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Foreword

I am both pleased and honored to be invited to write a foreword for a book on
the topic of design-build contract administration. This type of book has been a
long time in coming and provides much-needed guidance for both design-builders
and—more importantly—our valued clients. I have had the pleasure of knowing
Doug Gransberg for years through The Beck Group’s involvement with the Uni-
versity of Oklahoma’s Construction Science Division, where we have found many
of our best employees. Doug’s program has been one of a few that seeks to prepare
entry-level designers and constructors with the skill set to be successful as inte-
grated design-builders. We have also employed him as a design-build consultant to
assist The Beck Group’s efforts to better understand federal government opportu-
nities. I have always found his in-depth and practical understanding of design-build
to be unique, refreshing, and informative. I know Doug’s co-authors, Keith Molenaar
and Jim Koch, by reputation and through our mutual involvement in the Design-
Build Institute of America. A book by this trio of experienced design-build
researchers, practitioners, and consultants is written from a deep well of experi-
ence. Keith Molenaar was the first researcher in the nation to tackle this emerging
area in the early 1990s, and Jim Koch worked with Doug in their previous careers
in the U.S. Army Corps of Engineers, where they pioneered the Corps’s design-
build program. He has spent the subsequent years putting his experience to work
for the nation’s benefit as a director of the Rebuild Iraq program. Thus, the infor-
mation contained in this book has literally been tested in the most challenging
project delivery environments.

This is the opportune time for all practitioners to develop a keen understanding
of the design-build delivery method. Up until now, too many design-build projects
either appear to have been designed by the contractor or fail to embrace the unique
opportunities to integrate the disciplines. We must learn to build upon our knowl-
edge of the process on a project-by-project basis and ultimately consider marrying
the disciplines within the same firm in order to amortize investments in technol-
ogy, cross-training, cross-disciplinary processes, and so on over many projects. The
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Integrated Enterprise will eventually leverage the benefits of the design-build
process by eliminating the massive waste in traditional delivery methods and dis-
cover far better means and methods in the design and construction of projects.

Gransberg, Molenaar, and Koch have laid out a framework from which we can
all learn as we proceed along this exciting journey. I urge you to take the time to
understand what they are explaining and then seek to apply it in your own prac-
tice in a disciplined manner. Learn from your experiences, but open yourself to
new practices and processes.

PETER BECK

MANAGING DIRECTOR, THE BECK GROUP
DALLAS, TEXAS

January 2010



Preface

The delivery of public and private construction projects using design-build (DB)
continues to expand, encompassing virtually every sector of the construction mar-
ket. Proven DB success in both the private and public sectors is fueling the growth
of this project delivery method. As a result, many of the traditional relationships
that exist in the architect/engineer/construction community are being reforged to
permit them to operate within projects that are being delivered using alternative
methods such as DB. Additionally, DB is no longer a new project delivery method,;
it is being institutionalized on a large scale throughout the world. As a result, many
designers and builders will find themselves being drawn into DB projects due to
owner pressure to compress project delivery time frames. Thus, these design pro-
fessionals must be prepared to alter their business practices to accommodate the
changed relationships within a DB contract, which the DB contract administra-
tion process to become a key attribute of project success.

Much of what has been written on the subject of DB is about the mechanics
of the contracts. While this is necessary information, nothing has been published
about how to actually administer the technical requirements of the DB contract.
Additionally, consulting engineers, architects, and construction contractors are find-
ing that new roles have been created with the advent of DB project delivery. The
design community has felt the most effect of this business culture shift. With this
project delivery system, the designer must decide whether to remain on the owner’s
team and assist it by preparing the DB request for proposal, or join forces with a
construction contractor and become the designer-of-record (DOR) on the DB
team. Construction professionals must also recognize and understand the impact of
these new roles. The preconstruction period, when the designer and builder join
forces to satisfy the owner’s project requirements, creates an opportunity to imple-
ment both design creativity and innovative construction means, methods, and man-
agement. The DB approach creates a single point of responsibility for both design
and construction and gives it to the DB team. Thus, this book will explore in depth

xi
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the implications of the culture shift that is associated with the move to a scope-
driven, performance-based delivery system.

In 1996 we developed a professional continuing education seminar entitled
“Design-Build Contracting” under ASCE’s auspices, and since then have delivered
it across the nation and in several foreign countries. The one item that seemed to be
common to all those classes was the pressing need by engineers who worked for
owners, for consulting firms, and for construction companies to better understand
the technical side of the DB process and to be able to put it into context with the
contractual side, with emphasis on DB project execution. Based on this experience,
this book was developed to complement the book we published in 2006, Preparing
for Design-Build Projects: A Primer for Owners, Engineers, and Contractors, which focused
on the pre-award activities of owners, designers, and builders in advertising, propos-
ing, and awarding a DB project. This book is restricted to discussing the post-award
activities involved in actual design and construction contract administration.

The first chapter sets the stage by furnishing an introduction to the topic of DB
contract administration and a synopsis of the relevant literature on the subject.
Because DB project delivery is often selected to achieve an accelerated schedule,
the second chapter discusses techniques and practices for developing a cogent
schedule of all design, logistical, administrative, and construction activities. The next
two chapters focus on design administration and design quality management in the
project. This 1s followed by a synthesis of the salient points of the first half of the
book illustrated through a series of actual DB case studies. Next, the book moves
on to the construction phase with chapters on construction quality management,
change order procedures, and progress payments in the DB context. This is followed
by another series of case studies that relate to interaction between the owner’s
Request for Proposal (RFP) and the design-builder’s proposal. Finally, the book
concludes with two essays contributed by experienced design-builders on building
information modeling in DB and implementing sustainability.

This book 1s intended to be a resource for owners, engineers, construction con-
tractors, and architects who find themselves in need of guidance in administering
a DB project. It is unique in that previous books have either taken a global approach
to the subject or have concentrated on the legal aspects of the contracts themselves.
This book 1s intended to help those professionals who must actually do the design-
ing, the building, and the contract administration. It tries to lay out all the options
in a manner that comparatively highlights the advantages and disadvantages of each
option so that the reader has all the information necessary to make the business
decisions inherent to the DB process.

We would like to thank all those other DB professionals around the country
who let us bounce ideas oft them and helped us gather case studies. Special thanks
go to Professors Tammy McCuen and Lee Fithian of the University of Oklahoma
for their insightful essays regarding the use of building information modeling
(BIM) and integrating sustainability in DB projects.



ONE

Introduction to Design-Build
Project Administration

In 2006 we published a book entitled Preparing for Design-Build Projects: A Primer for
Owners, Engineers, and Contractors, which focused on the activities of owners, design-
ers, and builders in advertising, proposing, and awarding a design-build (DB) proj-
ect (Gransberg et al. 2006). That book’s purpose was to relate the DB project deliv-
ery method body of knowledge, from concept to procurement. The goal of that
book was to help set up owners and DB teams for success. This book will pick up
that thread to help ensure successful project delivery through the design, construc-
tion, and commissioning phases of the process. As its title suggests, this book will
focus on DB project administration post-award. While these two books are
intended to be companions and to function as a set that covers the life cycle of
typical DB projects, we recognize that some readers may choose to read only this
one. As a result, a short introduction to DB is in order to set the stage and effect
the transition from the first book to this one.

Design-Build Background

The move from traditional design-bid-build (DBB) project delivery to nontradi-
tional forms of integrated project delivery has been a controversial one in the
United States. “Integrated project delivery” is defined as a project delivery method
where the project’s builder is involved in the design process. While there are many
terms-of-art that are used in the literature to describe various forms of integrated
project delivery, the two most common forms are “construction manager-at-risk”
and “design-build.” In both project delivery methods, the owner selects the builder
at a point in time before the design is complete and seeks to involve that builder
in the design process through the use of formal design reviews that seek to enhance
constructability, expedite the schedule, and maintain budget. While the use of inte-
grated project delivery remains controversial with some owners, particularly in the
public sector, its acceptance is becoming more general across the nation. This book
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will confine its discussion to DB project delivery and, specifically, the actions that
take place after the award of a DB contract to complete both the design and con-
struction in an integrated fashion.

The Design-Build Institute of America (DBIA) believes that the majority of
nonresidential construction projects will be delivered using DB in 2010 (Eby
2005). Additionally, a survey in 2004 found that construction companies expected
50% of their revenues to come from DB projects in 2006 (Zweig-White Research
2004). That survey also found that 80% of all design and construction firms sur-
veyed in the United States expected an increase in their business derived from DB
projects over the next five years. According to DBIA, the percentage of nonresi-
dential construction projects being delivered by DB has been increasing steadily
for the past two decades, from an estimated $18 billion in 1986 to more than $250
billion (DBIA 2005). This change in project delivery methods began in the 1960s
in the private sector on commercial construction projects where the financial ben-
efit of reducing the project delivery schedule outweighed the risk of beginning
construction without a complete design (Gransberg et al. 2006; Loulakis 2003;
Molenaar et al. 1999). Over the next 20 years, the DB approach was adopted by
the public sector as a method for delivering revenue-producing projects, such as
toll roads and bridges, as well as an eftective means to expedite the procurement of
emergency reconstruction after natural disasters such as the interstate bridges
demolished by hurricanes in Florida. In 1996, the Federal Acquisition Reform Act
was passed and specifically provided both regulation of the use of DB on federal
projects and authority to utilize the DB delivery method without seeking special
permission (Gransberg et al. 2006).

Since 1993, the DBIA has closely followed public procurement laws regarding
DB. It has documented the trend of expanded statutory authority to public sector
engineering and construction agencies to legally use DB in all types of construc-
tion procurements. The architectural/building sector has led the infrastructure sec-
tor in terms of implementing the use of DB. For instance, states including Califor-
nia and Oklahoma have authorized its use on public buildings without extending
broad DB authority to their Departments of Transportation (DOTs). Nonetheless,
in the past 10 years, DB transportation projects have been constructed in more
than 35 states, as stated in a Federal Highway Administration (FHWA) report to
the U.S. Congress on the effectiveness of DB delivery in federally funded projects
(FHWA 2006). DB has been used successfully on toll roads and mass transit proj-
ects where the revenue generation potential forms a politically acceptable argu-
ment for achieving an early opening by compressing the traditional delivery period
to as short as possible. Thus, the use of DB project delivery in the transportation
sector is growing across the country as well.

By 2004, the FHWA had authorized more than 300 DB transportation projects
in 32 states, worth nearly $14 billion (FHWA 2006). By 2002, the Florida Depart-
ment of Transportation (FDOT) alone had awarded 49 DB projects for nearly
$500 million worth of work, and estimated that DB cuts 30% off the traditional
project delivery period (Peters 2003). Another study reported that nearly $3 bil-
lion worth of water/wastewater projects were being delivered annually using DB
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(DBIA 2000a). Adding the uncounted number of public building, utility, and other
infrastructure DB projects completed by county and municipal public agencies, as
well as the public—private partnerships (PPPs) that deliver critical infrastructure
such as toll roads, toll bridges, and water/wastewater projects, the nationwide mar-
ket for DB project delivery is enormous. Such meteoric growth in roughly 20
years solidly confirms that DB project delivery supplies real benefits to the public
and private owners that implement it. The FHWA recently completed a seminal
report on DB project delivery in transportation that eloquently articulates this:

The greatest motivation and realized benefit to a contracting agency of using
design-build . . . is the ability to reduce the overall duration of the project
development process by eliminating a second procurement process for the
construction contract, reducing the potential for design errors and omis-
sions, and allowing for more concurrent processing of design and construc-
tion activities. . . . (FHWA 2006)

As previously mentioned, the building sector has led the growth of DB project
delivery. The building sector encompasses a wide range of project types falling
under the general heading of “vertical” construction. Project types may include
categories such as high- and low-rise public offices, courthouses, correctional facil-
ities, schools and related educational facilities, warehouses and distribution centers,
public and military housing, parking structures, stadiums and sports facilities,
libraries, and museums. Owners or users of these facilities range from federal, state,
and local governments, to public authorities and agencies, school and university
boards, municipalities, and county commissions. Owners have selected DB deliv-
ery for all of these types of projects. The DBIA surveyed federal building owners
regarding their motivations for using DB; all responded that schedule compression
was a primary criterion, and most cited the criteria of cost, quality, and user man-
agement as well (DBIA 2000b). The DBIA’s findings mirrored a University of
Colorado/National Science Foundation study showing that schedule reduction
was the overwhelming reason for the selection of DB on building projects in both
the public and private sectors (Songer and Molenaar 1996).

While the “horizontal” sector has lagged in DB growth, it has similar motiva-
tions for using the method. Completing needed construction projects as fast as
possible is the paramount factor in transportation infrastructure projects, and
nowhere is it more critical than on congested urban freeway projects. User costs
of congestion due to delays, increased toxic emissions, and other factors on urban
freeways can exceed $10,000 per lane-mile/day (Hicks and Epps, 2000). Thus, a
typical eight-lane freeway in a major city like Los Angeles or New York would
incur a user cost of $80,000 per mile per day, and a hypothetical five-mile urban
freeway upgrade project would incur user costs on the order of $400,000/day.
Taking the analogy a step further, and in keeping with the above FHWA state-
ment, one could calculate that the 30-day period normally used to bid a tradi-
tional DBB project would cost the commuters $12 million on that five-mile
stretch of freeway. DB would generate a significant benefit by delivering the
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needed upgrade a full month earlier than it would have been delivered using tra-
ditional DBB.

Summary of Recent Design-Build Research

Our previous book covered much of the significant research in DB project delivery.
Thus, an update of the research that has been completed since that book was writ-
ten will be included here to bring the reader up to date in this important area. The
major change that has been seen in DB research is its move from the building sec-
tor to the transportation sector as public laws have been enacted across the nation
allowing its use in major engineered projects. The focus of the research has become
more specific, looking at such subjects as the impact of DB on the owner’s work-
force and how the quality management process must be altered to accommodate
DB project delivery. Additionally, research projects in DB have been funded by
professional societies such as the DBIA and the Society for Marketing Professional
Services to transfer knowledge from the owner’s perspective in a manner that is
valuable to design-builders. The following short review will be limited to those
projects that speak to the DB project administration process and thus furnish a
theoretical foundation for the remainder of this book. A comprehensive summary
of DB research prior to 2003 can also be found in the book Design-Build for the
Public Sector, Chapter 3, “Examining the Performance of Design-Build in the Public
Sector” (Loulakis 2003).

The most significant study in the past few years was a report to the U.S. Congress
commissioned by the FHWA on the effectiveness of DB in transportation projects.
It 1s arguably the most comprehensive study ever completed on the subject. It looked
at nearly every DB project that had been authorized by the FHWA and compared
those projects to traditional projects using most conventional metrics of project per-
formance. It addressed project performance in the areas of cost, schedule, and qual-
ity, and can be elegantly summarized by the following excerpt from the report:

On average, the managers of design-build projects surveyed in the study esti-
mated that design-build project delivery reduced the overall duration of their
projects by 14 percent, reduced the total cost of the projects by 3 percent,
and maintained the same level of quality as compared to design-bid-build
project delivery. (FHWA 2006)

In this single statement, this study makes a strong case that the benefits of com-
pressed schedule and marginal cost savings were achieved in more than 300 proj-
ects across the nation without sacrificing quality of the constructed product.

The emergence of DB contracting on the national transportation scene has cer-
tainly been controversial. The emotions associated with the paradigm shift required
to implement it have run high. However, the results of the FHWA study should
serve to temper those feelings by addressing the concerns of public and private
owners with facts.



Introduction to Design-Build Project Administration 5

A 2003 study for the National Cooperative Highway Research Program
(NCHRP) of the Transportation Research Board of the National Academies
recorded the perceptions of state DOT upper managers regarding the benefits
experienced from implementing DB:

With respect to design-build projects, the conventional wisdom among those
interviewed was that the dollar cost to the agency appeared to be about the
same as conventional approaches, but that design-build projects opened to
the public much sooner. Time, of course, is money and therefore this sug-
gests that indeed there is a considerable saving to the public in the form of
user cost benefits due to significant schedule accelerations resulting from this
outsourcing method. (SAIC 2003)

That same NCHRP study goes on to cite the Maryland State Highway Admin-
istration’s experience with its first 10 DB projects where it “reduced the aver-
age time for design and construction by approximately one year, as compared
to the traditional design-bid-build method. The program has also consistently
produced final products with less than 1% in change orders—significantly less
than the [DBB] program as a whole” (SAIC 2003). Thus, DB not only appears
to improve project delivery time but also enhances project cost certainty. This
tracks with research conducted 14 years ago that found that the top two reasons
for public owners selecting DB project delivery were to compress the project
schedule and to establish the project cost at an earlier point in time (Songer and
Molenaar 1996).

Project cost certainty and early cost establishment are very important to public
infrastructure projects because they significantly aftfect the number of capital proj-
ects an agency can award in a given year within its established budget. For instance,
an early study of FDOT's first series of DB projects found that those projects were
awarded at a 4.5% premium above low bid but only experienced 2% cost growth.
Conversely, FDOT DBB projects experienced 8.5% cost growth from the low-bid
award price (Ellis et al. 1991). Thus, there was a marginal 2% cost savings on the
DB projects. More important, however, was the effect on FDOT's ability to man-
age its capital improvements budget. Under the traditional system, FDOT would
have had to set aside 8.5% of each project’s authorized budget to pay for cost
growth due to quantity overruns and change orders. Its DB experience would
require it to set aside only 2%. Thus, it could award a far greater percentage of its
authorized budget, which presumably would result in a larger number of total
infrastructure projects being built in a given fiscal year and a more efficient use of
available capital (Gransberg and Villarreal 2002).

Actually, a number of factors have driven the increased use of DB to deliver
much-needed infrastructure projects. Hancher and Werkmeister (2001) cite the
growth in U.S. population creating increased travel demand as the root cause
for an increased requirement for construction of new infrastructure and recon-
struction of aging infrastructure. They further argue that the traveling public’s
demand for “better and quicker service,” combined with an overall reduction in
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DOT workforces in the era of “reinventing government,” has pushed public
transportation agencies to explore alternatives, and DB is one way that can be
accomplished.

The detractors of the DB project delivery method for highway projects who
voiced their opinions in the early 1990s have been quieted by the overwhelming
momentum of DB use across the country. The FHWA provided a lengthy and
rigorous comment period on its Design-Build Final Rule (FHWA 2002). The
FHWA considered these comments and concerns and then published rules that
allow, but do not require, all recipients in the Federal-Aid Highway Program to
use the DB contracting method just as they would the traditional DBB contract-
ing method. The majority of states are now using DB (FHWA 2006). A number
of states have developed large and successtul DB programs, while others are still
growing their programs or applying DB on individual projects that are well
suited for this delivery method. The benefits of faster delivery and greater cost
certainty have been repeatedly validated, while the concerns of lowered quality
are inconclusive at best.

Quality management in DB is the heart of the issue, and concerns about how
this vital piece of the design and construction process will be accomplished have
been voiced since the inception of DB. Quality of the finished product is a signifi-
cant measure of success in any construction project. In its previously cited report
to Congress, the FHWA addressed this issue in its survey of highway agencies and
summarized its findings as follows:

Design-build does not appear to be a threat to the quality of highway projects.
Indeed project contracting agencies expressed equal satisfaction with the
results of design-build and design-bid-build projects, suggesting that the
choice of project delivery approach is neither a determinant of nor a threat
to project quality. Overall contracting agency satisfaction was highest when
design-build was used for large projects, when lower levels of preliminary
design were performed prior to the design-build contract, and when con-
tract selection was based on best value. (FHWA 2006)

Although owners have been satisfied with the end-product quality, there are
many challenges to implementing DB quality systems in an historically DBB
environment. In 2006 NCHRP funded a study of quality assurance in DB trans-
portation projects that was completed by two of the authors of this book (Grans-
berg et al. 2007). It looked at results from a general survey on DB quality man-
agement that produced 76 responses from 47 states. That study also analyzed the
contents of DB solicitation documents from projects with a total contract value
of more than $11.5 billion from 26 transportation agencies across the country.
For further verification, that study also analyzed the contents of DB policy docu-
ments from 17 states, and the data were collected from a brief survey on DB qual-
ity perceptions from those states. It found that it was necessary to add a new level
of quality management activity to the traditional quality assurance system to cover
an owner’s oversight responsibilities for delivering a quality project when it chose
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to delegate all the quality assurance and quality control responsibilities to the
design-builder. That study coined the term “project quality assurance” (PQA) to
label this DB-specific quality management responsibility. The study also found
that owners were not paying sufficient attention to design quality management
because the public owners in that study were accustomed to doing their own
design work on DBB projects. Thus, the study found that there were new roles
for both owners and design-builders during the project administration process
that affected the workforce involved in DB projects.

Another concern of DB detractors regarding public infrastructure projects
relates to its perceived impact on the public workforce. The Keston Institute for
Public Infrastructure Policy and Finance commissioned a study by two authors
of this book on the impact that implementing DB has on the workforce (Grans-
berg and Molenaar 2007). That study found that public agencies that implement
DB do not stop using DBB project delivery. In fact, the average public trans-
portation construction program contained only about 10% of the projects being
delivered using DB. Additionally, the study found that owners were not reducing
their workforce by using DB to outsource design and construction engineering
work. In fact, it found that to successfully use DB, an owner had to have a more
competent and experienced workforce that was able to expeditiously make deci-
sions based on professional judgment. The study also found that the roles of the
owner and design and construction personnel changed on DB projects. The in-
house professional engineering workforce shifted from doing detailed design to
design review, and the construction workforce increased its focus on quality
assurance.

One of the major challenges facing DOT's and design-builders in implement-
ing DB is the change that must take place in the culture of both parties. This is
described well in an evaluation report given by Postma et al. on the I-15 DB proj-
ect in Utah:

The Owner felt that one of the biggest challenges to the QC and QA pro-
gram was “breaking the mold” of the traditional roles of the Contractor and
Owner. The Owner’s personnel had all come from the “catch and punish”
culture. Likewise the Contractor’s personnel came from a similar back-
ground. To change philosophies to a more proactive quality role by the Con-
tractor and a less controlling oversight role of the Owner was a significant
challenge. Most personnel assigned to the project by either party had worked
under traditional systems for many years, and this was the first experience
with this type of project. (Postma et al. 2002)

As both owners and design-builders become more familiar with DB, culture
change will become less of an issue.

Another issue that has confronted DB projects since their implementation has
been the concern that constructors, who are the leads in many DB projects, would
pressure the designers, who are often subcontractors, into sacrificing quality for
higher profits. According to the FHWA report to Congress already referenced
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(FHWA 2000), this has not been the case. However, having a well-defined quality
management system is one way to address some of these fears. This is even more
important on high-profile projects delivered using DB. A quality management
system adds credibility and assurance for all involved, from the constructors, to
the DOT, to the public users (Pantazides 2005). Thus, the research supports the
use of DB project delivery on projects where the owner will accrue tangible ben-
efits from its use.

Given the spread of DB across the entire industry, it is important that owners,
designers, and builders understand the process and its impact upon their stake in
the design and construction process. In our 2006 book we discussed these aspects
in the pre-award process that owners and design-builders use to arrive at a DB
contract. The remainder of this book will concentrate on identifying the stakes
held by each player in the DB project administration process.

It 1s important to note that DB project delivery, while seeming to be linearly
divided into procurement, design, and construction phases, is really an amalgama-
tion of all three activities that occur in parallel rather than in series. DB in-
tentionally addresses procurement, design, and construction concurrently. For
instance, the owner actually starts the design phase when it develops the DB
Request for Proposal (RFP), making many design decisions before requesting
proposals. The competing design-builders amplify the owner’s design during the
procurement phase through their technical proposals. If the contract is awarded
on a negotiated basis, both design and construction activities can be touched on
during those pre-contract negotiations. Once the contract is awarded, both design
and construction can commence as soon as the owner issues its Notice to Pro-
ceed. Therefore, approaching the subject of DB project delivery requires one to
surrender many time-honored beliefs that really only apply to DBB project deliv-
ery, which is by design an inherently linear process. In fact, the DB process is
occasionally referred to as “design and build.” Nothing could be further from the
truth. In DB project delivery there is no clear demarcation between the end of
design and the start of construction unless the owner refuses to allow the design-
builder to proceed with construction before the design is finalized. And even in
that case, the design-builder will begin many traditional construction activities,
such as locking-in materials contracts at target prices and making arrangements
for equipment and subcontractors for the project, before the design is concluded
and approved.

Therefore, one should read this book with the idea that DB project delivery is
a very dynamic environment in which all parties to the DB contract are striving
to achieve the same goals by working together, rather than segregating each other’s
efforts. As indicated in the above FHWA quote and research by other authors
(Songer and Molenaar 1996), the major reason why project owners decide to use
DB project delivery is to compress the project delivery period. This compression is
accomplished by concurrently performing tasks that have traditionally been non-
concurrent. Thus, DB project administration must be about developing a system
where the project delivery schedule is facilitated while achieving the budget goals
as well as high project quality.
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Design-Build versus Design-Bid-Build: What Is Different

While users of building or infrastructure projects will likely never know which
delivery method was used to complete the project they use, there are some fun-
damental differences for the project teams that deliver them. The primary dif-
ferences involve the contracts, the use of performance criteria, the design review
philosophy, DB project administration, constructability, DB project control,
document control, safety oversight, and the high level of trust in DB project
administration.

Differences in the Contract

The fundamental difference between DB and DBB is in the contract, specifically
in the way risk and responsibility for design details are shifted from the owner to
the design-builder. In a DBB contract, the owner hires a designer to develop the
final construction drawings, as depicted in Fig. 1-1.The owner essentially “owns”
the details of the design and as a result furnishes an implicit warranty that the
plans are constructable and free from design errors and omissions. In a DB con-
tract, however, the design-builder assumes “ownership” of the details of the design
and is in turn responsible for providing both design documents and a constructed

ontrac
'

Construction

Figure 1-1 DBB contract model.
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facility that are free of defects. In both delivery systems, the designer-of-record
(DOR) is legally obligated to deliver a project that meets all applicable codes and
standards within a reasonable standard of care. Figures 1-1 and 1-2 show simple
models of competitively procured DBB and DB contracts and their places in the
design and construction process. Admittedly, the models are an oversimplification
of the process, but they very clearly convey several important nuances of the two
delivery systems.

The underlying difference in the contract models is how and when the con-
struction plans and specifications are delivered through the contact. Contracts are
used to distribute risks between the parties in the project. Table 1-1 was developed
by the Washington State Department of Transportation (WSDOT) and shows how
it sees the change in risk distribution between DBB and DB projects. One can see
in the table that in the traditional system, the final plans and specifications (often
called the “construction documents”) form the technical basis of the contract and
define the detailed scope of work, along with the price proposal. A fundamental
assumption of this system is that the plans are complete, constructable, and free
from defects—often a difficult task. In DB, the plans and specification are a deliv-
erable under the contract; the owner’s RFP and the corresponding design-builder’s
technical and price proposals form the technical basis of the contract. This is a fun-
damental paradigm shift.

Proposal ontrac
12

Figure 1-2 DB contract model.
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Table 1-1 Washington State DOT Design Build Project Risk Matrix

1
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Table 1-1 (Continued)

Design-Build
Design-Bid-Build Process
Design-
Risk Owner Shared Contractor Owner Builder
Shop drawings X X
Equipment failure/breakdown X X
Work methods X X
Early construction/At-risk X X
construction
Community relations X X
Performance of defined X X
mitigation measures
‘Warranty X X

Source: Adapted from WSDOT (2004).

One oversimplification in Figs. 1-1 and 1-2 concerns how the DB contract is
procured (how the design-builder is hired and prices the work). The owner’s RFP
can range from a verbal request to one single design-builder, to a formal compe-
tition between design-builders from a published RFP that may contain boiler-
plate contractual language and substantially complete plans and specifications.
Likewise, the technical and price proposals can vary greatly in detail, depending
upon the owner, the design-builder, and the project. Pricing arrangements at the
time the design-builder is hired can range from cost-reimbursable contracts to
lump-sum price proposals that resemble a bid in the DBB process. Thus, when
executing a DB project, all parties must constantly refer back to the documents
produced during the procurement phase for guidance on how the physical design
and construction were defined for contractual purposes. Again, the reader will
find several “chicken or egg” situations throughout this book. It is impossible to
divorce the actions taken or decisions made during the procurement phase from
the post-award design and construction phases. This is particularly true concern-
ing the issue of interpreting performance criteria used in the RFP during both
design and construction.

Performance Criteria

In DBB, requirements are communicated to the constructor through complete
drawings and specifications. In contrast, the nexus of communicating the require-
ments of a DB project is the owner’s development of definitive performance criteria
in the procurement phase, and their promulgation during design and construction.
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These criteria serve to articulate the quality, cost, and schedule requirements for a
given project and become the foundation for the DB contract. The contract model
in Fig. 1-2 describes a salient aspect of DB project delivery: the concept that defin-
itive, project-based performance criteria rather than comprehensive construction
plans and specifications describe the project scope. This is another paradigm shift
from DBB for owners, designers, and builders.

Owners must remember to define the project scope in terms of performance
criteria rather than detailed drawings. It is often difficult to alter an owner’s culture
where its contract documents and administrative procedures may have been devel-
oped around the concept that complete construction drawings would be present
at the time of construction procurement. In the public sector, these procurement
cultures are long-lived; many were developed over the last five decades and they
will not be changed easily or quickly. Architects, engineers, and constructors also
need to learn how to work from a scope defined by performance criteria rather
than complete construction documents. Designers are forced to develop a new
sense of discipline to be able to design to both a budget and schedule defined in
the RFP or the technical or price proposal. Additionally, they must continually
monitor the design process to ensure that the quantities of work they generated
during proposal preparation are not exceeded during design development. Con-
structors need to be attentive to the owner’s needs and changes in scope, from
which they were insulated in a DBB environment. All parties must learn how to
embrace these performance criteria as the definitive project scope, or else risk
costly scope creep as the project proceeds to completion.

Our previous book defined performance criteria as follows:

A rule by which the effectiveness of operation or function is judged and its
value measured. (Gransberg et al. 2006)

So, keeping in mind that the operative words in the definition are “effectiveness of
operation or function,” “‘judged,” and “measure of value,” the parties to a DB con-
tract can move forward and interpret the performance criteria used to award the
project on a best-value basis to the winning design-builder. These criteria set out
the rules by which the evaluation panel and, post-award, the owner’s project per-
sonnel will judge the effectiveness of the design-builder’s design and construction.
These criteria furnish the standard against which the value of each proposed design
solution for every feature of work in the project will be measured. The net effect is
to prescribe the standards for each of the project’s various components. It can truly
be said that having a clear understanding of the cogent performance criteria sets
the stage for a successful project.

Design Review Philosophy

The next major difference between DBB and DB that occurs during project exe-
cution deals with the philosophy used by the owner to conduct design reviews.
Because the design-builder now owns the details of design, the owner’s design
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submittal reviewers are no longer conducting a technical review of the design.
Their role is changed to the level of a compliance review. The technical review
with its attendant checking of codes and calculations should occur as a part of the
design quality control process implemented by the design-builder’s DOR; see
Chapter 4 for detailed discussion of this. The major reason for this shift is the need
to ensure that the legal design liability remains squarely on the shoulders of the
design-build team. An owner that does not train its reviewers on the difference
between a “technical review” and a “compliance review” risks unintentionally
assuming design liability as the DOR implements specific review comment direc-
tives. Thus, the issue circles back to the performance criteria established during
the RFP process and the design reviewers’ understanding that their role is to com-
pare the design-builder’s design solutions with those criteria and decide whether
they comply with the published criteria.

The design reviewers must understand that the DOR must design to the budget
and schedule that are specified in the DB contract. Additionally, it is incumbent on
the design-builder to ensure that no design submittal is given to the owner that
has not been checked to ensure that its contents meet both budget and schedule
constraints. This is necessary to avoid the unnecessary appearance of “bait and
switch” when a change is required for a previously approved design detail, due to
either cost or availability issues. Mutual trust is essential to DB project success, and
the owner’s greatest concern is that the integrity of the design process will be com-
promised by financial considerations post-award. Thus, it is important that, when
the design-builder shows its owner a product of the design process, it be able to
assure that owner that the project will be constructed in exactly this manner if the
design is approved. The issue of trust in DB project administration will be addressed
in greater detail in the Trust in Design-Build Project Administration section later
in this chapter.

Design-Build Project Administration

Although DB project administration is the overall focus of this book, it is appro-
priate to first discuss the high-level differences in this area from the traditional
DBB design and construction administration processes before getting into the
details.

The first point of difference is the fact that DBB project administration
processes were developed with the idea that only design activities would occur
during the design phase and only construction activities would occur in the con-
struction phase. This resulted in a linear model for project administration wherein
only designers and their product would be administered, followed by the construc-
tors and their product. To successtully administer a DB project, however, this linear
thinking on the part of the owner as well as the members of the design-build team
must be laid to rest. Figure 1-3 shows the conceptual time lines for DBB and DB
project administration; one can easily see that if an owner has separate design and
construction administration systems, they will both need to be up and operating
throughout the delivery of a DB project.



Introduction to Design-Build Project Administration 15

Design-Bid-Build . :

1 1

1 1

Planning & Prefiminary Final Engineering Contractor Construction | H
Programming  Engineering Selection : i
1 1

—

|

. Minimal Confrador lnput - Bxansive Confrador nput -
Design-Build .
1
1
Planning &  Preliminary  Design-Buider Final Engineering Construction H Design-Buid
Programming  Engineering Selection ] Time Savings
1

R

__ Minimal Contracor Input Exensive Contrador Input

- L § L

|

Figure 1-3 Conceptual timelines for DBB and DB project administration.

Constructability

One of the oft-cited benefits of DB project delivery is improved constructability
based on extensive constructor input during the project’s design (FHWA 2006).
Figure 1-3 shows that this input actually begins during the procurement phase as the
constructor works together with the DOR to develop the DB technical proposal
that forms the technical core of the DB contract. This input continues throughout
the design process and into construction. Thus, unlike in DBB, a DB project’s
design can be thought to be under continuous constructability review. In DBB, if
there is a constructability review, it typically takes place at a single point in time
after the design is complete. If that review uncovers opportunities to improve the
project’s constructability, a redesign effort will be necessary, which will result in
the loss of previously expended design effort. Thus, in DB, the constructability
process is perceived to add value to the final project, whereas in DBB, con-
structability reviews are not usually welcomed by the project’s designers because
they are perceived to be criticism rather than assistance.

To accrue the benefits of continuous constructability review, the project design
administration system must be established in a manner that facilitates this critical
process rather than discourages it, as is commonly done in DBB. One method for
doing this is to adopt a contractual concept of “design commitment”; this is dis-
cussed in detail in our previous book as well as in Chapters 3,7, and 8 in this book.
Design commitment is essentially made when a working drawing and/or specifi-
cation becomes a construction document approved by the DOR for construction.
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In other the words, the DOR is indicating that no further design work is contem-
plated and that this feature of work is ready for final owner review. Additionally,
the design-builder is indicating that the committed design product has been priced
and that the work can proceed according to the approved schedule. Thus, in DB
the owner’s representative has a yardstick with which to measure the construction
progress and authorize progress payments. Any changes after design commitment
require the owner’s approval. Before design commitment, either the DOR or the
design-builder can make changes as required to meet budget and schedule con-
straints as long as they comply with the technical requirements contained in the
contract. Thus, design commitment essentially acts as a payment mechanism in the
design administration system, as well as a means to communicate the progress of
design effort in a DB project. It also serves to enhance the sense of mutual trust
and honesty that is essential to the project.

Project Control

The DB project administration system must support control of the budget, sched-
ule, quality, safety, and overall documentation. We have found that the key to DB
project control is recognition that the budget and the schedule are fixed before
the ultimate details of project quality are determined. Our previous book
described this as the “three-legged stool” shown in Fig. 1-4. Thus, to appropri-
ately control the project from both the owner’s and design-builder’s perspective,
all the project control systems must be developed with the idea that the variable
leg in the stool is the details of the design. Once those details change from pro-
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posed to approved (i.e., from the proposal design to the final design), the remain-
der of the project control system will function similarly to traditional systems.
However, as each of the five project control areas is established, the entities
involved must check them to ensure that if one control system, such as budget,
indicates a problem, it is possible to address that issue without creating another
issue in the design or construction quality control system. This book devotes spe-
cific chapters to DB project control for the schedule and budget, as well as two
chapters on quality. Therefore, a brief description of the document and safety con-
trol systems is in order here.

Document Control

Document control in DB includes both design and construction documents as
well as the universe of contract communications that occur during any type of
construction project. The major difference between DB and DBB in this area deals
with the need to be able to track the approval of design details directly into the
constructed product. In a fast-track DB project, this becomes even more critical.
The review and approval of design submittals by the owner will always be on the
critical path, and the timely disposition of these documents should be the primary
thrust of the DB document control system. Additionally, as will be discussed in a
subsequent chapter, determining the appropriate number of design reviews based
on project schedule constraints has become prevalent throughout the industry. A
recent study of public owners in the transportation industry found that 15% did
not require intermediate design reviews before the final construction documents
were reviewed, and another 56% mandated only one intermediate review before
the final review (Gransberg et al. 2007).

Concerning the architectural industry, it is interesting to note that the U.S.
Army Corps of Engineers (USACE) recently changed its policy for DB design
reviews, reducing the number of reviews from four (30%, 60%, 90%, and final) to
two (intermediate and final) (USACE 2006). The reason for the change was to
reduce the potential for delays due to waiting for government reviews. In a per-
sonal communication with the authors, Joel Hoffman of USACE explained the
rationale as: “[The]| philosophy is that once the designer of record approves con-
struction and extension of design submittals, the builder can proceed—don’t wait
on us, unless there is a specific government approval required.” Thus, one critical
issue regarding determination of the appropriate number of design reviews is the
need for the design-builder to maintain an aggressive schedule. If the project is not
schedule-constrained, the owner can afford to inject more design review points;
however, design reviews should be minimized on a fast-track project.

A similar philosophy needs to be established for the control of construction
submittals. In DBB, both the design-builder and the owner strive to complete as
many of the typical construction submittals as part of the design process as possible.
This involves crafting subcontracts that require early submission of subcontractor
details of design, such as fabrication drawings and material submittals. For those
that cannot be accomplished until after the final design is released for construction,
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a system to expedite the assembly review and approval by the appropriate author-
ity is essential. Conversely, in DB the DOR rather than the owner will normally
be assigned a large part of the construction quality assurance responsibility to
review construction submittals and to verify that they are in accordance with the
approved construction documents. Therefore, the owner should resist the tempta-
tion to become needlessly involved in this process and thereby create another step
in a critical project control process.

Safety Oversight

In DB projects, safety runs hand-in-hand with constructability and, as a result, the
safety control process must begin during design and carry through to the final
acceptance of the completed project. Thus, as the constructor provides input to
the design, it should ensure that its safety personnel are involved in the continuous
constructability review process, because a safe project is easier to build than one
whose design is inherently dangerous. Integrating safety planning into the con-
structability review process creates an environment where all the design-builder’s
team members must remain aware of the consequences of their decisions on safety.
For example, deciding to use precast concrete structural members on a tall build-
ing removes the hazard to workers of having to build formwork for cast-in-place
concrete members many feet above the ground. It may have other constructability
benefits, but the various impacts of each design decision need to be evaluated by
the DB team rather than merely by the specific designer who draws up the plans
for that feature of work.

Thus, it can be seen from the above discussion that successful DB project
administration depends not only on the plans, policies, and processes executed dur-
ing the project, but, more importantly, is also highly dependent on the actions of
the DB team members themselves.

Trust in Design-Build Project Administration

The emergence of DB contracting on the national scene has certainly been con-
troversial. The emotions associated with the paradigm shift required to implement
it have run high. When DB contracting emerged in the late 1980s, its detractors
consisted primarily of the professional societies associated with the design industry
who argued that the use of DB would inevitably degrade the ultimate quality of
the constructed product by compromising the integrity of the design process. This
fear was expressed in the National Society of Professional Engineers Position State-
ment No. 1726, which said:

Design decisions may be determined or inappropriately influenced by team
members other than the designer. This is more likely to occur when a non-
designer is the lead on the design-build team.The leader may pressure design-
ers to reduce self-imposed quality criteria or design standards to minimum
levels in order to maximize profit. (NSPE 1995)
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Another DB project administration issue deals with the appropriate distribu-
tion of responsibility for quality management in a DB project. To effectively trans-
fer design liability to the design-builder, an owner must also transfer many of the
quality assurance responsibilities. This leads to a concern that “The fox may be
guarding the hen house,” which ties back to the NSPE statement above. A study
by Ernzen and Feeney of the Arizona DOT’s DB program (appropriately titled
“Contractor-Led Quality Control and Quality Assurance Plus Design-Build: Who
Is Watching the Quality?”) addressed this concern directly by comparing project
quality assurance (QA) test data on a DB project where the design-builder had
been assigned the responsibility for QA, with data from a similar project delivered
by traditional means. It found the following;:

Analysis of the data shows that despite a highly compressed schedule, the
quality of the material on the project exceeded the project specifications and
was similar to the quality of work completed for the state under traditional
contracting methods with an Arizona DOT-operated quality assurance pro-
gram. (Ernzen and Feeney 2002)

Additionally, in public policy as well as during project administration, percep-
tions are often as important as facts. Legislative action is heavily influenced by
perceptions and, as previously discussed, implementation of DB for public proj-
ects has had to overcome the perceptions that DB project delivery would result
in an inherently poor quality and possibly unsafe final product because the
designer’s fiduciary loyalty has been moved to the builder’s team. One report on
DB implementation classifies perceptions as “barriers to broad acceptance” (Byrd
and Grant 1993). An interesting discussion of the issue of perceptions creating a
barrier to implementing DB was published by Tom Nicholson in 2005. While it
is specifically directed at architectural projects, its content applies directly to all
types of projects. The article states, “Architects have groomed a cultural percep-
tion that builders can’t be trusted” and, as a result, participating in a DB project
must be inherently unethical. The author goes on to state, “That perception [that
DB is unethical] subsequently contributed to many bidding and contracting laws
that made design-build cumbersome or impossible in the U.S.” (Nicholson 2005).
This perception is contradicted by legislation that specifically authorizes the use
of DB on all types of projects across the country. Nevertheless, the perception is
stubbornly persistent.

From the above discussion, it becomes evident that a successful DB project
administration process will recognize that developing and maintaining a trusting
relationship between the owner and the design-builder is paramount. The sophis-
ticated owner will establish its DB design and construction administration
processes with this idea in mind and seek opportunities throughout the project’s
life to foster open communications and continuous improvement. Owners who
are trying DB project delivery for the first time must recognize that their person-
nel and their policies spring from the DBB “catch and punish” approach to project
administration. This will be especially true for their quality management systems.
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As a result, this book contains two complete chapters that describe the intricacies
of design and construction quality management based on the results of research by
Gransberg et al. (2007).

The Design-Build Project Team

A focus of our first DB book was on how the owner assembled the proper team
to develop the project’s scope and then advertised and awarded the DB contract. It
also spoke to the design-builder’s concurrent actions of developing a design and
construction team whose qualifications and past experiences would not only
match the owner’s requirements but would also win the project. After contract
award, the major activity is to weld together the owner’s team and the design-
builder’s team in a manner that facilitates the expeditious completion of the DB
project. In an ideal world, the owner’s team that developed and awarded the DB
project would stay with the project through final acceptance. While this may not
be possible, it is extremely important that the institutional knowledge with regard
to the project be preserved throughout the project execution period. This is espe-
cially critical when it comes to interpreting the design and performance criteria
that were used in the RFP during design reviews and construction inspections.
Performance criteria are open-ended by definition. Thus, trusting someone who
did not develop the criteria to properly interpret them during design and con-
struction is a recipe for dispute.

The same theory applies to the design-builder’s team. The group that pre-
pared the proposal would ideally be involved in completing the project. During
proposal preparation, both the designer and the builder will generate design
assumptions upon which the price proposal will be predicated. It is important
that those assumptions be realized, if possible, to ensure that the final as-designed
project matches the as-bid project design assumptions and conceptual quantities
of work. The design-builder will have also made assumptions about construction
means and methods when preparing its proposal, realizing that these are every
bit as important as achieving the design assumptions. Often the design-builder
has less flexibility about who must work on the project than the owner because
of the qualifications evaluation that normally is part of the DB proposal evalua-
tion process.

To establish a climate of trust in the project, it is important that the design-
builder ensures that those key personnel whose résumés got the firm selected for
the project actually show up on the first day. Once again, the impression of “bait
and switch” can poison the relationship between the design-builder and the owner
at the outset. Obviously, many things, such as early retirement and job-hopping,
can occur between the time a design-builder submits its qualifications and the time
it gets the Notice to Proceed with a new DB project that would prevent some of
the initial team members from participating in the actual project. If this happens, it
is extremely important that the design-builder notify the owner immediately and
then make heroic efforts to secure a replacement that the owner believes is equal to
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or better than original person. On the other hand, the owner who delays the award
of a DB project should expect the loss of some key personnel because it is not real-
istic to think that today’s design and construction companies can allow their best
people to sit idly waiting for a decision by a single client.

The Owner's Design-Build Team

The public owner’s team must include all the administrative and technical expert-
ise necessary to allow it to satisfy its responsibilities to the public for delivering a
high-quality, safe facility. These same arguments can be made for private owners
and developers that will own or sell a facility after its completion. The team typi-
cally consists of the following entities:

* Project Management: the personnel or consultants who will control the
project on behalf of the owner.
e Procurement
— Contracting
— Real estate/right of way
— Legal counsel
* Design: either internal personnel, consultants, or a combination
— Engineering
— Architectural
— Environmental
—  Special technical consultants
* Construction: either internal personnel, consultants, or a combination
— Engineering
—  Quality management
—  Safety
* Facility End User
—  Operations
— Maintenance
— Tenant organization
* Public Affairs or Marketing: a group responsible for coordinating with
both third-party stakeholders.

A private owner will have similar functions on its team, but there will probably
tend to be a larger number of consultants rather than internal employees. Addi-
tionally, the private owner’s project objectives are often financial rather than statu-
tory; the reverse is true for public owners. Thus, the private owner’s team may also
have members whose expertise is needed to ensure the DB project achieves its
pro forma financial requirements, such as a minimum rate of return on the capital
investment. Finally, a private owner without any technical design/construction
expertise may choose to retain a consultant, such as a construction manager, to
manage the DB contract as the owner’s agent. In this case, the consultant will need
to bring the above list of capabilities to the project.
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Owner’s Project Management Team

This group is charged with the cradle-to-grave management of the DB project.
Ideally, the key members of this group will have been involved in the development
of the project scope and its RFQ/RFP, as well as have participated in the DB pro-
posal evaluation process that led to the best-value award decision. This group will
lead the project team throughout the project administration process. Its major
responsibility is to ensure that, as the details of the project’s final form are devel-
oped, they conform to the original intent portrayed in the project’s scope of work
and that all salient objectives for the project’s execution are achieved. An example
of this type of objective would be to minimize disruption to the traveling public
during construction of a DB urban freeway expansion project.

This group often has the authority to authorize progress payments to the
design-builder for design and construction. This entity will also have the authority
to make changes to the contract scope of work if and when they become neces-
sary. Ultimately, this group is directly responsible to the owner’s senior manage-
ment for the success of the project. This group will normally be made up of senior
technical and administrative personnel, and its charter will be to keep the global
perspective of the project in focus as the details are created.

Owner’s Procurement Team

Depending on the project and the owner’s internal organizational structure, the
procurement team may have either a very small or a fairly large part to play during
project administration. The U.S. federal government, for instance, has evolved a
very complex structure around a position called the “contracting ofticer.” This
position is not normally filled with a technical person. Rather, it is a purely admin-
istrative position that receives advice and guidance from the technical experts on
the owner’s design and construction teams. No change of awarded DB contract
scope can be made without the contracting officer’s approval (FAR 1997).Thus, a
federal DB project will see the active, continuous involvement of the federal
owner’s procurement team during project administration. Private owners will usu-
ally assign this type of authority to its project management team and, as a result,
the procurement team will disappear upon contract award. Public and private own-
ers will also rely on legal staff to draft the procurement documents. In the final
analysis, this team’s major responsibility is to ensure that the project is delivered in
a manner that conforms to all applicable legal and regulatory standards, as well as
to deal with any disputes that may arise.

Owner’s Design Team

The owner’s design team must have the requisite technical expertise to be able to
adequately review the design submittals produced by the design-builder as well as
to knowledgeably interpret the performance criteria contained in the DB scope of
work. Ideally, the members of this team will be the same people who developed
the project’s performance criteria and thus will intimately understand their technical



Introduction to Design-Build Project Administration 23

intent. This group will form the nucleus of the owner’s design submittal review
team and will normally be the people who implement the design quality manage-
ment tasks for which public owners are statutorily responsible. This will ensure
that the conditions established by project permits as well as design criteria and
building codes are satisfied by the design-builder. Often, the owner will supple-
ment this group with special technical consultants who have unique expertise in
various features of the project’s scope. Many state DOTSs retain a general engineer-
ing consultant to augment their internal design staft on fast-moving DB projects
(Gransberg et al. 2007). This makes sense in that the design review activities are
always on the project’s critical path, and it behooves the owner to ensure that all
design reviews are completed as expeditiously as possible. It also reinforces the
partnering agreement with the design-builder by tangibly demonstrating the
owner’s commitment to not only maintaining a cordial working relationship but
also assisting the design-builder in hitting its most critical project milestones. It is
important that the owner not reassign this team after the final design is released for
construction because they will be needed to assist the owner’s construction team
with field changes as well as final acceptance activities. Additionally, experienced
owners have found that it is important to appoint one individual on this team as
the single point of contact for all design issues, thereby ensuring that all design
decisions flow through a single point and are thus properly coordinated with other
design disciplines on the team.

Owner’s Construction Team

This group will represent the owner’s interests during construction. Once again,
this team should be composed of individuals with the requisite technical and expe-
riential background to be able to authoritatively interface with the design-builder’s
field staft, as well as able to handle design issues that may appear during construc-
tion. Because the owner is no longer the DOR’s direct client, and the designer
and builder are on the same side of the contract, the chain of paperwork that is
associated with making design changes during construction is abbreviated. The
design-builder can make design decisions verbally in the field as long as they are
properly documented in the as-built drawings and specifications. Thus, the owner’s
construction staft must often be augmented with design personnel who have the
necessary expertise to evaluate the impact of design changes made in the field for
the convenience of the constructor. The team may need special expertise to over-
see the various construction engineering and quality management tasks that will
occur during the course of construction.

Facility End User

The role of this entity on the owner’s DB team cannot be overemphasized. This is
the organization that must ultimately take over the DB project after it is con-
structed and put it to its intended use. This group should have made extensive input
to the project’s scope of work during RFP development. After project award, this
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group needs to remain involved, expressing preferences and furnishing input
regarding operability and maintainability issues during design and construction. In
the final analysis, if this entity is not satistied with the final constructed product,
the DB project is a failure.

Owner’s Public Affairs/Marketing Team

This group is normally responsible for coordinating with entities outside the nor-
mal project team. This includes third-party stakeholders such as utility companies
and railroads, the general public, and the news media. It is not uncommon to find
this group assigned to the project management team because of the importance
of their efforts. Their main objective is to take care of the external issues for the
project team, allowing the other members to focus on getting the project designed
and built without having to be distracted by short-term, low-impact crises origi-
nating outside the project itself. In private projects, the owner often employs a
marketing team to help advertise the project and liaise with groups directly affected
by construction.

The Design-Builder's Team

The design-builder’s team includes all the people and organizations that were
promised in the project’s winning proposal, plus those who were not specifically
identified but from whom necessary service is required to complete the project in
accordance with the DB contract. It typically consists of the following entities:

* Project Management: the personnel or consultants who will control the
project on behalf of the design-builder
* Design:
—  Design administrator
—  Designer-of-Record
—  Design subconsultants
—  Special technical consultants
* Construction:
— Construction manager
— Trade contractors
— Material/equipment suppliers
—  Cost engineering/project controls
—  Quality management
— Construction engineering
—  Safety
* Support Staff:
— Legal counsel
— Logistics
— Real estate/right of way
— Public affairs.
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Design-Builder’s Project Management Team

The design-builder’s project management team contains the senior leadership
necessary to execute the project in accordance with the contract. The team
should be the same people who prepared the winning proposal and who have an
intimate knowledge of the assumptions, allowances, and contingencies that were
used to arrive at the proposed price. Additionally, the team understands the
design-builder’s business objectives as well as the basis for the target profit mar-
gin used in the proposal. In the case where the design-builder is actually a consor-
tium of several companies that was formed to compete for the given project, the
project management team will contain members from each equity partner to the
consortium. It will have the authority to obligate the design-builder in contracts
and to authorize the payment of subcontractors and material suppliers. It will
also have the authority to make changes in the agreements that were consum-
mated in conjunction with the project. It is important that this group have a
clear leader to whom the final decision in all business matters relating to the DB
project can be referred. This individual will serve as the design-builder’s point
person in all dealings with the owner. While other members of the team will be
able to deal with members of the owner’s team in routine project management
matters, it is key to the project’s success that the designated leader be kept informed
of these dealings, and that when conflicts arise the leader become involved in
their resolution.

Design-Builder’s Design Team

The design-builder’s design team is led by the design administrator. This is an indi-
vidual with strong design credentials whose primary duty is to manage the design
process and to coordinate it with the construction process. This person is different
from the DOR 1in that he or she has no design production responsibilities. This
position acts as a single point of contact for the owner on all design issues. This
individual is personally responsible for seeing that these issues are resolved in a
manner that facilitates achievement of the project schedule and that the final design
conforms to the budget portrayed in the price proposal.

The DOR leads the design production team itself. This individual is the single
point of responsibility for all design decisions and design products for the design-
builder’s design team, and may supply the required professional liability insurance.
The DOR reviews, coordinates, deconflicts, and approves for construction all design
and extensions of design produced by all members of the design-builder’s design
team.The DOR may also lead the design quality control effort as appropriate.

The design team is rounded out with all the necessary design subconsultants
and technical specialists necessary to complete the project’s final design. The team
will also remain intact throughout construction, performing construction quality
assurance tasks as required by the contract. In some fast-moving DB projects, the
owner has required that the design team literally co-locate with the construction
team and conduct the DB design effort at or near the project site.
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Design-Builder’s Construction Team

The construction team looks much like any contractor’s construction team and is
made up of those forces necessary to complete the work using the means and
methods assumed in the proposal. However, in DB, this team must be prepared to
work with less than a complete design for most features of work. Additionally, the
trade subcontractors and materials suppliers must be prepared to develop and fur-
nish typical construction submittals at a much earlier stage, usually during the
design phase, to allow the design-builder to leverage the DB process by minimiz-
ing the internal construction administration effort. Another difference is the con-
tinuous involvement of the construction cost engineering group in the design
effort, making sure that the final design does not exceed the cost parameters con-
tained in the price proposal. This must be done hand-in-hand with the DOR
through the offices of the design administrator so that lost design effort by the
design team is also minimized. The construction quality management team will
take its form from the contractual allocation of quality control and quality assur-
ance responsibilities articulated by the owner in the DB contract.

Design-Builder’s Support Staff

This group furnishes the backbone that gets the thorny details of the project’s
administration and logistics accomplished. It will always coordinate the procure-
ment of materials and the efforts of the trade subcontractors. If the project includes
the procurement of real estate or right-of-ways, this group will take the lead at an
early stage in the project to find the land upon which the project will ultimately
be built. Many large DB projects in the transportation and public works sectors
also require the design-builder to retain a public relations firm to coordinate com-
munity outreach, public information, and news media coverage of project progress.

Project Team Summary

DB project delivery requires both the owner and the design-builder to assemble
teams that match the DB project itself. It is also helpful to have clear understand-
ing and lines of authority between the owner and the DB teams. Additionally,
because DB requires the fixing of project cost before design completion and because
compressing the project’s schedule is normally one of the project objectives, it is
important that the team members are not only competent but also flexible in their
ability to react to the challenges associated with this project delivery method.
‘When assigning resources to the DB project team, both the owner and the design-
builder need to remember that the scope is defined by performance criteria whose
proper interpretation requires the mature professional judgment that springs from
relevant past experience. When putting together a DB project team, the owner
must be brutally honest regarding the abilities of its organization to adapt to this
project delivery method. If it has no previous DB experience, it would be wise to
retain a DB consultant to assist the team in making the transition from DBB to
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DB. Every DB project has one specific project goal that it must achieve, and the
owner had that goal in mind when it made the decision to select DB project deliv-
ery. To achieve that preeminent goal, both the owner and the design-builder must
have the right teams.

Identifying the Preeminent Factor for Using Design-Build

Perhaps the greatest secret to DB project administration success lies in the owner
and the design-builder always keeping in mind the owner’s major reason for select-
ing the DB project delivery method and then using that factor as the yardstick
against which to assess project decisions. At project inception, the owner will have
identified the various aspects of the project that must be achieved to meet its
requirements. Generally, these will fall into the categories of cost, schedule, and
quality as defined by the technical design. Of these three factors, the project will
normally have one that is the most important for this project’s ultimate success.
This will be called the “preeminent factor,” and it is the one for which the owner
is prepared to sacrifice pieces of the other two so that this factor will be achieved.

An excellent example of this comes from the Utah DOT’s I-15 project in Salt
Lake City that was completed in 2002 (Postma et al. 2002). While UDOT obvi-
ously had a fixed budget and certain standards to maintain with regard to quality,
schedule was the preeminent factor because the project had to be finished prior to
the start of the 2002 Winter Olympics. That factor was the reason why UDOT
selected DB project delivery. In this case, the owner could not complete the nec-
essary work using the traditional process in time to meet the deadline. Thus, a proj-
ect whose preeminent factor was schedule had to be designed and built seeking
every opportunity to compress the project delivery period. If there were two pos-
sible technical design solutions to a given feature work, the design-builder with
the owner’s support would select the option that could be designed and built in
the shortest amount of time. As a result, it was vital to project success that every
member of every team on both sides of the DB contract was aware of the project’s
preeminent factor so that they could perform their duties in a manner that sup-
ported its achievement.

Examples of other preeminent factors can be found in published project goals
in RFPs. Published project goals relating to highway construction are provided in
Table 1-2.The project goals in Table 1-2 vary in style and emphasis due to the
unique project needs, but they all help define the agencies’ requirements in terms
of schedule, cost, quality, aesthetics, and end user requirements. The application of
these goals throughout the project administration process will help owners and
design-builders successfully administer their project and avoid potential disputes.

It 1s possible to award a DB contract where there is no price competition. This
is called “Fixed Price-Best Proposal” (Gransberg and Molenaar 2004). In this par-
ticular case, the owner has a fixed budget and is advertising to see how much
“bang” it can get for its “buck.” When a DB project is awarded using this method,
the preeminent factor is cost. Therefore, both the owner and the design-builder
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Table 1-2 Examples of Design-Build Project Goals

Agency

Project

Project Goals
(in descending order of importance)

Colorado DOT

New Mexico
DOT

South Dakota
DOT

‘Washington DOT

Colorado Springs
Metro Interstate
Expansion Project

Southeast Corridor
Multi-Modal
Project (TREX)

US-70 Hondo Valley

Interstate 229

Everett HOV
Design-Build
Project

1-405 Kirkland
Stage I

Maximize capacity and mobility
improvements in the corridor within the
program budget of approximately $150 million
Minimize inconvenience to the public during
construction

Provide a quality project
Complete by the end of calendar year 2008
Provide a visually pleasing final product

* Minimize inconvenience to the community,
motorists, and the public

Meet or beat the total program budget
Provide for a quality project

Meet or beat the schedule of June 30, 2008

Cost not to exceed budget
High quality, safe, aesthetic, environmentally

responsible, durable and maintainable project
Contract awarded and signed by June 2002
Project completion not later than September
25,2004

Valid basis for evaluation of DB delivery system

Timely completion
Quality design and construction
R easonable cost

Deliver the project within budget

Achieve substantial completion by October
1,2007 or sooner

Achieve quality of design and construction
equal or better than traditional DBB
Provide a safe construction site for workers
and the traveling public

Meet or exceed environmental requirements
and expectations with no permit violations

Foster confidence with the environmental
permitting community in the DB process
Manage traffic to minimize disruption and
inconvenience to the public during construction

Maintain community support during design
and construction

Quality of design and construction

(on time within budget)

Environmental compliance and innovation
Maintenance of traffic

Public information and community
involvement
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must approach such a project with the idea that the scope is now variable, rather
than the price. Thus, if an unexpected condition arises where the design-builder
will be due extra compensation that would exceed the owner’s budget, it is incum-
bent upon the design-builder to seek options that not only mitigate the cost of
the unforeseen condition but also reduce costs elsewhere in the project to allow
the owner to achieve its budget. In the private sector, it is not uncommon to asso-
ciate a guaranteed maximum price (GMP) with these types of projects.

Finally, there are those projects where quality, as expressed by the technical design
and/or the service it provides, is the preeminent factor. This would be the case in a
building whose purpose is to serve as a piece of monumental architecture. This is
also the case in an industrial process facility whose purpose is to produce an indus-
trial product, and the DB project is merely the initial capital investment in the
process. In this case, an unforeseen spike in the price of construction materials will
need to be absorbed, or financing to reimburse the design-builder for the cost of an
unforeseen site condition will need to be found to preserve the technical quality of
the DB project.

Clearly identifying, communicating, and discussing the ramifications of the DB
project’s preeminent factor among both the owner’s and the design-builder’s project
teams will pay dividends during project administration. It furnishes a basis for deci-
sion making. It also provides a reason to generate and evaluate alternatives for design
and construction. Finally, it furnishes a common ground where all the players can
plan and execute their individual responsibilities. In fact, it can become the theme
around which the project’s partnering and team-building efforts can be centered.

Partnering the Design-Build Contract after Award

An important factor in achieving a high-quality DB project is free and open com-
munication between all parties during the design phase (Beard et al. 2001). DBIA’s
Manual of Policy Statements states: “DBIA advocates both formal and informal proj-
ect partnering and considers the partnering philosophy to be at the foundation of
design-build delivery” (DBIA 1998). Partnering is a concept that seeks to bring
together the various parties to a contract in a manner that creates an environment
of open communication and trust. It has been used successfully in DB projects
since the late 1980s.

The term “partnering” evokes different meanings in different sectors of the engi-
neering and construction industry. Among the designers and builders of privately
financed projects, partnering is a strategic relationship that is developed for rela-
tively long periods and for multiple projects. These strategic partnerships garner
many advantages for their members. The main one is the development of a thor-
ough understanding of the partners’ motivations, trustworthiness, and means of
communication. This understanding allows one partner to gauge the other partner’s
potential reactions to an impending crisis. It also encourages the honest sharing of
bad news in a timely manner, which permits joint action to avert or minimize the
impact of the crisis on the successful completion of the project in question.



30 Project Administration for Design-Build Contracts

Partnering in the Public versus Private Context

Private strategic partnerships have an advantage over their counterparts in the pub-
lic sector in that private entities are relatively free from regulation of the form and
substance of their internal operational activities and contractual relationships. Public
agencies must answer to lawmakers, regulators, and the public alike. Thus, the free-
dom for public agencies to develop long-standing, strategic partnerships with pri-
vate organizations is greatly diminished if not eliminated altogether. As a result, pub-
lic agencies have traditionally focused their partnering activities on single-project
team-building seminars. However, it should be noted that DB project delivery is
used in public—private partnership (PPP) projects, and recently enacted public laws
such as the FHWA Special Experimental Program 15 (FHWA 2007) now permit
many public agencies to engage in the long-term strategic partnerships that for-
merly were confined to the private sector. The remaining discussion of partnering
in the DB context will be confined to the single-project version described below.

The literature shows that the growth of project partnering is directly related to
the growth in claims and litigation regarding construction contracts throughout the
United States (Kubal 1994). In the late 1980s, the USACE led the way for public
agencies to begin using this new business practice as a means to avoid disputes and
consequently reduce the ultimate cost of delivering public facilities. To verify the
success of partnering, projects must be measured. One pitfall in past efforts to meas-
ure partnering performance involved the collection and interpretation of statistics
regarding partnering. In public agencies, there was a tendency to credit partnering
for project successes even when there was no tangible evidence of any improve-
ment over the status quo.This was caused by the intense personal investment public
project managers and contractors made during partnering sessions. There is no
doubt that enhanced communication greatly improves a project’s management/
dispute resolution environment. However, most early studies of the process failed to
identify significant benefits that can be directly attributed to partnering programs.
The first study of the Texas DOT’ (TxDOT) partnering program (Grajek 1995)
found that partnered projects finished an average of 13.73% ahead of schedule as
compared to non-partnered projects (9.68%). While this appears to show some part-
nering impact, the fact that most projects finish ahead of the contract completion
date indicates that TxDOT is generally conservative in establishing contract dura-
tion. While there is nothing fundamentally wrong with this policy, it makes inter-
pretation of actual performance data difficult with regard to schedule. A study of
the Ohio DOT’s partnering program (Chapin 1994) addressed only cost growth
and found that 20 partnered projects had a 1.00% cost growth as compared to
123 non-partnered projects which averaged a 4.03% cost growth. Although the
partnered sample size was small, it does seem to suggest potential benefits for part-
nering on DBB projects.

USACE found that partnering is most valuable on projects with tight schedules
where techniques such as issue escalation and open communication tend to
enhance the efficiency of critical decision making. The constructor is allowed the
maximum amount of time to react to scope changes and retain satisfactory
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progress. Additionally, change order time extensions are much more important to a
constructor on a project with a tight schedule than on one that has greater sched-
ule flexibility (Kubal 1994). Thus, the constructor will be more liable to formalize
a dispute over a time extension on a project that has a tight schedule rather than
when there is greater schedule flexibility (Kane 1992). This fact further blurs the
validity of the apparent schedule improvement on partnered TxDOT projects.

The above discussion is not meant to cast doubts on the validity of the partner-
ing process but, rather, to indicate the importance of understanding the dynamics
of the process that produces the contract performance data. Studies done on
USACE and Naval Facilities Command (NAVFAC) projects were confined to
competitively bid, firm-fixed-price projects (Pina 1993; Schmader and von
Rosenvinge 1994; Weston and Gibson 1993). Since the time frame of those stud-
ies, “best value selection” has been implemented on a broad scale by USACE and
NAVFAC. Best value selection removes the requirement to award to the low bid-
der and has changed the dynamic under which partnering was developed in the
federal government (Ellicott and Gransberg 1997). This approach shows much
promise in that strategic relationships that produce positive outcomes for both par-
ties are able to reap benefits from the synergy of repetition.

A later study on a much larger sample of TxDOT’s early DBB partnering pro-
gram found that partnered projects outperformed non-partnered projects in every
category in which they were compared and provided an effective means to control
both cost and time growth (Gransberg et al. 1999). Additionally, the field survey
showed that 60% of TxDOT personnel and 85% of constructor personnel felt that
implementing partnering improved the quality of the project as well (Gransberg
et al. 1998). A study of NAVFAC’s DB partnering process produced similar results
and dramatically demonstrated the benefits of applying partnering principles to
DB projects (Allen et al. 2002). Finally, a study of the Arizona DOT’s partnering
efforts on a major DB project in Phoenix found that partnering DB transportation
projects was a natural fit, stating:

Design-build by its nature lends itself to the partnering concept. The part-
nering concept ideas of increased communication, alignment of goals, and
development of a dispute resolution system fit perfectly with design-build’s
overarching theme of single-point responsibility for the owner. Increased
pressure because of schedule compression typical of most design-build proj-
ects makes partnering a vital necessity. (Ernzen et al. 2000)

Because most formal partnering programs begin shortly after contract award, it
is logical to include this discussion of the benefits of partnering in the first chapter
of this book. It should be noted that in many cases, actual partnering begins dur-
ing the design-builder’s team-building period that accompanies proposal prepara-
tion during the procurement phase for the designers and constructors on the
design-builder’s team. Additionally, many owners apply partnering principles to
developing strong working relationships with external stakeholders, such as public
environmental agencies, political entities, major property owners that will be
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affected during the project, special consultants, and so forth. These procurement-
phase partnering efforts often involve internal lawyers, engineering discipline areas,
and procurement personnel, and can have the same impact on the project as the
DB team partnering prior to contract award.

Notwithstanding the pre-award internal partnering opportunities for the owner’s
and the design-builder’s teams, the first opportunity to extend that partnering effort
to the owner’s and design-builder’s project personnel occurs upon contract award.
One goal of the initial partnering meeting should be to create the conduits of com-
munication that are necessary to transmit critical design information and owner
preferences to the design-builder’s design team. Another goal is to develop the struc-
ture for ensuring that not only the designers on the owner’s and designer’s team are
aware of critical information, but also that the constructors are included in the
information loop to ensure that the level of constructability upon which the price
proposal was established is not compromised during the design phase.

Design-Build Partnering Communications Protocol

“Open communications is the key to any partnering process” (Ernzen et al. 2000).
The DB team for the Arizona DOT’s DB project described earlier developed a
protocol based on a series of weekly joint meetings after the initial partnering
workshop to foster an environment of free-flowing communications. Figure 1-5
displays the content and outcomes of those routine meetings, as well as the atten-
dees. Of particular importance for this synthesis is the fact that the design-builder’s
primary design and construction quality managers were prominently involved in
each of the sessions.

Tuesday AM Thursday AM
;. " 4 . DB Schedule/Quality
Design Team Meeting Meatin

DOR, Owner, DQM, CQM

Qutcome: Design Status
Progress

DBPM, DOR, Owner,
DQM, CQM, Field

Outcome: DB Status
Progress

Wednesday PM

Construction Schedule
Meeting

DBFM, CQM, CPM,
PRM

Qutcome: Update
Construction Schedule

Tuesday PM

Design Team Meeting
DOR, CPM

Qutcome: Update Design
Schedule

Thursday PM

Public Relations Meeting
Owner, PRM, CPM

QOutcome: Update PR
releases

Figure 1-5 Arizona DOT I-17 design-build project partnering communications protocol.
DOR, designer-of-record; DQM, design quality manager; CQM, construction quality manager;
DBPM, design-build project manager; CPM, construction project manager; PRM, public relations
manager.

Source: Adapted from Ernzen et al. (2000).
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One can see in Fig. 1-5 that the outcomes of one meeting drive the subject of
the next meeting, starting with design status and eventually ending up with a pub-
lic relations release that updates the traveling public and other third-party stake-
holders on developments of interest in the project. This commitment to partner-
ing in DB project execution creates a mechanism to not only ensure that design
quality issues are addressed as they are encountered, but also to extend the design
decisions into the construction phase and evaluate their impact on constructability
as well as resultant construction quality. The regular and routine involvement of
the owner’s project team members provides a point at which owner quality man-
agement activities, such as over-the-shoulder design reviews and other quality
management tasks, can be undertaken if the owner has decided to assign design
and construction QA and QC responsibilities to the design-builder. Some owners
enhance this effort by requiring that the design-builder’s design team be co-located
with the construction team and, at times, the owner’s DB project personnel.

Design-Build Success Factors

Some common themes for successful design-build projects are presented through-
out this book. The reader is encouraged to keep the following items in mind as
they read the text:

e DB requires a higher level of trust and partnering.

e DB requires the owner to develop definitive, functionally driven
performance criteria.

e DB requires a cultural shift away from the DBB mentality.

e Remember who owns the details of the design.

e Get the team together early and keep it together.

e The DB contract is a “construction’” contract that also covers design.

e Constructors have been doing “design” all along in the form of shop
drawings and submittals.

e DB is a scope-driven endeavor.
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TWO

Scheduling Design-Build Projects

In 1996 the University of Colorado conducted an owner survey to identify the fac-
tors that are used by both public and private owners in selecting design-build (DB)
project delivery (Songer and Molenaar 1996). The essence of this research was to
quantify owners’ opinions as to the perceived benefits of DB.That study found that
there is one primary reason why owners select DB: to shorten project delivery period
duration. A 2003 study for the National Cooperative Highway Research Program
(NCHRP) of the National Academies’ Transportation Research Board recorded
the perceptions of state department of transportation (DOT) upper managers
regarding their perceived benefits of implementing DB. It found those managers to
believe that ... design-build projects opened to the public much sooner ... [and]
there is a considerable saving to the public in the form of user cost benefits due to
significant schedule accelerations” (SAIC 2003, p. v). Finally, in 2004 the Federal
Highway Administration (FHWA) published its study on the effectiveness of DB in
transportation projects. The study addressed project performance in the areas of cost,
schedule, and quality, and it found that “[D]esign-build project delivery reduced the
overall duration of their projects by 14 percent . . . as compared to design-bid-build
project delivery” (FHWA 2004). These two recent studies confirmed the Songer
and Molenaar (1996) research conducted more than a decade ago, which found that
the primary reason for public owners selecting DB project delivery was to compress
the project schedule. This leads to the conclusion that scheduling is a critical ele-
ment of success in DB project delivery and therefore must be given prime attention
for no other reason than to meet the owners’ expectations.

There are three situations that drive many owners to select DB to compress the
delivery schedule. In the first case, a project that has a postconstruction revenue
stream associated with it, such as a toll bridge, a hotel, or a water treatment plant,
will increase its profitability and hence its economic viability for every additional
day of revenue that can be derived from the early opening of the project. From this
perspective, it is easy to understand why gaming companies in Las Vegas have
selected DB as the method for building their new casinos. Even less glamorous proj-
ects like commercial parking garages or strip malls will incrementally enhance their
long-term profitability if their owners are able to open their new facilities days or

37



38 Project Administration for Design-Build Contracts

weeks earlier than would have happened using traditional project delivery. The
concept that allows this to happen is permitting construction to begin before design
is complete. In essence, the owner is consciously deciding to not wait until the color
of the interior paint has been determined before starting to dig the foundations.

The second situation most often occurs in public sector projects where the
expiration of funding authority, perhaps at the end of a fiscal year, creates a need
to “obligate” the designated funding through contract award before the drop-dead
date. In this case, owners select DB when they realize that there is not enough time
to award a design contract, complete the design, and then advertise, bid, and award
the construction contract. This can also happen in the private sector when the
same set of circumstances places the construction finish date beyond the project’s
required delivery date. Thus, seeking to reduce the schedule by allowing concur-
rent design and construction activities allows the owner to complete its project in
the time available. The I-15 project in Utah is a recent example of this. The Utah
DOT had to complete the billion-dollar project before the start of the 2000 Winter
Olympics (Postma et al. 2002) and used DB as a way to successtully accelerate both
design and construction. In another example, a commercial building project in
Oregon used DB where the project’s financing depended on awarding the con-
struction contract by a particular date to lock in the interest rate. DB was the only
way to award the construction contract on a lump-sum basis before the design was
complete and as a result was selected.

The third reason is most keenly felt in the public transportation sector, where
the need to increase capacity rapidly while minimizing congestion during con-
struction creates another objective. Timeliness is the paramount factor in trans-
portation infrastructure projects, and nowhere is it more critical than on congested
urban freeway projects. User costs of congestion due to delays, increased toxic
emissions, and other factors on urban freeways can exceed $10,000 per lane-mile/
day (Hicks and Epps 2000). Thus, a typical eight-lane urban freeway would incur
a user cost of $80,000 per mile per day, and a hypothetical five-mile urban freeway
upgrade project would generate user costs on the order of $400,000/day. Taking
this analogy one step further would lead one to determine that the 30-day period
normally used to advertise and award a traditional DBB project would cost the
commuters $12 million on that five-mile stretch of freeway; thus, DB would
generate a significant benefit by delivering a needed upgrade just one month ear-
lier than it would have been delivered using traditional means. While the actual
value of user costs is a subject of much debate, there is no argument about the fact
that they indeed are incurred, and the 14% average reduction in project duration
cited in the FHWA study (2004) would translate to a commensurate 14% reduc-
tion in user costs of congestion both during construction and after the improve-
ment is made.

In all of the above situations, the owner is “getting” an early delivery in exchange
for “giving up” direct control of the details of design to the design-builder. There-
fore, by moving control of both design and construction to a single entity, that entity
is able to start construction at the earliest possible point. This does not necessarily
imply a “fast-track” project as defined in Chapter 1. In the commercial building
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example described above, the reason for selecting DB was related to a financial
deadline rather than the desire to open the facility as soon as possible. Therefore,
the owner ultimately required that the design-builder complete the construction
documents and pull all the permits before authorizing construction to begin. Thus,
selecting DB does not force the owner to allow the design-builder to proceed as
rapidly as possible. A DB contract structured to include both design and construc-
tion Notices to Proceed allows the owner to complete the project in much the
same manner as a traditional one, while quantifying the construction costs at an
early point in the design process and saving the time it takes to advertise and award
a construction contract after design is complete.

All of the above discussion is to lead the reader to the understanding that sched-
uling is particularly critical to DB project success. It also shows the importance of
coordinating the scheduling of design products with their corresponding construc-
tion features of work.To put it simply, to build a schedule for the design effort that
does not inextricably interconnect with the construction is to fail to frame the
problem in its appropriate context. Gauer (2000) puts it like this: “. .. on a Design
Build project, the design activity is always on the critical path. The key challenge
for the engineering team is for the design to get ahead of construction at the soon-
est possible date . . . there is a simple need to design first what the contractor will
build first.”” Hence, there is a clear need to ensure the integration of the DB pro-
ject’s schedule to plan and control the integrated delivery of the project itself.

Analyzing Contract Schedule Requirements

‘When scheduling a DB project, the first item that must be checked is the contract
itself, which will undoubtedly contain contractual schedule factors that originated
in the project’s Request for Proposal (RFP) and/or the winning proposal. These
schedule requirements will embody many of the possible solutions to the owner’s
project delivery timeline problem. The first type are those that actually define the
milestones on the project schedule itself. These are explicit constraints on the time
function associated with this project. They are:

* Required delivery date

* Intermediate completion dates

» Construction phasing requirements
* Site availability date

The next type are those that constrain the pace of the project itself. These are more
subtle in nature and operation, and the DB team must seek to clearly understand their
impact on potential scheduling solutions by the design-builder. Examples of these are:

* Permitting and external design/project review requirements
* Cash flow considerations
» Fast tracking
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At the earliest possible moment, the DB scheduling team should ensure that
the pace constraints are not in conflict with the contractual schedule requirements.
For example, a public owner using fiscal year constrained funding for a multi-year
project may have unintentionally created a requirement to phase construction in a
manner that involves constructing more product than the owner has the funding
authority to reimburse. Also, a project that requires a significant environmental
permitting process by an external agency with no incentive to facilitate progress
may not be able to realistically achieve specific intermediate milestones through
no fault of the project’s owner or the design-builder.

The final thing that the scheduling team should do is to make sure that the
schedule factors are in harmony with the technical requirements and that no unin-
tentional conflict has been created that would jeopardize timely project comple-
tion. An example of this is a project that includes an item of equipment with a
long lead time between order and shipping.

Design-Build Contract Scheduling Clauses

As with all other aspects of construction project delivery, one must first look to the
contract to determine not only the requirement to furnish a DB delivery schedule
but also to evaluate any constraints or specifications that are imposed on the form,
format, and content of the schedule itself. The actual verbiage used in each clause, as
well as the requirements, will vary widely, ranging from no requirement to submit a
schedule to the owner in some private negotiated DB contracts, through the standard
form clauses promoted by professional societies such as the Design-Build Institute of
America (DBIA) and the American Institute of Architects (AIA), to highly detailed,
many-page scheduling specifications in use by some state and federal agencies.

A 2001 study at the University of Texas took a comprehensive look at schedul-
ing specifications (Ballast and Popescu 2001), subsequent to which the authors
proposed a three-part specification. Table 2-1 is a synthesis of the content of the
specifications in that study and furnishes a nice checklist for both owners and
design-builders to use as a comprehensive baseline against which the scheduling
requirements in a given DB project can be measured. The study surveyed both
owners and contractors and found significant agreement in what both groups per-
ceived to be the essential elements of a well-written scheduling specification. These
are listed below, along with the clause number assigned by the researchers.

* 1.2 Scheduling Responsibility

1.6 Detailed Network Submission

* 2.1 Network Analysis Technique

* 2.2 CPM Software (or Equal) to Be Used
e 2.3.1 Activity Description

e 2.3.2 Activity Duration (Time Units)

* 2.3.3 Activity Coding System

* 2.3.8 Work Calendars

e 2.5.3 Detailed Network
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Comparing the above list to Table 2-1 leads to the inference that a scheduling

specification should be focused on furnishing a definition of the essential elements

of the schedule and how they are to be related. One conclusion from the study

was that “[For scheduling] specifications to be effective, they need to meet the
objectives of both owners and contractors” (Ballast and Popescu 2001, PS.01.1.).

Table 2-1 Generic Contract Scheduling Clause Components

1.0 General
Organization and
Responsibility

2. Scope and Products

3. Progress
Monitoring
and Updating

1.1 Description,
References, Standards

1.2 Scheduling
Responsibility

1.3 Minimum
Qualifications of
Planning and Scheduling
Staft

1.4 Training
Requirement for
Contractor,
Subcontractor, Owner

1.5 Preliminary Network
Submission Deadline

1.6 Detailed Network
Submission Deadline

1.7 Review and Approval
Process

1.8 Cost of
Planning/Scheduling and
Monitoring

1.9 Progress Payments for
Planning/Scheduling and
Monitoring

1.10 Subcontractor Input

1.11 Contractor’s
Scheduling Plan

1.12
Planning/Scheduling and
Monitoring Audits

1.13 Confidentiality/
Schedule Ownership

1.14 Computer Access
and Security

2.1 Network Analysis
Technique

2.2 CPM Software (or
Equal) to be Used

2.3 Activity Related

Information

2.3.1 Activity
Description

2.3.2 Activity Duration
(Time Units)

2.3.3 Activity Coding
System

2.3.4 Responsibility
Codes

2.3.5 Activity Level
Resources

2.3.6 Project Level
Resources

2.3.7 Activity Costs
2.3.8 Work Calendars

2.4 Required Level of
Network Detail

2.4.1 Maximum Activity

Duration

2.4.2 Maximum Activity

Costs

2.4.3 Minimum
Number of Activities in
the Completed
Network

2.4.4 Minimum Number

of Activities in the
Preliminary Network

2.5 Network Diagram
Scope

2.5.1 Summary
Schedule

2.5.2 Preliminary
Network

2.5.3 Detailed
Network

2.6 Project
Breakdown Structure

2.7 Milestones and
Imposed Dates

2.8 Activity Sorting
Requirements

2.9 Drafting
Requirements

2.10 Required
Reports for Initial
Submittal

2.11 Specialized
Network Analysis

2.11.1 Resource
Aggregation
2.11.2 Resource
Leveling

2.11.3 Resource
Allocation
Optimization

3.1 Updating
Frequency

3.2 Updating

Participation

3.3 Updated Network
Approval

3.4 Updating
Turnover Time

3.5 Updating Records
and Reporting

3.6 Float Management
3.7 Change Orders

3.7.1 Change Order
Representation

3.7.2 Change Order
Summary/
Documentation

3.7.3 Timing of
Change Order

Incorporation

3.8 Required Reports
at Each Update

Source: Ballast and Popescu (2001), with permission from AACE.
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Implementing Scheduling Specifications

There are two means by which scheduling specifications are typically imple-
mented. In traditional project delivery, the method is essentially the “submit and
fight” version. The constructor prepares a schedule per the contract specifications
and submits it to the owner for review and approval. The owner reviews it, dis-
approves it, and directs the constructor to revise it in accordance with the owner’s
comments. If the initial schedule accurately reflected the constructor’s plan when
the project was bid and the owner’s comments are actually owner preferences for
the sequence of work and not about factual or mathematical errors found in the
review, the constructor then resists making the directed changes until the first pay
estimate 1s due. At that time, the payment clause allows no payment unless there is
an approved schedule. So the constructor has little choice but to relent and revise
the schedule to get owner approval. Now there become two schedules on the job:
the “real” one that the constructor is using to control work, and the “approved”
one that must be constantly revised to reflect the actual as-built schedule. This con-
dition is not healthy for either party because if there is a problem that demands an
accurate schedule to resolve, the “approved” schedule 1s inherently inaccurate and
therefore adds confusion rather than value to the attempted resolution. Addition-
ally, the bickering that arises over schedule approval can begin the project on an
adversarial note that carries through to the end of the job.

As previously stated, DB contracting requires a higher level of professional trust
than DBB project delivery to be successful. The introduction to this chapter
showed that achieving schedule expectations is often the preeminent factor in
project success. For these reasons, we advocate the second schedule implementa-
tion method, called “mutually developed.” This approach recognizes that the
schedule is critical to both the design-builder and the owner. It also accounts for
the fact that, unlike in DBB, the technical scope of work is defined in perform-
ance rather than prescriptive terms and, as a result, will be clarified in the design
process which must be scheduled in a manner that supports achievement of the
actual construction milestones. Thus, as Gauer (2006) maintains, until it is com-
plete and owner-approved, “the design activity is always on the critical path.”

Additionally, owner design reviews will also be on the critical path. In the early
stages of the project there will be a transfer of critical activities going back and forth
between the design-builder and the owner, which must be carefully planned and
flawlessly executed if the project is going to achieve its desired schedule. This fact
alone argues for the design-builder and owner mutually developing the project’s
schedule rather than passing it back and forth like a minor construction submittal.

Design-Build Scheduling Conference

One way to accomplish this aim is to convene a scheduling conference shortly
after the pre-work conference. The conference’s primary purpose is to achieve
consensus on how the schedule should be developed. Attendees from the owner’s
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staff, the design-builder, the designer-of-record (DOR), the builder, and at times
key design subconsultants, trade subcontractors, and material suppliers would meet
to identify and resolve any major scheduling issues that are not addressed in the
contract. An example might be the unexpected shortage of a key construction
material, which must either be avoided in the design process or designed as soon
as possible to allow the design-builder to lock-in the required quantity.

The second purpose of this conference is to sensitize both the owner’s staft and
the DOR’s team about the criticality of the design reviews and how they poten-
tially can affect project completion. Finally, the conference serves to highlight the
critical points in the project’s schedule for all the participants so that they can go
back to their respective organizations and plan accordingly.

The agenda for the scheduling conference consists of at least three major items:

* Review and validation/revision of the conceptual schedule the design-
builder used in the winning proposal

¢ Definition, collection, and coordination of activities from schedule
participants

* Development of a scheduling framework from which the preliminary
DB project schedule details can be built

Conceptual Schedule Validation

The design-builder will have developed a conceptual schedule as part of its pro-
posal preparation activities. Often the proposal itself will contain a schedule sub-
mittal that was evaluated as part of the contract award decision. Therefore, this is
the starting point for fleshing out the preliminary project schedule that will even-
tually evolve into the officially approved schedule. The conceptual schedule will be
based on assumptions that must be validated in light of the current market situa-
tion. When the owner, designer, and builder walk through the validation process
together, they will expose those assumptions that are not valid, as well as those that
might have been overly conservative and can be altered to create “float” that can
be used later as a time contingency for unexpected problems.

At this point, the group can also discuss options to improve the logic of the
conceptual schedule. The major issue at this juncture is to ensure that the DOR
and its subconsultants know which work packages must be designed early in the
process to facilitate the administrative and logistics activities necessary to start the
construction on time. This also cues the owner’s staff as to the critical design review
requirements and the time frames in which they must be completed to support
timely progress. If the contract permits, this is an excellent time to discuss any over-
the-shoulder design reviews that the DOR will need to ensure that the design
process is meeting the owner’s expectations. Finally, the members of the construc-
tion team can use this meeting to discuss coordination among the trades as well as
to address those construction submittals that need prompt approval to ensure that
construction progress is not delayed.
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Activity Definition and Coordination

For a mutually prepared DB project schedule to truly reflect the time dimension
that must be controlled during project execution, all participants must have the
opportunity to contribute activities. Additionally, all participants must understand
the definition of each activity to ensure a thorough understanding of the sched-
ule itself. One technique that is used to accomplish these tasks is to develop an
“activity/resource dictionary.” This document is merely an inventory of each
activity’s detailed description along with the planned level of resources that was
assumed when the activity’s duration was calculated. It can also include any salient
assumptions that need to be known with regard to the activity’s planned comple-
tion. Table 2-2 is an example of this technique. Its major advantage is that it fur-
nishes all the parties to the DB contract with a single reference for what activities
actually denote. Additionally, it allows a valuable cross-check of the planned level
of resources by more than the project scheduler, which helps validate the durations.
It also allows for a forensic review of activities that are falling behind schedule to
determine whether the planned levels of resources are actually being provided as
well as whether the assumptions that defined the activities and their durations
were accurate.

Activity Definition: Owner

The owner actually has the ability to furnish many of its activities in the DB solic-
itation documents in terms of project milestones, mandated owner reviews, and
owner-furnished property and services. It is a good idea for the owner to take this
opportunity because giving the competing design-builders a clear picture of how
the owner intends to affect the project will result in more responsive proposals.
That being said, if the owner has not done so in the RFP, the scheduling confer-
ence is the time for the owner to bring its expectations to light. The following is a

Table 2-2 Example Activity/Resource Dictionary

Activity Name
Activity (Duration in Planned
Code Working Days) Description Resources Assumptions
02A0050 Demolish Area A Includes demolition, removal, 1 Cutting/ Steel scrap hauled
4) and disposal of all structural welding crew to recycler. All
steel members in Area A as 1 5-ton end dump  other materials to
well as misc. metals found 50% Loader dump.
in the area. crane as req’d
03B5255 Cast-in-place Includes pouring 3,000 psi 1 Concrete crew  48.5 CY of
concrete walls PC concrete into Area B 1 Compressor concrete; must be
Area B wall forms, finishing, curing, with vibrator ordered 24 hours
(2) and QC testing. Also 1 Crane with prior to scheduled
includes casting equipment concrete bucket pour.

pedestal B14 in same pour. 1 QC tech
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list of common owner-controlled activities that should be incorporated into the
project schedule if appropriate:

* Guidance/preferences during design to help make design decisions

* Review of design and construction work in progress

» Approval/release of final design for construction

* Required timing for design products that affect order-ship durations of
owner-furnished property

* Owner acceptance inspections

*  Owner close-out activities, such as commissioning

* Training of the owner’s operations staff and presentation of operations
and maintenance manuals

* Beneficial occupancy dates and details

The first four bullets in the above list deal with how the owner will interact dur-
ing the design process. Each owner organization has its own level of comfort with
giving up control over the details of design. Those that are new to DB project deliv-
ery will often impose a rigorous design review process which, if left undefined, can
eat up valuable time. The purpose of this statement is not to advocate one form of
control over another. Rather, it means that the owner must be forthright in declar-
ing how it plans to administer the design in terms of the number of formal events,
durations for those events, and the technical details the owner intends to accom-
plish in each event. This allows the design-builder to schedule its workforce to be
responsive to the owner’s needs during the design process.

For example, an owner of an architectural project may require the design-
builder to furnish interior finish treatment color boards, renderings, and other
submittals so that it can select the products it wants in the building. This is a
common practice. However, the design-builder must be able to schedule the
design work that must be completed before those submittals are ready for owner
review, to include time to ensure that the materials selected fall within budget
and schedule constraints. The design-builder also needs the owner to conduct
the review and make a decision within the stated period for the review. Thus,
in this example, the owner will bring the details of how it intends to make the
design guidance/preference decisions and to commit to a fixed period to com-
plete that process.

The next three bullets in the list are related to those activities that the owner
will undertake at the end of the project to accept the project and make final pay-
ment. In technically simple projects these may consist of a single inspection. How-
ever, in a complex industrial process facility, such as a water treatment plant, they
may start before construction is complete and extend beyond the project’s physical
conclusion. Many DB projects of this nature can include an operations and main-
tenance period after the plant is operational, to calibrate and coordinate the vari-
ous pieces of capital equipment in the facility. In this case, it 1s extremely critical
that the owner furnish the details of these types of activities and ensure that the
design-builder’s schedule can adequately accommodate them.
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“Beneficial occupancy” is really a milestone on the DB project schedule. How-
ever, if it includes accepting various portions of a DB project before the entire proj-
ect 1s finally accepted, it 1s prudent to put it on the schedule. By requiring beneficial
occupancy before final completion, the owner, in essence, is mandating more than
one demobilization activity after each piece of the project is turned over to the
owner. This could entail a series of “pre-final inspections” and punchlist deficiency
correction before the owner will accept each portion of the project. For example,
consider a hospital that wants to save storage costs for the new furniture and equip-
ment it is ordering to be installed by the owner. It therefore requires that the design-
builder complete the basement by a given milestone that correlates to the arrival of
the first shipment and allow the owner to store that equipment until the project is
complete and it can be moved to its final locations in the building. To accommodate
this requirement, the design-builder will have to ensure that all design and construc-
tion items are completed before the milestone. Additionally, doing this might require
a modification to the design for the electrical and mechanical systems in the base-
ment to separate them from other zones in the building so that the owner can store
the property in a climate-controlled and powered-up area.This might also cause
certain subcontractors, such those that install the interior finishes, to have to mobi-
lize and demobilize for the basement and then come back when the rest of the
building is ready. What this leads to is a requirement for coordinating the efforts of
the design and construction teams in a manner that will permit a smooth flow of
work both in the hospital basement as well as the rest of the project.

Activity Definition: Designer-of-Record

The DOR’s major responsibility during DB project schedule development is
design package definition. The construction will ultimately be completed by trade
subcontractor work packages (also called bid packages). Therefore, it makes sense
to schedule the design completion in a manner that directly relates to the sequence
in which the project will be built. This is not to advocate that every construction
work package will have its own design package, although that may be appropriate
on some projects. Rather, it 1s to ensure that the design progresses in a manner that
unequivocally supports construction progress and ensures that construction activi-
ties are not delayed because design activities are not complete. Many DB contracts
are written using DBB design milestones, such as conceptual design, schematic
design, and so forth for architectural projects, and 30%, 60%, 90%, and so forth for
engineered projects. Both the owner and the DOR must recognize that these
time-worn systems were developed with the assumption that no construction
would begin until the design was 100% complete. As a result, in DBB there is no
need to relate the design schedule to the construction schedule. However, as stated
in the introduction to this chapter, owners typically select DB to accelerate the
delivery schedule, making design and construction schedule coordination critical
to timely completion. Thus, a DB contract that was formed with the traditional
design milestones must be broken down into design packages to permit the neces-
sary coordination to be effective.
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It 1s logical that each design package will then represent an activity or a series
of activities. The DOR should bring its preliminary design package plan to the
scheduling conference expecting to revise it as necessary to accommodate owner
or construction coordination requirements.

Another issue is the integration of the design activities with the contract
requirements and the construction activities. If the contract uses the traditional
design milestones, it is essential that the DOR and the owner agree on which
design packages represent the achievement of each milestone. For example, a build-
ing’s “30% design” submittal will typically contain a virtually complete site civil
package, incomplete architectural and structural packages, and no interior finish
packages. Thus, linking it to the construction activities will be meaningful only for
the site civil work.To make it more cogent to the schedule, the owner could allow
the 30% submittal’s definition to change to represent the completion of the site
civil, architectural, and structural design packages, and treat the incomplete design
products that are in progress when those three packages are finished as “informa-
tional” and use them to furnish guidance or preference information regarding
future design. In doing so, the DB scheduler can now directly link the construc-
tion trade work packages to the completion and approval of the 30% submittal.
Now, this is obviously a bit cumbersome. A better option would be to change the
contract to reflect the completion of design packages as individual milestones; this
would allow measurement and payment for design progress and to do away with
the traditional design milestone system altogether.

Construction Integration Activities Once the details of how the design sequence
will be controlled are covered, the DOR can then drill down into the details of each
design package and develop activities that can be integrated with the overall schedule.
The first issue that must be covered is the impact of design on the administrative and
logistics process necessary to procure materials and labor for the construction. This is
where the construction team members begin talking to the design team.Two critical
aspects should be dealt with before the design schedule is finalized. The first is to
identify long-lead-time items of material and equipment. Typically, the design must
be virtually finished on these items before they can be ordered. Therefore, it behooves
the design-builder to ensure that design activities relating to these items are sched-
uled to be finished as quickly as technically feasible. An example might come from a
highway bridge project where the main structural members will consist of precast
concrete. The precast supplier will need all the detailed dimensions and other design
information in order to properly fabricate the members. Depending on the volume
of construction in that market, lead times for these types of members could exceed
three to four months. Thus, the schedule should ensure that the structural design for
the precast members be completed as soon as possible so that the design-builder
could place the order and get its requirement in the precast yard’s queue of work.
This might necessitate approaching the bridge design in a sequence difterent from
what the engineers are accustomed to in DBB projects.

The second critical aspect deals with features of work that require construction
materials whose price is volatile in the current market. In this case, the design-builder
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needs to lock-in the price of those materials as quickly as possible to reduce the
cost risk of those features. Again, in order to consummate a supply contract, the
design-builder will need not only quantities of required materials but also specifi-
cations for its quality. Therefore, these design packages should be treated in much
the same way as the long-lead-time design packages, and the DOR may have to
alter the design sequence to service this need to reduce cost risk due to material
cost volatility.

The next DB design scheduling activity that should be added to the schedule is
one to identify and schedule the subconsultant design packages and provide time
for the DOR to review, approve, and deconflict them before incorporating them
into the final design. Design is by nature an iterative process, and putting these
activities on the schedule recognizes that fact and adds realism to the scheduling
model. One should also remember that trade subcontractors will be furnishing
extensions of design in their construction submittals, and the DOR will also need
to review and deconflict those. Because the trade subcontractors are under con-
tract during design, a good practice is to accelerate the construction submittals by
requiring the subs to turn them in at appropriate points in the design process. That
way, issues can be resolved when there is still float in the schedule to furnish time
to resolve them. Ideally, these should all be reviewed and approved before each
subcontractor mobilizes to do the construction work.

Cost engineering cross-check activities The final major category of design sched-
ule activities is to furnish time to conduct cost engineering cross-checks to ensure
that the as-designed quantities of work are less than or equal to the as-bid quanti-
ties of work. The DORs total estimated quantities of work should consist of a sum
of the identified quantities of work taken from the DB solicitation and the DOR’s
own extensions of design, plus a design allowance for each item of work that has
not been designed to the point where its material quantities can be accurately
determined. The constructor must rely on the DOR to furnish the estimated
quantities because the constructor is not a design professional and, as such, cannot
be expected to be able to accurately gauge the potential for quantity growth dur-
ing the post-award design process. Peter Ripley, an estimator who works for Fluor
Canada, Ltd., (an experienced DB DOR), put it this way:

We [the DOR] know that the quantities will grow, but we just don’t know
by how much. This growth is normal design development, and an allowance
is added now to include the impact of these quantities in the material takeoff, which
forms the basis of the cost estimate. (Ripley 2004, pp. CSC.08.1-CSC.08.4;
emphasis added)

In fact, regardless of the constructor’s ability to accurately assess the risk in its
pricing contingency, the price proposal will be inaccurate if the DOR does not
include a realistic design allowance for the quantity growth during normal design
development. One simply cannot expect the construction professional to account
for the design allowance in its pricing contingency because it requires a design
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professional who understands the intricacies of the given design to be able to place
a value on this particular risk.

Finally, the risk that the DOR is mistaken in its computation of estimated as-
designed quantities that would cause an unexpected overrun would typically be
covered by the same professional liability insurance policy that would cover the
risk that the design would turn out to be technically faulty because the develop-
ment of the engineer’s estimated quantities is a normal part of the routine design
process for a transportation project in the United States. In fact, case law has found
that mistakes made by the DOR in the proposal constitute design errors and omis-
sions; this rule has been extended to inaccurate quantities (Loulakis 2006). There-
fore, the need to schedule cost engineering cross-checks is critical to completing
the project within budget.

These types of cost engineering cross-checks are discussed in detail in Chapter 3
and consist of the following four tasks:

* Design team members tracking as-designed quantities of work versus
as-bid quantities of work as an integral part of the design process.

» Cost engineers reviewing design products on a regular basis to verify
that the budget for each design package has not exceeded the as-bid
budget.

* Verification with trade subcontractors and material suppliers that the
materials and labor required by each design package will be available as
required by the schedule.

* Identification and resolution of design issues that appear as though they
will exceed the budgets and/or time frames that were assumed in the
DB proposal.

Figure 2-1 illustrates the cost engineering cross-checking process. It starts as a
DOR responsibility. That entity and its design subconsultants all need to be aware
of the design assumptions and corresponding quantities of work that were used in
the proposal. One can see the importance of this factor in Fig. 2-2, in that the
lump-sum price proposal was developed based on the sum of the quantities of
work developed by the owner in the RFP, the quantities from extensions of design
made during proposal preparation by the DOR, and the DOR’s quantity design
allowance (Harbuck 2002). Therefore, the design team is expected to “design to
budget” (Beard et al. 2001), and the easiest way to accomplish that charge is to
ensure that the quantities of work that were used in the price proposal are not
exceeded in the final design. Because the DBB design process typically waits until
the final design is complete before generating the engineer’s estimated quantities,
many designers are not used to tracking quantity growth (a form of scope creep)
during design. Therefore, putting this activity on the schedule for each design
package will cue the design project manager to ensure that time is allocated to this
essential task.

If the design team has checked their quantities and found them to conform to
the proposal, then the estimator must next review them in light of current unit
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pricing. One of the design-builder’s costs risks is volatility during design of mate-
rial and in labor costs. Therefore, it is possible for a design package to hit its target
quantities but still exceed the budget. In this case, the DB team needs to review
the design to see whether there are ways to revise it and bring it back on budget.
Finally, a check is made to see that the requisite materials, labor, and equipment
can be obtained to support the project’s scheduled completion date. If all the issues
are resolved, the design process can proceed as originally planned or as revised to
resolve budget, time, and/or resource availability issues.

Designer-of-Record Quality Management Activities DB project delivery shifts
much of the responsibility for design and construction quality management (QM)
to the design-builder (Gransberg et al. 2008). Often, the DOR will be assigned
many of the construction quality assurance (QA) activities that were traditionally
done by the owner. The DOR also must conduct the design quality control (QC)
tasks necessary to ensure the quality of the design. The details of this are discussed
in Chapter 4. As a result, the DOR must provide QM activities to the project
schedule.
Typical design QC activities conducted by the DOR are:

* Design close-out
¢ Verification of critical calculations
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Review and deconflict subconsultant working drawings/specifications
Review of guarantees/warranties

Preparation of as-built drawings

Review and revision of construction drawings

Review and revision of specifications

Design close-out

Typical construction QA activities that the DOR may need to schedule are:

DOR construction project inspections
Mechanical performance tests

Testing and balancing of mechanical systems
Electrical performance testing

Power-up sequencing and testing
Communications testing and calibration
Pre-final inspection (before owner)

Prepare DB team’s internal punchlist

— Design items

— Construction items

Activity Definition: Builder

Activity definition by the builder is basically the same task as is traditionally done

in DBB projects, with the exception that all construction activities will normally

be preceded by some form of design or owner approval activity. There are three

general categories of construction activities:

Production activity: an activity associated with the actual construction.
Requires resources and has a budget in the schedule of values.

Logistic activity: an activity that represents the time it takes to order a
required item, have it fabricated or manufactured, and shipped to the
project site. Usually has no resource requirement. May have an
associated budget if the costs are not included in related construction
activities.

Administrative activity: an activity that represents time allocated to
complete requirements such as preparing and forwarding submittals,
applying for permits or consents, or waiting for a response from an entity
outside the design-builder’s team.

These three activity types are easy to understand. For instance, consider the case

where a design-builder must erect a structural frame for a building. The builder

would start the process with the administrative activity of forwarding the steel fab-

ricator’s shop drawing to the DOR for review and approval. Upon approval, the

logistic activity of ordering the steel and waiting for it to be fabricated and shipped
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to the site would follow. Finally, the production activity of erecting the steel would
complete the process. The entire sequence would be preceded by a design-builder’s
design activity that details the structural steel requirement, and perhaps an owner
review/approval activity for the structural design.

Other builder-contributed activities are tasks such as mobilization and demo-
bilization where the builder must control the access to and from the job site to
ensure that production is not interrupted. Additionally, the builder will typically
have some public interface responsibilities, such as traffic control or relocating
tenants within a building remodeling project as construction progresses. Thus,
activities should be generated for these tasks and integrated with the general
schedule. The builder will also have construction QC tasks that should be put on
the schedule if they are critical to work progress. For instance, a requirement to
pressure test an underground waterline before the trench is backfilled would
directly affect the progress of that feature of work and would deserve to be put
on the schedule as an activity. Additionally, the design-builder may choose to
schedule joint inspections with the DOR at critical points in the project’s con-
struction, and can ensure that everything that must be prepared to accomplish
each inspection’s objective is ready by putting them on the schedule.

The builder might also schedule cost engineering reviews with its subcontrac-
tors and suppliers prior to key submittals to ensure that the construction budget is
still valid. Finally, the builder will have a series of close-out activities that it will
need to accomplish to complete the project and earn its final payment.

Schedule Integration: Partnered

Once all the DB project participants have contributed their scheduling input, the
schedule itself can be developed in a truly integrated fashion. A technique that
helps reinforce the required partnered nature of integrating DB scheduling is to
develop the preliminary schedule in a manner that focuses on the project’s con-
tract completion date. This is done by using “backward planning” rather than the
traditional “forward planning” that is used throughout the industry in construction
scheduling. The theory is to start at the end of the schedule and begin adding pred-
ecessor activities to the final activity whose finish date is fixed as the required con-
tract completion date. What this does is eliminate the natural inclination to be con-
servative when estimating activity durations. In a forward-planned schedule, the
scheduler inputs all the activities and then calculates the completion date. If the
calculated date is later than the required completion, the scheduler then goes back
in and begins crashing activities on the critical path until the calculated date is
equal to the required finish date. This procedure can often overlook activities
whose durations are overly conservative that do not lie on the critical path. As the
project progresses and the actual durations are added, the critical path can change
and show those activities as critical when they are in fact not critical. Backward
planning eliminates the post-schedule input adjustment by forcing the scheduler
to question each activity’s estimated duration as it 1s input. It also has the benefit of
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forcing the scheduler to adjust the network’s logic as it is built by fixing that
required completion date.

Ultimately if the scheduler cannot input all the project’s activities without
extending past the planned start date, the process shows that this project cannot be
delivered on time. That realization is made at the earliest possible point so that the
project participants can join forces and develop a plan to mitigate that impact. In
fact, because both the owner and the design-builder are making inputs to the
schedule, this will make it more credible to both parties. An example of a mitiga-
tion plan would be for the owner to agree to reduce the contractual design sub-
mittal review periods to facilitate timely completion. In a forward-planned sched-
ule, the participants might not realize that those activities were indeed the critical
ones until the project falls behind schedule after the first review.

As a part of the joint schedule development process, the owner and the design-
builder need to evaluate the preliminary schedule to look for “float-makers.” Float-
makers are opportunities that allow activities to be completed in less than their
estimated duration. For example, a DB contract that requires that the owner be
allowed 20 working days to review and comment on each of four design submit-
tals could create 20 working days of float in the project if the owner agreed to
reduce its review period by 5 working days. That float could then be used by the
design-builder to respond to the owner’s design review comments or to accelerate
the logistics process by ordering materials at an earlier date and thus reduce the
uncertainty associated with the post-design procurement process. Another exam-
ple would be for the design-builder to reorganize the work sequence in a manner
that would allow one of its trade subcontractors to complete its work with a single
mobilization instead of going back and forth to the job twice. A third typical exam-
ple would be the DOR’s agreeing to resequence the design process to permit the
early ordering of a critical piece of equipment, thus ensuring that the equipment
is on site before it is needed in case its predecessor activities are completed more
quickly that estimated. This would allow the project to capture additional float that
could be used to mitigate unforeseen circumstances later in the project.

The next item is to review the points in the project where the owner is on the
critical path. Careful analysis will allow the owner to plan its own resource require-
ments and to plan to mass resources at critical points in the project schedule to
facilitate timely completion. An example of “massing owner resources” would be
to bring additional design reviewers from other locations or organizations to
ensure that a critical design review can be completed as scheduled. If the owner
needs the services of outside experts for portions of its DB QA program, knowing
the points where those resources are required as soon as possible allows the owner
the maximum amount of time to schedule their arrival.

Finally, the issue of “float ownership” should be discussed and settled during
integrated schedule development. Generally this issue 1s covered in the contract
and thus has effectively been decided at contract award. Nevertheless, it is helpful
to discuss float ownership and ensure that all parties understand how it will oper-
ate on the given project. There are essentially four methods in use in the industry
for allocating float ownership:
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* Float is owned by the owner.

* Float is owned by the design-builder.

¢ Whoever consumes the float first, owns it.

* Float made after project award is owned by the entity that made it.

The first two methods are two sides of the same coin. In the first, the owner
enjoys the advantage of float, and the opposite is true in the second. Float owner-
ship in DBB is important when determining an equitable contract adjustment in a
claims situation. Therefore, giving the owner ownership of the float allows it to
mitigate the time impact of a change in scope. In the DB context where com-
pressing the schedule is often the single most critical project performance factor,
allocating the float to the owner deprives the design-builder of all flexibility. It can
also be argued that it creates a disincentive to making float because the design-
builder immediately loses the use of that float as soon as it is made.

The third method is commonly used if the contract is silent regarding float
ownership, and it springs from case law. It essentially takes the position that, in the
critical path, scheduled activities that have float are not required to start and finish
as early as possible. It also recognizes that the durations used in the network are
estimates, and therefore the float becomes a remedy for both parties for manage-
ment errors and underestimated durations. For instance, the design-builder cannot
claim a delay by an owner taking more than the contractual period to review and
return a submittal if the review activity has float and the actual duration is less than
the sum of the estimated duration plus the float. In the same vein, the owner can-
not claim that a design-builder is behind schedule if a construction activity with
float takes longer than the duration on the schedule as long as that activity is satis-
factorily completed by its later finish date.

The Eastern Federal Lands Highway Division of the FHWA uses the fourth
method (EFLHD 2001). This method treats float like a savings bank where the
contributor gets the benefit of any float that it makes. Basically, if in 10 days the
owner returns a submittal that it has 20 days to review, it can then return the next
submittal in 30 days without incurring a need to change the contract completion
date. The same applies to the design-builder who completes an activity earlier than
its scheduled finish date. This method is an interesting approach and appears to be
quite fair to both sides. It also creates an incentive toward early activity comple-
tion as a means of building “insurance” against unfavorable future events.

Regardless of the method that is used, it is essential that both the owner and
the design-builder understand and accept the approach for allocating and utilizing
float during project execution.

Coordinating the Schedule with the Contract Obviously, the schedule must con-
form to the contract requirements and assist both the owner and the design-builder
in achieving the contract’s requirements. Therefore, the last task in integrated
schedule development is to bounce the agreed preliminary schedule against the
contract itself. The first task is to ensure that the schedule can be developed at the
required level of detail to allow project control functions to be effective. The rule
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of thumb is that the schedule’s detail should be at the level at which the project
will be managed. Thus, if the unit of duration is man-hours, the scheduler is saying
that every worker’s work can be effectively influenced for every hour of the day.
This is unrealistic. So, selecting a unit of duration such as a crew-day is more logi-
cal. As the functional length of the duration increases, the schedule’s level of detail
decreases. This makes for fewer activities to monitor and manage. The bottom line
is that both the owner and the design-builder will know what level of detail each
needs to be comfortable with in their ability to control the project and understand
its dynamics. It is imperative that agreement be reached on this issue so that there
is only one mutually understood schedule for the contractual control and docu-
mentation of the project’s progress.

Establishing Schedule Milestones Milestones are the next aspect of the schedule
that needs to be covered and agreed upon.The DB contract often has contractual
milestones included. To these, the participants need to add milestones that act as
control points for critical actions. For example, on a budget-constrained DB proj-
ect, the design-builder and owner might decide to input value engineering (VE)
milestones during the design process where both entities can gather and jointly
search for opportunities to add value while reducing cost. In another instance, a
milestone for an owner inspection of a feature of work before it is buried can be
added to ensure that the owner’s QA group 1s aware of the progress with that fea-
ture and does not inadvertently delay the project by not being available to do the
inspection shortly after completion. The decision process for establishing mile-
stones should be controlled so that the schedule is not overly complicated as a
result of adding the milestones.

To accomplish this, the parties should agree on what level of events should be
considered as milestones. For instance, a design process that essentially culminates
in a decision that defines a major feature of work, which then allows other design
disciplines to begin their design effort on this feature, is a good candidate for a mile-
stone; a sequence of design activities that merely results in increased design detail is
not. Design decisions about items that have long procurement lead times also make
good milestones due to the importance of making that decision in a timely man-
ner. Intermediate acceptance points in construction are also good milestones. Per-
mitting requirements can also be shown in the schedule as milestones. Finally, major
sequences of activities that must be completed by various construction trades to
permit a key subcontractor to mobilize and begin work should be highlighted by a
milestone. Figure 2-3 is a simplified example of a schedule with milestones.

Liquidated Damages and Incentives Next, the issue of liquidated damages (LDs)
should be reviewed by both parties to solidify an understanding of when and under
what circumstances LDs will be assessed. This is particularly critical if the amount
of LDs 1s onerous. The possibility for LDs can have a marked effect on the way the
design-builder will approach both design and construction. It is felt especially hard
during design because the construction cannot begin until the design is completed
and the owner has indicated that it is satisfactory. Thus, understanding the precise
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Activity 1 Design
Design Sitework and
Activity 2 Grading

Test Completed
Waterline

MNoti
Activity 3 Design Pump Station ‘::.

Cwner Review and
Approve 100% Design Proceed |

Activity 4 Submital
Activity 5 Install

Project
Activity 6| Construct Pump Station oL Finish

Test and Commission )
Activity 7 New Water system Misstone 3:;!_“!'1!&
ina

Final Inspection & Inspection
Activity & Demobilize

Figure 2-3 Example DB schedule with milestones.

definition of what activities must be complete to keep the LDs from being enforced
is critical to scheduling the project. The federal government uses the term “substan-
tially complete” to indicate that the project, while not totally complete, has reached
a point where the owner can take “beneficial occupancy” and therefore not sufter
the financial damage that LDs are designed to mitigate. So as the schedule is devel-
oped, it is critical that all the activities that lead to substantial completion are sched-
uled in a manner that allows the design-builder to avoid the assessment of LDs.
The next issue is the operation of any incentives for early completion that
might exist. Again, the ability to enhance the project’s profit margin can have a
dramatic impact on the way the design-builder approaches the project. Often the
presence of an early completion incentive will create justification for the design-
builder to accelerate its work in a manner that allows it to capture the bonus. If
the reason for selecting DB is to compress the schedule, then developing a sched-
ule that results in early completion is certainly in the best interests of both the
owner and the design-builder. This desire can be expressed at the outset of the
scheduling conference and both parties can seek ways to achieve that objective.

Cost and Resource Loading “Cost-loaded schedules” are commonplace in the
commercial building construction industry. The AIA standard contract between
the owner and the general contractor (Clough and Sears 1994) contains a provi-
sion requiring the submission of a “Schedule of Values” against which the con-
tractor will be paid for satisfactory progress in each pay period.To do so requires
the estimator to accumulate all the direct costs associated with each feature of work
that 1s listed in the project Schedule of Values, assign indirect costs and profit mar-
gins, and furnish a lump-sum value for each feature of work, after which the owner
would pay a portion of that lump sum commensurate with the items’ current com-
pletion percentage. In other words, if a work item has a value of $100,000 and is
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50% complete, the owner would then pay $50,000 less any retainage that might be
appropriate.

Figure 2-4 shows a DB utility project schedule as a cost-loaded bar chart. One
can see that this form of display shows the expected cash flow for the life of the
project. This is sometimes called “earned value” because once the constructor has
completed an activity, the activity’s value has been “earned,” or in other words, the
constructor can apply to be paid for that activity. For instance, by the end of March,
this constructor would have expected to earn $165,000 because the first three
activities would be complete. Cost-loaded schedules allow one to track the finan-
cial completion of the project along with its physical completion.

“Resource-loaded schedules” are typically created using commercial construc-
tion scheduling software (Marchman 1997). They can be quite arcane and compli-
cated. The aim of resource loading is to ensure that the schedule 1s indeed realistic
within the constraints of the available resources and their associated production
rates. The purpose of this section is not to teach the reader the mathematical
mechanics of resource-loaded schedules. It is, rather, to highlight the benefits that
can be achieved by utilizing this powerful project control tool, and show through a
simple example how this technique can be used to increase the accuracy of the
estimate for an equipment-intensive project.

Resource loading has two objectives:

* To permit the accumulation of resource requirement data across the life
of the project, which then permits the project manager to plan the
hiring of labor and the acquisition of equipment for the project.

* To ensure that the durations for those resources that have been
designated as critical are realistic for the production rates that can be
reasonably achieved by the given crew.

DB Utility Project Schedule Calendar Year 200X
Construction Activity APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC JAN

Activity 1 Design

Design Sitework and
Activity 2 Grading

Test Completed
Waterline

Activity 3 Design Pump Station
Owner Review and
Proceed
Approve 100% Design —l
Activity 4 Submital

BOK

100K

Activity 5 Install Recatvs

= 100K 240K | BOK
Permits Project

Finish

Activity 8 | Construct Pump Station L

Milestone

Periodic Cost

Test and Commission

Activity 7 New Water system Schedule

Final
Inspection

Final Inspection &
Activity 8 Demobilize

Period Value|
[~ Cummuiative]

_— |
15 125 165 165 65 365 465 665 985 1065 1080[ 1090

Figure 2-4 Example cost-loaded DB schedule with milestones.
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Resource loading 1s accomplished by filling out a “resource dictionary” (March-
man 1997) in the software package that is being used by the scheduler. This task
essentially consists of identifying the equipment and labor requirements needed
for each crew and then associating them with the activities to which they will be
assigned. The software produces a histogram for each individual trade and specific
piece of equipment, which then allows the project manager to procure these
resources as they are needed in the project.

Subcontractor Schedule Input  The final piece of the DB scheduling puzzle is to
obtain subconsultant and subcontractor input to the preliminary schedule. Once
the design-builder has settled on the preliminary schedule with the owner, it needs
to validate the important event dates with the design subconsultants and trade sub-
contractors to ensure that they can indeed comply with the constraints illustrated
in the schedule. If they cannot, then the schedule will have to be revised accord-
ingly. Additionally, the subs may be able to provide valuable potential options that
were not contemplated in the schedule but that reduce schedule risk or improve
the delivery period. Once the preliminary schedule is validated, the design-builder
can convert it into the final baseline schedule for the project and submit it to the
owner for its final review and approval.

Hierarchy of Schedules

As previously indicated, there are typically a number of versions of the overall
schedule that are in use at any point in time on a DB project. Each project partici-
pant will have differing requirements for detailed scheduling. However, each par-
ticipant’s internal schedule or plan of work must be properly coordinated with all
others to ensure that adequate resources are allocated and that no conflicts occur
between members of the DB team. The foundation of all of them is often called the
“baseline” or “approved” schedule.

Baseline Schedule The baseline schedule is the “official” final schedule that was
developed by the design-builder and approved by the owner. It is used for classic
scheduling tasks. This is the contract document that will provide the basis for com-
puting time extensions and the delay impact in the event of a change order. This
document is used to calculate earned value in conjunction with periodic progress
payments. Additionally, the baseline schedule will be the reference against which
the owner will determine whether the project is late and will use it to impose
LDs. On a positive note, the baseline schedule will also be the benchmark to deter-
mine the amount of incentive payment for early completion. Finally, the baseline
schedule will be the reference that will be used in dispute resolution or litigation
to prove or disprove damages. Given all this, the baseline schedule must be clear,
unambiguous, and able to be universally understood by all the project participants.
This factor alone argues for keeping the baseline schedule as simple as possible.
This is not to say that the design-builder’s team does not need to schedule the
project in detail. The idea is to furnish enough detail in the baseline schedule to
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permit all of the above scheduling tasks to be accomplished as required, but not so
much that the schedule becomes so complex that both parties have difficulty
interpreting it. The solution to this dilemma is to use the baseline schedule for
contract administration and to use “look-ahead” schedules for design and con-
struction management.

Look-Ahead Schedules The term “look-ahead” refers to the need for design and
construction managers to be able to look forward into the near future to deter-
mine those tasks that must be accomplished to stay on schedule, as a part of mak-
ing day-to-day project control decisions. Look-ahead schedules usually are the
most detailed schedules used in the project. Figure 2-5 is an example of the four-
week look-ahead schedule for the baseline DB utility project shown in Fig. 2-4. It
shows the detailed schedule for the month of August. On the baseline schedule,
Task 5: Install Waterline is scheduled to be ongoing and Task 6: Construct Pump
Station is scheduled to begin. The look-ahead takes those two tasks and expands
them in the series of activities that will take place as they are built.

Look-ahead schedules are used for routine day-to-day decision making. Their
enhanced level of detail makes them an ideal project coordination tool. They are
used to communicate and deconflict the design and construction work efforts.
Often they will be integrated with the design-builder’s project control system and
permit the project manager to drill down into the project plan to identify the
source of actual and potential delays in a manner that promotes timely resolution.

There are two types of typical DB look-ahead schedules: short-term and inter-
mediate-term. Each has its specific purpose. Short-term look-ahead schedules typ-
ically display all ongoing and planned activities over a period of one to six weeks.
They have the following purposes:

* Identify critical issues for resolution.

e Allocate near-term resources for the owner, the DOR, and the builder.
 Identify activities that must be expedited to remain on schedule.

* Highlight design reviews and their impact on planned construction.

4-Week Look-ahead AUGUST 200X
DB Utility Project (T]2[3]4]5]6]7]8]9]10[11[12[13]14]15]16]17] 18] 19]20] 21] 22| 23] 24] 25| 26] 27] 28] 28] 30] 31

[5.0[Install Waterline

5.1 Excavate Trench

5.2 Install Bedding

5.3 Lay Pipe|

5.4 Pressure Test Pipe

55 Backill Trench n

B.0] Construct Pump Station B

6.1 Excavate F i

6.2 Erect Fdn Forms

6.3 Install Fnd Rebar]

6.4 Place Conc Fdn & Cure|

6.5 Strip Forms|
| Deliver Struct Steel

6.7 Erect Steel Col

6.8 Set Steel Braces|
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Figure 2-5 Example four-week look-ahead DB schedule.
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* Schedule QA/QC and intermediate inspections for activities that are
concluding in the near term.

* Highlight submittal decisions that must be obtained to maintain the
planned schedule.

Intermediate-term look-ahead schedules usually cover a period of one to three
months and are used for different purposes than the short-term ones. Their most
important objective is to identify upcoming resource requirements so that the
design-builder or owner can make the necessary arrangements to ensure that those
resources are available when required. In doing so, the intermediate-term schedule
is then used to manage float to ensure that the maximum level of resource avail-
ability is not exceeded.

These look-ahead schedules are also valuable tools to forecast project cash flow
requirements through earned value analysis. Finally, they can be used to revise
schedule milestones to reflect the impact of changes in the as-built schedule.

Schedule Updates

As the DB project progresses, it is necessary to update the schedule to account for
completed activities, changes to the work sequence, changes to the scope of work,
and other events that affect project completion. An updated schedule is essential
to being able to evaluate the impact of scope changes in the project. It also fur-
nishes decision makers with the project’s current status and facilitates business
decisions such as whether to crash activities to regain the original schedule. Finally,
most DB contracts require an updated schedule as a prerequisite to periodic
progress payments.

The procedure to accurately update a schedule must be well defined and fol-
lowed to the letter, or the scheduler risks degrading the quality of the information
provided by an updated schedule. For instance, accumulating schedule change
information for a specific period (such as a month), reducing that information, and
inputting it to the baseline schedule at one update adds a discipline to the update
process that ensures that if the person whose intimate knowledge of the details of
the schedule is unavailable for some reason, the status of the baseline schedule is
still known. In other words, a policy of continuously updating a schedule as changes
occur may seem logical, but it really risks a period of confusion if the scheduler
leaves the project and another person must take over the scheduling responsibili-
ties. The obvious time to conduct the regular schedule update is immediately prior
to the date the periodic progress payment is due. Look-ahead schedules can be
updated in draft form if the project manager needs the current schedule status to
make a routine decision.

As the schedule is updated, the scheduler needs to ensure that the project’s
schedule of values accurately reflects the financial changes that have occurred during
the previous period. This may include updating both the resource allocations as
well as the activity budgets. The update should include the level of design comple-
tion, the achievement of design milestones, and a record of those design submittals
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that have been released for construction. It should also reflect the actual durations
as start/finish dates for completed design activities. Next, construction activities
are updated in the same manner as the design activities. Finally, approved change
orders are added to the schedule in one of two ways, depending on the nature and
timing of the change. If the change is an increase or decrease of the scope of an
existing activity, the scheduler can merely adjust the duration, resource allocation,
and budget for that activity to reflect its current form. While this seems intuitive, it
has one drawback. The change order loses its identity, and if a forensic schedule
analysis 1s later needed to settle a future change order to delay claim, the overall
impact on the entire project of all changes is difficult or impossible to quantify.
Therefore, the second method where change orders are input as new individual
activities is recommended. Thus, a change that merely increases the scope and dura-
tion of an existing activity would be shown as a successor to the existing activity,
with its own budget and duration.

Once the changes to the schedule have been input, the network can be recal-
culated and any changes to the critical path noted. It is extremely important to
conscientiously perform this analysis and immediately communicate any shifts of
critical activities because the entities that are responsible for those activities must
revise their short- and intermediate-term plans if their activities have lost all their
float due to a change in an upstream sequence of events. Once this is done, the
DB project team can look at those activities that have float and determine how
best to manage it. Managing float on a DB project entails comparing the early and
late start dates for an activity with float and deciding what date is best to actually
plan the activity’s start so that the resources it needs exceed the maximum avail-
able resources. It can also be used to eliminate possible conflicts with competing
activities. Finally, it can be used to mitigate the impact of noncompensable changes
to the project by reassigning resources or job-site space to permit maximum pro-
duction rates.

DB Schedule Imperatives

This chapter stated at the outset that most DB projects are being delivered to permit
the owner to compress the project’s delivery period. Thus, scheduling in DB is an
essential part of achieving the owner’s project goals and objectives. To ensure that the
post-award execution of the project can actually attain the required completion date
demands a highly coordinated effort by both the owner and the design-builder. In
order to accomplish this, a set of scheduling imperatives must be satisfied:

* Joint agreement

* Joint input

* Joint understanding

* The project control tool must support the schedule

* Use the baseline as the “legal” schedule

* Use look-ahead schedules for routine project control and decision making
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If the above imperatives are satisfied, both the owner’s and the design-builder’s
needs with regard to time will be met.
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THREE

Design Administration
in Design-Build

The design defines the quality of the constructed product in the design-build (DB)
project. The DB project’s final design is developed by interpreting the written per-
formance criteria contained in the contract and integrating them with the design
information provided by the owner in the Request for Proposal (RFP) and the
design assumptions that the DB team made to prepare their proposal. This process
must often be accomplished at a pace that neither designers nor owners are famil-
iar with maintaining to achieve the aggressive delivery periods that are the hall-
mark of DB projects. As a result, the design administration activities take on both a
level of importance and a sense of urgency that greatly exceeds their design-bid-
build (DBB) counterparts. Implementing DB requires a shift in business culture to
accrue the benefits of this form of project delivery, and nowhere else in the project
is it more pronounced than in the design phase of the contract. Therefore, imple-
menting a thoughtful, rigorous, and comprehensive design administration program
is essential to DB project success.

In our previous book on DB contracting (Gransberg et al. 2006), project delivery
was characterized as a three-legged stool, with the legs being defined as cost, sched-
ule, and quality (as defined by the details of design) and shown in Chapter 1, Fig. 1-4.
In the traditional DBB delivery system, quality is established by furnishing a com-
pleted design for the construction upon which the contractors bid (Ellis et al. 1991).
Thus, with the contract completion date usually being specified, the only leg of the
stool left to ensure a level platform is the bid price. Therefore DBB, by definition, is
a system where the constructor tells the owner how much it will cost to deliver the
quality defined in the design within the specified period of performance.

DB, on the other hand, demands that the design-builder offer a firm, fixed price
for a project whose scope is defined by a set of performance criteria within a spec-
ified period of time (Molenaar and Gransberg 2001). Therefore, the variable leg in
the DB stool is the details of design. This puts the design-builder in a position
where the details of design, and hence the resultant level of quality, are constrained
by both the budget and the schedule. In other words, the design-builder must

65
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design to cost and schedule. As a result, it 1s extremely important to both the owner
and the design-builder that understanding and agreement be reached on the require-
ments for quality at the beginning of the project, so that the resultant design sub-
mittals and final construction documents will be as responsive to the owner’s needs
as the cost, technical, and time constraints of the project allow.

Changing the Design Administration Culture

The culture shift from DBB design administration to DB design administration
requires that both the owner and the design-builder partner at the outset of the
project and create an administration system that supports the development of design
that is fully responsive to the DB contract. The Washington State DOT (WSDOT)
DB guideline articulates this requirement as follows:

Partnering should be considered an integral part of the Design Quality
Control/Quality Assurance program. A partnering agreement is recom-
mended to handle disputes. In addition a separate procedure for conflict
resolution should be developed and agreed to by the partnering partici-
pants. (WSDOT 2001)

A national design-builder’s manual for DB project administration echoes the same
sentiments about the importance of partnering in DB design administration:

It 1s vital for the long-term success of the project to involve the owner/client
in a partnering relationship where everyone understands the roles and respon-
sibilities of the client as well as the executing team. Indeed, design/build 1s
the ultimate partnering relationship. . . . It is of the utmost importance to
review all the technical elements of your proposal to verify and clarify any
and all elements that may have been undefined, unclear or absent in the pro-
posal. (Centennial Contractors, Inc. 2004)

Thus it can be seen that both parties to the DB contract recognize the value in
formally agreeing to work together during the design phase to achieve the required
levels of quality in the ultimate project. Partnering can be used as the catalyst to
assist the owner and the members of the design team to make the necessary cul-
ture shift. WSDOT again provides an elegant description of the owner’s role in
DB design administration:

WSDOT is expecting a proposed project that meets the design criteria and
can be further developed for construction. ... WSDOT is expecting to be
available in a matter of hours or days, not days or weeks, to answer questions
and provide feedback during the process. We would like to operate under a
partnering environment with over-the-shoulder reviews, if possible. WSDOT
will not be approving the design or construction; the Design-Builder will
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have the responsibility for ensuring the project proposal is correct. The
Design-Builder will likewise have the responsibility for correcting any mis-
takes made in the proposal process, unless the mistakes are the result of an
unclear RFP. (WSDOT 2001)

One can see from this statement of policy that this public owner is critically
aware of the time element in DB design administration, and of the fact that the
design-builder needs the owner to cooperate by expediting design submittal reviews
whenever possible to achieve the owner’s desired level of schedule compression.
The scheduling issue was discussed in detail in the previous chapter, where one
author was cited as stating that the design reviews were “always on the critical path”
of a DB project (Gauer 2006, p. 4). Thus, it is incumbent upon the owner to imple-
ment a design administration process that supports the project’s schedule objective.

Managing the Internal Design Process

The previous section described the issue of relating design administration require-
ments externally between the owner and the design-builder. The real challenge is
managing the infernal design process, that is, how the design-builder works with
the designer. This topic would seem to be intuitive but, in fact, few design-builders
have established formal procedures for managing the design that can be replicated
from job to job. Most design-builders see this as merely managing one more sub-
contractor who has contractual requirements to furnish the deliverables it 1s assigned
in a timely manner and to the level of quality specified in the general contract.
This is a topic about which very little has been written, and requires formal research
to develop a set of best practices that can be used throughout the industry. With-
out getting into great detail, here are four issues that must be addressed in the inter-
nal design administration process:

» Communications between the designer-of-record (DOR) and the
owner’s design reviewers.

* Developing design work packages that support the design-builder’s
construction plan as well as the owner’s design submittal schedule.

* Integrating the builder’s preconstruction review input in the design
schedule.

* Making all designers on the DOR’s team aware of budget and schedule
constraints.

Communications with the owner during the design phase are extremely impor-
tant. However, they must be conducted in a controlled manner so that the DOR’s
design team does not commit the design-builder to scope that is not covered in the
budget. Because of the need to have free-flowing discourse between the designers
and the owner’s design reviewers, the best solution to keep this from getting out of
control is by centralizing the communications through a design administrator that 1s
on the design-builder’s, not the DOR’s, staft. The idea is for the design-builder to
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hire an experienced design professional to manage the internal coordination of the
design and the external contact with the owner. This individual becomes the single
point of contact for all design issues (often called R equests for Information, or RFIs),
whether the issue comes from the owner, a design subconsultant, or a trade subcon-
tractor. The DOR has a production responsibility that creates a conflict of interest
when it comes to design quality management, in the same way that the construc-
tion general superintendent has a conflict of interest regarding construction quality
management. The design administrator can act the design quality assurance manager
as well as the central distribution point for communications and design deliverables.
Using this approach creates a way to ensure that all communications with the owner
are subjected to scrutiny by a member of the prime contract-holder’s staff, and min-
imizes scope creep due to minor changes agreed to during design reviews.

Chapter 2 discussed the issue of breaking the design into disciplinary work pack-
ages that support the overall schedule, so there 1s no need to expand this here. The
design administrator is an excellent facilitator for developing the design work pack-
aging plan. In doing so, this individual can ensure that all design deliverables are
included in the cost engineering and schedule review processes to ensure that they
conform to budget and schedule constraints before giving them to the owner. Addi-
tionally, constructability reviews, value engineering (VE) studies, and other precon-
struction services performed by the builder can be easily integrated into the design
process. This coordination must be accomplished early in the process to ensure that
sufficient time is allocated in the schedule for the design team to incorporate the
builder’s input into the final design deliverables that are furnished to the owner.

The final issue deals with ensuring that every member of the design team starts
their work with a clear idea of the budget and schedule constraints. The best way
to do this is to break out the as-bid quantities of work that were generated to
develop the price proposal and distribute them to each design discipline. The
designers are then directed to back-check for quantity growth as they proceed
through the design process. If a given item of work exceeds its as-bid quantity, the
designer should immediately notify the DOR and the design administrator so that
action can be taken to either bring it back under the budgeted quantity or miti-
gate its impact on the rest of the project. Schedule constraints are best handled by
identifying those features of work that contain long-lead-time items, and schedul-
ing the design necessary to place those items on order at the outset of the design
process, even if this means increasing the factor of safety to account for technical
uncertainty. The other way to handle it is to implement a system of accounting for
budgeted design hours for each design package and giving the design professionals
periodic, preferably weekly, feedback as to how many hours remain in the budget.
This allows them to keep a handle on the amount of analysis that is being con-
ducted and lets them apply professional judgment as to the amount of time they
will need to properly design the given feature.

All of the above issues are constrained by the design fee that was included in
the DB price proposal. In DBB, designers tend to underestimate the amount of
time they need to respond to owner’s design review comments, and for construc-
tion administration after the design is complete. According to a recent study (Carr
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and Beyor 2005), design fees have not kept up with inflation in the same manner
as construction costs. Carr and Beyor estimate that fees have dropped on the order
of 20% in the last three decades. Thus, one danger that should be addressed in the
price proposal is the sufficiency of the design fee. Designers may not be fully aware
of the actual scope of their design administration efforts and thus may improperly
account for those efforts in their fee by not considering the increased level of work
required in a DB project. Many use fee curves that have been developed for DBB
projects and, according to the study, may inaccurately account for inflation. The
critical aspect to remember when analyzing a designer’s fee schedule is that a fee
curve reflects a point in time. As the effects of inflation increase price levels and
salaries, the vertical scale of the fee curve must be adjusted to avoid becoming
obsolete. This concept can be better understood with Carr’s and Beyor’s example:

A project with a construction value of $500,000 in 1964 had an average fee
of 6.8%. In 1968 the same project was scheduled for a fee of 7.02%. This
adjustment for this 4-year period was to reflect the recognition that with the
increase in construction costs, a project of $500,000 had been equal to a
$434,000 project in 1964.The fee for $434,000 in construction in 1964 was
approximately 7% ~7.15% at $400,000 and 6.8% at $500,000, while in 1968
a $500,000 project was scheduled for a 7.02% fee. The fee did not change,
but rather the project’s construction value changed. A $500,000 project in
1964 is not a $500,000 project in 1968. . .. Over the same period the ENR
CCI index increased from 1,581 (1971) to 3,535 (end of 1981). This would
suggest that in 1971 a $500,000 construction project would receive a profes-
sional service design fee of approximately 7.9%. The value of the work in
1981 would be estimated to be $1,118,000 ($500,000 X 3,535/1,581). At
this value the curves would suggest a fee of approximately 6.8% for the same
building. The difference is that in 1981 it cost more to build the same build-
ing than it cost in 1971, but the engineering fees were reduced from 7.9%
to 6.8%. (Carr and Beyor 2005)

The above example clearly illustrates that as inflation increases the price of the
construction, the fee curve must be adjusted to reflect the same inflation. Failure
to adjust the vertical scale of the fee curve results in a decrease of profits for the
designer (Carr and Beyor 2005). The effect that must be avoided is one where a
designer has used up all the hours it allocated for its part of the design but the
design is not yet complete. This results in a loss of design document quality that
becomes manifest later during construction as errors, omissions, and ambiguities
must be corrected at the design-builder’s, not the owner, cost.

Design Document Quality

Design quality assurance (QA) will be covered in detail in the next chapter. How-
ever, it 1s impossible to discuss design administration without a tying it to the ulti-
mate objective of the design administration process: high-quality design documents.
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A study was commissioned by an Australian professional society on the apparent
decline in the quality of design documentation and its impact on the economy of
the Australian state of Queensland. It found that “poor documentation is contribut-
ing an additional 10-15% or more to [construction] project costs in Australia”
(Engineers Australia 2005). The task force that published this report identified the
following root causes for the phenomenon:

1. Inadequate project briefs based on unrealistic expectations of time and
cost.

2. Lack of integration along the supply chain linking the parties, and
between project phases.

3. Devaluing of professional ethics and standards of business practice.

4. Lowest-bid selection strategy rather than value for money.

5. Poor understanding and skills in risk assessment and management
processes.

6. Absence of an experienced, client-appointed overall Design Manager/
Coordinator.

7. Poor understanding of optimized and properly documented designs.

8. Inadequate availability of, and recruitment of, skilled and experienced
people.

9. Inadequate/ineffective use of technology in design and documentation.

10. Lack of appreciation of the benefits of open communication.

(Engineers Australia 2005)

This list can be used as a framework around which a DB design administration
system can be defined to ensure the quality of the design documents, as the first
step in guaranteeing DB project quality. In DB, the first root cause speaks to the
quality of the owner’s RFP and the ability of the design-builder to properly inter-
pret it. Thus, ensuring that all the members of the owner’s and design-builder’s
team understand the intent of the RFP is a critical design administration task. If
done well, cause 7, poorly optimized and documented designs, will not be an issue.
Causes 3,5, 6, and 8 address the need for competent, well-qualified design team
members. It highlights the importance of the design-builder bringing onboard the
precise team that got it selected to the project. It also argues for the owner to ensure
that substitutions of key personnel be carefully managed if they cannot be avoided.
Cause 4, low-bid award, is a word of caution for owners about design quality. It
can be rephrased like this: “If you buy a cheap design, you will get a cheap design.”
Cause 9 advocates maximizing the advantages of technologies such as building
information modeling (BIM) to assist the design team in coordinating the efforts
of various disciplines and to ensure that neither the budget nor the schedule is
violated during the design phase. In Appendix A of this book, Tamera McCuen
furnishes an excellent discussion of how BIM and DB can be combined to the
advantage of both the owner and the design-builder. Finally, cause 10 underscores
the previous discussion on partnering and demonstrates that lack of open commu-
nication during the design phase will result in poor design document quality.
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In light of the above introduction, one can conclude that a DB design adminis-
tration program consists of five major components:

e Qualified, competent and experienced design personnel

* Interpretation and integration of the design input from the RFP, the
proposal, and the members of the DB team after contract award

* Development of the required design submittals

e Preconstruction input from the builder on each design submittal

* Review and approval/acceptance of the design by the owner

Design Personnel

Ensuring that competent design professionals are assigned to the project is the
responsibility of the designer-of-record (DOR), who is the lead design professional
responsible for developing the DB project’s design. The following clause from a
2001 Federal Highway Administration (FHWA) contract contains a succinct defi-
nition of the DOR’s roles and responsibilities:

The Designer-of-Record (DOR) is the single point of responsibility for all
design decisions and design products for the Design-Build Contractor and
shall supply the required professional liability insurance. The DOR shall review,
coordinate, deconflict and approve for construction all design and extensions
of design produced by all members of the DB contractor’s team regardless of
who produces it and/or internal contractual arrangements between members
of the DB contractor’s team including design subconsultants, construction
subcontractors, material suppliers and other entities as required. The DOR
shall indicate review and approve all final construction drawings, specifica-
tions, and other appropriate design documents by fixing a stamp indicating
approval for construction or the DOR’s seal as appropriate. The DOR shall
ensure that all design product has been priced and found to conform to the
requirements of the construction schedule and the DB contractor’s budget
prior to submitting them to the government for review and before finally
approving elements of design work for construction. (EFLHD 2001)

This clause furnishes a list of the required activities that must be controlled in the
design administration process. These are “single point of responsibility for all design
decisions and design products . . . review, coordinate, deconflict and approve for
construction all design and extensions of design produced all members of the DB
contractor’s team.”

The Washington State Department of Transportation (WSDOT) uses a very valu-
able tool to identify and allocate responsibility for various aspects of the design
administration process, a WSDOT/Design-Builder Responsibility Chart. Box 3-1
shows the categories for which specific responsibilities are allocated, and Table 3-1 is
an example of how it is used. This tool could either be published as part of the DB
RFP to assist competitors in better understanding the owner’s vision of the design
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Box 3-1 WSDOT/Design-Builder Design Administration Responsibility Chart

A. Aerial Mapping
Photogrammetric Control and Panels
Aerial Photography
Plotter Compilation
— Planimetric Map
— Contour
— Topographic Map
— Drainage Area Map
— Right-of-Way Map

B. Control Surveys
Horizontal
Vertical
Topographic Map
Utility Locations
Right-of-Way
Roadway Cross Sections
Drainage Cross Sections
Structures Surveys

C. Environmental
Environmental Analysis Document
Air Quality Technical Report
Noise Analysis Technical Report
Cultural Resources Recovery
Public Meeting
— Advertisement
— Presentation Materials
— Moderator
— Technical Questions
— Transcript
— Response to Public Comments
— Liability Insurance

D. Materials Investigation
Provide Soil Survey
— Roadway
— Lateral Ditches
— Earthwork
— Retention/Detention Ponds
Bridge Foundation Investigation
Provide Testing and Analysis
Provide Pavement Design
Materials Memorandum

E. Design Traffic Data
Gather Statistics: Average Daily Traffic, etc.
Prepare Traffic Data Sheets
Prepare Equivalent 18,000-1b Axle Load
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Box 3-1. WSDOT/Design-Builder Design Administration Responsibility Chart
(continued)

Prepare Traffic Analysis
Level-of-Service Analysis
Composite Traftic Control Device Plan
E Right-of-Way
Develop Requirements
Secure Title Search
Prepare Right-of-Way Plans and Legal Descriptions
Prepare Transfer Documents
Provide Appraisals
Negotiate Right-of-Way
Condemnation Proceedings
Testify in Court
Right-of-Way Cost Estimates
Relocation Assistance
Property Management
Clearance Letter
G. Construction Plans
Plot Design Survey
Basic Roadway Plans Preparation
Drainage Design
Bridge Design
Roadway Lighting Plans
Traffic Signal Plans
Signing and Pavement: Marking Plans
Utility Adjustment Plans
Maintenance of Traffic Requirements
Landscape Architectural Design
H. Environmental Permits
Coordinate with Permitting Agencies
Prepare Permit Application
Forms
Sketches
Hydraulic Calculations
Supporting Documents
Process Permit Application
I. Utilities and Railroad
Utilities Identification
Submit Railroad Data
Conduct Utility Pre-Design Conference
Secure Utility Adjustment Plans
Secure Utility Relocation Schedule
Secure Utility Agreements
Process Relocation Schedule and Agreement
Clearance Letter
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Box 3-1. WSDOT/Design-Builder Design Administration Responsibility Chart
(continued)

J. Construction Specifications
L. Contract and Specifications
Respond to Questions on Plans, Specifications, and Estimates (PS&E)
PS&E Revisions
Addenda to PS&E, as required
M. Post-Design Services
Respond to Questions on Final Design
Review and Approve Shop Drawings
Provide Contact Person
Provide Postconstruction DB Evaluation
N. Value Analysis
Roadway Construction Plans Review
Bridge Construction Plans Review
Right-of-Way Plans Review
P. Reviews and Submittals
Roadway Construction Plans Review
Bridge Construction Plans Review
Design Concept Report Submittal
Environmental Reports
Initial Design Submittal
Preliminary Design Submittal
Final Design Submittal
As-Built Submittal

WSDOT, Washington State Department of Transportation.
Source: WSDOT (2001).

administration process, or it could be developed at the initial design conference to act
as both an agenda as well as a mechanism to distribute design responsibilities to the
entity that can best execute them.The major benefit of this approach is that it ensures
that there are no design requirements that are not assigned at the beginning of the
design administration process. In fact, the DOR could take this chart and produce
one for the members of the design team, further breaking down these responsibilities
among the DOR,, its subconsultants, and the constructor and its trade subcontractors.

The final design personnel issue is to ensure that the key individuals who were
listed in the proposal or statement of qualifications are indeed being assigned to
the project. “Bait and switch” of personnel is an extremely sore topic with owners.
Even given the natural personnel turnover due to promotions, retirements, job-
hopping, and so forth, if a design-builder were to show up at the DB project with-
out the named key personnel, its integrity would be called into question. If this is
unavoidable, the design-builder should immediately notify the owner of the per-
sonnel change(s) and seek its approval of the substitute(s). Although there are con-
tract clauses crafted to prevent this problem, they are hard for the owner to enforce.
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Table 3-1 WSDOT/Design-Builder Responsibility Chart: Design-Build Project Example

Scope Design-
Iltem Section Builder WSDOT  Others

]
B. Control Surveys
Horizontal X

Vertical X
Topographic Map X

Utility Locations X

Right-of-Way X

Roadway Cross Sections X

Drainage Cross Sections X

Structures Surveys X
]

G. Construction Plans

Plot Design Survey

Basic Roadway Plans Preparation
Drainage Design

Bridge Design

Roadway Lighting Plans

Traffic Signal Plans

Signing and Pavement: Marking Plans

Utility Adjustment Plans

Ko XX X X X XK

Maintenance of Traffic Requirements

Landscape Architectural Design X

WSDOT, Washington State Department of Transportation.
Source: Adapted from WSDOT (2001).

The test should be to ensure that a substitute is equally qualified to a key person
who is no longer on the design-builder’s team. This applies to specialty design sub-
consultants and potentially to trade subcontractors who will supply design product
to the final design.

Integrating Contract Design Input

Figure 1-2 shows the DB RFP and the winning proposal forming the technical
content of the contractual scope of work. When reconciling any differences



76 Project Administration for Design-Build Contracts

between the two, the proposal 1s presumed to be responsive to the RFP and, there-
fore, a conflict will be resolved in favor of the RFP requirement. When the design-
builder assembled its proposal, a number of design assumptions were made to be
able to reach a lump-sum price, but they were not required to be disclosed in the
proposal. However, realizing these assumptions is critical to achieving the budget
portrayed in the price proposal. Therefore, it is essential for the DOR to inventory
and list the assumptions made and ensure that they are visible to all the design pro-
fessionals who will contribute to the final design. An example of a typical assump-
tion of this nature would be a parametric formula furnished to the estimator to
calculate the required number of tons of reinforcing steel based on the total cubic
yards of reinforced concrete. Many of the trade subcontractors will also have made
certain assumptions to be able to submit their pricing. Thus it is important that the
constructor canvass its subcontractors and capture these items of extended design
information. Typical examples of this would be a structural steel erector who
assumed that no loads would exceed the limit of its mobile crane, or a mechanical
sub who used a given brand of air handling equipment on which to base its price
for the capital equipment.

Once the DOR has assembled a complete set of all the design information that
was developed to complete the responsive proposal, it should meet with the owner’s
design reviewers and ensure that the RFP performance criteria have indeed been
properly interpreted, and to iron out any disputes that may arise from this exercise
before commencing the design process in earnest. Taking the time to complete
this task will result in several benefits to both sides. First, the DOR_ will be able to
validate its design approach through this exercise and correct any errors it may
have made in interpreting the RFP, before any design effort is wasted. Next, the
owner’s reviewers will have an opportunity to expand on the intent of the RFP
design criteria and articulate their preferences and concerns. Finally, the outcome
of such a meeting would be that both parties buy into the design approach that is
associated with the contract price. It would serve to bound the technical scope of
work and retard scope creep by establishing a mutually agreed benchmark against
which to measure the resultant design deliverables.

Integrating Design Subconsultant Products

Next, the design subconsultants will begin to work on their individual design
packages. These need to be coordinated with the larger work packages upon
which the schedule is predicated to ensure that no gaps or redundancies are pres-
ent. Each subconsultant must understand and agree to conform to the following
procedures:

* The design quality control plan will govern the review and acceptance
of subconsultant design product.

* Subconsultant design product must conform to the constraints
established by the as-bid quantities of work, and the subconsultant must
continuously back-check its work to achieve this goal.
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* Subconsultant design product must conform to the consolidated list of
design criteria and proposal design assumptions, including those
furnished by the trade subcontractors.

e If either of the last two rules cannot be met, the subconsultant must
immediately notify the DOR so that a meeting can be held to attempt
to resolve the design issue.

* Subconsultants need to understand and use the procedures for processing
RFIs and ensure that any coordination that is done with another
subconsultant is recorded and passed to the DOR for its information.

* Subconsultants must adhere to the milestones established in the project’s
schedule and notify the DOR in a timely manner if they believe they
are falling behind.

* Finally, subconsultants need to submit their requirements for design
information from the owner, the DOR, or other subconsultants up-
front, before the design process is started.

The DOR should also establish intermediate design hold points where all the
members of the design team assemble and cross-coordinate their various products.
This allows global control of conflicts, and mid-course adjustments to the overall
design approach can be made to address design problems that have arisen before
they become a crisis. The DOR should ensure that the constructor’s preconstruc-
tion staff is on hand at these design coordination meetings. This allows them to
make direct input to the coordination with regard to means and methods as well
as constructability. Finally, these meetings can be used to consider potential VE
ideas that have cropped up during the design process.

Integrating Design Input from the Constructors

As each design package nears its completion, time must be devoted to permit the
constructors to check its cost, determine the actual availability of labor, equip-
ment, and materials to support the schedule, and to review the constructability of
the feature of work. These tasks are part of a process that has become known as
“preconstruction services.” This is by no means an exhaustive list of preconstruc-
tion services that can be provided by the constructors during the design phase of a
DB project. These are the essential ones that are used to ensure that the project
can be brought in according to budget, schedule, and construction quality con-
straints. Procedures must be established that create a means for the designers to
incorporate the input from the constructors into the ongoing design process.

Constructability Input to the Design

The major benefit to the owner in using DB project delivery is improved con-
structability (Beard et al. 2001). This benefit is accrued as a result of careful design
administration to ensure that all constructability input makes its way into the final
design. To do so, one must understand the objective of a constructability review
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and its potential benefits. “Constructability” is a term of art that has come to
encompass a detailed review of design drawings, specifications, and construction
processes by a highly experienced construction engineer before a project is put out
for bids. It is defined as “the optimum use of construction knowledge and experi-
ence in planning, design, procurement, and field operations to achieve overall project
objectives” (CII 1986). The purpose of the constructability review is to cover the
following five areas:

* Design errors, both material selection and dimensional

* Ambiguous specifications

* Project features that will be difficult or exceedingly costly to construct as
designed

* Project features that exceed the capability of the constructor to properly
build

* Project features that are difficult to interpret and will be hard for trade
subcontractors (who have not yet been identified) to accurately bid

The application of constructability reviews in architectural and process plant proj-
ects has been around for decades. However, its use on transportation projects is rela-
tively new (Gransberg et al. 1998). A comprehensive study in this field is presented in
National Cooperative Highway Research Program (NCHRP) Reports 390 and 391
(Anderson and Fisher 1997a, 1997b). In this study, constructability is considered an
integral part of the project development process where a project is divided into three
phases: planning, design, and construction. Its authors drew this process from a study
of the implementation of constructability in the non-transportation sectors. Thus, it
represents not only the current thinking on this subject but also a synthesis of the lat-
est research, making it generally applicable to any type of project.

A study by Yates and Battersby (2002) sought to identify how much construc-
tion experience a design professional should have to minimize preventable errors
and conflicts during the design process as well as produce a buildable final design.
The study produced an interesting set of results that bears on the implementation
of constructability at the project level. One section of the survey asked a group of
questions related to construction field experience, designer construction knowl-
edge, and design processes, and reported the following results:

*  60% of the respondents thought it important for designers to have
construction field experience prior to starting their design careers;

* 91% thought it important for designers to learn about construction
methods, construction processes, and construction management as part
of their formal education;

*  76% thought designers should be required to obtain construction field
experience prior to receiving professional registration; and

e 79% felt that the number of claims against a design firm’s errors and
omissions insurance would be reduced if designers had construction field
experience. (Yates and Battersby 2002)
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This study also asked: “What is most important factor that contributes to effec-
tive construction documentation?” The most frequent response indicated that
“Architects and engineers with extensive construction experience could produce
the most effective documents.” However, given the nature of most careers, this is
difficult in the design professions where architects and engineers must spend
most—if not all—of their early careers compiling sufficient professional practice
experience to become licensed in their fields. The next most frequent response
was to “Allow the constructor to be involved in the design from conceptualiza-
tion.” Thus, both of these findings would support the increased use of constructabil-
ity reviews as a means of improving the quality of construction documents and
achieving the benefits cited by the previous authors, and ensuring that it is part of
the design administration process that is critical to DB project success.

The constructability review is incorporated into the design administration
process by defining parallel constructability phases, such as constructability in con-
ceptual design, schematic design, and construction document production. These
three phases of the constructability review are further divided into features of work
based on the needs of the project in question. This format can be used to guide
both the constructability reviewers and the designers in ensuring that the entire
project scope of work is included in the review process and that the resultant con-
struction documents are of the best quality possible.

As the study by Yates and Battersby (2002) validated, the implementation of a
constructability review cannot be conceived separately from experience in the
field. Therefore, past experience and best practices are invaluable contributions to
the constructability process. By incorporating information learned during similar
projects, potential areas of difficulty can be identified prior to construction. Analy-
ses and constructability reviews during all design phases only improve the quality
of the final product; in this process the constructor’s team tries to establish con-
nections with similar past projects. The factors that created success in a past project
can be replicated in the new project, and the reasons that led to the failure of a
project can be avoided in the future.

Organizations that are new to this process can draw from the successful experi-
ence of the U.S. Army Corps of Engineers (USACE), which in the early 1980s
instituted a program of conducting formal constructability reviews on all projects
before they are released for bids (USACE 1994). Although no published effort has
been made to capture and quantify the savings attributed to this program, our per-
sonal experience in USACE has shown that virtually every review catches some
factor which, if it were left unchanged, would have necessitated a construction
change order during that project.

The federal concept can easily be applied to other public and private DB proj-
ects. Essentially, it is a review of the capability of the subcontracting industry to
determine whether the required levels of tools, methods, techniques, and technol-
ogy are available to permit a competent and qualified trade subcontractor to build
the project feature in question to the level of quality required by the contract. The
constructability review also entails an evaluation of the ability of the subcontrac-
tors to understand the required level of quality and accurately estimate the cost of
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providing it. Thus, the level of project risk due to misinterpretation that is inherent
in a set of specifications or a project feature is reduced to a minimum.

When a formal constructability review is combined with a thorough cost engi-
neering review, the final design is greatly enhanced and the project is therefore less
susceptible to cost and time growth resulting from design errors and omissions.
The benefits of a constructability review, identified by Gibson et al. (1996), are:

¢ Reduced cost

e Shorter schedules

e Improved quality

e Enhanced safety

e Better control of risk
* Fewer change orders
e Fewer claims

A survey taken in Canada confirmed many of these benefits (Jergeas and Van
der Put 2001). Additionally, their study found that

The areas that survey respondents indicated have the greatest potential to
yield the benefits are achieved by implementing the following:

*  Up-front (early) involvement of construction personnel;

¢ Use of construction-sensitive schedules; and

* Use of designs that facilitate construction efficiency. (Jergeas and Van
der Put, 2001)

Thus, the opportunity for design-builders to utilize this powerful tool to suc-
cessfully complete projects is facilitated by the DB contract structure putting the
designers and the constructors on the same team. This leads to a discussion of
exploiting VE ideas that arise during the constructability reviews to enhance the
benefits of implementing a constructability program.

Value Engineering/Value Analysis Input to the Design

Chapter 7 contains a detailed discussion of VE in the DB context. The important
issue at this point in the book is to ensure that the design administration process
creates an environment where innovative alternative solutions can be expeditiously
evaluated and incorporated if they add value to the final project.

The Federal Acquisition Regulation defines VE as follows:

The systematic application of recognized techniques by a multi-disciplined
team to identify the function of a product or service, establish a worth for that
function, generate alternatives through the use of creative thinking, and pro-
vide the needed functions to accomplish the original purpose of the project,
reliably, and at the lowest life-cycle cost without sacrificing safety, necessary
quality, and environmental attributes of the project. (Blanding 2005, p. 3)
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One technique to accomplish this task is the creation of a formal system for
members of the team to forward potential VE ideas. The system is usually based on
a form that is filled out by the initiator and passed to the DOR, who then accu-
mulates them. At each design progress meeting, discussing these ideas is then a per-
manent agenda item for the group. If a given VE proposal is determined to have
high potential, it is then passed to the constructor’s preconstruction services group
for further analysis and cost estimating, with support from the design team as
required. When a VE proposal is determined to be worthy of implementation, a
special meeting of the team is called to coordinate its incorporation into the design
and to ensure that implementing the VE change on one feature of work does not
inadvertently create an adverse impact on some other feature. The DOR must also
check with the constructor to ensure that the VE change does not affect trade sub-
contractor scope of work; if it does, the appropriate entities are notified and given
an opportunity to adjust their prices and schedules.

Trade Subcontractor Input to the Design

DB project delivery allows many submittals that typically occurred during con-
struction in DBB projects to now be completed during design because many of the
major trade subcontractors are selected before the design is complete. Both the
owner and the DOR should strive to maximize the number of design decisions
that are made prior to construction by integrating the efforts of the trade subs dur-
ing the design process. From the owner’s perspective, materials, equipment, and
processes should be specifically identified as early in the design process as possible.
The design-builder can write subcontracts that require early provision of submit-
tals in a manner that allows the design team to review, approve, and incorporate
these into the design submittals that the owner will eventually review.

In some DB projects the trade subcontractors furnish the design professional in
their discipline. This eliminates redundancy in the design process and simplifies the
integration of subcontractor input. For example, the electrical subcontractor’s
licensed professional engineer can do all the electrical design for the project. That
way, there will be few if any electrical submittals during construction because the
items that are normally submitted will already be in the construction documents.
This also reduces the amount of work necessary to produce as-built drawings.
Finally, it forces as many design decisions as can be reasonably addressed to be made
during the design phase rather than during construction. This greatly facilitates the
schedule and is extremely important in a fast-track project with parallel design and
construction activities.

Design-Build Charettes

The term “charette” is derived from a French word meaning “cart” and originated
in nineteenth-century France. Architecture professors at the Ecole des Beaux Arts
in Paris wheeled carts through the school grounds and collected their students’
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final drawings. This created a short burst of intense activity as the students hur-
riedly struggled to complete their work before having to put them on the cart. In
twenty-first-century DB, charette has come to describe a free-flowing brainstorm-
ing session where all the project’s stakeholders set aside time to participate in a
facilitated, animated discussion with the objective of quickly nailing down the fun-
damental aspects of the design.

In DB project delivery, the use of charettes during design has several purposes.
First, the charette will attempt to break down long-standing prejudices and prefer-
ences that inhibit serious consideration of potentially creative solutions to the
owner’s design problem. Next, by involving all the members of the DB team and
the owner’s stakeholders, the charette seeks to arrive at an optimum solution for
the project. Finally, a DB charette provides an ideal forum for the communications
that are vital to DB project success. The idea is to create an atmosphere where all
concerns and ideas are seriously considered and appropriately adopted or discarded
based on consensus. At the end, “buy-in” is sought from all the participants and is
then reinforced during both internal and external design reviews.

Design-Build Charette Preparation

Preparation for a DB charette must necessarily start with the design-builder dis-
secting and distributing various sections of the DB RFP and the winning pro-
posal to the appropriate attendees prior to the charette. This allows them time to
gather their thoughts and become intimately familiar with the project’s technical
content. It also allows them to ensure that they have access to all necessary refer-
ence material during the charette itself. It also helps if the owner will contribute
a written statement of the DB project’s goals to assist the design-builder’s team in
understanding the critical elements of the given project from the owner itself.
Finally, the charette facilitator should be given a written memorandum that lays
out the design-builder’s goals for the charette in terms of what it wants to accom-
plish by the end of the exercise. These can also be given to the attendees if it seems
appropriate.

The charette goals and the owner’s goals should be used as a guide to determine
who exactly needs to participate in the charette. The effectiveness of many a charette
has been degraded by the proverbial “cast of thousands,” making it functionally
impossible to achieve meaningful consensus. The group must remember that the
charette is not a partnering session, although i1t might feel like one. Its purpose is to
boil down all realistic options to the one that best fits the projects goals and con-
straints. The following individuals should be a part of the charette, as a minimum:

*  Owner’s team
— Owner’s project manager
—  Owner’s design staft or preliminary design consultant who provided
input to the RFP
— Representative from the entities that will occupy, operate, and
maintain the completed facility
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— Owner’s construction manager or construction oversight team
leader
* Design-builder’s management team
— DB project director
—  Design administrator
— Administrative staft to document the meeting’s content and to assist
the participants in articulating potential solutions using computer-
aided design, estimating, and scheduling software
* DOR’s team
— DOR/design project manager
— Lead design professionals on the DOR’s staff
—  Key design subconsultants for those features of work where
potential design alternatives exist
—  Design quality manager
—  Graphic design technician
» Constructor’s team
— Construction project manager
— Cost engineer
—  Scheduler
—  General superintendant
—  Construction quality manager
— Design professionals from the trade subcontractors that will furnish
input to the design, if applicable
— Key trade subcontractors for those features of work where potential
design alternatives exist
» Facilitator who preferably has experience with DB as well as running
charettes of this nature

It is important that each entity has an individual present at the charette who
has the authority to commit its organization to the charette outcome. If any par-
ticipant has to “check with the boss” before a decision is made, it greatly reduces
the effectiveness of this event. Additionally, other project participants who are not
invited to the charette should be asked to be available by telephone during the
charette period to permit the participants to back-check design decisions that are
being made with those who will implement them. Finally, the design-builder’s
administrative staff must have access to the necessary electronic tools to furnish
meaningful assistance to the various joint teams. This is a situation where having
access to building information modeling (BIM) software is extremely valuable.
BIM allows design alternatives to automatically generate cost and schedule impact
information, greatly facilitating the analysis of out-of-the-box ideas which might
have been rejected due to the sheer amount of time it would take to calculate
their cost.

The charette should be started with the facilitator reviewing the owner’s and
design-builder’s goals for the project. Time is taken to make sure all participants
fully understand the intent of the goals; when this is achieved, the facilitator then
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leads the group through harmonizing the two sets into a single set of project
goals that can be used to guide the remainder of the charette. The participants
then divide into disciplinary teams that include personnel from both the owner’s
and the design-builder’s teams. Each team then develops a list of important ques-
tions and needs for specific information from other teams, which are distributed
by the facilitator and answered or provided by the appropriate participants. At
this point, the facilitator must decide whether the charette can continue as
planned or the group needs to be reassembled to settle any unanswered questions
or needs for information.

The next step is to review the project’s price proposal and schedule. The price
is broken out into budgets for the major features of work to give charette partici-
pants a target budget within which to frame design solutions. Critical path activi-
ties are also highlighted and assigned to the appropriate disciplinary teams to
ensure that they are aware of the time sensitivity that must be attached to poten-
tial design alternatives in their areas. Additionally, these teams should also look for
options to expedite the design and construction of those features to create float
that can be used for unexpected conditions or events while still maintaining the
schedule. Finally, the cost engineer should review with the group those work
packages that are associated with volatile material prices or constrained labor avail-
ability. This gives those teams the information they need to develop design solu-
tions that can be expedited to allow the design-builder to lock-in material and
labor pricing and supply.

After these opening activities have been completed, it is up to the facilita-
tor to turn the teams loose and then gather them in periodically to review
their work, guiding the group to a final design solution. The facilitator must
discourage pre-charette solutions and ensure that the group seriously considers
all possible alternatives. When a promising design alternative is identified, the
facilitator then gathers together the requisite technical expertise, including the
construction superintendent, to validate its constructability. The design alterna-
tive is then developed to a point where the cost estimator can generate a con-
ceptual estimate to determine whether it falls within the budget established at
the time of contract award. If the result is positive, that alternative then is cap-
tured for coordination with others into the final project design plan. If the result
of the estimate is negative, the team decides whether its cost can be sufficiently
reduced via VE.

The charette continues in this manner until the design-builder’s goals for the
charette have been achieved and each main entity is willing to accept the design
approaches that were generated by the group. A few ground rules to assist in this
important event are:

* Keep the charette format informed, focused, and well organized.
* Project director leadership is key.

* Let creative juices flow.

*  Work together toward a common purpose.

* Document good ideas, hang them up, and share.
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* Organize ideas into groups, such as program, site, building systems,
schedule, and cost.

» Each discipline is to share criteria/constraints.

* Use time and money discussions to set boundaries.

* Conduct site analysis/orientation.

* Use structural, mechanical, electrical, and specialty consultants to set the
technical constraints on the design.

* Approach the architectural design last.

Integrating Charette Input into the Design

After the charette is concluded, the design-builder’s design administrator and the
DOR should then review and finalize the consensus design alternatives. The result
should be a set of minutes detailing the decisions and agreements made during the
charette and a description of the final charette solution for each feature of work’s
design approach, including any conceptual estimates and schedule analysis that were
conducted to validate the strongest concepts for each discipline. The package should
review budget constraints for each discipline, including the target as-bid quantities
that apply to each feature of work. Finally, key milestones for each feature’s design
should be articulated in the charette output package to ensure that the designers
working on those features are fully cognizant of their time constraints. The design
process is then handed over to the DOR to manage and produce the final con-
struction documents.

Successfully integrating the design input developed in the charette involves each
design professional fine-tuning the charette input to a point where it can be final-
ized, supplying an optimum solution. This process must be conducted iteratively
between the disciplines and must include cost engineering and schedule cross-
checks to keep the design feature of work within budget and in support of the
contract’s schedule. Additionally, the constructability must be checked to make sure
that the design has not evolved beyond the capability of the construction means
and methods that were assumed in the price proposal.

Given the above discussion, the charette actually serves as a road map for the
design administration process by facilitating the collective design decision-
making process and producing a single optimal design approach that should con-
form to the constraints for quality, cost, and schedule that are contained in the
DB contract.

Performance Criteria Interpretation

The design criteria in the DB RFP will contain various levels of specificity.
These will range from prescriptive specifications and design details that are man-
dated by the owner, to performance criteria that must be met by the final con-
structed facility and the interpretation of which is allocated to the design-builder.
As previously mentioned, many—if not most—of these will have been interpreted
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by the design-builder during proposal preparation. Thus, there are two require-
ments for articulating the design-builder’s interpretation of project performance
criteria:

* An inventory and definition of those criteria that were defined in the
proposal’s design approach.

* An inventory of the remaining performance criteria that will be
interpreted during the design phase.

In both cases, it is critical that all members of the design team, as well as the
construction team members that will contribute elements to the design, under-
stand the design-builder’s final interpretation and apply that interpretation in their
design product. This can be accomplished by assembling a “design/performance
criteria dictionary” that contains the current definition for every criterion in the
project scope of work.

Criteria Dictionary

This document is best maintained by the design-builder’s design administrator
because this individual is in the best position to coordinate the specific definitions
with both the design and the construction teams. The document should be main-
tained in a web-accessible electronic format to make it easily referenced by design
professionals, trade subcontractors, and material suppliers who need it to define
the standard for which they will be held accountable. The format of this docu-
ment depends on the complexity of the design requirements and the level to which
the owner is relying on performance criteria to define the technical scope of work.
However, it will usually include the following programmatic definitions:

e Maximum/minimum capacities
—  Architectural space standards
—  Structural codes: building, seismic, etc.
— Required clear spans
—  Geotechnical constraints
—  Mechanical requirements
—  Electrical load requirements
— Environmental regulations
—  Traffic flow during construction
—  Design traffic flow
— Process equipment production rates
—  Others as required
* Essential functions
—  Access
—  Safety
—  Capacity
—  Others



Design Administration in Design-Build 87

* Technical constraints
— Design constraints
O  Excluded brand names and processes
O Preapproved brand names and processes
— Construction constraints
O Restricted site access
O  Excluded means and methods
O Mandatory means and methods
* Aesthetic requirements
—  Exterior finishes
— Interior finishes
— Landscaping
—  Art work/sculpture if applicable
* Acceptance testing criteria
—  Each design discipline
—  Major construction trades

Promulgating Performance Criteria by the Designer-of-Record

Figure 3-1 shows the hierarchy of performance elements in a DB project. The
difference between a performance criterion and a performance specification is
the level of specificity. Many owners and members of the DB industry misuse the
term “performance specification.” “Specification” implies that a design decision
has been made based on the professional design process. When an owner formu-
lates a design requirement that has more than one technically feasible solution, the
proper term would be “performance criteria” rather than “performance specifica-
tion” because the owner has conducted a project scoping process and deter-
mined the requirements that the design-builder will have to achieve to deliver a
responsive project. The requirements of that project are then articulated in per-
formance terms, but the owner has not completed the design process and there-
fore is not writing a “specification.” It is important to be clear in the distinctions
between the two.

The DOR will interpret the owner’s performance criteria and develop per-
formance specifications to promulgate to the trade subcontractors. For example,
if the owner stipulates that the temperature within a building must be controlled,
this 1s a criterion because it leaves open to the design-builder to choose how it
will do this. If the DOR then determines that it wants to use roof-mounted zone
HVAC equipment to meet the criterion, it develops a performance specification
for the mechanical subcontractor, whose options are now narrowed as to the man-
ufacturer from which it will buy the equipment. When that design decision is
made, the DOR is then given a submittal to review and approve for construc-
tion. This converts the performance specification to a prescriptive specification
and incorporates the approved submittal into the final construction documents.
This gives both the DOR and the owner a standard against which they can
inspect to ensure that the appropriate equipment was actually installed before
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Figure 3-1. Hierarchy of performance elements in a DB project.
ASHRAE, American Society of Heating, Refrigerating and Air-Conditioning Engineers.

project close-out. Thus, the DOR controls the criteria interpretation process using
the submittal process and the quality management system.

DB project delivery also furnishes an opportunity for the DOR and the trade
subcontractors to generate design alternatives that meet RFP performance crite-
ria as well as budget and schedule constraints, and present the owner with viable
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options and receive owner guidance as to its preferences. In these cases, all the
alternatives are of roughly equal value to the design-builder, and the design-
builder seeks to strengthen its relationship with the owner by implementing
owner preferences wherever possible. Often these preferences were expressed dur-
ing one of the initial conferences and were put on hold until the design had pro-
gressed to a point where they could be addressed. The idea here is that the owner
does not get a guarantee that its preferences will be implemented, but is assured
that its preferences will be considered and, wherever possible, incorporated into
the final project.

Design Submittals and Reviews

The design submittal process is discussed in detail in Chapter 4, Design Quality
Management in the Design-Build Project. These deliverables are the heart and soul
of the design administration process. Chapter 2, Scheduling Design-Build Projects,
also discusses the fact that design deliverables are always on the critical path and
hence constitute important milestones on the schedule. There are many technical
issues with design submittals as well. Obviously, they must be compliant with the
contract’s design and performance criteria; that is a quality management issue
addressed in the next chapter. The time it takes to produce the design deliverables
and then revise them in accordance with the owner’s design review comments must
also fall within the project’s budget and schedule. Finally, the design team must be
aware of the impact of the design product on the construction process, ensuring
that their product can indeed be constructed using the means and methods that
were assumed during the preparation of the DB proposal.

Design-Builder's Perspective on Design Submittals

The design-builder is primarily concerned about each design submittal’s impact on
the project’s schedule and budget. Therefore, it is incumbent upon the design-
builder to establish an internal design administration system that ensures that no
design product leaves the team without passing through the constructor’s cost engi-
neer and scheduler. To achieve this requires a strong design administrator. This per-
son must establish and enforce clear lines of communication and protocol between
the design team and the construction team. Doing so ensures that both the con-
structor’s and the owner’s project management group are included in the design
submittal loop. The first duty is to ensure that the design complies with the design-
builder’s budget and time constraints. If this is not possible, the design administrator
will then convene a meeting with the DOR and the constructor’s staff to identify
possible options or to mitigate the impact of the overrun.

The design administrator will also closely monitor the progress of trade sub-
contractor design input and construction submittals to ensure that they are in com-
pliance with the contract and the proposal. The DOR expects these vendor docu-
ments to supplement their drawings and specifications. Therefore, as many of these
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construction-type submittals as possible should be prepared, developed, reviewed,
and approved during the design phase to minimize the potential for delays due to
problem submittals after construction has started.

Finally, both the owner and the design-builder’s team need to remember that
during the design phase, working drawings must be allowed to be revised as the
design progresses. There are a number of reasons why a working drawing in an
early design submittal will need revision, chief of which is the iterative nature of
the design process itself. Additionally, the need to maintain both budget and sched-
ule may drive the decision to revise an early drawing. The challenge with revisions
is making them without creating a loss of trust. Applying the principle of design
commitment uniformly throughout the design administration process solves this
problem. The owner’s design reviewers know that if commitment has not been
made to a given feature of work, they can expect that feature to be revised as the
design is further developed. On the other hand, if a committed design must be
revised, the design-builder must justify the revision to the owner and get its con-
currence. To make a design commitment, the design administrator must ensure
that the design has been priced and reviewed for compliance with the current
design and performance criteria. The availability of materials, equipment, and labor
should also be verified to ensure that committing to the design will not adversely
affect the project schedule.

Owner's Perspective on Design Submittals

The owner’s design reviewers do not conduct a technical review; they conduct a
“compliance review.” Therefore, the major issue for owners to ensure that the
design under review meets RFP design and performance criteria. Additionally, it
should reflect any betterments that were offered in the design-builder’s proposal.
Owners must be careful to not unintentionally assume design liability by their
review comments. Additionally, the reviewers must remember that a DB contract
is scope-driven and therefore they must maintain an open mind to accepting
design approaches with which they may have no personal experience. They should
expect a somewhat different design product. In DB the DOR does not need to
produce the “biddable” construction documents required in DBB projects. There-
fore, the owner’s reviewers should expect to see less detail in the drawings, and
specifications that consist of a combination of everything from traditional per-
formance specifications to manufacturers’ catalog cuts for material and equipment
that has been furnished by trade subcontractors to the design.

The purpose of the owner’s design review is to determine whether the design
will ultimately result in a satisfactory constructed facility. Therefore, its reviewers
should view design documents from the standpoint of making sure they contain
enough technical detail to allow the constructors to properly build the project.
The reviewers must also keep in mind that the design team is working for the con-
struction team, and the designer—owner client relationship does not exist in a DB
project. The advantage here is that the design team can more actively participate
in the construction and even decide to put off certain elements of design until
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construction is complete enough to allow the design to be finished using actual
field dimensioning if that makes sound engineering sense. The disadvantage is
that the DOR is no longer the owner’s advocate. This is why some opponents of
DB charge that “the fox is guarding the henhouse.” Research has shown that this
apprehension is unfounded and that DB project quality has been found to be
roughly equal to the quality found on the DBB projects. The FHWA Design-Build
Effectiveness Study reports actual results that conclusively confirm this belief, as
summarized in:

On average, the managers of design-build projects surveyed in the study esti-
mated that design-build project delivery reduced the overall duration of their
projects by 14 percent, reduced the total cost of the projects by 3 percent,
and maintained the same level of quality as compared to design-bid-build project
delivery. (FHWA 2006; emphasis added)

Once again, it is important for the owner’s reviewers to approach the review
with an open mind and not view changes to previous design submittals as attempts
to enhance profits by degrading quality. As stated in the introduction to this chap-
ter, the variable leg in the DB project “stool” is the details of the design. By imple-
menting the design commitment principle, the owner can use it as the litmus test
for judging revisions to previously submitted designs. This concept helps pre-
serve the atmosphere of trust and cooperation that is so necessary in a fast-moving
DB project.

Design Progress Review Meetings

If the formal design submittal is the heart and soul of the design administration
process, the periodic design review meeting is its bones and flesh. The purpose of
periodic design review meetings is to efficiently coordinate the details of the
design. They also serve as an excellent forum to float ideas to reduce costs, save
time, or add value to the final project. To maximize the effectiveness of these
meetings, all the right project participants need to be present. A typical list of
attendees is:

* Project director

* Design administrator

* Lead for each design discipline

» Constructor’s preconstruction manager

* Subcontractors who will contribute to the design (if appropriate)
 Specialty subconsultants and/or subcontractors (if required)

*  Owner’ representatives (when scheduled)

The agendas for these routine periodic meetings should be standardized to
ensure that each meeting covers all the necessary points of information to allow
the designers to achieve maximum production in the period following the meeting.
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Here are typical agenda items that could be included in a standard design review
meeting:

e Permit schedule

* Design milestone schedule

* Logistics milestone schedule

* Action item lists

 Status, questions, and concerns by discipline

These meetings are usually held on a weekly or biweekly basis, depending on
the pace at which the design must be advanced. They are usually scheduled to take
about one hour for the entire group. Some design-builders will then plan to use
the next hour for ad hoc interdisciplinary meetings to iron out coordination details
that do not require the entire group’s attention. If a particular problem is identified
in this meeting, then follow-up meetings are scheduled with the appropriate mem-
bers of the design and/or construction team. As the design approaches a milestone,
additional meetings are scheduled to bring together the necessary disciplines to
accomplish the following tasks prior to submitting the design deliverable for the
OWner’s review:

* Drawing reviews
* Specification reviews
* Coordination reviews

Fast-Track Design Reviews

When an owner decides to compress the project delivery period to as short as pos-
sible, it must recognize the need to field a design administration system that will
promote rather than hinder design progress. Construction cannot start until the
necessary elements of design are completed, reviewed, and released for construc-
tion. Chapter 2 discussed the schedule implications of fast-track projects, so there
is no need to repeat them here. Essentially, the owner and the design-builder should
mutually answer the following questions:

*  What must be formally reviewed?

*  What features of work require owner review and approval?

* On a feature-by-feature basis, can construction begin before the review
is complete?

*  What critical logistic activities are tied to design review completion?

The first question seeks to reduce the number of design review actions to the
minimum requirement. Some fast-track projects have actually done away with for-
mal design reviews and substituted co-located over-the-shoulder design reviewers.
In this approach, the owner and the DOR literally set up offices in the same loca-
tion. Often both parties’ personnel are actually in the same office with adjoining
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work stations. This allows for questions to be asked as they arise and for answers
and design decisions to be made and accepted on a continuing basis. One of this
book’s authors used this approach to deliver an emergency replacement of a com-
munity’s water treatment plant in less than 12 months. This begs the question: If
this approach can be successfully used in an emergency, why not use it in non-
emergency projects with aggressive delivery schedules? Obviously, to co-locate the
owner’s and DOR’s personnel will add a marginal cost to the project. Therefore, a
cost-benefit analysis should be done to determine whether the time saved justifies
the additional project overhead cost.

The second question asks the owner to take a hard look at the various features
of work included in the project and identify those features where the owner is not
comfortable shifting the entire design responsibility to the design-builder—
trusting the contract and the design quality management system to provide the
required level of design and construction quality. Often public works projects have
the owner’ standard design details incorporated by reference in the contract. Addi-
tionally, most projects include large amounts of what could be called “standard
design requirements” that promulgate building and life safety codes, and greatly
limit the ability of the designer to use an approach that has not previously been
found to be acceptable. Thus, under the second question, the owner should really
decide where the areas of greatest design risk are and focus its attention and
resources on those features. It can then allow the design-builder to assign compe-
tent, experienced design professionals to the routine features of work and proceed
without interference by the owner.

The third question should be answered at the initial design meeting on a fast-
track project if it has not been answered in the RFP’ scheduling section. Permit-
ting requirements will often drive the answer to this question. Thus, the DOR
needs to start with a list of those areas that must be designed first to permit their
design to be released for construction at the earliest possible opportunity. The
answer to this and the final question will ultimately drive much of the fast-track
project’s schedule. The need to define the requirements for materials and capital
equipment so they can ordered, fabricated, and shipped in time to permit their
timely installation will also create a need for early design completion on those fea-
tures of work that have these items in their scope.

To summarize, both the owner and the design-builder must adjust and fine-
tune the design administration system to support the schedule when attempting to
complete a DB project on a fast-track basis.

Drawing Numbering System

As has been said before, DB project delivery requires a higher level of trust between
the parties to the contract than in other project delivery methods. The owner is
giving up control over the details of design, and this creates a situation where the
owner must be able to implicitly trust the design-builder to exercise the same pro-
fessional care and diligence that the owner would expect in the design contract of
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a traditional DBB project. The “fox guarding the henhouse” fear often makes the
owner distrustful of changes to an aspect of the design after it has reviewed and
accepted it. Again, the use of design commitment will help to allay this fear.

Additionally, there is a need to distinguish between those design products for
which commitment has been made and those that are still a work-in-progress. One
simple technique is to use the drawing numbering system to form that identifica-
tion. In this method, anyone can pick up a drawing that has been left behind in a
conference room and tell by looking at the number whether the details on that
sheet are subject to change without notice.

Drawing Types and Sources

Four types of drawings will typically be generated in a DB project:

* Conceptual design drawings
*  Working detail drawings

* Final construction drawings
* As-built drawings

They will be created by a number of sources. The owner will have included a num-
ber of drawings in the project solicitation documents that will become part of the
contract. Additionally, it will often furnish standard details and drawings for equip-
ment for which it wants to ensure compatibility. Obviously, the DOR and its sub-
consultants will be producing a full range of drawings during the design phase.
Trade subcontractors may also be furnishing elements to the final design as well as
technical submittals that are necessary to complete the design.This results in a prob-
ability that someone may see a drawing, believe it to be complete, and then be dis-
concerted when the final construction documents are reviewed and that particular
detail has been changed. This threatens the mutual trust between the two parties.
Therefore, the objective of the drawing numbering system is that its methodol-
ogy be such that anyone can look at a drawing and determine whether or not it
has been priced (committed). This is essential to maintain the required level of
trust. It does so by enhancing the communication of technical detail. It also rein-
forces the chain of authority by making the DOR the keeper of the drawing
numbers and, hence, the authority for design commitment. Further, it forces the
DOR to take and maintain control of the complete design because the DOR must
assign the drawing numbers that correspond to the level of design completion.

Drawing Numbering System Concept

Many public and private owners have standardized drawing numbering systems
that have been used for decades. There 1s no need to change these just for a DB
project. In fact, the most effective system is one where the number of a drawing
that is not part of a committed design looks visibly different from what the owner
is accustomed to seeing. This can be done by merely adding a prefix to the drawing
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number until it has been committed, and then removing the prefix when design
commitment is made and it is prepared for the owner’s review and release for con-
struction. For example, the following list is for a structural drawing as it proceeds
from concept to as-built:

* Concept drawing: C-5201

*  Working drawing: W-5201

* Record drawing: S-201

e As-built drawing: S-201 with redlines

In addition to the drawing number, the presence of the appropriate design pro-
fessional’s seal will reinforce the fact that, for the time being, the DOR believes this
drawing to be the one that will ultimately become a part of the final construction
documents. Some owners and design-builders require an area be made available in
the title block for the DOR to sign, indicating that it has reviewed the drawing
and found it to be in compliance with the contract requirements as well as ready
to be released for construction.

In summary, the DB project’s design defines the quality for the DB project’s
construction. Most DB projects that are awarded have challenging delivery sched-
ules and, as a result, completing the design in an expeditious manner is essential to
the project’s success. Design administration is vital to achieving project success, and
has three levels. First is the owner—design-builder interface where design informa-
tion and product must be exchanged in precise terms. Next is the design-builder—
DOR interface where the design-builder must ensure that the work controlled by
the DOR meets the project budget and schedule constraints as well as complies
with the design and performance criteria in the DB contract. Finally, there is the
DOR-~—constructor interface where the DOR leverages the construction knowl-
edge and experience of the constructor and its subcontractors to enhance project
constructability and reduce risk during construction. When all three levels are
working in harmony, a win-win situation is achieved. The owner gets its facility
on time, within budget, and to the standard of quality prescribed in the contract.
The design-builder and its team achieve their target profit for the work and
enhance their reputation with this owner, making them more competitive for the
owner’s next project.

In the final analysis, the operative term is “project quality” because it is the
quality of the constructed product that endures for the project’s lifetime of opera-
tion and maintenance. Therefore, the next chapter will discuss design quality man-
agement to show how design quality can eventually be turned into construction
quality.
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FOUR

Design Quality Management in the
Design-Build Project

Design-build (DB) project delivery alters the traditional roles seen in design and
construction quality management. By selecting DB, the owner shifts the design
from its own team to the design-builder’s team. Thus, this requires a shift in the
way quality management is performed throughout the life cycle of a DB project.
In the traditional design-bid-build (DBB) system, the owner is responsible for
design and construction quality assurance (QA).The Designer-of-Record (DOR)
is responsible for design quality control (QC) and often assists the owner with
design QA, which leaves the constructor responsible for construction QC. Imple-
menting DB entails shifting quality management tasks. One of the major motiva-
tions for using DB project delivery is to shift design liability from the owner to the
design-builder.

To effectively transfer design liability to the design-builder, an owner must also
transfer many of the traditional quality management responsibilities as well. This
leads to a concern that the “fox may be guarding the hen house”; this concern has
plagued DB since its inception. A study by Ernzen and Feeney (2002) of the Ari-
zona DOT’s DB program (appropriately titled “Contractor-Led Quality Control
and Quality Assurance Plus Design-Build: Who Is Watching the Quality?”)
addressed this concern directly by comparing project QA test data on a DB project
where the design-builder had been assigned the responsibility for QA, with data
from a similar project delivered by traditional DBB means. It found the following:

Analysis of the data shows that despite a highly compressed schedule, the
quality of the material on the project exceeded the project specifications and
was similar to the quality of work completed for the state under traditional
contracting methods with an Arizona DOT-operated quality assurance pro-
gram. (Ernzen and Feeny 2002)

The Arizona DOT study and the numbers regarding the growth in DB across the
nation, previously cited in Chapter 1, effectively belie the theory that implementing
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DB project delivery will inherently result in poorer construction quality. It would
be difficult to believe that sophisticated public and private owners would propa-
gate the spread of a delivery method that consistently resulted in substandard or
poor-quality product regardless of its ability to expedite project delivery. In fact, a
Federal Highway Administration (FHWA) study on DB effectiveness reported
actual results that conclusively confirm this belief, as summarized in the following
quotation:

On average, the managers of design-build projects surveyed in the study esti-
mated that design-build project delivery reduced the overall duration of their
projects by 14 percent, reduced the total cost of the projects by 3 percent,

and maintained the same level of quality as compared to design-bid-build project
delivery. (FHWA 2006; emphasis added)

Design-Build Quality Assurance Model

Previous authors have described the change from DBB to DB procurement as a
“culture shift” Our 2006 companion book, Preparing for Design-Building Contracting:
A Primer for Owners, Engineers, and Contractors, sums this up as follows:

... [D]esign-build contracting deals with the ability to the parties in the
contract to execute it in an environment of trust. This is the ultimate cul-
ture shift that must be made by owners, designers, and builders. (Gransberg
et al. 2006)

Concern for project quality is the factor that causes distrust. To allay this fear,
DB projects must be delivered with at least the same level of quality that occurs in
DBB. In traditional DBB contracting in the construction industry, decades of QA
and QC experience provide a wealth of knowledge and standard practices that are
readily accessible and widely accepted for assuring project quality. In DB, on the
other hand, there exists a limited but rapidly expanding body of experience associ-
ated with assuring quality. One of the major challenges facing owners and design-
builders in implementing DB is the change that must take place in the culture of
both parties. This is described well in an evaluation report given by Postma et al.
on the I-15 DB transportation project in Utah:

The Owner felt that one of the biggest challenges to the QC and QA pro-
gram was “breaking the mold” of the traditional roles of the contractor and
Owner. The Owner’s personnel had all come from the “catch and punish”
culture. Likewise the Contractor personnel came from a similar background.
To change philosophies to a more proactive quality role by the Contractor
and a less controlling oversight role of the Owner was a significant challenge.
Most personnel assigned to the project by either party had worked under
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traditional systems for many years and this was the first experience with this
type of project. (Postma et al. 2002)

As both owners and design-builders become more familiar with DB, the culture
change will be less of an issue.

Another structural issue that has confronted DB projects since their implemen-
tation has been the idea that construction contractors, who lead many DB proj-
ects, would pressure the designers, as their subcontractors, into sacrificing quality
for higher profits. According to the previously quoted FHWA Design-Build Effec-
tiveness study (FHWA 2006), this has not been the case. However, a well-defined
quality management system is one way to address these fears. This is even more
important on high-profile public projects delivered using DB. According to Leon
Pantazides, a quality management system “adds credibility and assurance for all
involved from the design-builders, to the department of transportation [i.e., the
public owner], to the public users” (Pantazides 2005).

Design-Build Quality Definitions

The Transportation Research Circular E-C074: Glossary of Highway Quality Assurance
Terms (TRB 2005) contains standard definitions for quality assurance. Other organ-
izations, such as the American Society for Quality, also publish their own defini-
tions. Additionally, many public owners such as the U.S. Army Corps of Engineers
(USACE) utilize their own definitions for major quality terms. For purposes of
this book’s discussion of DB quality, the Transportation Research Circular E-C074
definitions will be used to standardize the information presented on this subject.
As such, the major quality definitions are as follows:

*  Quality. (1) The degree of excellence of a product or service; (2) the
degree to which a product or service satisfies the needs of a specific
customer; or (3) the degree to which a product or service conforms with
a given requirement.

*  Quality Assurance (QA). All those planned and systematic actions necessary
to provide confidence that a product or facility will perform satisfactorily
in service. (QA addresses the overall problem of obtaining the quality of
a service, product, or facility in the most efficient, economical, and
satisfactory manner possible. Within this broad context, QA involves
continued evaluation of the activities of planning, design, development
of plans and specifications, advertising and awarding of contracts,
construction, and maintenance, and the interactions of these activities.)

* Quality Control (QC).Also called Process Control. Those QA actions and
considerations necessary to assess and adjust production and construction
processes so as to control the level of quality being produced in the end
product.

» Independent Assurance (IA). A management tool that requires a third party,
not directly responsible for process control or acceptance, to provide an
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independent assessment of the product and/or the reliability of test
results obtained from process control and acceptance testing. (The
results of independent assurance tests are not to be used as a basis of
product acceptance.)

Acceptance Plan. An agreed-upon method of taking samples and
making measurements or observations on these samples for the
purpose of evaluating the acceptability of a “lot” of material or
construction.

To the above definitions, we will add two that are not contained in Transporta-

tion Research Circular E-C074.These definitions are for “quality management” and

“project quality assurance.” Another Transportation Research Circular that focused

on DB, E-C090, recognized the need for new definitions for quality in DB proj-

ects, stating:

As it relates to QA, the owner is responsible for oversight management and
a new definition of QA. This new definition includes oversight to provide confi-
dence that the design-builder is performing in accordance with the QC
plan, design monitoring and verification through auditing, spot-checking,
and participation in the review of the design. (TRB 2006; emphasis added)

Quality management is defined as follows:

*  Quality Management (QM). The totality of the system used to manage the

ultimate quality of the design as well as the construction encompassing
the quality functions described above as QA, QC, IA, and verification.

In a report by the National Cooperative Highway Research Program (NCHRP

1979), defining a QM system was simplified to four basic questions that provide a

concise reference to ensure that a QM system is functioning properly. The ques-

tions are: What do we want? How do we order it? Did we get what we ordered?

What do we do if we don’t get what we ordered?

Project quality assurance is defined as follows:

e Project Quality Assurance (PQA). All those actions necessary for the

owner to ensure that design-builder-performed QA activities give a
true representation of the quality of the completed project. This may
include owner verification and acceptance testing, or [A, as owner
oversight actions when the design-builder is assigned the responsibility
for design and/or construction QA activities. Additionally, these also
include owner oversight, verification, validation, acceptance, and other
activities necessary to satisfy statutory requirements for public projects,
and the employment of independent quality consultants that may be
necessary in DB projects with postconstruction operations and/or
maintenance options.
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Design-Build Project Quality Assurance Model

Figure 4-1 is a graphical representation of the DB PQA model. The shaded area
represents the universe of QA requirements that exist during both the design and
construction phases of a DB project. In this form, it makes no specific assignment
of QA/QC roles and responsibilities between the owner and the design-builder.
The owner is free to make those assignments to whichever entity is best suited to
carry them out in a satisfactory manner. The model shows that no matter who
actually performs the classic design and construction QA/QC tasks, at some point
the owner must make a business decision as to whether to accept the completed
design product and the finished construction product. In the case of design, this
decision is indicated when the owner agrees to allow the completed construction
documents to be released for construction. In construction, this decision is indi-
cated when the owner agrees to make final payment. When both of these decision
have been made, the DB project is accepted. The details associated with the mak-
ing of these two decisions contribute to the DB project’s acceptance plan, as previ-
ously defined. For purposes of this model, the acceptance plan will use the definition
proftered by Burati et al. in an FHWA report on QA specifications. The accept-
ance plan “will be considered to represent only those functions associated with
acceptance” (Burati et al. 2003, p. 4).

Along the way, the owner may use some form of IA to provide information
that will assist it in making the design and construction acceptance decisions. In
design, IA could take the form of sending portions of the design to another design
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Figure 4-1 DB project quality assurance (PQA) model.
Source: Gransberg et al. (2008), Figure 3, with permission from the Transportation Research
Board of the National Academies.
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professional for peer review prior to releasing it for construction. In construction,
IA could involve sampling and testing to statistically validate the design-builder’s
QA and QC testing programs. Finally, PQA also encompasses the less formal activ-
ities that the owner engages in to facilitate the design-builder’s progress. DB project
delivery demands a rich flow of technical information between the owner and its
design-builder (Beard et al. 2001); as a result, owners have developed mechanisms
to satisfy this requirement. One such activity has become known as “over-the-
shoulder” design reviews (these are discussed in detail in Chapter 3). The Min-
nesota DOT (MnDOT) defines these as follows:

The over-the-shoulder reviews are not hold points that restrict the progress
of design. They are simply reviews of the design as it progresses and oppor-
tunities for [the owner] to provide comments and feedback on the design.
(MnDOT 2005)

Another example of the types of activities that fall into the PQA universe is
found in the Virginia DOT (VDOT)’s DB guide (VDOT 2007), which defines
two new QM roles beyond QA and QC and calls them “Owner Independent
Assessment” and “Owner Independent Validation.” They are defined as follows:

*  Owner Independent Assessment. Oversight performed by the Department
(or agent) to satisfy VDOT and FHWA’s requirements for documenting
that proper QC and QA are being performed. This oversight provides
an independent assessment of Design-Builder’s implementation of and
compliance with the approved Quality Control and Quality Assurance
plan.

*  Owner Independent Validation. Oversight performed by the Department
(or agent). The focus of owner independent validation is to verify
Design-Builder’s QC and QA compliance and confirm that the quality
characteristics of the products incorporated in the project are valid for
acceptance and payment. (VDOT 2007)

Quality assurance in DB is currently developing. The same universe of respon-
sibilities exists in DB as in DBB; the difference lies with who holds the responsi-
bility. While there is no consensus among the various entities that use DB as to a
recommended or preferred QA organization, all owners have shifted more of the
quality responsibility to the design-builder than is typically seen in DBB.

Design-Build Quality Management Spectrum

In DB, the Request for Proposal (RFP) establishes the distribution of QM responsi-
bilities. The owner can choose to assign specific responsibilities to the design-builder
and retain the rest for itself. Additionally, it is also possible to retain a third party to
conduct QM activities. This firm could be under contract to either the design-
builder or the owner. The literature indicates that this third party 1s known by many
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different titles, some of the more common being “general engineering consultant,’
“design oversight consultant,” and “independent quality consultant.” It is not that
the processes or activities for assuring quality are different in DB; the vast majority
of activities will remain the same. The difference lies with who will be responsible
for performing the activities (Tam et al. 2003). In 74% of the projects reviewed by a
recent study of DB QA, QM responsibilities were at least generally assigned in the
solicitation documents (Gransberg et al. 2008). This is almost identical to the study’s
accompanying survey response where 72% of respondents answered affirmatively to
the question: Does either your RFQ or your RFP define QM roles and responsibil-
ities? Once the QM distribution decision is made, both the design-builder and the
owner must assemble organizations to carry out those functions. Table 4-1 shows
typical design and construction QM tasks that must be assigned to one party or
another to ensure quality on any transportation construction project.

Figure 4-2 is the theoretical spectrum of QM extending from one end, where
the owner conducts all QM functions, to the other where the owner assigns the total
QM program to the design-builder and satisfies its FHWA-mandated oversight
responsibilities (Stefani 2004) using some form of PQA. A 2006 study completed
by Potter and McMahon (2006) for the Maryland State Highway Administration

Table 4-1 Typical Quality Management Tasks on Transportation Projects?

Design Construction
Quality Control Technical review of Technical review of shop drawings
(QOC) design deliverables Technical review of material
Checking of calculations submittals
Checking of quantities Checking of pay quantities
Review of specifications Routine construction inspection
QC testing

Establishment of horizontal and
vertical controls on site

Quality Assurance  Acceptance of design QA inspection
(QA) deliverables QA testing
Approval of final construction Verification/acceptance testing
documents Approval of construction progress
Approval of design progress payments
payments Approval of post-award QC plan
Approval of post-award
QC plan
Project Quality Approval of post-award Approval of post-award QM/QA
Assurance QM/QA plans plans
PQA) Audit of design QA activities Independent verification/
Over-the-shoulder design acceptance testing
review Opversight

2 These lists are not meant to be all-inclusive.
Source: Adapted from TRB (2005).
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on the subject QA and QC organizations for DB mega-projects substantiates the
spectrum shown in Fig. 4-2.

Table 4-2 expands on the Fig. 4-2 concept by showing the details of the possi-
ble combinations of QM functions in tabular form. It moves from assigning all the
QM functions to the design-builder, as happens in many public—private partner-
ship projects overseas (Tyborowski et al. 1997), to the other end of the spectrum
where the owner holds all the QM functions. It also includes third-party QA par-
ticipation as found in the DB RFP content analysis. This results in 14 different
types of QA organizations.

Applying the Design-Build Project Quality Assurance Model
to the Organizations

By definition, PQA cannot be performed by the design-builder. It must be per-
formed by the owner or by an independent third-party firm.This provides a check
to the design-builder being responsible for all the QA and QC.Table 4-3 is a revi-
sion of Table 4-2 with the added PQA category in QM organizations where PQA
is necessary. It shows the four most common DB QM organizations found in a
recent study of DB transportation projects (Gransberg et al. 2008).
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Table 4-2 Possible Quality Management Organizations

Design Design  Construction Construction
QA QC QA QC Comments
Type 1 DBr DBr DBr DBr Owner oversight of design
and construction
Type 2 DBr DBr Owner or 3rd DBr Owner and 3rd party share
construction QA
Type 3 DBr DBr DBr and DBr Owner and DBr share
Owner construction QA
Type 4 3rd DBr 3rd DBr 3rd party QA; DBr QC
Type 5 3rd, DBr, DBr 3rd, DBr, and DBr QA is shared; DBr QC
and Owner Owner
Type 6 Owner DBr DBr DBr or 3rd Owner design QA only
Type 7 DBr DBr Owner DBror3rd  Owner oversight of design
Type 8 Owner DBr Owner DBr Owner QA; DBr QC
Type 9 Owner DBr Owner or 3rd DBr or 3rd 3rd party is involved in
construction QA or QC
Type 10 DBr and DBr Owner DBr Owner and DBr share design
Owner QA only
Type 11 DBr and DBr DBr and DBr Owner and DBr share QA
Owner Owner
Type 12 Owner Owner  DBr DBr Owner oversight of
construction
Type 13 Owner Owner  Owner DBr DBr Construction QC only;
traditional DBB QM
Type 14 Owner Owner  Owner Owner In-house project

DBr, design-builder; Owner, the project’s owner; 3rd, third-party (independent firm retained to conduct QA and
QC or independent assurance activities); DBB, design-bid-build.

Source: Adapted from Gransberg et al. (2008), Table 3.

A 2006 Maryland State Highway Administration (MDSHA) study of DB mega-
project QA and QC found that 8 out the 11 case study projects surveyed in that
research used what the Maryland report called “quality oversight,” which is essen-
tially the same as the activities that this model calls PQA (Potter and McMahon
2006) and validates the above findings. It went on to say that the MDSHA “Doles]
not have a separate Quality Oversight (QO) program developed . .. so [will] need
to develop the program and train their staff”” (Potter and McMahon 2006).

When the owner or a third-party firm is involved in QA activities, there is no
need for construction PQA activities. In Table 4-3, this is shown in Types 2, 3, and
7.PQA is needed only for the design portion of the work because the owner is
involved in construction QA. Some examples are given below to illustrate how
this has been defined in RFPs. Keep in mind that all these RFPs first assigned the
QA responsibility to the design-builder. For Type 1, this includes both design and
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Table 4-3 Quality Management Organizations with Project Quality Assurance

Design  Design Design Construction Construction  Construction
QA QC PQA QA QC PQA
Typel1l  DBr DBr Owner or 3rd ~ DBr DBr Owner or 3rd
Type2  DBr DBr Owner or 3rd ~ Owner or 3rd DBr None
Type3  DBr DBr Owner or 3rd ~ DBrand Owner DBr None
Type7  DBr DBr Owner or 3rd ~ Owner DBr or 3rd None

DBr, design-builder; Owner, the project’s owner; 3rd, third-party (independent firm retained to conduct QA and
QC or independent assurance activities); PQA, project quality assurance.

Source: Adapted from Gransberg et al. (2008), Table 4.

construction QA, and for Types 2, 3, and 7 only design QA was assigned to the
design-builder.

Design Quality Assurance

The design phase of a DB project is the phase where the ultimate quality of the
constructed facility is quantified through the production of construction docu-
ments. A previous study of DB QM stated: “Quality cannot be assumed into the
project. It must be designed and built into the project in accordance with the DB
contract itself” (Gransberg and Molenaar 2004). It is intuitively obvious that the
final quality of the construction is directly related to the quality of the project’s
design. Thus, design QA and design QC activities are necessary to assure the final
quality of the products produced during the design phase of the DB project.

An important factor in achieving a high-quality design is free and open com-
munication between all parties during the design phase (Beard et al. 2001), and the
Design-Build Institute of America (DBIA)’s Manual of Policy Statements states:
“DBIA advocates both formal and informal project partnering and considers the
partnering philosophy to be at the foundation of design-build delivery” (DBIA
1998). Chapter 1 has already discussed the importance of partnering in post-award
DB project administration. Success in achieving a high-quality DB project is
directly proportional to the quality of the communication between the owner and
the design-builder as well as the internal communications within the DB team
itself. This is particularly true during the design phase.

Design Quality Defined

Tiansportation Research Circular E-C074: Glossary of Highway Quality Assurance Terms
defines “quality” as follows:

(1) The degree of excellence of a product or service; (2) the degree to
which a product or service satisfies the needs of a specific customer; or (3) the
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degree to which a product or service conforms with a given requirement
(TRB 2005).

Given these three possible definitions as the basis for defining design quality, it
would seem that the last one, conformance to a given requirement, best fits design
quality in the DB context. The “requirement” to which the design must conform
would be detailed in the DB project’s RFP as promulgated in the signed DB con-
tract. Figure 3-2 in Chapter 3 shows the hierarchy of performance elements that
could be contained in a DB project RFP. One can see that it ranges from a very
general “essential function” where the owner is allowing the design-builder the
widest possible latitude in selecting a technical solution for a functional require-
ment, to a “prescriptive specification” where the owner has made the design deci-
sion and expects the DB project’s design to include it precisely as specified. From
the perspective of the DB design quality manager, it does not matter where on the
hierarchy a given requirement may fall; it can be used as the benchmark against
which the final design is checked to ensure conformance. Therefore, design quality
is essentially defined on a project-by-project basis in the owner’s DB solicitation
and contract documents.

Owner's Role in Defining Design Quality Requirements

Owners give up control of the details of design by selecting DB project delivery.
Thus, depending merely on the qualifications process to guarantee design qual-
ity, as in a pure design contract, may not be sufficient. With the predominant
organizational type being a constructor-led DB team (Songer and Molenaar
1996), the designer’s client is no longer the owner. Therefore, it is imperative
that the DB teams’ approach to producing a quality design be evaluated prior to
contract award. Assuming that this has been done during the pre-award phase of
the DB project, the owner must convey its contractual definition of design qual-
ity during the design phase. Often the DB RFP definition is global in nature
and does not directly address specific elements of design quality that are encoun-
tered during detailed design. Therefore, the owner must continually provide clar-
ifications to the contractual definition that are faithful to how the definition was
interpreted and bid by the design-builder prior to award. For this reason, having
a clear definition of design quality is imperative. If quality was not clearly defined
prior to contract award, both the design-builder and the owner would have to
hammer out a clear definition that is agreeable to both parties prior to starting
detailed design.

The owner’ role in defining design quality requirements consists of the follow-
ing three major areas:

* Establish and communicate design quality objectives.

* Ensure compliance with both the contract and the implicit statutory
requirements applicable to the project.

* Define the roles of the various contributors to the design.
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These three areas furnish a framework within which the owner can add value
to the design QM process. The major mistake the owner can make is to assume
that the design-builder will “know” what the owner expects in these three areas.
The best way to ensure that the quality definition is both clear and enforceable is
to make it a contract requirement by publishing this information in the project’s
RFP and incorporating it in the DB contract. However, if this opportunity has
been missed, it can be reestablished after award by ensuring that these topics are all
covered in both the pre-work and the pre-design conferences, as well as addressed
during the project partnering process. One should also note that if the owner does
not take the initiative to fulfill this role, the design-builder needs to intervene early
in the project and insist that the project’s definition of quality be developed and
documented, thus avoiding a potential costly dispute later in the project’s design
development process.

Establishing Design Quality Objectives

There are typically four categories in which design quality objectives must be

established:

e Cost

e Performance
¢ Function

e Aesthetics

These categories represent the totality of the design-builder’s design solution for
the project’s design problem that was articulated in the DB RFP. After contract
award, the design-builder must design to both cost and schedule (Gransberg and
Molenaar 2004). Thus, the details of the final design represent the only variable
in the Cost-Schedule-Quality triangle. Therefore, it is important that the quality
depicted in the final design be well understood by both the owner and the
design-builder.

Cost Quality Objectives

The cost 1s fixed contractually upon DB contract award, so there would seem to
be little opportunity for the owner to establish cost objectives with respect to
quality. That may in fact be the case in some contracts. However, if the owner has
put very little design development in the RFP, it may have relied on cost per-
formance criteria in the RFP to reveal the design-builder’s thought process in
developing the proposal and to obtain a competitive breakdown of project costs
to use later in change order negotiations. Hence, because performance criteria for
cost have been used to form the DB contract, the owner must establish quality
objectives that pertain to the RFP cost criteria, to ensure that the final design
conforms to the contract. Generally, there are three types of cost criteria (Grans-
berg et al. 2000):
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¢ Cost limitation criteria
¢ Cost breakdown criteria
» Life-cycle cost criteria

Cost Limitation Quality Objectives Quality objectives for cost limitation criteria
are generally straightforward. They define the either cost constraints of the project
or cost-related goals for the project. The following is a list of typical cost limita-
tion criteria:

e Maximum price

e Target price

* Funds available

* Public project statutory limits
* Type of funding

*  Multiple fund sources

* Fiscal year funding

*  Owner-furnished property

» Allowances

* Real estate

* Private project minimum required internal rate of return

The cost quality objectives for maximum price, funds available, public project
statutory limits, type of funding, and multiple fund sources merely consist of ensur-
ing that the design-builder and its design team understand the limitations imposed
by these criteria and then back-check to ensure that these criteria are met.

Setting quality objectives for target price criteria often gets more complicated. A
target price criterion operates in much the same manner as the maximum price cri-
terion but is less restrictive. It conveys the desired level of overall quality the owner
desires, using financial rather than technical terms. Target price criteria are often
stated as unit prices rather than lump-sum amounts. The owner uses these criteria to
constrain the proposed design solutions to proper cost levels; to help guide the
design-builder’s proposal development; and to ensure that the proposed solution will
be one that fits the owner’ intent. These criteria all serve to make these cost limita-
tions a part of the final contract. Here is an example of a target price criterion:

The interior design packages for the various types of spaces in the building
shall comply with the following target unit prices:

Executive office spaces: $XX. XX per square foot
Administrative office spaces: §YY.YY per square foot
Storage spaces: $22.27 per square foot

All others: Not to exceed $§WW.WW per square foot

Thus, the owner in this example has conveyed its expectations for the quality
of interior finishes in different types of spaces in the building in a manner that will
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allow both the interior designer and the cost engineer to regulate the final techni-
cal design details of these features of work. Having established these criteria, the
owner will now use this information to check the design packages as they are com-
pleted to see if they are within a reasonable range of the target criteria. To do this,
the owner will need to communicate design quality objectives with the design
team prior to the detailed design on the features to which these criteria apply. This
communication will contain details of owner preferences and exclusions that may
not have been contained in the RFP. For instance, in the above example the owner
might indicate that it wants to exclude the use of vinyl wall coverings and it would
like to explore a specific grade of carpeting in certain spaces. Knowing these design
quality objectives, the interior designer can then develop options that not only
conform to the owner’s quality objectives but also meet the target cost limitation
criteria contained in the contract.

Continuing this train of thought in a transportation example, another type of a
target price criterion uses a lump-sum amount as follows:

The landscaping around bridges, interchanges, and rest areas, including sod-
ding, trees, and plantings, shall cost $XX, XXX £ Y% per site. The proposal
shall contain a narrative describing the details of the proposed landscape plan
for a typical area.

Thus, the owner in this example effectively told the design-builder the cost for a
specific feature of work and asked for details about the quality that is being pro-
posed for that fixed amount of money. The owner’s objective was to get the design-
builder to furnish as much landscaping as possible for the target price through
competition with other offerors during the procurement phase. Having accom-
plished that, the owner would now negotiate the final details of this feature of
work during the design phase by asking the design-builder to furnish alternatives
that meet the target price criterion, among which the owner can select.

Establishing clear quality objectives is also important when a public owner has
fiscal year funding limitations that will potentially constrain the design-builder’s
schedule. In this case, the owner must ensure that the design-builder is fully aware
of these limitations and how they will eventually affect project progress. For instance,
it is imperative that the design-builder be required to submit a cost-loaded sched-
ule for the owner’s approval. During the approval process the owner will check to
see that the fiscal year funding limitations are not exceeded in each fiscal year of a
multi-year project. If they are, it is incumbent on the owner to identify those fea-
tures of work that cause the criterion to be violated and point them out to the
design-builder, giving it the opportunity to revise its schedule or choose to pro-
ceed knowing that it will not receive full payment for all its work in each fiscal
year in which the criterion is exceeded. Failing to do this could have a detrimen-
tal impact on design and construction if the design-builder’s subconsultants and
subcontractors are unintentionally put in a negative cash flow position.

The use of owner-furnished property in a project is a typical cost limitation
criterion. Many public and private owners operate and maintain multiple facilities
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that are constantly being rehabilitated, upgraded, and renovated. The owner nor-
mally wants to use as much of the existing property as possible. However, in DB,
the design-builder must commit to a firm, fixed price before the detailed design is
complete. Often, the owner will not know exactly how much of the existing prop-
erty can be technically incorporated in the new project. In fact, the owner will
sometimes use this factor as a means of determining which proposal is indeed the
best value. Thus, it becomes important for the design-builder to have clear quality
objectives for those owner-furnished aspects of the project. The owner does this
during the design phase in its pre-design conference by exchanging technical
information on the owner-furnished property to ensure that the DOR can incor-
porate that property in a manner that does not degrade the intended quality of the
design-builder-furnished design and construction.

“Allowances” constitute another category of cost limitation criteria for which
quality objectives must be set. An allowance is usually a fixed sum of money that
the owner directs to be included in the proposed price for a specific purpose within
the project. These are often set to ensure that there 1s sufficient funding to cover the
costs of construction for those things that cannot be adequately designed during
the design phase. A good example of this issue often occurs in medical facilities
where owner intends to install the very latest in medical technology immediately
before opening a facility, which may take two or three years to design and build.
At the time when the detailed design is completed, the owner cannot yet tell the
design-builder the exact details of the various pieces of medical equipment that
will ultimately be installed in the facility. Thus, the quality of these installations
will need to be addressed during the design phase. The DOR will need to proceed
with the design, recognizing that changes will need to be made after the design is
complete. It can account for these by furnishing spare conduits, additional clear-
ances, and other features that will make the final design easy to modify once the
final details of the installations are known. This will keep the cost of these changes
within the allowance established for their benefit.

Commercial developers who use DB to deliver their projects will often set cer-
tain constraints on the cost of the real estate that is procured in conjunction with
the design and construction of the project. The purpose of these cost limitation
criteria is to ensure that the land cost does not cause the internal rate of return on
the development’s investment to be reduced below assumptions that were used in
the project pro forma.Thus, it will be important for these private owners to estab-
lish cost quality objectives for this portion of the project. For example, a descrip-
tion of the minimum area, maximum distances to utility service, and other techni-
cal issues that could affect the suitability of the land acquired as a part of the DB
project would be communicated to the design-builder to ensure that not only the
technical quality of the of the project is achieved but also that the financial objec-
tives are met. This issue also relates to cost limitation criteria for internal rate of
return that were set to ensure that the project is financially successful. This is usu-
ally done by merely establishing the maximum allowable cost of design and con-
struction. However, this approach does not create a bias toward minimizing the
initial capital costs, which would make the venture’s rate of return even greater.
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The owner may therefore ask the design-builder to commit to a “guaranteed max-
imum price” (GMP) and offer to split the savings that would be accrued by bring-
ing in the DB project below the GMP. Thus, with a GMP and the potential for
split savings added to the DB project, the owner will need to be especially careful
to ensure that the technical quality is not compromised.

Cost Breakdown Quality Objectives Cost breakdown criteria are typically used to
establish a means for the owner to better understand the basis of the design-
builder’s price proposal. As such, it would seem that their utility expires with the
award of the DB contract. However, they also serve to establish the foundation
on which the cost of change orders and contract modifications will be negoti-
ated. Therefore, they can be used to set quality objectives in this realm as well.
Particularly important are those that were used to constrain the financial assump-
tions used by the design-builder to arrive at a final price. These normally take the
form of set financial assumptions used for multi-year projects where inflation as
well as labor and/or material escalation might have a significant impact on the
lump-sum price. Thus, the owner must remain cognizant of the effect of these
directed assumptions on actual project cash flow and be prepared to adjust project
cash flow if these criteria prove to be seriously out of line with the market. This
is often done by establishing a management reserve fund from which short-term
spikes in the market can be financed to avoid putting the design-builder in a neg-
ative cash flow position, which would inevitably threaten both technical quality
and timely completion.

Life-Cycle Cost Quality Objectives One of the advantages of DB is that it allows an
owner to take a longer look at the project’s ultimate costs and determine life cycle
cost rather than initial capital cost. Research has shown that the calculation of proj-
ect life-cycle cost is a relatively straightforward application of engineering econom-
ics (FHWA 1998). Often these criteria are stated in terms of operations and main-
tenance requirements and attempt to influence the design-builder into selecting
technical features that minimize these types of postconstruction costs. As a result, it
is imperative that the owner establish quality objectives at the outset of design to
ensure that what the design-builder offered in the winning proposal 1s indeed real-
ized in the final design.

These objectives can be framed in terms of easily quantifiable variables, such as
a maximum annual energy usage or a minimum useful life before replacement or
rehabilitation. It is vital that the DOR and its design subconsultants start the design
process with a clear understanding of these objectives so that the design effort is
both focused and not wasted on evaluating nonviable alternatives. Again, this is a
communications exercise that can be accomplished during the pre-work and pre-
design conferences and amplified during design charettes and design reviews con-
ducted during the design phase of the project.

These objectives are particularly critical if the project is being delivered with
postconstruction operational and/or maintenance features. This typically occurs in
design-build-operate-maintain (DBOM), design-build-operate-transter (DBOT),
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and in many public—private partnership (PPP) projects. In these types of DB proj-
ects, the owner must develop quality objectives for the postconstruction period.
Cost quality objectives are among these. These are often quantified in the price
proposal in the form of a payment schedule for operations and maintenance.

Performance Quality Objectives

In our previous book we developed the following definition for a “performance
criterion”:

A rule by which the effectiveness of an operation or function is judged and
its value measured. (Gransberg et al. 20006)

So, keeping in mind that the operative words in the definition are “effectiveness
of operation or function,” “judged,” and “measure of value,” the owner can now
establish a set of quality objectives that correspond with the performance criteria
contained in the DB contract and articulate the “rule.” A 2001 study found that
“proper documentation of customer requirements was an important contribution
to improving the quality of design” (Pheng and Yeap 2001). This particular study
dealt with applying to DB construction projects the theory of “quality function
deployment” (QFD), which was developed for manufacturing processes. Accord-
ing to Sui Pheng Low, a prolific author in this field, QFD is a “quality improve-
ment technique that deals with quality problems from the outset of the product
design and development stage and assures that customers’ requirements are accu-
rately translated into appropriate technical requirements and actions” (Low and
Yeap 2001). Thus, when the owner (which, in QFD model terminology, is the
“customer”) establishes performance quality objectives in a DB project, it is in fact
documenting its requirements in a manner that should ultimately enhance the
quality of the project’s design.

It would be both redundant and unproductive to attempt to detail all the types
of performance quality objectives that could be established in a typical DB proj-
ect. Therefore, the reader is referred to Chapter 3 of our previous book for the
details of typical DB performance criteria. There are essentially four types of per-
formance criteria that must be developed for every DB project: management,
schedule, technical, and cost. It suffices to say that there must be a singular quality
objective for every performance criterion.

The first, and perhaps most important, design performance objective defines
the quality of the design submittals themselves. The owner must furnish the design-
builder the details of how it needs the design product to be packaged to permit
the owner’s design representatives to perform the design QM activities during the
design phase. Research has shown that the primary reason why owners select DB
project delivery is to compress the project’s schedule (Songer and Molenaar 1996),
and the major milestone that influences the project’s timely completion is the
approval of the final design (Beard et al. 2001). Thus, if for no other reason than to
expedite the review and approval of design submittals, a clear definition of their
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content, packaging, and level of detail is in order. In fact, at the pre-design confer-
ence the owner and the DOR should negotiate the details of each and every
design submittal to ensure that the project is not delayed due to lack of the neces-
sary design documentation for the owner to make timely approval decisions. This
is especially important if the contract calls for the design-builder to utilize build-
ing information modeling (BIM) or some other multidimensional design process.
Using the performance criterion definition, this is an example of how the “effec-
tiveness” of the design process will be “judged.”

One technique to simplify this process is to break the project into disciplinary
design packages rather than the traditional submittals based on an arbitrary per-
centage of design completion. Disciplinary design packages line up nicely with
the design subcontracts and, as a result, they further line up with the technical
disciplines the owner will need to review them. Thus, civil engineers review
design packages that are primarily civil engineering, rather than trying to extract
the civil engineering portion out of the greater project design package. This tech-
nique also allows the owner to release stand-alone design packages for construc-
tion on a package-by-package basis, making payment for design progress straight-
forward and unambiguous. In other words, instead of trying to estimate what
percentage of the structural engineering is complete from within a 60% design
submittal, the owner can pay 100% of the structural design cost when the struc-
tural design package is found to be complete per the defined quality objective
and approved for construction.

Once the form and format of a design submittal are established, quality per-
formance objectives can be determined for individual features of work. For instance,
if one of the owner’s overall project objectives is to achieve as high a level of sus-
tainability as possible within the constraints of budget and schedule, it could instruct
the DOR to search for sustainable options wherever possible, and make material
and process selection decisions by picking the alternative that would be awarded
the highest number of points using a commonly acceptable scale, such as the U.S.
Green Building Council (USGBC)’s Leadership in Energy and Environmental
Design (LEED) certification process. Thus, while there may be no contract require-
ment to achieve LEED certification, the owner has clearly articulated an interest
in minimizing the building’s environmental impact and has given the design-
builder’s team a metric against which to measure possible alternatives that con-
form to the contractual budget and schedule constraints. By doing so, all the
designers and constructors on the DB team understand the performance quality
objective for sustainability. Returning to the performance criterion definition, this
is an example of how the “value” of a given design alternative will be “measured,”
and it uses the LEED standards as a “rule.”

Another example of a performance quality objective would entail the owner of
a highway rehabilitation project indicating specific dates on which it would prefer
that traffic flow through the work zone be maximized. This type of quality objec-
tive is not contractual. Nevertheless, the owner is sharing its knowledge of local
traffic conditions with the design-builder in advance of the traffic control design
in a manner that is mutually beneficial to both parties. Thus, the traffic control plan
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can account for these dates and the construction can proceed with a plan to mini-
mize disruption for discrete periods of time. In fact, in some major DB projects,
the design-builder has used this type of input to develop work zone traffic flow
computer simulations that assist it in optimizing the project’s traffic control plan.
Again, according to the performance criterion definition, maximizing traftic flow
on specific days forms a “rule for measuring the eftectiveness” of the final traffic
control plan.

A third typical example would involve an owner of a wastewater treatment proj-
ect describing to the design-builder the requirements for the treatment facility to
be able to increase its output as the population it serves grows over time. It is
extremely important for the DOR to understand, at the outset of design, the need
to eventually expand the project’s footprint and add additional capacity. Establish-
ing capacity expansion potential as a quality performance objective will have a
huge impact later in the project’s life cycle, when the owner needs to engage
another design-builder to actually undertake the expansion when the demand
reaches the level that justifies it.

All three of the above examples demonstrate the need for free and open com-
munications during the design administration process. QM is most effective when
it is practiced in a business environment where both parties feel that they can be
honest and discuss bad news without fear of retribution. The ultimate goal is for
both the owner and the design-builder to take those actions during the design
phase that furnish the desired performance within the cost and schedule constraints
of the DB contract.

Functional Quality Objectives

Quality objectives for function differ from those established for performance in
that they focus on what must be included in the design rather that how a given fea-
ture will work. Thus, functional requirements are often expressed by the implicit
requirement to design a project in accordance with existing codes, regulations, and
laws. The owner does not need to specifically cite a given building code to enforce
its application to a DB project. Nevertheless, many codes give the designer some
latitude in how they can be met, and within that latitude the owner may have pref-
erences among the applicable options. Thus, expressing these preferences consti-
tutes setting a “functional quality objective.”

For instance, the plumbing codes in some areas allow mechanical engineers to
use other methods than P-traps on drain lines. If an owner’s experience has been
good with P-traps, it can set a functional quality objective by limiting the mechan-
ical design to the use of P-traps. This type of early communication is important to
achieving the required design schedule in that it eliminates controversy over allow-
able technical alternatives with which an owner has no experience and, as a result,
it deems to be riskier than tried-and-true design solutions. This understanding is
established at a point in time where no design eftort has been expended. One word
of caution is in order, though. If the various alternatives to a given code requirement
carry significantly different prices, the owner should either publish its preference
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for a given alternative in the RFP or be prepared to execute a change order if the
design-builder had assumed a lower-cost alternative in its price proposal.

A second example of a functional quality objective deals with the circulation of
a building’s occupants. The owner in this case would furnish the DOR a list of
space functions that need to be in close proximity and then allow the DOR to
design a floor plan that optimizes the requirement. This essentially forms the “rule”
for this aspect of building “functionality”” Many architects would argue that this is
merely part of the normal design process, and in most cases it is. However, it is pre-
sented here as an example of how the owner set a performance quality objective
for something that is important to the ultimate product but is not specifically artic-
ulated in the technical portion of the DB contract.

A final functional quality objective example comes from the transit industry.
Transit system owners have a strong financial interest in the efficient functioning
of their trains, and commonly promulgate functional quality objectives to support
this. For instance, the ability of the transit system’s passengers to board and disem-
bark from the train cars can drive the design of the transit system’s stations and
platforms. Additionally, accommodations for passengers with disabilities must also
be factored into transit station design at an early point in the design process. These
types of functional quality objectives are often quantified in terms of “headway,”
or the number of minutes between trains in the system. Thus, the DOR must
understand the standard for the system’s function in terms that both capture the
essential physical constraints and the financial requirements without constraining
the possibility for creative solutions to this given design problem. Thus, the transit
platform designers know that they must include all the features necessary in the
platform to allow all types of passengers to be able to embark and disembark within
the time parameters established by the headway for a given train.

Thus, it can be seen from these three examples that functional quality objec-
tives are focused on what must be designed without prescriptively detailing the
design solution. It is important that these objectives be both clear and unambigu-
ous to both the owner and the design-builder. It is also extremely important that
they be established as early in the design process as possible to ensure that the
designers do not waste design effort generating solutions that do not measure up
to these objectives.

Aesthetic Quality Objectives

“Aesthetic quality objectives” are inherently subjective and, as a result, require
that both parties carefully communicate the details for meeting these throughout
the design process. Like the cost, performance, and functional quality objectives
described above, aesthetic quality objectives may have been established in the pro-
ject’s procurement documents and proposal, but nevertheless must be addressed and
well understood at the outset of the design process. If aesthetics were included in
the evaluation criteria and used to make the best-value award decision, the owner
must review, with the design-builder’s design team, the proposed design from an
aesthetic point of view and indicate those features that are important to the owner
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and should not be altered, as well as those that are of little value or to which the
owner is indifferent. By doing so, the DOR is given the greatest possible latitude to
balance the important aesthetic qualities of the project with its technical require-
ments, and is not unnecessarily constrained by trying to maintain features that are
not important to the owner’s desired view of the project’s appearance.

The simplest type of aesthetic quality objective is one that asks the design-
builder to match the look of existing structures in the area where the project is
being constructed. This quality objective may seem relatively straightforward, but
the operative word 1s “match.” This can be interpreted to mean as little as “Make
sure that the exterior finishes are similar” or as much as “Use exactly the same type
and color of exterior finishes.” For example, in the first case the owner is merely
stating that it doesn’t want a modern-looking structure in juxtaposition with the
traditional structures that surround it. In the second instance, the owner has
become quite prescriptive and the design-builder’s design team will need to be
very careful to not violate this specific quality objective. Again, it is evident that
the timely communication of this simple aesthetic quality objective is paramount
to its achievement.

A second example of an aesthetic quality objective concerns the relative qual-
ity level of interior finishes. In a large corporate office building, for instance, one
would find a number of different rooms that serve different functional purposes.
Each room will have a different requirement for aesthetic quality. The owner in
this case could establish an aesthetic quality objective for difterent levels of finish
treatments by grouping similar functions together and creating a definition of the
aesthetic expectations for this “group.” For instance, executive office spaces would
be assigned one quality level, whereas utility and storage spaces would have a dif-
ferent requirement. These objectives would be further defined through the sub-
mittal process, using color boards and samples as the media for communicating
design intent.

Aesthetic quality objectives do not only apply to architectural projects; they are
often applicable to transportation and other engineered projects as well. Most
major DB bridge projects, such as the Arthur Ravenel Jr. Bridge over the Cooper
River in South Carolina, are required to make an architectural statement as well as
serve the functional requirement that justified the project in the first place. Addi-
tionally, many state DOTSs have created aesthetic requirements for such utilitarian
features as retaining walls, viaducts, and interchanges in an effort to beautify the
right-of-way. Thus, an aesthetic quality objective for a DB project to rebuild an
interchange in Arizona might require the design-builder to utilize a “Southwest-
ern” theme for the colors and any patterns that may be used in the design.

In summary, establishing quality objectives for cost, performance, function, and
aesthetics sets the stage for the remainder of the design QM process by articulating
the owner’s expectations for these areas at a time that allows the design-builder to
proceed with the design development, keeping these objectives at the forefront of
the DOR’s process. Failing to establish these at the beginning of the design phase,
or establishing them late in the process, risks misunderstandings and potential dis-
putes. The pathway to high quality is paved by clear communications, and the
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owner must ensure that it starts the design phase by establishing a thorough under-
standing of the project’s quality objectives. If the owner does not do this, then the
design-builder needs to elicit this information before embarking on the design.

The Economics of Quality in the Design Phase

The economics of quality in the design phase can be best described by one of
Murphy’s laws: There is never enough time to do it right the first time but there’s
always time to do it over.

One major financial issue for the DB project’s design team is minimizing wasted
design effort. Design is inherently iterative, and the design team will expect a cer-
tain degree of redesign effort in every project as various disciplines are coordinated
with each other and conflicts between disciplinary design products are eliminated.
Nevertheless, the DB proposal never contemplates redesign because the design
team failed to achieve the contractual level of quality in its design product. There-
fore, it is important to ensure that both the owner’s design reviewers and the
design-builder’s design team understand the requisite level of project quality, so
that once the designers achieve that level the owner will accept it and release the
design for construction.

Changing Traditional Attitudes toward Design Quality

Attaining this goal means both the owner and the design-builder must put aside
several old stereotypes regarding the QM process. The first is that higher quality
will lead to increased cost. DB is a project delivery process where the design-
builder must commit to a firm, fixed price before the design details have been
developed. Therefore, the design-builder must “design-to-cost” in order to realize
its target profit for the job, and it is important for the owner to remember that
once the contract is signed, the level of quality is fixed along with the price. The
design-builder retains the risk that the design it proposed will fulfill all the quality
requirements contained in the DB contract. However, the level of quality cannot
increase above that contemplated in the contract without compensation. On the
other hand, the design-builder must remember that improved design quality actu-
ally saves money and potentially increases future business with a satisfied client.
Thus, it is in both parties’ best interests to ensure that the required quality for both
the intermediate design deliverables and the final construction documents be
agreed upon before design effort is expended to advance the design.

Figure 4-3 illustrates the economics of quality in a DB project.

Another issue that must be put to rest to successfully design a DB project is the
DBB notion that identifying problems with the QM process only leads to blame,
faulty justification, and excuses, and therefore it is best to keep them secret. DB
project delivery is inherently a cooperative effort between the owner and the
design-builder (Beard et al. 2001) and requires a higher level of mutual trust and
professional collaboration during project execution (Gransberg et al. 2006). Thus,
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Figure 4-3 Economics of quality in a DB project.
Source: Adapted from Kirkpatrick (1970).

the owner and the design-builder must adopt an attitude that identifying quality
problems should lead to cooperative solutions which not only enhance the overall
quality of the project, but also of the QM system that controls both design and
construction quality during project execution. Thus, to achieve the target profit
for the design effort, the DB team in fact invests in a sophisticated QM process
that identifies problems at the earliest possible point so that the redesign effort is
minimized. Additionally, by partnering effectively with the owner’s design review-
ers, these problems are disclosed and jointly analyzed to determine their root
causes so that any systemic defects can be immediately eliminated, regardless of
their source. Again, this type of “open books” approach to DB design quality fos-
ters the mutual trust necessary to facilitate resolution to the inevitable differences
of professional opinion as to the adequacy of the design details that always occur
during the review of design deliverables.

Both the designers and the builders on the DB team must always remember
that quality is not internally focused. In fact, it should be customer focused. The
team’s ability to win the next DB project advertised by the current owner is
directly related to their performance on the current one, as measured by the
owner’s opinion of the quality of both the design and construction effort. Thus,
while the discovery of a design error or omission during design QA or design QC
might ultimately result in an expensive process to rectify it, the fact that the prob-
lem was discovered demonstrates that the design QM process is effective. The
design-builder’s willingness to take immediate action to correct its own errors will
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ultimately enhance its reputation within the owner’s organization, making it more
likely to be successtul in winning future business from this particular client, as well
as making this client a good reference for future work with other owners. Thus,
the DB team has an opportunity to turn a negative experience into a positive
experience by utilizing the channels for free and open communications with the
owner established during the initial design meeting.

The final DBB attitude that must be eliminated is that quality only occurs dur-
ing project execution, specifically during construction. Ultimate quality begins at
project initiation and must be planned for the project’s life cycle to include the
postconstruction operation and maintenance phase. The design decisions made
during the opening stages of the DB project ultimately determine how well the
project performs its intended purpose. Therefore, an effective design QM process
is arguably more important that the construction QA/QC process. A recent study
of 75 public DB projects in 35 states worth a total of more than $700 million found
that only 18% of the projects required the design-builder to submit a design QM
plan prior to award of DB contract, whereas 100% asked for some form of a con-
struction QM plan (Gransberg and Windel 2008). The study concluded that own-
ers were not recognizing the importance of design QM. This may have been due
to the fact that many public owners produced their own design in DBB projects
and, as a result, their design QM policies were less mature than similar policies in
construction (E. DeCorso, 2004, unpublished honors thesis, University of Okla-
homa, Norman, Okla.: “How Owners Communicate Quality in Public Sector
Design-Build Requests for Proposals”).

Design-Build Design Quality Issues

Obviously, a section on DB design quality issues could be infinitely long if we tried
to cover each and every aspect of all types of projects. That is not the intent of this
section. It will approach this topic on a global basis, addressing the major general
issues that we have encountered in both the literature and our personal DB project
experience. These are:

* Unintentional owner assumption of design liability

* Allocating QA responsibilities during design

* Resolving professional differences of opinion during submittal reviews
* Level of design detail in required design submittals

* Scope creep

* Actions that can be taken by the design-builder after submittal reviews
» Ability to change previously approved design submittals

Unintentional Owner Assumption of Design Liability

Because DB places the burden of developing the design details on the design-
builder, the owner must be quite careful to define all the constraints that may exist
for a given feature of work without becoming overly prescriptive. The ownership
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of design liability will be allocated through the owner’s RFP performance criteria.
The unwritten rule of thumb in this case is:

‘Whoever designed it is responsible for its ultimate performance.

Therefore, the owner needs to carefully write the project performance require-
ments and the performance criteria that are responsive to those requirements.

Referring again to Fig. 3-2 in Chapter 3, which shows the hierarchy of perform-
ance/design elements, many owners and members of the DB industry misuse the
term “performance specification.” The word “specification” implies that a design
decision has been made based on the professional design process. When an owner
formulates a design requirement that has more than one technically feasible solu-
tion, the proper term would be “performance criterion” rather than “performance
specification” because the owner has conducted a project scoping process and deter-
mined the requirements that the design-builder will have to achieve to deliver a
responsive project. The requirements of that project are then articulated in perform-
ance terms, but the owner has not completed the design process and therefore is
not writing a “specification.” It is important to be clear in the distinctions between
the two. If a project performance issue arises during or after construction, the liabil-
ity will rest with whichever party actually “designed” the feature of work in ques-
tion. By calling the RFP “performance criteria” “performance specifications,” the
owner risks confusing the legal situation with inaccurate use of terminology.

Thus, the task during the design phase is for the owner’s design reviewers to be
able to differentiate between those design features for which the owner has speci-
fied a given design solution, and those for which the design-builder has been given
contractual responsibility for making the ultimate decision on the details of design.
‘When a designer reviewer decides to reject a design-builder’ solution, that reviewer
must be able to prove that it does not conform to the applicable performance cri-
teria. If it does conform, the rejection could be grounds for a compensable change
to the contract. Taking it to the next level, the reviewer who not only disapproves
the detail but then directs how the detail must be corrected risks assuming liability
for performance of the directed change. As shown in Fig. 4-1, the owner’s major
risks lie mainly in the project approval process. In DB, the owner must also bear
the risk that its personnel are going to be technically competent enough to make
informed technical decisions as they arise. This is not to say that an owner’s approval
or acceptance of the design-builder’s final design in any way relieves the design-
builder from the total design liability. The issue is more subtle and goes back to
the “Whoever designed it is liable for it” principle discussed above. When the
owner becomes directive in its design review comments, it flirts with assuming the
liability for those design directives.

For example, an owner’s engineer who reviews a specification for guard rail rust-
proofing and doe not like the DOR’s method might make the following comment:

Change rustproofing specification to require galvanizing in accordance with
ASTM standards.
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By articulating the concern in this manner, the owner is usurping the DOR’s
responsibility and making the design decision on this feature of work. Thus, if the
design-builder complies and the coating later fails to work as desired, the owner
will be found to have transferred the risk for rustproofing performance to itself.
However, the owner’s engineer could express the same concern by saying:

The specified rustproofing method does not have a good record of perform-
ance in this application. Reconsider the use of this method and explore other
options such as galvanizing per ASTM standards.

The owner has now left the design decision squarely on the design-builder’s back
and furnished a clear indication of owner preference in this area. If the design-
builder decides to use galvanizing and it subsequently fails, the design liability will
remain with the design-builder. This is because the design review comment was
advisory rather than directive in nature.

In DB, “tacit approval” is even more abstract in its application. The issue of
tacit approval often arises when the owner does not know how to respond to a
constructor-initiated request for approval and, as a result, does not respond at all.
There is plenty of case law regarding this subject and all of it indicates that the “do
nothing” option will always be construed against the owner. In DB, the possibility
for tacit approval becomes even more confused, especially during the design phase
of the project. If the DOR is maintaining the necessary level of free-flowing
communications, there will be ample give-and-take regarding potential accept-
ability of various design details, especially if the project must achieve a very aggres-
sive delivery period. There is no single method to protect an owner against tacit
approval problems during the design phase except to say that owner’s personnel
must always respond to design-builders’ requests for approval in a timely manner.
That response could be as simple as to state that the matter is being taken under
advisement and that this response should not be construed as approval. This ulti-
mately requires the owner to respond in a timely manner.

In the past decade, a controversy has developed regarding the owner’s role in
approving the design-builder’s design product. Some argue that to formally approve
the final design is to return to the risk distribution inherent in the DBB process,
and that “approving” the design is tantamount to warranting that it complies with
the contract and thereby relieves the design-builder of responsibility to correct
design errors and omissions at its own expense. Those who adhere to this school
of thought prefer to use the term “accept” in place of “approve” to indicate that
the owner is satisfied with the design product but will not take responsibility for
its quality. On the other side, the counter-argument avers that when the owner
reviews the design product and gives the design-builder authority to proceed with
construction, this process constitutes an approval of that product and carries no
more import with regard to transfer of design liability than approving a construc-
tion contractors’ shop drawings in a DBB contract.

We have no opinion with regard to which school of thought on owner design
approval is correct. The model shown in Fig. 4-1 is based on the idea that DB PQA
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has two major decision points, and the “release for construction” decision indicates
acceptance of the final design. Therefore, this model, which was originally devel-
oped for the transportation industry, tends to support the second school of
thought. However, the discussion is offered here to alert both owners and design-
builders to the issue and to stimulate discussion within each organization to ensure
that worries about inadvertent transfer of design liability does not lead to inaction
and potential transfer of liability via tacit approval.

Quiality Assurance Responsibilities during Design

One of the advantages of DB is the opportunity for the owner to contract out
QA and QC activities and thus reduce the workload on the owner’s employees.
In a previous study of DB transportation project solicitation documents, nearly all
the analyzed RFPs allocated the design QA functions to the design-builder, with
the owner merely retaining oversight in the form of review and verification of the
design’s ability to meet the stated contract requirements (Gransberg et al. 2008).
In New Mexico, the QA roles of the owner (in this case, the New Mexico DOT,
NMDOT) and design-builder were defined in one RFP as:

* Owner’s QA Responsibilities: Oversight and audit of Contractor design
and construction, including verification sampling and testing and
independent assurance.

*  Design-builder’s QA Responsibilities: The Contractor will be required
to plan, implement and provide a Quality Assurance/Quality Control
(QA/QC) Program for its design and construction operations.
(NMDOT 2001)

NMDOT did, however, include this paragraph in the RFP to allow additional
flexibility if it deemed it to be required:

The Department may establish and maintain its own quality assurance and/or
an independent quality assurance organization to oversee and/or perform
quality audits of the Contractor’s management, design, construction and
maintenance activities, the Contractor’s Quality Assurance procedures, Verifi-
cation Sampling and Testing and the quality of the final product. NMDOT
2001)

This caveat provides the owner with a contractual safeguard to use if the
design-builder does not follow approved QM procedures. Thus, the assignment
of design QM responsibilities becomes an exercise in risk analysis and manage-
ment, with the owner seeking to optimize the ultimate allocation. A finding in
an earlier study indicated, “Agencies that have experienced quality problems on
[prior] projects are retaining QA responsibility [for themselves]” (Gharaibeh et al.
2005, p. 96). This experiential adaptation of the QM system springs from the
legal issues associated with the design process, where owners are being careful to
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not unintentionally assume design liability by involving themselves too deeply
in the design process.

Use of Internal Personnel versus Consultants Another issue that surfaces with
design QA is deciding whether to perform the design QA with the owner’s own
design professionals, or whether an independent consultant will be retained to
perform it on behalf of the owner. This issue is usually most applicable to the pub-
lic sector, but many large corporations have robust facility engineering organiza-
tions to which the following discussion will apply as well. For example, the
FHWA Eastern Federal Lands Highway Division (EFLHD) contracts out all of
their QA while retaining the responsibility to ensure that the construction con-
forms to the requirements. This excerpt from an EFLHD RFP illustrates this
approach:

The Contractor [the design-builder]| shall be responsible for all work as
described in these RFP documents. The scope of work includes . . . quality
control/quality assurance for design and construction, materials sampling
and testing. . . . EFLHD will perform management, design, and construc-
tion oversight activities of the Contractor’s operations and end products to
satisty the Government that the Contractor meets the contract require-
ments. Included in the oversight activities will be design reviews, construc-
tion acceptance, independent verification testing activities, and oversight
of maintenance of traffic and permit compliance as outlined in this RFP.
(EFLHD 2001)

Department of Transportation Design-Build Guideline Approaches for Design Qual-
ity Assurance Our previously noted study of DB QM practices in transportation
reviewed the DB project administration guidelines published by various state
DOTs. We found that there are three different policies established in determining
the design QA roles in DB projects:

* Variable assignment of design QA responsibilities on a project-by-project
basis.

* Assigning design QC to the design-builder and the design QA to the
DOT.

* Assigning design QA and QC to the design-builder with the DOT
performing oversight and verification (i.e., design PQA) (Gransberg et al.
2008)

In the first approach, the assignment of design QA roles can be varied from
project to project. This recognizes that every project is different and that, depend-
ing on size, delivery speed, and technical complexity, the optimum assignment
of QA responsibilities will be different based on individual project needs. This is
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shown in the 2006 Arkansas State Highway and Transportation Department
(AHTD) Design-Build Guidelines and Procedures:

The D/B package shall address any quality assurance requirements that the
selected firm must follow in addition to those already in the referenced
specifications, policies and procedures that will assure quality products
(plans, materials, construction, etc.). QM criteria require at least three inde-
pendent roles, including (1) quality control by the selected firm, (2) accept-
ance or verification by the Department’s Resident Engineer (RE) office,
and (3) independent assurance by the Department’s central office staff. The
responsibilities for all three roles and minimum sampling, testing and
inspection frequencies shall be defined in the scope. If any of the three roles
is eliminated, project quality shall be closely monitored and an objective
analysis shall be made of the impact of the change on the quality of the
project. (AHTD 2006)

In the second type of design QA approach, the design-builder is responsible for
the design QC and the owner is responsible for the design QA.This approach par-
allels the DBB assignment of responsibilities for construction QM. The Colorado
DOT, the Massachusetts Highway Department, and the Florida DOT use this
method, and an example of this comes from the 2001 Arizona DOT Design-Build
Procurement and Administration Guide:

The Design-Builder shall be required to submit a design quality manage-
ment plan which describes how the Design-Builder will control the accu-
racy and completeness of the plans, specifications, and other related design
documents produced by the Design-Builder. . . . ADOT will still retain a
quality verification role as it does for other quality management issues. For
design work, quality verification will be accomplished through the use of
design reviews led by the PM and performed by ADOT's technical groups
or the general consultant, if one is used. (ADOT 2001)

Finally, the third approach assigns the design-builder both design QA and QC.
The owner steps back from active participation and responsibility and, instead, only
performs oversight and verification of design quality. This approach can best be
called “design PQA” per the definition given in the previous section. This is fol-
lowed by the New York State DOT (NYSDOT):

The contractual requirements for design management and QA/QC are the
primary responsibility of the Design-Builder rather than the Department. . . .
The Department’s project staff Oversight role during design and Design
Review consists of monitoring and auditing design progress, interpreting
contract requirements, and verifying design compliance with contract require-
ments. (NYSDOT 2005)
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Regardless of how the design QA and QC responsibilities are assigned, they must
be performed. When the owner will perform the design QA activities, the contract
documents (i.e., the RFP) need not further explain design QA activities. However,
when the design-builder is assigned the design QA responsibilities, it is imperative
to lay out the requirements in the RFP so that confusion is eliminated or mini-
mized and the owner understands exactly what design QA services it will receive
with the proposal, as well as how to integrate its PQA activities during design.

Resolving Professional Differences of Opinion during Design Reviews

Probably the most thorny and often-encountered issue regarding design QM is
the good faith difference in professional judgment that occurs when one compe-
tent design professional reviews the work of another. In our previous book (Grans-
berg et al. 2006), we advocated that this issue be first addressed during the pro-
curement phase, with the owner essentially mandating and accepting some liability
for those details that it believes have only one technically acceptable design solu-
tion. Thus, a comment regarding good design and engineering practice must be
made at this point. If the owner has historically used a certain set of design details,
such as design factors of safety in its past DBB projects, and believes that using
those factors of safety are essential to a successtul design on a DB project, it should
not assume that any other practicing engineer will automatically choose those fac-
tors of safety. The RFP should contain a listing of the minimum required design
factors of safety for every element of design that the owner cares about. The DOR
in a DB contract will, by definition, be a qualified design professional. If that were
not the case, the owner could not award the DB contract to that DB team. There-
fore, because the design-builder will be assuming responsibility for both design
and construction, the owner will have to accept that any factor of safety chosen by
the design-builder’s design team will reflect good engineering practice as evi-
denced by the designer’ seal on the plans and/or specifications. If the owner elab-
orates its approved design factors of safety in the RFP, potential conflicts during
the design phase when one competent professional disagrees with the professional
opinion of another can be avoided.

On the other hand, it is impossible for the owner to elaborate every potential
preference or detailed expectation that it may have on most complex DB projects.
Therefore, after the project has been awarded, one item on the agenda of the ini-
tial design meeting should be to discuss how the owner and design-builder will
resolve these issues if they arise. It is important that this discussion takes place before
there is a dispute and team members take sides, and that it uses the DB contract as
its foundation. An outline for the agenda for this important discussion might be:

1. Break the design scope into features of work with a great deal of
specificity in the RFP, and also identify those features of work where the
design-builder has design flexibility.

2. Cover the features with either limited or no options for variance during
the design process so that the DOR and its design subconsultants
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understand the contractual standard that is required for each of those
teatures. Specifically cover any design criteria that might have been
incorporated by reference in either the RFP or the final contract.

3. Cover the features whose design is contractually open to interpretation.
The design-builder will have made design assumptions during the
proposal preparation phase that affect its price proposal, and should
disclose those assumptions to the owner’s design reviewers to ensure that
there are no significant issues inherent in the assumed design solution for
those features of work.

4. Agree on a detailed list of preliminary design solutions for every feature
of work 1n the project’s scope.

5. Discuss the owner’s review process for design submittals and establish a
communication system whereby the design reviewer can gain
information from specific design professionals on the DB team. In this,
include provisions for the owner to furnish nonbinding preferences to
the design team that can be incorporated as the budget and schedule
constraints permit. Additionally, cover those design elements, such as
paint color selection, on which the owner must be consulted before
incorporating them in the design submittal.

6. Depending on whether or not a project partnering agreement has been
developed, develop a system whereby a difterence of professional
judgment that is not clearly covered by contract language can be quickly
solved. If the project is partnered, this may already have been developed.

The bottom line in this issue is pretty straightforward. The design-builder must
comply with the terms of its contract. However, by requiring the design-builder
to commit to a price and a schedule before completing the project’s design, the
owner must accept those elements of the design-builder-produced design that
meet the design criteria regardless of the professional opinion of the design reviewer.
If the reviewer believes that the project cannot be safely or properly constructed as
designed and the design submittal complies with the contract, then the owner’s
design criteria are flawed and the design-builder is probably due a compensable
change order to revise both the design and the construction.

Level of Design Detail in Design Submittals An owner that is new to DB proj-
ect delivery is often shocked that the level of design details produced by an expe-
rienced design-builder is less than that seen in DBB construction documents.
There are a number of good reasons for this, and owners new to the process
should carefully analyze the types and quantity of specific design information its
reviewers will require to be comfortable that the design accurately portrays a
constructed project with which the owner will be ultimately satisfied. The issues
at work here are:

* The design is a deliverable that flows out of the DB contract; it is not a
part of the contract itself, as in DBB.
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* The designer now works for and with the constructor and no longer
needs to describe in great legal detail all the details of design for contract
administration purposes. The two entities can literally discuss design
issues and make decisions on the project site, if necessary, without
involving the owner.

* Construction contractors do not need the level of detail typically
expressed in a DBB set of construction documents to adequately build
the project. Many, if not most, construction processes are repetitive from
project to project and, as a result, constructors do in fact know how to
build the project they have been selected for. In fact, in DB, the
qualifications-based selection of constructors virtually ensures that the
construction contractors will have successfully completed past projects
of similar scope, complexity, and magnitude.

* Because design decisions are made by the DB team in response to
performance and design criteria during proposal preparation, there is no
need to prepare a detailed set of specifications. The design-builder can
literally use a catalog cut (similar to a construction submittal in DBB) to
replace the specification because it knows exactly the type, make, and
model for most major features of work that affect the price on the day it
submits its proposal.

There are no doubt a number of other reasons for the high level of detail in
DB design that apply to specific projects. The upshot here is that the owner must
remember that the appropriate level of design detail contains sufficient informa-
tion for the constructor to properly build the feature of work in question. Addi-
tionally, the owner’s design reviewer is no longer doing a technical review of the
design deliverable, the way it might be used to doing on a part of a design con-
tract in a DBB project. It is reviewing the design submittal for compliance with
the contract criteria, not checking the engineer’s calculations. Therefore, the
appropriate level of detail from the reviewer’s perspective is that which provides
sufficient information for the reviewer to be able to make the compliance deci-
sion. This can be augmented with an informal chain of communications that
allows the reviewer to communicate with the appropriate design professional
during the review process to amplify those areas where insufficient information
1s provided.

Scope Creep

“Scope risk” denotes all those areas that define the technical scope of the project
and the ability to confidently quantify the level of effort required to satisfy the
required level of technical functionality in the finished project. The DB industry
uses the term “scope creep” to express this type of risk. Scope creep happens dur-
ing design development when the owner demands that work be incorporated into
the final design that was not contemplated during the preparation of the project’s
price proposal. Thus, it is often the result of the design QM process. Also, scope



Design Quality Management in the Design-Build Project 129

creep is sometimes synonymous with “reduced profitability” because the design-
builder will eventually use the contingencies built into the price proposal to
account for the cost of unknown work, and when the contingencies are gone, the
costs will eat into the project’s profit margin. Therefore, a DB project with a solidly
defined scope of work will be less susceptible to scope creep than one whose scope
of work is vague. The design-builders proposing on the well-defined project will
be able to minimize the amount of contingencies and propose a competitive profit
margin. This will give the owner a lower price for the work. In the second case,
the design-builders will have to increase not only the contingencies associated with
the vague scope of work but also their profit margins to try to ensure that the
project will be profitable despite the scope risk. Predictably, this will drive the pro-
posed prices to potentially unreasonably higher levels.

This is where enlightened risk management during the procurement phase
plays a strong role. The owner can choose to share the risk as a means of reducing
the project’s cost. Following the principle that risk should be assigned to the party
that can best manage it, the owner should assume those risks that it can best man-
age. For example, a project whose subsurface geotechnical conditions will be
unknown at the time of DB contract award leaves the owner with two options by
which to distribute the scope risk associated with the design and construction of
the foundation:

* The owner could place the risk on the design-builder by directing it to
conduct a geotechnical survey and produce a foundation that is designed
and constructed in accordance with the requirements of the final
geotechnical report, including the cost of the foundation, in the lump-
sum price proposal.

* The owner could share the foundation’s scope risk with the design-
builder by offering to pay for the foundation on a unit price or cost-plus
basis and the remainder of the project on a lump-sum basis.

In the first case, the owner is shedding all the scope risk with regard to the ulti-
mate cost of the foundation and forcing the design-builder to account for it in
some fashion inside the price proposal. If the actual conditions mirror the worst
possible geotechnical case, then the owner may actually benefit from having a
foundation that probably cost a bit more than the design-builder estimated. How-
ever, if the opposite is true, the discrete cost of the foundation will be considerably
higher than what the owner would have had to pay in a DBB contract.

In the second case, the owner forms the contract regarding the scope of foun-
dation work in a manner that permits the design-builder to get paid exactly for
the foundation that is required by the actual geotechnical conditions. Because
these conditions cannot be accurately estimated until after the contract award, the
payment mechanism is designed to allow the owner to accept the scope risk for
the foundation while the design-builder carries the scope risk for the rest of the
project. In this case, the design-builder will only need to select an appropriate
mark-up for profit and overhead. As a result, the design-builder will probably
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declare a number that is lower than the one that would have been used in the first
case because the owner has accepted this specific piece of the project’s scope risk.

After award, both the owner and the design-builder must use the scope of work
defined in the contract as the basis of work. Scope creep during design is an insid-
ious thing that happens not because of the technical aspects of the project but,
rather, because of the business psychology that is at work at this phase of the proj-
ect. As already stated several times in this chapter, the design-builder’s long-term
business objective is to use this project as leverage to make it more competitive for
future DB work with this and other owners. Thus, at early stages in the project, it
will try to incorporate owner preferences and mitigate owner concerns about the
quality of design submittals by not challenging review comments that do not
appear to require major changes to the scope. However, the cumulative impact of
many minor “improvements’ can add up to be a major change in the final cost of
the constructed product. Additionally, in the design phase they can also have a dele-
terious effect on design cost efficiency by unnecessarily creating unintended con-
flict with design in other disciplines. The overall effect is to increase cost and slow
design progress, which will inevitably have an impact on project profitability.

The solution to scope creep during design is to sensitize both the design team
and the design review team to its potential and to ensure that the design-builder’s
team is instructed to not incorporate seemingly innocuous minor changes into the
final design until their effect on project budget and schedule has been evaluated.

Actions that Can Be Taken after Submittal Reviews

From the discussion in Chapter 1, the reader must remember that DB is generally
all about the schedule. Most DB projects try to achieve an aggressive delivery
schedule and, as a result, designers and designer reviewers do not usually have the
luxury of arguing back and forth through the review comment process about how
to optimize the final design. DB is definitely a delivery method where Thomas
Paine’s exhortation “Lead, follow, or get out of the way” should be a guiding
theme. Design submittals are always on the critical path because they literally define
what must be done in construction. Materials cannot be ordered, subcontractors
cannot be scheduled, and construction cannot commence unless there is an
approved design that details what will be built. Therefore, because haste is usually
the enemy of quality in construction, the design QM system needs to have a well
defined set of actions that are allowable after each design submittal review.

The major issue becomes defining the point at which the design for a given
feature of work is released for construction. If the owner structures the design
process around disciplinary work packages rather than the traditional percentage-
based design submittals or the architectural system of schematic design, this decision
becomes both easier and cleaner to make. For example, if a 30% design submittal
for a building project is not approved on the initial submittal and the design-
builder wants to begin the site work on the project, can that be done? Typically, a
30% design submittal will have 100% of the site work complete within it. So the
decision will turn on whether or not the design is deficient in the site-work area.
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However, if the same project were structured with a site civil design submittal,
followed by a foundation design submittal, and so forth, the decision on whether
to allow the earthwork on the site to commence becomes easy for both parties. If
the site civil design package was not approved, the design-builder will not want
to commence because the risk of potential rework due to design changes is too
great. Additionally, this allows the owner’s design reviewers to focus on discipline-
specific design products, and this expedites the review process as well.

The next decision is whether to allow construction to commence on design
elements that were found deficient, but where the redesign is relatively straight-
forward and understandable. Must the design-builder wait for re-review and
approval? For instance, consider the case where the structural design of a bridge is
disapproved because the engineer specified a bridge deck expansion joint system
that is not permissible in the state standard specifications, which were incorpo-
rated by reference in the contract. The bridge subcontractor wants to order the
precast concrete components upon which there were no review comments, so
that they will be on-site in time to meet the schedule. Whereas in DBB a con-
tractor can normally proceed at its own risk, some DB contracts require “released
for construction” design documents before the owner will pay for the progress
made in a given pay period. Therefore, in this example this shifts the decision out
of the quality arena and into the financial area, as these components are very
expensive. Thus, the design QM system could potentially affect the overall sched-
ule. The obvious solution is to permit progress on those elements of design that
were found to be compliant but, because this may entail a change to the specific
contract terms, it should probably be addressed in the contract itself, permitting
the owner to allow and pay for progress on a case-by-case basis. This flexibility
actually strengthens the design QA process because the latter will no longer be
viewed as an impediment to potential progress.

‘Without contract terms as described in the above paragraph, the same end result
can be accomplished through the agreement reached during the initial design
meeting. Thus, when conducting this initial meeting, it is important to keep the
thought process on the project’s life cycle rather than just focused on the design
phase. It is also extremely important to document the output of that meeting for
future reference, as situations arise that were not contemplated in either the con-
tract or at the initial design meeting. Those two documents will form the founda-
tion against which potential solutions can be measured to ensure that the spirit of
both agreements is consistently applied throughout the course of the DB project.

Ability to Change Previously Approved Design Submittals

The final design quality issue revolves around those actions that will be viewed as
permissible in changing previously approved design submittals. The owner’s temp-
tation is to mandate that once a design submittal is approved, it cannot be changed
without owner concurrence. Superficially, this would seem to be logical because
the owner often makes payments for design progress as design submittal mile-
stones are satisfactorily met. Additionally, it seemingly protects the owner from the



132 Project Administration for Design-Build Contracts

potential “bait and switch” concern that is always present in projects delivered using
DB. Nevertheless, this forgets that the design process is inherently iterative and the
achievement of a high-quality design necessitates coordinating and deconflicting
various design disciplines as they are incorporated into the final construction doc-
uments. Thus, restricting the DOR and its subconsultants to having to consult
with the owner’s staff on every minor dimensional and/or material change creates
a bias toward not making any changes for fear of delaying the schedule. This actu-
ally runs counter to good engineering practice as well as prevents the designers
from enhancing the design.

Owners with more DB experience have found the above-described process to
be overly legalistic and tending to strain rather than enhance the relations between
the reviewers and the designers. A more enlightened approach is to require the
DOR to submit a list of the deviations from the previously approved submittal.
This method has several benefits to commend its use. First, it retains the “open
books” style of design information flow by forcing the design-builder’s design team
to track changes in the design as they occur so they can be communicated to the
owner in the next design submittal. This fosters rather than strains the mutual trust
that is so essential to DB contracting. Next, it gives the DOR and its subconsul-
tants a free hand to make the design as good as possible without imposing an oner-
ous administrative requirement to seek external permission to make a change that
everyone knows must be made anyway. This emphasizes the fact that design liabil-
ity remains with the design-builder, who is held responsible for attaining a high
standard of design quality. Finally, it leaves the door open for last-minute enhance-
ments in a manner that will not adversely affect the project’s schedule. This
approach transforms the design QM system from the DBB “catch and punish”
mode into one where innovation and creativity in design can flourish without
constraint from the design QM process itself.

Design Quality Management Planning

Just as design details define construction quality requirements, it would follow that
owners who must commit themselves to the cost of construction prior approving
the project’s final design—as happens in DB—would devote a significant portion
of their DB solicitation packages to defining the required design QM process. That,
in turn, would cause design-builders to prepare design QM plans that detail their
proposed process for each specific project that can be evaluated as a part of the
selection process. Unfortunately, in practice this is not occurring. A previous study
of design QM requirements in 75 DB projects across the nation found that only
18% of the DB solicitation documents required a design QM plan to be submitted
as part of the DB proposal (E. DeCorso, 2004, unpublished honors thesis, Univer-
sity of Oklahoma, Norman, Okla.: “How Owners Communicate Quality in Pub-
lic Sector Design-Build Requests for Proposals”). Additionally, only 17 of those
projects required a design QC plan post-award and only 2 took the next step by
requiring a complementary design QA plan. Thus, the literature shows that design
QM is an area where the greatest potential for improvement is present. Perhaps



Design Quality Management in the Design-Build Project 133

this is due to a lack of policy guidance in the area of design management due
to the DBB practice of public engineering agencies traditionally doing much of
their own design work, using in-house professional engineers. Thus, owners are
not availing themselves of the opportunity to evaluate different design-builders’
approaches to ensuring design quality by not asking for design QM plans prior to
award. Owners give up control of the details of design by selecting DB project
delivery, thus depending merely on the qualifications process to guarantee design
quality; as in a pure design contract, this may not be sufficient. With the dominant
organizational type being a constructor-led DB team (Songer and Molenaar 1996),
the designer’s client is no longer the owner. Therefore, it would seem to be imper-
ative that the DB teams’ approach to producing a quality design be evaluated prior
to award. Thus, having a clear definition of design QM is imperative.

The Minnesota Department of Transportation (MnDOT) furnished an excel-
lent definition of QM during the design phase of a DB project when it laid out
the objectives of the Design Quality Management Plan as follows:

The Design Quality Management Plan is intended to:

* Place the primary responsibility for design quality on the design-
builder and its designer(s).

 Facilitate early construction by the design-builder.

* Allow the Department to fulfill its responsibilities of exercising due
diligence in overseeing the design process and design products while
not relieving the design-builder from its obligation to comply with
the contract. (Gonderinger 2001)

One can see that MnDOT's three-pronged approach not only satisfies its obli-
gations for project oversight due to federal funding, but also ensures that the
responsibility for the quality of the design is placed clearly on the design-builder’s
shoulders. It also speaks to achieving a major benefit accrued by the owner when
selecting DB project delivery: project schedule compression through overlapping
design and construction activities. Thus, it becomes important to not only adopt a
good definition for design QM but to also clearly define the allocation of respon-
sibilities between the DOT and the design-builder after project award.

In 2007 the Virginia DOT invested in the development of an updated DB QM
plan template (VDOT 2007). This document furnishes an excellent generic out-
line for the development of a post-award DB QM plan for any type of project.
VDOT supports the previous assertion that quality can be more easily managed if
the design itself is broken down by discipline. The VDOT guide states: “The Qual-
ity Assurance and Quality Control procedures shall be organized by each type of
engineering discipline (such as structural, civil and utilities).” The guide covers the
entire procurement, design, and construction phases of a DB project. As such, the
following discussion will be restricted to the design portion; the construction plan-
ning will be covered in Chapter 6, Construction Quality Management in the
Design-Build Project.
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General Design Quality Requirements

The design QM plan must first ensure that its users understand to what processes
it will apply. The VDOT guide begins with the following set of instructions:

All QA and QC procedures proposed by the Design-Builder for the design
process shall be included in the QA/QC plan. ... These [design QM] pro-
cedures shall specify measures to be taken by the Design-Builder

(1) to ensure that appropriate quality standards are specified and included
in the drawings, specifications, and other design submittals and to control
deviations from such standards, it being understood and agreed that no
deviations from such standards shall be made unless they have been previ-
ously approved by the Department at the Department’s sole discretion, and
(2) for the selection of suitability of materials, and elements of the Work
that are included in the Project. (VDOT 2007)

By using this verbiage the owner is effectively making the details of this plan
the contract requirement for measuring the effectiveness of the design quality
process itself. As previously mentioned, the owner can choose to assign the major-
ity of the QM responsibilities to the design-builder and, in doing so, to relegate
itself to quality oversight or quality audits as its only enforcement mechanism. By
requiring the development of a detailed design QM plan like the VDOT guide, it
establishes the baseline against which it can conduct subsequent quality audits as
the project progresses.

Next, it 1s important that the design QM plan details the roles and responsibili-
ties of all the players in the design QM process.Virginia requires that the design
QM plan “include an organizational chart of who will perform each task and their
firm, discipline, name, qualifications, duties, responsibilities and authorities. All sub-
contractors shall be included in the plan” (VDOT 2007). Just as importantly, the
plan needs to specifically reference those areas of the project scope of work that
will require greater attention to detail and care during the design process to ensure
that both the owner and the design-builder are aware of those areas where the
designers will be challenged by the technology and which, as a result, will need
extra attention during the design QM process. VDOT does this as follows:

In addition, the design QA/QC plan should identify those elements of the
contract, drawings, specifications, and other design submittals, if any, requir-
ing special construction QA and/or QC attention or emphasis, including
applicable standards of quality or practice to be met, level of completeness
and/or extent of detailing required, or Special Provisions to the Road and
Bridge Specifications. (VDOT 2007)

Design Quality Control Activities Design QC is the first line of defense in the
design QM process. Design QC is performed by the designers themselves. These
activities can range from the simple manual spot-checking of computer calcula-
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tions to the review of drawings to ensure that proper line weights are used. The

Tiansportation Research Circular E-C074 (TRB 2005) furnishes elegant definitions
for the difference between QC activities and QA activities. It states that QC
involves “doing things right,” whereas QA involves “doing the right things.” As
such, the design QM plan must have clear definitions of the activities that fall in

the design QC realm.The VDOT guide does this as follows:

The Design QC plan shall include the level, frequency and methods of the
procedures or actions necessary to accomplish the following tasks:

1
1

1.
2.

N i

0.
1.

Preparing all drawings.

Checking math and engineering computations and other aspects of
drawings.

Reviewing of the technical accuracy of the plans.
Reviewing the specifications.

Ensuring that the plans conform to contract requirements.
Checking the form, content and spelling in plans.
Reviewing coordination with other design disciplines.
Reviewing designs for omissions.

Reviewing the sequence of construction.

Ensuring there will be no utility conflicts.
Constructability reviews. (VDOT 2007)

Design Quality Assurance Activities When determining what goes into the design

QA portion of the plan, the owner must determine just how deeply involved it

will be in the QA process throughout the project. Once again, the Virginia guide

provides a useful checklist for this process.

The Design QA plan shall include the level, frequency and methods of the
procedures or actions necessary to accomplish the following tasks:

1.

. Evaluating if correct analyses were applied.

From the above discussion, it can be concluded that owner DB policy docu-
ments such as guidelines and model RFPs should contain specific guidance with

Evaluating whether the designer addressed problem appropriately.

. Evaluating whether qualified, independent personnel were assigned to

the QC tasks and stamped the drawings.

. Evaluating whether solutions are practical and cost-effective.

. Evaluating whether the design is within appropriate range based on

past experience.

. Levels of DOT review and/or approval.
. Final, independent review. (VDOT 2007)

regard to the owner’s design QM approach. They should also contain guidance

on how the owner’s design QM program can be modified and adjusted to fit the

135
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specific needs of each project. Creating a specific policy requirement to address
the required quality activities at this fundamental policy level articulates the
importance to the owner’s project managers of considering project design quality
from the very inception of the project. It also creates a mechanism to map the
conceptual design quality requirements identified in the early stages of project
development directly into the DB project procurement documents. This will not
only furnish much-needed guidance to the owner’s project managers but also
promote consistency in a given owner’s DB projects, making estimating the cost
of these activities easier for the competing design-builders.

Design-Build Design Submittal Process

One of the traditional ways that owners have ensured quality design is by being
able to fully review the design before it is advertised for bids. In DB, owners do
not have this same opportunity. One of the major advantages of DB is schedule
compression, which happens by being able to start construction before the full
design is finalized. In fact, in a recent research project on QM in DB for trans-
portation projects, 85% of surveyed state DOT respondents (hereafter referred to
as “our DB QA study”) (Gransberg et al. 2008) indicated this as a reason for imple-
menting DB. Another advantage of DB is the transfer of risk from the owner to
the design-builder, and that study found that 53% of the state DOT respondents
also indicated this as a reason for implementing DB. In a DB contract, the design-
builder is responsible for the adequacy of the design in relation to the contract
documents. Owners must be aware that “increased control over project design
might not only reduce potential design-build benefits but might also carry with it
the risk of liability for the entire project” (Wichern 2004). Arkansas clearly states
this in its Design-Build Guidelines and Procedures:

With Design-build contracting, the design risk is placed with the Design-
build firm, and the Department’s review will determine if the proposed
design meets the objectives of the Contract Provisions. (AHTD 2006)

Thus, many owners that do place the responsibility for design QA and QC on the
design-builder use specified design review checkpoints—a design PQA activity—
to ensure that the design is proceeding according to contract requirements. This
also fulfills the owner’s responsibility to the public to deliver projects that have
been designed and built in accordance with public law and good engineering prac-
tice. These checkpoints exist so that the design-builder’s final design is acceptable
to the owner and 1s in accordance with the performance criteria contained in the
contract documents.

Design Review Checkpoints

The RFP content analysis found in our DB QA study that there are two general
ways in which design review checkpoints are determined. These are summarized in
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Table 4-4.The first method, defined reviews, specifically articulates them in the
RFP. The owner specifies in the RFP which reviews it will conduct and what must
be included in the reviews. The design-builder must then account for the required
reviews in its proposal and in the project schedule.

The following example comes from a Mississippi DOT (MDOT) RFP and out-
lines the design review requirements for a project:

Preliminary Design Phase (Minimum 30% Plans): The Contractor will prepare
and submit a single preliminary design submittal for the entire project. . . .
Final Design Review Phase (100% Plans): Final Design may be broken down
into packages (i.e., Roadway, portions of Bridges, Drainage, etc.) as deter-
mined by the Contractor. Following completion of the design for each sub-
mittal for the Project, the Contractor shall prepare and submit a Final Design
Submittal for review by MDOT. . .. Released for Construction Documents:
Following the incorporation of MDOT’s comments from the Final Design
Review Phase, the Contractor shall prepare and submit a Release for Con-
struction submittal to MDOT for MDOT?s final review and Released for
Construction stamp. (MDOT 2005; emphasis added)

This is by far the most common way to identify the required reviews. In our DB
QA study’s solicitation document analysis, 41 projects had design reviews as a
requirement of the contract. Of these 41 projects, 83% told the design-builder at
what point the design would be reviewed.

The second approach, proposed reviews, is to allow the design-builder to pro-
pose the schedule of design reviews in their response to the RFP or during nego-
tiations after the award of the contract. This is the stated policy of the Arkansas
DOT: “There will be no pre-defined reviews scheduled by the Department. The
selected firm and the Department will decide on the appropriate timing of reviews

Table 4-4 General Design-Build Design Review Categories

Percent of
Projects in DB
QA Study
Design-Builder Owner Content
Type Responsibility Responsibility Comments Analysis
Defined To be responsive, Defines reviews in Reviews may be 83%
Reviews must follow defined the RFP performed by
reviews in contract design-builder,
documents DOT, or 3rd party
Proposed Propose design reviews Accepts or rejects Reviews may be 17%
Reviews for project as part of proposed design performed by
proposal or after award reviews design-builder,
of contract DOT, or 3rd party

Source: Gransberg et al. (2008), Table 10, with permission from the Transportation Research Board of the
National Academies.
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during execution of the contract” (AHTD 2006). The Washington State DOT
(WSDOT) used this approach for its Thurston Way Interchange project:

For any designs for which early construction reviews will not be conducted,
at least one design review shall be conducted before completion of 100 per-
cent design. The percentage of design will be mutually agreed upon between
the Design-Builder and WSDOT, but should be near the mid-point of design.
(WSDOT 2000; emphasis added)

In our DB QA study’s solicitation document content analysis, DOTs employed
this approach in only 17% of the projects reviewed.

Appropriate Number of Design Reviews

In addition to how the design reviews are defined, the number of required design
reviews by the owners varies across the nation. However, our DB QA study’s con-
tent analysis identified three main approaches:

* No formal review prior to final (release-for-construction) design review.
* One review prior to the final design being released for construction.
*  Multiple reviews prior to the final design review.

Also, in many instances the design-builder is encouraged to request informal
reviews that are not required but allow the owner to provide more frequent input
to ensure that the final design will meet the contract requirements. These reviews
are often called “over-the-shoulder” or “oversight” reviews to indicate that the
design process will not stop proceeding to wait for comments that result from these
informal reviews. Table 4-5 provides a summary of the different categories of the

Table 4-5 Required Number of Design Reviews

Percent of Projects
in DB QA Study
Content Analysis Comments

No review prior to final 15% Owner still provides oversight
and comments informally

One review prior to final 56% Can be anywhere from
preliminary design until just
before the final design review

Multiple reviews prior to final 29% The exact number of reviews
can range from one to two for
every major feature of work

Source: Gransberg et al. (2008), Table 11, with permission from the Transportation Research Board
of the National Academies.
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required number of design reviews and the corresponding percentage of occur-
rences in our RFP analysis.

No Mandated Reviews When there is no owner-mandated design review check-
point required before the final design is released for construction, the burden of
design compliance is fully placed on the design-builder. In theory, this is one of
the benefits of utilizing DB project delivery. However, the owner must still provide
assurance that the contract will be completed with all the requirements met in a
timely manner. In the RFPs analyzed in our DB QA study, 41 mentioned the
design review requirements. 15% used the approach of no owner-mandated design
review checkpoints before the release-for-construction design review. The Min-
nesota DOT detailed its design PQA approach in one RFP as follows:

The Department will participate in oversight reviews and reviews of early
construction as part of its due diligence responsibilities. If the Department,
in its review, observes that the Design-Builder is not complying with con-
tract requirements and/or that the QC/QA checks are not complete, it will
notify the Design-Builder in writing that construction may not proceed
until the noted items are corrected. The Department’s oversight review and
comments will not constitute approval or acceptance of the design or subse-
quent construction. (MnDOT 2001)

This PQA activity (sometimes termed “due diligence”) must be accomplished
through an oversight approach, as stated in the MnDOT RFP referenced above, or
by an audit approach referenced in the Utah RFP below, which describes the
design-builder’s review procedures. The Utah RFP also shows that although the
owner does not conduct a progress design review, the design-builder must do so
with oversight from the owner:

The Design-Builder will review all designs to ensure the development of the
plans and specifications are in accordance with the requirements of the Con-
tract. ... The Department will audit, as needed, the Design-Builder processes
and Design Documents to verify compliance with the Contract Documents.
The Department will be invited to attend all reviews. . . . The Design-Builder
shall conduct oversight reviews, and the Department may participate in these
reviews and comment as requested or as it otherwise deems necessary. . . .
The Design-Builder shall determine the materials to be compiled for each
review. Formal assembly and submittal of drawings or other documents will
not be required, but the Design-Builder is encouraged to provide informal
submittals to facilitate reviews. The review may be of progress prints, com-
puter images, draft documents, working calculations, draft specifications or
reports, or other design documents. ... The Design-Builder will conduct infor-
mal milestone reviews at approximately the 60% stage of project elements
to determine whether the Contract requirements and design are being
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followed. The Department will be invited to attend these reviews. (UDOT
2005; emphasis added)

The Utah RFP goes on to discuss the design review process for the final design
deliverable.

When the Designer has completed a design package to 100%, and the package
has been checked and audited, a formal design submittal is assembled and dis-
tributed for review, including plan sheets, calculations, specifications, and other
pertinent data. The Designer shall prepare for these reviews a full set of draw-
ings and other documents stamped “Checked and Ready for Review.” . ..
After the 100% comments have been addressed and the design documents
have been checked and audited, a “ready to be released for construction” sub-
mittal package is assembled and distributed to the Design-Builder and the
Department for release for construction. (UDOT 2005; emphasis added)

To preserve the definition of design liability, Utah also requires the design-
builder to complete a certification process on the final design package, and speci-
fies the time limit to which the owner must adhere to furnish timely acceptance:

When a design package is ready to be released for construction, the Design-
Builder shall certify all of the following related to the Work:

e The design is in accordance with the Contract requirements.

e The design has been checked in accordance with UDOT accepted
quality procedures.

* No design exceptions exist that have not previously been approved by
the Department.

¢ The Department will conduct its review and accept or reject the final
design package within seven (7) Working Days of receipt of the final
design documents. (UDOT 2005; emphasis added)

Single Design Review The second category of DB design review is where the
owner requires a single official review of the design before the review of the final
design deliverable. This gives the owner an intermediate point at which to verify
that the design development is proceeding in accordance with the contract require-
ments and is progressing according to the schedule. The Mississippit DOT uses this
type of design review for their DB projects. An example is:

The Contractor will prepare and submit a single preliminary design submit-
tal for the entire project. Preliminary design shall include roadway plan
and profile, bridge type, selection layout, drainage, erosion control, signing,
architectural and traffic control plans. MDOT will review Preliminary
Design Submittals within 21 Days of the submittal. (MDOT 2005; empha-
sis added)
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MDOT also provides for an “optional design review” with the following RFP clause:

At the request of the Contractor, MDOT will provide optional design reviews
on design packages as requested by the Contractor. MDOT as appropriate will
review optional design Submittals within 14 Days. (MDOT 2005; emphasis
added)

This RFP goes on to define the final design review process as follows:

Final Design may be broken down into packages (i.e., Roadway, portions of
Bridges, Drainage, etc.) as determined by the Contractor. Following comple-
tion of the design for each submittal for the Project, the Contractor shall pre-
pare and submit a Final Design submittal for review by MDOT. . . . Follow-
ing the incorporation of MDOT’s comments from the Final Design Review
Phase, the Contractor shall prepare and submit a Release for Construction
submittal to MDOT for MDOT' final review and Released for Construc-
tion stamp. (MDOT 2005; emphasis added)

Another example comes from the Washington State DOT in the RFP for its
Thurston Way Interchange project. The exact point of the design review is not
listed, but it is left to be decided upon execution of the contract:

For any designs for which early construction reviews will not be conducted,
at least one design review shall be conducted before completion of 100 per-
cent design. The percentage of design will be mutually agreed upon between
the Design-Builder and WSDOT, but should be near the mid-point of design.
(WSDOT 2000; emphasis added)

The requirement of only one official review by the owner is, by far, the most
popular design review process currently used, as found in our RFP analysis. 56%
of the RFPs analyzed in our study used this type of design review process.

Multiple Design Reviews In the final category of design reviews, the owner
requires more than one official owner review before the design can be released for
construction. This was the process found in 29% of our DB QA study’s RFPs that
included information about design reviews. The Maine DOT required in one RFP
that “formal design package submittals shall be made ... at the 50% and 80% design
development stage of any design package intended to be RFC [released-for-
construction]” (MaineDOT 2003). The EFLHD also requires more than one
design review before the design is released for construction. In an RFP they state
the reasons for the reviews:

Initial submittals are intended to provide the Contractor a means of propos-
ing and obtaining acceptance for horizontal and vertical alignment devia-
tions from the Government preliminary design plans; deviations from the



142 Project Administration for Design-Build Contracts

Government preliminary bridge Type, Size, and Location (TS&L) plan; and
changes in basic parameters of the project. . . . Intermediate Design Submit-
tal. The purpose of this submittal is to ascertain that the design is progressing
in accordance with the requirements of the project, that existing field con-
ditions have been properly identified and dealt with, and that the Contractor
has coordinated the design with EFLHD, NPS, the permitting agencies, and
the utility companies. (EFLHD 2001; emphasis added)

We found two variations of this category that require mention in this section.
The first is when the owner requires an independent design quality assurance firm
to do the design reviews, with the owner only providing limited oversight. This
was the situation with the S.H. 130 project in Texas. The Texas Turnpike Author-
ity’s RFP stated:

DQAM [design quality assurance manager| will conduct a formal over-the-
shoulder review presentation to the TTA [Texas Turnpike Authority]| at the
TTA’s office. The over-the-shoulder review presentation will be held, fol-
lowing the DQAF [design quality assurance firm’s| approval of: the Corri-
dor Structure Type Study Report; the Preliminary (30%) Design Submittal;
the Intermediate (65%) Design Submittal; and the Final (100%) Design Sub-
mittal. . .. Developer’s designer shall furnish to the DQAF at least five (5)
mandatory design submittals, and if necessary, any resubmittals. (TTA 2001)

The second variation is when the owner requires certain design review, and
attends the reviews, but is not the party responsible for the review. In the follow-
ing example from Washington State, the DB firm was responsible for the formal
design reviews with the DOT in attendance:

The DQA [design quality assurance] Manager will conduct formal mile-
stone reviews at the 30%, 60%, and 90% (or as otherwise agreed by the
WSDOT and Design-Builder) stage of project elements to determine
whether the Contract requirements and design are being followed and that
QC/QA activities are following the approved QMP. ... The DQA Manager
shall compile and maintain documentation of the review. The Department
will be invited to attend these reviews. (WSDOT 2004)

In the vein of deciding the appropriate number of owner design reviews for a
given project, it is interesting to note that the U.S. Army Corps of Engineers
(USACE) changed its DB design reviews policy in 2007, reducing the number of
reviews from four (30%, 60%, 90%, and final) to two (intermediate and final)
(USACE 2006).The reason for the change was to reduce the potential for delays
due to waiting for government reviews. In a personal communication with the
author, Joel Hoffman of USACE explained the rationale as: “The philosophy is
that once the designer of record approves construction and extension of design
submittals, the builder can proceed—don’t wait on us, unless there is a specific
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government approval required.” Thus, one critical issue in determining the appro-
priate number of design reviews is the need for the design-builder to maintain an
aggressive schedule. If the project is not schedule-constrained, the DB design
reviews can afford to inject more design review points. Conversely, design reviews
can be minimized on a fast-track project.

Over-the-Shoulder Reviews In addition to the design reviews outlined above,
another notable trend is the inclusion in the RFP of a statement inviting the
design-builder to request informal over-the-shoulder reviews to ensure that the
design is progressing according to the contract requirements without the need to
prepare a specific design submittal package, and to provide owner input to the
design where it will be both desired and helpful. These reviews fall into the owner
PQA category. These statements are included in RFPs regardless of the number of
required design reviews. Almost always, however, a statement is also included that
removes liability from the owner for any comments that may be incorporated into
the design from the informal reviews. The following extract comes from the
EFLHD RFP referenced above:

Over-the-Shoulder reviews may be scheduled by the Contractor or EFLHD.
Over-the-Shoulder reviews are strongly encouraged to enhance the part-
nering efforts between the Contractor and the Government. . . . The num-
ber and timing of the reviews will be discussed at the Start-up Conference. . . .
ver-the-Shoulder reviews will be conducted for informal review of designs.
The intent of Over-the-Shoulder reviews is to provide guidance to the Con-
tractor during the course of the project. Over-the-Shoulder reviews do not
take the place of the Overall Project Submittals. (EFLHD 2001)

The Washington State DOT included this in one RFP:

Throughout the design process, the Design-Builder may request additional
oversight visits by WSDOT to discuss and verify design progress and to assist
the Design-Builder and/or its designer(s) in resolving design questions and

issues. (WSDOT 2000)

Design reviews are an integral part of any design QA program. They ensure the
constructability of the project as well as that the design meets the contract require-
ments. Even though the design-builder is responsible for both of these elements in
DB, the owners must assure itself that the design-builder is carrying out its respon-
sibility. This is done by owner design reviews using one of the three approaches
outlined above.

Design Review Responsibility

Communicating who is responsible for the design reviews is also essential to the
smooth execution of these quality activities. This can be done in a variety of ways,
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including lists, charts, diagrams, or designating responsibility in contract clauses.
Table 4-6 is an example from a Louisiana DOT DB RFP that provides a good
example of how to effectively communicate design review responsibility.

In addition to deciding which reviews will be conducted and when, deciding
who will perform the reviews is just as critical to the success of DB projects. Since
the owner is not performing the design with its own designers, design QA and
QC responsibilities will shift in DB. One can see in Table 4-6 that the Louisiana
DOT has assigned virtually all the design QA and QC responsibility to its design-
builder, only entering the process to verify the as-built plans. Remembering that
the design phase defines the standard of quality for the constructed project, it is
imperative that the design documents are professionally reviewed and checked to
ensure a quality project. Our DB QA study sought to identify the trend in design
quality responsibilities by asking the respondents to indicate which entity was pri-
marily assigned the responsibility for a list of common design QM tasks. However,
a large number of the respondents did not confine themselves to furnishing a
single answer to each question. Many indicated that the responsibility for the tasks
was indeed shared among some combination of the agency, the design-builder,
and the agency’s consultants. This response yielded valuable information regarding
the distribution of design QM responsibility among the parties to a DB contract.
Table 4-7 summarizes the survey responses to the question of assigned responsibil-
ity for design QM tasks.

Table 4-7 shows that the design-builder or a third-party consultant is often
given more responsibility than is seen in traditional DBB in performing design

Table 4-6 Communicating Design Review Responsibilities: Louisiana Department of
Transportation and Development

Design Check and
Certification to
Stage of Design Development Design-Builder Design Review
Definitive Design Designer and DQCM DQCM
Interim Review Designer and DQCM DQCM
Readiness for Construction Design Designer and DQCM DQCM
Final Design Designer and DQCM DQCM
Working Plans and Related Designer and DQCM DQCM
Documents
As-Built Plans Designer and DQCM LADOTD’s designated
representative
Major Temporary Components Designer and DQCM DQCM
Temporary Components Designer and Checker Not applicable

DQCM, design quality control manager; LADOTD, Louisiana Department of Transportation and
Development.

Source: LADOTD (2005).
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Table 4-7 Survey Responses for Design Quality Management Task Responsibility

Design- Design-

Agency-  Builder’s Builder's
Who performs the following Agency Hired Design  Construction
design quality management tasks? Personnel  Consultant Staff Staff
Checking of design calculations (QC) 15.4% 15.2% 68.7% 0.8%
Checking of quantities (QC) 13.8% 11.2% 53.1% 21.8%
Review of specifications (QC) 32.9% 25.0% 38.9% 3.2%
Technical review of design deliverables (QC) 30.9% 28.6% 40.0% 0.6%
Acceptance of design deliverables (QA) 57.9% 15.8% 22.9% 3.3%
Approval of final construction plans and 82.0% 5.2% 9.9% 2.9%
other design documents (QA)
Approval of progress payments for design 81.8% 9.1% 2.0% 7.1%
progress (QA)
Approval of post-award design QM/QA/QC 84.4% 9.7% 5.9% 0.0%
plans (QA)

Letters in parentheses indicate type of task: QC, quality control; QA, quality assurance, QM, quality management.

Source: Gransberg et al. (2008), Table 13, with permission from the Transportation Research Board of the
National Academies.

QM tasks that lead up to the final acceptance of the design. Public agencies are
assigning the design-builder the responsibility for design QC tasks, such as check-
ing design calculations, checking quantities, technical review of design deliverables,
and review of specifications. Because these tasks are primarily associated with the
production of design deliverables, the owner is facilitating the overall schedule by
stepping back from these tasks and giving the design-builder control. Additionally,
it effectively prevents the owner’s unintentional assumption of design liability
through directive design review comments (Gransberg et al. 2006). When it comes
to the design QA tasks of accepting and approving final construction plans and
design documents, owners have, by and large, retained the responsibility. This makes
sense since owners still have ultimate responsibility for the design, construction,
and final quality of each project. Public owners cannot contractually assign their
public duty to another party. They can have design-builders and third-party con-
sultants help achieve an assurance of quality, but at the end of the day they must be
able to affirm that each project has been constructed to the requisite quality level.
Our DB QA study asked each respondent to cite the number of DB projects in
which its agency had been involved. This allowed the responses to be divided by
experience level. The responses from agencies with more than five DB projects
were assembled as a single group to compare to the responses of the total popula-
tion. The idea was to capture the potential differences between agencies whose
QM system had been able to benefit from lessons learned in early DB projects and
those agencies that were embarking on their first series of DB projects. Intuitively,
those with more DB QM experience should have had a better knowledge of how
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to distribute the responsibility for design quality. Our study found that in every cate-
gory the more experienced owners retained a higher percentage of responsibility for
design QC tasks, and most of the time they retained responsibility for design QA
tasks and gave less responsibility to the design-builder than did the general popula-
tion. The differences between the experienced respondents were especially signifi-
cant in the categories of technical review of design deliverables, acceptance of design
deliverables, review of specifications, approval of progress payments for design, and
the post-award design QM plan approval. These are the points in the design process
where the final design decisions are made, and the experienced owners seemed to
feel the need to impose themselves in the design QM process at these points.

Additionally, only 20% of the more experienced owners indicated that they
were using a third-party consultant to perform design QA tasks. This was less often
than the less experienced owners, where a consultant was used by 50% of the
respondents. This makes sense because an owner with little or no previous DB
experience could mitigate the risks associated with inexperienced personnel by
retaining an experienced DB consultant to assist it with the QM during its first
series of DB projects.
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FIVE

Design Administration
Case Studies

This chapter synthesizes some of the fundamental issues from previous chapters
through the presentation, analysis, and discussion of five case studies. The cases are
drawn from real projects and have been sanitized to prevent identification of the
actual participants. The format for each case covers the following: first, the facts
and situation; second, a discussion of the issues and positions; third, the outcome;
and fourth, lessons learned.

Case 5-1: “When Is Design Really Design?”

A public owner advertised a DB for a major bridge using the two-step DB
method with a firm, fixed price. As part of the RFQ, the owner stated that it
would only consider two possible types of bridges. Each DB team was instructed
to indicate which type of bridge it intended to design and build, to permit the
owner to evaluate their qualifications in light of the different technical chal-
lenges associated with each bridge type. The RFQ clearly stated that both types
were considered equal and that the bridge type selection would not influence
the ultimate award. As a result of the RFQ requirements, one of the competing
DB teams felt the need to do “quick and dirty” conceptual designs for each
bridge type before they made their decision because they suspected that one
type would cost less. They also believed that the owner’s budget was going to be
tight and that the key to winning this project would be submitting the lowest
proposed price.

During preparation of the qualifications submittal, the designer-of-record
(DOR) for the team completed the conceptual designs and confirmed that one
type was significantly less costly than the other. Therefore, the team selected the
low-cost option as the one they would propose in Phase 1. This team was success-
ful, making the short list and then winning the project with the lowest price. In
fact, their price was the only one that fell within the owner’s budget.

149
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During an internal design review at a point where the major elements of the
main span were nearly completely designed, the constructor’s estimator reported
that the quantities of work for both concrete reinforcing and structural steel had
grown to a point where they were about 15% greater than the quantities that were
used in the price proposal. This scope creep was going to seriously threaten the
target profit on the job.The DOR was directed to revisit the design and deter-
mine why there was a discrepancy in the quantities. Upon investigation, it was
found that the structural engineer who had completed the conceptual design dur-
ing the Phase 1 competition had used the wrong seismic loads in that design, and
that increased quantities of steel were required to meet the appropriate seismic
code. As a result, the steel quantities could not be reduced. The structural engineer
became personally aware of the mistake shortly after contract award when he was
directed to complete the design, but had not informed his superior of the prob-
lem. The cost of the change in steel quantities ran into the millions of dollars.

The design subcontract under which the DOR was retained utilized a disputes
resolution clause that required mediation before litigation could be undertaken.
During the mediation, the engineer who made the mistake took the position that
the conceptual design he completed to allow the DB team to make their bridge
type selection was not a “true design” for which he should be held liable. He cited
the following reasons for this defense:

* There was no assurance that the team would make the short list or win
the project. Therefore, the conceptual designs were done merely to
define an “order of magnitude” for each option and, as a result, the
design-builder had no right to rely on their technical accuracy.

* He had not produced sealed construction drawings or specifications.
Thus, the design-builder should have known that the design would
change as all designs do in normal design practice.

* The lack of a seal indicated that the conceptual designs were a work-in-
progress and a design professional is not liable for the result of his or her
design errors until the works containing the errors are formally sealed. In
other words, the designer is not done designing until the seal is on the
design itself and thus has the right or obligation to correct his or her
errors as soon as they are identified. Hence, the final design is evidence
that the engineer found his earlier error and corrected it.

Issues and Discussion

The issues in this case focus on the roles and responsibilities of the DOR for design
errors or omissions made before DB contract award, as well as the disposition of
errors identified after contract award. Specifically in this case, the mediator had to
seek to both answer and find solutions for the following questions:

* Is a mistake or oversight made during proposal preparation and before
contract award of the same nature as a design error or omission



Design Administration Case Studies 151

committed after contract award and hence compensable under the
designer’s professional liability policy?

* Does a design product produced by a design professional under contract
to furnish design services require a seal to make it “official?

* Did the design-builder have a right to rely on the conceptual designs
produced in response to the RFQ?

*  Who should be responsible for the cost overrun as a result of the design
error, assuming it truly was a design error?

Outcome

During mediation, the engineer freely admitted that he made a mistake during the
Phase 1 conceptual design. He stated that because there was no assurance that the
team would even make the short list, he had been instructed by his principal to
only put in the minimum amount of time necessary to allow the team to differen-
tiate between the two possible bridge types. Therefore, he used assumptions for the
required seismic loads for a similar bridge that he had helped design in the past. As
it turned out, the seismic code had changed since that design was completed but
he had not taken the time necessary to sort out the details of that change. He felt
it was not necessary to “get it spot on” at this point in the competition; he only
needed to get the team “in the ballpark.”

The design-builder countered that while all those conditions were true, when
the team did make the short list and was asked to submit a full technical and price
proposal, the engineer did not revisit the conceptual design for the main span and
told the design-builder’s estimators to use the quantities that had been generated
for the qualifications package. The engineer’s response to this was that he did not
want to expend more design effort than necessary to win the contract and that it
was the design-builder’s responsibility to cover scope creep with a pricing contin-
gency. Also, since the design-builder had built many of these types of bridges, it
should have known that quantities would grow during the design phase. After
much wrangling of this nature, the two parties agreed to first apply the remaining
contingency included in the contract to the overrun, and the engineer would pay
for the remainder as a design error claim against its professional liability policy.
‘When this claim was forwarded to the insurance company, the latter refused to pay,
citing the same defense as detailed above.

The courts decided that the engineer was indeed liable for the damages caused
by the Phase 1 design error and directed the insurance company to pay the entire
amount of the damages. It cited case law that found that a design professional fur-
nishes an implied warranty on any design information it conveys, regardless of the
stage of design completion. The courts indicated that the design-builder indeed
had the right to rely on the work of the engineer because the way the procure-
ment was structured required it to submit a firm, fixed price for the bridge before
the design was complete. Therefore, it was the engineer’s responsibility to notify
the design-builder as soon as he determined that that pre-award design was defec-
tive and to give the design-builder an opportunity to mitigate the damage.
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Lessons Learned

The design process begins when the designer generates its first design product. In
DB that happens before contract award, and contract award entails committing to
a lump-sum amount prior to design completion. Therefore, design professionals
on a DB teams must approach the design that they develop to allow the team to
submit a responsive proposal just as seriously as when they are designing a facility
that they know will indeed be constructed. The winning proposal becomes incor-
porated into the DB contract and, as such, the details of design included in it must
be translated into the final constructed product. The risk for design errors and
omissions is allocated to the design-builder. If it retains a design professional on a
design subcontract, it must be able to rely on the competence of that person and

the quality of his or her product.

Case 5-2: “Actions Speak Louder Than Words.”

A public agency awarded a design-build-operate-own (DBOO) contract to a
developer to furnish a large, multi-storey office building on a long-term lease
arrangement in the desert southwest of the United States. The contract required
the building to be designed and constructed in accordance with the agency’s design
standards and criteria. The lease included performance terms for various aspects of
the building’s operation. It allowed the agency to reduce or withhold its monthly
lease payment for those months when the building did not meet the performance
criteria. One of those criteria was the following requirement for the environmen-
tal control system:

The ambient air temperature inside the building shall be regulated to main-
tain a temperature operating range of 72 °F to 75 °F with external tempera-
tures ranging from O °F to 120 °E

The developer chose to individually subcontract every design discipline neces-
sary for the building, including the architecture and mechanical engineering. It did
the same thing for all the construction trades, acting as its own general contractor/
construction manager. Construction was completed ahead of schedule in Decem-
ber, and the agency occupied the facility in February. In April, the agency notified
the developer that about one-quarter of the building was not meeting the room
temperature criterion and, if the developer did not correct the problem, it would
withhold 25% of its next monthly lease payment. The developer was unable to
correct the problem, and by July the agency was withholding its entire monthly
payment. It took two months to redesign and install a system that could maintain
the required performance. The developer then filed suit against the mechanical
engineer for the damages it experienced as a result of the mechanical system’s fail-
ure to achieve the contract performance criteria.
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Pursuant to preparing the defense for the lawsuit, the engineer’ attorney deter-
mined the following facts about this case:

* The defendant was actually the second mechanical engineer to work on
the design. The first had completed its design for the system and, in an
agency review, it had been found to not comply with the agency’s design
standards. A dispute arose between the developer and the engineer over
additional compensation because the engineer had not been provided
the agency’s standards, and the developer had fired the first engineer.

* The developer then directly hired the defendant to correct the deficient
mechanical design and to inspect the mechanical construction, which it
did. Its work consisted of converting a number of flexible ducts in the
original design to rigid ducts to comply with an agency standard that
runs of flexible ducts not be longer than 5 ft. It also reviewed the
mechanical submittals from the trade subcontractors.

* During construction, the mechanical subcontractor found that the space
the architect had allocated inside the building for one of four air
handling units (AHUs) was inadequate; after coordination with the
developer, the mechanical subcontractor relocated it outside on the
building’s roof.

* The reason why the rooms in the zone serviced by the relocated AHU
could not maintain the required temperature was that the AHU had
been sized assuming that it would be located inside the building’s
envelope. Correcting the issue required a new and much larger AHU to
be installed on the roof and properly insulated.

The developer had used standard American Institute of Architects (AIA) con-
tract forms for both the design subconsultants and the construction subcontrac-
tors. Each of the design contracts contained the phrase “The owner will furnish
the necessary design information for the designer to complete its portion of the
final design.” In this case, the owner was the developer. No single design sub-
consultant had been designated as the DOR, and none of the design contracts
required any of the designers to deconflict the work of all the other disciplines.
In court, the defendant argued that because the developer was the only entity
that had privity of contract with the other designers, it had constructively
assumed the role of DOR and, as such, the error in the architectural design that
created the conflict and resulted in the damages should have been found by the
developer itself.

The developer’s attorney countered that because the signatory on the contract
was in fact a high school drop-out with no formal education in either architecture
or mechanical engineering, it did not have the capacity to accomplish that task
and, thus, the engineer had no right to rely on the contract clause regarding the
owner’s supplying the “necessary design information for the designer to complete
its portion of the final design.”
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Outcome

The court found for the second mechanical engineer, stating that because the
developer had failed to designate one of the licensed design professionals as the
DOR, it had assumed that role was the only entity on the project that had the con-
tractual capacity to coordinate all the designers. It pointed to the clause that stated
that the owner would supply design information to each designer as the authority
for making that judgment. Thus, by structuring the subcontracts for design and
construction for the DB project in the manner in which they were executed, the
developer had assumed liability for not only the adequacy of the design work, but
also the performance of the constructed product.

Lessons Learned

If the owner wants to transfer design liability in a DB contract, it must guard its
actions after award to ensure that it does not constructively take the liability back.
In this case, the owner (i.e., the developer) tried to reduce the cost of design by not
making the architect function as the DOR. In doing so, it usurped the design lia-
bility it thought it had transferred to the design professionals through their design
contracts. While this is an extreme case, an owner can unintentionally accomplish
the same unfortunate outcome by merely interfering with the design process and
interjecting directive changes to the design in its design review comments. If the
directive design changes are found to be the source of a design or construction error,
the owner will have no recourse against the design-builder to make corrections.

If the developer in this case had not fired the first mechanical engineer and had
required that person to make the necessary ductwork corrections, it might have been
able to hold that engineer responsible. This is because the first mechanical engineer
had furnished the architect with the space requirements for all the mechanical equip-
ment and had personally participated in a “pre-final design review meeting” led by
an agent of the developer. In that meeting, all the design professionals essentially
reviewed and approved the final design as ready to release for agency review. The
second engineer had been furnished the ductwork drawings only when it made the
corrections, and in fact never looked at the full set of final construction documents.

The lesson here is that during DB project execution, it is important to both the
owner and the design-builder to keep the design team intact. If a situation arises
where this is impossible, the owner and the design-builder must take affirmative
steps to see that design liability is transferred from the departing designer to its
final replacement. Design liability is best managed by design professionals, and
financial or technical issues should not be permitted to shift this liability to another
entity in the DB project.

Case 5-3: “The Growing Design”

A public transportation agency had planned to deliver a project using traditional
DBB, but during the design it encountered a number of thorny environmental
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and right-of-way issues. It therefore suspended the design contract at approxi-
mately 50% design completion. During the suspension, the consultant’s design
project manager left the firm and went to work for another engineering firm.
Once the issues that halted the project had been sorted out, the owner then
decided to award the project as a DB contract to recover some of the lost time,
and specified a very aggressive delivery schedule. It believed that the schedule was
possible because of the advanced state of the “preliminary” design, which were
called “bridging documents” in the RFP.The contract required the design-builder
to validate the technical acceptability of the bridging documents and assume lia-
bility for integrating those portions that were found to be acceptable into its own
final design.

One of the competing design-build teams had partnered with the engineering
firm that had hired the preliminary design consultant’s former design project man-
ager. The owner was asked if this constituted a conflict of interest that would pre-
vent the design-builder from assigning this individual to this project. The owner
answered that it was not; in fact, during evaluation of qualifications, this individual’s
previous knowledge of the project was rated as a distinct advantage for that DB
team. It went on to win the contract.

The design-builder was a general contracting company that hired the DOR on
a design subcontract. The teaming agreement that was executed during proposal
preparation required the DORs firm to provide the following services:

Given the [design-builder’s] reliance on the input from the [DOR’s] design
team to help develop the proposal, presentation and bid, the [DOR] will
perform supporting services including designs and analyses for project pur-
suit in excess of those normally needed for “pure design” services proposal.

Part of those services included generating quantities of work and furnishing the
design-builder’s estimating staff with appropriate parametric design formulae for
those features of work it deemed to be routine and therefore did not require addi-
tional design effort. An example of this type of formula was one where the engi-
neer specified that the estimator allow X pounds of reinforced steel for every
square yard of standard DOT reinforced concrete pavement.

After award, the design work was advanced very quickly and the major features
of work were released for construction ahead of schedule. During a cost engineer-
ing review of the feature of work that was added to mitigate the project’s environ-
mental impact, the estimator found that the quantities of excavation associated
with these features had tripled from the quantities used in the price proposal. Addi-
tionally, stone riprap quantities had also significantly increased. The riprap had
been estimated using a formula of X tons per square yard of excavated surface area.
A meeting was held with the design project manager to investigate the cause of
these quantity increases and seck potential solutions. The design project manager
indicated that, due to his previous familiarity with the bridging documents and
the advanced stage of the design in the RFP, he had not needed to check the quan-
tities that were already shown on the preliminary design documents. He had taken
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them and added a 10% design allowance for possible growth during detailed design
in the quantities he furnished for the preparation of the “bid.” Analysis of the
revised environmental mitigation plan after award found that certain features were
made larger to comply with the permit, and that this was engendered by acquisi-
tion of a previously unavailable right-of-way. He had not known that the agency
had been able to get the land and hence assumed that the environmental mitiga-
tion features were constrained to the pre-proposal project limits shown in the
bridging documents. The RFP contained a new drawing that showed the current
project limits, and its impact had not been evaluated during development of quan-
tities for the DB price proposal.

The design-builder took the position that this was the DOR’s mistake and
therefore it should be liable for the increased costs attributed to the growth in
excavation and riprap quantities. The DOR disagreed, citing the following defense:

* The design-builder knew that the team had only a limited time to
prepare its proposal, and they had agreed that the design team would
invest only the minimum level of effort required to submit the
proposal.

* The design project manager had included a design allowance in the
as-bid quantities; the fact that it was exceeded was a normal risk in
doing DB contracting, which the design-builder should have accounted
for because it had extensive experience with DB delivery projects of
this nature.

* The design-builder should have included a sufficient contingency in its
price proposal to cover quantity growth during design.

* Due to the aggressive schedule, there was no time allotted for stopping
the design to check the current project cost, and the design-builder
should have taken that into account when it set the project’s profit
margin, which it believed to be too low.

Outcome

This dispute was settled in binding arbitration. It involved only the DB team, not
the owner. The panel found that because the design-builder was not a licensed
design professional, it did not have the capacity to understand the magnitude of
potential quantity growth during design. The panel agreed that it was the engi-
neer’s responsibility to add a design allowance for quantity growth for each item
that it supplied in either the design or the quantities themselves to arrive at the
as-bid quantities. Because the design project manager failed to take into account
the fundamental changes to the project’s scope of work between the time he had
previously worked on it and when the proposal was actually submitted, the DOR
was guilty of an act of omission. Additionally, the design project manager failed to
keep the estimating staff up-to-date by submitting a design product for cost engi-
neering review before sending it to the owner for review and release for con-
struction. The argument that the majority of the as-bid quantities on the rest of
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the project were accurate did nothing to ameliorate the fact that a significant
change had been made to the bridging documents, and the design team failed to
identify it during the development of as-bid quantities. Finally, the terms of the
teaming agreement indicated that the design-builder would rely on the input
developed by the DOR in the preparation of its bid. Therefore, the engineer who
had the capacity to accurately estimate the potential quantity growth should have
communicated the change to the bridging document quantities to the design-
builder with its as-bid quantities.

Lessons Learned

It 1s important for designers in DB projects to fully understand the impact of the
fact that they must design to both a budget and a schedule. Designers typically do
not have the intimate familiarity with construction market conditions that con-
structors do. Thus, knowing that the project has a fixed monetary amount of con-
tingency is of little use to a design engineer or architect. What is cogent is the
knowledge of the total amount of as-bid quantities of work for each feature that is
being designed and using that knowledge as a budget to guide the design effort.
Designers should be instructed to review the quantities on a regular basis and, if
the as-bid amount is going to be exceeded, to bring that to the immediate atten-
tion of the DB team. Then the team can review the reasons for the quantity bust
and either change the design to bring it back on budget, or cross-level the contin-
gency from items that are under-running their quantity budget. As a last resort,
they can try to mitigate its impact by making changes to features of work that have
not yet been designed.

Case 5-4: “All the Right Moves”

The RFP for a new bridge that was meant to replace an old bridge stated
“The alignment of the new bridge shall not change from the existing alignment.”
A 60-year-old geotechnical report for the project site was provided to “furnish a
representative condition on which to base preliminary foundation designs.” The
REFP also required the design-builder to execute soil borings and provide a final
geotechnical report “on which he will base his final design.” The design-builder’s
price proposal indicated that the use of piles was contemplated for the foundations
of both abutments. The contract also required the design-builder to design the
north end first because it was the more complex design and had the least available
real estate on which to place the northern footprint.

During the owner’s review of the southern foundation design, the owner
received a working drawing indicating a shift in the alignment for the south end
of the bridge to the edge of the existing right-of-way within the designated proj-
ect limits, a distance of about 35 ft. Upon questioning the geotechnical engineer,
the owner was shown the required final geotechnical report that showed that a
shelf of bedrock was located on that side of the project site, which apparently had
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not been found on the original survey for the old bridge. This condition permit-
ted the design-builder to install one abutment on a shallow foundation system.

The design-builder maintained that the RFP required him to redo the geo-
technical survey and, because he furnished a more extensive geotechnical survey
than what was probably contemplated by the authors of the RFP, he was entitled
to reap the benefit of the cost savings allowed by this discovery. Furthermore, he
chose to interpret the clause regarding alignment to mean that the bridge must
be built on the available property described in the site plan. Additionally, in order
to effect the increased capacity requirement for the new bridge, he was forced
by project geometry to slightly alter (by about 5 ft) the alignment on the north
side of the bridge to accommodate new access ramps within the existing project
limits. This change had been noted by the owner during the review of the north
end and was accepted as the only possible solution to keep from delaying the
project by having to procure the necessary new right-of-way. Therefore, if it was
acceptable to move one end of the bridge within the project limits to make it
work, it should follow that the shift from the existing alignment on the other
end would be acceptable as well. Finally, the design-builder added that moving
the south end of the new structure allowed him to maintain a full and unim-
peded flow of traffic during construction for an additional six weeks. The sched-
ule showed that closure would have occurred at the beginning of the tourist sea-
son and this bridge was on a main route to a major tourist attraction in the area.
Thus, the owner was receiving the value of decreased user costs of construction
during the life of the project.

After much internal legal and technical discussion, the owner recognized the
advantages of the new alignment. However, the owner felt that a credit under
the contract’s value engineering (VE) clause should be offered by the design-
builder due to the cost savings from the original price proposal, because the
owner was furnishing relief from the “shall not change from the existing align-
ment” RFP performance requirement. The design-builder refused to entertain
the idea of sharing the savings, stating that it had exceeded the RFP perform-
ance criteria for the geotechnical survey and, as a result, should receive the wind-
fall associated with conducting a much more thorough geotechnical study. The
design-builder also argued that the shift in the north end of the bridge to accom-
modate the access ramps actually exceeded the price for that feature that was
contained in the price proposal. By this time, the project was beginning to suffer
a schedule delay from the inability to resolve this particular issue. The dispute
was referred to a mediator.

Outcome

After a short meeting, the parties agreed that in spite of the owner’s RFP language
and the design-builder’s price proposal, the requirement to conduct a detailed
geotechnical investigation and base the design on the final geotechnical report left
open the final design and allowed the DB contractor to accrue the benefit of a less
expensive foundation if the facts supported that design decision. The owner con-
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ceded that the previous approval of a “change” from the original alignment proba-
bly constituted a waiver of that RFP requirement. The design-builder agreed to
not make a claim for the time delay caused by this dispute and to accelerate the
work to make up the schedule.

Lessons Learned

An understanding of the disposition of “minor” changes to the contractual scope
of work as a result of design reviews is what must be learned from this case. The
owner’s acceptance of the minor shift at the north end rendered inoperable the
disputed RFP clause regarding the bridge’s final alignment in this case. Thus, the
VE clause could not be invoked because there was nothing left in the contract to
change and thereby render a tangible savings to justify the change in design. If,
however, the owner had recognized the possible impact of that very logical and
sound decision to allow a shift in the alignment on the north end and had exe-
cuted a no-cost change order to reword the alignment clause to reflect the north
end shift, then it would have contractually “pegged” the south end to the original
alignment. Then the owner would have been entitled to the credit under the VE
clause. It is important for the owner’s design review staff to be cognizant of the
impact of allowing minor variations and deviations from the contract scope of
work and ensure that appropriate contract actions are taken to codify them in the
contract as they occur.

Case 5-5: “Keep Looking until You Find the Right Answer.”

A DB RFP stated that all buildings over a certain height at an installation “shall be
founded on caissons.” A 6-year-old geotechnical report for an area two miles away
from the project site was provided to “furnish a representative condition on which
to base preliminary foundation designs.” The RFP also required the design-builder
to execute soil borings and provide a geotechnical report “on which he will base
his final design.” The design-builder’s price proposal indicated that the use of cais-
sons was contemplated for the foundation.

‘When the preliminary geotechnical report was submitted to the owner, it con-
tained three reports from three diftferent subconsultants:

* Report 1 stated: “Building A must be founded on caissons.”

* Report 2 stated: “This report was prepared to determine if Building A
really must be founded on caissons. Report 1 used soil tests that are
normally used on loam soil, and the soil in question is clay. Nevertheless, if
the results were used to determine the requirement for a deep foundation,
they would indicate caissons, but as the soil type is different, Report 1 may
be incorrect in its application of test data to foundation design.”

* Report 3 (prepared by the DOR’s structural designer and in-house
geotechnical engineer) stated: “Having reviewed the information
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contained in Reports 1 and 2, we disagree with their conclusions. We
agree with Report 2 assertion that the tests results were not properly
evaluated with respect to clay soils. After additional testing and an
analytical study of all the results, we find that Building A should be
founded on spread footings.”

Exercising the prerogative to “proceed at his own risk,” the design-builder began
preparation to put Building A on spread footings before the final geotechnical
report was submitted. The owner’s experience in this area indicated that certain
areas of the base required deep foundations and others did not. This project was
literally on the geographic boundary between the two areas. Additionally, the
owner had awarded this project at a price that virtually eliminated any contin-
gency funds for the owner to add scope to the project. The issues in this case that
must be analyzed are:

* Did the owner have the authority to require the contractor to suspend
foundation work until the final geotechnical report was submitted?

* If the owner believed that a shallow foundation brought an unacceptable
risk of performance with respect to settling, could the DB contractor be
required to build caissons without a compensable change order?

Outcome

In spite of the owner’s RFP language and the design-builder’s price proposal, the
requirement to conduct a detailed geotechnical investigation and base the design
on the final geotechnical report left open the final design and allowed the design-
builder to accrue the benefit of a less expensive foundation if the facts supported
that design decision. The owner had to decide whether the risk of settlement and
its attendant headaches associated with trying to recover damages was worth less
than negotiating an adjustment to require caissons. In this case, the owner com-
missioned an outside geotechnical expert to prepare a report based on the con-
tractor’s soil data. The report showed that both methods appeared to be adequate
but that spread footings had a low factor of safety (1.25). As a result, the outside
expert recommended that caissons be used. A settlement was reached where cais-
sons were designed and installed in exchange for a reduction in scope in a later
feature of work. Thus, both budget and technical requirements were maintained.
However, a time extension for the preparatory rework was granted.

Lessons Learned

The way this preliminary report was prepared certainly brought the quality of the
design-builder’s design process into question. It appeared on the surface to be an
attempt to find an engineer who would authorize the less expensive foundation
and allow the design-builder to increase its profit margin. This type of transaction
assassinates the required level of professional trust that is necessary to successfully
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execute a DB project. The fact that the design-builder included the first two
reports probably indicated that it was in fact being totally honest with the owner.
However, the lesson to be taken here is that the design-builder should have recon-
ciled the differences between the three opinions and determined the best course
of action. That course should have been in the geotechnical deliverable that it sub-
mitted to the owner. In fact, it is clear that the conservative decision would have
been to carry forward with the caissons and not attempt to save any costs.
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SIX

Construction Quality Management
in the Design-Build Project

In design-bid-build (DBB) projects most owners are accustomed to describing in
great detail the means and methods used to carry out the construction in the stan-
dard specifications for construction. These specifications have been used in tradi-
tional project delivery and have proven over time to be successful in yielding a
quality product. In DB, however, owners have the opportunity to allow design-
builders to use specific construction means and methods to differentiate themselves
from their competitors and to provide efficiencies that may not have been contem-
plated by the project’s owner.Yet with this opportunity also comes the risk that the
means and methods used by the design-builder may not achieve the same quality
as those prescribed in DBB contracts. Thus, one of the major quality management
(QM) decisions that must be made in a DB project is to articulate the amount of
flexibility the design-builder will have over construction means and methods.

If one were to ask a room full of DB practitioners to write down their defini-
tion of the phrase “construction quality,” one would get a different definition from
each respondent. Table 6-1 presents a typical breakout of the quality functions and
the entities responsible. This is often the basis of discussions that result in the total
quality program for the organization. The trend, however, would be that responses
from practitioners from the same discipline (e.g., design, construction) would gen-
erally group by perspective. Thus, it is important for both the owner and the
design-builder to be using the same quality definitions during construction.

Here are examples of different definitions that spring from the definer’ perspective:

* Design-oriented: “Quality consists of the extent to which a specimen
[a product-brand-model-seller combination] possesses the service
characteristics you desire.” (Maynes 1976, p. 542)

* Price-oriented: “Quality refers to the amounts of the unpriced attributes
contained in each unit of the priced attribute.” (Leifler 1982, p. 956)

» Customer-oriented: “Quality consists of the capacity to satisfy wants.”
(Edwards 1968, p. 37)

163
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Table 6-1 Typical Construction Quality Management Tasks in Design-Build Projects?

Project Quality

Entity Quality Control (QC) Quality Assurance (QA) Assurance (PQA)
Owner None, unless owner Checking of pay quantities Approval of post-award
furnishes construction  Audit QC testing QM/QA plans
with own forces to Review and approve Audit design-builder’s
project. construction submittals QA plans and activities
that were reserved for Independent verification
owner approval (e.g., testing
architectural finishes, Acceptance testing
color selection) Oversight

Approval of construction
progress payments
Final acceptance

inspections
Designer-of- Technical review of QA inspection
Record shop drawings QA testing
Technical review of Verification/acceptance
material submittals testing
Prepare and check Approval of post-award
as-builts QC plan

Review all O&kM

manuals for compliance

Constructor Construction QC Review construction
planning submittals from
Checking of pay subcontractors
quantities Monitor compliance with
Routine construction approved submittals
inspection
QC testing

Establishment of
horizontal and
vertical controls

on site
Trade Prepare and submit
Subcontractors construction
submittals

Build to approved

designs

2 The lists in this table are not meant to be all-inclusive.

O&M, operation and maintenance.

» Contract-oriented: “Quality is any aspect of a product, including the
services included in the contract of sales, which influences the demand
curve.” (Dortman and Steiner 1954)

* Market-oriented: “In the final analysis of the marketplace, the quality of
a product depends on how well it fits patterns of consumer preferences.”
(Keuhn and Day 1962)

* Performance-oriented: “Quality is fitness for use.” (Juran 1988, p. 2)
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In DBB, many public owners and private design firms have a standardized set
of specifications they are comfortable using on a repetitive basis. In transporta-
tion, state DOT's usually make their standard set of specifications for bridges and
roads a contract requirement. Thus, as discussed in Chapter 4, it is difficult not to
routinely prescribe that the design-builder use the traditional set of technical docu-
mentation during the design phase. When shifting the project focus to construction-
phase quality, it must be remembered that there is often a different set of profes-
sionals who will administer the construction QM program at the project site than
those who were involved in the design QM process. Research has found that most
DB project owners have well developed construction QA/QC programs for their
DB projects (Gransberg and Molenaar 2004). However, many of them depend on
prescriptive measures of quality and are not designed to oversee construction
quality when it is specified in performance terms. Therefore, it is exceedingly
important that owners review their standard DBB construction QM programs
and ensure that they are adjusted to account for the characteristics of DB project
delivery. The DB project quality assurance (PQA) model was introduced and dis-
cussed in detail in Chapter 4. Figure 6-1 shows how it relates to the construction
QM process. Additionally, Table 4-1 in Chapter 4 lists the construction QM tasks
broken out into QA, QC, and PQA.The use of these two models will be contin-
ued in this chapter.

Project Quality
Assurance

Project
Acceptance

Independent
Assurance

Design

Released for

Construction

Construction
Released for
Final Payment

Independent
Assurance

Design Construction
Quality Quality
Assurance Assurance

Design

Quality Control

Construction
Quality Control

Figure 6-1 DB project quality assurance model (construction phase).

Source: Gransberg et al. (2008), Figure 3, with permission from the Transportation Research Board
of the National Academies.
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Construction Quality Defined

To review the definition provided in Chapter 4, “quality” is defined as follows:

(1) The degree of excellence of a product or service; (2) the degree to which a
product or service satisfies the needs of a specific customer; or (3) the degree to
which a product or service conforms with a given requirement. (TRB 2005)

Given the three possible definitions as the basis for defining design quality, it would
seem that the last one, conformance to a given requirement, best fits construction
quality in the DB context. In DB construction QM, the “requirement” with which
the constructed product must conform is the approved design documents. Thus, in
a fast-track DB project where construction begins before design is complete, the
challenge is to identify the requirements in a timely manner that allows the con-
struction to proceed without interruption.

The American Society for Quality (ASQ) furnishes some additional definitions
that are useful during the construction phase of a DB project. These describe dif-
ferent kinds of quality:

* Relative Quality: Loose comparison of product features and characteristics.

* Product-Based: Quality is a precise and measurable variable and
differences in quality reflect differences in quantity of some product
attribute.

* User-Based: Fitness for intended use; need to know frequency of use,
cost, performance, reliability, and serviceability requirements.

* Manufacturing-Based: Conformance to specifications.

* Value-Based: Defined in terms of cost and price; performance at an
acceptable price or conformance at an acceptable cost. (ASQ 2008)

It can be seen that there will be components or features of each of these five
types of quality, regardless of DB project type. For instance, components that must
conform to manufacturing-based quality standards will be found in the approved
specifications. A performance specification that contains a product “or equal” clause
furnishes a relative quality benchmark. An RFP performance requirement to
deliver interior finish treatments on a building that cost no more than a given per-
centage of the total cost is an example of a value-based quality criterion. A con-
crete material specification that dictates the concrete’s minimum compressive
strength is a product-based quality criterion. It thus follows that the owner and the
design-builder need to communicate with each other about their expectations and
their interpretation of quality in each project feature.

Types of Construction Quality

ASQ defines relative quality as “comparison of product features and characteristics,
which is determined by the attitude of those who are involved in the work.The
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design communicated by the specification establishes the relative quality of the
materials and workmanship” (ASQ 2008). This is sometimes called “transcendent
quality,” which indicates that there will be difficulty in expressing a clear specifica-
tion of quality. However, the user will “know” when it is good enough. In Zen and
the Art of Motorcycle Maintenance, R. M. Persig describes it this way: “Quality is nei-
ther mind nor matter, but a third entity independent of the two . .. even through
Quality cannot be defined, you know what it 1s” (Persig 1974, pp. 185-213). The
historian Barbara Tuchman used the term “excellence” to qualify the definition of
quality: ““. . . a condition of excellence implying fine quality as distinct from poor
quality. . . . Quality is achieving or reaching for the highest standard as against being
satisfied with the sloppy or fraudulent” (Tuchman 1980).

One can see the potential for disputes when expectations are not clearly defined
but, rather, rely on the design-builder to furnish the “highest standard” instead of
an explicit minimum standard. This definition is often used to express intangible
requirements for things like architectural approach or a desire to minimize envi-
ronmental impact. No two architects will have exactly the same opinion regarding
architectural aesthetics and, no matter how “green” a design-builder attempts to
be, a passionate environmentalist will always be able to find a way to further mini-
mize environmental impact. Thus, the use of relative quality to set a standard should
be avoided when possible.

Product-based quality is very tangible. Lawrence Abbott, an economics profes-
sor, said, “Differences in quality amount to differences in the quality of some
desired ingredient or attribute” (Abbott 1955, pp. 126—127). Hence, this defini-
tion entails the ability to measure various attributes of the product, and this abil-
ity reduces the potential for dispute in a DB project. The issue here becomes its
constraint of potential innovation and a focus on achieving the minimum level of
quality, whereas the definition of user-based quality depends on a detailed under-
standing of the user’s postconstruction requirements. Put another way, “[User-
based] quality is the degree to which a specific product satisfies the wants of a
specific consumer” (Gilmore 1974, p. 16). This quality definition requires the
owner to have developed a very clear picture of user requirements prior to adver-
tising the DB contract. If this has not happened, this definition cannot be used in
a DB project.

The definition of manufacturing-based quality is also the definition of a pre-
scriptive specification. “[Manufacturing-based] quality is the degree to which a
specific product conforms to a design or specification” (Gilmore 1974, p. 16).
Therefore, this definition should only apply to features of the DB project where
there is only one acceptable technical solution, and the owner must reckon with
the assumption of potential design liability for the performance of those features.

Finally, the value-based quality definition creates an opportunity to allow the
maximum amount of creativity within the constraints of the DB project’s budget.
“[Value-based] quality is the degree of excellence at an acceptable price and the
control of variability at an acceptable cost” (Broh 1982, p. 3).

Given the various ways to define quality, it is important to ensure that all con-
struction QM plans include mechanisms for distinguishing acceptable quality for
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the given feature of work. This happens through the owner’s review and approval

of the design-builder’s QM plans.

Owner’s Role in Defining Construction Quality Requirements

Owners must remember that they give up control over the details of design by
selecting DB project delivery, and thus are depending purely on the qualifications
process to guarantee project quality. Because that control is transferred to the design-
builder, the constructor will build what the designer has designed. Additionally,
because the constructor and the designer are now on the same team, there is no
need to produce biddable construction documents. This leads to some difficulty
for the owner’s QM personnel because there may not be an explicit set of con-
struction details that are part of the approved/released for construction plans and
specifications against which to measure the construction quality. Therefore, it is
important that the winning DB team’s approach to construction QM be evaluated
prior to contract award. Because construction quality requirements flow out of the
design documents of a DB project, the owner must clearly articulate its contrac-
tual definition for construction quality during the design phase.

DB RFPs usually provide a global definition of quality that usually does not
directly address specific elements of construction quality. This requires the owner
to continually provide clarifications to the contractual definition that are consis-
tent with the definition that was interpreted and bid by the design-builder prior
to award. A clear definition of construction quality is imperative for every project.
If it was not clearly defined prior to contract award, both the design-builder and
the owner must develop a clear and measurable definition that is agreeable to both
parties prior to starting detailed design.

The owner’ role in defining construction quality requirements consists of the
same three major areas as in design QM:

* Establish and communicate construction quality objectives.

* Ensure compliance with both the contract and the implicit statutory
requirements applicable to the project.

e Define the roles of the various contributors to the construction QM
program.

The first two bullets flow directly from the owner’s review and approval of the
design-builder’s design documents and their subsequent release for construction.
The last bullet is realized by the approved QM plans for construction.

One simple method for ensuring that QM roles and responsibilities are fully
understood is the use of a linear responsibility chart. Figure 6-2 and Table 6-2 pro-
vide examples of how this could be applied to construction quality management.
One can see that all the players are listed across the top of the matrix and the vari-
ous QM activities are listed down the left side, with each entity’s responsibility
indicated.
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[Responsibility Codes Organization Design-Build Project
A. Intiation/Action

B. Review

C. Approval

D. Information Only
N. Not involved

Construction Quality Management Activity

Remarks

QM/QA/QC plans

Audit design-builder's QA plans and activities

Independent verification testing

Verification testing

Acceptance testing

[Review/Approve owner-reserved submittals

Review/Approve construction submittals

Technical review of shop drawings;

Technical review of material submittals;

Prepare and check as-builts

Routine construction inspection

QC testing

QA testing

QA inspection

O&M manuals compliance

Punchlist

[Final acceptance inspections

o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o] Owner

w|w|0|o|o|z|o|w|o|o|o|w|»|0|Z|z|=]|Preliminary Design Consultant

Z|Z|Z|m|m|m|Z|Z|=|Z|2|Z|>|0|>|>»|0] Independent Material Test Lab

w|w|m| 0|0 |m|m|m|m|m|m|m|w|m|O| > |m| Design-Builder QM
w|m|O|>»|>|w|w|>|0|0]|0|m|w|w|O| > |w| Designer-of-Record QA
»|»|>|0|0|>|>|>|>|>|>|>|0|>|0|>|0]| Trade Subcontractors

»|»|mw|o|o|0|O|>|>|>|>|m|w|> 0|2 || Constructor QC

0|0|0|o|o|o|o|o|o|o|o|o|o|o|o|0|o] Quality Auditor

Figure 6-2 DB construction quality linear responsibility chart.

O&M, operation and maintenance.
Source: Adapted from Clark (2007).

Construction QM in DB projects is strikingly similar to its counterpart in DBB,
but there are two major differences. First, the proportion of performance criteria

and specifications will normally be greater in DB because an owner who chooses

DB usually also wants to leave the door open for innovation by the design-builder

and its team. Secondly, in DB the probability that construction will be undertaken
using partial design documents is high. The major reason why owners choose DB
project delivery is to compress the project delivery period (Songer and Molenaar

1996). The most direct way to accomplish this objective is to permit construction

to begin as soon as possible and not wait for 100% design completion. Therefore,

the remainder of this section will be devoted to discussing the mechanics of per-

formance quality objectives and undertaking construction QM in an environment

where the design is not complete.

Performance Quality Objectives

Our previous book developed the following definition for a performance criterion:

A rule by which the effectiveness of an operation or function is judged and

its value measured. (Gransberg et al. 20006)
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Table 6-2 Example of Construction Quality Assurance Responsibility Distribution

Designer-of- Trade
Item Owner Record Builder Subcontractors
QA/QC System  Defines overall QA/QC for design QA on Subs; QC  QC for work; QA

system QA for construction  for construction on suppliers
Administrative Review and Review for RFP Submit and Submit and
Submittals approve compliance conduct internal comply

checks

Shop Drawings  Information Review, deconflict, Review, build, Submit and build

only and approve and monitor
Equipment Information Review, deconflict, Review, build, Submit, furnish
and Material only and approve and monitor and install
Submittals installation
Architectural Review and Review for RFP Review and build ~ Submit and build
Submittals approve compliance
Mock-ups Review for Review and approve  Review and check  Furnish and install

REFP compliance

O&M Submittals Review for Review and approve  Submit and verify ~ Submit and verify

REFP compliance

Close-out Review and Review for Submit and verify ~ Submit and verify

Documents approve compliance if

necessary

RFP, Request for Proposal; O&M, operation and maintenance.

So, keeping in mind that the operative words in the definition are “effectiveness of

9

operation or function,” “judged,” and “measure of value,” the owner can now
establish a set of quality objectives that correspond with the performance criteria
contained in the DB contract and articulate the “rule.” The development of appro-
priate QM plans for construction should be a collaborative process. This process
can be highly structured and is commonly called “quality function deployment”
(QFD). Pheng and Yeap describe it as a “quality improvement technique that deals
with quality problems from the outset of the product design and development
stage and assures that customers’ requirements are accurately translated into appro-
priate technical requirements and actions” (Pheng and Yeap 2001). Figure 6-3
illustrates how QFD is applied in a DB project. One can see that it starts with a
merging of the owner’s and design-builder’s standard QM plans to produce a QM
plan that is tailored for the project at hand. The flow chart does not differentiate
between design and construction where QFD is concerned.

The quality performance requirements that are applicable to design are also
applicable to construction. Thus, the standards established by the design process
must necessarily be implemented in construction to furnish the desired perform-
ance requirement in the completed project. Figure 6-3 also shows that this is a
cyclic process for both the owner and the design-builder. To attain continuous
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Figure 6-3 Quality function deployment in the DB project.

improvement, both must capture lessons learned and feed those back into their
standard QM plans to avoid making the same mistakes on the next project that
were made on this one. Thus, success is defined by the owner clearly communicat-
ing its quality performance objectives and the design-builder converting them into
implementable QM plans that flow through design into construction and finish at
the end of the postconstruction warranty phase.

QFD, in a nutshell, involves the design-builder taking the owner’s technical
requirements and performance objectives and developing technical design require-
ments and associated construction QM plans. The design-builder then determines
QM techniques that will provide a comfort factor to the designers, constructors,
the owner, and other stakeholders. It then determines how its internal QM system
supports the owner’s QM system, and creates interface points where the two can
be merged. Typical interface points are:

* QA plans must be synchronized with QC plans.

* Plans and specifications conform to RFP performance criteria.

* Shop drawings conform to plans and specifications and are integrated
into the overall design.

* Subcontractor submittals conform to plans and specifications.
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* Construction placement and installed equipment conform to
specifications and plan/shop drawing dimensions and materials.

Finally, the design-builder integrates quality plans and procedures of all its team
members into a comprehensive QA/QC plan which can be audited as required by
the owner’s QM personnel to verify that it is being implemented as approved.

Quality Management with Incomplete Design Documents

The fundamental challenge for making construction QM plans workable in the
DB environment is forming them with the idea that QM personnel must be able
to implement them when construction documents are either incomplete or not
finally reviewed and approved. This is necessary to allow the owner to achieve its
goal of delivering the project in the shortest possible or practical time.To do this
successfully requires a good deal of planning and analysis by the owner’s QM staff.

The first step is for the owner to break down the project into its component
teatures of work, as described in Chapter 2. Each feature should be examined regard-
ing its individual quality risk. Features with a high risk of unacceptable construc-
tion quality must be identified as features that cannot be constructed until the design
effort for those features is complete. For those features where the quality risk is tol-
erable, the design-builder can attempt to accelerate the schedule. Obviously, this
will affect the design schedule, with the high-risk features receiving high priority
for early design effort to mitigate potential delays due to incomplete designs.

The second step is to develop explicit QA/QC plans that contain a look-back
feature to return to and inspect features of work built from incomplete construc-
tion documents to ensure that they indeed comply with the final approved design.
The final step is to include a mechanism to adjudicate deficiencies identified dur-
ing the look-back inspections in a manner that is fair to both the owner and the
design-builder. Some owners have established a specific contingency fund for these
purposes that can be tapped if the pace of construction outstrips the pace of design,
giving the owner a project as quickly as possible but with some quality issues that
must be corrected prior to final acceptance.

The Economics of Quality in the Construction Phase

The economics of quality in the construction phase are characterized by determin-
ing how much QM effort on the part of the owner and design-builder is sufficient
to deliver a quality project. More inspection does not necessarily equal more con-
struction quality. There is an optimum point at which the money spent on QM
activities breaks even with the value added by those activities. It is unreasonable to
think that anything as complex as a DB civil engineering or building project could
be constructed with no defects. It is reasonable, however, to expect that defects that
are identified will be corrected before the project is finally accepted. Thus, striking
this balance becomes the formula for defining the construction quality economics.
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Design-Build Construction Quality Issues

It is not the intent of this section to cover each and every aspect of construction
quality on all types of projects. We approach the topic globally, addressing the major
general issues that we have encountered in both the literature and our personal
DB project experience. These can generally be listed as:

* Allocating QA responsibilities during construction.

* Resolving professional differences of opinion during quality audits and
inspections.

* Scope creep during construction.

* Ability to change previously approved construction submittals.

Allocating Quality Assurance Responsibilities during Construction

It 1s the owner’s prerogative to establish the QM system with which it feels most
comfortable. Thus, it is the owner’s duty to allocate construction QA responsibili-
ties. Generally, there are two options that the owner’s QM personnel can take.
The first is to require the design-builder to develop the project-specific QM plans
during QFD in accordance with the owner’s standing QM plans and policy. The
advantage of this option is that the owner’s PQA crew will be familiar with the
procedures and be better able to hit the ground running and facilitate project
progress. The downside is that it forces the design-builder’s personnel out of their
comfort zone and requires them to dedicate time and resources early in the proj-
ect to training the construction QM personnel.

The other option is to permit the design-builder to adapt its standing QM pro-
gram to the owner’s needs. This requires that the owner’s QM personnel review
the proposed plan in depth and ensure that an understanding of the standards, pro-
cedures, and processes is reached. This also entails ensuring that there are no false
expectations regarding the responsibilities that the owner chooses to reserve for
itself. Regardless of which option is selected, the important factor is that every
stakeholder in the construction QM process both acknowledges and understands
its roles and responsibilities before construction commences.

Resolving Professional Differences of Opinion during Quality Audits
and Inspections

The most disconcerting and often-encountered issue regarding construction QM
is a difference in professional judgment that occurs when one competent con-
struction professional inspects the work of another. These issues most often occur
when a feature of work that has been detailed using a performance specifica-
tion or criterion is completed. This typically arises when the design contains an
“or equal” specification (i.e., relative quality) and a trade subcontractor delivers a
submittal that does not offer to provide the named product against which all other
alternatives will be compared. The owner generally suspects that the substitute
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must be less costly and hence of lower quality. However, if it is indeed equal to the
named product in performance terms, the design-builder or its subcontractors are
entitled to incorporate it into the project. To preserve the element of trust that is
so necessary to a successful DB project, the owner’s PQA staft should withhold
judgment and allow the design-builder’s staff to present their case to prove that the
relative quality of the substitute is satisfactory and conforms to the specification. It
must be remembered that relative quality is a performance-based definition, not a
prescription for exact duplication. In other words, if the substitute will perform
equally to the named product, then it is acceptable even if it is not a precise copy.
The simple solution to resolving these kinds of issues is to take the time during
design to select exactly what should be used in construction and not pass the
buck to the trade subcontractors to make these decisions about extensions to the
approved design. Because the construction contract is awarded simultaneously with
the design contract, there is no need to attempt to stimulate competition. The
competition ended when the DB contract was awarded, so utilizing an “or equal”
performance specification is merely a relic from the DBB procurement culture
that needs to be excised from the DB design and construction quality process.

Scope Creep

The risk of scope creep does not end when the final design is released for con-
struction. Scope creep in construction happens during submittal review when the
owner demands that work be incorporated into the final construction that was not
contemplated during the preparation of the project’s price proposal. Thus, it is
often the result of a failed design QM process. If the design-builder’s design QA
staff becomes too accommodating (too responsive to the owner’s PQA staff’s
requests and preferences), the released construction documents will portray a scope
of work that exceeds the scope contemplated in the original price proposal. If this
occurs, it is incumbent upon both the owner and the design-builder to admit that
there is a problem and work together to recover the budget through thoughtful
value engineering (VE).

Scope creep can also appear during routine QA/QC inspections and quality
audits. In this case, it is generally caused by a conversational request to “slightly”
alter the approved design to enhance it in some manner. An old saying is “Nickels
and dimes add up to dollars,” and if this type of behavior is allowed to go unchecked,
the design-builder will find its profit margin eroded for no apparent reason. This
type of scope creep is best controlled by a two-part system. First, at the pre-work
conference, both the owner’s and the design-builder’s personnel are told exactly
who can and who cannot make field changes to the design. A system for request-
ing field changes should be established and integrated into the overall project QM
plan as appropriate in the QC, QA, and PQA levels. The second part of the system
is a rigorous project controls system that tracks actual costs against the estimated
costs and is responsive enough to raise red flags when costs begin to break a rea-
sonable variance. The system should give warning in time to investigate the source
of the cost performance problem and take corrective action to recover the budget.
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The design-builder will also need to educate those who caused the problem to
ensure it does not happen again.

Variances from Approved Submittals

Once a construction submittal has passed through the approved QM chain and is
approved for incorporation into the constructed product, there should be no vari-
ations except in unusual or unavoidable circumstances. The cost and time it takes
to properly review and approve a submittal is significant, and the design-builder
should endeavor to develop a system via its QFD role that “gets it right the first
time.” However, no system—no matter how well planned and devised—will ever
be perfect, and the QM plan should contain a provision and a sequence of events
for requesting a change to an approved submittal. This usually involves the actual
unavailability of an approved product or service; this could happen for a number
of reasons, the foremost of which is market pressure.

For example, in the summer of 2008 the major supplier of asphalt products in
Oklahoma went bankrupt, causing a short-term shortage of its product, which in
turn caused the Oklahoma Department of Transportation to drastically alter its
2008 construction program (Tulsa World 2008). Many of the projects awarded in
the July letting were put on hold until an alternate supplier of construction mate-
rial could be found. Coincidently, this occurred simultaneously with the year’s
spike in oil prices, which made concrete pavement less expensive than asphalt pave-
ment for a short period of time. Although this occurrence was not related to any
DB projects (Oklahoma does not use DB contracting in its transportation program),
it is a great example of a reason to permit a variance from a previously approved
submittal. If one of the projects affected by this crisis had been a DB asphalt paving
job, it would have furnished justification to change the design to concrete pave-
ment as the only sure means to complete the project.

Another common reason for a variance is related to the rapid advance of tech-
nology around the world. Medical projects are particularly susceptible to these
types of submittal change issues. Most healthcare projects involve the installation
of state-of-the-art medical equipment, which can change between the time a
contract is awarded and the construction of the medical facility is completed.
One extreme instance occurred on a DB hospital project. A particular piece of
medical imaging equipment was designed to be powered from a drop through
the ceiling, and electrical shop drawings were developed to accommodate this
requirement. After the submittals were approved but before the equipment was
purchased, the technology changed and the resultant piece of equipment that
was purchased was designed to be powered from the floor. This necessitated a
substantial change in the electrical power distribution plans. Thus, provisions
should be made to deal with these issues in the original set of QM plans so that
there is a ready mechanism to preserve the integrity of the QM process and, more
importantly, retain the high level of trust that is so essential to this project deliv-
ery method. This is yet another example of why planning for quality is the major
element of DB project success.
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Construction Quality Management Planning

The design details define construction quality requirements, and it is the owner’s
task to allocate QA/QC responsibilities in a manner that suits its risk tolerance
and comfort level. Thus, construction QM plans must flow out of the contract, and
the contract will embody the requirements outlined in the DB RFP. It would fol-
low that owners who must commit themselves to the cost of construction prior to
approving the project’s final design, as happens in DB, would devote a significant
portion of their DB solicitation packages to defining the required QM process.
That, in turn, would cause design-builders to prepare design QM plans which
detail their proposed process for each specific project that can be evaluated as a
part of the selection process. Additionally, this also ensures that the design-builder
has included an appropriate amount for QM in its price proposal. If this did not
happen, the owner’s only recourse is to require this comprehensive planning to
occur post-award.

Two of the authors of this book recently completed a comprehensive study of
QA 1in DB transportation projects for the National Cooperative Highway Research
Program (NCHRP) (Gransberg et al. 2007). The study included a content analysis
of DB RFPs from projects across the nation and a survey of all DOTs, which
means the results of this study provide definitive guidance for construction QM
planning. Additionally, the study covered all types of DB projects undertaken by
state DOTSs, which included both horizontal road and bridge jobs as well as verti-
cal architectural building projects. Since QM is an administrative rather than a
technical contract requirement, the majority of the process will be about the same
for every owner regardless of project types. As a result, the findings of that study
are generally applicable to the entire DB industry.

In trying to identify certain trends about assigned responsibility for conducting
the construction QA and QC functions on DB projects, that NCHRP DB QA
study looked for specific activities in the solicitation document analysis, such as
assigning responsibilities for the following QA and QC activities:

e Performance of shop and/or working drawing and submittal review and
approval

e Establishment of horizontal and vertical control on the project site

e Performance of routine QC inspections

* QC testing

* Nonconforming work (punchlist)

Construction Submittal Review

The study completed a content analysis of DB project RFPs to identify how own-
ers assigned the responsibility for construction submittal reviews. The majority
(62%) assigned all submittal reviews to the design-builder. This makes sense because
the designer-of-record (DOR) works for the design-builder in DB contracts. In
15% of the projects, the owner retained the responsibility and risk of reviewing
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and approving construction submittals. In the remaining 23% of cases, the design-
builder was responsible for reviewing and approving the submittals while the
owner retained an active role in verifying the design-builder-performed review.
Also confirming this finding was the survey response to the question “Who pri-
marily performs the technical review of construction submittals?” 72% of the
respondents indicated that this QA responsibility is placed on the design-builder,
while the other 28% indicated that the owner or a third party would review the
shop drawings. An RFP issued by the Florida DOT presents a summary of this
type of review:

The Design-Build Firm shall be responsible for the preparation and
approval of all Shop Drawings. . .. The Department shall review the Shop
Drawing(s) to evaluate compliance with project requirements and provide
any findings to the Design-Build Firm.The Department’s procedural review
of shop drawings is to assure that the Contractor and the EOR [engineer-
of-record] have both accepted and signed the drawing, the drawing has
been independently reviewed and is in general conformance with the plans.
The Department’s review is not meant to be a complete and detailed review.

(FDOT 2003)

Some owners limited their review to only specific elements of the project that
were of specific interest, such as structures or lighting (see MnDOT 2001, SDDOT
2000, and WSDOT 2004). The review in these situations was again just to ensure
compliance with contract requirements, and the RFP required that the submittals
be first reviewed by the design-builder. This furnishes added confidence in the
quality of the constructed product for features of specific interest without usurping
the design-builder’s responsibility for total QM. It also reduces the amount of con-
struction administration that the owner must conduct to only that which adds
value to the process.

Horizontal and Vertical Control

Establishing horizontal and vertical control on the project site is essential to ensur-
ing the overall quality of a project. The NCHRP DB QA study RFP content
analysis found that 42 solicitation documents contained specific information on
this topic. In all cases, the owner gave control of the construction staking and
grades to the design-builder. In 88% of the cases, the design-builder was also respon-
sible for establishing horizontal and vertical control, except for some limited pre-
proposal surveying such as that referenced in this Mississippi DOT RFP:

The Department will establish, one time only, State Plane Coor-
dinate System horizontal control monuments. It shall be the
responsibility of the Contractor to establish additional control as
may be required to facilitate the staking of the right-of-way.
(MDOT 2005)
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In the remaining 12% of the projects there was a more extensive shared respon-
sibility between the owner and the design-builder. This also occurred in two exam-
ples from the Eastern Federal Lands Highway Division (EFLHD) and the Ohio
DOT shown below:

EFLHD: The Government has established basic survey control points for
vertical and horizontal control of the project. (EFLHD 2001)

Ohio DOT:The Department survey crews have provided the necessary sur-
vey requirements, listed below: Mainline centerline control and bench marks;
Mainline monumentation control . . . Vertical clearances for overhead struc-
tures, to serve as a check for the existing vertical clearances. (ODOT 2001)

The survey confirmed the practice of placing the horizontal and vertical con-
trol responsibility in the hands of the design-builder, as respondents indicated that
this was the case 92% of the time. This is significant in that conducting these tasks
carries with it liability for errors. Construction measurements are the fundamental
metric that can be checked to ensure that the work complies with the design,
because an error in setting the initial reference points from which all measure-
ments are made can carry enormous costs.

Routine Construction Inspection

Routine construction inspection is another construction quality aspect that has
overwhelmingly been shifted away from the owner in DB project delivery. An
REFP issued by the Virginia DOT (VDOT) clearly delineated this shift: “The con-
struction QA person will perform all of the construction inspection and sampling
and testing work that is normally performed by the VDOT” (VDOT 2002). Once
again, the content analysis showed that the majority of the projects (82%) assigned
routine construction inspection to the design-builder or to both the design-
builder and an independent firm. The owner retained the construction inspection
duties in only 13% of the cases and shared the duties with the design-builder in
5% of the cases.

There are a number of ways to allocate construction inspection responsibility.
The content analysis showed that the owner should assign this responsibility on a
project-specific basis rather than merely as a matter of policy where all projects
have the same assigned responsibility. Here are examples that show how the North
Carolina DOT, an owner with extensive DB experience, dealt with routine con-
struction inspection requirements on three different projects:

1. Design-Builder Responsibility: “The Design Build Team shall provide a
schedule indicating the minimum number of inspectors that will be
supplied at different stages during the project duration.” (NCDOT 2005a)

2. Owner Responsibility: “Construction engineering and management
will be the responsibility of the Design-Build Team. Construction
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Engineering Inspection [by a third party| will NOT be required in this
contract.” (NCDOT 2002)

3. Shared Responsibility between Design-Builder and an Independent Firm:
“Construction engineering and management, including quality control
and inspection, will be the responsibility of the Design Build Team. ... The
Design-Build team shall employ a private engineering firm to perform
Construction Inspection for all work required under this contract. This
private engineering firm is to be a separate entity, unaffiliated with the
Design-Builder in any way. Private engineering firms must be prequalified
under the Department’s normal prequalification procedures prior to bid
submission. This Scope of Work describes and defines requirements for the
construction inspection, materials sampling and testing, and technician
level contract administration by the private engineering firm (commonly
referred to as “Construction Engineering & Inspection” (CEI) firms)
required for construction of this project” (NCDOT 2005b)

One can see that this owner has made a conscious decision in each case to apply
an appropriate level of control based on the technical requirements of each proj-
ect. This approach allows the owner to optimize the cost of construction QC based
on project characteristics and quality risk, as was shown in Figure 6-3.

The Washington State DOT (WSDOT) furnishes a fourth approach to con-
struction inspection responsibility distribution and provides a clear explanation in
their Design-Build Guidebook. This owner’s approach to routine construction
inspection is described as follows:

WSDOT?s inspection involvement will be less extensive than under design-
bid-build, depending on the construction schedule and the type of project.
The primary role is to monitor the progression of the construction against
the Construction Documents submitted by the Design-Builder. The inspec-
tor’s authority has not changed, although [the inspector’s] work will be coordinated
with the Design-Builder inspector. On projects where WSDOT performed final
design on portions of the project, the WSDOT inspector’s role will be simi-
lar to that under design-bid-build projects. With mixed assignments on-site,
the WSDOT and Design-Builder inspectors will need to maintain close
coordination to ensure none of the required QC measures are missed.

(WSDOT 2004; emphasis added)

Witness and Hold Points

“Witness and hold points” are milestones on the DB project schedule that are des-
ignated in advance to permit the owner time to personally inspect specific features
of work or processes regardless of who is assigned routine construction inspection
duties. WSDOT implemented this policy in their RFP for the Thurston Way Inter-
change project through the use of this DB construction inspection technique
drawn from the building construction industry (Gransberg et al. 2006). A “witness
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point” is defined in the WSDOT guidebook as an oversight activity, and “hold
points” are mandatory inspections held at specific points in construction progress
(WSDOT 2004). Often these are points where the design-builder is ready to bury
a major feature of work, such as a utility line, or to cover a feature up by casting it
in concrete. They represent points in the DB project schedule where the design-
builder must notify the owner and arrange for a mutual inspection of those fea-
tures of work that are identified in the contract. The WSDOT RFP language is:

Witness and Hold Points are to be established where notification of WSDOT
is required for WSDOT’s option of observing or visually examining a spe-
cific work operation or test. Witness Points are points identified within the
inspection plan which require notification of WSDOT. Work may proceed
beyond a witness point with or without participation by WSDOT provided
proper notification has been given. Hold Points are mandatory verification
points identified within the inspection plan beyond which work cannot pro-
ceed until mandatory verification is performed and a written release is
granted by WSDOT. Witness and Hold Points should be identified in the
construction process where critical characteristics are to be measured and
maintained, and at points where it is nearly impossible to determine the ade-
quacy of either materials or workmanship once work proceeds past this
point. ... The QC Plan shall contain inspection plans for each construction
work item included in the project whether performed by the Design-
Builder or a subcontractor or vendor. (WSDOT 2000)

The Arizona DOT also uses witness and hold points as a mechanism to control
the adequacy of routine construction inspections (ADOT 2002). In doing so, they
set “quality checkpoints” coupled with quality incentives. Typically, ADOT covers
DB construction inspection by “requiring the D/B firm to provide independent
inspections and materials testing with ADOT oversight and having the contractor
perform the QC and the QA by an independent portion of the D/B firm with
ADOT providing oversight and independent sampling and testing” (ADOT 2002).

Quality Control Testing

The central aspect of construction quality control is QC testing. This is also where
the NCHRP DB content analysis found that owners have overwhelmingly given
responsibility to the design-builder. In fact, in the 39 projects that specifically men-
tioned construction QC testing in the DB RFP, the owner did not retain control
in any of them. In all but two cases, the design-builder was assigned direct control.
In the two exceptions, a third party was required to perform part of the testing.
However, owners normally retain the right to make further inspections or to per-
form their own verification and acceptance testing. The following example from
an RFP issued by the Mississippt DOT illustrates how they gave the responsibility
of construction QC testing to the design-builder while retaining verification and
acceptance testing responsibilities:
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The CONTRACTOR is required to conduct concrete and asphalt sam-
pling and testing in accordance with MDOT Standard Specifications for
Road and Bridge Construction. . .. The CONTRACTOR may elect to
conduct other sampling and testing for his own benefit . .. [MDOT] or its
duly authorized representative may conduct QA inspections, verification
sampling and testing for concrete and hot mix asphalt, all other acceptance
testing, and independent assurance testing. (MDOT 2005)

The Texas DOT/Texas Turnpike Authority (TTA) was one of the exceptions in
their DB RFP for State Highway 130, a mega-project with its own unique char-
acteristics. Because of the magnitude of the project, TTA chose to rely on an
independent QA firm. Its RFP indicated the independent firm’s responsibilities
as follows:

For quality assurance purposes, the department shall provide or contract for,
independently of the design-build firm, any inspection services or verifica-
tion testing services necessary for acceptance of the transportation project.

(TTA 2001)

These two exceptions follow the idea that the owner must ultimately ensure
that the construction QC system supports rather than constrains project progress.
By either giving the design-builder full responsibility or by inserting an independ-
ent quality firm, the owner is ensuring that it has clearly delineated the require-
ment for QC testing during the course of construction. Ultimately the owner
bears the risk of substandard quality and must be fundamentally comfortable with
the QC test plan being able to represent overall project quality.

Nonconforming Work

The final construction QC issue is the disposition of nonconforming work (often
called the “punchlist”) and determining the party that will be responsible for mak-
ing the final inspections and reporting final conformance. Both owners and design-
builders recognize that a “zero defects/catch-and-punish” approach to construc-
tion quality management is both impossible and counterproductive. Therefore,
accepting the fact that nonconforming work will occur, the design-builder should
develop procedures in its QM plan to identify, evaluate, and correct nonconform-
ing work.The Colorado DOT requires design-builders to cover the following five
items in their QM plans:

1. Methods to investigate the cause of systemic nonconforming work
and to determine what corrective action is needed to prevent
recurrence.

2. Methods to analyze all processes, work operations, quality records,
service reports, and owner audits to detect and eliminate the possibility
of systemic nonconforming work from occurring.
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3. Methods to prioritize corrective and preventive action efforts based
upon the level of risk to the quality of the Work.

4. Controls to ensure that effective corrective and preventative actions are
taken when the need is identified.

5. Methods to implement and record changes in procedures resulting from
corrective and preventive actions. (CDOT 2000b).

Twenty-five of the projects in the NCHRP study specified responsibility for
reporting nonconforming work. Intuitively, this is the point in construction QM
where most of the owners seem to have retained control. In 64% of the RFPs ana-
lyzed, the owner retained the responsibility for reporting and determining non-
conforming work. For example, a Utah DOT RFP states: “Nonconforming Work
1s Work that the Department determines does not conform to the requirements of the
Contract Documents” (UDOT 2004; emphasis added). This is a clear statement of
the owner’s perceived responsibility for final acceptance of the completed project.

Interestingly, in 32% of the projects, the design-builder was assigned responsi-
bility for conducting inspections and preparing the reports of the nonconforming
work. This is not meant to imply that the owner was absolving itself from respon-
sibility for final acceptance of the project, but, rather, that the owner was requiring
the DB team to conduct what would best be termed a “rolling punchlist.” This
approach reports nonconformance as it is discovered and encourages the design-
builder to make corrections as soon as practical rather than waiting until the end
of the project. These inspections are used as the basis for a report that documents
the findings of these inspections. Presumably the owner would then use this as a
basis on which to conduct its own final acceptance activities. The two following
examples from Colorado and Utah show how this was expressed in RFPs:

Colorado: “The Contractor shall establish and maintain a nonconformance
system and procedures for uniform reporting, controlling and disposition of
nonconformance.” (CDOT 2000a)

Utah: “The CPOC [construction proof of compliance]| shall identify and
document in a nonconformance report (NCR) all elements of the Work that
have not, or are believed to have not, been constructed in accordance with
the approved drawings and specifications. The NCR shall be submitted to
the IQM [independent quality manager| in writing within 24 hours of iden-
tification, and a copy sent to the design engineer. . .. The Department will
not grant acceptance for any portion of Work that has an outstanding NCR.”
(UDOT 2004)

A word of caution on this method should be observed. Design-builders may be
afraid of reporting nonconforming work. Some industry members feel that their
record for nonconforming work may be held against them when they are being
scored on the next-best-value design-build project. This attitude violates the spirit of
openness and trust that must be established to successfully deliver a DB project. Thus,
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the owner must make it clear at the pre-work meeting that quality deficiencies
identified, reported, and corrected will be viewed as positive for future projects.
Additionally, the timely disposition of the project punchlist will also be evaluated
and scored accordingly.

Verification and Acceptance Testing

To support final project acceptance and payment, final inspection responsibility as
well as any verification or acceptance testing duties must be determined. The
NCHRP DB RFP content study analyzed who was responsible for the verification
and acceptance testing. As with the report of nonconforming work, owners have
generally retained this quality function. In fact, of the 40 projects that listed respon-
sibility for verification and acceptance testing, 88% assigned the responsibility to
the owner. Another 5% required an independent firm that worked directly for the
owner to accomplish this. Interestingly, three RFPs assigned this responsibility to
the design-builder. The survey responses support these findings by indicating that
88% of the time the owner or a third party hired by the owner performed verifica-
tion and acceptance testing, while the design-builder was responsible only 12% of
the time. Although the majority of the owners retained the verification and accept-
ance testing responsibilities, this does not mean that they performed the actual tests
with their own forces. Some owners indicated in the RFP that the owner reserved
the right to appoint a representative to perform the tests (see the example from the
Florida DOT below). Here are several standard state DOT RFP clauses:

Arizona:The design-build firm shall be responsible for the quality of the con-
struction and materials incorporated into the project and is responsible for
most QC actions. The Department has the responsibility of determining the
acceptability of the construction and the materials incorporated into the
project. The Department will use the results of the firm’s inspection, sam-
pling and testing, and the Department’s Surveillance Inspection, and Verifica-
tion Sampling and Testing to determine the acceptability of completed work
items and for final project acceptance. Verification Sampling and Testing will
be performed by the Department to validate Design-Builder Sampling and
Testing as well as the quality of the material produced. (ADOT 1997)

Florida: The Department or Department’s representative will perform inde-
pendent assurance, verification and resolution testing services in accordance
with the latest Specifications. The Design-Build Firm will provide quality con-
trol testing in accordance with the latest Specifications. (FDOT 2003)

Minnesota: The Department, through its owner quality assurance (QA), will
have the primary responsibility for verification of the quality of both the
design and construction work. The Department reserves the right to con-
duct inspection, sampling, testing, and evaluation associated with QA and IA
[independent assurance]. (MnDOT 2001)
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Mississippi: [MDOT] or its duly authorized representative may conduct QA
inspections, verification sampling and testing for concrete and hot mix asphalt,
all other acceptance testing, and independent assurance testing. (MDOT 2005)

Utah:The Department will be responsible for construction QA.The Depart-
ment will perform the same inspections and tests it performs on a standard

design-bid-build project. (UDOT 2005)

Design-Builder Verification and Acceptance Testing

As mentioned above, three of the projects assigned responsibility to the design-
builder for the verification and acceptance testing. One of these was for a toll col-
lection and revenue management system where the verification and acceptance
testing was based on a 60-day trial period after completion. For projects involving
highway construction, however, the two projects that used design-builder verifica-
tion and acceptance testing were mega-projects: the Colorado South East Corri-
dor (SEC) Multi-Modal Project, and a major urban interstate makeover, I-64 in
Missouri. Here are excerpts from the RFPs for both projects:

Colorado: In cases where inspections are to serve as the basis for compliance verifica-
tion, the Contractor shall prepare detailed inspection procedures and submit
these to the SEC Representative for review. The Contractor shall conduct each
inspection in accordance with the inspection procedures reviewed by the SEC Rep-
resentative; no inspection shall be performed prior to obtaining the SEC
Representative review of such inspection procedures. The Contractor in a
suitable inspection report clearly showing if the inspection passed or failed
based on the “pass/fail criteria” established in the procedure, shall document
the results. (CDOT 2000a; emphasis added)

Missouri: The following quality planning aspects shall be included in the
Quality Manual: . . . The Quality Assurance staft position responsible to perform
the verification responsibilities including inspection, checking and testing. . . . The
method of performing Quality Assurance verification responsibilities includ-
ing inspection, checking and testing. (MODOT 2006; emphasis added)

In another mega-project, the San Joaquin Hills Transportation Corridor, an
independent firm was to be retained for the acceptance and assurance responsibili-
ties. The RFP states:

The Construction Engineering Manager [employed by an independent firm]|
shall be responsible for coordinating and directing all Acceptance and Assurance
inspections, sampling and testing to he conducted hereunder. (SJHTCA 1991)

Finally, in Utah’s I-15 mega-project, a third party was specifically listed as assist-
ing the owner to fulfill its verification and acceptance testing responsibilities

(UDOT 1997).
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To summarize this section, it is fair to say that in the majority of the cases, the
owner assigned the responsibilities for construction QM primarily to the design-
builder while retaining either traditional QA or PQA for itself or a third party
consultant that worked as the owner’ agent.

Post-Award Construction Quality Plans

In the NCHRP study’s RFP content analysis, 45% of the projects required some
part of a construction quality plan either before or after award of the contract, and
40% required an entire post-award construction quality plan (presumably includ-
ing both QC and QA) that would not be scored in the proposal evaluation. In
addition, 41% of the survey respondents also indicated that they required a post-
award construction QM plan. The San Joaquin Hills Transportation Corridor RFP
specifically required post-award construction QC and QA plans. In four other
projects, only post-award construction QC plans were required.

Most often, the document required the quality plan to be submitted for owner
approval within a specific number of days before the start of construction. For
example, a project in Washington, D.C. required the contractor to comply with the
following: “Before the start of any construction, submit a written quality control plan
for acceptance” (EFLHD 2001). In another example from the Mississippi DOT, a
specific time was listed for the submission of the construction QC plan and the
requirements:

The contractor shall submit a Quality Control Plan that outlines how the
contractor shall assure that the materials and Work are in compliance with
the contract Documents. The initial plan shall be submitted to the [DOT]
for review and approval at least 30 days prior to the beginning of any con-
struction activity. (MDOT 2005)

The New Mexico State Highway and Transportation Department (NMSHTD)
included the following in an RFQ about a construction quality plan:

The Contractor will be required to plan, implement and provide a Quality
Assurance/Quality Control (QA/QC) Program for its design and construc-
tion operations. . . . The Department will review the Contractor’s program
to assure that it meets guidelines and minimum requirements established by
the Department. Department approval of the program will constitute Depart-
ment agreement that it meets these criteria, but the Contractor shall main-
tain ownership of the program and shall be fully responsible for its execution.
(NMSHTD 2001)

Some of the post-award construction quality plans were required as a follow-
up to a draft or summary presented in the proposal. This was the case in 13 of the
17 projects that required a post-award construction quality plan. Those RFPs first
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required a pre-award draft of the plan so the owner understood and could evaluate
the design-builder’s QM approach before awarding the contract. The rationale
seems to have been that since the design was not complete, requiring a complete
quality plan in the proposal was neither feasible nor necessary. It also served to
reduce proposal preparation costs for the competing design-builders. The Min-
nesota DOT uses this method; one of its RFP states:

[After award,] the Design-Builder shall submit a Construction Quality
Management Plan (CQMP) (based on the Draft CQMP submitted in its
Proposal) that addresses Construction Quality Control (CQC), including
coordination of the Department’s Construction Quality Assurance (CQA)
and Independent Assurance (IA) procedures. (MnDOT 2001)

It would seem that this last approach would be the most reasonable. It makes
QM planning an evaluated portion of the proposal but does not impose an undue
burden on the competitors by asking for a detailed document that is based on their
hypothetical approach to the project. Additionally, because the winning proposal
typically becomes a part of the contract (Beard et al. 2001), it permits the award to
be made without the need to subsequently modify the contract as the QM plans
are modified in accordance with the final approved design.

Finally, it is surprising that nearly half the RFPs did not ask that the design-
builders furnish some detail as to their QM approach for the project. This group
were obviously using the “quality by qualifications” approach (Gransberg and
Molenaar 2004) to articulating their requirements for QM, which relies on the
evaluation of the design-builder’s qualifications and past performance record to
ensure that quality will be brought to the design and construction through the
caliber of the personnel and firms that complete the work.

Construction Quality Personnel Requirements

The qualifications of the people who perform the construction QM functions on
a project drive the reliability of the results of the inspections and tests. Accordingly,
the owner should be interested in the people who supervise and perform these
inspections and tests. As discussed in Chapter 4, most owners require that a project
or construction quality manager be listed in the proposal as part of the competi-
tive evaluation. Also, as was discussed in the same chapter, the primary qualifica-
tions for these personnel were experience and professional licensing or certifica-
tion as appropriate for their assigned duties, as well some education requirements.
Table 6-3 shows four possible construction QM schemes that can be used on a
typical DB project.

Fifteen of the projects in the NCHRP study had requirements in the RFP for
construction quality personnel who must be identified and approved after the con-
tract is awarded. The majority of these projects (73%) required that all personnel
that had a construction quality function or task be identified with their levels of
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Table 6-3 Construction Quality Management Organizations with Project Quality
Assurance?

Construction QA Construction QC Construction PQA
Type 1 Design-builder Design-builder Owner or 3rd-party
consultant”
Type 2 Owner or 3rd-party Design-builder None
consultant
Type 3 Design-builder and Owner Design-builder None
Type 4 Owner Design-builder or None

3rd-party consultant

@ Relates to Table 4-3.

b3rd-party consultant is an independent firm retained to conduct QA and QC or independent
assurance responsibilities on behalf of the owner.

certification and other qualifications. Many (64%) of them also specified the num-
ber of full-time personnel that must be assigned to the project. An excerpt from a
South Dakota RFP is a good example:

The CQMP [construction quality management plan] shall provide the infor-
mation regarding the Design/Builder’s organization in providing quality
management of all of the construction processes. The number of full-time
equivalent employees with specific Quality Control responsibilities shall be
included, as well as a chart showing lines of authority and reporting authority.
... The Design/Builder shall identify the names, positions, qualifications,
duties, responsibilities and authorities of each person proposed in a quality
function for construction. (SDDOT 2000)

Another 33% of the RFPs required that the qualifications of QC testing and/or
inspection supervisors be submitted and approved after award of the contract. The
following comes from the EFLHD RFP describing the contents of a post-award
construction QC plan:

Personnel qualifications[:] Document the name, authority, relevant experi-
ence, and qualifications of person with overall responsibility for the inspec-
tion system. . . . Document the names, authority, and relevant experience of
all personnel directly responsible for inspection and testing. (EFLHD 2001)

A quality product requires people who perform in a qualified manner.To ensure
that construction is completed at the required level of quality, the owner must
know the qualifications of those who will work on its project. QM plans cannot
be eftectively implemented by marginally qualified personnel.
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As can be seen from the various examples and statistics cited in this chapter,
many methods and approaches can be used to attain the required construction
quality on a DB project. The main conclusion is that each project is unique; to
gain the greatest benefit of DB, each project must have a construction QM plan
crafted specifically for that project. As owners gain more experience with DB, they
will better understand how best to manage construction quality in a DB project,
and as design-builders craft the QM plans that nest within their market’s owner
plans, the general form and format of construction QM will eventually become as
institutionalized as the DBB QA/QC programs are today.

Three rules must be followed to assure quality of the constructed project:

1. The owner must clearly articulate the construction QA roles and
responsibilities in its RFP so the design-builder can estimate the
resources necessary to satisfy that requirement.

2. Each DB project is unique and, as such, each project’s QM plans should
be customized for its environment, technical complexity, and other
pertinent issues that affect construction quality.

3. The plans for construction QM must flow out of and be compatible
with the design QM plans to furnish continuity of the entire quality
life cycle.
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SEVEN

Design-Build Change Orders

An old adage says that change is inevitable, and nowhere is this more true than in
a typical construction project. The sheer complexity of many projects render it
virtually impossible to cover every technical eventuality during the design process.
In the design-bid-build (DBB) world, every inaccuracy in the construction docu-
ments represents a potential change order with concurrent cost and time growth
due to the resulting additional scope. If the inaccuracy is not discovered until late
in the process, the cost growth can potentially be enormous, and most changes in
scope also come with extensions in project schedules. Therefore, controlling
change after contract award is always in the best interest of the project’s owner.
One of the benefits of design-build (DB) project delivery is its ability to create a
single point of responsibility for both design and construction, which effectively
minimizes the potential for change orders due to design errors and omissions
(Beard et al. 2001).

In fact, research comparing DB project performance to the performance of sim-
ilar DBB projects has verified this assertion and the ability of the owner to actually
accrue the benefits of reduced cost and time growth. Table 7-1 is a summary of
research on this particular subject. One can see that owners who select DB project
delivery can do so with an expectation that both cost and time certainty will be
improved (Warne 2005).

Additional benefits can be accrued by shifting the responsibility for coordinat-
ing the design with the construction, as illustrated in the following quotation from
a study of a large state university’s DB program:

Owners will realize cost benefits with design-build approaches by convert-
ing the project coordination function from a cost management item controlled
by the Owner to a profit management incentive for the design-builder.
(Reed 2003)

Hence, this leads to an expectation that there will be fewer change orders as well.
In fact, one study in the mechanical contracting sector found this to be true, report-

ing that DB projects had an “87% decrease in the average number of unforeseen

191
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Table 7-1 Summary of Design-Build versus Design-Bid-Build Project Performance
Research

DB vs. DBB
Project Cost DB vs. DBB
Literature Source Type Growth Time Growth Remarks
Allen 2001 Buildings 18% less 60% less 110 Navy military
construction projects

Konchar and Sanvido  Buildings 4.5% less 4.5% less ~350 projects
1998
Bennett et al. 1996 Buildings 4.5% less 4.5% less ~250 projects in the UK
Gransberg et al. 2003 Buildings 16.4% less 19% less 88 federal buildings
Riley et al. 2005 Mechanical 71% less NA 120 mechanical projects
FHWA 2006 Transportation  5.4% less 18%—71% less 304 transportation projects
‘Warne 2005 Transportation ~ 1%—6% less ~ 76% of DB 21 transportation projects

projects

completed

early
Hale et al. 2008 Buildings 2% less 50% less 77 Navy military

construction projects

change orders” and “the average size of unforeseen change orders was 86% smaller”
(Riley et al. 2005). Another study in transportation found that “The subset of
design-build projects had fewer change orders than the comparable design-bid-
build projects” (FHWA 2006). So again the expectation appears to be confirmed in
the literature. However, one must remember that cost growth is also generated from
claims as well as change orders. It is important to keep the two causes of cost growth
separate when making professional judgments regarding project performance.
A classic textbook on construction contracting defines a change order as:

Change orders document changes from the original scope of the contract,
confirm schedule revisions and set forth other modifications. (Barrie and
Paulson 1991)

Thus, change orders essentially relate to modifications in the contractual scope of
work and the contractual time period for completing the scope.They also relate to
purely legal changes to the contract language which generally do not cause cost or
time growth in the project. This definition applies to all types of project delivery
methods for both design and construction. A “claim,” on the other hand, is essen-
tially a notification to the owner that the other party believes the scope of the
original contract has changed. If the owner agrees, a change order is negotiated
and incorporated into the contract.

If the owner does not agree that the contract scope has changed, then both par-
ties turn to the contract’s disputes clause and begin the process of attempting to
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resolve the dispute. If at any point in the process both parties reach an agreement,
the claim can either be dropped or converted to a change order by bilateral agree-
ment. If the process continues to its final extent (i.e., dispute resolution by some
legally empowered body such as an arbitration panel or the courts), the final judg-
ment will be rendered. If it is against the owner, cost growth due to the claim will
be incurred in the project. Additionally, both parties to the dispute often incur
additional costs to promulgate the dispute resolution process in terms of legal fees,
internal administrative costs, and reduced profits. All these create project-related
cost growth, regardless of whether they are formally applied to the final contract
amount. Thus, avoiding claims should be the primary objective of any DB con-
tract’s changes clause.

Again, the literature shows that there is an expectation by owners that imple-
menting DB will reduce claims (Songer and Molenaar 1996). The FHWA'’s
Design-Build Effectiveness Study (2006) found that “claims represented less than
one-tenth of one-percent of total [DB] project costs.” Konchar’s and Sanvido’s
seminal study (1998) on project delivery method project performance indicated
that because DB allows the design-builder to control the details of design, it cre-
ates an environment that promotes cost control. Another study discussed the
motivations involved in creating a bias foward cost and time growth in DBB proj-
ect delivery when it stated:

In DBB the contractor is tempted to under-price the basic contract in order
to get the award and then try to make up profit margins by generating
change orders and claims. (Runde and Sunayama 1999, pp. 46—48)

An audit of California State University’s DB process confirms that DB changes
this motivation through application of the theory of single point of responsibility,
as follows:

Other factors influencing the desire for single point responsibility include
forces such as partnering, total quality management, team building, and alter-
native dispute resolution. The design-build entity is responsible for the ade-
quacy of design and any construction defects. As a result, the owner avoids
these types of claims, which are common with the traditional delivery sys-
tem. (Reed 2003)

Given the above discussion, one can conclude that the owner can look for-
ward to a project with fewer legal hassles if the design and construction can be
administered in a manner that promotes the benefits of DB project delivery.
Chapter 4 discussed the benefits of formally partnering DB contracts and cited
research that showed that partnering greatly reduced the incidence of claims
(Gransberg et al. 1999). Therefore, the remainder of this chapter will be devoted
to discussion of changes that occur in scope, time, and other common issues
such as force majeure which are not subject to dispute and hence are not consid-
ered claims.
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Design-Build Change Order Entitlement

Change orders are the right and privilege of the owner. It is, after all, the owner’s
project being designed and built with the owner’s money. Therefore, the owner can
always change its requirements if it is willing to pay for that privilege after contract
award. Consummating a change order in DB involves quantifying the change’s
impact on the project’s schedule and budget, as well as furnishing the legal author-
ization to make the change. In DB a number of issues make quantifying these
impacts less straightforward than they are in DBB.The major issue revolves around
the fact that the design is not 100% complete when the contract is awarded. There-
fore, the technical baseline may be hard to measure. The owner will express its
design intent for the project in performance terms, using both design criteria and
performance specifications in the RFP’ scope of work.The design-builder then
takes the owner’s scope and further refines it by expressing the design assumptions
it made to arrive at its price proposal. Thus, when the contract is awarded, there will
be plenty of opportunities for each party to have misinterpreted the other’s intent.
Next, because the primary reason why owners choose DB project delivery is to
compress the schedule (Songer and Molenaar 1996), most DB projects are awarded
with an aggressive schedule; this may include starting construction before 100%
design completion, making the need to review and approve design submittals a criti-
cal path activity. Therefore, a well-defined process for resolving the professional dif-
terences of opinion that are inevitable in this project delivery system during design
reviews 1s mandatory. Usually, these are dealt with by the owner deciding whether
the conflicting interpretation of a given performance requirement is adequate. If the
owner is not willing to accept the design-builder’s design solution or construction
method, it may then find itself in a position of having to pay for a change order if
the contract does not support the owner’s chosen interpretation of a given criterion.

Types of Design-Build Changes

In DBB projects, there are typically three major reasons why a construction con-
tractor would be entitled to a compensable change order. These are:

* Owner-generated impacts on construction: technical scope changes,
owner interference with progress, or disruption caused by the owner
or other parties for whom owner is responsible under the terms of the
contract.

» Unforeseen conditions: previously undiscovered subsurface obstacles or
conditions, force majeure, and changes in the regulatory or legal
preconditions that relate to the project.

* Design issues: design errors and omissions, as well as ambiguities in the
construction documents.

In spite of some contrary assertions in the popular literature, from the owner’s
perspective implementing DB does not eliminate change orders. DB projects will
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still be carried out in locations where there are unforeseen site conditions. They
will also remain susceptible to the whims of the political process and have to be
brought into compliance with shifting environmental regulations, and it goes with-
out saying that no delivery method can shield an owner from acts of God. One
author puts it this way:

In design-build projects, the first two categories [shown above| may still
result in change orders, but the third category ordinarily does not. Since the
contractor [i.e., the design-builder] is responsible for the plans and specifica-
tions, it cannot make use of errors and ambiguities in them to claim entitle-
ment to an extra. However, if the owner’s criteria from which the contractor
prepares the design have ambiguities or omissions, the need to change the
design to accommodate new or clarified owner’ criteria may result in change
orders. (Friedlander 2007)

Merit versus Quantum

Thus, as usual, one must look to the contract to determine whether a design-
builder is entitled to a compensable change order. As shown in Chapter 1, Figs. 1-2
and 1-3, the construction documents are no longer a part of the contract. They are
a deliverable that flows from the contract’s scope of work. Therefore, the caveat
that Friedlander added regarding design issues leads the parties to a DB contract to
look at the contents of the owner’s RFP to determine whether a change order is
appropriate. Often the contract will contain the owner’s performance criteria,
which are discussed in detail in our first book on this topic (Gransberg et al. 2000).
Performance criteria are, by definition, open to interpretation. Thus, owners must
be careful to not impute their personal interpretation of these criteria if they are
used in a DB RFP As stated in our previous book, if there is only one technically
acceptable design solution for a given feature of work, then the owner needs to
prescriptively specify it in the RFP (Gransberg et al. 2006). If the owner fails to do
this and believes that no other solution will be acceptable, then that owner must
be prepared to issue a compensable change order to the design-builder to modify
that clause in the contract from a performance criterion to a prescriptive specifica-
tion. Thus, determining entitlement is fairly direct, but determining the cost and
time impact of the modification is not nearly as clear. In legal terms, the last exam-
ple would clearly find that there is “merit” to the design-builder’s request for a
change order, but determining the “quantum” due for changing from an open-
ended performance criterion to a prescriptively specified design solution will be
murky if the owner’s change order process has not been well defined prior to the
advertising and award of the DB contract.

The quantum portion of the change order will be affected by a number of
issues. First and probably foremost is the amount of design effort that has been
expended on the feature of work that will be modified. If the change occurs early,
the cost and time impact may be minimal. For example, if during the initial design
meeting an owner decides to alter the design-builder’s proposed floor plan to
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accommodate a change in function not known before contract award, it will prob-
ably be able to do so without cost if the overall size of the building is not changed.
On the other hand, requesting the same change after the architectural design has
been approved and the engineering design is underway will result in lost design
effort as well as additional redesign costs and potentially a change to the amount
of construction material used. It might also cause a delay in the overall schedule as
the affected portions of the building are redesigned.

Design-Build Change Management

Thus, it 1s vital that the owner and the design-builder understand the DB project’s
timeline and be particularly sensitive to those periods of time in which the project
is most susceptible to changes. Assuming that a typical DB project will have an
overlap of design effort with construction work makes this effort particularly
important. This discussion should be an agenda item in the DB project pre-work
meeting. The pre-work meeting is typically devoted to arriving at a thorough
understanding of how the owner and design-builder will do business, and “change
management’ is an important topic to cover during this meeting. An insightful
article on this subject was written by Bruce Hallock of the Nielsen-Wurster Group
(2006), and contained the following checklist for the business process of managing
change in DB projects:

» Validate the change against the baseline project scope, cost and schedule;

* Define a business case for the change and source and/or method of
funding;

* Provide a formal justification for the change;

¢ Determine the cost and time to implement the change;

 Settle, approve, properly authorize and execute the change order; and

* Communicate the change status to the project, and track the
performance of the changed work.

Change Timeline in Design-Build

Figure 7-1 shows the concept of how design can overlap construction in a DB
project. It attempts to relate the DB process to the standard design process used in
a typical building project. An engineered project such as a water treatment plant or
a transportation project will follow much the same process. The reader will merely
need to substitute the proper design milestone (e.g., 30%, 60%) as shown below
the design phase line in the figure.

Bruce Hallock describes change management as follows:

Managing change means implementing changes in a planned and systematic
fashion. The aim is to more effectively implement new or revised work on
an ongoing project, and organization. Changes not only affect the changed
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Figure 7-1 DB time line and impact of the risk of change orders.

work, but when not properly controlled seriously aftect the “unchanged”
work. Managing changes, whether internally or externally initiated, antici-
pated or emergent, lie within and are controlled by the project organization.

(Hallock 2006)

Figure 7-1 furnishes a model for understanding the “planned and systematic
fashion” in which the change must be managed. The project organization identi-
fied in the above quote consists of the owner and the design-builder, that is, the
parties to the DB contract.

Looking at the figure, one can see that there comes a point where the design-
builder must complete various aspects of the design and commit to building them
as shown. These design commitments occur in conjunction with the design sub-
mittals required by the contract. While the figure shows the classic design phases
to ensure that the reader understands what it is graphically portraying, the owner
can easily structure the design submittals to mirror the order in which the major
features of work within the project are going to be built. This theory and its ben-
efits are discussed in Chapter 3 of this book. The major benefit is that it directly
links the design progress with construction progress, allowing the owner to
release each design product for construction as soon as it is ready. This also facili-
tates the change management process by furnishing a much clearer means to
“validate the change against the baseline project scope, cost and schedule” (Hal-
lock 2006). The approved design work package becomes the baseline against
which the change is validated.

Figure 7-1 also shows that the portion of the DB timeline that is most suscepti-
ble to change occurs during the final stages of design and in the middle stages of
construction. This is because final design decisions made by various disciplines are
being brought together into the same document, and design product is being
deconflicted between disciplines in accordance with good design QA practice. Also,
the design-builder’s cost engineering team will be reviewing the final designs to
ensure that they conform to the contract budget and time requirements, potentially
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necessitating a change to bring the project back within budget or schedule. Finally,
construction documents are being released to the construction trade subcontractors
who are then reviewing them and finding the conflicts, errors, and omissions missed
by the design QA process. Most of these changes occur internally to the design-
builder’s team and, unless the change is due to owner-generated errors or omis-
sions, will not result in a contractual change order. Nevertheless, it is also in this
stage that the owner gets its “last bite at the apple,” making final design reviews
which potentially uncover elements of scope that are not included in the contrac-
tual scope of work.

It is in the best interests of both parties to recognize this critical period for
change management and to agree to assist each other in satisfying the demands for
each by facilitating the changes that arise as a result of the above cited actions. For
instance, if the design-builder’s cost engineering review of a feature of work—
whose scope was defined by performance criteria—finds that the selected design
solution will exceed the budget assumed in the price proposal, and there is a dif-
ferent design solution available that satisfies both the technical and the financial
constraints, the owner can facilitate this by allowing the design to change even
though it may have previously approved the original design. The design-builder
must still bear the burden of the cost of redesign, but it is now in a position to mit-
igate the impact of the error on its part. Conversely, an owner who finds that it
must unexpectedly add a feature of work to the project can ask the design-builder
to facilitate this change by offering alternatives to minimize the cost and schedule
impact. In fact, a design-builder (with an eye to future work with the same owner)
may choose to scrub its budget and see whether there are sufficient unused con-
tingency funds to make the change without additional cost, as a means of strength-
ening its reputation with this client.

Change Management Best Practices

This discussion leads to the development of a set of best practices for change man-
agement in the DB contract. These practices are established on the idea that change
will occur despite the best effort of all parties. The Construction Industry Institute
(CII) published a report in 1994 that detailed a set of change management best
practices (CII 1994). A later study of more recent data confirmed these practices
and posed them as 14 questions that an owner and a design-builder can ask them-
selves when establishing a given project’s change management process. Those ques-
tions are:

1. Was a formal documented change management process familiar to the
principal project participants used to actively manage change on this
project?

2. Wias a baseline project scope established early in the project and frozen,
with changes managed against this base?

3. Were design “freezes” established and communicated once designs were
complete?
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4. Were areas susceptible to change identified and evaluated for risk
during review of the project design basis?

5. Were changes on this project evaluated against the business drivers and
success criteria for the project?

6. Were all changes required to go through a formal change justification
procedure?

7. Was authorization for change mandatory before implementation?

8. Was a system in place to ensure timely communication of change
information to the proper disciplines and project participants?

9. Did project personnel take proactive measures to promptly settle,
authorize, and execute change orders on this project?

10. Did the project contract address criteria for classifying change,
personnel authorized to request and approve change, and the basis for
adjusting the contract?

11. Was a tolerance level for changes established and communicated to all
project participants?

12. Were all changes processed through one owner representative?

13. At project close-out, was an evaluation made of changes and their
impact on the project cost and schedule performance for future use as
lessons learned?

14. Was the project organized in a Work Breakdown Structure (WBS)
format and quantities assigned to each WBS for control purposes prior
to total project budget authorization? (Zou and Lee 2006)

While the above set of best practices was not developed specifically for DB,
they are fully applicable when set into the DB context. For instance the “design
freeze” referred to in practice No. 3 relates directly to the design-builder’s design
commitment in DB. This is a point where the designer-of-record (DOR) has
approved the element of work for construction and it is ready for the owner’ final
review and approval. Essentially, the design-builder is stating that it will “freeze”
that design package and will build it according to the design shown in the design
submittal. The owner can then use those documents to inspect the final construc-
tion and expect to see that feature constructed as designed. Practice No. 4 relates
to the previous discussion of the DB timeline where the owner and the design-
builder identify those areas which are most susceptible to change and proactively
manage those areas as outlined in Practice No. 9. Practice No. 14 speaks to the
idea that the design and construction effort should be organized around work
packages that spring from the project’s WBS, and supports the assertion that change
can best be managed during design if the project is organized around features of
work that can be designed, reviewed, approved, and constructed in that order,
rather than relying on the DBB-oriented design development process of design
milestones.

Practice No. 1 speaks to the need to have a well defined change management
process in place at project inception. It states that the process should be both “for-
mal” and “documented.” The best way for this to happen is for it to be included
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in the contract and then augmented and expanded post-award to meet the needs
of the project. Finally, it says that the process should be “familiar” to all project par-
ticipants. To accomplish this, the change management process should be covered
in detail during the DB pre-work conference to ensure that not only the design-
builder but also the owner’s project team understand the process and how it will
be applied before the need to use it arises.

Design-Build Change Order Process during Design

Remembering that the design is a contract deliverable in DB creates a situation
where any alteration to the design-builder’s design could potentially affect con-
struction costs. Asking the DOR to move a line in a design drawing is no longer
merely shifting some ink around on a big piece of paper. That line could represent
a salient design assumption that was used to arrive at the DB project’s firm, fixed
price.Thus, the change management process during the design phase of a DB proj-
ect must be radically different from the one used by an owner in a traditional DBB
project. This difference stems from the following reasons:

* The sum of the technical scope of work described in the RFP as
modified by the design-builder’s proposal is the contract scope of work.
This scope will be quantified by performance criteria, design criteria,
prescriptive specifications, and/or design drawings that can range from
conceptual documents to standard owner-required details. Thus, the
design change management process must be robust and dynamic enough
to account for this wide range of design information.

* The design-builder will have made certain design assumptions in order to
furnish a lump-sum price proposal. Unless these assumptions are contained
in the proposal or directed by the RFP instructions, they will not be
specifically shown in the above-listed contract technical scope of work.
Therefore, the design change management process must have a mechanism
that provides for the analysis of design-builder design assumptions that are
not articulated in the proposal against RFP performance or design criteria.
This is to ensure that if the requested change affects one of those
assumptions, the design-builder is allowed to correct the price proposal
accordingly.

* Because DB projects are normally awarded with an aggressive schedule,
design-builders are normally allowed to begin logistics activities as early as
1s reasonable. Thus, the design change management process must consider
the potential impact on the logistics associated with the design change and
be prepared to compensate the design-builder if it has to cancel materials
orders or trade subcontractors in order to accommodate the change.

* Design changes can include different interpretations of codes and
standards that are incorporated by reference in the contract. The design-
builder will have included code or standard interpretations in the design
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assumptions used to prepare its price proposal. If a code or permitting
agency substantially changes the historical interpretation of a given
standard, this will constitute a change to the design-builder’s design
assumptions and should properly be treated as a constructive change to
the given code requirement. An example is a seismic code that historically
allowed more than one option for a given technical feature, but has been
reinterpreted by the code reviewers to require a specific design for the
same feature. If the first instance of this reinterpretation occurs as part of
the review of a design submittal on a DB project, this would constitute a
change to the design-builder’s proposed design because neither the owner
nor the design-builder could have known that the code agency was going
to become more restrictive in its interpretations.

The above bullets encapsulate the issues associated with design risk during
DB contract administration. Owners would do well to consider these issues
when preparing the RFP and ensure that competing design-builders under-
stand the details of how the design change management process will operate. If
the details are unclear at the time of proposal preparation, the design-builders
will have no choice but to increase their contingencies to account for possible
effects on the project. This could potentially take the price proposals over the
owner’s budget, making it difficult, if not impossible, to award the contract in a
timely manner.

Finally, the design change order process should have two facets:

» Changes to the design that occur before the start of construction on that
feature of work; and

* Changes to the design that occur affer the start of construction on that
feature of work.

As previously stated, owners often select DB project delivery as a means to accel-
erate the project’s delivery date. Thus, there is a probability that construction activ-
ities may have started at the time the need to change the design is identified. Thus,
the design change management process should first differentiate between the two
states before moving into the development of time, cost, and impact data.

Design Changes before Construction Starts

Changes to the design that occur before the start of construction are fairly straight-
forward, and an owner can use its DBB process as the basis for developing its DB
process. The major difference springs from the fact that in a DB contract design-
builders can initiate activities that are typically considered construction activities
in DBB at an earlier point in time. An example of such an activity is to lock-in
material pricing for large-volume materials such as concrete. A design-builder usu-
ally only needs to know the order of magnitude of the amount it needs for a given
commodity to be able to lock-in a unit price from a material supplier. Hence, it is
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always looking to reduce material pricing risk by consummating material supply
contracts as early as possible. For instance, if a design-builder’s proposal contem-
plates using roughly 10,000 cubic yards of concrete on a DB bridge project and it
feels that the design for those features that require concrete is fairly stable, it does
not need to wait until the design is finished to know exactly how much concrete
is required before it can sign a contract to furnish at least 10,000 cubic yards of
concrete at a fixed unit price per cubic yard. However, if at some point in the
design process the owner or other entity beyond the design-builder’s control
decides to change the main structural system from cast-in-place concrete to struc-
tural steel, then the quantity of concrete required would drop substantially and the
design-builder would need to renegotiate the material supply contract at a higher
unit price. Thus, because the original proposal was based on cast-in-place concrete,
consideration would need to given to the cost increase accrued to those cast-in-
place concrete features that are not affected by the design change.

Given the above discussion, Fig. 7-2 is a flow chart that describes the design
change order process where the change 1s identified before physical construction
has been initiated. From the figure one can see that the first step is to evaluate the
change in the context of the RFP performance criteria and the design-builder’s
DOR should then generate options that are acceptable within the constraints
described by the RFP criteria. Once one or more acceptable options are devel-
oped, the design-builder must review those alternatives to determine whether they
can be accomplished within the existing budget. If additional cost is necessary, the
design-builder’s team should initiate a value engineering (VE) process to deter-
mine whether the options can be modified to make them fit the budget.

If there is an option that satisfies budget constraints, it next needs to be checked
to determine whether it can be implemented without extending the schedule. If
not, then the design-builder will again initiate a VE process to look for variations
that meet schedule constraints. If VE is successful or if the change can be made
without budget or schedule impact, the design-builder then prepares a change
order proposal for technical review by the owner. If the VE is unsuccessful, the
design-builder then prepares a change order proposal including the cost, schedule,
and impact of the change for technical, budgetary, and schedule review by the
owner. Negotiations ensue and, if an agreement is reached, the owner approves
the change order proposal. Then the design, budget, and schedule are updated to
reflect the change. If negotiations fail to achieve a result that the owner will approve,
the initiator of the change request can either choose to drop the change order
request and proceed as previously planned, or allow the design-builder to explore
other options if possible, or initiate the dispute resolution process that is prescribed
by the contract.

Ultimately, the change will be implemented in some form if it is indeed a tech-
nical necessity, and the technical scope of work, as well as the project contract
amount and schedule, will be modified to reflect the outcome of the change order
management process. At this point it is extremely important that the design-builder
notify all the members of its design and construction teams that are affected by
the change.
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Design Changes after Construction Starts but before Final Design
Is Complete

Because DB allows construction to begin at its earliest possible time, it is probable
that a design change could be identified after construction has begun but before
the final design is released for construction. This is the point shown in Fig. 7-1
where the maximum risk for change orders begins. The major risk here is that
construction will have started on a feature of work whose design must be changed,
hence requiring rework. If this is not the case, then the process described in the
previous section and shown in Fig. 7-2 applies. There are four situations where
these types of changes occur:

e Owner-directed change

* Change mandated by new legislation or regulation

* Change mandated by adverse code interpretation

* Change required by the design-builder, proceeding at its own risk

The first category is probably the most common type of change in a DB proj-
ect. The pace at which DB projects are often procured can leave little time for the
owner to do comprehensive, detailed project scoping like it can do in DBB projects.
This is especially true if DB is being used to deliver a project under emergency
conditions, such as have occurred in natural disasters or major structural failures. As
a result, the owner may find itself needing to add scope to the project after the con-
tract is awarded. When these changes occur after construction has begun, they can
become quite expensive and sometimes time-consuming. The major issue in this
situation is ensuring that the change is indeed required. Some owner-directed
changes are really owner preferences that were not adequately described in the
technical scope of work. These often pop up during the design review process
when the owner’s representatives realize that the design-builder is not intending to
build what they expected or perhaps hoped for. Therefore, the first action before
instituting the change process is to verify that the change is truly a necessity. If this
is found to be true, then the status of both the design and the ongoing construc-
tion must be quickly reviewed to mitigate any potential increased costs.

In this situation it is incumbent upon the design-builder to ensure that notice
of the impending change gets down to all the design subconsultants and trade sub-
contractors, with instructions to carefully review their progress and determine
whether they can assist the owner in keeping the cost of the change as low as pos-
sible by ceasing to work on those features that will be affected by the change. The
first risk in this situation is the cost of lost design effort by the DOR and its sub-
consultants because they must redesign a feature of work to accommodate the
owner-directed change.

The next cost risk is the potential cost of rework by the construction forces
that are working on the given feature. In both cases it is important to institute a
method for collecting the losses of both design and construction progress and
quantifying them in a manner in which they can become part of the design-
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builder’s change order proposal. It is also important for the design-builder to be
able to demonstrate to the owner that it made every effort to mitigate the dam-
ages suffered because of the change.

The next type of change is one that results when the design-builder’s design 1s
rendered unsatisfactory due to a change in legislation or governing regulation.
The scenario here is that both the DB RFP and the winning proposal were predi-
cated upon the rules that were in effect when the contract was awarded. Thus, there
is no “fault” to be found by either the owner or the design-builder. However, pow-
ers above the owner decided to change the given rule and now the owner must
require that the ultimate design and construction conform to the new rule. Often
changes of this nature are related to environmental aspects of the project. They
may also be related to evolving changes in local building codes. In this case, the
change operates in the same manner as an owner-directed change, and the actions
taken are identical to the ones described in the previous paragraphs.

One of the most difficult types of changes to reconcile is the third one on the
above list, changes due to an adverse code interpretation. These occur when the
design-builder’s design is found to not comply with some specific design code ref-
erenced in the contract. A good example is the requirement for structural systems
to be designed in accordance with the locally applicable seismic code.These codes
are highly technical and often open to interpretation. It is the design-builder’s
responsibility to design the project in compliance with all applicable codes and
standards. Often certain design assumptions are made during the preparation of
the DB proposal, which then drive the contract value. When one of the assump-
tions is found to be wrong, it usually adversely affects the design-builder’s budget
and/or schedule. Nevertheless, because DB contracting assigns singular responsi-
bility to the design-builder for both design and construction, an adverse code
interpretation is really evidence of a design error or omission, and the owner should
bear no risk for this type of change. These issues could be missed during design
reviews and be found after construction has started, or even picked up during final
inspection. An example would be the omission of the requirement to install seis-
mic anchors for utilities in a large building.

The final type of change is one that occurs because the design-builder has
decided to proceed with construction of a feature of work whose design has not
yet been released by the owner for construction and whose final design is difterent
in some way from the design that was assumed when construction on the feature
began. In this case, there are two options. First, the owner and the design-builder
can evaluate the technical or operational impact of changing the design to coincide
with the constructed or partially constructed product. This may be possible and, if
it 1s, this option minimizes the impact on redesign or rework at the design-builder’s
expense. The other option requires the design-builder to alter the constructed prod-
uct to conform to the final approved design at its own expense. In this case, the
procedures will be followed as described in the next section of this chapter.

Contractors can always proceed at their own risk, but they must expect that from
time to time the risk will work against them. To ensure that relations with the
owner are not damaged, the design-builder should create a chain of communication



206 Project Administration for Design-Build Contracts

with the owner and its staft to notify the owner when the contractor has decided
to proceed with construction on a feature whose design has not been finalized. At
the same time, the design-builder’s staft should develop a contingency plan for the
construction that minimizes any potential rework if the final design changes. The
final angle is that design-builders should only proceed at their own risk when there
is a measurable benefit to the project. Often design-builders will include a special
contingency to furnish a source of funds to cover this and the other three types of
changes discussed above.

DB Change Order Process during Construction after Final Design
Is Complete

Diftferentiating this discussion from the previous one is the idea that here the final
design has been completed and released for construction by the owner. The flow
chart for the DB change order process during construction is shown in Fig. 7-3.
In this case, the major difference between DB and DBB is that the design-builder
will accomplish any redesign effort that needs to be done to execute the change.
Additionally, it is the design-builder’s responsibility to generate alternatives that
mitigate both cost and time effects of the required change. Figure 7-3 shows the
design-builder iterating through the process of seeking technical alternatives that
allow the project to proceed with the minimum impact wherever possible. This
often requires that design subconsultants and trade subcontractors be brought into
the alternative development process to assist in finding the alternative that has the
least impact.

The most common mistake made by owners in this situation is to not ask the
design-builder to define the details of the change.This is a throw-back to the DBB
culture where the owner conducts the technical evaluation and directs the con-
struction contractor to change the design per its detailed instructions. In DB, by
allowing the design-builder to generate technical alternatives wherever possible,
the owner is reinforcing the shift of design liability to the design-builder. Issuing a
directive change order could potentially alter the ultimate design in a manner that
transfers the liability for the performance of the changed feature of work from the
design-builder to the owner. But allowing the design-builder to generate technical
alternatives also allows for the maximum level of creativity to be applied to the
change by not restricting the design-builder’s prerogatives. In this way, the owner
is not putting itself in a position of creating a delay to the project schedule while it
analyzes the change and develops the final directions.

On the design-builder’ side, the most common mistake is to not thoroughly
explore potential alternatives with its subconsultants and subcontractors. Failing to
allow the entities that are going to be affected by the change to make input, risks
creating unintentional costs and schedule disruptions. It also eliminates potentially
innovative solutions to the change order problem that could indeed reduce both
time and cost growth in the project. Finally, the design-builder needs to demon-
strate to the owner that it has taken every possible avenue to mitigate the impact
of the change to the project. This is essential to maintain the level of trust that is
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necessary for a successful DB project and to put the design-builder in a position to
be competitive for the owner’s next DB project.

Changes to Scope, Unforeseen Conditions, Design Errors and Omissions

One of the myths about DB is that it allows the owner to transfer all the risk for
changes to the design-builder. This is not true. DB contracts follow the same train
of logic regarding changes that any design or construction contract follows. This
idea revolves around the quantified scope of work portrayed in the original con-
tract. Thus, anything that increases or reduces that scope of work constitutes a
change to the contract. In DB, the owner is asking for both design and construc-
tion work to be completed under the contract. Therefore, any change to the amount
of design or construction effort required would be classified as a change order. As a
result, in determining the requirement for a change order, one must first deter-
mine which party to the contract is initiating the change and whether the changed
scope aftects the contract price or schedule.

Scope Changes

Changes to a project’s scope can come from a variety of sources, many of which
have already been described in previous sections of this chapter. The issue of a
scope change must necessarily cover both the design and construction processes.
Changes to the design scope are much more difficult to recognize and, hence,
quantify than changes to the construction scope. Design is inherently an itera-
tive process, and the design-builder’s design team should have priced a reasonable
amount of iterative redesign effort as part of the original contract’s price proposal.
Therefore, the issue then becomes differentiating between redesign effort that is
part of the typical design process (i.c., that work necessitated by the DOR decon-
flicting the design products of various disciplines), and redesign that was completed
to accommodate a technical change to the scope of work.The concept of design
commitment, as discussed in our previous book (Gransberg et al. 2006) as well as
in Chapter 3 and especially Chapter 8 in this book, is useful in this case.

Design commitment is the point at which the DOR has approved the design
of a given feature for construction and the design is ready for the owner’s final
review and acceptance. Essentially, it means that the design is complete and will be
built exactly as described in the documents to which the design-builder is com-
mitting. Thus, any redesign required to accommodate a scope change after design
commitment has occurred would indeed be compensable.

Unforeseen Conditions

Changes due to unforeseen conditions are always the responsibility of the owner
(Beard et al. 2001). There have been a number of efforts to draft contract language
to shift that risk to the design-builder; for the most part, all have been unsuccess-
ful. The most common type of risk-shifting clause is one that requires the design-
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builder to conduct a thorough examination of the site and account for any differ-
ences between actuality and the scope described in the design-builder’s proposal.
‘While this may seem to be a logical way to assign this risk to the design-builder,
it has been found to apply to only those aspects that could actually be found dur-
ing a site visit. A diligent owner will normally have already accounted for all the
visible and discoverable site features in the RFP, so the unforeseen conditions will
still remain to be discovered during contract execution. Additionally, because own-
ers often select DB project delivery to compress the delivery period (Songer and
Molenaar 1996), it is also possible that the owner will not have had the time nor-
mally available to conduct thorough site investigations prior to advertising the con-
tract. This makes changes due to unforeseen conditions a very real risk.

Potential changes due to unforeseen conditions should be on the agenda for
the first pre-work meeting. Setting up a system to identify and quantify the impact
of unforeseen conditions is the best way to mitigate this risk. The owner could also
require the design-builder to conduct detailed site investigations at the earliest
possible point in the contract to mitigate the impact of unforeseen conditions by
discovering them at a point where minimal design and/or construction effort has
been expended. A typical example would be a building renovation project where
the owner is unsure of the presence of asbestos. In this case, the owner might direct
the design-builder, before expending any other effort, to conduct destructive test-
ing that could not be done when the building was occupied. This would allow any
asbestos to be discovered and any remediation efforts to be included in the project
at a point where the impact is minimized.

Design Errors and Omissions

Shifting design liability to the design-builder is one of the benefits most cited in
the literature for selecting DB project delivery (Beard et al. 2001; Gransberg et al.
2006). The very nature of the contract allows this risk to be transferred with clear
responsibility. However, the major issue at stake in this category is determining
which party to the contract made the design error or omission. There are three
major points in the life cycle of a DB contract where design errors and omissions
can be made:

* Design errors and omissions in the DB RFP
* Design errors and omissions in the design-builder’s winning proposal
* Design errors and omissions in the completed construction documents

The rule of thumb for changes caused by design errors and omissions is: “Who-
ever designed is liable for it.” Thus, despite contract language developed to shift
this risk to the design-builder, the owner is liable for anything that has been
“designed” by the owner or its consultants, including errors that were part of the
DB RFP. This is because the design-builder had to rely on that document to pre-
pare its technical and price proposal. Therefore, if a design error in the RFP tech-
nical scope is found after contract award, it will necessitate a change in the scope
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of work that was contemplated in the price proposal, making the change compen-
sable to the design-builder. An example of this situation is an RFP where the
owner has directed that all improvements be built on existing right-of-way but
during the design phase the DOR finds that this is impossible for a given feature
of work. Therefore, the owner will be liable for any extra design and construction
effort that may be required, as well as any delays that are induced by the error.

The next place where design errors and omissions can occur is in the design-
builder’s proposal. Often these errors are associated with the design assumptions
made to arrive at conceptual quantities of work used in a lump-sum price pro-
posal. Obviously, this is a risk borne entirely by the design-builder. A typical error
of this nature is to underestimate the quantity of steel reinforcing used in a con-
crete feature by using parametric design formulae. For instance, during proposal
preparation a structural designer might direct the estimator to use 150 pounds of
reinforcing steel per cubic yard of concrete to arrive at the total amount of steel in
the feature. After award, the final design required 175 pounds of steel per cubic
yard of concrete. The use of an incorrect parametric design formula was in fact a
design error, even though the design was at an early stage of development. The
design professionals cannot reasonably expect the construction estimators to know
how much that number might grow during the normal iterative design process
because those estimators are not licensed design professionals. In this case, the lia-
bility for the increased quantities of steel would fall on the design professional who
furnished the erroneous formula. The issue will be resolved in accordance with
the internal agreements of the design-builder’s team.

There are two ways for the design-builder to ameliorate the risk of design errors
and omissions in the proposal. First, teaming agreements executed prior to pro-
posal preparation should address this issue and spell out how it will be resolved if it
occurs. One method is to require the design professionals who furnish input to
the proposal to include design allowances for potential quantity growth during
the normal design process, based on their experience. In the previous example, the
designer might have indicated that the quantity of reinforcing steel to be in the
range of 150 to 175 pounds per cubic yard of concrete, with the extra 25 pounds
constituting the design allowance. It would then be up to the design-builder to
decide whether to use the lower or the higher number in its price proposal. In this
method, the designers would then be made aware of the “as-proposed” or “as-bid”
quantities of work and be instructed to continually check their work against these
quantities to identify when their designs are evolving to a point where they will
exceed them. When that point is reached, the design professional must then notify
the design-builder and the team can then look at alternatives to mitigate the possi-
ble financial loss due to the erroneous proposal design input.

The second method is to create a specific contingency to cover design errors
and omissions in the DB proposal. This method assumes that there will be errors
and secks to manage the risk by establishing a fund that can be used to pay for the
impact of those errors. Setting the contingency will require the design profession-
als to furnish the design-builder with a detailed listing of those areas where scope
creep is normally observed and the potential impact of those increases. The teaming
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agreement should also address the details of how this contingency will be allocated
during contract execution.

The third area is design errors and omissions that are contained in the design-
builder’s final construction documents. While intuitively this may seem to be the
responsibility of the design-builder, the source of the error must be carefully ana-
lyzed before liability is assigned. The major issue is usually the impact of the
owner’s design review comments. An owner can unintentionally shift the design
liability back to itself by the nature of its design review comments. Review com-
ments that direct the design-builder to change the design in some significant man-
ner, causing the applicable feature to fail to perform as expected, are the responsi-
bility of the owner, not the design-builder. This situation requires an owner to train
its technical staff to record review comments in an advisory rather than a directive
manner. For instance, rather than directing the designer to increase the size of a
footing to comply with stated contract factors of safety, the owner should indicate
that the subject footing appears not to satistfy the requirements and cannot be
accepted until it does. This puts the onus on the design-builder to determine how
much the footing should be increased, preserving the transfer of design liability as
intended.

The other situation in which liability for design errors and omissions in the
construction documents is not clear is found when the error can be traced back to
the design products that were developed by the owner when it prepared the DB
RFP. There are two sides to this issue. On one hand, it is arguably the design-
builder’s responsibility to take the incomplete design expressed in the RFP and
advance it to the point where construction documents can be produced. There-
fore, it is part of the normal design development process to identify and correct
errors or omissions in early designs, which makes those errors and omissions the
design-builder’s responsibility. The other side of the debate maintains that the
design-builder had to rely on the RFP design documents to prepare its proposal
and thus arrive at a lump-sum price. Thus, because there was no time during pro-
posal preparation to verify the sufficiency of the owner-provided design, it is the
owner’s responsibility to compensate the design-builder if a design error or omis-
sion is found post-award. Both sides in this battle have valid arguments based on
case law, and it is impossible to generalize on this particular issue. Suffice it to say
that the easiest resolution is for the owner to carefully review the design products
contained in the RFP and ensure that they are indeed correct.

Change Order Costs

Estimating the cost of change orders in DB projects can be quite difficult, depend-
ing on the stage of the project at the time the change is identified. While changes
that occur during construction usually have the greatest impact, they are far easier
to quantify than changes implemented during early design stages. This is because
the estimator can use the construction documents as the benchmark against which
to measure the effect of the change. Thus, it is imperative that the estimator fully
understand the scope and impact of a change to a DB contract when developing
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the change order cost estimate. Scott Cullen of the National Institute of Building
Sciences put it this way:

...1n order to properly prepare an estimate for a change order, the estimator
must understand the overall objective, i.e. to reach an agreement with the
contractor that is in the best interest of the [owner]. The lowest possible price
does not always meet this objective nor would a “generous” price if that
price offers more payment than necessary to include sufficient incentive.

(Cullen 2005)

Change order costs need to be accumulated in specific categories to allow
both parties to the negotiations to fully understand the logic behind each esti-
mate and to ensure that a direct comparison can be made between the design-
builder’s change proposal and the owner’s independent estimate. Using this
approach allows the negotiation of changes to proceed without potentially dam-
aging the important trust relationship that is so essential to a successful DB project.
It also allows the identification of gaps and overlaps in the estimate. Some public
agencies have specific formats in which contractors must organize their change
proposals. Regardless of the administrative procedures mandated for the change
process, change order costs can essentially be grouped into the following generic
categories:

* Direct costs: costs associated with the specific feature of work being
changed.

* Indirect costs: costs associated with overhead at both the project and
home office levels which are normally added to direct costs to calculate
total cost.

* Schedule-related costs: costs associated with the change in the project
schedule.

* Impact costs: costs associated with unchanged work that is affected by
the change.

Direct Costs

Direct costs are best subdivided into the direct costs of design and those related to
construction. It is possible in a DB project to have only one phase of the project
affected by a change. Thus, while it is appropriate to consider how design changes
affect construction costs, it is possible that the solution can have no effect at all.
The same rule applies to construction changes. If the owner is able to convey the
change in a manner that does not require the design-builder to either lose previ-
ous design effort or to redesign the given feature, then there will be no direct
design costs.

Given the above discussion, direct costs are self-explanatory. The major shift in
DB from DBB change order estimating is to ensure that both the design and con-
struction phases are adequately considered. Direct costs will generally be of a
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nature that is tied to the actual production of the design and construction products
that are associated with the change order.

Indirect Costs

DB contracting does not change the concept of estimating indirect costs. These
costs are essentially the costs of doing business that furnish the products covered
by the direct costs. What can be tricky in DB is the increased number of members
of the design-builder’s team whose indirect costs might be affected by a change.
Because design and construction can be done in parallel, it is common to find con-
struction trade subcontractors furnishing portions of the design. For instance, a
licensed engineer working for the electrical subcontractor may complete the elec-
trical design, eliminating the need for the DOR to hire an electrical subconsul-
tant. Thus, it is possible for a “construction” team member to need to add both
direct and indirect costs to a change that appears to be purely design.

The other issue in computing DB indirect costs deals with the requirement by
many owners for members of the design-builder’s team to co-locate during proj-
ect execution. Co-location offers many advantages but it is not free. In fact, it can
add a third level of overhead beyond the traditional job site and home office indi-
rect costs. It also generally increases the indirect costs above typical levels due to
the need to supply redundant facilities and services as well as additional adminis-
trative personnel whose function would normally be handled at the home office.
The easiest way to approach this issue is to view the indirect costs of co-location
as merely an extension of the job site overhead costs as they are in fact project-
specific.

Schedule-Related Costs

The schedule-related costs meant here are those that directly spring from the
change in the scope of work related to the given change order. Thus, these are usu-
ally quite straightforward and will be identified during the change order analysis.
They will include such costs as extended overheads if the change occurs on the
project’s critical path; increased labor rates if the change forces the work into a
period where union wage scales are increased; premium pay for labor that must
work extended periods to achieve critical milestones; and expediting costs for
materials and equipment that may have become critical due to the change.

Impact Costs

Impact costs are related to the unchanged work, and identifying them is not only
indirect but also quite abstract. One author describes them as “very broad, intan-
gible, and susceptible to a large variety of situations” (Cullen 2005). By and large,
impact costs flow from the acceleration or delay of the unchanged work. Quanti-
fying them can be very difficult. Picking a typically abstract example, it is extremely
hard to quantify the cost of a project-wide work slowdown due to a pending



214 Project Administration for Design-Build Contracts

change order. It is an established fact that subcontractors and foremen will literally
reduce production until they know whether their piece of the project will be
changed. Once they find out that it will not, full production resumes but a mar-
ginal delay has indeed been recorded. In DB, the situation is even more complex
in that impact costs must be identified in both the design and construction process.
Thus, the process must ensure that all aspects of the DB project are reviewed on a
case-by-case basis to identify potential impact costs.

The federal government uses a procedure in this portion of change order analy-
sis to separate impact costs into two categories: factual and judgmental (Cullen
2005). “Factual impact costs” are those where documentation exists to both estab-
lish their existence and help bound their value. An example would an equipment
rental agreement that was extended due to the change’s impact. According to
Cullen (2005), typical factual impact costs are:

* Escalation of material prices

* Escalation of labor wage rates

* Change in equipment rates

* Increase from extending the storage period for materials and equipment

* Increase from extending the contract for labor cost and subsistence

* Increase from a longer period of equipment rentals or use

* Increase from a longer period of utilizing overhead personnel, materials,
and utilities

* Increase from a longer period of providing overhead and project office
services

To this should be added:

» Travel costs to bring specialty subconsultants to the project site to
evaluate design alternatives for the change in light of existing field
conditions

“Judgmental costs” are defined as “those that are dependent on variable factors
such as performance, efficiency, or methodology and cannot be stated factually
prior to actual accomplishment. These must be negotiated and based upon experi-
enced judgments” (Cullen 2005). Negotiating these costs will greatly depend on
the credibility of the DB team and the strength of the mutual trust at the time of
the change order. A previous study of partnering in DBB projects underscored the
value of executing the project in a trustful business relationship (Gransberg et al.
1999).That study found that partnered projects had more change orders than those
that were not partnered, but that the average cost of a partnered project’s change
order was less than half of that found on a non-partnered project. That led the
authors to conclude that the owner’s willingness to consider contractor-requested
changes was returned by the contactor keeping the costs as low as possible. The
lesson for DB change order negotiation is for the owner to ensure that it is willing
to consider any and all judgmental impact costs during negotiations, and not reject
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these types of impact costs out of hand because no specific documentation can be
produced to factually support their existence.

The paper by Cullen (2005) does an excellent job of describing the process of
identifying and calculating judgmental impact costs, and lists typical ones as:

» Change of efficiency resulting from rescheduling

* Loss of labor efficiency resulting from longer work hours

* Loss of efficiency caused by disruption of the orderly existing processes
and procedures

* Inefliciency from tearing out completed work and the associated
lowering of morale

* Loss of efficiency during rescheduling of manpower

* Inefficiency incurred from resubmittal of shop drawings, sample
materials, etc.

» Additional costs resulting from inability to transfer manpower expertise
to other work (Cullen 2005)

To this should be added:

* Increased design cost due to the need to use senior designers due to time
constraints.

The bottom line for DB change order costs relies on the careful and fair analy-
sis of all the components of the change in light of the level of design completion
at the time the change is identified. The need for a strong level of trust in contract
execution is most keenly felt when there is a need to change the scope of work. At
these times the design-builder must work hard to ensure that the cost, time, and
impact of the change are mitigated, and to act as an advocate of the owner as it
defines the actual technical and business aspects of the change. On the other side,
the owner must control its level of anxiety and come to the table with an open
mind. It should adopt an attitude that it is willing to pay all allowable and allocable
costs that the design-builder is able to support through either factual or judgmen-
tal means.

Value Engineering Changes

Chapter 3 cited the following Federal Acquisition Regulation (FAR) definition of
VE, but it is germane to repeat it here:

The systematic application of recognized techniques by a multi-disciplined
team to identify the function of a product or service, establish a worth for
that function, generate alternatives through the use of creative thinking, and
provide the needed functions to accomplish the original purpose of the proj-
ect, reliably, and at the lowest life-cycle cost without sacrificing safety, neces-
sary quality, and environmental attributes of the project. (Blanding 2005, p. 3)
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VE is required on all federally funded projects, and the government requires that a
VE study be conducted during one of the following phases of project development:

* Initial concepts
* Comparison of alternatives
* Final design (Blanding 2005)

Of the above three phases, final design is the one that is certainly included in
the execution period of a DB contract. The initial concepts and comparison of
alternatives phases typically occur before DB contract award. However, it is possi-
ble that alternatives may be generated by the design-builder post-award, specifi-
cally for VE. Therefore, the typical progression of a design-build project encour-
ages the long-standing VE principle that savings are maximized by conducting
VE as early as possible. A white paper produced by The Haskell Company states,
“Value engineering works best as a collaborative, integrated process, not a set of
singular examinations” (The Haskell Company 2008). In DB project execution,
the earliest point would be at the pre-work conference conducted shortly after
contract award. Our previous book recommends that an agenda item for this first
conference be the consideration of alternatives not contemplated in the RFP or
the winning proposal (Gransberg et al. 2000).

When dealing with VE change order costs, one must have a baseline against
which the change in cost, time, and/or impact is measured. There is some con-
troversy regarding the ability to actually conduct VE in a DB project. Two
researchers explain the issue like this: “Design-build contracts do not usually
include value engineering clauses for the simple reason that the owner has not
provided a design that can be value engineered” (Cushman and Loulakis 2001).
This school of thought maintains that all the VE that can be done in DB should
be accomplished before the RFP is released, and that any remaining VE will be
done by the design-builders in their competitive proposals. This ignores the
possibility of the owner unintentionally—through ignorance or omission—
eliminated a possible alternative that would in fact add project value. It also
erroneously defines the “design” as only the completed construction documents
and exposes a DBB mentality that requires a completed design that benchmarks
any VE savings.

Fortunately, the literature contains a number of examples of successful VE
during DB contract execution. According to Lewis & Zimmerman Associates,
Inc. (2008),VE in DB should be conducted throughout the DB project’s life
cycle by the party that controls the details of design at any given stage. In this
approach, the owner should consider conducting VE studies during the follow-
ing stages:

* Concept design

» Completion of preliminary design
* RFP documents before advertising
* Submitted proposals before award
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The design-builder then conducts VE studies post-award at the following stages:

* VE of the proposal demonstrating specific action to improve value on
the project

* VE of the project to develop Value Engineering Change Proposal
opportunities, as permitted by the Owner (Lewis & Zimmerman
Associates, Inc. 2008)

Given the above discussion,VE change order costs would be accumulated in
much the same manner as normal change orders, using the most current design
documents as the baseline against which to compute both costs and savings. Most
federal DB contracts include a VE clause to allow the government to capture
potential savings throughout the DB project’s life cycle, and do not limit VE to the
design phase.

To summarize this discussion of change management, change is inevitable and
thus both owners and design-builders must enter the DB project armed with a
plan to manage change as it occurs. Successfully implementing a change manage-
ment plan requires that the relationship between the two parties be such that pre-
cise, accurate communications of actual project conditions and events can be trans-
mitted without fear of reprisal. Research has shown that the partnering process
helps develop this level of trust, and assuming an “open books” attitude toward
sharing the cost, time, and impact data that make up the body of a change order
proposal helps reinforce the credibility of both parties. DB is not a magic bullet
that automatically shifts the liability for changes to the design-builder. However,
the qualifications-based, best-value selection of the design-builder creates an incen-
tive for the design-builder to accommodate the owner’s preferences and mitigate
the impacts of unavoidable changes as a means of enhancing its competiveness for
the owner’s next DB project.
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EIGHT

Progress Payments during Design
and Construction

Every action that takes place in executing a DB contract revolves around the
design-builder satisfactorily completing some requirement so that it can get paid,
or the owner determining that a given requirement has satisfactorily been com-
pleted so that it can pay the design-builder. The design-builder’s proposal will be
predicated on an expected cash flow of progress payments; if that is not realized,
the design-builder will begin to incur additional costs of financing that will erode
the project’s profit margin. One author describes the impact to a DB project when
actual cash flow does not mirror planned cash flow:

Too often on large projects, design-builders get behind in their compensa-
tion from the owner because of unresolved differences of opinion. ... When
this happens, parties can quickly become adversarial instead of working
together for the good of the project. With financial difficulties caused by cash
flow problems, genuine problems with the project can develop as a result.
(Holland 2002)

Therefore, understanding the payment process and how it affects the DB contract
administration is critical to the success of the project.

First, one must understand the motivation for progress payments in all types of
project delivery methods. Owners make progress payments to avoid paying the
cost of design-builders having to finance the entire project themselves. In the pub-
lic sector, owner agencies are often not allowed to award a DB contract unless the
funding for the project is authorized and available. Thus, because the funds for the
project are on hand, it makes sense to leverage them to reduce overall project cost
by making them available to the design-builder as satisfactory progress is made.
These regulatory restrictions are not normally in effect in the private sector, but
private sector owner/developers do not enter into major capital investments such
as facility construction unless they are assured of financing. Again, using these funds
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to make progress payments will reduce project carrying costs (i.e., the financing
cost to the design-builder after DB contract award).

Progress payments are normally made after the satisfactory completion of con-
tract design and construction work packages. As such, they constitute the DB pro-
ject’s financial progress and must necessarily reflect the project’s physical progress.
As a result, they constitute a powerful project control tool by converting the
progress of all of the project’s work into a single common unit of measure: the dol-
lar. Figure 8-1 shows how the concept of progress payments relates to the DB proj-
ect quality assurance (PQA) universe discussed in Chapter 4. Essentially, progress
payments are made when the owner is willing to allow design products to be
released for construction, and when constructed products are inspected and found
to comply with the approved design.

The major issue from the owner’s perspective in determining the amounts of
progress payments is to protect itself against the potential for design-builder default.
The owner must ensure that it does not overpay the design-builder at any point in
the project because, if default occurs, the project will not have sufficient funding to
be completed. On the other hand, if the owner is too conservative in its published
payment scheme (e.g., mandating a large percentage of retained earnings), it will
force the design-builder to finance more of the project’s cost and the project’s pro-
posed price will thus be increased to include the carrying costs. Therefore, the
owner is treading in a narrow range defined by the maximum amount it should pay
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Figure 8-1 DB project quality assurance universe.
Source: Adapted from Gransberg et al. (2008), Figure 3.
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at any point in time to manage default risk, and the amount it can afford to pay for
financing charges that do not put bricks and mortar into the project. The good news
in DB contract administration is that the use of a best-value award method reduces
the risk of default through the prequalification process used to select a design-
builder. The owner gets to make a qualifications-based selection of both the designer
and the constructor. Thus, the potential that an incompetent or unqualified con-
structor will win the job is significantly decreased. This allows the owner to be less
conservative when designing its DB progress payment scheme, which should be
reflected in marginally lower project costs. The major mistake made by many public
owners is to roll their DBB contract payment clauses over into their DB contracts,
thus unwittingly losing the cost benefit of the best-value award.

Most DB projects utilize the “Schedule of Values” as the contractual basis for
calculating progress payments. According to Sidney G. Saltz, a senior counsel with
Holland & Knight, LLP,“A Schedule of Values is a compilation of the values of
the various phases of the work, so that requests for payment to the design-builder
can be evaluated” (Saltz 2007, pp. 8-11). It essentially requires the design-builder
to assign a value or budget for every activity on the DB project’s schedule. Then,
upon owner review and approval, it allows the development of a periodic pay esti-
mate to be made for those activities that were underway during the pay period.
Simply put, the design-builder can ask for 50% of a given activity’s value if it can
prove to the owner that the activity is half completed and the work done so far
complies with the contract quality requirements. Owners, designers, and builders
in the architectural construction area have long been familiar with the Schedule
of Values and how to implement it effectively. However, those in the heavy civil
arena are accustomed to unit price contracts, where measured quantities of unit
price pay items are used to compute progress payments and where the risk for
quantity overrun is held by the owner. Therefore, the transition to a lump-sum DB
contract and the Schedule of Values must be carefully managed to ensure that all
parties understand the financial implications to their standard business practices.

This chapter will cover the six major components of the DB payment scheme:

Payment for design progress.
Payment for construction progress.
Retainage and final payment.
Limitation on payments.

Incentive payments.

SNtk N

DB project cost control.

Payment for Design Progress

Paying for design progress is fundamentally different from paying for construc-
tion progress, in that intellectual property is developed in design whereas tangible
property is developed during construction. Complicating the issue is the fact that
design 1s inherently an iterative process where the designer-of-record (DOR) must
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reconcile the design products of each discipline with the design products of all the
other disciplines. This usually necessitates a certain amount of redesign by most of
the design professionals on the DB team. This is part of the normal process, and its
cost should have been included in the value of the design services included in the
DB price proposal. This begs the question of how an owner can know when the
design of a given element is satisfactorily completed if it might be changed later in
the design process to deconflict it with another discipline’s output. On the design-
builder side, the issue is one of generating sufficient cash flow during the design
process to support the efforts of the design team while ensuring the integrity of
the design process. In our previous book, the concept of “design commitment”
was proposed as a solution to this conundrum (Gransberg et al. 20006). It is also
discussed in Chapters 3 and 7 in this book as well as in the next section.

Design Commitment

Design commitment is a concept that permits the owner to manage the design
responsibility during project execution. As previously stated, the design-builder
effectively “owns” the details of design during project execution. Thus, it can change
working drawings to accommodate budget and schedule constraints. This is particu-
larly necessary in DB projects that are formed using a firm, fixed price or lump-sum
contract because the owner is forcing the design-builder to commit to a price before
the details of design are known. However, to make progress payments for satisfacto-
rily completed construction, the owner must have a finished design document to be
able to determine the physical percentage of completion. In other words, How can
the owner determine that the concrete in the foundation is 20% complete when
the design of the foundation is subject to possible change? Therefore, the concept of
design commitment has evolved to facilitate the progress payment process.

Design commitment is made when a working drawing and/or specification
becomes a construction document approved by the DOR for construction. In
other words, the DOR is indicating that no further design work is contemplated
and that this feature of work is ready for final owner review. Additionally, the
design-builder is indicating that the committed design product has been priced
and that the work can proceed according to the approved schedule. Thus, the
owner’s representative has a yardstick with which to measure the construction
progress and authorize progress payments. Any change after design commitment
requires a bilateral agreement. Before design commitment, either the DOR or the
design-builder can make changes as required to meet technical, budget, and sched-
ule constraints as long as they comply with the technical requirements contained
in the contract. Thus, design commitment essentially acts as a payment mechanism
as well as a means to communicate the progress of design effort in a DB project.

Payment Formula for Design Completion

In order to make a payment for completed design, the DB contract must have a
formula to pay for design progress and a method to measure its timeliness. The
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owner could require that the design-builder break out design fees in the Schedule
of Values, either by major feature of work (e.g., foundation, superstructure) or by
milestone (e.g., 50% design submittal, 90% design submittal, and so forth for an
engineered project; or conceptual design, schematic design, and so forth for an
architectural project). A third method is to pay by the completed sheet of design
drawings. The first method rolls the design activities nicely into the construction
schedule and makes paying for construction on the condition that design is com-
plete and visible on the project schedule itself. The second method seems to be
the more commonly used because it is used by both owners and designers in a
DBB design contract. The third method turns the design process into a unit price
environment where the bias is toward completing as many sheets as possible to
maximize the design fee; this is not recommended.

Regardless of the design package designation method, the design payment
clause should require that design commitment for a given feature of work be
required to claim the full design fee allocated to that feature. This can be easily
demonstrated by construction drawings and specifications being complete and
approved for construction by the DOR.This approach is carried over into the pay-
ment for construction. The clause should state that no payment for construction
would be made unless the design is complete and design commitment for the
given feature of work has been made. Additionally, all requisite shop drawings and
submittals must also be approved by the DOR. Box 8-1 also shows how one fed-
eral agency worded those clauses to fit with its design commitment clause.

Determining an accurate activity completion percentage for a design activity is
complex, if not impossible. The lack of tangible benchmarks puts this squarely into
the realm of professional judgment. However, the owner can use the output of the
design QA program discussed in Chapter 4 to assist in determining design activity
progress. For example, a design submittal that has been reviewed and has no signif-
icant deficiencies to correct indicates that the activities necessary to complete it
are nearly finished. The opposite is true for a submittal in which owner review
revealed a substantial need for design work to make it compliant with contract
requirements. This will be easier to do if the design submittals consist of discipline-
specific work packages rather than design milestones. To gauge the level of design
completion, the owner can ask the following questions:

*  What specific design information does the builder need to have to
properly construct?

* How long will it take to design each feature?

* At what point during the design process can construction of each feature
begin?

*  How much design will be done by trade subcontractors in submittals?

A design submittal that contains enough design detail to permit it to be con-
structed and perform as required by the contract is nearly complete. The length of
time required to complete a given design submittal is proportionate to the num-
ber of disciplines that must contribute to its content and be coordinated. Thus, a
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Box 8-1 Sample Roles and Responsibilities of the Designer-of-Record, and
Design Commitment and Design-Build Payment Clauses

H.8 RESPONSIBILITY OF THE CONTRACTOR FOR DESIGN

(a) The Contractor shall be responsible for the professional quality, technical
accuracy, and the coordination of all designs, drawings, specifications, and any
other non-construction services furnished by the Contractor under this
contract. The Contractor shall, without additional compensation, correct or
revise any errors or deficiency in its designs, drawings, specifications, and other
non-construction services.

(b) Neither the Government’s review, approval or acceptance of, nor payment for,
the services required under this contract shall be construed to operate as a
waiver of any rights under this contract or of any cause of action arising out of
the performance of this contract, and the Contractor shall be and remain liable
to the Government in accordance with applicable law for all damages to the
Government caused by the Contractor’s negligent performance of any of the
services described in paragraph (a) furnished under this contract.

(c) The rights and remedies of the Government provided for under this contract
are in addition to any other rights and remedies provided by law.

(d) Roles and Responsibilities of the Designer-of-Record: The Designer-of-
Record (DOR) is the single point of responsibility for all design decisions and
design products for the Design-Build Contractor and shall supply the required
professional liability insurance. The DOR shall review, coordinate, deconflict
and approve for construction all design and extensions of design produced all
members of the DB contractor produces it and internal contractual
arrangements between members of the DB contractor’s team including design
subconsultants, construction subcontractors, material suppliers and other entities
as required. The DOR shall indicate review and approval on all record drawings,
specifications, and . . . by fixing a stamp indicating approval for construction or
the DORs seal as appropriate. The DOR shall ensure that all design product
has been priced and found to conform to the requirements of the construction
schedule and the DB contractor’s budget prior to submitting them to the
government for review and before finally approving elements of design work
for construction in accordance with the clause entitled “Design Commitment.”

() The DOR shall conduct and document regular jobsite quality assurance
inspections and verify that the contractor’s quality control system and
construction quality conforms to the record drawings and specifications. The
DOR shall verify in writing that all partially completed design and
construction is in good order before partial payment is claimed by the DB
contractor for those items of work. The DOR shall conduct a prefinal
inspection, prepare a punchlist, and then conduct a subsequent inspection to
ensure that all items on the punchlist have been corrected PRIOR to the DB
contractor scheduling the owner’s pre-final inspection.

(Based on FAR Clause 52.236-0023,“Responsibility of the Architect-Engineer
Contractor (APR 1984)”)
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Box 8-1 Sample Roles and Responsibilities of the Designer-of-Record, and
Design Commitment and Design-Build Payment Clauses(continued)

H.8a DESIGN COMMITMENT

The DB contractor owns details of design during the project and may change
them on working drawings and specifications as required to meet budget and
schedule constraints. DB contractor can change working drawings to
accommodate budget and schedule constraints.

The DOR shall establish a drawing and specification numbering system that clearly
labels each design product and indicates whether the specific item is a working
document subject to unilateral change or a final document. Final documents have
been priced, scheduled, and approved by the DOR for construction.

Once a document has been identified as a final document, then design
commitment will have occurred by the DB contractor. Design commitment
means that the feature of work conforms to the DB contractor’s budget,
schedule, the quality requirements of the contract, and will be constructed as
detailed in the final document. Design commitment must be made prior to
submitting a feature of work for final review and approval by the government.
The DOR will sign and seal all final drawings and specifications.

Any changes to documents for which design commitment has been made will
require approval of the government.

H.8b PAYMENT FOR DESIGN

Payment for satisfactorily completed design work will be as determined in the
schedule of values associated with the Design-Build Contractor’s approved
project progress schedule for progress. The Contractor may break out design
fees in the price proposal by major feature of work or by design milestone as
required by the requirements for the price proposal as detailed in the RFP.

No partial payment will be made until working drawings and specifications for
the identified feature of work or design milestone are reviewed and approved
for payment by DOR.

The government reserves the right to reduce the design fee claimed on any
progress any request if significant changes have been made to working drawings
previously claimed for payment.

Design commitment must be made on each identified feature of work to claim
the full design fee allocated to each feature.

H.8¢ PAYMENT FOR CONSTRUCTION

No partial payment for completed construction will be made until the design is
complete and design commitment has been made for that feature of work.No
payment for completed construction will be made until all requisite shop
drawings and submittals have been reviewed and approved for construction by
Designer of Record.

Source: USAID (2001).
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short duration on a design activity can signify that it is relatively simple and easy
to finish, whereas a long duration indicates more complexity and it will not
progress as speedily due to the need to coordinate the input of several designers.
Next, some features of work, such as electrical and mechanical systems, cannot be
released for construction until their design is 100% complete. Others, such as site
work, are flexible or simple enough that corrections to comply with the details of
their final designs are easy and inexpensive to make, which allows the design-
builder to begin physical work before the full design is formally released for con-
struction. Finally, trade subcontractor submittals are design extensions of the con-
struction documents. If a feature of work is essentially going to be defined by the
trade subcontractor, it is in the project’s best interest to initiate the subcontractor’s
progress and allow it to complete those critical design submittals. Thus, the
“design” for that feature of work will consist of performance specifications and
sufficient drawings to permit the subcontractor to develop the necessary detailed
design products.

Payment for Construction Progress

If the DB contract is structured to not allow construction to begin before the final
design 1s approved, then payment for construction is no different than it would be
in a DBB project. However, because the major benefit of using DB is the ability to
compress the delivery period to as short as possible, most DB projects will have
design and construction occurring in parallel. This necessitates a different approach
to paying for construction progress. This approach requires the following four
events to be complete before a design-builder can claim the full value of a given
construction activity:

1. The design associated with the construction activity is complete.

2. The design associated with the construction activity has been reviewed
and found to be in compliance with the contract.

3. The design-builder has made design commitment for that activity.

4. The constructed product is complete and has been inspected in
accordance with the approved QA/QC plan and found to be compliant

with the contract.

Determining Activity Progress

By veritying the design commitment, the payment formula for design completion,
and the payment formula for construction progress, the owner is ensuring that it
can measure 100% completion for that particular activity. By applying this
approach across an entire feature of work, the owner has protected itself against
unintentionally overpaying for perceived progress, and has put the responsibility
for defining the details of construction progress on the DOR where it belongs.
Thus, it makes sense to require the DOR to review and validate each periodic pay
request to ensure that the construction progress tracks with actual design progress.
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If the construction progress gets ahead of the design progress, then the design-
builder is proceeding at its own risk and the owner is not obliged to pay anything
beyond the work associated with the current approved design. However, this is not
to say that the owner does not have the option to pay for the accelerated work if it
believes it is satisfactory and will not change as the design evolves.

Obviously, those activities whose design 1s complete and that are physically fin-
ished can be judged to be 100% for purposes of the periodic pay estimate. How-
ever, the owner must ensure that all submittals prepared by the trade subcontrac-
tors involved in the construction activity have been reviewed and approved by the
DOR to make a final determination. The possibility exists in a fast-moving project
that the construction will get ahead of the paperwork. Because submittals such as
shop drawings and catalog cuts are the final extensions of design detail, it is impor-
tant to ensure that they are in line with the construction documents. As the DOR
produces the construction documents, it is the entity best suited to properly exe-
cute this review. Thus it is in the owner’s best interest to ensure that this critical
step has been taken before agreeing to pay the full value of a construction activity.
Additionally, this approach keeps the owner from inadvertently assuming design
liability by approving a submittal that constructively changes the DOR’s design.

Finally, payment for partial construction activity completion must be inextrica-
bly linked to the project’s construction QA/QC program. This is the test for ade-
quacy of materials and workmanship. Thus, as is detailed in Chapter 6, the owner
may choose to withhold payment on those activities whose quality is in question.
Figure 8-2 illustrates the owner’s decision process as it reviews the design-builder’s
periodic pay estimate to determine the appropriate percentage of completion for
each construction activity. It shows that there are three possible decisions for each
activity. If the activity passes all the gates described above, the owner should author-
ize payment of the full amount requested for that activity. If design commitment
has not been made, the owner can choose to pay a portion of the requested amount
if it feels that construction quality 1s adequate and the feature of work will proba-
bly not change during the remaining design process. However, if either of these
conditions is not met, then the owner has no assurance that what has been built
will ultimately comply with the requirements of the final design. Therefore, it can
reasonably reject the request for partial payment on the construction activity. The
final issue is the same as in DBB construction administration: the resulting con-
struction product must not have any unresolved quality issues before it is declared
complete for pay purposes.

The New Brunswick, Canada, DOT uses a device that links payment for DB
project construction project directly to what it terms its Quality Management Sys-
tem (QMS). A paper presented at the 55th Annual Quality Congress details the
process as follows:

A novel feature of the DDB [Developer DB or PPP] Agreement is the iden-
tification of Quality Management as a “line item” in the Guaranteed Maxi-
mum Price (GMP) of the project. This item, approximately 4% of the GMP,
is scheduled as a series of maximum monthly amounts (varying with season
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and certain project milestones) to be paid out based on an independent
assessment of the effectiveness of the QMS. ... The method of assessment
introduced by the IA [independent auditor| at the commencement of the
agreement used a random auditing of an exhaustive list of requirements in
the DDB [PPP] agreement. Random samples proportional to the budgeted
or estimated cost of fulfilling each requirement were audited each month.
The degree of conformance was reported as the total conformances divided
by the total month’s sample size (% of conforming observations). (Collier
et al. 2001)

That Canadian public agency then uses the degree of conformance to deter-
mine the percentage of the monthly QMS payment earned. Thus, the developer
has essentially 4% of its project cash flow at risk and the aggressive payment algo-
rithm creates a financial incentive to ensure satisfactory quality. The authors of this
report go on to conclude:

To compete . ..1in today’s environment, a company must be willing to agree
to world-class requirements for quality. By aligning quality requirements . . .
and incorporating them directly into the agreements, the advantage went to
the proponent who [proposal that] would accept extra responsibility and
seck to delegate it effectively. This arrangement also allies the Owner and
the Developer closely in pursuit of their common interest—the Public—
Private Partnership. (Collier et al. 2001)

Payment for Materials

The long-standing practice of allowing payment for materials on-site that have
not yet been incorporated into the project must work a bit differently in DB. The
owner should ensure that the DOR has inspected and approved the materials as
being in compliance with the construction documents as well as any applicable
subcontractor submittals. This can be done by requiring a certificate from the
DOR to accompany any pay application that requests partial payment for materi-
als on-site. If the routine pay request procedure already requires the DOR to
review and validate the request, as suggested above, the certificate for materials
can be dispensed with. The purpose for involving the DOR in this transaction is
fourfold. First, it ensures that the materials are indeed the ones that the DOR
approved for construction. Second, it protects the owner in the unlikely event of
default from having paid for materials that do not meet the approved design. Next,
it empowers the DOR on the DB team by giving it the authority to influence
the design-builder’s cash flow. This creates an incentive to maintain good internal
relations with regard to the integrity of the design during the construction
process. Finally, it forces the DOR to stay involved in the project from start to
finish and stimulates it to include an adequate fee for construction administration
in its design fee proposal.
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In DB projects that involve a significant amount of expensive capital equip-
ment, there is another technique than can be used to reduce carrying costs during
construction. In many cases, the design-builder will have to pay up to 50% of the
cost of a major piece of equipment up-front when it places the order. If it takes
several months before the equipment is manufactured and shipped to the project,
the design-builder will have to finance that amount for that period because it has
no ability under the typical DB payments clause to request a partial payment until
the equipment has arrived on the project site. In an industrial process project such
as a water treatment plant, the value of the capital equipment can be a large per-
centage of the total project cost, creating a significant increase in project cost due
to short-term financing. In this case, the owner can require that the order be placed
in the owner’s name and then pay the design-builder when it presents a certified
receipt for the deposit showing that the equipment will become the owner’s prop-
erty. In that way, if the design-builder were to default before the equipment is
delivered, the owner will still receive it and can then have it installed by the new
contractor.

Retainage and Final Payment

The practice of subtracting a retained percentage of earnings from every progress
payment is a holdover from DBB contracting practices. Many public agencies are
required by law or regulation to include retainage clauses in all construction con-
tracts. The definition and motivation for retainage is described by one public
agency as follows:

Retainage is a common construction contracting practice whereby a certain
percentage of compensation is withheld by the project owner from the gen-
eral contractor and, in turn, by the general contractor from subcontractors
until the project is completed satisfactorily. R etainage is also used as leverage
to assure timely completion. (OPPAGA 2000, p. 1)

Most owners to do not realize the impact of retainage on the construction pro-
ject’s bottom line. One study found that the practice of automatically imposing
retainage without regard to project progress caused general contractors to raise
prices by 2.2%, and subcontractors to increase prices by 3.6% (Bausman 2005).The
trickle-down effect on subcontractors multiplies as the number of tiers of subcon-
tractors increases due to “pay when paid” clauses increasing the delay in payment at
each tier. In 2005 Jerry Yakowenko of the Federal Highway Administration con-
ducted a survey of public transportation agencies on retainage policies in DB con-
tracts and found no clear trend as to an appropriate amount of retainage on DB
projects. Instead, he found that retainage was more a function of “the agency’ poli-
cies, or state law, than on any particular concerns relating to design-build”
(Yakowenko 2005). The same study found that two agencies, the Ohio DOT and
Greenville County, North Carolina, did not withhold retainage on DB projects.
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Design-Builder's Perspective on Retainage and Final Payment

Before making the decision to withhold retainage, the owner should consider the
perspective of the design-builder and its team of designers and constructors. It
should also evaluate the possible impact on project financing that will find its way
into the DB price proposal. Project risk is manifested in the price of a DB project
in a number of ways. First, design-builders will include contingencies for specific
risks such as design errors or scope creep. Next, they will delegate the exposure to
certain risks through their subcontracting plan, handing off the risk to their subs
who in turn reflect those risks in their prices. Design-builders can also account for
some risks by purchasing insurance to guard against specific losses. Finally, the pro-
ject’s overall risk is addressed in the profit margin added to the bottom line. That
profit margin is indicative of how much money the design-builder feels it needs to
make to expose itself to the risk of project failure. Thus, the profit margin is pro-
portionate to the risk.

One risk that must be accounted for is that final payment and release of
retainage will not be made in a timely fashion. In DBB projects, it is common for
release of retainage to take months after the project’s substantial completion while
the owner and the contractor haggle over punchlist corrections or when there is
an outstanding claim. When one considers the fact that “[t]ypically engineering
might carry a profit margin of 15% ... and construction management and/or
construction 4% to 5%” (Weaver and Weston 2001, p. 269), retaining 10% of each
progress payment essentially puts the project’s entire profit at risk. Assuming the
15% design fee to be about 5% of the total contract would yield a weighted aver-
age profit for the entire DB project of 5.5%.Thus, a 10% retainage also requires
the design-builder to finance 4.5% of the project’s costs as well. Financing rates
on short-term unsecured construction loans run between 12% and 18% (1.0% to
1.5% per month) depending on individual’s borrower credit ratings (Mega Loan
Funding 2008).

Table 8-1 shows how retainage affects the actual profit margin in an example
$10 million DB project with a target profit margin of 5.5%, over the range of

Table 8-1 Example of Retainage Impact on Profit Margin

Total Months

Retainage =~ Monthly before Actual  Actual
Retained on $10M Finance  Release of  Finance Project Profit
Percentage Project Rate Retainage Cost Profit Margin
0% $0 NA NA NA $550,000 5.5%
5% $500,000 1.0% 3 $15,000 $535,000 5.4%
5% $500,000 1.5% 3 $22,500 $527,500 5.3%
10% $1,000,000 1.0% 3 $30,000 $520,000 5.2%
10% $1,000,000 1.5% 3 $45,000 $505,000 5.1%
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financing rates. In this example, the owner holds the retainage for three months
beyond project completion. Assuming that the design-builder is unwilling to
propose on the project if it does not make at least the 5.5% target profit margin, it
needs to add $45,000 just to cover the financing cost during the period before
release. This does not include the cost of financing the retained earnings during
the period leading up to substantial completion. In the extreme case, if the design-
builder believes there is a high probability that the retainage will be held indefi-
nitely due to a claim, it would need to add $550,000 to the project cost if it does
not want to put its profit at risk.

Options for Retainage in Design-Build Projects

Before including the standard DBB retainage clause in a DB contract, the owner
should carefully consider the differences between the two project delivery methods.
In traditional low-bid DBB, it is possible—even probable—that the owner may
have to award the project to a constructor with which it has no experience and
whose qualifications consist only of being able to furnish the necessary bonds
and other securities. In DB, the owner has the option to prequalify interested
design-builders by using the two-phase award method, with the first phase being
an evaluation of qualifications. In the first phase, the owner can require the
design-builder to have specific types of qualifications and past experiences, which
reduces the owner’s risk of awarding to an incompetent constructor. Next, the
design-builder’s performance on the current project will directly affect its com-
petiveness to win the next project from the same owner. Additionally, other own-
ers that use DB will require references from past DB projects before awarding a
contract. Therefore, there is a strong incentive for the design-builder to satisty the
owner’s requirements and deliver a high-quality project. One way to get a good
recommendation is to complete the punchlist in a timely manner. There is also a
disincentive to submit claims on minor issues for fear of “poisoning the well” for
future projects. As a result of these differences, the need to hold a substantial
amount of retainage as leverage for the design-builder to complete the punchlist
1s arguably reduced.
There are four options for retainage in DB projects:

» Cease imposing retainage at a point in the project where it appears that
the design-builder will be able to satisfactorily complete the project.

» Tie retainage to satisfactory progress.

* Retain a fixed sum for specific purposes.

e Only impose retainage during pay periods where quality issues remain
unresolved.

In the first alternative, at the start of the project the owner withholds the stip-
ulated percentage of retained earnings, and it reserves the right to continue
retainage throughout the life of the contract. At some point the design-builder’s
performance demonstrates that it will be able to complete the project to the
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owner’s satisfaction. In other words, the owner is pleased with the design and
construction effort, and the project is proceeding according to the agreed-upon
schedule. The owner then rewards the design-builder by ceasing to withhold
retainage as long as the satisfactory performance is perpetuated. In this option the
owner can even choose to begin refunding retainage if it believes this action is
warranted. This approach creates a tangible financial incentive to maintain the
schedule and comply with contract quality requirements by reducing the amount
of carrying costs that will actually be experienced, thus marginally increasing the
profit on the project.

The second approach is designed to create an incentive to maintaining the pro-
posed schedule and is best used on schedule-driven projects. Retainage is only
imposed if the project is falling behind schedule or has serious quality issues that
will put it behind schedule due to the requirement for rework. In this approach,
the project’s schedule is analyzed in each pay period and this analysis determines
whether or not retainage is imposed on that period’s progress payment. Addition-
ally, if the project falls behind schedule due to the owner’s actions or lack thereof,
the contract completion date should be reestablished to make future pay estimates
easy to analyze. In this approach the owner could also refund the retainage if the
design-builder is able to regain the approved schedule. The cost savings due to
refunded retainage may in fact mitigate the cost of crashing critical activities to
reestablish the original schedule.

The third option seeks to “make the punishment fit the crime.” In this case,
retainage would be tied to only those issues that are unresolved. For instance, if
during a review a specific design subconsultant’s product is found to not comply
with the contract, the entire value of that activity in that pay period would be
retained until the deficient work 1s corrected. The same logic applies to trade sub-
contractors. Rather than “punish” the entire project by retaining a fixed percent-
age on all work, the owner would designate the work upon which retainage would
be imposed, and its amount. This allows the design-builder to fully pay those sub-
contractors whose work is satisfactory through its standard “pay when paid”
subcontract clauses. Again, the owner has the option of refunding all or a portion
of the retained earnings when the deficiencies that triggered the imposition of
retainage are corrected.

The final method is to make retainage function as an incentive to produce high-
quality design and construction. The logic behind this approach requires the out-
put from the project QA program and parallels the logic used in DOT statistical
acceptance specifications. For example, the Washington State DOT uses an
expected pay curve that is based on their statistical acceptance specification (Muen-
sch and Mahoney 2001). Transferring this idea to retainage would necessitate
development of a similar curve, as shown in Fig. 8-3. (Note: This curve is hypo-
thetical and not an example of one that has been successfully applied.) The owner
would then take the results of the QA program for the pay period and determine
the corresponding percent of retained earnings based on the design-builder’s per-
formance during that period. Again, an incentive to achieve high quality is created
through the use of retainage.
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Figure 8-3 Proposed retainage curve based on quality assurance performance.
PWL, percent within limits.

No matter how an owner structures its process for applying retainage, it should
first evaluate the possible impact on both the DB project’s cost and its effect on
potential performance.

Final Payment

Final payment in DB projects is not much different from that in traditional con-
struction projects. The major twist is the necessity to conduct a design close-out in
conjunction with the construction close-out to ensure that all the required tech-
nical information is on hand in case the owner will need it later in the project’s
operational period. It is recommended that the design close-out be conducted as
soon as the completed design is released for construction, to capture all the institu-
tional knowledge of the design team members who will ultimately disperse when
their immediate presence is no longer required. The items that need to be col-
lected from the design team and turned over to the owner include:

* Design analyses

* Design calculations

* Geotechnical reports
* Energy studies

* Electrical load studies
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* Approved intermediate design submittals

* Final drawings and specifications

* Records of design review meetings

* Other items that would be of use in either the operation and
maintenance of the facility or forensically if a failure should occur

The mechanics of the construction close-out will not be discussed here because
they are virtually no different from traditional construction projects. However,
there are opportunities to improve the process as a result of the internal relation-
ships within the DB team. First, there is no reason why the final inspection of the
project cannot be conducted using the completed as-built drawings. The DOR 1is
on the same team as the design-builder and is thus in a better position to assemble
these documents; it owns the electronic drawing files and is more intimately famil-
iar with the drawings than the design-builder’s field personnel. Additionally, the
DOR should have been involved in all field changes or adjustments. Thus, it could
return from the close-out meeting and make the necessary changes to the con-
struction documents on an ongoing basis.

Also, the DOR and the design-builder’s project manager should conduct a
joint pre-final inspection of the project, assemble a punchlist, and correct all the
deficiencies on that punchlist before the formal final inspection is scheduled with
the owner. Theoretically, the owner should find no deficiencies. In practice, the
owner will always find items needing correction, but the list will be much shorter.
This will reflect well on the design-builder’s reputation for winning future proj-
ects with this owner or receiving recommendations from the owner for other
owners’ DB projects.

Finally, the design-builder should prepare an as-built schedule for the project
that includes both the design and construction phases. This will document the pro-
ject’s history and serve as a valuable reference for future projects. Additionally, this
furnishes an opportunity for the DB team to review lessons learned and feed those
back into their individual business systems to ensure that their value is captured in
future projects. This exercise could be conducted with the owner’s participation as
a final “partnering” meeting to bring closure to the agreement.

Limitation on Payments

All types of DB contracts have a limitation on payments by the owner to the
design-builder. The simplest and most common is the firm, fixed price or lump-
sum DB contract. The most complex is the design-build-operate-maintain (DBOM)
contract where the design-builder must not only propose a price for the capital
design and construction effort, but also a long-term, multi-year cash flow system
to cover the cost of operating and maintaining the project after it is built. The rea-
son for the limitation is different for public and private projects. In the public sec-
tor, capital improvements require some form of legislative authorization and hence
there is a need to set a project budget against which the funding can be authorized.
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Therefore, public owners must limit payments to literally obey the law by which
the project was authorized. In the private sector, a DB project is authorized by
some financial analysis predicated on the completed facility’s ability to generate
revenue that amortizes the design and construction costs over the owner’s mini-
mum payback period, and/or generate a required rate of return on the investment
of the capital used to deliver the project.To exceed the capital costs or any of the
payments anticipated in the project is to reduce the project’s rate of return or to
extend the period over which the investment 1s amortized. Thus, the limitation on
payment feature of a DB contract is in fact the owner’s attempt to quantify its cost
risk on the project and allocate it to the design-builder.

There are three fundamental forms for the owner to transfer cost risk through
limitation on payments for a DB project:

1. Firm, fixed price or lump sum.
2. Guaranteed maximum price (GMP).
3. Priced cash flow.

However, no matter which of the above methods is used, the rule that must be
applied to all of them is that the price upon which the contract is based is inex-
tricably tied to the scope of work for which it was developed. This concept is
well understood for the fixed price methods because many DBB contracts use
this method to limit payments. Conversely, the term GMP is often misunder-
stood to mean that the contractor will not be paid above that amount regardless
of whether the scope of work increased. This is not what GMP means, and it is
patently unreasonable to interpret the term “guaranteed” in this manner. To suc-
cessfully transfer the cost risk to the design-builder, the owner needs to ensure
that the limitation on payment method matches the technical certainty of the
project’s scope.

Firm, Fixed Price and Lump-Sum Contracts

Regardless of which term is used, firm, fixed price and lump-sum DB contracts
require the design-builder to commit to the project’s price before design is com-
plete. In this form, the design-builder is at risk for the difterence between the
as-bid and as-built quantities of work. Thus, it must include a design allowance
for quantity growth during design, as well as the usual pricing contingencies for
material and labor escalation, and other uncertainties. These types of contracts
have historically been used in the DBB building sector because quantity uncer-
tainty is low. However, in the heavy civil and transportation sectors, unit price
contracts dominate the DBB field because of the much larger scale of these proj-
ects and the inherent variability of quantities in the materials used to construct
them. Thus, transferring to a lump-sum price creates a pricing paradigm shift for
both owners and design-builders in this industry. Figure 8-4 graphically illus-
trates the process that a design-builder uses to arrive at a lump-sum price for this
form of DB contract.
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Figure 8-4 DB lump-sum price proposal development. In this figure, Price = Cost +
Mark-ups.

The reason why unit price contracts are used in the DBB heavy civil sector is
to permit the owner to share the risk of quantity growth with the contractor and
thus reduce the project price. In a lump-sum DB contract, the risk of quantity
growth during design is added to the risk of quantity growth during construction.
Thus, the issue of cost risk is further complicated. A number of owners that build
heavy civil projects have dealt with this issue by applying a unit price approach to
a select group of pay items where the risk of quantity growth during project exe-
cution is unacceptably high. Thus, in this approach, the design-builder will pro-
pose a firm, fixed price for the majority of the features of work in the project, and
unit prices for the selected high-risk items. This restores equity to the shared risk
of quantity change and permits the design-builder to reduce design allowances
and construction pricing contingencies for those pay items.

Guaranteed Maximum Price

As mentioned in the introduction to this section, DB GMP contracts create spe-
cial challenges when it comes to limiting payments. Owners must remember that
GMP contracts are used to create a mechanism for shared savings, as opposed to
firm, fixed price contracts where all savings go to the design-builder. Figure 8-5 is
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Figure 8-5 DB guaranteed maximum price (GMP) model. Boxes with thin lines indi-
cate soft costs; boxes with heavy lines indicate hard costs. GMP, preconstruction serv-
ices fee, and contingency are negotiated amounts. Design price, construction man-
agement fee, general conditions cost, constructor self-perform package price, and
subcontractor bid package price are lump-sum amounts.

a model for a typical DB GMP contract. It breaks the project’s budget into hard
and soft costs as well as negotiated and lump-sum amounts. The hard costs are those
associated with a contract for specific goods or services. For instance, the design
budget and the trade subcontractor bid packages are both hard costs because they
will emanate from contractual arrangements internal to the DB team. The cost for
those features of work that the constructor plans to self-perform are also shown as
hard costs because of the need to include material supply and labor contracts in
them. The soft costs are those that are less easy to directly quantify and require the
application of some professional judgment to ensure that they are both applicable
and allocable to the DB GMP. This group includes the constructor’s general con-
ditions and all fees and contingencies.

Several of the terms in Fig. 8-5 require definition. First, the term “owner soft
costs” is used to cover those costs internal to the owner’s organization for project
oversight and administration. This may include the cost for a consultant or con-
struction manager to act as the owner’s representative during design and construc-
tion. Next, “preconstruction services fees” are often not broken out in DB con-
tracts as they are in construction manager-at-risk contracts. However, that does
not mean they do not exist. Preconstruction services fees are the costs incurred by
the design-builder to coordinate the construction with the design and administer
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the contract prior to the start of construction. They include the following typical
activities:

* Preliminary project evaluations and estimates

» Constructability reviews

* Reviews of reports, studies, and data

* Participation in internal design reviews

* Public affairs activities, if required

* Procurement planning

* Long-lead procurement

* Stimulation of trade subcontractor bidder interests
* Coordination and interaction with subcontractors
* Prequalification of trade subcontractors

* Analysis of supplier bids and proposals

* Trade subcontractor selection and award activities
* Other activities as appropriate

The contingency shown in the figure actually is comprised of at least two parts:
the design contingency and the construction contingency. The “design contingency”
is assembled from the design allowances the DOR developed for each feature of
work for the probable quantity growth during the design process, plus a reasonable
amount to cover the DOR’s design time growth due to design reviewer comments
and other potential design issues such as correction of design errors or omissions.
The “construction contingency” is devoted to the typical issues of loss of productiv-
ity, increased material and labor prices due to inflation, and extended overhead costs
attributed to time growth. Some owners add an “owner’s contingency” or “manage-
ment reserve” to the contingency pool. This type of contingency is for the owner’s
use to cover unexpected costs or late additions to the scope of work.The “construc-
tion management fee” is the builder’s profit on the construction itself, and the “gen-
eral conditions cost” is the builder’s indirect or overhead costs during construction.

In the DB GMP model, the limitation of payments becomes the GMP itself.
Obviously, a project with no owner’s contingency will require the GMP to be
adjusted for owner-directed changes to the technical scope of work. If there 1s an
owner’s contingency, the GMP will also need to be adjusted when the value of that
contingency is exceeded. Under ideal conditions where all pre-project cost esti-
mates are perfectly accurate, the sum of all the contingencies will constitute the
amount of savings to be shared in accordance with the contract agreement. In
the worst possible case, the design-builder will be responsible for all costs above the
GMP that are not attributed to increases in the scope of work or owner-induced
delays. Shared savings due to final costs being less than the GMP are explained in
detail in the Unused Contingency in Design-Build Projects with a Guaranteed
Maximum Price subsection below. Finally, it is important to point out that the use
of DB GMP with shared savings requires that the design-builder structure its cost
accounting system in a manner that will permit the owner to audit the project’s
costs and validate the amount of savings to be eventually shared.
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Priced Cash Flow

This approach is normally used in conjunction with either multi-year DB proj-
ects where the owner has a limitation on available capital it can pay out over time,
or in DB projects with postconstruction requirements to operate and/or main-
tain the completed project for a period of time, such as DBOM and design-build-
operate-transfer (DBOT) projects. The first case is usually found in the public
sector where the capital funding is subject to fiscal year authorization and the
public owner must ensure that it does not commit more money than it is author-
ized to commit in any given fiscal year. This case is also found in the private sec-
tor where a developer’ line of credit is capped and it must depend on other rev-
enue to allow it to obtain the necessary financing for the DB project. Thus, the
design-builders are required to submit a priced cash flow for every pay period in
the project’s schedule. These are then used to develop a “maximum payment
curve” (Yakowenko 2005). This curve describes the greatest periodic payment the
design-builder can request in any given period regardless of actual earned value.
In the fiscal year case, these payments would accumulate for 12 months and their
total cannot exceed the authorized amount. In this type of project, it is important
for the design-builder to analyze its schedule to determine those periods in which
it may not be able to be fully reimbursed so that it can accurately figure the car-
rying costs and add them to the price proposal. It is also important for the owner
to evaluate the design-builder’s schedule in the context of the cash flow to ensure
that it does create a potential dispute by approving a Schedule of Values over time
that will exceed its ability to pay.

In DB projects with postconstruction options, the priced cash flow is usually
restricted to the operation and maintenance period. The issue in these schemes is to
create a meaningful index that can be used to account for the time value of money
for extended periods. A number of options are available. Figure 8-6 shows three
construction cost indices and how they compare with each other over a 15-year
period. The striking thing about this graph is the difference between the local
indices and the national-level Engineering News Record index. The South Dakota
DOT index represents one from a location that is largely rural, whereas the Cali-
fornia DOT index more or less represents an urban environment. One can see the
volatility at the state level, while the national index is reasonably stable. The lesson
learned from this analysis is to find an index that is related to the project instead of
one that measures national changes. The index will be used to convert the contract
priced cash flow amounts to current year amounts for purposes of making the peri-
odic payments.

Incentive Payments

As stated in the first chapter of this book, most owners select DB project delivery
to compress the project delivery period. Hence, it is logical that owners will pro-
vide financial incentives for design-builders to deliver that project ahead of the
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Figure 8-6 Comparison of two state DOT composite construction cost indices and a
national construction cost index.

SDDOT, South Dakota Department of Transportation; CalTrans, California Department of Trans-
portation; ENR, Engineering News Record.

contract completion date. This is especially true for those projects such as casinos
and toll roads that have a revenue stream that starts as soon as the project opens for
business. As a result, the most common incentive found in DB projects is the early
completion bonus (Yakowenko 2005). However, the need to inspire creativity and
innovation in project execution has led owners to devise incentive/disincentive
schemes for a variety of project aspects that are particularly valuable to a given
owner. The following list shows incentives that have been found in the literature,
but is not all-inclusive:

* Early completion bonuses/late completion penalties

* Award fees (community relations incentives/disincentives)
*  Quality incentives/disincentives

* Maintenance of traffic and access incentives/disincentives
» Environmental impact reduction incentives

 Shared savings.

Schedule Incentives

Early completion incentives typically base the financial amount on the number of
days earlier than the contract completion date that the design-builder achieves
substantial completion (Quatman 2000). At times these incentives can be quite
large if the benefit of early opening justifies it to the owner. The recent collapse of
the I-35 bridge in Minneapolis created a situation where the Minnesota DOT
(MnDOT) needed to structure the DB contract in a manner that got the new
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bridge open to traffic as quickly as possible. MnDOT calculated that it was costing
the state $400,000 per day in user congestion costs while the bridge was out of
operation. The DB contract oftered a $200,000 per day early completion bonus,
up to a total of $7 million, on the $234 million reconstruction project (Kessler
2008). Another DB project with an incentive was the Oakland Bay Bridge Ramp
Reconstruction project that occurred in 2007 when a fuel tanker truck exploded
on the ramp. This project was expected to take 50 days, with a $200,000 per day
early completion bonus not to exceed $5 million. The winner completed it in just
17 days and collected the entire bonus (Gingrich 2007). Most schedules come with
a comparable disincentive for finishing late. This is certainly fair and, as the two
above examples show, the DB industry is definitely influenced by the presence of
these contract features.

Award Fees

Award fees are incentive payments made periodically throughout the project
“for performance that exceeds predetermined levels of performance that are set in
the contract requirements” (Yakowenko 2005). The theory of award fees is to
incentivize key elements of performance and reward the design-builder if it deliv-
ers more than the contractual minimum. The Utah Transit Authority uses these
types of incentives on its DB projects (Touran et al. 2008).This owner assembles a
standing committee of third-party stakeholders such as utility companies, affected
municipalities, and the state environmental agency, that meet every pay period to
determine how much of the award fee (typically 2% to 3% of the periodic pay
request) the design-builder has earned. They assess performance in areas such as
traffic congestion, timely public information, unscheduled utility outages, noise
and dust pollution, etc. Essentially, this program puts about half the design-builder’s
profit at risk in each pay period. The program has been quite successful and has
encouraged the design-builders in a manner that not only resulted in timely com-
pletion but also minimized the impact on the communities in which the projects
were constructed. The Minnesota DOT offered a $100,000 incentive to the
design-builder on its ROC 52 project for exceeding the standards for public rela-
tions (Gladke 2006).

Quality Incentives/Disincentives

A Transportation Research Board report on quality in DB projects lists the moti-
vation for quality incentives as follows:

There are reasons for the use of incentives. Incentives provide added value,
going beyond the minimum contract requirements and enhancing the prod-
uct to perform better under service; are quantifiable, on the basis of meas-
ured data or test results specifically related to goals; are achievable, able to
produce a uniform product consistently; provide extra money for product
enhancement; and are good for public recognition. (Gladke 2006)
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Figure 8-7 is an example of a quality incentives/disincentive program instituted by
the Washington State DOT. In that figure, one can see that the builder can earn a
maximum 5% bonus or lose up to 25% of its pay for specific pay items if the QC
tests fall within specified limits. Other public transportation agencies have insti-
tuted these systems for pavement smoothness and other construction features. In
the architectural sector, incentives have been offered for design-builders being able
to obtain certain building permits without delay. This may seem like a schedule
incentive; however, it is really an incentive to enhance design quality in a manner
that meets or exceeds the applicable code requirements for the specific permit.

Traffic and Access Incentives/Disincentives

Reducing congestion and ensuring that the traveling public is able travel through
a DB project is the paramount factor in transportation infrastructure projects.
User costs of congestion due to delays, increased toxic emissions, and other fac-
tors on urban freeways can exceed $10,000 per lane-mile/day (Hicks and Epps
2000).Thus, a typical eight-lane urban freeway would incur a user cost of $80,000
per mile per day, and a hypothetical five-mile DB urban freeway upgrade project
would generate user costs on the order of $400,000/day. Taking the analogy one
step further would lead one to determine that obstructing traffic for a 30-day
period during the project’s construction costs commuters $12 million on that
five-mile stretch of freeway. If the design-builder is able to manage the project in
a manner that allows the passage of the critical volume of traffic, it generates a

110

105 4

F‘—‘_\_‘ PayFactor = 100
100

ontractual Pay Factor from WSDOT
Standard Specifications, Table 2

Pay Factor
=
&

e
i
=

085 4 Cortractor's Expected Pay Factor (assumes.
wwork receiving a pay factor < 0.75is
rejected without pay)

0.80

0.75 T T T r T T
10022 905 802 70 60 502 402 30
Percent Within Limits [PWL)

Figure 8-7 Washington State DOT Expected Pay Curve Based on Quality Assurance
Program Output (Muensch and Mahoney 2001)



244 Project Administration for Design-Build Contracts

significant benefit and hence it is probably worth incentivizing to encourage
innovative solutions to the maintenance of traffic problem.

The Arizona and Utah DOT:s both include an incentive payment for the
design-builder furnishing a means to sustain traftic flows in excess of the stipu-
lated minimum requirement. Both agencies use intelligent transportation system
technology to measure actual traffic volumes through DB project work zones.
Additionally, access by landowners to properties adjacent to the project also car-
ries an incentive if the design-builder is able to use less than a set number of
allowable obstructed access days. The incentives are used to encourage the DB
team to think out of the box and to find ways to overcome these critical public
relations issues.

Environmental Impact Reduction Incentives

Perhaps one of the fastest growing incentive categories in construction revolves
around encouraging designers and constructors to decrease the project’s impact
on the environment. Incentives in this category come in various packages. First,
municipal building officials and state governments offer outright grants for owners
to build “green” buildings. These can be used in the DB context to offset the
owner’s cost of the DB contract itself. However, if that is the case, the owner will
need to include language that requires the design-builder to deliver a facility that
qualifies under the special rules of each program. Design submittal reviews will
also need to be made with these grant requirements in mind to ensure that the
final design will be found eligible for the grant. In these cases it is also advisable to
invite a representative from the granting agency to attend the initial design meet-
ing to assist in sorting out any issues that might arise.

A second type of environmental incentive seeks to encourage the design-
builder to exceed the minimums required in the applicable environmental per-
mits. For example, the Maryland State Highway Administration included an
incentive that paid the design-builder $35,000 per acre for each acre of reduced
wetland impacts below the amount allowed by the Section 404 permit (Louis
Berger Group 2005). On this project, the design-builder was able to reduce the
wetland impact by 25%, amply demonstrating the success of such an incentive
scheme.

The final type of environmental incentive comes from the building sector. The
U.S. Green Building Council (USGBC) is the proponent for the Leadership in
Energy and Environmental Design (LEED) Green Building Rating System™. This
system awards points for various sustainable design and construction features. The
system has a total of 69 points available, and a building can achieve one of the fol-
lowing four levels of certification:

* Certified: 2632 points
* Silver: 33-38 points
* Gold: 39-51 points
* Platinum: 52-69 points
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An increasing number of public and private building owners are now requir-
ing that their projects achieve some level of certification. The environmental incen-
tive in these projects is tied to exceeding the required minimum certification. For
example, if a DB building project was required to achieve LEED Silver certifica-
tion and, at the end of the project it scored 45 points, the incentive payment would
be calculated on the basis of the 7 points by which the design-builder exceeded
the 38 points on the top end of Silver certification. In fact, this system can be used
to create an incentive for a project that will not achieve LEED certification by
merely specifying a minimum number of LEED points and paying a bonus for
every point above that number. Thus, the owner can convey its desire to be as envi-
ronmentally friendly as the budget will allow, even if the project does not receive
certification upon completion.

Shared Savings

There are a number of ways that shared savings is used as an incentive in DB con-
tracting. All are intended to create a situation where both the owner and the design-
builder can benefit from the design-builder’s innovation and first-rate design and
construction management. Additionally, these schemes can be used to reduce the
design-builder’s contingencies related to the risk of committing to a firm, fixed
price before the project’s design is complete.

Value Engineering in Design-Build

The most common shared savings scheme is to include a value engineering (VE)
clause in the contract to encourage the design-builder to seek ways to reduce proj-
ect cost while furnishing the same level of performance and service. The use of
VE in DB is somewhat controversial. On one side of the argument are those who
maintain that all the VE is done during the proposal preparation phase and that
including a VE clause merely creates a bias toward deliberately overdesigning so
that an extra profit margin can be realized through the VE incentive clause. The
other side argues that VE is the owner’s “last bite at the apple” and furnishes it with
an opportunity add value to the project by leveraging the special knowledge and
skills of the specialty design subconsultants and the trade subcontractors.

The two sides of this argument can be easily reconciled by clearly defining the
technical baseline against which VE proposals can be measured. That baseline
should be the technical content of the DB RFP and any other owner-developed
or -prescribed design upon which the winning proposal was based. It is always
possible that the owner has either intentionally or unintentionally excluded poten-
tial design solutions to a given design problem in its solicitation. The VE clause
furnishes a contractual mechanism to revisit those decisions and, as in DBBVE
clauses, the owner always has the right to disapprove the proposed change. Addi-
tionally, the VE clause furnishes a protection against a protest from an unsuccessful
offeror if the owner chooses to implement a design-builder’s proposed VE change
and that change fundamentally alters the scope of work. The reason is that all the
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competitors proposed on the project knowing that it included the potential for VE
changes. If the VE clause is not contained in the DB RFP, then the protester has a
strong legal ground to delay or halt the contract’s progress.

The second issue with VE incentives is whether to allow the design-builder to
VE its own design product after the owner has reviewed and released it for con-
struction. In most cases this is not appropriate. However, the “last bite at the apple”
theory would argue for allowing this. This can be handled in one of two ways. First,
the owner can take the position that the design-builder made an error in its first
design by not including the proposed betterment in the initial design submittal.
Then the owner will allow the change to be made and take full credit for any sav-
ings. The other option is to include a second level of shared savings for VE of the
design-builder-produced design that creates an incentive for the DOR’s design
team to keep searching for more economical solutions throughout the project. For
example, the shared savings for the VE of the owner’s product could be a 50-50
split, whereas the savings would be shared at a 90-10 ratio in favor of the owner
for VE of the design-builder’s product. Regardless of how the VE clause is written,
it seems imperative that there should be one in all DB project contracts.

Unused Contingency in Design-Build Projects with a Guaranteed
Maximum Price

Pertti Lahdenperd, writing for the Technical Research Centre of Finland, said:

Efficient implementation of a project, with good management by the design-
builder and timely support from the owner, creates a savings pool as regards
GMP that should benefit both the design-builder and the owner. Most GMP
contracts address the issue of allowing shared savings to create an incentive
for the design-builder to save costs. (Lahdenpera 2001)

The objective of using a GMP approach to DB project delivery is to reduce
the contingency that the design-builder must necessarily include in its lump-sum
proposal to cover the risk due to the incomplete design at the time of contract
award (Lahdenperd 2001). With a GMP approach, the design-builder can advance
the design to a point where it is more confident in its cost estimate; this creates a
savings to the owner in reduced contingency costs. By making the remaining con-
tingency visible as part of the GMP, it creates a mechanism to compute final costs
and a built-in incentive if savings are either shared or assigned to the design-
builder. Figure 8-8 illustrates the concept of how this incentive scheme operates.

The Design-Build Institute of America (DBIA) is the proponent for a DB
model cost-plus contract form that uses a GMP negotiated after contract award
rather than a lump-sum price that is set before contract award. In this approach,
the design-builder is required to include a stipulated contingency in the GMP.The
contingency is *“. . . for the Design-Builder’s exclusive use, even to correct negli-
gent errors. The Design-Builder notifies the Owner of charges against the contin-
gency, but it is not available to the Owner for any reason” (Friedlander 2003, p. 17).
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Figure 8-8 Shared savings of the GMP contingency concept.
Source: Adapted from Lahdenperi (2001), Figure 12.

Thus, the design-builder has a contractual incentive to complete the project for
less than the GMP and pocket the unused contingency. From the owner’s perspec-
tive, this makes good sense in that the project is being paid for on a cost-plus basis.
Therefore, creating an incentive to contain costs to their lowest possible amount
gives the owner the benefit of enhanced cost certainty in a project where cost cer-
tainty is inherently low.

Some lump-sum DB contracts also include a visible contingency, but often the
unused contingency is refunded to the owner, thus removing the incentive to the
design-builder (Friedlander 2003). On the other hand, a 2003 study of eight state
DOT DB programs found that at least one (the report does not identify the source)
uses the unused contingency as an incentive, sharing the savings with the design-
builder (CTC and Associates, LLC 2003). This approach will require an “open-
books” style of accounting for the available contingency. Most contingencies are
established incrementally for specific risks, and then the risk contingencies are
added together to create the project’s contingency pool. To implement this incen-
tive scheme the DB contract will require verbiage as to exactly who and under
what circumstances can allocate a portion of the contingency for a given reason.
To counter potential conflicts of contingency ownership, some projects have broken
the total pool up into an owner’s contingency, a design-builder’s contingency, and
a shared contingency (sometimes called the “management reserve”) (Lahdenperi
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2001). Thus, when the owner needs to add scope to the project, it has a designated
pool of funds that it can use at its discretion as long as the pool is not empty. The
same applies to the design-builder, who will use its contingency to cover quantity
growth during design, escalation of material or labor costs, and other typical rea-
sons. Finally, when one or both contingency pools are emptied, the shared contin-
gency is utilized with joint agreement. This extra pool can also be tapped by joint
agreement to cover unexpected costs that neither party could anticipate, such as a
change in building or environmental codes.

The use of a “progressive GMP” or “incremental GMP” in DB projects is start-
ing to emerge as a variation on the single GMP theme. Under this approach, the
DB project is broken up into phases or work packages. An incremental GMP is
negotiated at the completion of the design of each package and, when the final
package is complete, the final GMP is calculated as the sum of the incremental
work package GMPs. Again, the theory here is to reduce the design-builder’s risk
of cost growth during design and force contingencies down to their lowest possi-
ble level. One advantage of this method is that work packages that include costly
materials whose price is volatile, such as structural steel or asphalt, can be designed
and released for construction early in the schedule, allowing the design-builder to
lock-in their pricing at the earliest opportunity. The shared savings incentive can
be applied to progressive GMP DB projects in the same manners as described
above. Intuitively, the total amount of the contingency should be less than in single
GMP projects, and therefore the total incentive will be lower.

Design-Build Project Cost Control

Controlling costs during DB project execution guarantees both the owner’s budget
and the design-builder’s profit margin. Therefore, it is important to keep cost con-
trol in mind while completing the design and construction tasks. The DOR’s
design team is the entity in the DB project that must make the most dramatic shift
in its practices to ensure that the as-built costs do not exceed the as-bid costs. In
traditional DBB, it is not uncommon to find that cost estimates are not completed
until the design is nearly complete. Design professionals typically focus on tech-
nical requirements first, with cost constraints occupying a secondary position of
importance. Additionally, it is also common to find that the DOR’s cost estimate is
diftferent from the prices provided by construction contractors in their bids. If the
bids exceeded the owner’s budget, then the DOR was required to VE the design
back into the available funding. Thus, including construction cost control as an
integral aspect of the design process is a critical project delivery factor that is miss-
ing in many design professionals’ routine practices. Friedlander (2003) puts the
issue in this light:

In designing a project, architects and engineers often do not take into
account such issues as ease of constructability and availability of materials.
Although a design professional may be contractually obligated to design to a
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fixed limit of construction cost, often the A/E does not have the necessary
construction information to ensure that the bids on the contract documents
will be within the budget. . . . Furthermore, even detailed construction esti-
mates developed by consultants during the design phase may be significantly
inaccurate if market conditions are different when actual bids are solicited.

This is not to say that construction professionals do not need to adjust their
DBB practices when entering into a DB contract. The major shift for constructors
is the requirement to mitigate the impact of design errors and omissions. In DBB,
these would have been attributed to the owner and provided the design-builder
with an opportunity to increase its profit margin because change orders are sole-
source procurement actions. Thus, in DB it is incumbent upon the construction
team to participate in the design process and help the DOR to flush out errors,
omissions, ambiguities, and inconsistencies in the construction documents. It is
also imperative that the constructors report design issues as soon as they are identi-
fied so that the DOR’s team can address and clarify or correct them. Therefore,
close cooperation between all members of the DB team is the primary tool for
controlling costs post-award and during project execution.

Design Cost Control

There are two facets to the design cost control problem.The first is controlling the
cost of the actual design work itself and ensuring that the actual cost is less than or
equal to the design budget in the DB price proposal. One of the primary threats
to design costs is scope creep. This is an insidious process where numerous small
and seemingly insignificant changes and/or improvements are made to the basic
design by the designers themselves, trying to make the facility as good as possible.
When these are added up, the required design effort is greater than that contem-
plated in the bid. Scope creep can also occur as a result of design reviewer com-
ments that actually accomplish the same result while the design professionals strive
to satisfy the owner’s desires or preferences without checking to see whether the
comments are in fact a change in scope. Kuprenas and Nasr (2003) put it this way:

No matter how it occurs, scope creep is detrimental to the overall project
budget and schedule. It results in additional design phase charges due to extra
design work. In addition, it results in construction cost and schedule over-
runs due to increased construction scope.

Those authors proposed the development of a metric based on earned value

theory that they call the “design cost performance index” (DCPI) (Kuprenas and
Nasr 2003). The equation for this metric is:

DCPI=—— (8-1)
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where BCDWP is the budgeted cost for design work performed in a given period
and ACDWP is actual cost of design work performed in the same period.

From Eq. 8-1 it can be seen that if the DCPI equals unity, then the design work
is precisely on budget and schedule. If the DCPI drops below 1, the actual costs
are exceeding the budget and the design project manager must take action to
determine the cause before the opportunity to regain the budget is lost. The beauty
of this metric is in its simplicity. Most design firms require their personnel to
charge their time to specific projects against which a budget based on billable hours
was developed. Thus, if those payroll expenses are accumulated on a periodic basis
and compared with the plan for the period, the design manager can very quickly
and easily control design costs.

Design Allowances

The second aspect of cost control during design is ensuring that the as-designed
cost of the DB project itself does not exceed the as-bid cost. Becker (1990) states
that “[A] critical element for controlling the cost, schedule and scope of a project
is gaining and maintaining control of the design process. Failure to control and
manage this process will result in delays and increased construction costs.” Con-
trolling the design process means ensuring that the final design conforms to the
constraints formed by the assumptions used to develop the proposal. The “new
sense of discipline” is displayed by ensuring that the final as-designed quantities of
work do not exceed the quantities based on the design information that the DOR
gave the constructor to develop the estimate. This is done through consciously and
repetitively looking at design alternatives that meet the owner’s design criteria to
determine which ones best achieve the budget, schedule, and constructability con-
straints established in the proposal. One author describes this “design-to-cost”
process rather succinctly:

After preliminary cost-performance tradeoff analyses are used to set initial
performance and cost objectives, cost is established as a constraint rather than
in the traditional manner as a dependent variable. (Wollover 2006)

Putting this statement into a DB context, this author advocates making the
cost performance trade-off decisions during proposal preparation and then com-
pleting the design within the scope described by the budget constraints. This
would mandate that the DOR promulgate this attitude all the way to the bottom
of its organization, as well as among its design subconsultants, to ensure that every
design professional understands that the design solution is constrained by the lim-
its established in the price proposal.

This statement in no way argues that the budget is preeminent over the design
criteria and performance requirements set by the owner in the DB contract. These
must be met regardless of the ultimate impact on the budget. It does argue that all
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the design professionals who will make input to the final design be made fully
aware of the time and cost constraints that are apparent in the project, and that
they regulate their performance in such a fashion as to ensure that these constraints
are not violated. If they are, the designers have a duty to seek acceptable design
solutions that mitigate the impact to the budget.

In light of the above discussion, it can be concluded that the DOR in a DB
project has a duty to ensure that the scope of the final design does not exceed
the constraints on cost, schedule, and constructability that were set forth in the
winning proposal. The best way to ensure that this important objective can be
achieved is to ensure that the estimated as-designed quantities of work are based
on reliable parametric design formulae or pre-proposal detailed designs to fur-
nish the constructor with information upon which to base an estimate with an
acceptable amount of uncertainty. If necessary, a design allowance for each item
of work that has not been designed to the point where its material quantities
can accurately be determined is added for quantity growth during design. Thus,
the designers should have a quantity budget that relates to the feature of work
that they are designing, and then each designer should periodically check the
as-designed quantities to verify that they have not crept past the quantity budget.
If this has happened, then each designer should first seek to reduce those quan-
tities by any technically acceptable means, such as reducing an overly conserva-
tive factor of safety if that can be done. If not, the designer must notify the
design manager as soon as possible to give the maximum amount of time for
that individual to seek potential solutions by cross-leveling the design contin-
gency between disciplines.

Construction Cost Control

Construction cost control in DB mirrors the process that most sophisticated con-
structors use in their DBB projects. The major cost control issue is to identify
design conflicts and errors as quickly as possible to give the DB team the maxi-
mum amount of time to correct them and thereby mitigate their impact on the
project’s budget and schedule. Controlling construction costs requires rich, contin-
uous communications between the members of the DB team and the owner. J. E.
Fish (1991) commented, “Managing the design/build process requires defining
what is needed, how to obtain what is needed, who should participate, and the
monitoring and control necessary to verify that construction conforms to specifi-
cations.” Thus, DB construction cost control must have a strong linkage to the
construction quality management systen.

To summarize the discussion in this chapter, payment in DB projects is a com-
plex task due to both the speed at which a DB project can be executed and the
parallel nature of design and construction, which in some cases removes the tradi-
tional benchmarks that owners use to identify satisfactory progress for payment
purposes. Additionally, because of the accelerated delivery period, strong cash flow
during both design and construction is imperative in order to gain and sustain the
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necessary momentum to achieve aggressive completion dates. At the same time, the
owner must still protect itself against potential default, even though the qualifications-
based selection of both designers and constructors has reduced the probability of
that contractual catastrophe. Therefore, owners must review the process that is
used to make payments in traditional design and construction contracts and
amend it to fit the demands of the DB environment. Even the most financially
robust design-builders can withstand only so much cash flow constraint during
project delivery before they must reduce the pace of work to pay for labor, mate-
rials, equipment, and subcontractors. Additionally, the owner’s future reputation
with regard to its payment practices will inevitably be transferred into the pricing
of the next DB project to cover either increased or decreased carrying costs
included in the proposal.

In line with the idea of adjusting traditional payment processes, there are a
number of “out of the box” ideas to address this shift in philosophy. First, owners
must remember that there is no such thing as a “cost of doing business.” Design-
builders must recover all the costs generated by the DB project to realize a profit.
One major item that generates carrying costs in all projects is the cost to mobilize
and complete the first period of work to be able to request the first partial pay-
ment. In some DB projects in remote locations, that cost can be considerable; if
the owner has not accurately estimated its costs (including the cost of financing
the first couple of pay periods), this can have a significant impact on the prices
proposed by the competitors for the project. One way to reduce this cost (which,
incidentally, does not add value to the project in that it is purely an administrative
cost) is to offer an up-front payment for mobilization before it takes place. Thus,
the owner is using project funds to essentially give the design-builder an interest-
free loan to reduce the amount of carrying costs in the project. One owner who
did this then reduced the next 12 progress payments by 42 of the up-front pay-
ment, which literally turned it into a 12-month interest-free loan. Reimbursing
certified procurement costs has been previously mentioned in this chapter, and
doing this also reduces a project’s carrying costs. Research has shown that incen-
tives of all kinds positively affect the way design-builders price DB projects. How-
ever, creating an incentive to design and build to minimize life-cycle costs (not
just capital costs) reap benefits for the life of the project.

Finally, the details of an owner’s DB payment system should be clear and unam-
biguous. They should be known and understood before the design-builder prices
the project, and they should be followed as the project progresses. To finish with
the thought expressed by Fish (1991), cost control in DB is purely an exercise in
communications and oversight. Design-builders will either be in “maximize profit
mode” or “minimize loss mode.” Practical experience shows that those design-
builders that are making a profit during project execution deliver a better product.
Keeping the design-builder in that mode demands a steady flow of payments that
represent the value of the project as it develops. Returning to DBB payment poli-
cies has the potential to reduce or even eliminate some of the benefits the owner
wanted to accrue by selecting DB project delivery.
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NINE

Construction Administration
Case Studies

This chapter builds on the case studies detailed in Chapter 5 by analyzing the fun-
damental issues that occur in construction of a DB project, through the presenta-
tion, analysis, and discussion of four case studies. These studies illustrate various
aspects of the process and the associated challenges. The cases range from disagree-
ments that ensue when one “assumes” a design approach, to the ramifications of
not letting the owner’s staff understand changes in quality processes. Once again,
the cases are drawn from real projects and have been sanitized to prevent identifi-
cation of the actual participants. The format for each case covers the following:
first, the facts and situation; second, a discussion of the issues and positions; third,
the outcome; and fourth, lessons learned.

Case 9-1: “Trust Me. | Know This Will Work.”

The owner had designed and built many buildings on its headquarters campus and
usually required basements to enhance the storage capacity of each structure. It
also preferred to store high-value testing and laboratory equipment in the base-
ments to enhance the security of those items. Because of the value of this equip-
ment and its sensitivity to water, the owner was willing to invest in ensuring the
integrity of a waterproof basement, and this was considered a key element to proj-
ect success. The water table was generally high in that area and past experience
dictated the use of a mud slab with a waterproof membrane beneath the slab and
on the basement walls to adequately waterproof the basement. The level of design
in the DB RFP contained minimal drawings but it did contain detailed perform-
ance specifications. The RFP stated: “The basement will be designed and con-
structed to be waterproof for typical conditions in this area.” When the perform-
ance specifications were written, the owner was expecting a mud slab.

The project was a fast-track project to deliver a vitally needed facility. To facili-
tate the schedule, the owner agreed to approve the design incrementally, using

255



256 Project Administration for Design-Build Contracts

over-the-shoulder reviews. When this issue arose, the design-builder had com-
pleted the footing design, had it approved, and had begun construction. Before the
footing excavation began, the excavation subcontractor placed a gravel base in the
basement that the owner’ field representative assumed was preparation for a mud
slab. Later, the owner discovered that the gravel was only a working surface. Addi-
tionally, the top of footing elevations used while setting the formwork would not
allow room for a mud slab.

When asked about the waterproofing design, the designer-of-record (DOR)
verbally described the technology contemplated in the proposal based on the
RFP’s performance criteria. Drawings were being developed concurrently at that
time. Based on past experience with waterproofing basements on this type of base,
the owner’s representative recommended that the footing construction be stopped
to mitigate cost. The design-builder assured the owner that the planned system
would work based on the past experience of the designer and the constructor.
They reached an impasse where the design-builder stated that if the owner wanted
a mud slab, that would constitute a change in scope, and requested a change order
and a time extension if directed to change to the mud slab technology.

The two issues at hand in this case were:

* If the owner directed the design-builder to cease work and change the
waterproofing design, was the design-builder authorized to issue a
compensable a change order?

» If a change order was required, did the owner then assume design
liability for the performance of the directed mud slab waterproofing
system?

Outcome

This case illustrates a variation on a common problem in DB project delivery. The
owner’s technical staft will often “assume a design” and then write the DB solicita-
tion documents around it, eliminating other innovative potential solutions. Here,
the owner assumed that the design-builder would “know” that past projects
included mud slab waterproofing and would include it in this one as well, to sat-
isfy the requirement to design for “typical conditions in the area.” As a result, it
failed to identify its preferred basement waterproofing design in the RFP. The
design-builder was presumed to be competent in designing and installing an “ade-
quate” system for this facility, as evidenced by the award of this contract. There-
fore, the owner would have pay for a directed change to the scope of work if it
insisted on the mud slab design solution, and the owner would assume lability for
its ultimate performance if it was designed and installed properly by the design-
builder. Additionally, the owner would have to grant a time extension and pay for
redesign and any rework.

In this case, because the schedule was the preeminent factor in selecting DB
on this project, the owner ultimately decided, to allow the DB contractor to pro-
ceed as originally planned. Interestingly, when we collected the facts of this case,
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the project had been in use for several years and basement leakage was not a
problem.

Lessons Learned

Every sophisticated owner that has an active, ongoing capital improvements pro-
gram will have design preferences for various features of work based on past expe-
rience and the owner’ ability to tolerate the risk of trying something new. In this
case, if the owner had included the requirement for the mud slab waterproofing
in the RFP, there would have been no dispute. Another common problem in DB
contracting is professional differences of opinion among design or construction
professionals about the adequacy of a given technical feature. These must be
resolved based on the technical requirements of the contract. If the contract does
not mandate or exclude a specific technical approach, the design-builder can rea-
sonably use it in its design and/or construction deliverables. Therefore, this case
graphically illustrates the need for the owner to articulate its technical prefer-
ences before the DB contract is awarded.

Case 9-2: “The Winning Inspector Is . . .”

A state DOT decided to try the DB project delivery method and wanted to shift
many of the owner’s traditional roles to the design-builder due to an acute short-
age of qualified engineers on its staff. Quality control was one of the roles it chose
to transfer. Because the design-builder was responsible for both design and con-
struction, the agency decided to ensure the final quality through the use of
extended warranties on critical features of work. The following two clauses out-
lined this transfer of risk in the owner’s RFP:

* Product warranties will be used to the maximum extent possible to
ensure project quality. Because many of the quality assurance/quality
control processes traditionally done by XXDOT are being transferred to
the design-builder, warranties will act as a means to ensure that high
quality standards are being met.

e XXDOT will maintain an oversight role during design and construction
in a manner that satisfies federal quality assurance requirements.

This DB project involved a concrete bridge deck.The owner had transferred
the quality control for the reinforcement placement to the design-builder and
asked for an extended bridge deck warranty. The owner retained responsibility for
approval of materials through a quality assurance sampling process. While collecting
samples of material, one of the owner’s inspectors observed dowel bar and tie bar
placement in the bridge deck that she perceived to be noncompliant with traditional
standards. The inspector informed the design-builder’s QC supervisor on the site
and was told that the placement met their internally approved shop drawings. The
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owner’s inspector then directed the design-builder to stop work and halt the con-
crete pour until the perceived problem was corrected.
The issues at stake in this case were:

* Did the owner have the right to stop work?
+ If the owner stopped work and the placement met the standards, was the
design-builder entitled to a delay claim?

Outcome

The owner in this case failed to educate its field personnel of the change in respon-
sibilities that occurred due to DB project delivery. The design-builder had in fact
installed the embeds properly, based on shop drawings approved by the DOR.The
owner always has the right to stop work if it perceives a problem with quality.
However, in this case, that order incurred an obligation to compensate the design-

builder for the delay.

Lessons Learned

Large, technically sophisticated public owners like DOTs will normally have an
experienced inspection force, as was true in this case. However, the inspection force
will often be required to supervise more than one project and, as was the case here,
the standards for the project being delivered using DB were contractually different
from the ones being delivered using DBB.Thus, it is important to train the owner’s
field personnel to recognize the differences and be able to adjust their behavior
according to the delivery method of the project they are inspecting. Some would
argue that owners do not conduct QC inspections on DB projects and that their
appropriate role is to conduct quality oversight only. Regardless of the actual qual-
ity management policies that are in effect during a given DB project, the owner’s
representatives must thoroughly understand their roles and responsibilities so they
do not inappropriately interfere with the design-builder’s construction progress, as
happened in this case.

Case 9-3: “If You Have Never Seen It, You Will Never Want It.”

The DB RFP for a new military base headquarters building stated: “The final
interior design submittal shall include a presentation to the Base Command
Group. This presentation shall include but not be limited to: . . . color boards dis-
playing at least two alternatives of actual samples of all interior design treatments
and their locations. . . .” The owner explicitly reserved the right to make final
approval of all interior design submittals based on the materials shown during the
presentation. The base was assigned a new commander shortly after award of the
contract, and the new commander had requested that the interior design presen-
tation be made based on the early start date from the design-builder’s approved
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schedule, which had this event occurring during in the later phases of construc-
tion. The schedule activity “Prepare and Deliver Interior Design Presentation”
had more than three months’ float on the schedule that was approved at the
beginning of the project.

The DOR’s interior design subconsultant indicated that the presentation would
be ready as requested. However, the design-builder did not have sufficient time to
verify the costs and availability of the various alternatives in the package. The
design-builder requested that the presentation be postponed for 30 days to allow
time for the various subcontractors to price the alternatives in the interior design
package. The new commander insisted on going ahead based on the approved
schedule, and the presentation was made as directed.

After the presentation and selection of final interior treatments, the painting
subcontractor determined that the selected vinyl wall treatment cost more than
the price contemplated in its quote to the design-builder. This material was to
cover 75% of the finished wall space. As a result, the sub submitted an alternate
material that looked similar and was within the budget. The owner rejected this
material. The design-builder, in an effort to satisty the owner, decided to absorb
the additional cost and pay the subcontractor to furnish the original material as
specified. When the sub checked on its availability, it found that the required
amount was not locally available and to secure sufficient quantity would take six
weeks. The construction activity “Install Vinyl Wall Coverings” had only two weeks
of float at the time this discovery was made, because changes in the original sched-
ule necessitated by the actual order and delivery dates for other pieces of the
approved interior design package had used up about two and one-half months of
the original float in this path. The alternate material was immediately available in
sufficient quantities. The owner’s interior designer stated that if the alternate was
accepted, the entire interior design scheme would need to be changed. The design-
builder then stated that because the owner knowingly forced it to make the pres-
entation before adequate cost analysis could be completed, the owner should com-
pensate it for additional materials cost and grant a two-week time extension.

The issues that must be resolved in this case were:

* Did the early start date for an activity with float create an obligation by
the DB contractor to begin work on that date?

*  Was the owner within its rights to require the presentation be made on
the early start date?

* Did the design-builder have an obligation to furnish the originally
approved material without a change order?

Outcome

An “early start date” on a critical path schedule merely indicates the earliest theo-
retical date that an activity can start. If it has float, it can also be reasonably started
as late, as the schedule’s “late start date,” without delaying the project. By approv-
ing the schedule, the owner merely accepted that the contractor would start these
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types of activities at some point between the two dates and would not be considered
as “behind schedule” and thus liable for any increased retainage or other remedy.
Additionally, when an owner reserves the right to make final approval on specific
samples, the design-builder must include some factor in its price to account for
the selection of higher-priced alternatives. This is normally done by including a
contingency in the price proposal and allocating it as required during the project.

In this case, because the chain of events that led to the dispute were initiated by
the owner’ insistence on an early presentation and decision, the arbitrator found
that the contractor was denied the time to react to an unexpected change in the
actual price of the wall covering. The decision was to allow the design-builder the
requisite time extension with extended overhead, but that the wall covering would
be installed at no additional cost to the owner because the design-builder had
offered that material as a possible alternative during the presentation.

Lessons Learned

There are several important lessons to be taken from this case. First, the owner was
being unreasonable when it insisted on the presentation after the design-builder
indicated that it needed more time. What that did was force the design-builder to
make design decisions without the opportunity to evaluate their impact. By struc-
turing the contract in the manner described above, the owner was actually asking
the design-builder to only present design alternatives that fit its budget and were
available in time to support the approved schedule. This is a good technique for
sorting out architectural details such as interior finishes. This way, the owner is not
offered an unlimited selection of possible finishes but, rather, a selection that the
design-builder knows will comply with the requirements of the contract techni-
cally, financially, and in a timely manner. Therefore, owner should caution its per-
sonnel to not get impatient during DB project execution, and to allow the design-
builder to control the schedule. If the presentation had not been made as described,
there probably would have been no dispute.

On the other hand, the design-builder gave up its right to additional compen-
sation by agreeing to make the presentation before it had evaluated the alterna-
tives. By doing so, it was essentially stating that the alternatives shown could and
would be incorporated into the project without a change to the contract. It could
have refused, taken the time to check on the cost and availability of the proposed
alternatives, and then made the presentation with alternatives that would have had
no negative impact on the project’s budget or schedule. Therefore, design-builders
must temper their desire to keep an important client happy during a high-visibil-
ity DB project, acknowledging the cold reality that their desire to appease the
owner might cost them in the end.

The final lesson from this case is quite interesting. One can see that the design-
builder initially acknowledged its responsibility to furnish the approved vinyl wall
covering when it agreed to compensate the subcontractor for the additional cost
of the approved material. This only became an issue when the design-builder
found out that to do so would cause the project to finish late and expose it to
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liquidated damages. This cost was more than it was willing to absorb, so it changed
its position and initiated the dispute. The design-builder’s initial motivation was
influenced by the fact that there were several more attractive DB projects sched-
uled to be built on this particular military base, so it did not want to “poison
the well” with this particular owner. However, when it found that it could not
finish the project on time—which presumably would negatively affect its com-
petitiveness on future projects—it changed its stance and let the situation play
out as it did.

Case 9-4: “Were You Really Sure You Were Ready for
This Project?”

Due to limited and overextended design capabilities within an owner’s organiza-
tion and an owner-mandated emergency requiring rapid delivery of a facility, DB
was the selected project delivery system. In the process, the owner used one ele-
ment of its organization to develop the requirements, outsourced its contracting to
another agency, had a third agency provide oversight during the design phase, and
had a fourth agency provide oversight during the construction phase.

On this particular project, the overall intent was to place an airport back into
operational status. This airport was a secure facility with access restrictions. This
project required repairs to the communication systems, rehabilitation of the navi-
gational aids, repairs to the facility’s water treatment system, and installation of a
new radar system. The communication system was incomplete and required replace-
ment and additional equipment. This updated system was required to address the
communications issues between the air traffic control tower and aircraft, the air
traffic control tower and the regional Aircraft Control Center (ACC) voice and
data, and emergency notifications to the airport crash fire rescue services.

The original contract called for the supply and installation of aVHF and UHF
radio system, a voice control and communications switch (VCCS) system, and
auxiliary systems. With respect to the navigational aids, the original contract
required the supply and installation of technology to meet the certification
requirements for an International Civil Aviation Organization (ICAO) CAT II
airport. The work included instrument landing system/distance measuring equip-
ment (ILS/DME), an automated weather observation system (AWOS), and an
automated terminal information service (ATIS). The work on the water treat-
ment system focused on upgrades to the treatment plant, specifically the chemical
dosing equipment, automatic controls, and filter and pumping systems; water dis-
tribution system testing and disinfection; one year’s supply of chemicals for water
treatment; and lab testing and new reverse osmosis (RO) filters. An approach radar
and display (ASR-11 and Autotrac) were required to provide safe and near-all-
weather landing and departure capacities. The requirement was to meet the latest
standards of the ICAQO. As construction progressed, additional requirements and
scope modifications became necessary to ensure that the system met all require-

ments of the ICAO.
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The issues that had to be resolved in this case were:

*  What were the actual owner requirements and when should they have
been identified?

*  Was the owner ready for this project?

e Was this the right delivery method?

Outcome

Avoidable and unavoidable delays led to cost increases exceeding 40% of the
original contract amount. Although the design-builder was nearing the comple-
tion of its required scope of work, many issues were yet to be resolved, including
(1) training of qualified personnel to operate the systems; (2) provision of reli-
able electric power; (3) recertification of systems in accordance with ICAO stan-
dards; and (4) long-term operation and maintenance.

The aforementioned items resulted in the following outcomes. First, the
appropriate end-user personnel did not receive the hands-on training by the
equipment and software manufacturers. Second, the navigational aid flight check
was successfully performed but a recent loss of electric power at the site presented
a setback in the fact that the original flight check was now void and had to be
performed again prior to final certification by ICAO. This resulted in additional
costs but there was not sufficient funding available to pay for this recertification.
Third, the local authorities were not able to address the water problems in sys-
tems that connected to the airport facilities. This made the installation of the
water treatment facility ineftective, so the water treatment plant was removed from
the project. A new modification was planned to eliminate the original water treat-
ment plant repairs and upgrade and to provide a new package plant water treat-
ment system, which would treat water for the chillers. The projected savings from
the water treatment plant components were de-obligated from the contract and
re-obligated to fund cost growth on the radar installation. The radar was sched-
uled for a check by the U.S. Federal Aviation Administration (FAA).

Initial project progress was good. Design and equipment submittals progressed
well and the design-builder demonstrated good technical capability to design and
execute the contract. However, time delays quickly came into play for the follow-
ing reasons. First, major security issues in the vicinity of the airport stopped all
operations and forced demobilization of design-builder personnel for a period of
approximately two months. This added to other delays and project issues.

Second, the highly specialized equipment necessary to accomplish the work
had very long lead times for acquisition and delivery to the site. This created proj-
ect delays when the necessary equipment could not be received at the project site
in the original anticipated time frame.

Third, the extended length of the contract caused significant cost increases to
the project. This forced the owner to obtain additional funding through proper
sources. The acquisition of those funds proved time-consuming and forced the par-
tial demobilization of design-builder personnel. Fourth, due to the specialized
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equipment, training was required for end-user personnel. This presented serious
difficulties in working through the various client entities and the local airport
authority. Training was held in three different countries, at the equipment manu-
facturers’ sites. Obtaining visas for the local personnel who were going to operate
the systems proved to be very difficult and time-consuming. Training sessions were
cancelled as many as three times due to inability to obtain travel documents. Unless
those issues were fully resolved, the project had the potential to be completed
without trained personnel to operate all the systems.

Fourth, early in the project, a lack of reliable electric power was noted and con-
cerns were passed to the local entity responsible for overall airport management. A
separate power contract was initiated, but conflicts arose when the power contract
could not deliver a reliable source of electric power for the various systems in a
timely manner.

Fifth, there was lack of support from qualified owner personnel. The extended
contract time and the cost increases also led to budget restraints on the part of the
contracting entity. As a result, the owner’s QA inspector was removed from the job
a year before completion. Lack of oversight by qualified personnel left the design-
builder without adequate interface with and assistance from the owner’s personnel.
Several delays in the project were attributed to lack of timely submittals by the
contracting officials to the correct entities within the owner’s organization.

Lessons Learned

The primary lesson to be learned with this case study is how important it is to
adequately define the owner’s requirements and to consider the risks resulting from
outside influences. To prevent these types of problems in future DB cost-plus con-
tracts awarded in a contingency environment, several factors should be considered
prior to award and included in the contract documents. First, contract time—espe-
cially in a cost-plus contract—directly contributes to the design-builder’s ability to
perform its scope of work within the initial budget. Any delays, whether avoidable
or unavoidable, will carry an associated cost increase and affect the final comple-
tion of the project.
Other issues to be considered prior to contract award are:

 Identify training needs for the end user, and identify and rectify any
logistical or political roadblocks that might interfere with that training.
Training should take place early in the project to avoid any unforeseen
difficulties at contract end.

* Identify and investigate the suitability of all facility services (electric,
water, sewer, etc.) that will be required for support of the project.
Prepare contingency plans should these services not be available.

* Identify and prepare for site-specific factors that would affect production
(security, permits, etc.). These should be prepared for in the contract
period of performance and the design-builder made aware of their
potential impact.
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* Long lead items should be identified in the planning stage and specifically
addressed in the contract documents for review, approval, and acquisition.

* Regular meetings between the owner, engineer, design-builder, and end
user are critical to ensure that the design-builder is meeting the initial
schedule. Any potential delays should be identified and mitigated as soon
as possible to ensure that the contract schedule stays on track, reducing
potential cost increases.

* Plan and prepare for long-term operation and maintenance of critical
components define in the contract.

Case 9-5: “Whom Are You Trying to Satisfy?”

This DB project in a foreign country was intended to restore selected locomotive,
freight wagon, and passenger coach maintenance facilities to useful operation and
good repair, including the main locomotive shed, the passenger coach technical
station, associated outbuildings, and other selected facilities. The work consisted of
all required electrical, plumbing, and civil elements needed for repair and special-
ized railway inspection, repair tools, cranes, machines, and facilities.

To ensure that the work was completed in a timely manner and that all inter-
ested contractors were aware of the requirements, two mandatory site visits were
conducted prior to award. Attending parties included representatives from the
financing organization, the owner’s personnel, and representatives from several con-
struction firms. The contract was awarded to a small business that was expanding
its DB capabilities. Construction started upon approval of the preliminary design
by the financing entity and the owner.

Concerns about the project arose almost immediately. Societal prejudices imme-
diately affected the design-builder. The owner of the company was a woman who
was from a region of the country that was not considered “acceptable” by the per-
sonnel who operated the rail facilities, even though the financing entity and the
contracting entity considered her and her firm to be competent and the best firm
for the project. The design-builder was at a disadvantage in a male-dominated soci-
ety in an area with a strong dislike for people from her region.

A common issue for many projects in strife-torn areas is disagreement concern-
ing who truly represents the owner. In this particular instance, the personnel who
operated the rail facilities believed they were the true owner representatives, while
the financing organization and representatives of the national government believed
they represented the owner. Unfortunately, the contract language gave credence to
each entity’s claim that they were the voice of the owner.

Although certain design-builder personnel activities were part of the design
and construction approval process, the personnel at the rail facilities refused the
design-builder personnel access to the site on several occasions and for extended
periods. Wanting full control of the project, the facility personnel struggled with
the design-builder and the other members of the owner’s team. The contracting
personnel sent a letter to the facility personnel requesting a stop to the delays,
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which at that point totaled more than 212 days and more than $350,000 in addi-
tional project costs. These delays extended the contract required completion date
by several months. Delays induced by the railroad personnel continued. With the
contracting agency unable to resolve the control issues, they eventually terminated
the contract for convenience.

Lack of the original design drawings for the facility before renovation also
caused problems on this project. Can a contractor be expected to easily bring a
facility back to its original design and status in an expedited manner without the
original as-built drawings? For this project, project bidders were informed that the
railroad would provide pre-renovation as-built drawings at the bidder’s request;
however, they were warned that the accuracy of any such representations was
potentially flawed. What further confounded the situation was the simple fact that
the contract required design standards that conflicted with aesthetic and renova-
tion requirements. Trying to resolve these issues among the various “owner” enti-
ties proved impossible.

Many small contractors are not familiar with the regulations and procedures
inherent in DB contracts. This issue 1s exacerbated when the contracts are written
in a language different from the language used for most communications in the
project area. In this case, unfamiliarity with required contracting procedures resulted
in inadequate submittals, delays in approval of work, and delays in contracting
actions such as claims and modifications. The contracting authority had concerns
from the outset about whether the design-builder understood what was required,
especially in terms of the proposal requirements and the subsequent submittals.

Several delays in this project were caused by police curfews and incidents result-
ing from civil unrest which restricted access to the project site. Also, skilled labor
was scarce due to lack of security and the reality that many experienced engineers
had fled the area. This caused quality concerns at this project and many others.
Finally, there was not a great comfort level with the International Building Code
provisions. Local contractors paid lip service to the requirements and typically fell
back on outdated and no-longer-accepted methods, which often resulted in a
rejection of substandard work.

The issues that had to be resolved in this case were:

*  Who spoke for the owner?
*  Were the appropriate requirements identified in the contracting strategy
and in the selection process?

Outcome

From almost the onset of the project, the design-builder was seriously behind
schedule. Numerous attempts were made by the design-builder to work out the
issues with site personnel. The design-builder was also proactive in trying to work
with the contracting and financial entities to resolve site and contract issues. The
design-builder was unable to maintain the required standards of quality because
the site personnel refused to allow it to bring in the experienced members of her
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team. Combined with the increasing demands and continued obstacles created by
the site personnel, both the design-builder and the contracting entity decided it
was best to terminate the contract for convenience.

Lessons Learned

First, the owner’s team needs to be a feam. The contract needs to effectively spell
out the roles of the owner regarding with whom the design-builder will commu-
nicate and coordinate. The end user and the entire owner team should be closely
involved with the original development of project requirements and in the design
review process. Inclusion of owner representatives will prevent unnecessary modi-
fications and frustrations while construction 1s underway.

Regular periodic meetings should be held between the end user, a proactive
financial entity that wants a voice in the owner’s organization, and the design-
builder. In this case, this would have allowed concerns to be aired and addressed
prior to when the end user blocked access to the site and caused serious unsched-
uled delays and cost increases.

Second, the contract language and the corresponding requirements need to
acknowledge social realities. Societal prejudices may need to be addressed prior to
any contract award due to regional discriminatory attitudes. DB is not a mecha-
nism to alter social prejudices.



APPENDIX A

Implementing Building Information
Modeling in Design-Build Projects

Tamera L. McCuen

As the architecture/engineering/construction (AEC) industry advances into the
twenty-first century, facility owners are seeking methods for new construction of
capital assets in which the design, construction, and operations of facilities are more
efficient and eliminate unnecessary waste of both material and human resources.
Therefore, owners are increasingly choosing design-build (DB) for their project
delivery method and building information modeling (BIM) as the tool that maxi-
mizes the benefits inherent in the DB method. DB is a dynamic, interdisciplinary
delivery method in which the communication and decision-making processes are
executed in an expeditious manner which recognizes that time is money. BIM is a
dynamic, interdisciplinary method for information exchange facilitated by com-
puter technology. Owners requiring BIM for new construction projects include
the U.S. Army Corps of Engineers (USACE), the U.S. General Services Adminis-
tration (GSA), the U.S. Department of Veterans Affairs (VA), and the National Insti-
tutes of Health (NIH).

In a 2007 survey, more than 200 North American and international owners
indicated both an increase in the use of DB project delivery and the use of BIM
for design, construction, and facility management (FMI/CMAA 2007). More than
17% of those responding to the survey utilized DB in a majority of projects, and
approximately 35% of those responding indicated that they utilize BIM due to its
benefits of improved communication and collaboration.

BIM is a system in which improvements to traditional business processes com-
bine with a system of computer technology to facilitate a collaborative environ-
ment from conception of a project throughout the facility’s life cycle. BIM provides
a venue that brings the entire team consisting of the owner, designers, constructors,
and the facility manager together from the project onset for efficient and effective

Tamera L. McCuen, LEED AP, is Assistant Professor of Construction Science at the Univer-
sity of Oklahoma.
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decision making. DB project delivery is the ideal method for projects using BIM
because both DB and BIM emphasize communication and collaboration.

Defining Building Information Modeling

There are as many definitions of BIM as there are professional associations within
the AEC industry. However, the National Institute of Building Sciences (NIBS)’s
national BIM standard provides a definition of BIM that is useful because it does
not focus on one user group’s perspective or working application of BIM; rather, it
is a global definition. This definition clearly states that BIM is more than just soft-
ware; it is a process inclusive of all stakeholders and based on collaboration:

Building Information Modeling (BIM) is a digital representation of physical
and functional characteristics of a facility. A BIM is a shared knowledge
resource for information about a facility forming a reliable basis for deci-
sions during its life-cycle, defined as existing from earliest conception to
demolition.

A basic premise of BIM is collaboration by different stakeholders at different
phases of the life cycle of a facility to insert, extract, update or modify infor-
mation in the BIM to support and reflect the roles of that stakeholder. (NIBS
2007)

One of the main drivers leading the demand for improved efficiency in the
AEC process, and thus supporting DB and BIM, was an eye-opening 2004 Bureau
of Labor and Statistics report. That report revealed an actual decline in the produc-
tivity rate in the construction industry since 1964. Owners and leaders in the
industry found this report unacceptable, especially given that the decline in that
rate was in direct contrast to the “other non-farm productivity rate index,” which
indicated productivity improvement at record rates. Consequently, the owners
responded by demanding more efficient processes and are now increasingly choos-
ing DB. In addition, several owners are requiring the use of BIM on all new con-
struction projects. This trend toward BIM leaves facility owners and AEC profes-
sionals wondering where to start. The first steps begin with assembling the project
team, selecting the appropriate software, and prescribing a method for BIM imple-
mentation in DB project delivery.

The Team

Inherent in the DB method is a focus on efficiency, which is accomplished by
bringing together all the team members from the onset of a project for a unique
interdisciplinary approach. Assembling the DB project team may occur either in-
house or between firms, but in any case gathers multi-functional tasks into a deci-
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sion-making process focused on efficiency. Borrowing from DeSanctis’s and Poole’s
idea of a technology’s “spirit” independent of its structural features will help form
a clearer understanding of the parallels between DB and BIM. A team that embod-
ies the collaborative spirit of DB from the beginning is one that is more likely to
benefit from the spirit of BIM as a tool to utilize all the stakeholders’ input
throughout the process (DeSanctis and Poole 1994). What follows is a brief discus-
sion about the spirit of BIM, which will provide a better understanding of how it
relates to the DB team.

The spirit of a technology refers to the decision process, leadership, efficiency,
conflict management, and overall atmosphere of the technology. Each of these
characteristics is a benefit of using BIM as a tool for improved project delivery.
“Spirit” is the general intent of the technology with regard to the values and goals
underlying the technology. The underlying values and goals of BIM are to ensure
accurate and efficient information exchange between stakeholders and across dis-
ciplines. In the past, disciplines were founded on and resided in the functional silos
of design, construction, and operations. The emphasis on information exchange
makes it clear that the “I”’ in BIM is important. Traditionally, accurate and efficient
information has been the missing piece between stakeholders and, consequently,
has led to inefficiencies plaguing the AEC industry. Ultimately, DB benefits from
BIM in the convergence of the interdisciplinary DB team focused on efficiency,
supported by an interdisciplinary tool focused on efficiency.

The Technology

BIM is a computer technology based on a system of interdisciplinary users, task-
specific software applications, and computer hardware. BIM is a digital represen-
tation of the 3D, 4D, and 5D information about a project. Within the 3D aspects
of a BIM is the graphical representation of a facility with its element properties
defined and attached to each assembly and component. 4D refers to the time
and the schedule of a project. 5D is the quantification process and subsequent
cost information about a project. The previous section discussed the interdisci-
plinary team within the context of DB and BIM, providing the necessity for
assembling a BIM system that is interdisciplinary. This section focuses on task-
specific software and considerations needed prior to selecting one application
over another. It is important to clarify that BIM is not a software program but,
rather, a process and a way of collaborating and communicating that requires a
system of software.

Information contained within a BIM varies from project to project, thus mak-
ing it difficult to provide a precise checklist for the exact information output one
can expect from a model. As a tool, BIM is designed to meet the owner’s program
for a project as well as support the facility’s operations throughout its life cycle.
Given these parameters, it becomes clear that each BIM is as unique as the facility
itself. For example, one facility may require complex structural analysis for a com-
plicated design, while another facility may require an extensive energy analysis.
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Within these scenarios, the first project may require structural design and analysis
tools that accommodate complex shapes and undulating surfaces for which the
designer would choose to use an application that fulfills these parameters. Another,
more traditional linear design would require structural design and analysis that
could be accomplished with a different software application. Therefore, choosing
BIM technology for design and analysis is contingent on the project itself.

Because each project is unique, and because there are many options for BIM
software, it 1s important to discuss the concepts of interoperability and integration.
“Interoperability” is accomplished using Industry Foundation Classes (IFCs) bridg-
ing all software applications. “Integration” is limited and proprietary between cer-
tain software applications. Because members of DB project teams are chosen based
on the program requirements of a project, it becomes imperative that all software
needed to fulfill each team member’s task be interoperable. Without interoperabil-
ity, the software will limit the participants on a BIM team to only those who have
certain proprietary applications.

The term “interoperability” is often interchanged with “integration”; however,
there 1s a distinct difference. Interoperability is defined as a seamless data exchange
between diverse software application types in which each may have its own inter-
nal data structure but still allows for accurate data exchange. Interoperability is
essential and, although the technology to date is not perfect, software developers
working to develop products that are increasingly interoperable. Interoperability
allows each discipline to perform its functional tasks knowing that the information
with which they are working is reliable and accurate. DB projects using BIM as a
tool for decision making is especially reliant on the technology’s interoperability,
given the interdisciplinary, fast-paced decision-making process. Consequently, the
DB delivery method may be especially vulnerable to the lack of interoperability if
team decisions are made on unreliable, inaccurate information contained in a BIM
whose applications are not truly interoperable. A BIM system may still function
simply through integration, but users of such systems are warned that the informa-
tion contained within it is only as reliable as each discipline’s validation of all other
discipline inputs prior to using the model’s information to perform their tasks.
This need to go back and validate exchanged information defeats the efficiency of
BIM and the DB process, and only further perpetuates the lack of improvement in
the construction industry’s productivity rate.

For example, the designer’s software application and the cost estimator’s soft-
ware application must be interoperable to ensure the data exchange is accurate to
support each discipline’s tasks. Within a BIM, the designer’s 3D representation of
the facility includes information about the physical characteristics of each assem-
bly and component, which the cost estimator can extract to execute the quantifi-
cation and cost processes for that project. Without interoperability, data may be
lost in the transfer or the data may be incorrectly transferred. Both scenarios are
precarious and lead to an invalid model. Software may be able to integrate the
information, but integration does not necessarily provide for interoperability. As
such, it can put constraints on the project which could be avoided if the software
was interoperable. Constraints from lack of interoperability include (1) limits
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placed on who can provide information in a BIM; (2) what the project’s informa-
tion output might be; and (3) the accuracy of information exchange in a BIM.
The best options in software applications are those developed for interoperability
using IFCs.

Computer hardware requirements are directly related to the software applica-
tions utilized by each discipline. A model server is needed on which the BIM may
reside. The lead entity on a DB project will most likely provide the model server,
whether it is a server in-house or a web-based service. BIMs contain a large
amount of data and thus require sufficient processing power and memory capac-
ity to facilitate use by each team member.

By this point it should be evident that the success of BIM is contingent on
accurate information exchange within the context of the team as well as the tech-
nology system assembled. Implementation of BIM into a DB team can be met
with resistance by team members rooted in uncertainty and inexperience. How-
ever, a strategy for BIM implementation based on collaboration and communica-
tion can prove successful. To demonstrate this point, here is an example from a case
study of one of the 2007 American Institute of Architects (AIA) Technology in
Architecture Practice BIM award winners.

The Implementation

The 2007 recipient of the Design/Delivery Process Innovation Using BIM award
was the M. A. Mortenson Company of Seattle, Washington for their Benjamin D.
Hall research building. Mortenson used BIM not because it was required by the
owner but because it was a design-build-operate-maintain (DBOM) project deliv-
ery, and Mortenson could rely on BIM to provide a model containing reliable
information from an interdisciplinary team which would support decision making
for the facility going forward. Remember that the definition of BIM is a reliable
source of information for decision making from conception through the life cycle
of a facility.

A case study of this project, supported with interviews of Mortenson’s proj-
ect design coordinator, revealed an implementation process based on robust com-
munication and collaboration. The design coordinator served as the team’s leader
and BIM coordinator. Team members were hand-picked to ensure that they were
the individuals most willing to lead and accept change, with no regard for previ-
ous experiences among the team members. Consequently, the assembled team
began as a new team with no experience of directly working together. The unof-
ficial motto for the team was “If you always do what you always did, you'll always
get what you’ve always got.” This motto was pervasive and it served the team
throughout the process. The overarching characteristics of the team were based
on collaboration, rapid decision making enabled by using the technology, and
individual team members’ willingness to accept change. Each of these character-
istics reflects the spirit of both the DB delivery method and BIM. This ultimately
led to the team’s success. According to Mortenson’s design coordinator, DB is
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the “best fit” project delivery for the use of BIM as a tool for collaboration and
communication.

In the 2007 FMI/CMAA report, owners identified the top two benefits of
BIM as improved communication and collaboration among project participants,
and higher-quality project execution and decision making. The top two barriers
to BIM ranked by owners were lack of expertise and greater system complexity
(FMI/CMA 2007). Benefits of choosing the DB project delivery method mir-
ror the benefits of choosing BIM. The roadmap to success for owners in the
twenty-first century includes a combination of the right DB project team, the
right BIM technology, and an implementation strategy focused on collaboration
and communication.
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APPENDIX B

Implementing Sustainability in
Design-Build Projects

Lee A. Fithian

Sustainable design and construction features are becoming more common and
have become mandatory for many public and private projects. The U.S. Green
Building Council (USGBC)’s Leadership in Energy and Environmental Design
(LEED) certification is often used by public agencies and private owners as a means
to articulate their desire to design and build projects that are both energy-efficient
and environmentally responsible. Furthermore, the USGBC and the American
Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHR AE)
are participating in developing a code-based system that can be adopted by refer-
ence by governing authorities.

LEED certification shares the stage with Green Globes (a rating system devel-
oped by the Green Building Initiative) as one of the two pre-eminent methods of
independent certification of sustainability, but these standards have been consid-
ered to be less progressive than alternate methods that take into account carbon
neutrality or positive energy. However, the benefit of establishing a sustainability
rating system, such as LEED, as a criterion is that it can be used as a metric to
evaluate construction options regardless of whether LEED certification is sought
for the project.

While third-party evaluation of sustainability is useful, it is also a moving target.
The evolution of the standards can cause concern regarding the regionalization
aspects during construction. It becomes imperative that the local markets, means,
and methods play a larger role during the scoping work of the design-build (DB)
entity as it seeks to meet sustainability criteria and certification levels.

Lee A. Fithian, AIA, NCARB, AICP, LEED AP, GaC, is Assistant Professor in the College of
Architecture at University of Oklahoma.
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Regional or Local Adaptation

Local codes, typically the watershed for establishing baselines for the subcontract-
ing submittal and incorporating them into the bid, can become irrelevant as they
are superseded by imposed sustainability criteria. This is true especially with regard
to energy efficiencies, material procurement, and construction waste management.
The importance of the local “boots on the ground” subcontractor playing a more
substantial role in the project scope definition is not necessarily typical practice
but must be taken into account.

The form of the DB entity will also have to take into account these local sub-
contractors who will be not only performing the work, but also providing the doc-
umentation necessary to achieve the sustainability certification. Although the LEED
standard has become prevalent in larger markets, as the DB project delivery and
integrated practice delivery methods standardize in the industry, teaming requests
based upon local and regional availability must be couched in terms of understand-
ing the additional requirements.

Material Selection and Construction Waste Management

Regional adaptation awareness is also imperative to inform the construction
process; it must be planned for early in the project delivery. Material selection, par-
ticularly with regard to construction waste management, is fundamental in reduc-
ing waste. The documentation requirements for material procurement and waste
management are formidable, yet potentially profitable, in yielding installation effi-
ciencies and reducing shipping costs.

The prevalence of construction waste management as an owner criterion has
led to the establishment of specifications regarding the allocation of construc-
tion waste costs savings—sometimes to the owner and not the DB entity. Under-
standing this owner criterion as well as properly estimating material quantities
can lead to “green” procurement opportunities. Further incentivizing construction
waste management has led to state-level establishment of sustainability criteria.
The state of Massachusetts, for example, has recently banned construction waste in
its landfills.

Construction waste management can also affect construction means and meth-
ods. Identifying local recycling opportunities can lead to on-site adaptations. For
example, the lack of localized recycling can create the opportunity for centralized
cutting areas that yield material efficiencies. Labeling recycling bins from above
or on the side aids in construction phasing, and investigating on-site sorting oper-
ations for dense sites could be explored. Material diversion for landfill includes
documentation organized by weight, with conversions for volume, and methods
should be developed accordingly.

The DB entity, particularly with regard to overseeing those aspects of the work
that are not self-performed, must be extremely vigilant regarding the tendency to
substitute materials. Green specifications calling for the use of specific materials
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with specific chemical compositions and installation methods contribute to sus-
tainability certification through documentation and commissioning (refer to the
Commissioning section below). Material safety data sheets (MSDSs), cut sheets,
and bills of lading are typically required to document the material contribution,
but the commissioning phase may call for pressurization tests and air sampling.
Materials such as paints, adhesives, and sealants can be particularly problematic in
this regard.

‘While material substitution can be problematic, the impact on local operations
and businesses can be significant. Regionalized procurement criteria can also over-
tax localized resources. Stimulating local business opportunities is a positive by-
product; for example, the recycling of gypsum board is fairly localized yet the
opportunity for its use as an admixture for agricultural waste is typically ignored.
Understanding that businesses can work with materials produced outside the
region yet fabricated locally can also be an important factor. Recognition by the
constructor that local and regional materials also have lower transportation costs
(with inherent lower embodied energy and reduction of corresponding pollution)
is fundamental in managing overall costs during project delivery.

Along with these components of construction means and methods, cement
admixtures and concrete formwork and placement that are self-performed must
be addressed. Fly ash and recycled paving need to be characterized, incorporated,
and their use documented because they can provide significant contributions to
the recycled content of the project.

Construction Indoor Air Quality

Construction operations that incorporate sustainability criteria also address indoor
air quality concerns, both during construction and after substantial completion.
Dust and fumes from work activities should be taken into account because their
effects are mitigated oft-site. Construction workers and their environment are
addressed by sustainability criteria. The proper sealing of mechanical systems and
change-out of filtration media, both during and after construction, will need to
have proper documentation, some of it photographic.

The development of a construction indoor air quality plan is also part of most
sustainability criteria and provides documentation for the commissioning phase.
Maintaining positive air pressure in areas not under construction or renovation can
lead to construction sequencing changes. Building flush-outs, if provided for in
the green specifications, must not only be planned for from a delivery time aspect,
but will also involve filtration media and cessation of most typical (carpet and fur-
niture installation) close-out procedures. Indoor air quality plans can also require
isolation areas for materials to prevent point source pollution (e.g., adhesives and
plumbing sealants).

Material procurement, on-site material protection, installation, and cleanup all
play roles in maintaining indoor air quality. Understanding the roles of various man-
ufacturing processes and materials can assist in the procurement and substitution of
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generic materials brought onto the job. Indoor air quality problems stem from
urea formaldehyde in engineered wood products; volatile organic compounds
(VOC:s) in paints, sealants, and adhesives; dust, animal dander, and pollens; radon
and carbon monoxide levels and high indoor humidity levels; and many cleaning
products. Before project “dry-in,” condensate from mechanical systems can drip in
high-humidity situations, which can introduce mold and mildew prior to substan-
tial completion.Vinyl wall coverings with so-called green glues that do not inhibit
mold growth can mask mold and mildew. Improper protection of stored materials
can introduce pollutants, and installing drywall before closing in the building can
exacerbate moisture problems.

Sites, Public Projects, Alternative Technologies, and Acquisitions

The DB project delivery method can result in an inherent coordination of design
and performance with potential for accelerated economic returns for sustainable
systems performance. The public entity owner can clearly articulate its desires
regarding sustainability by assigning weight in relation to other factors in the DB
evaluation plan, particularly with regard to a two-phase selection process.

Site work and mobilization will be altered by sustainability criteria. Reducing
pollution and limiting erosion of topsoil are typically the outcomes addressed.
Stockpiling topsoil, identifying staging locations, and preventing runoff and sedi-
ment from entering overtaxed stormwater and naturalized waterways through the
development of a comprehensive stormwater management plan are typical crite-
ria. They may or may not be part of a typical DB entity’s service offerings, but the
plan documentation and demonstration of implementation are part of the submit-
tals necessary to achieve sustainability certification. A locally approved stormwater
management plan may not be adequate for sustainability criteria since it must
exceed local zoning requirements. Altering construction sequencing to complete
site work early presents opportunities to prevent erosion and runoff and provide
for subsequent staging operations.

Some projects with sustainability criteria may require the use of alternative
technologies and systems. The DB entity should familiarize itself with these types
of systems, secking historical data and actual installation performance prior to sub-
mitting pricing. Furthermore, operations and maintenance (O&M) personnel may
be unfamiliar with alternative systems requirements. For example, some materials
may require alternate maintenance procedures, and some systems controls may
incorporate technologies requiring specialized training that may be beyond the
scope of the initial proposal.

Coordination and sequencing of subcontractors can be altered by newer tech-
nologies and alternative systems. For example, lighting systems can be tied to net-
working and communications devices for remote operations and automatic dim-
ming based on daylighting solutions. Contravention of these technologies can
hamper energy efficiencies, considering that lighting also produces heat which
taxes the cooling system.
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Regulatory controls are not universal, especially with regard to wastewater
treatment and reuse. Opportunities that may have been incorporated during the
design phase may not meet approval during construction, particularly with regard
to low-impact site development and rainwater collection for toilet flushing. Local
permitting may be delayed, causing construction delays should officials be unfa-
miliar with alternative systems that are acceptable in many other regions.

Particular attention should be paid to the selection of roofing and plumbing
alternative solutions. Operational efficiency of potable water usage is typically
tracked as part of the sustainability criteria. Attempts to prevent call-backs by sub-
stituting standard urinals, fixtures, and faucets can increase potable water usage
dramatically and prevent meeting sustainability criteria. Systems thinking must be
inherent in the materials substitution process; for example, stormwater runoff
calculations can be affected by altering green roof material selections.

The design schedule can also be affected by public participation processes.
Bypassing these can limit social equity issues that are inherent in many sustainabil-
ity criteria systems. Due to the normally time-consuming processes associated with
state, municipal, and federal requirements for mandatory announcement and the
convening of public hearings, certain sustainability measures such as wetlands
mitigation and avoidance of undeveloped areas raises concerns for eminent domain
and browntfields redevelopment, which can affect construction contract perform-
ance time.

Commissioning

Sustainability criteria imposes a mandatory commissioning phase, sometimes
termed the “sixth phase” which, while normally part of public projects, is not nor-
mally a requirement in private or state- and municipal-level sectors. ASHRAE
defines commissioning as:

...a quality-oriented process for achieving, verifying, and documenting that
the performance of facilities, systems, and assemblies meets defined objec-
tives and criteria. Commissioning is an all inclusive process for all the plan-
ning, delivery, verification, and managing risks to critical functions performed
in, or by, facilities. Commissioning ensures building quality using peer review
and in-field or on-site verification. Commissioning also accomplishes higher
energy efficiency, environmental health, and occupant safety and improves
indoor air quality by making sure the building components are working
correctly and that the plans are implemented with the greatest efficiency.
(ASHRAE 2005)

The availability of local subcontractors to the commissioning authority, which
is typically an entity independent of the DB, can cause confusion and potential
cost increases if these criteria are not explicitly lined-out during the negotiation
phase. Those DB entities that do not self-perform the mechanical and building
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controls aspects of the project delivery will be well served to determine which
localized or regional groups are best suited to perform such services for each proj-
ect, since local climate issues play an all-important role in determining which
mechanical systems solutions yield the greatest efficiencies. Furthermore, these
local or regional entities must be brought on early enough to participate in estab-
lishing project close-out procedures and the O&M documentation necessary to
fulfill the fundamental commissioning requirements.

Coordinating multiple trades is a major strategy in improving the performance
of the building envelope. Unfortunately, performance of the building is not tested
and verified until the commissioning phase. Each trade must understand its con-
tribution to the overall sustainability rating of the exterior closure. Construction
inspection needs to be ramped-up to validate proper sealing of penetrations and
connections, and elimination of opportunities for thermal bridging. Project energy
performance and pressurization tests will point out failures in these categories, and
the cost of call-backs to correct them can be prohibitive.

The highest potential for significant harm to the DB entity during the com-
missioning phase is a commissioning report provided by a certified commissioning
authority that is unfamiliar with the means and methods—particularly alternative
systems and technologies—built into the project. Great care should be given to
early selection of and coordination with the commissioning authority so that all
design and performance issues are understood, and that installation methodolo-
gies are tracked and documented by the commissioning authority to prevent
misunderstandings.

Design-Build with Sustainability not Part of the Contract but
Voluntarily Incorporated by the Constructor

The opportunity for construction procedures to incorporate sustainability crite-
ria without owner-provided requirements are numerous. Reference to the previ-
ously discussed materials selection opportunities can yield significant cost savings.
Implementing construction waste management practices can actually yield profits
from diverting landfill costs, materials procurement efficiencies, and recycling the
provider’s purchase of waste material.

Depending on local conditions, site infrastructure could be reduced and cost
savings found through the application of alternative paving systems. Porous and
permeable paving systems do not use traditional curbs, and bio-swales and rain
gardens contribute to infiltration that reduces the sizing of stormwater systems.
Furthermore, rainfall catchment and landscape material selection, also inherently
local, can reduce and/or eliminate the need to install irrigation systems.

Fluctuating costs associated with the oil industry can lead to the use of con-
crete-based paving systems that can also affect project cooling system performance
due to reduction of thermal island effect. An understanding of the local economy,
inherently in the purview of the local subcontractor, can contribute to the project
pricing strategies during the design development stages. In the case of a DB entity
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that will necessarily own and operate the facility, tighter integration with the entire
DB process delivery method can deliver significant operational cost savings.

Design-Build with Sustainability Requirements Applied after
Contract Award

It is highly problematic when sustainability requirements are applied after contract
award. The integrated systems approach for the development of a sustainable design
solution can be thrown oft schedule due to the imposition of criteria not normally
accounted for in the DB project delivery method. It is imperative that the DB
entity identify and, if necessary, educate the selection board or owner regarding
code adoption or legislatively imposed sustainability criteria.

Project owners and public project selection entities are not necessarily familiar
with regionally responsive strategies and can call for criteria which, while highly
successful in other regions, are inefficient or untenable in the project development
area. The DB entity should be prepared to review the owner criteria and suggest
alternatives that can achieve sustainability rating levels even though they may not
match specific criteria called for in the RFP. Furthermore, it would be advanta-
geous for the DB entity, if at all possible, to participate in and/or track public pol-
icy developments in all regions and local areas where work is to be performed in
order to help shape the scope of sustainability criteria and their adoption.
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