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EXECUTIVE SUMMARY

A project delivery system defines the relationships, roles apdmedgilities of project team
members and the sequence of activities requirgpdawide a fatdity. Several systems have evolved
over the years. Construction management at risk, design-build and design-bid-build are three principa
project delivery systems used in the U.S. today. This research presents an empirical comparison of th
cost, schedule and quality attributes of thesgect delivery systems, using ddtam 351 U.S. building

projects.

The study included catting, checking and validatingdustry @ta, significance testing of
univariate comparisons and the statistical development of multivariate linear regression mougls. A
response study verifiedagistically that sample data wagspaopratefor analysis and represiive of
the industry from which it was drawn. Significance testing and mulitexdomparisons used nearly
100 explanatory and intecting variables to explaproject cost, schedule and qualityrfoemance.
Several variables critical to peajt peformance were also identified. Relationships between these
variables and key performance metrics were identified through analysis of malévarear regression

models.

An understanding of these relationships can help owrmsdtsriselect thproject delivery system
most suited for their specific féity goals. Specific comparisons between delivery systems,
performance metrics and six fity classes are discussed. Results and the levardidence that
surroundsach finding are presented. Furthermore, thidysprovides quartative data towgpport the
selection of a specific delivery system and greatly increasestterstanding of individual system

performance.
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CHAPTER ONE

INTRODUCTION

Today’s progct delivery systems have evolviedm the medieval master builder. During those
times, rulers had many resources and their resulting designs were on a grand scale. Owners hired the
master builder to design, engineer and construct an entire féBilaypca, 1987). This system
dominated the construction world until early in thd 2entury. As empires fell, owners weezéd
with limited re®urces. Project designs became more modegprafett schedulelurations decreased.
These pragcts required a new type of master builder who could accufatelyast costor projects.
Ultimately, more master builders gained experience and entered the market, creating a highly

competitive industry.

While competition grew steadily, contious changes technology and the increasing soplition
in buildings required specialization of design and construction services. This led to the traditional desig
bid-build delivery system. In design-bid-build, services are divided by specialty area and then
competitively bid by consultants and contractors. They in turn sulacba@tiportions of the work to

other specialists. This offered clients a sequential design, bid, then build approach.

As the specialization of services increased, single source master builder approaches to delivering
projects decreased. Design and construction entities were shdioimgation only at the end of design
and during the construction process. latgon, particularly during the design phase, was extremely
low. This resulted in inefficient designs, increased errors and disputes, higher costs atelylomger

schedules. Also, facilities were becoming more complex, deman@iagegownemput and in-house
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cost, schedule and quality management (Potter, 1995). In the 1970’s and 1980’s this conventional
approach bcame unacceptable to many clients and the construction manageredsied. The
construction manager’s role was to provide input to the designer to increase thectaliigirof

designs and to decrease schedule durations by overlapping design and construction phases.

In construction management at risk, the contractor usually has significant input in the design proces
and generally guarantees the maximum construction price. The range of saffeiexbby construction
managers, coupled with a €lat alvocacy between the owner and construction manager, created a team
approach in prect delivery(Borgstrom, 1995). However, substantial efforts by owners to downsize in-
house pract management mpower, costly disputes between design and construction parties and
various levels of owner experience has forced several owners toward single source design-build

contracting (Dell'lsola1987).

More recently the desigbuild delivery system has seen increased use. In design-buikttpraje
integrated by a single point of pnsihlity for design, construction, and pecf managemeriBranca,
1987). A design-build cordrt is an agreement between an owner and a single entityvide a
facility under a single cordct. Portions or all of the design and construction may terpeed by the
entity or subcontracted to other companies. DeBigld is now recognized for use in over half of the
50 U.S. states and amunted for over 24 percent of the 28fidn dollars ofnon-residential construction
put in place iM996 (Design 96, Tarricone 96, U.S. Dept. of Commerce 97). Conguestly enacted
specific authorization that enables federal cactingofficers to use the design-build peoj delivery
system in the public sectorin®arly, civil and nfrastructure industries haveaently developed new
applications of desigbuild to procure large highway and bridge podg (Powersl997). Consequently,

with continued growth and its application to a variety of markets, there is a need to clearly distinguish
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the contractual and operational merits of desigild from its predcessors and other principal

procurement methods.

Construction researchers have made substantial efforts to expast gedivery research in the
past decade. Attempts to explore the success, failure and application of delivery systems have been
documented through various case studies of high profilegsoguch as the/@ey Opera House and
the Texas Motor Speedway (Reina, 1997, Capps, 1997). Opinion surveys of clients who frequently
administer design and construction services have been successful in investigating attitudes toward
specific delivery methods (Songer, 1996, Truong, 199@tail2d analyses of builders and clients have
explained variations in the way procurement systems are administered batblpi@nd in theublic
sector (Fraga, 1996, Bruns, 1997, Myers, 1994). Other researchers have approached this research u

empirical performanceada.

Oberlender (1993) performed a qu#ative stidy to identify ictors known prior to the
commencement of construction which are early warning signs a&qvropst and schedule growth.
Pocock (1996) developed a method for measuring thadtrgf project integration on péormance of
public sector pr@cts. The University of Reading Design and Buddufm (1996), using multivariate
analysis techniques, compared the cost, schedule and quality performance of 332 design-build and
design-bid-build practs recently built in the United Kingdom. These researchers have laid the

groundwork for a more focused study of delivery systems in the U.S.

1.1  PROBLEM STATEMENT
Despite the research efforts discussed above, there is no study that can definitively show the

guantifiable cost, schedule, and quality performance differences between construction management a
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risk, design-build, and design-bid-build delivery systems in the U.S. (Sanvido, 1996). Before theoretica
research in this field can start, a performance-based, empirical investigation of the three principal
delivery systems used in the U.S. construction industry is needed. Furthermore, withoataveobj

study of these modes of delivery, present day owners lack the basic knowledge that is critical in decidi

the method by which to deliver their fitg.

1.2 OBJECTIVES

The purpose of this research study was to compare the cost, schedule and quality performance of
construction management at risk, design-build and design-bid-build delivery systems empirically for U.S

building progcts. This research had two distinct objectives:

1. to develop, test and implement a method taecolletailed pgormance dtafrom U.S.
construction prgcts, and
2. to compare total preft cost, schedule and qualityrfpemance between construction

management at risk, design-build and design-bid-build delivery systems.

1.2.1 SOPE

The scope of the study whmited to measuring cost, schedule and qualityggenance of select
categories of buildings. Cost and schedule datelsoth design and construction were documented at
the time of contract award andm@bject completin. Quality wadimited to asking facility owners to

measure the difficulty of the turnover process andatitaal versus expectedrfmance oeach
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principal facility system. Tenant apdocess work items were not included. General buildingptsj
studied were completed within the past five years in the U.S. Qualitative factors that described the
project and team context were identified and measured. Specific definitions referenced terms and of
cost, schedule and quality performance are described in the glossary of terms. Defingamts of

project delivery system are discussarther in Chapter Two.

1.2.2 RELEVANCE

A study that olgctively measures cost, schedule and qualitiop@ance of the major delivery
systems in use in the U.S. was needed for several reasons. For research to progress, performance
differences between pegt delivery systems must first be identified, then described and their causes

must be defined.

The industry can also benefit from anatijve comparison in several ways. First, a private owner
that has to decide whether or not to utilize a particular deliygsyoach, may have several concerns.
One may be losing control over the delivery process. Another may be realizing cost, schedule and
quality benefits. They usually base their decision on their experience or anecdotal evidence. A secon
case may be the general contractor who can delivexqisojising any of the three systems and must
convince an owner that one systeettbr fulills facility needs. They have the sanweices upon which
to base their decisions as the owner. Finally, public agencies governed by federal acquisition regulatic
have been frustited by a histry of poorly performing design-bid-build pegts (Pocockl996). As
these regulations change, government owners havecpaglivery choices and need objective evidence

to support selction of specific delivery systems based on theiopmance.
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Never before has an empirical comparison been made of principal U.S. delivery methods. The U.S
construction industry il benefit from an unbiased investigation that outlines the specific relationships
of cost, schedule and quality between principal delivery systems. An understanding of performance of
these systems will help an owneatter select thproject delivery system most suitéat their specific
facility goal. Furthermore, the celttion of quantitative dataigporting the selction of the specific

delivery system can greatly increase tinelerstanding of these systems.

1.3 RESEARCH APPROACH

Since a limited awunt of research has been performed on empirically evaluatirecpadglivery
methods, an investigation of the variables describingptg@eformance was a critical first step.
Concurrently, methods for economically and comprehensivelgatwiy factual data on a large scale
were analyzed. A data collection instrument had to allow the researcher to collect fi¢idrdaddarge
cross section of the U.S. constructiadustry. The sektted data collection netd had to also allow the

researcher to thoroughly cross cheekador accuracy. Research was divided into four distinct phases.

The first phase developed an instrument to collect and anaigjet data in an objective manner.
A comprehensive data collection instrument including quantitative cost, schedule and quality
performance dta was created and pilot tested with a research teardusitry experts. Phase two used
the data collection instrument to collect extengikgect datdrom the U.S. construction industry.
Phase three used several data checking techniques toprej@gt data. These pnoved the
consistency and accuracy of @of data. Aon-response study tatgd a radom sample of survey
non-respondents teetermine how well the sample representedidestry. Finally, the fourth phase

tested several hypotheses to distinguish significant differences in delivery performance. Multivariate
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linear regression identified those variables having the most impgrojgat delivery pgormance.

Each offour phases of research is discussed below.

1.4 RESEARCH STEPS

1. Develop and test the data collection instrument amidpeance metrics.

This research benefited directhpm the extensive intaction with an expertpdustry researcteam
organized by the principal research sponsor, the Construction Industry Institute (Cll). Members of this
research teamprovided continual input in all phases of the research particularly in topic definition, the
brainstorming of survey questions, the development of principal definitions and metrics, and the review

of results. They also identified several sources foreptajata.

This research required objective cost, schedule and quality compaiispusfrom the research
team and méiods from redted literature shaped the development of seven metricdarsbese
comparisons. The design of performance metrics identified crietafat collection. Literature
regarding pragct delivery systems, applied linear statistical modelimyey research and construction
contracts was examined anohéirmed the existence of other explanatoayaknown to aféctproject
performance. The researcher held numerous discussions with researchers condatetihgtuelies
within the U.S. and abroad. Pertinent research from agencies such as the CIlI, the Design-Build Institu
of America (DBIA), the Assoaited GeneraContractors of America (AGC) and other research

institutions was also studied.
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Evaluating the performance of pecj delivery systems required a largeoamt of progct specific
data collected directlfrom the U.S. construction industry. Thessass of this data collection depended
largely on the length and complexity of the data collection instrumalithfid, 1978]. For this reason it
was critical to pilot test the data collection instrument. The initial data collection instrument contained
extensive questions and required muchgmbgata. The first five sections collected data used for
calculating seven performance metrics. Tdteel sections were based on factors identified in the
literature and by the research team, which vkemvn to aféctproject peformance. After review by
the Penn State statistical consulting center, the data collection instrument was testptb@t25
supplied by the research team. Based on the analysis of poadests’ interpgtation of the questions
and the value of the data in thepesses, the instrument was modified agiested on an additional 25
projects. Testing in this fashion allowed the researcher to rewrite @amoisigiuestions and shorten the

instrument by discarding unnecessary or unsuccessful questions.

The final version of the Project Delivery System data collection instrument is located in Appendix B.
The final version examined the three principal types ofgtajrganization being studied, considered
seven different contract types amavided @tafor seven critical performance metrics. The instrument
also collectedniformation on nieteen characteristics of tpeoject team and its emanment, nine
classes of major building systems, the success criteria for tleepamd lessons learnédm the

project.

2. Collect data.

Data was collected by mail, fax ariddaugh phone interviews. Telephone intervieshniques

increased the responsses typically obtained in maiis/eys and assisted respondents with questions
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regarding survey content. Thatd collection instrument was mailed to adam industry sample

targeting companies in several professional organizations. These were the Construction Industry
Institute (CII), the Design-Build Institute of America (DBIA), tAssocated GeneraContractors of

America (AGC), the Partnership for Achieving Construction Excellence (PACE), thenlit&y and

Penn State architectural engineering alumni. Members of these organizations were targeted because
they represent a good crogxson of contractors who design and byildjects within the general

building sector of the U.S.

Projects were drawimom the general buildingestor of the industry. They weratér classified into
six facility classes based oetailed descriptions of their building systems (See sebt®2). They are
light industrial, multi-story dwiing, simpleoffice, complex office, heavy industrial and higithnology.
Where possible, respondents were asked &xsphirs oprojects that wereimilar in scope, yet
different in delivery system. For instance, one which used construction management at risk and the

other which used design-build or design-bid-build.

3. Verify data.

Every progct reponse was scrutinized for errors in the povjdata. Follovwp phone interviews
were made to completeformation and check pmegt facts. In each case where thepoaslent was not
the owner, facility owners or users were tamted directly to obtain quality data. Finally, data was
sorted and independently entered three times into a Filemaker® database and Microsoft Excel®
spreadsheets. Additional data checks by people trained by the researcher deteacird@pd several
recording errors and increased the consistencyaaadracy of pr@ct data collectin, organization and

entry.
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A non-response study was cowtled to verify the pproprateness of collected data. By gaining
additional progct datdrom a sample of those who did not respond during the india dollection
effort, the researcher was able to vai&the fact that collected data was representative afidistry

from which it was drawn.

4. Analyze Data.

Using Minitab® statistical software, eaploject was first classified basegon its origin, type and
source. For each of these classifications, data sets including size, cost, delivery system, owner type,
facility type, and rgsondent origin were calcated. Next, descriptive statistics such as standard
deviations, medians, means and ranges were calctitatedch key metric. These statistics were
repeatedor the original sample, the non-response sample and the combined sample. Then, hypothesi:
testing and multivariate regression used the entire sdom@ach key metric. Finally, relationships
between empirical results and qualitativevey data, such as team and building characteristics, were

investigated.

15 RESEARCH RESULTS

This study produced several important results. These are:

1. The development of an effective rhed to obtain quartttive cost, schedule and quality data
from the U.S. construction industry.
2. The execution of a non-response study to verify the apptepess of the collected sample to

the industry from which it was drawn.
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3. Adirect comparison of construction management at risk, mdsidgd and design-bid-build
project delivery system#itough the evaluation of 351 U.S. @cis.
4. The identification and description pfoject characteristics that explain the high@siportion of

variation in progct peformance measures.

1.6 READER’S GUIDE

Chapter One provided an overview of this study. Chapter Two presents a revieataufjnelject
delivery system research, pgo} delivery systems, construction contracts, applied linear statistical
modeling and survey research methods. This chdlpitrates the grrent sate ofproject delivery
research. It distinguishes between the anecdotal and empirical research. Chapter Two summarizes tt

work of others and identifies where the researcher is departing from their work.

Chapter Three identifies the variables included in this research. Performance metrics are describe
and defined. Chapter Three also describes the data collection instrument used tpro@tdctpecific

data.

Chapter Four justifies theethiled data collection and analysis hegts implemented in this research.
It explains the metric and question development, data colfectita checking, and analysis. This

chapter also explains how the findings of other researchers guided the methodology for this study.

Chapter Five explains initial data collectionpesse ates and verificatioprocedures performed
before combining ata samples. It also discusses data standardizatioedures such as the cost

indexing of progcts and the classification pfojects by fadity type. Chapter Six describes thetdiled
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results of pract data analysis. iltustrates the significant findings based on standard tegtowgedures
and summarizes regression results into primary and secondary findings. Chapter Seven summarizes
results, acknowledges thimitations of this researcprovides an outline for future research and

discusses the contributions of this study.
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CHAPTER TWO

LITERATURE REVIEW

This chapter describes the definitions of each prin@pgéct delivery system studied in this
research. Relatgutoject delivery research is discussed with specific mention of several empirical
research studies recently completed in the U.S. Brmhd. Chapter Two summarizes the work of other
researchers and gives a background to the cutiaet afproject delivery system research in the

construction industry.

2.1 PROJECT DELIVERY SYSTEMS

Project delivery systems are referred to in many different ways. In this thpsifec delivery
system defines the relationships, roles, and resplitiesshof parties and the sequenceagctivities
required to provide a fdity. More commonly tated, delivery métods “describe the roles of
participants, the relationships between them, both formal and informalnihg of events and the

practices and techniques of management that are (iseldhd, 1982).

While many delivery systems are available, this thesis considers the three most common project
delivery methods employed in the U.S. today. These are construction management at risk, design-build,
and design-bid-build. Two other commonly used systems are agency construction management and
program management. As with construction management at risk, these systems offer an owner a
consultant type relationship for planning and management, yet they differ slightly in that the program

manager does not perform or hold construction eatsr@ssocated, 1991). Multiple-prime comtcting
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Is another pr@ct delivery system where the owner holds separate prime coriitrattts design and

construction of each separate building system (Lyh886).

2.1.1 DEFINITIONS

While several variations do exist for construction management at risk, design-build and design-bid-

build, the following definitions represent the basic understanding of thesetpdejivery systems used

in this thesis.

Design-Bid-Build is the traditional pregt delivery system in the U.S. constructiodustry where

the owner contracts separately with a designer and a cowstrt¢te owner normally corgcts with a
design company to provide "corept” design documents. The owner or owner agent then usually
solicits fixed price bids from construction camttors to perform the work. One catttor is usually
selected and enters into an agreement with the owner to construitityaifaaccordance with the plans
and specifications. These three steps follow sequentially, characterizingbiesimuild as the

separation of design and construction disciplines. Assuming there are no changes to the plans, this
results in a firm cost for the pegjt and a somewhat simpler selectiwocess. However, the owner

must perform two settions, first the architect, and sed, the constructor. The constructor igstdd
after the completion of design, thus omitting construlityabeviews [Assocated, 1991]. This

separation and the subsequent lack of a tggoroach from the beginning, typically makes the owner
and contractor adversaries. They have different financial interests which can lead to disputes and costly

changes.

Construction Management at Risk is a pobjdelivery system where the owner contracts separately

with a designer and a contractor. The owner emtsrwith a design companypoovide a fadity
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design. The owner selects a contractor tégpe construction management services and construction
work, inaccordance with the plans and speaifions for a fee. The congictor usually has significant

input in the design process. This system represents a departure from the traditional design-bid-build
method in two distinctive ways. First, the client has the opportunity to engage the construction entity
much earlier in the design process. Early brainstorming sessions which involve the constructor offer the
owner great advantage [Capf897]. The second distinction is a result of the first. Planning, through

this early integration of team players, allolws phased design, advanced ordering of long lead items and
early construction start datés critical excavation and foundation packages [Branca, 1987]. These
operational distinctions are slight while comparing them to design-build delivery. However significant

difference is noticed contractually.

Design-Build is a pr@ct delivery system where the owner contracts with a single entityftompe
both design and construction under a single design-buildazzinttontactually, desig-build offers the
owner a single point of respontilly for design and construction services. This is different from
construction management at risk and design-bid-build, where the owner must administer at least two
separate contracts. Portions or all of the design and construction maydomee by a single design-
build entity or may be subcontracted to other companies. Even in cases where thbulelsentity
subcontracts directly or partndos design, the owner maintains the same, singléacdn The
difference between design-build and construction management at risk is sometimes slight (Tulacz, 1995).
Private angublic sectors alike have seen more requests for design-build, a consequence of a further

evolution of customers who expecbirader range of service from a single entity.
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2.1.2 (OMPANY CONFIGURATIONS

Each of these delivery systems can bdgomed byteams that areonfigured in different manners.
Various team anfigurations exhibit the wide variety of alternative pagjdelivery systems which have
been introduced. Theseams are drawfiom companies that have different cajiads. Several

company configurations found are (Sanvido, et al., 1996, p. 5):

* construction/ pra@gct managers and designers that act as agents of the owner;
* constructors, designers or grof managers that actlamkers and subcorct all activities;

* designers or construction contractors that self perforatsdisciplines, typically architectural,
structural and finish items and subcontract the balance;

» contractors with full service in-house design, fadttion and construction installationiléip;
* contractors with full service in-house design and constructitdityab
* contractors with in-house design and construction managemétyt and

* design/construction joint ventures and stratetjerees.

In these organizations above, the word "designer" can also mean "specialty consultants,” and the
word "contactor” includes "specialty subcontractors." Also note that above dassifis apply to

construction management at risk, design-build or design-bid-build delivery systems.

2.2 RELATED STUDIES

Several areas have been explored to document the useeddtglefvery systems. Nummis case

studyattempts have explored instances of success and failure, the advantages and disadvantages of
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systems and unique applicationgpobcurement systems (Reina, 1997, Capps, 1997). Opinion surveys
of clients who frequently administer design and construction services have been successful in
investigating the attitudes toward specific deliveryhoes (Molenaar, 1995, Songer, 1996, Truong,
1996). Several more ‘in depth’ case studies of industry builders and clients, such as the U.S. Postal
Service, explain variations in the way @cj delivery systems are administered both privately and in the
public sector (Fraga, 1996, Bruns, 1997, Myers, 1994). Several researchers leatedcstiecific

project datadrom the industry through survey research (BetrPothecary anBobinson, 1996,

Pocock, 1996).

The Design-Build Institute of America (DBIA) has compiled many articlegedl|to desig-build
practice angbroject specific case studies. Theaiblications (Maste.., 1996, Fraga, 1996) offer insights
to the effectiveness of particular systems but doffet a diect comparison of their merits. Songer
(1996) has compiled a substantial reference list of design-build literature which includes several articles

containing general and anecdotal information Witlited empirical research findings.

The following paragraphs describe three main types oégtrojelivery system research. These are:
the general impacts of planning and managergtions on pract delivey, opinions on delivery

system benefits and empirical studies of @codelivery systems.

2.2.1 PLANNING / MANAGEMENT EFFECTS ON PROJECT DELIVERY

Project planning and management strategies have been explored in many ways. In particular, their
potential to positively or negatively effect the outcome pfa@ect has received a great deal of attention.
One such study (Songer, 1992) examined and developed an improved approach to owner planning of the

design-build contaict managemerrocess for publicector agencies. This studyeated grocess
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model specifically designed for the administration of public design-buildaxstr It identified and

incorpoited planning, analysis and pivotal decisions made by the owner.

Another study focused on the relationships between the levels of peetgrtaginning and
subsequent cost, schedule and contract modification outd@mess, 1997). The correlation used
historic datarom 37 progcts completed within the University of Texas System. Using 11 previously
developed pre-planning criteria, Bruns investigl the extent to which these criteria wesereated
with project peformance. Results inckited a positivearrelation in a single case. This occurred
between the managers’ individualized responses to the defined pre-planning criteria and when they were
asked to subjectively rate the overall pre-plannifigreon a progct. Cost, schedule and contract
modifications indicated no direct relationships to-preject planning. The calculations used to create
the pre-planning index utilized an aggaégyscordor all 11 criteria. If these were taken individually
they might have introduced different relationships. Other reasons for the potential lack of correlation
were recognized. Time lapse betwegeoject completion and the pre-planning guastiaire might have
affected a manager’s perspective of the pre-planrfog @ctually implemented. Also, pre-planning

efforts were not formally @rcticed on many of therojects.

Engineering-procure-construct (EPC) catis used in thprocess industry are a form of single
source design-build comtcting. McFall investigated the impacts mfiormation management on project
success by using the engineer-procure-construct process model (1997). Usinggotodiss within
this model, a methodology was provided for predicting theehpfproposed information process
changes on pregt cost and schedulerfmance. The researtdam, using the large leveb4 activity
EPC model, ‘micro-modeled’ only thosetivitiesknown to be atcted by groposed process change.
Three specific information managemenagtgies were identified. They are data management,

document management and information sharing. By speculating how the manipulation of these
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strategies could alter throcess outcome, the team could prepare separate rfmdadsnparison. This
led to an analysis of average performance improvement atdduby comparing speculated, present and
historical EPC process models. Results indicated nfi@iation managementastices can

significantly improve pragct peformance. Furthermore, this research has identified a method which
allows a progct team to manipulate certain activities in the pgcess and consequently predict the

effect those changes could havepooject schedule and cost outcomes.

Although these studies did notelitly measur@roject peformance, they gratly inproved the
understanding of certaiaétors, which when acting as @gp, might be assaatied with excellent or
poor progct peformance. The following list summarizes the pre-planning and information management

criteria identified in the above referenced works.

1. Scope definition

2. Customer participation

3. Project objectives and priorities
4. [Execution approach

5. Pre-authorization design data
6. AJ/E selection and qualifications
7. Communications

8. Project controls

9. Alternatives analysis

10. Constrictablity

11. Risk assessment

12. Data management

13. Design and materials management
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14. Document management

15. Information sharing.

2.2.2 NDON-EMPIRICAL PROJECT DELIVERY RESEARCH

Research efforts designed to ecll perspectives, opinions or feelingoat se¢ctedproject delivery
systems are presented. While these studies are limited in terms of emptacahdyoffer reasons why

clients select certaiproject delivery systems.

Truong quantified an owner’s confidence level that the choice to use one delivery method over
another would produce improved pof results. This stly compared design-bid-build and design-
build. This research analyzed types of owner organizations and typeseatgfoyjwhich it was
believed design-build was best suited. It then eataldproject characteristics by which desiguild

was consistently the method of choice (1996).

Truong colected rankings gbroject objective criterifrom 51 respondents. These included items
such as the potential to reduce patjtime and cost, the potential twolve the constructor early in the
design process, the flexibility tccommodate design changes, various levels of owner experience,
reduced litigation and other criteria surrounding design and planning decisions. A weighted decision
factor was calculated by combining rankings witformation cokctedduring a literature survey on the
effective use of desmgbuild. Based on thisttor and the number of peajts in each categy, an
assertion was made as to the desirability of usingmidsidd. Possible outcomes included: desirable,
potential or no valid conclusions. A variety of conclusions were reached amongst the different owner
organizations and pregt types. This research also identified objectives that a variety of owners were

consistently basing pregt delivery selection decisions.
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A more extensive survey by Molenaar (1995), tested the existence of prantoxsffor selcting
design-build. This study was rested topublic sector owner organizations such as local, state and
federal agencies. Using a combination of expert owner interviews and subjectifreoce88
respondents, this study ranked 15 @cbjcharacteristidsnown to aféctproject success. Of these 15,

five project characteristics were concluded to be the most critigaibject success. These wepe89):

1. Well defined scope

2. Shared understanding of scope

w

. Owner sophistiation

N

. Adequate owner staffing

(621

. Established budget.

It is interesting to recognize that when asked, owners ranked characteristics which are directly
controlled by the owners themselves as critical. Also, while characteristics were organized as those
affecting success, there was no attempt made to empirically measuretreation with project

performance.

As an extension of Molenaar’s work, Songer (1996) pollecapriandoublic sector owners to gain a
fundamental understanding attitudes toward the top selection factors identif@dchoosing design-
build. Two goals were to understand why owners weexset desig-build and to dectly compare
results from priate andoublic sector owners. Of 290 mailed surveys, 182 owners responded. One
hundred eight (60%) of these responses were usable. The follaetogsfwere cited when owners

chose design-build:
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1. Shorten duration

2. Establish cost

3. Reduce cost

4. Offer constructattity / innovation
5. Establish schedule

6. Reduce claims

7. Accommodate largproject size / complexity.

This research concluded that owners felt very strongly that design-build shoulddiedéd Borten
overall progctduration. Rctors one, two and seven were identical for public andterisector owners.
Pooled variance hypothesis testing @aded that six of the seven factéws public and priate sector
owner’s mean rankings were not significantly different. Therefore, despite the differences between
public and private delivery strategies and constraints, their attiftadsskcting desig-build should be

viewed as consistent.

2.2.3 BVPIRICAL PROJECT DELIVERY RESEARCH

Empirical research requires extensive, unbiased performanatamn an adegate sample of

industry progcts. The following research was empirical in nature.

Oberlender and Zeitoun (1993) performed a qtainte stdy to identify fictors known prior to the
commencement of construction, which are early warning signs @&gpr@pst and schedule growth. A
total of 106 U.S. prejcts collectedrom 23 CIl member companies listed several early warning signs for
construction pra@cts and distinguished between fixed price and cosbregable contct strategies.

This separation was included because fixed priced jobs generally expect fewer changes due to a more
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defined scope, whereas cost reimbursable jobs are typically awarded prior to the completion of design.
Other factors included the selection of bidders via either open bid invitations or itpegtifieation of a

group of contactors and price competition measured by ‘money left on the table’ (MLOT). They also
measured the effect of differgmtoject delivery types on cost and schedule growth but was unable to
correhte these figures witproject delivery type due to a small sample. Thislgtrepresents

conclusions about the efft of various factors goroject peformance. It also documents the negative
effect of the ‘ripple effect,” a consequence of several successive changes due to a previous change, on
project peformance. Finally, this research incoratad a data collection nietd thatcategorized cost

and schedule growth into distinct quartiles of the construction phase. This techniqaatiatrwhich

phase certain pregts departetfom planned budgets and schedules.

Pocock and Liu (1996), used ebjive peformance measures to document differences in four
delivery systems used on 20flitary projects. Table.1 lists the mean values for design-build, design-
bid-build, partnering and combinations of these. The authors defined partnering as a “Nactgantr
arrangement that changes relationships among owners, contractors, designers, and others on constructic
projects. It aims to create a teaffod, to promote mutually beneficial goals (p. 58).” The combination

cate@ry was made up of pregts ullizing aspects of both partnering and desiguild.

Table 2.1: Summary results of delivery system performance (From Pocock and Liu, 1996).

Delivery # of Projects % Cost Growth % Schedule Growth
Design-build 90 8.48 27.76
Traditional 40 6.37 26.23
Partnering 63 8.62 17.06
Combination 16 10.44 18.76
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The authors also tracked the number of modifons to the contract and the number of those due
directly to design deficiencies. Summary results indicate that no clear distinction can be made between
these modificationfor all delivery methods. Rather, they show that specifieptajonstraints and

characteristicst®uld be considered in combination with the aadors analyzed within this study.

In a more detailed study of the sanaal Pocock1996) developed a method for measuring the
impact ofproject integration oproject peformance. General comparisons were made using univariate
statistical testing such as averages, t-tests, amdlations. Results incite that each of the alternative

methods of delivery possess higher average degréearafinteraction than do tradition@abjects.

By using specific pract datdrom 16 building pragcts, Sanvid§1990) identified four critical
project success factors. These factors include, “selecting team members with experience; allowing
teams to wrk together using coracts that allocate risk and reward in tloerectproportion;
developing a team chemistry via common goals and activitiesnaolting qualified users, coractors
and operators early in the design phase to providmiaption hformation to thdeam(p. 6-6).” These

factors consistently appeared in patjdelivery literature.

2.3 READING DESIGN AND BUILD FORUM

The University of Reading Design and Build Forurasent atdy (referred to as ‘The Forum’ in this
publicaton) is the most comprehensive comparison ofgatajlelivery systems and the onlydy based
on objective data collectdtbm a large sction of thendustry (Benett, Pothecary anBobinson,

1996). The Forum analyzed cost, schedule and qualitytdkerirom design-build and design-bid-build

projects recently built in the United Kingdom. Thadst recognized three distinct variations of design-
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build and compared them to design-bid-build jobs andeptsprocured using a management canting

approach.

2.3.1 [ELIVERY SYSTEMS

The UK recognized several distinct types of delivery systems. Two were design-bid-build and design

and manage. Another three were variations of design-build.

Design-bid-buildin the UK represents the common, sequential approach &cpodglivery where
design is completed B@e engaging the construction cattor. This system argksign and manage,
where the manager holds no construction contracts, are also used in the U.SrufhexX€luded
design and manage from the study since the aotur does not assume any risk for the ultimate

performance of the féiy.

Traditional design-buildvas used for approxitely 20 percent of new desidpuild progcts. Here,
an owner would approach a cattor for early design assistance then nagetiith that contractor for
design and construction resporilgp. The design-build firm would then acquire outside design

assistance or utilizenihouse capaliies.

Consultant novatiomrrangements were used for appradety 50 percent of all new desiguild
work in the UK. Here, an owner sought independent design advice during the briefing stage from one or
more design consultants. Design consultants advanced design to a stage when a contractor was engage
into the process. From this point forward the consultants employment wasedbaer assigned to the
contractor, thus shifting design and construction risk to tleet®s contractdior the remainder of the

project.
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Developand constructiccounted for twenty percent of the design-build market. This organizational
arrangement differs from traditional design-build only in the extent to which the owner develops design
before engaging the construction cawtor. Pragcts variedrom owners who had only outline
specifications to those having detailed requirements. The owner would illzenam h-house design

staff or appoint a design consultant to further develop these varying levels of design.

Newer approaches to delivering design-build in the UK were using a fee-based management
approach. This approach involved a management firm early in the delivery process, but then agreed to a

guaranteed maximum price at ggpeoprate stage.

2.3.2 SUMMARY OF MAIN FINDINGS

Because of themilarity between the féorts compéted by The &rum and this study, aeeting was
held between The Foruteam and this researcher to exchange ideas, digmussduratechniques and

review analysis methods.

The Forum mailed a comprehensive survey to@ssbhmple of owner agents to collectfpenance
data in terms of cost, schedule and quality. Areas of qualitative data descrilpngjebéclient,
management approach, building functions, construction type, size aadtpocgtion were also
collected. The &rum condated150 interviews with clients and pemjt team members on a select
group of 35 pragcts. These interviews wererdwcted to evaluate the accuracy of collected data and to
identify differences in preict peformance. The Forum analyzed 332 podg. Ondnundred sixty Six
used design-build approaches, 156 used traditional design-bid-build and 10 used a management

approach.
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Due to the limited number girojectsprocured using the management approach, the Forum did not
attempt tooffer conclusions regarding this arrangement. Therefore, comparisonkmuee to project
data takerirom design-build and design-bid-build jobsatB showed that desiguild progcts resulted

in:

* a 12% improvement in construction speed

* a 30% improvement in pregt delivery speed

* a 13% reduction in unit cost

* more certainty in finishing on time

* a greater chance of finishing within 5%hafdget

* a higher possibility of achieving specified quality.

In addition to basic univariate comparisons, tbeuf condated multivariate regression analyses to
identify variables affecting the germance of certain metrics. To investig the differences of speed
and cost between design-build and design-bid-build, three regression models were developed.
Constriction speedvas defined as gross building area divided by the construction time pédtal.
speed of deliverywas defined as gross building area divided by design and construction time periods.
Unit cost,was defined as pregt cost per square meter. Each model was based on a reduced sample of
project data and explained uneven levels of variationrad set response variables. The study did not
attempt to develop moddisr other critical metrics such as cost growth, schedule growth or quality.
Therefore, results describing these metrics were based only on at@waymparisons. Tabk2, orders
11 variables that exerted the greatest influence on construction speed, total speed and unit cost. The
table also indicates the numbermpobjects used to build each model and th@amh of variation

explained by the model.
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Table 2.2: Ordered influence of variables on metrics (From &gret al. 1996)

Construction| Delivery Unit
Speed Speed Cost
No. of Projects 223 176 240
Explained Variation 90% 80% 51%
Prgect size 1 1 5
Building type 2 4 1
Unit cost 3 2 NA
Conplexity 4 6 2
Procurement 5 3 4
Technolaly 6 11 7
Innovation 7 5 8
Building structure 8 10 9
Existence of basements 9 9 10
Quality 10 8 6
Aesthetics 11 7 11
Location NA NA 3

Regression results indicated tipabject size, unit cost and fility type are critical to explain speed
and cost performance of peajts. Delivery systerfprocurement approach), ranked third in one case,
was less important in determinipgoject peformance. These findings are important to this study in two
primary ways. First, The Foruaitempted to measure differences between delivery systems while
considering a wide range of variables by using multivariate regression modelirmgnd Sebile
explaining only modest levels of variation from a prediction standpoint, these results identified variables

other than the chosen delivery method, which are critical tegirejiccess.
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2.3.3 LMITATIONS

The procedures, methods and subsequent findings of The Forum’s studynitedein several
ways. First, there was no indication of the overapoesient population size in the UK building market,
therefore it was unknown how repretaive the collecte@32 progcts were of theopulation from
which they were drawn. Second, principal metrics of cost and schedule were not analyzed using a
multivariate gproach. Therefore the efftive consideration of a number of identified variables in
explaining the differences between design-build and design-bid-build performantmiteas In terms
of quality, this study was saessful in collecting both intended and achieved quality ratings on 16
different characteristics. Scores were combined and avei@ageoimparison. This aggratgprocedure

may have incorrectly assumed thgartance of each question or characteristic as equal.

24 SIMMARY OF RELATED LITERATURE

These research findings and the lessons learned from the researchers through discussions with them
have provided valuable background for tlaadcollection instrument and rhetdology utlized in this
research. These initial efforts have established a clear need to expanddheatiparison of systems
through a dtailed investigation of a large number of paig. It is also evident that several factors have
the potential to explain pre¢t peformance, thus supporting the need for a multataranalysis.
Likewise it is important to recognize that factors are frequentheptgpecific. Variables such as these
may act alone in describinggb@mance or may intact with other explanaty variables or the

response variables that thatgempt to explain.

Studies performed in the area of gajdelivery have depended largely anvey research and

active ndustry participation. The curreriate ofproject delivery research, httugh not always
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empirical, identifies numerous variables that have the potential extpmject peformance. A
collection of these variables were used to develop a data collection instrument. The instrument and eact

performance metric are presented in Chapter Three.
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CHAPTER THREE

PROJECT DELIVERY MEASUREMENT

This study developed andilizied a data collection instrument to obtginoject specific data, which
when checked and compiled, could be used to test severtipdejiveryhypotheses. The data
collection instrument had to be able to collect facpmaject data that would allow the researcher to
compare seven specific performance metriceémh of the candidaf@oject delivery systems. It also
had to provide sufficient pregt data to accurately identify egatoject. Finally, the instrument had to
collect qualitative data on a collection of varialkeswn to img@ctproject delivery pgormance.
These variables were identified in the literature in Chapter Two and by the research team. This chapter

first defines seven pregt peformance metrics used for peajt delivery system comparisons.

3.1 PERFORMANCE METRICS

Seven project pgormancemetrics were used to describe thefpenance of thedcility delivery

process. These were the dependent or response variables. These varialessed aftguroject

completon. The following paragraphs defieach pgormancemetric.

3.1.1 (OOST MEASURES

Costwas defined as the investment a facility owner makes in developing a facility and was measured

in U.S. dollars. Costs were limited to the design and construction of the facility and did not include land
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acquisition, extensive site work, process or owner costs. Cost measures included unit eostqstoj

growth and intensity (a hybrid of unit cost and schedule measures).

Unit cost the first metric, was measured to indicate the relative cost oflisyféar its given area. It

was represented by the formula:

Unit Cost ($/SF) = [Final Project Cost / Area]lndex 1)

Where:

Final Project Costwas the final design cost plus the final cost of construction. Amd&xwas

essential to make accurate comparisor@ojects built in different cities in different years. Cost

data, with the exception of cost grow#h), were adjusted for time anccltion using Mean$996

historical cost indexes.

The second metri€;ost Growthprovided an indiation of the growth gbroject costs over the life

of the job. It was defined by the formula:

Cost Growth(%) = [(Final Project CostContract Prgect Cost) [Contract  (2)

Project Cost] * 100

Where:

Contract Prgect Costwas the design contract cost plus the construction contract cost.
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The final cost metridntensity indicated the unit cost of design and constructiorkyput in place
in a facility per unit time. It was imdduced as a hybrid cost/schedule measure and was defined by the

formula:

Intensity(($/SF)/Month) = [(Unit Cost) / Total Time] 3)

Where:

Total Timewas the period from the as built design statedo the as built construction end date.

3.1.2 S HEDULE MEASURES

Threeschedulametrics defined the time taken by the facitiam and the owner to deliver the

facility. Schedule measures included construction speed, delivery speed and schedule growth.

Constriction speedvas the rate at which the construction team built thiétfaclt was defined by

the formula:

Constriction Speed (SF/Month) = [Area / ((AsiBWConstriction End Date -

As BuiltConstriction Start Date) / 30)] (4)

Delivery speedvas the rate at which tipgoject team designed and built theiliac It was defined

by the formula:

Delivery Speed (SMonth) = [Area / (Total Time / 30)] (5)
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Schedule growtivas the percentage by which the schedule grew over the life of tketprtijwas

defined by the formula:

Schedule Growth (%) = [(Total Time - Total As Planned Time) / Total)

As Planned Time] * 100 (6)

Where:

TheTotal As Planned Timeas the period from the as planned design stae @ the as planned

construction end date.

3.1.3 QUALITY MEASURES

Quality was defined as the degree to which the facility met thectag fadity requirements.
Quality was measured in seven areBach was a measure of the actuafgrenance versus thadility
user’s or owner's expectations of the referenced Imgldindividual gality scores, based on a

maximum of 10, were used foriprary univariate comparisons.

The first three quality indices measured the difficulty of the turnover of tligyfadt was important
to differentiate betweepoor turnover and poor féity performance. The turnover quality measures
included the difficulty of facility startup; the number and magnitude of call backs; and the operation and

the maintenance cost for the building/site.
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Turnover qualitywas defined by the formula:

Turnover Quality = Qstart up + Qcall backs + Qoperatiand maintenance (7a)

Where:

Qstartup was the difficulty of the facility startygrocessQcall backswvas the number and
magnitude of call backs during the turnover processomkration and maintenaneeas the
achievement of expected operation and maintenancefoog® fadlity/ site. Each of these was
scored on a scale of 1&ggregate scores were used as summary mefivicgnivaiate
comparisons. This score combined individual ratings recdorgdcility starup, the number and
magnitude of call backs and the operation and maintenance costfecohesbuilding. A

maximum score of 30 was possible for turnovealdy.

The next three indices measured spesifistem quality System quality measures were the
performance of the envelope, roof, structure and foundation; the inteame apd out; and
environmental systems. System quality measured whether or not these specific systenceetEdex

or did not meet the expectations of the owner and was defined fyrtida:

System Quality = Qersf + Qis&lo + Qenvironment (7b)

Where:
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Qersfwas the quality of the envelope, roof, structure and foundation syspesdd0 was the
quality of the interior space and/aut andQenvironmentvas the quality of environmental systems
such as the lighting, heating, ventilating or a@inditioning. Each of these was scored on a scale of

10. A maximum score of 30 was possible for system quality.

The last cateryy was process equipment and its layout. Equipment quality was defined by the

formula:

Equipment Quality = Qprocess equipment & layout (7c)

Where:

Qprocess equipment & layowias the quality of process equipment if it was included in the facility.

Process equipment and layout was based on a maximum score of 10.

This concludes the description of the performance metrics. The variables incledeth isection of

the progct delivery system data collection instrument are explained next.

3.2 PROJECT DELIVERY SYSTEM DATA COLLECTION INSTRUMENT

An instrument was developed to collect the data needed to calculate metrics defined to measure the
performance of the faity delivery process (Appendix A). Information was organized into nine
sections. The data collection instrument did not prearrange or organize the véoratlesreasons.
First, the researcher did not want to bias the data collgatamess by revealing the critical relationships

between variables. Second, the organization of &t@ cbllection instrument allowed the peadent to
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initially complete critical cost, schedule and quality questions and later describe less opjeive
characteristics. Bvey fctions one and twoarovide dta to identify the fality and delivery system.
Sections threehtough five contain quanétive and qualitative data describing the key metrics most
critical to this study. &ctions six lirough nine allowed the respondent to explain the reasons for
measured differences. These sections requedtadhation on variables found in the literature, input

from the expert resear¢bam, and on the relationships discussed in the previous section.

3.2.1 &CTION I: PROJECT CHARACTERISTICS

Of greatest irportance to tracking the pexgt were thgroject name, its locain, the respondent
who provided the a@ta and the type of organization they were representingpoRésnts had to classify
their facility into one of 14 facilityategories representing six classes of buildingsilityadasses were
light industrial, multi-story dwing, simpleoffice, complex office, heavy industrial and higithnology.
Physical characteristics such as the area, numbeyasfand the percentage of new construction

included in the pra@ct were also requested.

3.2.2 ECTION II: P ROJECT DELIVERY SYSTEM

The respondent was provided definitions for design-bid-build, design-build and construction
management at risk and was asked to select the system used projeeir The rgsondent was also
asked to identify the commercial terms used for either the design-builder or for the designer and
contractor. Con#ct types were lump sum, guaranteed maximum price (GMP), cost plus fixed fee, cost

plus percentage fee, cost plus GMP and cost plus incentive fee.
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3.2.3 ECTION lll: P ROJECT SCHEDULE PERFORMANCE

Schedule information was cetited by asking resndents to list as planned and as buaited for
four sepaateproject events. These included the datepitogect was advertised, the design start or
notice to proceedate, the construction start or noticgptoceed date and the construction end date,
defined by substantial completion.at@s were given in mm/dd/ygrmat, from which the researcher

calculated theluration of eaclproject phase.

3.2.4 &CTION IV: PROJECT COST PERFORMANCE

Budgeted cost, contract award and final cost figures were requeStediact award amunt and
final costs were most critical to this study. Cawtrcosts represent the anmmt agreed upon at the time
the contract was signed. Final cost included changes or modifications to the contract. Costs were
identified for design, construction and total pijcosts. In cases where estimated figures were given,
owners were contacted to verify the accuracy of estimategpoR@snts were asked to deduct items not
a cost to the base building, such as, property costs, owner costs, costs of installed process or
manufacturing equipment, furnishings and fittings. Respondents were also askedatte ékBngost of

site work comp@ted outside thootprint of the building as a percentage of final construction costs.

3.2.5 &CTION V: PROJECT QUALITY PERFORMANCE

Section five was reservddr client input. Ineach case where the owner was not the iniialey

respondent,extion five requested a client contact @hdne number. Respondents were then
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instructed tgroceed directly towsvey £ction six. The majority of quality data was obtainedagh
phone interviews conated by the research team. Seven quality questions were asked of each owner.
To help reduce potential client bias formed duringgmbjurnover, quality dta was measured

separatelyor the turnover process and for system performance.

Three questions asked the client to rate the difficulty ofuh®ver process for startup, the number
and magnitude of callbacks and the operation and maintenance cost foilitie Regponses were
recorded as low, medium or high. Low represented the best possible rating. Four other questions asked
the client to rate whether or not the quality of specifiditpsystems met, did not eet or exceeded
expectations. Literature and expert review identif@d systems which represent critical performance
and high cost areas of a facility. These included the building envetmgestructure and foundations;
interior space andyaut; environmental systems such as lighting and air conditioning; and where

applicable, the quality of process equipment and its layout.

3.2.6 ECTION VI. PROJECT TEAM CHARACTERISTICS

Section six collected datdeut qualifying and setting the team, team experience, telymamics,
owner capabilities, and genepabject constraints. Nineteen characteristics, basediwant project

delivery literature and input from the Cll reseatem, were measured.

First, respondents were asked to record the manner in whitkatimewas selectedChoices
included procurement through open bidding procedures, prequalified biddingatedjctntracting or
contract documents. Theiktly to restrain the consictor selectiopool and the existence of a qualified
group of contactors was noted. Respondents were also askéatédatlse percentage of design complete

when the construction entity joined the ajteam.
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