractor does not belong to the
same organization as the owner, this includes some form of
soliciting tenders or proposals from one or more
contractors, selecting contractor(s) according to sore
criteria, negotiating and finalizing a contract. It should
be noted that a similar process is involved in selecting a
designer, but that this is generally a relatively

minor phase in comparison with the others and is often not
formally treated. Most of the same proéedures involved with
contractor selection/negotiation can be applied to designer

gelection/negotiation.

"Construction”: The process of mobilizing "men, materials
and machines" to physically construct a facility. This also
involves a host of related management and resource
allocation functions including detailed planning.
seheduling, sub-contracting, material procurement,

superintending, monitoring and controlling time, cost and
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quality.

"Post Construction”: This phase is often not formally
considered-- both in procurement theory and in practice, but
is critical to tﬁe successful realization of the procurement
cycle. Activities include start-up, testing and fine tuning
of all sub-systems, occupancy by the user, establishing
ongoing operation and maintenance procedures, correcting
defects covered under warranty, and monitoring performance.
The last activity, in particular, is vital to closing the
feedback loop between occupancy, planning and .design of new

projects.
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PART II

ALTERNATE PROCUREMENT METHODS AND DESIGN-BUILD
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CHAPTER 4.0

GENERIC TYPES OF PROCUREMENT METHODS

This chapter will concentrate on describing several generic
types of alternate procurement methods with respect to the

traditional method.

4.1 Defining and Classifying Generic Procurement Methods

Various generic classifications for procurement methods
appear in the litérature on the topic. Bobrow (in IF/OP 1,
1976), Glover (1976), Turin (1969) aand Haviland (1976) all
propose various generic terms and classifications which can

be summarized as follows:

Bobrow Glover Turin Haviland
Traditional Traditional One-off Design-
Award-
Build
Modified
Traditional
Management CcM/PM Construction
Process Management
Approach
Design/ Design/ Design/
Build Build Build
Model
Bullding Building Approach
Subsystems Systems
Component
Approach
Special
Process

For the purpose of this thesis, four generic methods will be

discussed: Traditional. Management, Systems and
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Design-Build. The first, which was already discussed in
Chapter 2.0, serves as a baseline reference; the other three
are what may be broadly considered as alternative
procurement methods. These alternative methods all represent
attempfs to address various problems with the traditional

method cited in Chapter 2.0 .

These alternative methods are not mutually exclusive, and
tend to overlap each other. They all represent different
patterns of integration and differentiation of actors and
their relationships through the building process. In
particular, they all significantly restructure the
relationship between designers and contractors in order to
more closely integrate tha two. In the rest of this section,
comparative descriptions of each of these methods will be
presented and significant differences and similarities

between them will be summarized.

4.2 The Traditional Method

4.2.1 Description/Key Features: Owner hires designer on a
negotiated fee basis to develop design and contstruction
documents based on program or briéf supplied by owner. Once
construction documents are complete and approved by owner a
contrator 1is selected, usually through competitive bidding
and owner enters into a separate, usually fixed price
contract with single general contractor. During construction

designer acts as owner's representative to assure contract
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compliance and advises owner on payments, changes, etc..

Rey feature is total separation between design and
construction phases. General contractor-takes entire risk
for time, cost and quality and coordination of trades,
subcontractors, suppliers, etc.. This results in a basically
adversarial relationship between owner and designer vs.

contractor

4.2.2 Variatioans: Negotiated construction contract in 1lieu
of competitive bidding may be used. Various degrees of
shared savings and cost-plus contract pricing arrangements

may be used to spread risk between owner and contractor.

Figure 4a Generic Organizational Diagram (non phase specific)
Traditional Method

OWNER LEGEND

O—p informability
@ advisability
{J—% delegated responsibility

' - TATETE
DESIGNER pg: CONTRACTOR B direct responsibility
| B> COMtractual payment

4.2.3 Typical Phasing: Highly sequential. Typically no

overlapping of phases. In some cases, long lead materials
and equipment may be pre-purchased and furnished to

contractor by owner.
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Figure 4b Typical Phasing: Traditionai Method

develop -}: select desian ::'d,o construction
&1} 2qo- . , ) !
program I designe 9 ti a({e (by singie prime general contractor! }
- J

4.2.4 Advantages:

* Competative bidding usually yields lowest cost and
maximized accountability for given scope and quality of
work.

* Unique, non-standard requirements, high level of quality

are easily accommodated.
* Cost fixed prior to start of construction.

* Quality and scope of work well defined by construction

documents minimizes risk of disputes over interpretation.

* Designer's role as protector of owner's interests clear.

4.2.5 Disadvantages:

* Long total project delivery time, especially for public

sector projects where strict bidding/award procedures apply.

* Project cost difficult to control prior to contract award

owning to lack of good cost data/feedback during design.

* Limited value engineering during design due to lack of
construction cost and constructability feedback during design

may result in unnecessarily expensive design.
* Competative bidding invites unrealistically low bids (due
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to estimating errors or "low balling") which can create
contract compliance problems. Changes usuall; costly and
subject to dispute. Bidding may not always ﬁe feasible if
competition limited due to size, location or special

requirements of project.

4.2.6 Typical Applications:
* Most public sector projects.

* Projects where delivery time is less important than cost

and/or quality.

* Projects with unique requirements, high level of quality
and/or design axpression, eg. monumental projects with

special architectural features.

4.3 Management Methods (Construction Management)

4.3.1 Description/Key Features: Often called construction
management (CM) or project management (PM), this encompasses a
broad range of procurement methods whicﬂ are characterized

by a fourth major actor, distinct from the designer orxr
contractor, who is responsible for managing or coordinating
design and construction activities. Two generic modes have
evolved, one an outgrowth of traditional designer services

the other an outgrowth of traditional contractor services.
Both involve applying formal scheduling, cost cont¢rol and

value engineering techniques to to the design phase of a
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project. The designer is usually hired directly by the
owner, although he may be hired directly by (or the same as)
the CM. Some owners such as developers, large corporations

and governments may have in-house CM capabilities.

4.3.2 Variations: In the designer-CM mode embodied in the
standard AIA CM contract form (AIA Document B801, 1973), the
CM uses his expertise and "best effort" to advise the owner,
but does not assume ultimate responsibility for construction
methods, time or cost. Typically, contracts with either a
general or multiple specialty contractors are held directly
by the owner. These contracts may be bid or negotiated and

subject to various pricing and risk allocation arrangements.

In the contractor-CM mode, embodied in the AGC standard CM
agreement (AGC Document 8, 1977), the CM guarantees the
ﬁroject price at some point during design, typically at
about 70% design development. Project costs are audited and
any savings at the end of the job are shared between the
owner and the CM. During construction, the CM acts
essentially as a general contractor and usually holds

specialty contracts directly.

4.2.3 Typical Phasing: CM is usually associated with phased
or "fast-track", scheduling whereby construction and
procurement of long-lead items starts before the design is
complete. The CM manages or coordinates design and various
specialty contracters, usually employing critical path

scheduling techniques.
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Figure 4c Genericbrganizational Diagram (non phase specific)
Management Methods (Construction Management)
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| OWNER
L

DESIGNER ||c g CY
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Figure 4d Typical Phasing : Management Methods/Fast-Track

Seh'fct construction/project management services (typical)
designer || preliminary value engineering manage constuction, fit-up,
& Ch planning coordinate design/early constuction  occupancy, close-out
programming design
¢ price may be >
guaranteed

oid/

nego- construction: work package |

tiate

bid/

nego- construction work package 2

tiate
bid/
nego- construction work package N
tiate

4.3.4 Advantages:

= Overali project delivery time can be shortened

significantly

* Cost control is increased by good estimating feedback

.throughout design.

* Total cost/value may be increased through value

engineering and constructability feedback throughout design.

* Changes during construction are easier and less costly due

to less adverarial owner/CM relationship.
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4.3.5 Disadvantage=s:

* In design-CM mode, owner bears entire cost risk throughout.
project or at least until fixed price contracts awarded for
entire project with one or more prime contractors. CM lacks
direct cost incentive to perform since fee based on "best
effort" only. Similarly, in the case where an owner combines
in-house project administration with an outside CM, roles of
authority and responsibility can become ambiguous and lead

to disputes.

* In contractor/CM mode, owner and CM have a potentially
adversarial relationship once price is fixed. If fast track
used, an inherent conflict between the CM's contractual
responsibility (direct authority) and advisability with
respect to the éwner (Irwig, 1977). Because price is fixed
through negotiation, owner loses benefit of competitive

bidding (this may be partially offset by shared savings).

* Risk of early construction constraining later design
descisions and increasing cost of design changes if fast

track used.

* If fast track used, coordination of work becomes more
difficult. Specialty contractors may claim extra
compensation if their work is delayed or imepeded by lack of
coordination or delays of other specialty contractors. If
owner holds specialy contracts directly (ie. multiple prime

contracts) as in designer-CM mdbde, he/she bears this risk.
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4.3.6 Typical Applications:

®* Projects requiring accelerated delivery
* Large and/or complex projects requiring sophisticated
management techniques and multiple, interdependent designers
and contractors. Especially when owner lacks in-house
management capability.
* Projects where scope and requirements azre likely to change
during construction.

.
4.4 Systems Methods
4.4.1 Description/Key Features: A set of standardized, pre-
engineered components are designed and produced to achieve a
given level of perfzrmance reguired for.a generic type of
building, eg. schools, housing, warehouses, etc.. Components
are then selected, configured and modified, as required for a
specific project application. The system§ method is usually
associated with off-site prefabrication and industrializéd
production of components, although any rationalized, pre-
engineered/pre-designed approach to building can be seen as

system.

Typically, a system is developed in response to a certain
level cf market aggregation for a generic building type
which promises sufficient demand to justify the initial
development and capital costs. The building process is
organized around, and dominated by, the system

ranufacturer(s). Usually., some sort of direct relationship
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exists between the owner and sytem manufacturer. The
designer and contractor mav be directly contracted by the

owner or by the system manufacturer.

4.4.2 Variations: Systems may be characterized by their
degree of completeness, flexibility and adptability to non-

system components .

Closed systems are based oh a highly specific set of
components, interfaces, dimensions, etc. which require a
high degree of coordination. Closed sytems are often
propratary and produced exclusively by one manufacturer (or

licensees).

Open systems are more flexible and easily used in
conjunction with non-standard, non-system components. These
systems are usually based on accepted industry standards
which allow mutually compatable components and subsystems to

be produced by various manufacturers.

A very wide range of technologies, materials and degrees of
off-site prodution may be used including small, linear
compnants to various panel systems to complete, volumetric

modular units.

4.4.3 Typical Phasing: Design, engineering, setting up of
production facilities for a system and sometimes component
production is done prior to starting specific individual

projects. Design may often proceed from schematics directly
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Fig.4e Generic Organizational Diagram (non phase specific):
Systems Method

LEGEND

OWNER
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BROJECT L O9® MANUFACTURER

SYSTEMS
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Figure 4f Typical Phasing: Systems Method
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to shop drawings with minimal design development or working
drawings. Off site fabrication may proceed simultaneously

with site development and foundation work. Off-site
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production not affected by weather.

4.4.4 Advantages:
* Time savings as described above..

* Industrialized production techniques can result in lower

costs and better, more uniform quality.

* Costs may be more accurately predicted and controlled,

especially during early design.

* Direct design costs for individual projects lower, design
effort may be concentrated into system improvement rather

than "reinventing the wheel".

* May minimize work performed by traditional building trade
unions (if union work considered disadvantageous).

4.4.5 Disadvantages:

* Design is constrained by limits and requirements of
system. This becomes more of a problem as the project
design requirements become atypical and/or if system is

closed.

* Transportation and handling costs may be high. Material

must be double handled and shipped to factory, then site.,

* Coordination between system and ex-system components can

create problems, especially for designers unfamiliar with
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system.

®* High development and captial costs may not be recovered if

market demand is low.

* Various institutional barriers historically have existed,
especially in the US, including building codes, trade unions.

negative public image, etc..

4.4.6 Typical Applications:

* Relatively simple, generic buildings with large market

which can be aggregated geographically and institutionally.

* Economies with low capital and/or high labor costs where
cost savings can be achieved through industrialized

production.

* Remote locations where fast construction and semi-permanent

facilities are required.

4.5 Design-Build Metheods

4.5.1 Description/Key Features: Owner contracis with single
company or joint venture for both design and construction
services. Typically, design-build proposals are solicited
based on a scope of work, program and performance
specification and sometimes a rough, conceptual plan.
Proposals showing schematic design and specifications then

become the basis of the contract.
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Contracts may be negotiated or competitively solicited and
awarded on the basis of a combination of cost, guality and

time, depending on owner's priorities.

Owner may hire an outside designer/consultant to develop
program and performance requirements and as representative
during design and construction to monitor performance of

design-builder.

4.5.2 Variations: Land and financing may also be included along
with design and construction as a single contract package.
(This is usually called a "turnkey" package, although

sometimes this term is also applied to design and

construction only) .

Public sector design-build projects are sometimes procured
using a "two-step" method-- In step one, only technical
proposals are submitted without price. Proposals are then
judged either acceptable or non-acceptable. In step two,
offerors with acceptable technical proposals are asked to
submit a price proposal. A contract is then awarded to the

low bidder.

4.5.3 Typical Phasing: The programming or predesign phase is
usually move formally defined thaﬁ other methods and often
includes what would normally be considered early design
phase. Bid/negotiation then occurs between programming and
design phases. Design and construction are usually

overlapped or fast-tracked.
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Figure 4g Generic Organizational Diagram {non phase specific
Design-Bulid Method
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4.5.4 Advantages:

* Maximum integration of design and construction allows

optimal value engineering and high level of coordination.

* Single responsibility for design and construction
minimizes owner's risk for design errors and ommissions and
other cest over-runs, also simplifies project administration

for owner.

* Delivery time often shortened due to fast-tracking and
because of good constructability input and feedback during
design.

* Qwner management resources may be reduced in some cases

due to "one-stor shopping" approach.
4.5.5 Disadvantages:

* Minimum control by owner over project.

* Changes difficult and costly to make once proposal

accepted.

* Low level of project definition as basis for contract
creates potential disputes during design development over
interpretation of program scope and performance
requirements. This increases risk premium incurred by

owner and/or contractor.

* In public sector, lack of objective basis for evaluating

quality of proposal and potentially awarding to non-low
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bidder may create accountability problems.

* Potential conflict of interest for designer who is
ethically bound to protect owner's interest and assure that
construction quality is maintained, but also seeks to

maximize profit for design-builder.

* High cost of proposal development and related
administrative costs if multiple, comﬁetitive proposals

solicited.

4.5.6 Typical Applications:

* Highly complex industrial, mass transit and other projects
which are based on specialized, often proprietary equipment
and processes which require speciai technical knowledge to
coordinate with design and construction of overall project.
Such projects include manufacturing, processing and power

plants, mass-transit systems, certain bridges, etc..

* Relatively simple, generic projects where codes,
requirements and standards are well established (ther=by
reducing tue need for explicit, detailed project definition
in contract). Such projects include mass housing,
speculative commercial and office structures, warehouses,

etc..

4.6 Distinctions and Similarities Between Methods

4.6.1 Traditional vs Management
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* Distinctions: Management involves formal integration of
design and construction by systematically applying
construction knowledge and planning during design phase, ie.
value engineering, constructability reviews, etc. and uses
modern project control techningues such as CPM scheduling to
enhance owner's control of overall schedule, cost and
quality. This allows construction to overlap design phase,
ie. fast-track makes it possible to control very large,
complex projects involving multiple prime contractors.
Generally CM is characterized by a less adversarial owner-
contractor relationship due to team approach and more even

risk sharing.

* Similarities: Design-CM mode can be seen as simply an
expansion, but not a fundamental change of the designer's
role under the traditional method. Designer still is
primarily an advisor to owner and represents owner in
dealing with contractor(s). Contractof—CM mode is basically
a form of negotiated general contract with an expanded pre-

construction role for contractor.

4.6.2 Traditional vs 8ystem€

* Distinctions: Systems method implies a more direct working
and contractual relationship between the owner and the

manufacturer. During the system development phase, owner may
specify system performance requirements and commitment for a

certain volume of work to be built using the system.
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Systems method is often associated with industrialized, off-

site production of major building components.

* Similarities: Industrialized, prefabricated building
systems, especially open-type sytems, may be used under a
traditional design-bid-build apprcach. In this sense, most
modern construction in industrialized countries is systems-
based. Develspment of the CSI Master Specification format in
the US and efforts of manufacturers to standardize and
coordinate their products represents a continuing trend

toward comprehengive open systens.

4.6.3 Traditional vs Design/Build

* Distinctions: Owner designer relationship is fundamentally
altered. Designer no longer acts as owner's‘agent. Likewise,
designer-contractor relationship changed as designer becomes
a partner or sub-contractor of contractor. Project
definition and contract more based on program and open
performance requirements, rather than detailed, prescriptive

plans and specs.

* Similarities: Owner may employ a separate designer to
develecp a program, requirements and even conceptual plans
for request for proposal (RFP). As RFP becomes more detailed
and prescriptive, design-build approaches traditional
method. Design phase under design-build becomes more like
preparation of elaborate shcp drawings than original design

work.
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4.6.4 Management vs Systems

* Distinctions: Management methods do not necessarily

involve industrialized or prefabricated production

techniques. CM has no vested interest in a particular

building system and may select whatever available technology

is most appropriate and cost--effective for a given project.

Building system manufacturers, particularly those who

produce closed systems, have a vested interest in using their
¢

product even if it results in a sub-optimal solution for the

owner.

* Similarities: Management methocds may be seen as the
"software" which ccmplements the "hardware" of building
‘'systems. During the development phase of a building system
a third-party manager may play an important role in
aggregatiﬁg and defining market (owners') demand, and
coordinating technical development by manufacturers (eg.
SCSD program, described in detail later). Once a system is
establi;hed a CM may help facilitate its application on
specific projects by coordinating design by independent
designer to properly use system and to manage field assembly
and procurement and installation of non-system components or

coordinate the application of multiple sub-systems.

On a philosophical level, CM and other management methods

may be seen as a sub-set of a "systems" approach to
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building, of which kit-of-parts "building systems" are

another sub-set.

4.6.5 Management vs Design/Build

* Distinctions: Generally, owner and CM share common
interest and have non-adversarial client-agent relationship,
at least until a GMP is fixed. Design-builder has
relationship with owner more akin to the owner-contractor
relationship under the traditional method. This means that
CM allows owner more flexibility and control over building
process. Design-build implies a "package-deal" over which
the owner has less control once the design-build proposal is
accepted and contract signed. To the extent that price is
fixed at an earlier point in design, the owner carries less
cost risk under design-build.'For design-builder, this
additional risk is somewhat offset by the lower level of

uncertainty in the designer-contractor relationship.

The role of the designer fundamentally differs under the two
methods. Under design—buiid the designer aﬁd builder have
maximum incentive to cooperate and integrate their
activities, however the owner must rely on his/her own
expertise and the integrity of the design-builder to ensure
that quality is not compromised. Under mangement methods,
the designer is usually hired directly by the owner and has
more incentive to defend the owner's interest, especially

during the construction phase of the project.
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* Similarities: Design-build necessarily embodies management
techniges required to coordinate design and construction
activities. Typically, the project manager of a design-build
team will carry out the same functions as a CM in terms of
design review, scheduling, managing multiple specialty
contractors, etc.. Both design-build and managment methods
usually incorporate fast-track design and construction

phasing.

Some owners simultaneously hire a designer and a builder
under separate agreements during early design phases of a
job and call this design-build, however for the purpose of
this discussion, such an arrangement would come closer to

the contractor-CM method.

4.6.6 Systems vs Design-Build

* Distinctions: The same distinctions described in systems
vs. managment apply. In addition, design-build always
impliess

a complete, usable project, whereas building systems, in the
hardware sense of the térm, may or may not provide for a
complete facility and often only provide for a limited
portion of sub-system(s) which must be supplemented by non-

system construction.

* Similarities: Design-build is often associated with
systems for the same reasons that management methods are.

Systems development involves some sort of design-build
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effort organized around a proto-type system or model
building. Both design-build and systems are associated with
performance specifications. Design-build is commonly used as
a mechanism to procure building systems when multiple
propiatary systems which meet the same performance standards
&re available or where it is desirable to allow systems to
compete with non-systems construction. Because of the
potential difficulty of coordinating design and construction
around a proprietary system, particularly coordinating
system and ex-system compbnents, site adaptations, etc.,
many systems manufacturers have found that the best way to
market their product is on a design-build basis. Butler
Buildings' light commercial building system described in the

next chapter is an example of such an approach.

Philosophically, design-build embodies a "systems" approach

to building in the same way that management techniques do.

This concludes the outline description of generic
procurement methods. The following chapters will build on
and elaborate these descriptions to create a generalized

model of procurement methocdology.
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CHAPTER 5.0
APPLICATION OF ALTERNATE PROCUREMENT METHODS:

PATTERNS OF DECISION MAKING
5.1 Case Sudies of Alternate Procurement Method Applications

This chapter will investigate a number of specific cases where
alternate procurement methods, described in the previous
chapter, were used, and will try to identify patterns of
decision making which led to the selection of and shape

specific attributes of a procurement method.

5.2 The School Construction System Development (SCSD)

Project

The SCSD project and subsequent related developments can be
seen as a seminal example in North America of a systems
approach to buildings, not only in terms of development of a
physical building system, but also in terms of innovations
in procurement management and organization.The following
description is largely based on the account of the project

given by Boice (1971).

The idea for SCSD was first prcposed by Ezra Ehrenkrantz as
a means for building better quality public schools more
economically and quickly. The concept, which was based on
experience with building systems in the UK during the
1950's, was to sufficiently aggregate the market for school
construction so as to interest building component

manufacturers in developing new sub-systems specifically to
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meet the performance requirements of the schools.

Under the auspices of various non-profit organizations,

El. 2nkrantz and a small group of other architects approached
a number of manufacturers with the idea of developing new
building sub-systems specifically for schbols in California.
The manufacturers indicated an interest if they could be
guaranteed a minimum volume of sales which worked out to a
total of approximately 1,400,000 square feet of total new
construction. A number of California school districts were
then approached with the idea of collectively committing
themselves to using the new systems, if they were developed,

for the required minimum amount of new construction.

The school systems agreed and proceeded to work with the
SCSD group to develép the generic requirements for
structural, HVAC. lighting/ceiling and partition sub-systems
which could then be configured to meet the specific
requirements of various individual school projects. Rather
than stating requirements in prescriptive terms of materials
and methods of constuction, they were defined in terms of
performance criteria such as structural loading,
environmental standards, etc. and for interfacing
requirements between sub-systems. This allowed maximum

latitude for value-engineering.

Manufscturers were then invited to submit proposals for
specific sub-systems. After a period of proposal

evaluation and modification, manufacturers of proposals
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which were judged as meeting the performance requirements
were asked to submit price proposals. Winning proposals were
selected on the basis of lowest first ana operating costs.
This unconventional method of specification and selection by
a public agency was upheld by courts in a legal challenge by

a lnosing manufacturer.

Mock-ups of the winning sub-systems were buili, tested and
assembled into a small prototype building. Despite the fact
that designs for individual schools were not yet finalized,
the districts let pre-purchase unit price contracts for the
sub-sytems to allow manufacturers sufficient lead time to get

into production.

The design of individual schools was done by different
architects retained by the separate school districts. These
architects had been involved in developing the original
performance criteria and were given guidance by the SCSD

group in how to design within the system's constraints.

Coordination of the system procurement with design and
construction of the individual schools emerged as a
significant problem. In some cases manufacturing schedules
could not meet constrﬁction schedule requirements. The
school districts did not have the capability of managing and
coordinating the multiple prime contracts for supply of sub-
systems with general construction contracts. The scheduling
problem was overcome by the SCSD group in conjunction with

DMJM, one of the architects who developed and applied a

56



detailed CPM schedule for the overall project. 6n individual
schoel projects, the sub-systems contracts originally made
with the school districts were transferred to the general

contractor as the general construction contracts were let.

The SCSD project attracted considerable attention among
other school districts and the building industry throughout
~North America. Similar schoel building systems were
developed in Toronto, Montreal, Boston, Florida and Alabama.
An interesting spin-off of SCSD was the Space Grid System
marketed by Butler Buildings (IFOPl/Worden, 1976). Butler
had initially lost its bid for the SCSD structural system

but decided to market the systein independently.

After two years of trying unsuccessfully to get independent
architects to design with the system they changed their
strategy and began to market the system on a design-build
basis, employing their own architects, supplying all sub
systems and managing construction. They found that dealing
directly with owners and offering a complete package they
could provide better cost control, faster delivery and
ensure best use of the system and optimize their own
production efficiency. At the same time they found that
their market shifted from 90% public sector projects to 90%
private owners, most of whom selected Butler on a negotiated

contract basis.

5.3 GSA/PBS Experience with Construction Management and Fast

Track
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In the late 1960's the Public Building Service of the
General Services Administration (the agency which handles
most non-military federal building procurement) began to
investigate alternate procurement methods, primarily as a
means of expediting the unusually long delivery time
agssociated with mést federal building projects (typically
seven yvears or more) and also to improve cost and quality

contrel.

A study entitled "Conutruction Contracting Systems: Report
on Systems Used by PBS and Other Agencies" {GSA/PBS1970)
recommended that PBS adopt construction management in
conjunction with fast-track scheduling on large, complex
institutional projects. The report also suggested design-—
build might also be advantageous on sraller, more
straightforward projects, but felt it was inappropriate for
larger, more complex ones because of the lack of owner

control and flexibility in design-build.

The first major use of CM by GSA was on the Aerospace
Musesum in Washington. The basic building needed to be
completed in 1975 to allbw mounting of exhibitions in time
for the US Bicentennial. This allowed about thres years for
design and construction of a monumental scale building which
required numerous sophisticated features related to special

exhibits.

Under GSA's approach, an in-house project manager (PM)

worked with an outside designer and a CM. The CM was

58



selected competitively on a basis of qualifications,
management plan and price (Dibner 1983). The CM provided a
scope of standard services including design review, cost
estimating, value engineering as well as packaging, bidding
and administering various specialty contracts which GSA held
directly. Work packages for foundations, structure and long-
lead items were awarded while design work was still in

progress.

The museum was completed about 10% below budget and on time,
despite the tight achedule . The success has been attributed
to the fact that the owner, GSA, had a knowledgeable staff
which actively participated. The PM had ultimate decision-
making authority and; if necessary, resolved any disputes
between the CM and the designer (Hyman in IF/OP2 1976) . It
shéuld also be noted that both the CM, Gilbane and the

prime designer, HOK, were large firms with extensive CM
experience and excellent reputations. Although Gilbane

acted in a professional advisory CM mode, with no ultimate
cost or time responsibility, historically its apprcach to CM

stems from its origins as a general contractor (Gilbane, 1986).

The success of the National Aerospace Museum project
prompted GSA to use CM on a number of other projects in the
$10-20 nillion range. However these projects were not as
successful and exceeded budgets and delivery dates. Some of
the problems stemmed from a certain ambiguity of

reponsibility and authority between the PM and CM. GSA felt
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it could not delegate the amount of authority and
responsibility for mamaging the projects to the CM which
would be typical in the private sector. At the same time,
because the CM contracts contained no incentive for shared
savings or cn-time delivery and because the scope of work
was difficult to quantify, GSA found it difficult to enforce
contract performance with the CM. (Dibner, in Law and

Contemporary Problemsg, 1983).

Another problem GSA had with CM/fast track was the risk
associated with holding and being ultimately responsible for
the coordination of multiple prime specialty contractors on
a single project. This was highlighted in a law suit brought
against the US Government by the Fruehauf Corp., a specialty
contracﬁor for a Post Office Building. Fruehauf was delayed
fifteen months from installing a mail handling system
because of the late completion of other work on the building
performed under separate contract with the government. The
court found in Fruehauf's favor, overturning a previous
decision by a Post Office claims appeal board, thus creating
a legal precedent for similar cilaims on any government job
involving separate, multiple prime contracts. Because of
these and other problems associated with CM and fast track, GSA ha.
since shifted back to traditional lump-sum general contract

procurement methods (GSA, 1986).

5.4 Power Plant Design and Construction

Until the late 1960's most power plants, both fossil fueled
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and nuclear, were built on a design-build basis. Power plant
constructors could offer a known product of complex, often
proprietary, but proven technology for a fixed price and
delivery time. Owners, ie. utilities, saw themselves in the
business of power generation and distribution and wanted to
minimize staff and management resources which they committed
to procuring new plants. However in the late 1960's a number
of changes occurred in the construction environment which
made fixed price design-build contracts unviable and forced

utilities to change their procurement practices.

A study by Theodore Barry & Associates (1979) investigated
trends in procurement of new power plants. They examined
various alternate methods which they classified on the basis
of owner involvement, ranging from design-build to separate
designer with a general contractor to in-house construction
management using multiple prime specialty contractors. They
found thaé most utilities were moving away from design-build
toward the prime specialty contract approach. The major
constraint to this tendency was development of in-house

staff and management capabilities.

The driving force behind this trend had to do with project
risk management and allocation. Throughout the 1970's a
nunkber of factors including rising inflation, uncertainty
about environmental and regulatory problems, changing
technology and increasing scale of projects made it

impossible for design-builders to accept the risk associated
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with a fixed price contract. Many fixed price contracts had
to be renegotiated and new ones were made on some form of
cost-plus basis. (Most of the projects were extremely large,

in the § 100-1,000 million range).

With the increased risk the utilities had to bear, they felt
the need to more actively control the projects. Initially,
this meant more involvement in monitoring design-build
contracts, sometimes with the aid of an outside construction
management consultant. The separate designer with a general
contractor represented a further degree of involvement and
control, but in most cases, it was not feasible to obtain a
fixed price. The size of the projects and, for nuclear
plants, NRC contractor guality assurance certification
requirements, effectively barred many contractors and
reduced competition. The solution to this problem was to
divide the projects into smallexr work packages based on
specialty, locaticn, phasing, etc.. This allewed greater
competition and better prices. Because the scope of these
packages was limited ana could be well defined, fixed price

contracts were feasible.

Contrary to the experience in building design and
construction, this trend toward construction management was
associated with less fast-track scheduling. Fast track
scheduling had been the norm under design-build. Under the
CM approach, complete design documentation, both of the
overall project and of individual work packages, was

required. Again, the impetus was to reduce and manage risk.
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The oranization of in-house construction management groups
also changed. Not only did staff tend to increase and
project managers report to higher level executives, but
reponsibilities and lines of authority tended to evolve from
a functionally oriented to a project oriented matrix type

organization.

5.5 Heery and Heery Case Studies

During the 1960's and'70's the architectural firm of Heery
and Heery of New York and Atlanta developed an approach
toward design and construction management based on certain
common principles and procedures and, at the same time, the
unique requirements and constraints of each owner and
project. This approach is decribed in the book Time, Cost
and Architecture (Heery, 1975). It is a useful reference for
this discussion because it is one of more coherent attempts
in the literature to develop an empirical theory for

building procurement methods.

Heery describes a number of projects in terms of
requirements and constraints, ie. contingency factors and
corresponding responses in terms of procurment methods

applied. A summary of these cases is given in appendix A.

Heery sees CM, in its broadest sense, as a group of services
carried out through pre-design, design and construction to

control time and cost. He asserts that although CM is often
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associated with fast-track and multipie prime contracts, it
is not necessarily so and that in many cases a CM will best

serve the owner's interests by using a general cecntractor.

He suggests that the single responsibility general contractor
should be seen as the default or base case which should only
be deviated from for a specific reason. Such reasons for

multiple contracts may imclude:

* Accelerated project where one or more activities (eg.
foundations, long-lead items) are critical and time can be
saved by awarding early contracts for them. He notes,
however, that in many cases such activities are not critical
and that nc significant time saving can be realized by

awarding them early.

* Tn the case of certain pre-engineered building systems or

sub-systems.

*# If required by government statute (eg. New York City
requires sepafate mechanical and electrical contracts on
public projects) Heery suggests that this only serves
special interests of specialty contractors and should be

avoided.

* Very large projects where competiticn is limiped if the

project is built under a single contract.

* Long projects where the owner is better able to accept
escalation risks by bidding later portions of work at the

time when they will be built rather than ask a general
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contractor to carry such risks at the time of initial bid.

* On certain projects where phasing of work must be

coordinated with owner occupancy.

Heery recommends that once design for a project is complete,
a general contract should be awarded and that if separate
contracts for early work have been previously awarded they
should be transferred to a general contractor, with the terms
of the transfer clearly stated ia both early aqd general
contracts. By transferring contracts, responsibility and
authority for controlling is shifted from the owner to the
GC, who Heery feels is.better able to accept the associated

risks.

Although he does not explicitly say it, Heery implies that
in this way the total risk premium for the project will be
minimized. But, nevertheless, there will always be a risk
premium associated with separate contracts and fast-track
schedﬁling. Presumably the decision to use fast-track and
multiple contracts should be based on weighing such risk

premiums against potential benefits of early completion.

Heery recommends that wherever pre-engineered systems are
available which meet the project requirements they should be
used. He suggests that although construction costs are
usually comparable with non-systems construction,
engineering costs and fabrication, delivery and assembly

time are usually reduced significantly. On projects where an
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appropriate system does not already exist, consideration
should be given to developing one if the project is large

and/or repetitive enough to justify development costs.

The decision to competitively bid or negotiate should be a
function of the owner's ability to éffectively negotiate. He
classifies owners into two groups. Group I consists of
owners who are in a weak negotiating position mainly

because they cannot offer the prospect of repeat work if the
would-be contractor performs well. Such owners typically
include most smaller, private owners who do not regularly
build in a given geographic area and most governmant
agencies. Heery notes that even when a government agency is
not legally prevented from negotiating sole source
contracts, it should still avoid it since decision making
authority is usually so diluted and transient that it

negates any prospect cf repeat work for good performance.

Group II owners are those who can hold out the promise of
repeat work. These would include 1argerdevelopers, certain
corporations and institutions with ongoing building
programs, etc.. Heery pecints out however that even Group II
owners often will find it advantageous to competitively bid
rather than negotiate contracts. He also points out that the
most important tool for controlling cost is design and clear
definition of contract scope, and that time is rarely saved

by negotiating instead of bidding.



5.6 Chapter Conclusion

This concludes the short case studies of alternate
procurement method applications. In the next chapter, these
emperical observations will be used to inform the
generalized classification of procurement methods descibed
in the preceding chapter and derive the generalized model of

procurement methodology previously mentioned.
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CHAPTER 6.0
A PROCUREMENT METHOD DECISION MAKING MODEL

6.1 Towards a Theory of Procurement Methods

Although much es been written on procurement methods and
their applications, most of the literature is based on
limited empirical and even anecdotal experience. What is
lacking, however is a rational general theory which explains
the relationship between independent and dependent variables
that go into a procurement method for a given project.

Given the problems which have been experienced with both
traditional and various alternate methods in many cases,
such a theory might prove very useful as a means of
informing the owners and other actors in impiementing the

optimal or most efficient procurement method for a project.

It is not ha. . co see why such a theory has not been
developed. The subject is complex and the issues tend to be
vague, elusive and indeterminate. The lack of consistant
terminology and definitions further adds to the confusion.
The problem of selecting and implementing a procurement
method, iike many organizational planning problems, tends to
be overly constrained, with illrdefined objéctives, often

surrounded by a lot of extraneous "noise".

This chapter will take a tentative step towards such a
theory by attempting to propose a decision making model for

planning procurement methods. The approach is loosly based
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on one used by Minzberg (1979) for analyzing general
organizational structures in terms of what he calls

contingency factors.

Critical independent resource and constraint variables which
will be called contingency factors will be identified.
Intermediate and dependent variables which will be called
procurement method attributes will be discussed in relation

to these contingency factors and to themselves. Figure 6a

summarizes these variables.

Figure 6 a. Procurement Method Decision Model Variables
(CONTIGENCY FACTORS) (PROCUREMENT METHOD YARIABLES)
INDEPENDENT INTERMEDIATE DEPENDENT
YARIABLES YARIABLES YARIABLES

PROJECT SCHEDULING MAMAGEMENT
REQUIREMENTS *gequential METHOD
*dolivery time *fast-track *traditional
*gize/ complexity/ *%*pre-engineering #CM
environmental risk -design mode
*cost WORK PACKAGING -contractor mode
#*
OWNER ATTRIBUTES *single *ﬁiﬂ%g il
*menagement responsibility
capabitity *early work pkgs CONTRACTOR
*bid/ negotiating w/ transfer SELECTION
constraints *multiple work ®hid
packages #negotiate
MARKET CONSTRAINTS
*bidding climate
*risk aversion SYSTEMS PRICING
*benefits of project APPLICATION *fixed
disaggregation develop new system *shared savings/
* available systems *apply existing incentive
*aggregation potentfal system #cost plus
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Criteria and objectives for decision making will be
presented. Finally, a decision making model based on these
contingency factors, procurement attributes and objectives

will be outlined.

In subsequent chapters of this thesis, this model will be
applied to examine design-build in the public sector in
general and as a hypothetical basis for a specific case

study.

6.2 Contingency Factors

6.2.1 Project Requirements and Constraints: These are
essentially the three critical project variables of time,
quality and cost discussed previously. In a later section of
this chapter, they will be shown as the basis for an
"objecti&e function" to be optimized subject to other

contingency factor constraints.

* Delivery Time: Essentially this is the time from the
decision to implement a given project until it is complete
for use and occupancy. This may be seen in terms of the
opportunity cost of not having the project, which may be
determined by any number of financial, social, political,
military or other requirements. Delivery time usually
includes a portion of the programming and design phases as

well as construction.

The critical issue here is usually whether or not delivery
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requirements can be met under the traditional, sequential
design/bid/construction scheduling or whether design and

construction must be overlapped or otherwise accelerated.

* Size, Complexity, and Environmental Uncertainty: This
covers a broad range of mostly tecﬁnical variables which
together affect the risk associated with a project, project
management requirements and the degree to which a project's
technical requirements are standard versus special anq

unigue.

--Size tends to govern project management requirement, with
a need for more formal management, control and integrating

mechanisims.

--Unusually high quality or performance requirements
essentially add complexity. Like size, management, control
and integrating mechanisms become increasingly imprortant as
complexitiy increases. While complexity usually incréases
with the size of a project, a relatively small project may
be unusually complex and vice-versa. Increasing complexity
also tends to push the proiect away from standard technology
toward special solutions. This, in turn, affects the project
definition and documentation requirements. Definition by
~scope and reference to existing generic performance
standards becomes less practical. More detailed,
prescriptive plans and specifications are required to achieve

the same degree of time and cost certainty.
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--Environmental uncertainty includes factors such as unknown
site, weather, logistical, economic and political conditions
affecting a project. This directly affects risk associated

with a project.

* Cost Constraints: Typically cost beccomes the common
denominator for the above contingency factors. Size,

quality, complexity, risk and management requirements can

all be associated with cost. As such, the realm of acceptable
solutions for any building project are bounded by cost. As
quality increases or delivery time decreases, cost must
necessarily increase for a given scope of work (see figure

6b). As a project budget becomes tighter, so does the realm of
of possible combinations of time, cost and quality, and hence
the potential procurement methods which may be used. This

will be further discussed in section 6.4 below.

6.2.2 Owner Resources and Constraints: These are the set of
constraints which are associated with the project owner or
sponsor as opposed to the project itself or the market

conditions surrounding the project.

* Management Capability: This may be seen both in terms of
the owner's expertise and "savvy" relative to a given project
and to absolute management resources. For example, a certain
owner may have a relatively small, but very knowledgeable
project management staff which is capable of "managing other

managers", although due to size, unable to directly manage a
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project itself. This would suggest better ability to utilize
design-build or CM, particularly the more adversarial
contractor-CM mode.

An owner which has both a large and expert management staff
may be able to directly manage complex projects and multiple
work packages on an in-house basis. Whereas an owner with
neither expertise or staff, or staff only, would probably be
driven to more traditional or non-adversarial designer-CM

procurement methods.

* Bidding/Negotiating Constraints: This is basiscally the
Type I versus Type II owner distinction discused above in
Chapter 5.5. Depending on public or corporate policy and
statutes, as well as the ablility to offer repeat work, an
owner will be more or less able to negotiate effectively
with a sole source and thus be required to bid firm price

contracts.

* Risk Aversion: This is basically the ability to bear
different types of risk, notably cost risks. At one extreme
is the owner who requires a firm price as early as possible,
even before design is complete. A more common requirement is
for a firm price prior to committing to construction. This
is often a critical contingency factor relative to the
decision to use fast-track phasing. At the other extreme is
the owner which, because of size, economic/political support
or other reasons, can accept almost all risk and therefore
does not necessarily require any cost guarantees. Note that

in very few cases is cost risk born entirely by one actor.
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Even fixed price contracts usually require the owner to

accept certain cost risks such as environmental risk.

6.2.3 Market Opportunities and Constraints: These refer to

the corditions governing the supply and demand of construction
resources pétentially available for a given project.
Generally, they most affect procurement attributes revolving
around bidding/negotiating, pricing, work packaging and use

of building systems.

* Availability of Capable Contractors/Bidding Climafe:
Because of strong demand or a general lack of contractors
capable of building a certain project, an owner may be faced
with weak or even no competition. This would tend to force
an owner toward negotiating versus bidding. Conversely, the
more qualified contractors and greater the competition, the

more viable competitive bidding becomes.

* Contractor Risk Aversion: Similar to owner risk aversion,
a contractor may be more or less able and willing to accept
different ;ypes of risk. fhis is reflected in the patterns
of mark-up or risk premiums which contractors apply in the
case of a fixed price contract. Typically, as competition
increases, this premium is reduced (Levitt, 1978).
Increasing risk aversion and premiums tend to favor pricing
arrangements which shift risk on to the owner as well as

negotiating versus bidding.
* Potential for Improving Competition by Disaggregating
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Project: The degree to which competion can be improve& and
risk premiums reduced by breaking a ﬁroject up into separate
work packages. Very large projects often have this
potential, but small, complex projects where competition is
limited due to special skills or resources required, may

not'

* Availability of Buildiﬁg Systems Which Can Meet
Requirements: If such systems are available, it often pays
to use them. This usually then drives a chain of procurement
method decisions revolving the characteristics of the

available system(s). !

* Potential for Aggregating Demand: In some cases
competition is low due to insufficient size of the project,
or, as in the example of SCSD, there is the potential for
system development if demand can be aggregated. This will
usually affect a chain of decisions rega;ding work

packaging, schedule and management.

6.3 Procurement Method Attributes

These variables represent the range of choices which,
collectively, define a procurement method. They not only
include the major, generic procurement methods described in
chapter 4.0, but also attributes which define the variations

among the generic methods.

6.3.1 Scheduling: This is usually dependent on project
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delivery time requirements and project size and complexity.
It often determines work packaging, management method and

pricing.

* Sequential: This is the traditional design/bid/build
sequence described in previous chapters. It is usually
associated with no early delivery requirement or an

owner requiring & fixed price prior to committing to
construction. It is sometimes possible to reduce delivery
time under sequential scheduling by accelerating deéign and

construction.

* Fast-Track: Overlapping design and construction phases is
usually associated with early delivery requirements. It
almost always requires some type of centralized management,
usually CM or design-build. Where the owner must have a
fixed price prior to construction, CM, with a guaranteed
‘maximum price set at some point in design development, or
design—-build with a fixed price may be used. The later may
also be used where competitive bidding is an additional
requirement and where the project can be defined in terms of

generic standards.

* Pre-Engineering: This is always associated with some sort
of systems application. If an existing. "off-the-shelf"
system is available. Design time, and often construction
time may be significantly reduced, even without fast-
tracking. If a new system is to be developed, design time is

often longer than under traditional sequential scheduling.
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Pre-engineering is alsc associated with some form of formal
management, especially during design to coordinate system
design with project-specific design. This may be provided
through some kind of CM, particulrly design-CM mode, or

design-builqg.

6.3.2 Work Packaging: This attribute, which refers primarily
to construction work, is genera Ly determined by a
combination of owner management capability and risk

adversity, market conditions and scheduling decisions.

* Single Responsibility: This is usually based on owner's
lack of management ability or adversion to accept the risk
associated with multiple contract packages. It is almost
always a prerequisite to a fixed or guaranteed price for an
entire project. As such, this packaging dictates a
traditional general contractor, design-build, or contractor-

CM with the CM holding specialty contracts.

* Early Work Packages with Transfer to Single Reponsiblity:
This is a kind of compromise which can sometimes satisfy the
requireménts determined by using fast-track while minimizing
owner's risk and management re?pirements. This packaging
method usually requires some sort of design-CM arrangement

to ensure coordination of contract transfers.

* Multiple Work Packages: In this case, the owner directly
holds multiple separate work package contracts throughout
the duration of the project. The decision to use such

packaging may be dictated by the use of fast-track
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scheduling and/or an attempt to enhance competition and
manage risk by disaggregating the project. Generally, the
owner must have the in-house capability to mange such
contracts or manage an outside CM and must be able to accept
the risk associated with this management. While it may be
theoretically possible to secure firm prices for all
multiple packages prior to starting construction, thus
guaranteeing the total project cost, in practice, the owner
cost risk is increased as compared with a single
responsibility fixed ﬁrice contract. However, owner's risk
would be lower as compared with a cost-plus single
responsibility contract.

'
6.3.3 Systems Applications: These attributes result from the
decision to use a building system based on availability of
existing system(s) and/or develop a new system in response
to a generic, standardized requirement and potential for
market aggregation. This decision then affects work
packaging, scheduling, management method and contractor

selection.

* Apply Existing System: This decision is primarily based on
whether a system that can meet project requirements is
available. (This is a largely a function of how those
requirements are defined and if they can be stated in
generic standard terms). If a complete system is applicable,
some sort of design-build method is wusually indicated. If

limited sub-systems are involved which cannot previde a
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complete facility, a CM may be required to coordinate system
with non-systems portions of work during design and

construction.

* Develop New System: If this decision is made then usually
some sort of overall project maénagement method is required
to coordinate technical and market-related activities .
Multiple work packages and pre-engineering scheduling are

typically involved.

6.3.4 Generic Procurement Methods: These are a function of
almost all the other variables discussed ﬁp until now.
Detailed description of these methods was already covered in
Chapter 4.0. The following is a brief summary of these
methods in terms of the independent and intermediate

variables discribed above.

* Traditional Method: Typically this is the "default” method
selected in the absence of unusual project requirements or
market constraints by owners without significant management
capability, particularly if they are risk adverse and/or

required to competitively bid work.

* Construction Management: At the very minimum, some degree
of cost estimating and constructibility feedback
construction management services are useful on almost any
project where cost and time are a signinficant constraint,
even if a conventional schedule and single responsibility

contract is used. However, if fast-track scheduling, multiple
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Wwork packages or sytems are used, some form of CM, either

in-house or by an outside CM is generally called for.

However to use CM in this way, the owner either has to be
prepared to accept most risk associated with multiple
contracts directly, as with in-house or design-CM, or he
must be able to effectively negotiate with the CM to avoid
an inflated risk premium as in contractor-CM with a
guaranteed price. In either case the owner should have
sufficient management capability in-house to "manage the
managers". If these conditions cannot be met, the owner is
limited to design-CM with a single responsibility general
contractor, (which is essentially the traditional method
with enhanced value engineering), or, in some cases, he may

]
use design-build.

* Design-Build: The main contingency factor governing the
decision to use design-build is the extent to which the
project can be defined in terms of scope and generic
standards, as cpposed to prescriptive detail, without
compromising quality or other requirements. Because the
designer works directly for/with the contractor, not the
owner, the owner must hé?e the management capability and/or
the negotiating power to ensure that the project meets
technical requirements at a fair price. If these conditions
are met, then design build may offer not only a means of
obtaining an early, competitive, fixed price, single

responsibility contract, but also optimal fast-track
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scheduling and value-engineering, owning to the high level

of design and construction integration.

* Sytems Methods: As previously mentioned, systems methods
may be applied in conjunction with any of the other three
methods described above depending on the particular
characteristics of a given system. In this sense, systeﬁs
represent more of a technical rather than a management
variable. The contingency factor associated with systems is
primarily availability and market conditions in terms of the

potential for aggregating demand.

6.3.5 Contractor Selection: This is primarily driven by owner
bid/negotiating contraints, and, to a lesser extent by
contractor availability/bidding climate and potential for

improving competition through work packaging.

* Competitive Bidding: This includes open and prequalified
or limited bidding as well as selection on the basis of cost
only or a combination of cost, reputation, management plan,
quality, etc.. An absoulte requirement for bidding is
competitive interest by more than one qualified contractor.
If this does not hold, bidding is not a viable selection
method. In addition to being dictated by owner negotiating
constraints, bidding is also almost always associated with
some sort of a fixed, unit or guaranteed maximum price. As
such, a prereguisite for bidding is a well defined scope of

work and requirements and a managable amount of contractor
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risk.

* Negotiating: As previously mentioned, negotiating is often
not acceptable or desirable for a number of owners due to
policy regulations cor weak negotiating position. Limited
competition, excessive risk or lack or project definition may
make negotiation unavoidable. In such cases a CM may be able
to improve the situation by stimulating contractor interest,
posgibly disaggregating the project into biddable work
packages and, if necessary, negotiating on behalf of the
owner, using his own savvy and potential to offer repeat work

as a CM to enhance the owuner's negotiating position.

6.3.6 Pricing: Pricing is essentially a function of the
relative ability of the owner and the contractor to bear
risk associated with a given project. It is also serves as
an incentive for optimizing project maragement efficiency,

depending on the management method used.

Pricing arrangements can be seen as a continuous spectrum
ranging from the contractor bearing all risk as in a pure
fixed price contract, to the owner bearing all risk as in a
pure cost plus percentage profit contract. Between these
extremes is a range of sharec risks and rewards including
escalation clauses, unit price, shared savings, cost plus

incentive and fixed fees.

In most cases the owner is, or behaves as though he is, less

able to bear risk than the contractor. In such cases the
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tendency is to use something closer to a fixed or guaranteed
maximum price contract. However, when lack of project
definition, size, complexity or environmental uncertainty,
coupled with the contractor's own risk aversion make a fixed
price contract unviable, or the risk premiums excessive,
some sort of cost plus contract is required. This concept
of risk and efficiency will be further elaborated in the

next section of this chapter.

6.4 Criteria for Assessing Procurement Method Variables:

The Concept of Efficiency and Optimization

This section will attempt to refine the basis for relating
independent variables or contingency factors to dependent
variables, or procuremenf method attributes. Until now, the
relationships and decision-making patterns surrounding
procufement method variables have been discussed primarily
in simple, deterministic terms of "if-then" relations. In
practice, these relationships are rarely absolute and
clearly defined: there are too many "buts" and "maybe's".
Very often, what starts out seeming like an fixed constraint
is not when it is presented in direct conflict with another
constraint. In such a case, the owner either has to abandon
the project, or redefine the constraints by making some sort

of trade-off.

This section will try to examine such trade-offs. The basic
issue is what is the role of a procurement method in terms

of optimizing the overall project outcome, and how can the
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efficiency of a procurement method be defined and optimized?
A rigorous and thorough discussion of risk analysis and
optimization techniques is beyond the scope of this thesis.
The following discussion is intended to present some of the

more important points in a general and descriptive way.

6.4.1 Optimizing Tinme, Cost and Quality

As previously discussed, the ultimate objective of any
project and procurement method is to optimise the three
variables of time cost and quality. Quality, in this sense,
is understood to be how well the facility performs its
intended function which may be a function of size, quality
of materials, workmanship, technical features, etc.. Figure
6b presents, in a general way, the relationship between
these three variables, where the range of values of any one
varible can be seen as "isoquants" on the two dimensional

graph defined by the other two variables.

This sort of definition of project parameters will define a
range of possible solutions and outcomes. To quantitatively
analyze and optimize alternatives within this range the
three variables need to be valued in a common unit of
measure, usually money. For business projects this is a
matter of some sort of financial analysis where costs and
benefits can be expressed as discounted cash flows. With
institutional, governmental and military projects, more
subjective judgment comes into play as various non-monetary

costs and benefits are usually involved. Decisions relating
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Figure 6b. Time/Cost/Quality Relationship for Typical Project
curve "A” .
4 /(see note) high 4
Lo \\ - fast
- -
cost medium E cost / medium ;E:
(-4
low z’/// slow
- -
time quality
Note: Eech curve represents an "iso-
Q quant” of one varieble as a function
high of a second varible for a coenstant third
- varible. For example: curve "A” shows
quality /" medium| & cost es a funtion of time for a constant
‘/“~ low quality.
>
time

to such projects which may seem sub-optimal from a strict
finanacial sense are often justified, either implicitly or

explicity, in terms of such non-monetary factors.

In any case, the final outcome of a project in terms of "net
present value" is largely determined by programming and
design decisions, usually made long before construction or
even detailed design. It is important to note that relative
to these decisions, a procurement method, in and of itself,

is much less significant in terms of determining the final

project outcome.

6.4.2 Optimizing Communication
A major problem in making programming and design decisions
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which will produce an optimal project is lack of information

on time cost, and gquality impact of these decisicns. One of

the primary objectives of any procurement method, then, must

‘be to ensure that the necessary inforiration be provided to

the decsion makers at the right time to make the best

decision. Figure 6c illustrates this relationship.
=========s==================s=================s==================

Figure 6¢c Potential Savings vs Cost of Decisions During
the Project (after Macedo, et.al., 1978)

A cost of
decision

value

~—- potential
_savings

ot

programming design construction
project phase

The problem then becomes a trade off between the cost of
information relative to the potential savings or
optimization which it allows. This is the basic principle of
value engineering. On relatively simple, straight-forward
projects this sort of value engineering may be done
informally, usually by the designer working directly with
the owner. But as projects become larger and more complex,
more formal mechanisms and management methods need to be

provided.

In many cases the biggest problem is good cost and time

information based on knowledge of construction technology and
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market conditions. Typically, this is the primary role of a
CM prior to construction. Another problem, however, which is
often not as well regognized is, fully communicating the
owner's needs to the designer and then translating thoge
needs into a design or project definition which will form

the basis of construction.

This sort of user-responsiveness and owner control becomes
a key factor in shaping the particular set of organizational
relationships involved in a procurement method. In some
cases a trade-off exists between enhancing owner-designer
comnunications on one hand and designer-contractor
communications on the other. Such a trade off would come
into play when considering CM versus design-build, for

example.

6.4.3 Optimizing Management Resources

A procurement method which optimizes direct project wvalue
through enhanced communication an other mechanisms must be
judged against the indirect costs, iz2. the management costs
of the method. In many cases, management resources are the
scarcest of all and the cost of wasting them is high. Before
any outside manag:zi'ent such as a CM or design-build firm is
brought in, an owner must make sure that in-house manégement
resources are being used efficiently and that the roles and
responsibilities wf the outside managers do not conflict or

unnecessarily overlap with the in-house management. This is
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a particularly imprortant issue for many public sector
owners which already have extensive in-house management

staffs.

6.4.4. Minimizing Risk and Optimizing Risk Allocation

Any risk connected with a project or a procurement method
has a cost or premium asscociated with this. This premium is
a function of the absolute degree of risk and the risk
adversity of the actor who must bear it. The absolute risk
may be expessed as a distribution of possible outcomes. Risk
adversity may be expressed as a function of utility or

subjective value of those outcmes to a given actor.

One very important objective of any procurement method is to
minimize the total risk premium. As discussed in Chapter 1.0
there.are two broad types of risks associated with any project.
The first is external risk, ie. risk inherent in the project
itself. The second is risk arising from interdependence and
uncertainty of fhe actions and behavior of the different

actors involved.

External risk must be identified and, if possible broken
down and quantified. Often, the risk can be significantly
reduced by increased information about the risk in question.
If the risk stems from project definition, further research
and documentation of project scope and technical
requirements may be provided. Uncertainty about costs may be

reduced by researching and analyzing historical data. This
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implies that such risks should be born by whatever actor can

access this information most easily and for the lowest cost.

Once external risk is minimized through better information,
it should be assigned according to the actor with the lowest
risk aversion. This is often difficult to quantify since
almost all actors will appéar risk adverse. One way to test
risk adversion is to consider the effect of negative
outcomes on different actors. A large cost overrun might
bankrupt a small contréctor, but only slightly reduce
profits of a large, financially securé owner. The contractor
would then have to carry a larger premium for accepting such

a risk.

These concepts of risk management may be illustrated by the

following examples (after Raiffa, 1965 and others):

Assume a normal probability distribution of final costs

for a given project as shown in figure 64

Figure 6d Normal Distribution of Estimated Project Costs

—

P mean or expected cost

-

Y distribution of probabie costs

% — &
loss or lower than sxpected profit higher than expected profit

Assume the owner of this project is very large and the

project represents only a small fraction of his/her
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financial activity and is fairly risk neutral with

respect to the project,

ie. actual value and equivilent

utility to the owner have a linear relationaship shown

in figure 6e.

Figure Seé Risk Neutral Utility Function of Owner
4

actual value —I

<

—— equivelent utility value

v

Assume the contractor, i

n contrast, is smaller and the

project represents most of his/her financial activity.

If costs are higher
to lose money which
the contractor more

utility function is

than expected the contractor stands

may
risk

sugg

bankrupt him/her. This makes
averse than the owner. His/her

ested by figure 6f.

Figure 6 f Risk Adverse Utility Function of Contactor

«+

actual value —I

?

Note risk aversion
exagerates absolute
utility value of loss

r equivelent utility value
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If the contractoer's equivaient utility values are
substituted for the actual monetary values in the
project cost probability distribution shown in figure
6d, the distribution becomes skewed in proportion to the
contractor's risk aversion. The mean or expected value
of the project based on the new cost distribution also
shifts. This shift between the two means corresponds to

the contractor's risk premium shown in figure 6g.

hgure 6 9 Risk Premium of Contractor Based on Utility Function

I-D,. mean or expected cost — t_‘contractor's risk premium
(risk adverse) 1, ~ P, mean or expected cost

. distribution of —- . 7L~ \ _(Fisk neutral)

probable costs T \ - P,, distributfon of probable costs
(risk adverse) / g (risk neutral)

<4 &

loss or lower than expected profit higher than expected profit

In this example, all other things being equal, the
owner would be able to realize savings if the contract,
and especially the pricing, were structured in such a
way as to make the owner bear most of the cost risk,
since the owner is less risk averse and realises a

lower risk premium.

Internal risks deriving from uncertainty between actors can
be minimized by structuring incentives for cooperation and
good performance by each actor. From the owner's péipt of
view this means a pricing structure which rewards the .
contractor or CM for time and cost saving. It also means’a
mechanism for assuring quality. The prospect of repeat wo?k
for good performance is also a powerful incentive. To make

it real, however, the owner must be in a position to
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evaluate past performance and use it as selection criteria
in future projects. This is common in the private sector, but
many public sector owner's cannot or do not exercise this

incentive.

From the contractor's perspective, pricing and other
contract provisions can also provide an incentive for the
owner and designer to be responsive and reasonable. Shared
savings and value engineering clauses which give the owner

a stake in cost savings are examples of these.

Perhaps more important than pricing is structuring of
decision-making authority and responsibility. Whenever
there is a mis-match of responsibility and authority, the
actor which must accept reponsibility for ceftain outcomes
while another actor has the authority to affect those
outcomes, the first actor must necessarily view the situation
in terms of risk and apply corresponding risk premiums. The
basic principle, then, is to make authority and
responsibility coincide. This is particularly critical with
CM where authority and responsibility between owner and CM
can easily become muddled. Owner review of submittals, or
design work in the case of design-build, is .another
potential source of non-cooperation and unnecessary

contractor risk premiums.

6.5 Procurement Method Decision Tools
The procurement method decision model presented above can be
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conceptualized and summarized with the aid of several tools
which are presented in this section. A general algorithm
shown in figure 6h descibes the basic decision making
sequence. A matrix form based on this algorithm is then
presented. Finally, some simplified typical decision trees

are given.

6.5.1 Decision Matrix

The decision matrix in figure 6}, is based on the above
algorithm. Positive or negative correlations are indicated
in the intersection cells between contingency factors and
attributes and between attributes. The matrix may be used
to identify prefered procurement method attributes based on
these correlations and weight factors assigned to the

contingency factors.

6.5.2 Decision Trees

Figures 6, k, landm illustrate several typical decision
trees based on the model. These trees may be particularly
useful in identifying potential combinations of constraints
which result in "empty sets" of no acceptable procurement
method which requires project abandonment or redefinition of

contingency factors.
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Figure 6 h A General Procurement Method Decisian Algorithm

IDENTIFY
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Figure 6 i Procurement Method Design Matrix
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instructions

Select contingency factors which apply
to project.

Weigh contingency factors in terms
of relative importance.

Compare esch contingency factor with
procurement method attributes as
indicated on the left matrix.

Score each attribute according to
correlation with weighted contingency
factors. Example: Score design-build
given:

WM O | weight
© |x |© {oorrolation
soore

Early Deltvery S
Complox Project -2
Tight Budget 3
Sophisticated,

limited mgmt 2

Type il Owner 4 0 4

Totai Score ® 12

5 Tentatively select attribute in each
category with highast score.

6 Compare attributes on right matrix
for incompatibility, denoted " X *
If incompatibility detected, sslect
alternats attribute(s) to sliminate
incompatibilities while optimizing
total score of all attributes.




Procurserment Method Attributes

Score

Rank

fCompatable

Selsction

Normal Sequential Design/ Eid/ Build Schedule

Accelerated Dasign &/or Construction

ling

Fast-Track

Pre-Enginesring

Single Responsibility Contract

Early Work Packages w/ Transfer

Muitipie Work Packeages

Usa Existing System

;twkw

Develop New Building System

Uss Open Systems or Conventional Technology

3yste

appii

ticrs

Traditional Msthed

Design-CM

Construction-CM  (CM w/GMP)

Design-Build

Systems

g ettt | |

B1id Competitivety*

Neqgotiate*

"Fixed or Unit Price*

Shared Savings*

/ jcon-
tr
tion n\t:d

Cost Plus*

* for oversll projset, not necesserily
Sperals work poackages




Figure 6j Decision Tree for Large/Complex/Risky Project
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~Figure 6k Decision Tree for Early'Delivery/

CM/ Design-Build

( DOES OWNER REQUIRE TRADITIONAL ACCELERATE
METHOD DESIGN/ BID/ BUILD DESIGN /0K
k ABSOLUTELY? YES ¥ CONSTRUCTION.
NO USECM
b CONSULTANT
. DURING
CAN SIGNIFICANT TIME PROGRAMMING
. N NO 4»{ & DESIGN TO
BE SAVED WITH FAST-TRACK? )— o oMMEND
YES FASTEST CONST
v METHODS,
MAT'LS,ETC.
IS SCOPE OF PROJECT WELL DEFINED
& CAN TECHNICAL REQUIREMENTS BE e
STATED IN TERMS OF GENERIC NO - DOES OWNER )
PERFORMANCE STANDARDS? REQUIRE
: COMPETITIVE
USE YES 81DDING?
astep | N
gfﬂ%N- _(ISOWNER REQUIRED TO AWARD N j YES
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v REQUIRE
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~ USE 1 STEP SELECTION PRICE PRIOR
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¥ NO -
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GUARENTEED IN-HOUSE CAPABILITY % NOT POSSIBLE -
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TO STARTING MANAGE MULTIPLE ~ [—NO = CONSTRAINTS -
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oMP. PRIME CONTRACTS. 106
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Figure 61. Decision Tree for Using Existing

Building Systems

" DOES PRE-ENGINEERED SYSTEM EXIST WHICH )
MEETS PROJECT REQUIREMENTS & IS EQUAL TO
OR BETTER THAN NON-SYSTEM CONST. IN TERMS

OF TIME, COST, QUALITY? )
YES
\ 2 (" CAN SYSTEM BE
IS SYSTEM COMPLETE, OFFERED ON A INCORPORATED
DESIGN-BUILD BASIS? NO &) INTO DESIGN USING
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Figure 6 m Decision Tree for Developing New System

CAN TECHNICAL REQUIREMENTS
BE STATED IN TERMS OF

GENERIC PERFORMANCE STANDARDS?

-

YES

P
DOES POENTIAL FOR SUFFICIENT
MARKET AGGREGATION TO

JUSTIFY SYSTEM DEVELOPMENT
EXIST?

|
YES

v

IS EARLY DELIVERY OF

INITIAL PROJECTS NON-CRITICAL
OR DOES POTENTIAL COST

SAYING JUSTIFY EXTENDED
SYSTEM DEVELOPMENT TIME

|
YES

‘

USE PROJECT/ CONSTRUCTION
MANAGEMENT TO COORDINATE

& CONTRACTORS TO DEYELOP
SYSTEMS

OWNERS, MANUFACTURERS, DESIGNS,

NO —8»

USE NON-
SYSTEMS
METHOD

NO —¥»

USE
DESIGN-
BUILD

NO —84

USE

DESIGN-
BUILD OR CM
FOR INITIAL
PROVECTS
CONSIDER
SYSTEM
DEVELOPMENT
FOR LATER
ONES




CHAPTER 7.0

DESIGN-BUILD IN DETAIL

This chapter will describe the design-build method in
detail; first, the basic roles and relationships between
actors during each phase of the process; second, historical
deveolpment and applications of design-build; and third, the

critical issues surrounding design-build.

7.1 Organizational Analysis by Phase

In ordexr to understand the critical issues surrounding
design-build it is useful to examine the organizational
relationships between acéors during each phase of the
process. This section will discuss these relationships in
terms of roles and responsibilities of the major actors
during the basic phases of a typical, non-specific design-

build project.

In addition to the owner, designer and builder, a fourth

major actor, the consultant, is usually involved in one or more
phases of the project. This consultant may be part of the
owner's in-house staff or an independent design professional.
The need for such a consultant arises from the change in the
designer's role from the owner's professional advisor to a
member of the builder's team which is inherently a

contractual adversary of the owner. Unless the owner has the
technical capability to fully define project requirements

and assure that they are met during all phases of design and
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construction, he must bring in a cecnsultant to f£ill this

role.
7.1.1 Pre-Qualification/Request for Proposal Phase

In this phase the owner's requirements are developed into a
program and set of design and performance criteria by the
consultant. These technical guidelines are usually more
detailed and comprehensive than a normal pre-design program
and often include conceptual plans and construction
specifications. The technical guidelines along with various
non-technical general conditions and requirements form the
basis of the request for proposal (RFP). Ideally, the RFP
should be written in such a way that allows maximum
latitude for alternate design solutions within the
constraints and requirementé of the owner. This is a c¢critical
issue in design-build and will be discussed in detail later

in this chapter.

While the RFP is being developed the owner usually goes
through a process of pre-qualifying design-build teams. Pre-
galification is usually made on the basis of past
experience, resources and management plan. Pre-qualification
helps ensure that the team(s) asked to submit proposals have
the capability to perform the work required, and limits
unnecessary redundancy in the proposal development and

review phase.
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Figure 7a. Design-Bulid Organizational Diagiram:
' RFP Development and Prequalification Phase
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7.1.2 Proposal Fhase

The pre-qualified team(s) develop a proposal based on the
RFP. Proposal requirements may vary, but typically they will
include plans and specifications at a level of detail
corresponding to schematic or early design devélopmeui
documents plus supporting engineering data, soils analysis,
etc. and a price. If project financing, provision of a
site and/or post-occupancy maintenance of the project is
required in the RFP, these will also be documented in the
proposal. Often, a managemgnt and implementation plan will

also be included in the proposal.

In many cases, design-build teams will incure considerable
expense in proposal development, typically of the order of
one half to one percent of total project cost (Haviland,
1976). In some cases the owner provides some compensation to
unsuccessful teams, but often proposers bear the entire cost
(and risk) for an unsuccessful proposal. This potentially
creates certain practical and ethical problems for

designers.

Proposal(s) are then reviewed by the owner, often with £he
assistance of the consultant. The review must verify that
proposal(s) comply with the requirements of the RFP. If
multiple proposals are received they must be evaluated and
ranked. Various evaluation and selection methods will be

discussed in the next chapter.
There may be a certain amount of negotiation with the
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OWNER

Figure 7b. Design-Build Organizational Diagram:
Proposal Phase
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one or more design-builder prior to executing a contract.
These negotiations may adjust details of cost, time and/or
quality. The final contract is then usually based on a fixed
or guaranteed maximum price for the final proposal, although
in some cases the final price is not fixed until later in

design. Various cost-plus arrangements may also be used.

7.1.3 Design Phase

In some cases, particularly turnkey proﬁects where financing
and/or land is provided by the design-builder, a separate
contract will be issued fof design only, with a follow-on
consﬁruction and sale contract contingent on development of
an acceptable set of detailed working documents (GSA/PBS
1970).

More typically, a single contract is made for design and
construction and the two phases are overlapped, ie. fast-
tracked. Indeed, a major advantage of design-build is the
ablility to fast-track under a single responsiblility,

competitive, guaranteed price contract.

During the design phase, the proposal is elaborated into
full design development and then working documents. The key
" issue here is interpretation of the proposal. To the

extent that the quality (and/or scope) of work is not fully
defined in the RFP or proposal, there is the potential for

disputes during design.
Aside from actual disputes, even scope/quality changes which
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are recognized by both'owner and design-builder are
difficult to administer since they must be negotiated,
rather than subject to competitive bidding. This puts the
owner at an inherent disadvantage, particularly if he/she is
not in a strong negotiating position to begin with. This is
not unique to design-build, per-se, since design or scope
changes may also occur after bidding under other methods.
However, because competition occures at a much earlier point
in the design process and a fixed price contract is often
made when the level of design definition is quite low,
potential for changes is greater. In order to avoid
extensive negotiated contract changes, the owner must be
prepared to accept the design-build proposal as a complete
package and cften must forgo modifications which would
otherwise be desirable. This is one of the main areas in
which the owner gives up control under the design-build

method.

The consultant may provide some quality assurance for the
owner by reviewing and approving detail design documents.
The design-builder's own integrity and interest in
maintaining a good reputation is the primary assurance of
quality. Again, this represents a potential loss of control

by the owner.
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Figure 7c. Design-Build Organizational Diagram:
Design Phase
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7.4.1 Construction and Post Occupancy Phase

During construction the designer and contractor will carry
out functions along traditional lines. But owning to the
designer's relationship to the owner and contractor he/she
is limited in the quality assurance role which a designer
would play under other methods. Again, the owner may rely on
a consultant to provide independent technical quality

assurance.

The "up side" to design-build during construction, in terms
of risk, is the fact that the owner is not exposed to
liability for delays or cost increases for design errors and
ommnissions. Because of the single reponsiblity for design
and construction, the contractor cannot claim extra
compensation for such errors as he/she would under the

traditional, and, to an extent, CM methods.

The design-builder must fully bear the risks of design

errors and ommissions. But because the designer and
contractor are highly integrated under design-build,
uncertainty stemming from the interdependence of the designer
and contractor is reduced. This, in turn, reduces much of the
risk of design errors and ommissions as well as the related
risk of contractor misinterpreting plans, estimating

errors etc.. The design-builder has a strong advantage in
terms of knowledge and information about the project, knowing

the project "inside and out” on both a design and

107



construction level. This often makes it possible to minimize
the time/cost/quality impacts of any design errors if they

occur.

On industrial projects such as plants and refineries, the
design-build contract usually includes start-up ahd "run-in"
(Greenfield, 1982). Proper performance of all equipment is
verified and the design-builder must correct any sub-

standard operating performance.

Various post-occupancy contractual arrangements may be
provided, depending on the project. At a minimum a one year
general warranty is provided. In many cases, however, the
design-builder may be asked to provide some sort of
maintenance service. In the case of turnkey financing with a
leaseback, the design-builder actually retains title to the
facility. Such arrangements further extend the single
responsibility concept of design-build and also provide a
direct incéntive for the design-builder to optimize total

lifecycle costs.
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Figure 7d. Design-Build Organizational Diagram:

Construction Phase
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7.2 Historical Development and Applications of Design-Build

The Austin Company, Cleveland, Ohio is often mentioned as

the first modern desigﬁ—build firm. Austin's first design-
build project was a lamp factory built in 1913. Through this
and subsequent jobs, the firm developed a vertically
integrated approach to design and construction of industrial
and maunfacturing facilities which became a model adopted by
other firms. Design-build or design-construct (the latter term
connoting large scale, industrial work) accounted for nearly
half the total volume of construction in the US in 1985 and

over half the total engineering work (ENR 4/15/86).

The petrochemical, power and other industries have
traditionally used design-build for refineries and plants.
In many cases, the projects are based on'a proprietary
process or technology which can only be provided by a single
firm. As noted in chapter 6.0, however, in more recent
years there seems to be a trend away from design-build on
some particularly large projects apparently due to

increased risk and.the inability to effectively manage it

under a single responsibility contract.

Transportation projects, including mass transit systems and
bridges, have been successfully done using design-build. In
these cases the motivation was largely based on allowing
alfernate proprietary technologies to compete eg. segmeptal
concrete brige systems, light rail systems, etc..

Internationally. in Latin America and certain European
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countries, design-build has been used extensively. The
reason for this appears to be due. in part, to differing
institutionel environments. Design professions have not been
as well established and distinct from constructicen in these
countries. It also appears that institutional mechanisims
for administering design-build projects and providing both
positive and negative incentives for design-builders to
maintain quality and cooperative behavior are better
established and recognized in thez: countries (Greenfield,

1982).

Although in the US design-build has been primarily used in
the private sector, over the last fifteen years a number of
public agencies have begun to use it. Housing has been the
primary application although office buildings and even sewer
treatment plants have also been built under design-build.
The experience and unique problems of adapting design-build
to the public sector is the major focus of this thesis and

will be covered in detail in the remaining chapters

7.3 Critical Issues Surrounding Design-Build

7.3.1 Owner Control

Because of the "package deal" involved in design-build, the
owner gives up a substantial amount of control over the design
and construction process as compared with other procurement
methods. The RFP and proposal which form the basis for

contract usually contain fairly limited levels of detail and
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definition of the project. The owner may attempt to make
changes and monitor quality after the contract is signed,
but he/she is in an inherently weak position to do so, even
with the help of a knowledgeable staff or consultant.
Excessive, adversarial involvent in the project by the owner
or consultant is also liable to diminish the primary
advantage of design-build, namely the integration of the

designer and contractor.

The primary assurance thut the owner gets what he/she wants
and pays for is effective project definition despite lack of
detail prior to contfact award and on the integrity and
reputation of the design-builder. Industrial and
transporcation projects, especially those involving
proprietary technology, lend themselves to design-build

- because they can be defined in terms of measurable
performance-—-eg. 100 megawatt, coal firéd, 35% thermal
efficiency, etc. and because the project and technology
involved is directly associated with a single, reputable
firm. Housing, small commercial projects, warehouses, etc.
can also meet this requirement, mainly because they are
technically simple and can be described in terms of well
established standards and performance criteria. Almost any
type of project can, at least in theory, be procured using
design-build, particularly if the owner is in a good

" possition to negotiate changes as the design is being
developed. However, in practice, certain projects do not

lend themselves well to design-build. Examples of such
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projects would include projects where a high degree of
artistic design expression and symbolic importance is
involved, such as important churches, public institutions and

the like.

7.3.2 Defining Project Requirements

There is an inherent conflict in writing an RFP between
specificity and detail on one hand, and sufficient latitude
for design creativity and value-engineering on the other.
An RFP which is overly specific may unnecessarily constrain
proposals and limit innovations which could save time ana
cost or improve quality. An RFP which is too loose may not
. adequately convey all of the owner's requirements and be

subject to misinterpretation.

Theoretically, the way to solve this problem is with
performance specifications, ie. specifying building
attributes and components not in terms of prescriptive
materials and methods of construction, but in terms of
desired end performance such as strength, durability, sound
and thermal resistance, etc.. However performance
specification is not always feasible if the attribute in
question cannot be easily tested and measured. Any sort of
special, esthetic quality would fall into this category.
Long term durability is often difficult to measure,
especially for a new, unproven material or system.

In addition, performance requirements which are not based on
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established standards and tests will need special prototype

testing to verify which is expensive and time consuming.

7.3.3 Proposal Development

If only one proposal is solicited, ie. the owner negotiates
with a single source, the cost of proposal development or
preliminary design is no more than it would be under any
other method . No premium is'paid for developing a highly
detailed proposal as long as the owner negotiates in good
faith with a commitment to build. However, if multiple
proposals are involved in a competitive selection process
there is a complex trade-off associated with the number of
proposals, the degree of proposal documentation and detail

and the risk associated with price.

Unsuccessful proposals amount to wésted design and
preconstuction planning effort. If the owner chooses to
reimburse the proposers, he/she bears this cost directly. If
the owner does not fully reimburse this cost ﬁhen the
proposer must absorb it as part of general marketing
overhead. From the design-builder's point of view, there may
still be value in making a proposal even if no compensation
is given. This value can be modeled as the risk/decision

tree below in figure 7e. (after Raiffa, 19 )
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Figure 7e Risk Decision Analysis for Making Proposal
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Assuming the profit and proposal costs indicated and little
or no honorarium, the option of making a proposal would
still have net positive value as long as there are less than
five proposals, ie. (probability of winning contract * value
6E profit on contract) > (probablitiy of unsuccessful
proposal * cost of proposal). It should be noted that this
analysis also assumes a linear, risk neutral utility
function for the proposer. Risk aversity, perception of
competition and value of honorarium all could alter the net

equivalent value of making a proposal.

Some have argued thatblack of £full compensation for
proposals will not affect contract price because the cost of
proposals is regarded as a necessary part of marketihg
overhead and not specifically allocated on an individual job
basis by the design-builder (Poodry, 1986). Others have
argued that this expense will inevitably be passed back to
the owner in the form of inéreased bid mark-ups, if not
initially, at least over the long run (IF/0OP2,1976). The
true sicuation would seem largely dependent on market
conditions, ie. how "hungry" design-builders are and the

extent to which the market is closed among a limited set »f
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owners and design-builders.

Wasted design effort stemming from unsuccessful proposals
can be minimized by reducing the number of proposals
requested or by reducing the level of documentation and
detail required in the proposals. If the number of proposals
is reduced, competition will be lower, resulting in a
corresponding increase in price (De Neufville, 1382).
However éome design-builders may be reluctant to make a
proposal if they feel their chances of winning are too slim
(Ball, 1986). The cost of proposal review and evaluation

is also reduced.

Reducing documentation requirements and detail increases the
uncertainty of cost and quality. Assuming a fixed or
guaranteed price contract is made on the basis of the
proposal, the design-builder will perceive this risk in
terms of cost and increase his/her risk premium (scmetimes
called contingency mark-up) to the bid price. The design
builder may chocose to develop a proposal in more detail than
required in the RFP in order to reduce price risk, but often

this is not practical within the proposal time constraints.

This risk premium may be illustrated by the following

example:

Assume that the accuracy of a cost estimate for a given
project is a function of the degree of design

definition. This may be expressed in terms of variance
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or standard deviation of an estimate versus the level
of design definition as illustrated in figure 7f (After
Halpin, 1983). (Note that this assumes essentially a
normal distibution of costs. Some evidence suggests

that this is not always true.)

Figure 77 Level.of Design Definition vs. Certainty of Estimete
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The probability distributions cof two cost estimates,
one made after preliminary design, corresponding to the
level of definition of a typical design-build proposal;
the other based on complete working documents
corresponding to typical bid documents under the
traditional method are indicated in figure 7g. Note
that the mean cost of the project is the same, only the

variance changes.
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If the contractor is perfectly risk neutral, his/her
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bid on the project based on either estimate would be

the same. However,

assume that the contractor is

somewhat risk averse and has a utility function as

shown in figure 6e.

If the equivalent utility values based on the above

utility function are substituted for the actual costs

indicated in figure 7g.
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The owner will perceive the risk of a less defined proposal

in terms of potentially sub-standard quality or additional
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contract changes. He/she may try to compensate for this by
stating project requirements in more prescriptive detail in
the RFP. This, however, limits the designer's ability for
innovation and value engineering as mentioned above. At a
certain point, an RFP can become so detailed and precriptive
that it approaches a traditional set of bid documents and

the benefit of design-build is lost.

If proposals can be developed relatively cheaply by using
standard "stock" solutions, the trade-offs described above
become less critical and it is likely that a satisfactory
compromise between openness of the RFP, detail of propésals
and numer of proposers can be achieved. However, as a project
becomes more complex, involving special, non-standard
solutions, proposal costs and risks increase and design-
build, at least using competitive proposals becomes less

feasible.

7.3.4 Proposal Review, Evaluation and Selection

Many of the same problems and trade-offs associated with
proposal development also apply to review, evaluation and
selection. Under the traditional method where scope, quality
and time are fully defined and fixed, selection on the basis
of low bid is fairly straightforward. With design-build,

quality and time may vary between proposals.

To get the best proposals possible, the owner must be able

to articulate nnt only requirements, but the relative values
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and weights he/she will put on them. Otherwise, the design-
builder will be forced to second-guess the owner and may
make sub-optimal trade-offs in the proposal. Yet, for most
owners, this process of evaluating and weighing requirements
is done during the design process as alternatives are
reviewed and discussed. To do this effectively before an
actual design is produced requires considerable imagination
and forethought which many owners lack. For public sector
owners the problem is further complicated by the need for
accountability, an issue which will be covered more fully in

later chapters.

The review and esvaluation process for design-build proposals
can be complex and exhaustive. It is not uncommon for a

team of a dozen architects, engineers and other specialists
to spend three or four days reviewing a.single proposal for
a $10 million housing project. Often the process involves
several proposal revision and resubmission iterations (
,1986). Again, the time and administrative cost of this
process increases with the number of proposals, complexity

and degree of non-standardization of the project.

7.3.5 Detail Design and Construction

One of the biggest risks and potential sources of failure in
the design-build process is disputes during detail design
over interpretation of the RFP and proposal. Since price and

time are usually fixed in the contract, the only way a
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design-builder can controcl cost overruns (or compensate for
estimating errors) is by increasing efficiency, reducing

profit or reducing quality.

Since it is often not possible to increase efficiency, and
highly undesirable to decrease profit, the design-builder

is likely to look towards opportunities for reducing quality
wherever possible. This is not inherent in design-build and
is a potential problem with any fixed price contract. But in
design-build there may often be more opportunities for

- reducing quality.

Ideally, the level of quality in all parts of the design
should be well established in the proposal, but in practice
this is often not possible. This means that there is an
inherent potential for the design-builder to subsitiute more
economical materials and construction methods, especially if
he/she finds the project running over the original budget.
Such subsgtitutions may be tolerated by the owner, especially
if quality is not critical and cost is an over;iding
constraint. But, where qualiﬁy is critical, the owner is
likely to be faced with dispu;es or change orders and a

highly adversarial relationship with the design-builder.

Some owners have attempted to nitigate this problem by
splitting design and construction into separate contacts.
Initially, a a design contract only is made, with the

cnnstruction contract contingent on satisfactory workinga
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documents and reconfirmation or renegotiation of the
original price. Theoretically, the owner can use the threat
of not signing the construction contract as a strong
bargaining advantage to force the design-builder to stick
with his/her original proposal or to give generous price
concessions if substitions are made. It is not clear if this
strategy is very effective in practice since it becomes
increasingly impractical and costly for the owner to
terminate his/her relationship with the design-builder as
the project progresses (Hasbrouck, 19277). Such an
arrangement also precludes any fast-tracking which is

normally a major advantage of design-build.

Quality assurance during construction is also a potential
problem area, again because of the altered role of the
designef. It is not hard to imagine the dilemma a designer
would face when having to reject materials or workmanship in
a design-build situation. One solution is for the owner to
use in-house or independent construction inspectors. Another
solution, favored by the New York State Dormitory Authority,
has been to hire the designer directly during the
construction phase. This has the advantage of capturing the
extensive knowledge of the project which the designer has
already acquired while reducing the potential conflict of
interest (Hasbrouck, 1977). Such an arrangement, however,
might not be practical on a fast-track schedule or if the
design-builder was actually a single vertically integrated

firm.
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Many of these cost/quality trade-offs manifest themselves in
terms of lower coastruction cost, but higher
operating/lifecycle cost. One way to create an incentive for
the design-builder not to sacrifice quality for first cost
savings is' to make him/her responsible for operating costs
as well. This may be done through optional maintenance
contracts, extended warranties and other contractual
mechanisms (NAVFAC, 1985). The problems with this include
adequately providing for cost escalation, lack of
maintenance capability among design-builders and integrating
an outside contractor with in-house maintenance

organizations (Carlson, 4/86).

7.3.6. Professional Ethical and Institutional Issues:

Historically, some of the most vocal opponents of design-
build have been design professionals. Their objections have
been based on legitimate ethical concerns and, to an extent,

on selfinterest.

The major ethical problem associated with design-build is
the altered role of the designer from being the owner's
agent and professional advisor to essentially a contractual
adversary. The ethical codes of the American Institute of
Architects (AIA), American Society of Civil Engineers (ASCE)
and other organizations of ﬁesign professionals are based on
the traditional oﬁner—desiqner relationship described in

chapter 2.0, and generally prohibit the designer from acting
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in the role of a contractor. Yet confronted with the fact
that design-build has been coming into ever wider practice,
these organizations have attempted to establish guidelines

for design-build.

The AIA recommends that architects participating as sub-
contractors in a design-build entity should fully disclose
the nature of this relestionship to a prospective owner and
anyone else who might otherwise assume that a traditional
owner-designer relationship was in effect. However
architects with ownership interest in a design-build entity
are considered to have a potential conflict of interest and,

as such, violate ethical standards promulgated by the AIA.

Moreover, architects who pﬁrticipate in competitive design-
build proposals are potentially violating ethical standards
which prohibit "free sketches" and competing for work on the
basis of fee (Haviland, 1976). It should be'noted that the
only time when architects are permitted to give free
sketches is in a formal design competition. However, it is
not clear that a design-build competition is really the same
as a design competition. If the architect considers it a
design competition, ie. that he/she is working directly for
the owner, then, implicitly the architect is also taking an
ownership position in the design-build venture. This
violates the ethical principle described above. However, if
the architect instead considers him/herself working as a
professional sub-contractor for a contractor or developer

vho develops a propcsal for a design-build competition then
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the architect must receive compensatiocn for the design work
done for the proposal. Otherwise the architect would violate

the ethical principle of no free sketches.

The ASCE came out with similar guidelines in 1974 after
several years of study and some heated internal discussion.
(Some members likened the guidelines to procedures for -
obtaining a prostitute.) (Narver, 1975). The Consulting
Engineer's Counc¢il actively lobbied against turnkey
construction in the early 1970's and advocated instead an
alternate method they called "Turnkey Plus" which was

basically a form of design-CM (Consulting Engineer, 4/73).

Another potential professional conflict of interest arises
when owners retain designers as a consultant to help
administer a construction contract involving a contractor
with whom the designer might be working as a sub-

contracteor on another design-build project. This situation
is especially likely to arise where the designer is known as

an expert in a particular specialized building type.



CHAPTER 8.0
DESIGN BUILD IN THE PUBLIC SECTOR

This chapter will serve as a bridge between the first two
parts of this thesis which deal with procurement methods in
general, and design-build in particular, to the third p;rt
of this thesis which will examine an actual case of the
application of design-build on a public sector project. A
number of issues affecting design-build which are unique to
the publiclsector will be discussed. Various examples of
public sector design-build applications will be reviewed
with respect to these issues. Finally, there will be a
brief summary of the previous chaptefs, This summary will
lead into a set of hypotheses which will be presented in the

introduction to Part III following this chapter.

8.1 Unique Requirements and Constraints of Public Sector

Procurement

Probably the most important and overriding requirement of
public sector procurement is accountability. Any public
procurement method must minimize the potential for "waste,
fraud and abuse". As such, it must be sufficiently
transparent so as to allow systematic verification that |
waste, fraud and abuse have not been committed (Lee, 1986).
This implies that any decision making process involving
procurement should minimize subjective, individual judgment

and maximize objective, quantifiable facts and procedures
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as a basis for action.

There is a strdng preference for methods which previde for
competition among the widest possible group of offerors.
Moreover, the basis for competition must be as objective as
possible. Not only must the government be able to prove to
its constituents that maximum value has been obtained for a
given expenditure, but potential suppliers of goods and

services must be given equal opportunity to compete.

The traditional method of design-bid-build, with bidding
based on a full set of detailed construction documents and
bidding open to all responsible (ie, qualified) contractors
and award based strictly on low bid is generally the
preferred procurement method in light of the above.
Negotiatéd contracts, particularly single source
neygotiations, are typically used only when the traditional
method is not feasible or practical, such as for emergency |
construction or wheﬁ there is absoulutely cnly one
contractor capable of building a project. As discussed in
chapter 6.0, most public agencies are in an inherently weak
position to negotiate and usually require special, often
cumbersome bureaucratic procedures such as special review

boards, audits, etc. if any negotiation is involved.

The biggest problem with design-build, in this context, is
assuring objectivity and accountability in the selection

process. Unlike the traditional method where, in theory,
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only cost distinguishes different proposals, design-build

inherently involves some degree éf subjective judegment on
quality. This disadvantage in terms of accountability may
be offset in cases where design-build is the only way to

allow alternate proprietary systems to compete.

The relative importance and value attached to time, cost and
Quality in the public sector is often very different from
private owners. Institutional and budgetary procedures

often distort building economics in the public sector.
Unlike a commercial developer or industriél facilities
planner who can accurately translate schedule and quality
alternatives into accurate dﬁllar values, most public
owners are not oriented to making such trade-offs in a

rigorous, analytical way.

Quality may be over-valued in the interest of reducing
maintenance costs, not because of true life-cycle economy,
but because money saved in capital costs cannot be
reprogrammed into operating funds. Time may be under-
valued since the social and political benefits of occupying
a-facility often cannot be readily translated into market
value and because the true cost of financing construction
may be concealed by budgeting and accounting practices. In
ofher instances, an unusually high premium may be placed on
time because of nearing elections or other political
factors. Various institutional procedures for appropriating
funds, as well as soliciting and awarding design and

construction contracts, also serve to delav any procurement
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process. In terms of design-build, this further complicates
the proposal evaluation process and also may serve to
discourage time saving efficiencies normally associated with

the design-build method.

Distribution of authority and mechanisms for decision making
in the public sector are often significantly more diffuse
and cumbersome in the public sector as compared with private
organizations. Part of this is due to the need for
accountability through structuring checks and balances into
a process or organization. Part may also be due to a certain
dis-incentive which many bureaucratic organizations give to
individual initiative. This can be a potential problem to
the extent that design-build requires more definitive
decision making about project needs and requirements, -
particularly prior to issuing the RFP, and often requires
more subjective, complex and responsive decision making by

the owner.

8.2 Design-Build Applications in the Public Sector

8.2.1 HUD Turnkey Housing Projects

The US Department of Housing and Urban Development has been
using "turnkey" design-build as a standard method for

procuring low and medium income housing projects since 1966.
It is generally cited as the first US Federal agency to use

turnkey construction. The original impetus for using this
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method was to streamline bureaucratic procedures and take
advantage of the skills and capabilities of established

developers. (HUD, 1971)

Under the HUD turnkey method, local housing authorities
(LHA's) are directed to publically solicit developer
proposals for housing projects. Technical requirements are
stated in terms of established HUD and FHA minimum property
standards, which are based on a medium level of quality.
Proposals include financing and usually land as well as
design and construction. A firm price must also be included
with all proposals, which is subject to downward adjustment
as the detailed design is refined. In many cases, extensive
negotiations are conducted with one or more developers to
improve cost-benefits of proposals. Selection is based on
cost, quality, time of delivery, architect and other

factors.

Upon selection of a developer an initial contract for design
only is let. The LHA monitor and review design and ﬁUD
participates in an intensive one day session to ensure
quality stanards are maintained. Additional negotiations may
take place to reduce cost or trade various alternate design

features.

Once the design and any price revisions are complete, a
second contract for construction and sale is made. Field
inspection is provided by the LHA or HUD representatives.

Because the develcper must carry construction financing
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charges until the project is accepted for occupancy there is
a strong incentive to expedite work. No liquidated damages
are involved and the developer bears the full risk of
delays, regardless of cause. If any construction is found
to be not in compliance with the detailed design the
developer must replace it or a further price adjustment will
be made. This provides additional incentive for the
contractor to maintain quality and reduces quality risk for

the owner.

8.2.2 GSA Turnkey Offices

As a result of the study of various construction contracting
systems (GSA/PBS, 1970), which included a detailed
examination of the HUD Turnkey method described above, GSA
recommended that turnkej be adopted for small simple
projects. The study, which also recommended numerous changes
in the traditional method, noted:
"...The system appears to have merrit for relatively
simple projects. In the case of complex projects
requiring numerous technical decisions during design
and construction, this sytem could prove difficult to
administer because of the inherent conflict between the
PBS desire for higher quality and the developer's
moivation to reduce quality to stay within the budget.
Accordingly, it does not appear desirable to use the
turnkey system on complex buildings until further
experience has been developed..."
GSA developed standard procedures and contracts modeled

after the HUD turnkey method. GSA's first turnkey project in

1971 involved five small Social Security office buildings
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worth a total of approximately $1.5 million (ENR 12/2/71).
No follow-up accounts on the project could be located, but
apparently GSA did not make extensive use of turnkey after
the initial experiement. GSA officials indicate that more

recently they have begun to use a modified form of turnkey

involving leaseback financing of some office buildings.

8.2.3 Military Design-Build Projects

In 1967, the General Accounting Office (GAO) conducted a
study of military housing which found that military housing
was of higher cost and lower quality than comparable private
housing due to uneconomical standards, specifications and
inspection practices which were not in keeping with
prevailing FHA standards in the industry (ENR 12/21/67). The
military also experienced difficulty attracting experienced
housing contractors and, in many cases, was forced to
redesign and re-bid projects which could not initially be
awarded within funding constraints. These shortcomings
along with the success of the HUD turnkey experience
prompted the military to adopt design-build on a number of

housing projects.

Most of these projects involve design and construction only
on government owned land and do not include financing.
Competition is open and there is no initial prequalificatioﬁ
and no consideration is given to the performance record or
management capability of any of.the proposers as long as

they can meet bonding requirements. Although some officials
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acknowledge that it might be more convenient from the
military's point of view to prequalify or at least take
performance and management into account during proposal
selection, it was felt that this might be considered unfair
discrimination (Messino, 1986) . Technical requirements are
quite detailed, based on a combination of HUD minimum
property standards, and prescriptive specifications for

certain portions of site work. (NAVFAC, 1983)

Initially, the program generated a certain amount of
controversy over using "competitive negotiation®” based on
alternate proposals instead of open bidding on conventional
plans and specifications. On one early project,
unsuccessful proposers filed protests against the government
on the grounds that the winning propqsal had been chosen on
the basis of extra features not identified in the RFP as
mandatory evaluation factors. The military had justified
using the competitive negotiation under existing procurement
regulations because it was "impossible to draft, for
solicitation of bids, adequate specifications". Officials
reasoned that it was impossible to draft conventional bid
documents which would allow full competition among
contractors who offered different types of systems and
standardized designs. The US General Accounting Office
(GAO), in reviewing the protest, claimed that this
impossibility was "self imposed... and is inherent in the
turnkey concept."”, but stopped short of recommending that

the method be dropped. (ENR 9/30/71)

133



The military has developed two ways of dealing with the
problem of accountabilit} in the selection process. The
first, known as "one step" selection, involves an elaborate
process of technical review and evaluation based on a very
detailed numerical scoring system. Scoring is initially done
by a team of technical experts withocut knowlege of price
proposals or proposer identity. The scores and a written
technical evaluation are then presented to a high level
board. Proposal prices are revealed and a cost/score ratio
is calculated for each proposal. The proposal with the best
ratio is selected, subject to the judgment and approval of

the board.

The second selection method, known as "two-step" selection,
is similar, except technical evaluation is made on an
acceptable/unacceptable basis with no scoring on quality.

The acceptable proposal with the lowest price wins.

The two-step method which has been favored by the Army is
less subijective, bu£ does-not take into account variation in
quality. This means that the minimum technical requirements
stated in the RFP become, by default, the maximum also. The
cne-step method which is more common on Navy and Air Force
projects does account for quality, but is more subjective.

(Ster. 1976).

Several studies have been made comparing one and two step

design-build with traditional procurement methods. Results
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have been mixed, although generally favoring one-step
design-build on family housing projects. One study {(Kraus
and Smith, 1972), however, concluded that two-step and
conventional methods achived lower cost for similar Llevels
of quality. No significant time savings was recognized for
either design-build method. Ster (1976) has suggested th;t
two-step design-build is most appropriate for relatively
straightforward, utilitatrian projects such as warehouses,
small hangars, fire-protection systems, etc., while one-
step design-build may be more approriate for housing and
institutional projects where design quality and esthetics
are a consideration. He also notes that, in general, design-
build should only be used on housing projects over 200
units, presumably due to the cost of proposal development

and market considerations.

Recently, in an effort to further "privatize" housing
procurement, the miliﬁary has begun to include maintenance
contracts and lease-back arrangements in their turnkey
projects. This also provides a direct incentive for

proposers to optimize life cycle economy.

Once a proposal is selected, a single design-build contract
is awarded based on the proposal aloﬁe, without an
intermediate design-only contract as in the HUD method. The
military appears to avoid a negotiations between proposal
acceptance and contract award, mainly to avoid posasible

protests from unsuccessful proposers.
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Contraéts typically provide for a limited amount of fast-
tracking of site development and long lead items., however,
formal design review and approval is required before
construction may proceed. Most contracts also provide for a
so-called "contractor quality control" (CQC) system. ﬁnder
this system, the design-builder is required to carry out a
rigorous and highly detailed series of quality control
procedures including submittal reviews, inspections, field
and laboratory testing. The contract administrator's role
becomes assuring that these procedures are carried out and

verifying them.

.8.2.4 New York State Dormitory Avthority

The Authority is an autonomous public entity which finances
and builds dorimitories and related facilities for the New
York State university system. In the early 1970's it adopted
design-build as one of its standard procurement methods. It
was felt that design-build offered a better way of

optimizing quality and value within a fixed budget.

From various accounts (Hasbrouck & Bobrow, 1974) (Hasbrouck,
1977), the Authority seems to have a well developed and
sophisticated approach to design-build. This may have
something to do with the fact that standards for dormitories
are not as well established as for public housing, and that
the more instititional nature of the projects makes thenm

more complex.
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A great deal of emphasis is placed on the preparation of the
RFP which is regarded as the "single most important device
distinguishing design-build". An outside consultant is
hired to prepare the RFP and the owner/users of the future
fgcility are intensely involved during the RFP development.
This includes not only higher level administrators and
decision makers, but also the actual occupants, staff,

maintenance personnel, etc..

Requirements are stated in hierarchical levels of detail
from overall project to individual spaces and equipment.
Within each level a series of standard catagories of ]
requirements for user, function, adjacencies, technical
specification, performance, etc.. A conscious effort is made
to state these requirements in terms of performance so as to
ailow maximum design freedom and to allow existing building
systems tc compete with conventional construction.
Requirements are defined as mandatory and non-mandatory to

allow further flexibiity for proposers.

The RFP stipulates a fixed price (and completion time) for
the design-build contract, which proposers must confirm. As
such, all proposals are based on the same price and quality
becomes the sole criteria for evaluating proposals. This
avoids the problem of having to weigh cost against quality.
The Authority feels that in the public sector if price
becomes a consideration, it will inevitably become over-
riding, ie. it will be almost impossible to justify not

awarding to the low-bid solution which meets minimum
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requirements. In such a case, the minimum requirements
become the de-facto maximum and the opportunities for
optimizing cost/quality trade-offs are losi. This forces the
technical requirements to become more prescriptive and less
performance oriented in order to assure the minimum quality
level, thus constraining design flexiblitiy and diluting the
advantages of design-build, and ultimately leads back to the

traditional method {ie. a totally prescriptive RFP).

The RFP requirements then become the basis of a detailed
evaluation matrix which is weighted prior to issuance of the
RFP, based on input from various owner/users. Hasbrouck
points out that this is a highly delicate and sensitive
process, since often the owner/users cannot forsee the
implication of th=ir relative weightings. Throughout the
process, the RFP consultant acts as sort of an arbiter
interpreting and resolving variocus trade-offs between

demands of different owner/user sub-actors.

Proposals are solicited from prequalified design-builders
and evaluated by a tean of technical experts and owner/user
representatives who score the proposals according to the
pre-established criteria. To discourage manipulation of
scoring, evaluators are not permitted to multiply scores by

weight or tally scores.

A winning proposer with the highest total score is
"tentatively" selected and asked to further develop his/her

design. A final contract is issued upon completion of
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satisfactory detailed design documents. Some furthei quality
trade offs may be negotiated during this phase within the
fixed price. By not awarding a firm contract until a
detailed design is accepted, the Authority can use the
threat of "lingering competition" to ensure quality is not
compromised during design deveiopment. However Bobrow
ecknowleges that this leverage is diminished as the project
progresses, especially after a formal contract is awarded,
and that enforcement of quality standards set forth in the
original proposal is one of the most difficult problems in

deSign-build.

During construction document preparation and actual
construction, timeliness is emphasised. Streamlined review
and approval procedures and responsive decison making on the
part of the contract admiristrator are a stated goal of the
Authority. Special contract provisions also ensure
conformance of construction documents with the proposal and
detailed design. Field quality control may be handled in
several ways including in-house inspectors, outside

consultants and directly hiring the project designer.

8.2.5 Design-Build Correctional Facilities

Most of the public sector design-build applications
described above have involved housing or relatively simple
commercial/industrial buildings. Dormitories represent a

sort of intermediate building type between housing and
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institutional facilities.

Correctional facilities, especially detention centers
(jails) and higher security prisons (ie. post-sentencing
facilities) , like other institutional facilities, are often
more specialized, complex and non-standard in comparision
with the other building types discussed. In recent years the
theory and practice of correctional facility design has
undergone significant change with the advent of "new
generation" facilities. Although various proto-types and
models exist, no true consensus seems to have emerged
regarding standards of design and construction, at least not

to the same degree as the other projects described.

This, along with the other unique constraints and
requirements associated with design-build in the public
sector, make the application of design-build to correctional
facilities especially challenging. Unlike the other design-
build applications where the primary motive was optimizing
cost and quality within a non-critical time constraint, the
primary reason for using design-build for correctional
facilities is to achieve accelerated delivery. Almost all of
these facilities are planned to relieve serious overcrowding
problems. Many of these new facilities are mandated by court
orders. The following is a brief description of three current

design-build correctional facility projects:

* Eimwood Detention Center, California (1985)
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This 196 bed facility, according to the RFP, is required to
be designed in approximately one month and ready for:
occupancy approximately five months after award. The RFP
(Santa Clara County, 1985), which is a total of ten pages
iong, descibes the facility requirements in extremly general
terms, refering to applicable building codes and an existing

tilt-up concrete prototype on the same site.

Proposal requirements include a qualification statement,
imblementation plan and conceptual approach to the project.
Price for design is negotiated initially and a guaranteed
maximum construction price is negotiated upon design
completion. Evaluation criteria are very general, primarily
the professional experience and expertise of the proposers

based on the subjective judgment of a selection board.

Information on the outcome of the project, which was begun
in May, ;985, is not available. But the accelerated
schedule requirements, minimal project definition and
negotiated pricing indicate the high premium and quality
risk the state was willing to accept to achieve early

delivery.

~* Precast Modular Facility, Lorton, Viginia {(1986)

This project for a 400 bed medium/maximum security prison
(200 single cells/200 dormitory beds) is being built under
court order. The recent riot and fire at the existing

facility in Lorton underscores the urgency for the new
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facility. The RFP (Distric of Columbia Department of Public
Works, 1986) allows one month for proposal preparation, eight
months for design and construction of the dormitories and
twelve months for design and construction of the single cell

units.

The program and definition of reguirements in the RFP is
significantly more detailed than the Elmwood facility,
although somewhat more open than some military design-build
housing projects. The RFP is performance oriented, based on
modular, precast concrete construction, which apparently was
determined to be the most expedient in an earlier
feasibility study. Proposals are requirzd to include a fixed
price. Evaluation criteria is simply, but explicitly stated
in the RFP as follows:

50%-- Design Approach

10%-- Time of completion

5%-- Size, financial stability and location of company

5%-- Experience and expertise

5%-- Outstanding record of timely performance

10%—- Cost

15%-- Compliance with safety, labor, affirmative action and

minority enterprise progranm.

Ten teams were prequalified, but only two submitted
proposals, apparently because of the extremely short time
allowed for propsal preparation. The winning team is
conmposed of Morrison-Knudson, one of the largest
constructors in the world, and HDR, a large A&E firm whose

special expertise in prisons. The cost of the project, at

$ 17,000,000 appears comparable to similar facilities on less
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accelerated schedules. The design-construction schedule is
extremely fast tracked, with site work and foundations
starting within a week after award in March, 1986. Within
two months pre-casting and erection of superstructure had

begun. (Caroy, 1986).

Both government project personnel and the contractor
emphasized the need for mutual trust and cooperation cn the
project. The government was taking a very flexible attitude
toward design review and quality control, relying almost
completely on the exp2rience and expertise of the design-
build team. All parties are pleased, as of this writing,
with the outcome and the unusually non-bureaucratic apﬁroach

(Maloney/Lenertz, 1986).

* 500 Bed Maximum/Medium Turnkey Prison, Missouri (1986)

This project includes provision of a site and financing as
well as design and construction. The RFP for the project,
which was prepared by an ouside consultaht, is significantly
more detailed and prescriptive than the other two projects
described above. Program and technical requirements, appart
from land and financing requirements, comprise three and a
half volumes of approximatiy 200 pages each. Full
prescriptive construction specifications are provided,
including alternate specifcations for different types of
constuction, eg. built-up and membrane roofing. Submission
requirements for the propcsal were also extremely |

elaborate, comparable to advanced design-development
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documents (Norman, 1986).

At the same time, evalauation criteria were extremely general
and non-specific; consisting of the following statement:
“The proposal selected by the State will be that ... in
the jugement of the State, is best able to complete the
project in the soundest and most workman-like way and
in the most expeditious ard economical manner
consistent with the interests and need of the State.
Proposals must be complete and satisfy the minimum
criteria described in this RFP."
Apparently a more detailed point-weighting system was
considered, bhut rejected, because it was felt that too many
subjective factors were involved and that it was impractical
and unrealistic to try to quantify them. (Hogue,1986). At
least one architect who participated as a proposer felt
uncomfortable with this approach since it required

considerable second guessing about the values and priorities

of the reviewers.

The proposal selection process involved an extensive
technical review by the RFF consultant who identified all
items which exceeded or failed to comply with minimum
requirements. This objective technical analysis was then
presented to the State legislative committee responsible for
the project, who made the final selection. By all accounts,
this selection process was very succesful. The Legislature
was quite pleased and no protests were apparently made by
losing teams despite the vague evaluation criteria (Hogue,

1986) .
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No prequalification was required and, despite estimated
costs of $100-200,000 to prepare proposals for the $50-60
million project, eleven proposals were submitted, fouf of
which were considered "excellent" and worthy of serious
consideration. Despite the fairly prescriptive RFQ,
consultants felt that proposals exhibited a considerable

degree of creativity and innovation. (Silver, 1986).

Unlike the other two prison projects above, the Missouri
facility is not under as extreme a delivery constraint and
scheduling is not as compressed. The RFP consultant is
providing detail design review and construction quality

control for the State.

8.3 summary of Key Points.

The rest of this thesis will dealAwith an intensive
examination of a current public sector design-build project
for three correctional facilities in Massachusetts. The
object of this case study is to assess the viability of
design-build in this relatively new and unique apblication
and to identify the critical issues which are likely to
~determine the success or failure of the final project

outcome.

Before formally stating the hypotheses which will be applied
to this case study., the key points of the preceding chapters

are summarized here:
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* The so-called traditional method of constructed facility
procurement has a number of weaknesses which reduces its
effectiveness, particularly under certain situations. The
principle shortcoming lies in the lack cf integration of
design and construction which can result in uneconomical
designs, inability to develop and use rationalized building
systeﬁs, extended delivery schedule, and inefficient risk

allocation and adversarial contract relationships.

* In response to these shortcomings a number of alternate
procuremnt methods have been developed. The major categories
of these include management methods (CM/PM), systems mzthods
and design-build. These methods all involve some alteration
of the the roles and relationships amongdifferent actors

during different phases of the procurement process.

* The key feature of design-build is combining the role of
designer and contractor in a single entity, under a single
contract with an owner. The designer no longer acts as the
owner's agent, but is associated with the contractor as a
potential adversary to the owner. Design-build is often

associated with fast-track scheduling.

* The process of determinining the best procurement method
for a given set of project, owner and market requirements
and constraints is a complex one. A decision model which
relates independent contingency factors with dependent
procurement method attributes can be used as a tool for

selecting a procurement method.

146



* Within this model, design-build is associated with certain
contingency factors including:

--The ability to define a project in terms of performance
rather than prescriptive requirements .

~--The need to.maximize integration of design and
construction under a single reponsibility contract.

--The need to establish an early, fixed price and level
quality through competitive means without a fully developed

design.

* The critical issues associated wtih design-build include:
--Lack of owner control of the process.

--Risks associated with basing a proposal and contract on
limited level of project definition and the risks of
disputes over cost and quality arising from differing
interpretations of proposals.

--The cost of preparing competitive proposals.

--The problem. of quality control; owing to the fact that the
designer has a poteﬂtial conflict of interest between
-professional responsibility to assure quality and
contractual interest in maximizing profit.

-- Certain professional ethical problems related to the

altered relationship between designer, owner and contractor.

* Design-build originally has been used by the private
sector, especially for certain industrial and manufacturing
applications. Since the late 1960's, design-build has been

used in certain public sector applications, notably housing.
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The unique problems associated with public sector design-
build projects stem from the need for accountability,
especially in the competitive selection of proposals and

sukJequent contract negotiations and administration.

* The primary motivation for using design-build for public
sector projects has been to optimize cost and quality by
allowing alternate building systems and designs to compete

based on performance standards.

* More recently, design-build has been used to procure
correctional facility projects primarily in the interest of
accelerating project delivery. This represents a new step in
-design-build applications because correctional facilities
tend to be difficult to define in terms of established
performance standards, and difficult to evaluaté in

rigorous, quantitative terms. The emphasis on early
delivery precludes certain accountability protections and
requires certain unique bureaucratic responses on the part of

the owner.
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PART III

A CASE STUDY OF DESIGN-BUILD IN THE

- PUBLIC SECTOR TO PROCURE CORRECTIONAL FACILITIES

A Case Study Approach

The decision to invesigate design-build through the
intensive examination of a single case was made mainly on
the basis of an opportunity which presented itself to this
author. Various other, more extensive methods may have been
used invloving surveys, questionnaires and the like. The
advantage of focusing on an individual case is the ability
to observe the detailed dynamics and workings of a complex
set of actors and organizations over a period of time.
Although some observations will be unique to the particular
case and not a basis for generalized conclusions, it is
hoped that a more subtle, deeper understanding of the

problems surounding design-build may be gained.

The primary vehicle for observing the case was through
direct participation as a researcher/analyst on the owner's
project management team. This paricipation mainly involved
assisting with the prequalification process and development
of the RFQ. These activities included sitting in on
numerous meetings and planning sessions with all of the

major owner and consultant sub-actor as well as drafting
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portions of the RFQ and RFP documents.

This direct participation was supplemented by interviews
with key individuals within the owner organization

various designers, contractors, consultants owner's in-
house representatives familiar with design-build. A review
of literature was also conducted, the results of which are

largely contained in the precediné chapters.

It is important toc note that the case study is not compete
and the cbservations presented in the following chapters are
interim one conly. As such, the'conclusions are not
definitive, but more along the lines of working hypotheses

for continued investigation.

Hypotheses

In order to provide a more meaningful framework within which
to examine the case, a number of hypotheses are proposed.
These hypotheses are based on the discussion contained in
the previous chapters, in particular chapters 6.0, 7.0 and
8.0. These hypotheses will be addressed on different levels
throughout the discussion of the case in chapters 9.0
through 15.0. Chapter 16.0 will then attempt to summarize
this discussion and relate it directly back to the
hypotheses in the form cof tentative conclusions and

directions for further investigation.

HYPOTHESIS ONE:
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Design-build is most appropriate in the public sector when
early delivery through integration of design and
construction and fast track scheduling is desired and a
competitively obtained fixed price is required prior to

constuction.

HYPOTHESIS TWO:

Because of the technical complexity and lack of well
established performance criteria for correctional
facilities, the design-build request for proposals (RFP) and
evaluation criteria become especially critical and
problematic. A high level of prescriptive detail and
rigorous, explicit evaluation criteria will enchance
accountability and ensure quality, but will constrain
proposals. A lower level of prescriptive detail and broader,
implicit evaluation criteria maximize flexiblity in boéh
solutiocns and selection, but raise potential accountability

problems.

HYPOTHESIS THREE:
Design-build, involving a fixed price contract and
accelerated scheduling, is especially intoclerant tc changing
project requirements. This further increases the need for
good definiticn of project requirements in the RFP and good
‘internal communication among sub-actors within the owner
organization. It alsc requires execptionally responsive
decisicn making and project administration within the owner

organization.
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HYPOTHESIS FOUR:

Design-build in the public sector invclves a nnmber of
trade-offs not only between time, cos£ and quality, but also
accountability. Accountability becomes increasingly
ditficult to maintain as the project becomes more complex,
and especially as the delivery Qchedule is accelerated as in
the case of correctional facilities. But despite these
trade-offs overall efficiency is higher under design-build
than the traditional or other alternate procurement methods.

These trade—-offs include:

H4.A--More detailed proposal submission requirements to ensure
quality'and reduce cost risk of project vs. speed and cost of

proposal prparation.

H4.B--More detailed, explicit and rigorous proposal evaluation
criteria and method to ensure fairness and competition, vs.
looser, more general evaluation methods and criteria which

provide maximum flexibility for owner in selection process.

H4.C--Sequential design-construction process and "lingering
threat of competion” after "tentative proposal selection" to
ensure design-development conforms tc proposal and to allow
additional cost and quality optimization before committing
to comstruction vs. fast-tracked design and construction
which saves time, but increases risk of disputes and

diminished quality.

H4.D--Quality control/quality assurance during design and
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construction by ownexr or consultant to avoid possible
conflict of intgrest, vs. design-builder "contractor dquality
control" system which is more efficient and involves less

time consuming bureaucratic procedures.
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CHAPTER 9.0

BACKGROUND ON THE MASSACHUSETTS
DIVISION OF CAPITAL PLANNING AND OPERATIONS (DCPO) AND THE

DESIGN-BUILD PROJECT FOR CORRECTIONAL FACILITIES

This chapter will provide general reference background on
DCPO and its design-build correctional facilities program:
the creation and overall mission of DCPO; the prison
overcrowding problem which generated the need for new
correctional facilities; and the investigation of alternate
procurement methods undertaken by DCPO-- which lead to the
decision to use design-build. For additional background on
the case, refer to appendix B, a chronological

summary of major activities and events pertaining to DCP9

and the design-build project.

9.1 The Creation of DCPO

DCPO was officially created in 1980 by Chapter 579, also
known as the Construction Reform Act of the Commonwealth of
Massachusetts Code. The stated goals of the act are:

1. state buildings are to be designed and constructed
according to the highest professional standards:

2. there will be prdper maintenance and maximum use of
the existing resources of the Commonwealth;

3. excessive costs, unwarranted delays and the use of
outdated methods and materials will be eliminated;

4. all participants will be held accountable for their
actions;

5. the opportunities for corruption, favoritism, and
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political influence in the award and administration of
public contracts will be reduced.
(Chapter 579, 1980)

Chapter 579 is the product of an extensive investigation into
the practices of construction procurement in Massachusetts

by a task force known as the Ward Commission (named after

its chairman). The investigation covered all aspects of
procurement, including designer selection, project management,
technical quality and administration, on approximately five
billion dollars worth of construction projects carried out by the
former Bureau of Building Construction (BBC) and other state
agencies from 1968 tc 1980. In its final report (Ward
Commission, 1980), the Commission states that corruption had
become a way of life, permeating all aspects of the .
procurement process. The Commission was especially critical
of graft and kickbacks associated with the designer

selection process, building suppliers, and an outside
construction management firm involved in a large university
project. The Commission also cited the high incidence of
quality defects in state buildings, which it attributes to
systematic failure of accountability at all levels within

the BBC.

Chapter 579, which embodies most of the. Ward Commission's
recommendations, abolished the o0ld BBC and a number of
offices in other agencies which had previously handled
procurement of state buildings. All functions and

responsibilities associated with state building procurement
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were consolidated in the new Division of Capital Planning and
Operations (DCPO). (Note that DCPO does not handle major
civil construction such as highways, sewer, water, etc.)
DCPO does not directly serve the public at large, but rather
provides facility procurement services on behalf of other
agencies within the state government. Additional
legislation, complementing Chapter 579, creates the Office
of Inspector General (IG) which is charged with overseeing
the procurement practices of DCPO and other State agencies.
This office plays an important in terms of assuring
accountability which will be discussed in more detail latoer,

in chapter 11.0.

Chapter 579 mandates a number of organizational and
procedural requirements which were specifically designed to
address the problems cited in the Ward Commission. Figures
9a and 9b show the location of DCPO within the overall state
government organization and the general organization of
DCPO. Figure 9c¢ éutlines the standard process for procuring
state buildings. This process and the function of major

DCPO offices are described here:

9.1.1 The Office of Programming and Designer Selection Board

Under DCPO's standard method the Office of Programming (OP)
is responsible for managing pre-design studies for all
projects. Unlike many other public and private owners who

handle pre-design and programming informally or as part of
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Figure 9 a. Massachusetts Government & Agencies
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Figure 9 b. DCPO General Organization
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Figure 9 c.

Legally Mandated Facility
Procurement Process
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the prime designer's contract, DCPO is legally obliged to
carry out a separate pre-design study for every project.
(See Figure 9c¢ for diagram of typical project process).

Typically, a study will include:

--description of existing conditions at a site or facility,

and an analysis of user needs

-—detailed program including requirements for each room or
functional area

-—analysis of alternate solutions

--preferred solution developed to the level of a conceptual

design, including outline specifications and a cost estimate.

The user agency must certify that the study accurately and
completely represents the project program. Neither the
program nor the estimated construction cost, (ECC) which is
the Basis for the total project cost (TPC) budget can be
altered more than 10% once a study is certified.
Furtherhore, the consultant who prepares the study cannot be
hired for the design of the project itself. The theory
behind these provisions is to ensure that the consultant has no
interest in creating an unnecessarily extravagant program
(thereby increasing later design work for the project); and
that projects do not become inflated beyond their original
requirements and budget. Chapter 579 makes the Director of
OP, not the Deputy Commissioner of DCPO as a whole,
parscnally accountable and legally responsible for all
studies. This provision is meant to prevent the kind

of systematic lack of personal accountability cited in the
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Ward Commission report. It also has significant implications
in the organization of the design-build project Special Unit

in DCPO, which will be discussed in Chapter 11.0.

Once a study is cartified, assuming funds have already been
appropriated, a new designer is selected by a special,
Designer Selection Board (DSB--not to be confused with the
separate Design Build Selection Board, DBSB, which will be
discussed in chapter 11.0). The price of the design contract
is fixed prior to advertising, and designers compete on the .
basis of qualifications, work plan, and interviews.

Programming may also give input to the DSB regarding

designer selection.

9.1.2 Office of Project Management and Office of Facility

Management

From this poin. the project becomes the responsibility of
either the Office of Project Management (OPM) or Facilities
Management (OFM). Generally, OPM handles new construction

and major renovation projects, while OFM handles small
renovation and deferred maintenance projects. (See Figures GSc
and 10c for diagrams of the design-construction process).
Like the Director of OP, the Directors of OPM and OFM are
also personally accountable for the design and construction

phases of the projects they administer.

The design process involves developing the preferred solution

from the feasibility study into a set of working bid
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documents. OPM/OFM oversees and reviews the dgsign, in
conjunction with the user agency. In particular, it assures
that technical aspects of the design and specifications
conform to appropriate standards checks for
constructability. Soils investigations, site surveying. as-
built record documentation of existing facilities and
detailed cost estimates are normaily done during this phase

of the project.

The project is then bid and a construction contract awarded.
OPM/OFM provides general contract administration, including
submittal tracking, on-site inspection, progress payment
approval, change-order negotiations and project c¢lose out.
The project architect is responsible for review and approval
of construction submittals (ie. shop dréwings, product data,
samples, etc.), as well as quality control testing, periodic

and final inspections.

9.1.3 Impetus for Alternate Procurement Methods

The standard procurement method prescribed by Chapter 579 is
essentially a variation on the traditional method. However,
the legislation also calls for DCPO to "undertake research
on innovative methods for the design and construction of
capital facilities". This provision serves as the legal
basis for DCPO to undertake the design-build project. The
formér {(1/83-6/86) Deputy Commissioner of DCPO, Tunney Lee,

also deserves credit for his visionary interpretation of
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this legal mandate (Forbes, 1986). Lee strongly believed
that DCPO should gain experience with alternate methods,
even if the standard or traditional procurement method was
considered adequate, in order to diversify its available
options in the future (Lee 19865. With this conviction, Lee
actively encouraged not only research, but also the idea of
implemeﬁting an alternate procurement method on a test

project.

9.2 Tpe Prison Overcrowding Problem

Despite the fact that the Commonwealth of Massachusetts has
one of the lowest rates of incarceration in the country, it
is currently experiencing a severe prison overcrowding
problem. Figure 94 shows projections of the State prison
population. The prison population is presently averaging
around 5200, as compared with a rated prison capacity of
3500. These figures doc not include the county jails and
prisons, which house 3700 prisoners within a rated capac;ty

of 2700.

A number of factors have contribﬁted to this situation. The
“at risk" population of 18-29 year old males who constitute
the bulk of new commitments peaked in 1983. Despite a
falling crime rate, average lengths of sentences have been
growing, as have the percentage of sentences requiring
longer mandatory incarceration prior to parole. This pattern
of longer sentencing reflects a "get tough" sentiment on the

part of the public and the judiciary. 1Ironically, new
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prison construction has been politically distasteful until
recently. The same people who advocate stricter criminal
justice often oppose increased spending on correctional‘
facilities,-while liberals also oppose such spending on

principle (Clark Foundation, 1983).

- The impact of overcrowding is not hard to imagine. The
general level of tension and potential for violence
increases. Spaces normally devoted to program activities
such as vocational training, classrooms, counseling and
recreation are converted to makeshift dormitories thus,
limiting rehabilitative programs. The net effect is a less
humane and safe environment which inhibits the mission of
the State's Department of Corrections (DOC) and goes against

modern correctional theory (Gallegher, 1986}

In 1984 the Governor of Massachusetts directed DCPO and DOC
to study the overcrowding problem and recommend a plan for
dealing with it. After several months of study, a multi-
dimensional approach emerged. First, alternatives to
incarceration-- such as intensive parole, half-way houses
and commurity service, were identified and maximized.
Seccnd, the remaining prison population was broken down and
analyzed to determine the maximum number of inmates which
could be accommodated at lower levels of security. (Lower
security level facilities are considerably less expensive to
build and operate than higher ones.) Finally, after
maximizing "non-building" solutions, a program of new

construction was developed. (Schectman, Gallagher, 1986)
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This plan was presented by the Governor to the Legislature
in the form of a "Special Message" in April 1985 (Dukakis,
1985). The message contaired specific recommendations for
new legislation to implement the plan. In addition to
requesting funds for new construction, the message also
directed DCPO to investigate alternate methods of design and
construction in order to expedite delivery of new permanent

facilities.

This was of particular importance to the correctional

facility program, not only because of the immediate

overcrowding situation, but aiso because the Governor was

trying to get new "presumptive sentencing” legislation

passed, which would set mandatory sentencing according to

certain guidelines and would have the effect cof increasing inmate
population projections. Under presumptive sertencing, the
population would peak around 1987 and drop off steadily
thereafter due to the demographics of the at-risk

population.

Some new prison projects were already in progress at the
time of the Special Message, but to meet the goals for new
prison capacity within the time frame outlined in the
Special ilfessage, an accelerated program was required.

The normal delivery time for design, bidding and
construction of state projects is four to five years.
Clearly, this would be inadequate to deal with the revised

population projections, especially the peak population
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projected in 1986-88.

9.3 Alternate Method of Design and Construction

Investigation

While the Statemhegislature was considering funding the plan
for endinqg prison over crowding containcd in the Governor's
special message, DCPO began investigating alternate
procurement methods. The findings of this investigation were
presented in a report titled "Alternative Method of Design
and Construction for Correctional Facilities" (referred to
hereafter as the "Alternate Method" study or report;

excerpts are contained in appendix C).

The study considered a number of alternate methods, including
design-build, turnkey, fast-track, construction management,
prefabricated and modular systems and inmate labor, and came
out strongly recommending design-build for several
facilities. A detailed discussion of how this decision was
made and how DCPO originally conceived the design-build
process will be covered in the next chapter. A brief

overview of the process is presented here.

The study was carried out primafily by the Programming
section of DCPO, with input from the Project Management and
Contract Administration sections as well as DOC. The primary
method of research consisted of irnterviews and group
meetings with knowledgeable professional designers,

contractors and housing developers. Some literature
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investigation was made, particularly in the area of
performance specifications and standard AIA and other
contract documents. This research was supplemented and
synthesized by numercus in-house brain-storming sessions

among the tdp officials in DCPO.

Early in the study process, a consensus developed around
using design-build (Gisiger, 1986). Once this tentative
decision was made, the efforts of the study concentrated on
defining the particular procedures and features of the
method which would be recommended, and on which projects
would be built under design-build. Special emphasis was
given to public accountability and time savings since these
were the two issues of greatest concern to the Governor,

Legislature and various public "watchdog" entities.

The Alternative Methods report recommending and describing
design-build for three of the projects proposed in the
Special Message was submitted in October, 1985. It was
accepted shortly thereafter and incorporated into the
legislation, known as Chapter 799, which authorized the
corractional facility program recommended in the Special
Message. This established a clear legal and institutional
basis for using design-build for procuring correctional

facilities.

In a certain sense, the adoption of design-build as an
alternate method represented a final step in the reform

process which had begun five years earlier, with the passage
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of Chapter 579 and the creation of DCPO. The fact that DCPO
had been able to reestablish its integrity and

credibility to the extent that such an alternate method
could be accepted was a sort of vindication for the young
agency. At the same time it was a challenge that had
precedent setting ramificatibns far beyond the scope of the
initial facilities involved (Forbes, 1986). If DCPO could
make design-build succeed it would permit wider use of
alternate methods and greatly enhance the agency's stature.
If the experiment failed, and particularly if accountability
was compromised, it would make it difficult for any other
altefnate procurement methods to be adopted and it could

destroy much of the trust and goodwill DCPO had built up.
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CHAPTER 10.0

DCPO'S ORIGINAL DECISION MAKING PROCESS

AND CONCEZPTION OF DESIGN-BUILD

This chapter will examine the original analysis and decision
making process which DCPO went through to arrive at the
recommendation to use design-build. The procurement

decision making model described in chapter 6.0 will be used
as a framework for comparison with :he actual process DCPO
used. The project will be described in terms of contingency
factors and decisions on procurement method attributes will
be examined, with reference to the model. Finally, DCPO's
detailed conception of how the design-build process would be
applied and adapted will be described, with reference to some

of the critical issues discussed in chapters 7.0 and 8.0.

Reference sources for this chapter include the "Alternative
Method of Design and Construction for Correctional
Facilities" report (Lee, 1985), meeting notes, memos and
other file documents compiled by DCPO Programming staff
(Gisiger, Park, 1985) and interviews and informal
conversations with DCPO staff and officials and others
involved with the process (Lee, Carlson, Poodry, Garity,

Baxter, Gisiger, Park, Binda, Irwig, 1986).
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10.1 Contingency Factors
10.1.1 Project Characteristics and Constraints

Early project delivery was the overriding contigency factor
which drove the decision making process. As described in the
previous chapter, the need for additional prison beds had
reached the crisis stage and appeared to be getting worse.
The target date for delivery of new beds was set as 1987,
roughly two years from the anticipated funding approval.
This represents about half the normal delivery time under
the traditional process used by the state. The need was
particularly accute for MCI Concord which was at over 200 %

capacity.

Figure 10a shows the six projects under consideration in the
initial correctional facility program. All involve additions
to existing facilities on sites.which have already been
developed. All but one of the facilities are classified as
minimum or pre-release security levels. Security in these
facilities is controlled primarily by the internalized
béhavior of the inmates who are given strong positive and
negative incentives to follow rules and not to escape. These
facilities are quite open, with few physical security
barriers. There are no perimeter walls, no cells in the
conventional sense, and minimal surveillance systems.
Inmates are provided with individual bedrooms (most
currently double—bunked due to overcrowding). The facilities

also include institutional-style kitchens and dining arcas,
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igure 10a. The Six Correctional Faciiities Considered in
The Alternate Method Study
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administrative offices and various classrooms, recreation

and visiting spaces.

In terms of building type, these facilities are comparable
to college dormitories or military enlisted personnel
housing and are classified as high residential or low
institutional type construction by building codes. As such,
they are technically fairly straightforward and do not
reguire exceptionally specialized know how to design or
construct. The logistics of doing construction work at the
facilities is also not a significant constraint owing to the

low security levels.

The most difficult and risky aspect of these projects is the
renovation work on the exisiting facilities. All of the
facilities have significant defects with waterpoofing.
utilities, mechanical, electrical or life-safety systems.
Moreover, documentation on existing conditions is very poor.
Few as-built drawings are available and many of the
facilities are over fifty years old, and were built in a
piecemeal fashion often with inmate labor. Overall, this
renovation work accounts for about 15-30% of the total scope of
the projects, but because of the nature of the proposed
expansions, it is very difficult to separate it out from the

new construction.

The sixth facility, MCI Concord, is a medium-maximum security
prison with very different requirements and characteristics

from the rest. It is a stand-alone facilité to be
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constructed within the existing walled compound at the site.
It is planned as a "hard" facility consisting of a series of
"pods" of 25-50 individual cells surrounding a day-room.
Security is maintained by sophisticated physical barriers
and systems featuring highly specialized detention doors,
windows, hardware, fixtures and equipment. General
construction materials and details must also meet special

durability and security requirements.

MCI Concord presents a number of additional problems and
risks. The logistics of site access and work inside the
perimeter wall are difficult because of the high security
reguirements. Although no renovation is involved, site
conditions and existing utilities are poorly documented and
numerous remains of old, demolished structure below Qrade

are a source of significant risk and uncertainty.

The facilities, especially MCI Concord are somewhat
difficult in terms of design standards. In the last fifteen
years a new approach to correctional facility design and
operation has emerged known as "new generation" prisons.
This approach is characterized by many features which
directly contradict older, more traditional approaches. Yet,
many practices advocated by this new approach have not been
fully accepted and incorporated into existing standards.
There also is a certain amount of debate about o0ld versus
new generation facilities among corrections professionals.
This will be discussed in later chapters, but for now it is

relevant to point out that standards and generic types are
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probably less well defined and established for modern
correctional facilities than for many other institutional

building types.

The six sites are scattered throughout Massachusetts (see
map in figure 10b.) None are less than a thirty minute drive
from each other and the two farthest ones are over two
hour's drive appart. This makes it somewhat difficult, fron
a logisitical point of view, to package the facilities under

a single contract.

Budget is not considered as important a factor as time and
quality for these projects. It appears that the budget is
basically adequate and the State appears willing to pay a
slight premium for early delivery, although DCPO is still
obliged to étay within budget guidelines given in the

project funding appropriation.

10.1.2 Owner Resourceé and Constraints

The Owner sub-actors and'organization will be discussed in
detail in the next chapter. This subsection will concentrate

on critical contigency factors.

DCPO has ,extensive management resources in all areas cf’
planning, design and construction administration. Its staff
is broad and diversified and can probably be considered
quite sophisticated in technical knowledge and procurement

ability. Through work on earlier correctional facilities,
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Figure 10b. Geographical Location of Six Correctional Facilities
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DCPO has gained a certain amount of experience and expertise
in this barticular building type. What DCPO does not have,
in terms of management capability, are skills, staff and
other resources required to directly manage construction as
a general contractor or CM would, ie. coordinate multiple

prime contracts, purchase and handle material, etc..

One of DCPO's particular strengths is in pre-design planning
and programming. The Programming section that handles these
functions has expanded significantly in the last four years
and has attracted some very talented personnel. The Office
of Project Management is currently handling a very heavy
work load and is slightly understaffed. For various reasons
it has not been able to expand its staff as quickly as the

Office of Programming has.

Like most public sector owners, Massachusetts and DCPO are
quite limited in terms of negotiating ability. The need for
accountability is more accute for DCPO than for other
agencies because of the history of corruption and
mismanagement which preceded its creation. Any sole-source
negotiated contracts for design or construction would be

considered unacceptable except in an extreme emergency.

As previously noted, DCPO is especially sensitive to the need
for public accountability. Normal requirements and procedures
for designer and contractor selection are, if anything,
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