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interviews with individuals affiliated with owner, legal, engineering consultants, and
contractors. Findings suggest that project representatives institutionalize practices and
routines connected to the new approach by adapting to new challenges, rather than
“overwriting” previously existing practices. Similarly, the institutionalization of
innovative  approaches to project delivery happens concurrently with a
deinstitutionalization of the previous approaches.

Building upon these findings, a conceptual framework is presented for helping
Owner organizations implement change in their project delivery strategy. The proposed
conceptual framework is based upon both existing published literature and interviews
with managers involved in implementing a strategic change in project delivery strategy.
This framework was further refined by making a comparative study of four transportation
projects in the United States. In addition, a detailed implementation framework was
validated and further developed through a Delphi study with representatives from several
organizations whose major responsibilities and experiences include the management of
change in procurement approach. Findings from these studies, including application to

the construction industry and other industries are presented.
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SECTION I: RESEARCH DESIGN



Chapter 1: Introduction

1.1. BACKGROUND

1.1.1. Changing Project Delivery Strategy

The concept of a “project delivery strategy” is fundamental to this research. A
project delivery strategy is defined here as the set of project delivery methods that the
Owner may adopt for delivering its projects. Any changes to this strategy may involve a
broadening or a lessening of delivery options. In Figure 1.1, a hypothetical Owner may
decide to change his project delivery strategy based on the design-bid-build delivery
(DBB) method by adding the design-build (DB) method as additional option for

delivering projects.

Project Delivery Strategy Project Delivery Strategy

DBB DBB

Project Project Project Project Project Project

3

1 2 3 1 2

Figure 1.1: Change to Project Delivery Strategy.

For organizations such as departments of transportation, other public agencies, or
private companies, adopting a new approach to procure services for delivery of
construction projects requires significant organizational changes; modifications to both
their work processes and existing organizational structures may be needed. These
adjustments, encompassing many different aspects of the organization’s interests, must

occur for the change initiative to be successfully put into practice.
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1.1.2. Trends in the Delivery of U.S. Infrastructure Projects

In the United States, the infrastructure sector, which includes roads, bridges, mass
transit, airports, electric power generation water supply and wastewater management
facilities, has experienced a number of shifts in the preferred project delivery approach
over the last century. This sector of the construction industry includes several owners
that are currently changing project delivery strategy by broadening their delivery options.
Therefore, opportunities to investigate implementation of a change in project delivery
strategy are available.

Until the end of the 19th century, integrated delivery of design, construction, and
long-term operations was mandated and facilitated largely by state statutes. As most
important instances of projects using integrated delivery, Pietroforte and Miller cited the
development of the transcontinental railroad and telegraph, the construction of power
generation plants, and the Brooklyn Bridge delivery. Moreover, the fact that design
professionals were not organized in strong professional organizations allowed for an
environment in which designers were subordinate to constructors (Pietroforte & Miller,
2002). These factors, among others, led to a wide application of integrated delivery
methods.

By the end of the 19th century, however, certain historical developments
produced a push to segregate design and construction activities. First, design-oriented
professionals organized themselves into professional societies, such as the American
Society of Civil Engineers and the American Institute of Architects. These groups’
interests were supported by growing public concern over the quality of construction-
directed design activities. As a result, de-coupling the procurement of design and
construction services was first allowed by the U.S. Congress in 1893; however, the

infrastructure sector’s use of this split delivery method was not fully assumed until
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passage of the Federal Aid Road Act in 1916 (Pietroforte & Miller, 2002; Rein et al.,
2004). With the passage ten years later of the Public Buildings Act, the federal
government required for the first time that design and construction services be procured
separately.

Subsequently, the Great Depression “eclipsed [both] the private funding of public
projects and the use of the combined project delivery methods” (Pietroforte & Miller,
2002; pp.428). Thus, the government’s preference for using segmented approaches to
delivering projects increased through World War II. This shift was later reaffirmed in
both the 1956 Federal Aid Highway Act (Rein et al., 2004) and the 1972 Brooks Act,
each furthering the separation of design and construction procurement activities
(Pietroforte & Miller, 2002). As a result of this sequence of events, governmental
agencies developed their project delivery strategies around the low-bid procurement
approach of a single delivery method, the Design-Bid-Build (DBB) method. In the
transportation sector, after decades of continuous use, this method has become the
institutionalized standard for delivering public infrastructure projects.

The infrastructure sector is currently reencountering the issues surrounding
delivery strategy change; the sector-wide standard for delivering projects, the DBB
method, is experiencing a deinstitutionalization. According to Oliver (1992),
“deinstitutionalization refers to the delegitimation of an established organizational
practice [...] as a result of organizational challenges to or the failure of organizations to
reproduce previously legitimated or taken-for-granted organizational actions” (pp.564).
In response to both an increasing demand for new capacity and for minimizing the impact
of construction on motorists, the transportation sector is questioning the ability of a
project delivery strategy that is based solely on one delivery method. Several studies have

shown the poor performance of this method in terms of schedule (i.e., overall duration
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and schedule certainty) when compared with other methods (Ibbs et al., 2003; Sanvido &
Konchar, 1997; Shrestha et al., 2007a, 2007b; USDOT-FHWA, 2006). Over recent
years, these concerns have generated a reduction of legal, regulatory, and practical
impediments to integrated delivery methods for delivering new infrastructure projects
(Kennedy et al., 2006; Papernik & Davis, 2006).

As a result of this deregulation, the transportation project sector is observing an
increased usage of integrated project delivery methods. Among the many emerging
delivery method options, the Design-Build (DB) approach has become one of the most
popular alternatives. In 1990, the Federal Highway Administration (FHWA) initiated a
special experimental program (SEP-14—Innovative Contracting) to enable DOTs to test
and evaluate this delivery method along with a few others. The purpose of this program
was to identify alternatives to the DBB delivery method that “provided the potential to
expedite highway projects in a more cost-effective manner, without jeopardizing product
quality or contractor profitability” (USDOT-FHWA, 2006; pp. I-2). Recently, FHWA
published a report summarizing the findings and lessons learned from the SEP-14
program. This report not only acknowledged the effectiveness of the DB method in
shortening project delivery time, but it also concluded that agencies could pursue
alternative financing paths as a direct result of this schedule benefit (USDOT-FHWA,
20006).

1.1.3. Problems with Changing Approach to Project Delivery

Because the decades-long use of the segmented DBB method has so
fundamentally shaped employee perceptions and organizational structures and practices,
implementing a combined procurement approach constitutes a major paradigm shift for

the state agencies adopting it (Miller et al., 2000). Studies have found that “as agencies
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attempt design-build for the first time, they are constrained by the low-bid culture in their
organizations” (K. R. Molenaar & Gransberg, 2001; pp.221). In a report to Congress on
Public Private Partnerships (PPP), the U.S. Department of Transportation acknowledged
these difficulties, reporting that “states not accustomed to this method of procurement can
find it difficult to oversee these types of projects” (USDOT-FHWA, 2004; pp.116). In
addition, although combined procurement of services is expected to reduce transactional
costs for delivering a project (Pietroforte & Miller, 2002), this new type of procurement
usually results in state personnel spending considerable time experimenting and
developing new organizational routines to support the procurement change (USDOT-
FHWA, 2004). These time excesses are often justified by a wider concern that traditional
safeguards embedded in traditional procurement and financing approaches can be lost in
the change process (USDOT-FHWA, 2004).

Therefore, an effective implementation of this paradigm shift requires Owners to
correctly identify the dimensions of change in the delivery cycle in order to establish new
work relationships with contractors, suppliers, and consultants. These challenges to
changing a project’s delivery strategy are summarized below in the problem statement of
this research effort.

Since the combined project delivery approach is a response to changes in the
industry environment, owner organizations are compelled to seek ways to adapt their
organization to the new approach. This adaptation requires the development of new work
processes across the delivery cycle, and involves the implementation of these processes
within new organizational structures. Challenges to a change in project delivery strategy

are summarized in the following problem statement that underlies the research effort.



1.1.4. Problem Statement

Changes in the project delivery strategy as a response to change in industry
environment force owner organizations to seek ways to adapt their organization to the
new approach. This process of adaptation includes the development of new work
processes across the delivery cycle and the implementation of these processes within new

project organizational structures.

1.2. RESEARCH OBJECTIVES AND RESEARCH QUESTIONS

The primary aim of this research effort is to help organizations understand
challenges involved in changing project delivery strategy. To meet this research goal, an
organizational response to organizations wishing to adopt new project delivery systems
was developed. The resulting implementation framework may be extensible for other
similar activities.

Built on the research findings and grounded in theory, this framework can
provide support to Owner organizations during change initiatives by providing guidance
on how to translate organizational goals into project practices. In addition, using the
framework can help establish new organizational routines that support the new project
delivery strategy.

Two sets of research questions were formulated in order to achieve the research
objective. A first set of questions was designed to collect field observations on
phenomena associated with a change of delivery strategy. The second set of questions
was crafted to develop a framework to help Owner officials as they implement a delivery

change initiative. The research methodology is fully described in Chapter Three.



e Collect Field Observations and Identify Significant Constructs pertaining to

change in project delivery strategy

(0]

(0]

(0}

What changes occur or are needed
How these changes affect project participants
What new processes are needed
What happens during the procurement phase?
=  What activities are performed?
= What is the timeframe?
= What are the duration drivers?
= How do parties interact?
What happens during the execution phase?
= How do parties organize themselves under the new relationship?
= How do communications happen?
= How are oversight-related processes structured?

= How are acceptance-related processes structured?

e Develop an Implementation Framework

(0}

Can we develop an implementation framework for both transferring
organizational goals into project practices and establishing new
organizational routines supporting the new project delivery strategy?

= What are the factors affecting success of the change initiative?

=  What are the barriers to implementing the change?

= What are actions to be undertaken for implementing a change?



1.3. SCOPE LIMITATIONS

This research effort is limited to the transportation project sector. In addition,
only organizations that are changing or have changed their project delivery strategy by
adopting the design-build method are examined. Excluded from this investigation are

analyses of change to the project financing process.

1.4. RESEARCH PROPOSITIONS

The author also outlined a set of research propositions to guide the research effort

toward a solution to the stated problem. These propositions are presented below.

Proposition No.1: The procurement process can be effectively mapped.

Proposition No.2: Issues pertaining to the administration of new contracts can be
identified.

Proposition No.3: Lessons learned can be developed and validated.

Proposition No.4: A framework for helping Owner organizations implement change in
their project delivery strategy can be developed and validated.
Proposition No.4a: Certain common concepts may be defined to establish a
common ground for understanding change to project delivery strategy.
Proposition No.4b: Certain elements of the organization and project design need
to be addressed to implement change.
Proposition No.4c: 1t is possible to identify and define a path for implementing

the change at both the organization and the project level.

1.5. DISSERTATION STRUCTURE

This research dissertation is organized into eleven chapters and includes a set of

appendices containing supporting information and results of data collection and analysis.
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Chapter Two provides a review of published work in the engineering and management
literature pertaining to the delivery of construction projects. Chapter Three outlines the
research methodology and investigation instruments used to collect data.

The next five chapters focus on different components of this exploratory study.
Chapter Four provides background information on the motivations and objectives for the
exploratory study. Chapters Five, Six, Seven, and Eight present the results of a detailed
investigation on the implementation of the Design-Build (DB) method for delivering the
State Highway 130 (SH-130) project by the Texas Department of Transportation.
Chapter Five presents findings on procurement activities leading to the award of the SH-
130 contract. Chapter Six presents findings on SH-130 contract administration activities
with a focus on project organization and communications. Chapter Seven summarizes
key lessons learned by TxDOT in implementing the DB method for the SH-130 project.
Chapter Eight outlines a conceptual implementation framework that was developed using
the lessons from the SH-130 project implementation.

Chapters Nine, Ten, and Eleven present the results of framework validation.
Chapter Nine presents findings from an investigation of other DOTs that have
implemented the design-build method over the last few years. Information on four of
these DOTs’ projects is provided. Chapter Ten discusses the validation of the conceptual
framework through a Delphi Study and the analysis of the results. A summary of the
research, recommendations for further research and conclusions are discussed in Chapter

Eleven.
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Chapter 2: Literature Review

2.1. ENGINEERING LITERATURE

This section includes three subsections. In the first subsection, the concept of
delivery cycle is introduced. In the second subsection, a summary of literature review is
provided. In the third section, specific topics in the engineering literature are

summarized.

2.1.1. Project Delivery Cycle

A capital project’s life cycle is usually represented in the literature as a succession
of function-based phases along a timeline. This view, based upon the traditional DBB
method for delivering construction projects often depicts the owner self-performing many
project functions (except physical construction). A more generic representation of the
project life cycle that shows how other functions may be outsourced through transactional
relationships is shown in Figure 2.1 and Figure 2.2. According to this view, during the
initial project phases, the owner (or its agent) needs to make two decisions. First, the
owner needs to select which project service component (physical or functional) should be
outsourced (e.g., design, construction, rail stations, etc.). Second, the owner must also
decide which approach is going to be used for delivering the outsourced functions (e.g.,
segmented or combined). In U.S. construction industry language, this second decision
item is commonly referred to as the project delivery method. According to one

¢

definition, “...a project delivery method [...] defines the relationships, roles, and
responsibilities of project team members and the sequence of activities required to

complete a project” (G. E. Gibson & Walewski, 2001; pp.1). Consequently, the selection
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of the project delivery method establishes the approach for delivering different

components of the project.

Conceptual Planning

Design and Engineering

Construction LN @
! ! ! L i

Operation and Maintenance

Retrofit or Disposal @

O Contract Procurement OContract Administration |

Figure 2.1: Project life-cycle with segmented project delivery.

Conceptual Planning

Design and Engineering

Construction

Operation and Maintenance : : : |

Retrofit or Disposal @

O Confract Procurement O Contract Administration

Figure 2.2: Project life-cycle with (partially) combined project delivery.

When a project component (e.g., the design role in Figure 2.1) or a set of
components (e.g., the design and construction roles in Figure 2.2) is outsourced, the
corresponding project life-cycle phase includes two separate sub-phases: a contract
procurement (or acquisition) phase and a contract administration phase. These phases

can be represented by a cycle, the delivery cycle. To deliver a project, an owner may
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need several cycles as represented in Figure 2.3. Each of these cycles may happen at

different times as shown in Figures 2.1 and 2.2.
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Figure 2.3: Project Delivery Cycle.

In order to develop a descriptive model for a generic delivery cycle, different
definitions were analyzed. Because the literature often uses the terms “delivery” and
“procurement” as interchangeable terms when talking about projects (G. E. J. Gibson et
al., 2006; pp.3), definitions for both terms were researched. However, for this research,
the term “delivery” has a broader meaning than the term “procurement” because it covers
a period of the project life-cycle from the establishment of a need until the actual
delivery. On the other hand, it is assumed that the term “procurement” covers a period of
the project life cycle from the establishment of a need through the selection of a provider.

This concept of procurement is well expressed in a definition provided by the Federal
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Transit Administration. According to this definition, procurement is the “acquisition
process leading up to the purchase of goods or services” (FTA, 2006). The author also
found that a leader in the finance sector had developed a good definition of the broader
concept of delivery. While this definition uses the term “procurement,” it was adopted in
this work to describe a generic delivery cycle (MasterCard, 2006), which may include

several activities as follows:

identifying a need,

e specifying the requirements to fulfill the need,

e identifying potential suppliers,

e soliciting bids and proposals,

e evaluating bids and proposals,

e awarding contracts or purchase orders,

e tracking progress and ensuring compliance,

e taking delivery,

e inspecting and inventorying the deliverable, and

e paying the supplier.

Using these and other definitions, a descriptive model for a generic delivery cycle
was developed and is presented in Figure 2.4. According to the model, an Owner
organization is first required to select a project delivery method that allows it to identify
the number of delivery cycles (and service providers) required for the complete delivery
of a project. Each cycle include two phases. During the first phase, a procurement
process (defined by the selected delivery method) allows the Owner organization to
identify a provider and draw up a contractual agreement. During the second phase, the

Provider produces the contracted project deliverable following an execution process

14



regulated by the contractual agreement. Depending on the contractual agreement, the
Owner organization retains a certain level of involvement by both overseeing the
execution process and collecting information for the final acceptance of the procured
project. Figure 2.5 and Figure 2.6 adopt the proposed framework to map the delivery

cycles for two delivery methods, DBB and DB, respectively.

SINGLE-PROVIDER
DELIVERY CYCLE

Delivery || . Selects
Method -

Dafings Initistee i
¥ » ¥
Contract Draws up —
@ Procurammant foeeen
B ProvoeR )—— e

Figure 2.4: Project Component Delivery Cycle.
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Figure 2.5: Design-Bid-Build Delivery Cycle.
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Figure 2.6: Design-Build Delivery Cycle.
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2.1.2. Summary of Engineering Literature on Project Delivery

The framework represented in Figure 2.3 for a generic delivery cycle was used to
map significant contributions from the literature pertaining to the delivery of construction
projects. Key contributions are included in Table 2.1. Summaries of the findings of
selected studies are included in the following subsections. The literature review explored
several sources, including:

e ASCE journals,

e Other relevant referred journals in the construction and project management area,
¢ Civil engineering magazines,

e State transportation agencies websites,

e U.S. Department of Transportation website,

e Federal Highway Administration website,

e Other national and international websites on project delivery,

e ASCE Conference proceedings.

Contributions in the available literature are concentrated in studies of vertical
construction projects (buildings) with a few contributions involving horizontal
construction projects (infrastructure sector). In addition, most of the information related
with changing procurement concerns contract procurement processes. The most
investigated processes are the selection of delivery methods and the selection of service
providers. Few papers focus on how the choice of delivery method affects the
procurement process. As opposed to upfront processes, scarce and mainly anecdotal
information are available on contract execution processes.

Other significant contributions include: (a) few longitudinal studies on the
historical evolution of government procurement strategies in both the US (Miller, 1997,
Pietroforte & Miller, 2002; Rein et al., 2004) and the UK (Dowd, 1996); and (b)

17



suggestions for changing procurement approach at the organizational level for Owners
(Walewski et al., 2001; Yates, 1995), Design Consultants (E. M. Smith, 2005), and
Contractors (Yates, 1995). Studies on historical evolutions of procurement strategies

provided insight on the role of coercive effects of institutions on the dynamic of change.

Table 2.1: Summary of Construction Literature Findings.

# Phase Topic Reference
(Akintoye, 1994; S. Anderson & Oyetunji,
Contract Selection of Project 2001; Hale, 2005; Ibbs etal, 2.003; Konchg !
1 Procurement Delivery Method & Sanvido, 1998; Miller & Evje, 1999; Keith
R. Molenaar & Songer, 1998; Anthony D.
Songer & Molenaar, 1996)
Contract Design-Build
2 P Procurement (K. R. Molenaar & Gransberg, 2001)
rocurement
Process
(S. D. Anderson et al., 2004; S. D. Anderson
& Russell, 2001; Bing et al., 2004, 2005;
3 Contract Contractual Grimsey & Lewis, 2002; Knight et al., 2002;
Procurement Documentation Schaufelberger, 2005; N. C. Smith, 2001;
A.D. Songer & Ibbs, 1995; Tookey et al.,
2001; von Branconi & Loch, 2004)
(Gransberg & Molenaar, 2003; K. R.
4 Contract Provider Selection Molenaar & Gransberg, 2001; Keith R.
Procurement Molenaar et al., 2004; Palaneeswaran &
Kumaraswamy, 2000; Shane et al., 2006)
(C.J. Anumba et al., 1997; Chimay J.
5 Contract Execution Phase Anumba et al., 2002; Chimay J. Anumba &
Administration Evbuomwan, 1997; Elvin, 2003; E. M.
Smith, 2005)

2.1.3. Selecting Project Delivery Method

Representing the project life cycle with its procurement cycles helps explain the
importance of the decision problem at hand. This decision problem is a choice of trading

off conflicting objectives under different levels of certainty and under different points in
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time. An optimal choice of the delivery method has anticipated effects on the
performance of the whole project. It could shorten project delivery, facilitate innovations
by the private sector, reduce initial capital costs, decrease change orders, and limit the
potential risk of disputes.

Several studies have been conducted to facilitate the selection of the project
delivery method. Some studies have focused on specific aspects of the decision problem
by identifying perceived advantages/disadvantages of each delivery method (Chimay J.
Anumba & Evbuomwan, 1997; Guyer, 2005; Herbsman et al., 1995; Lahdenperd, 2001;
Pena-Mora & Tamaki, 2001; Schaufelberger, 2003, 2005; Yakowenko, 2004; Yates,
1995). Others have identified factors for assessing/predicting the project performance
(Ling et al., 2004; Pakkala, 2002; Anthony D. Songer & Molenaar, 1996). Fewer efforts
have tackled the decision problem itself by developing procedures, methodologies, and/or
tools to support decision-makers in their task.

Additionally, the focus of the available literature is highly variable. Some authors
have developed tools to optimize budget allocation at the project portfolio level (Miller &
Evje, 1999), while others have operated at the project level to suggest an optimal match
between project/organizational characteristics and delivery methods (S. Anderson &
Oyetunji, 2001; Khalil & Mohammed, 2002; Mahdi & Alreshaid, 2005; K. R. Molenaar
& Gransberg, 2001; Keith R. Molenaar & Songer, 1998). Although many of these efforts
are remarkable, they did not reveal any effort to investigate the possibility of linking the
procurement of operations and maintenance with the procurement of design, pre-

construction and construction services.
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2.1.4. Procuring Design-Build Services

The existing literature offers several studies that have investigated procurement
aspects of DB projects. Summaries of the findings of selected studies are included in
this section.

In the United States, highway projects have traditionally been delivered through
the Design-Bid-Build (DBB) project delivery method, which separately procures
engineering and construction services. Under DBB, the procurement of engineering
services is a qualification-based process, whereas the procurement of construction
services is largely done by low-bid selection on sealed offers based on a completed
design (K. R. Molenaar & Gransberg, 2001). Over the last decade, another delivery
method, Design-Build (DB), has been increasingly adopted by state transportation
agencies (STAs) (K. R. Molenaar & Gransberg, 2001; Yates, 1995). In contrast to DBB,
this method combines the procurement of construction services with a variable amount of
engineering services in one contract. The purpose of the DB procurement phase is both
to select an entity, the design-builder, and to establish a contractual framework that
allocates risks between parties.

The transportation sector first showed interest in DB and other innovative
approaches in 1988, when a Transportation Research Board Task Force was formed to
study such innovative contracting processes. The task force study recommended that the
Federal Highway Administration (FHWA) initiate an experimental program on
Innovative Contracting Practices with the objective of identifying practices that could
reduce life-cycle costs for state highway agencies (Byrd & Grant, 1993). This program,
the Special Experimental Project (SEP) No. 14 - Innovative Contracting Practices, was

initiated in 1990.
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In 1998, the Transportation Equity Act for the 21st Century (TEA-21) allowed the
use of DB contracting for selected projects approved by the Secretary of Transportation.
TEA-21 also required FHWA to promulgate regulations on DB procurement (TEA-21,
Public Law, Title 1, Subtitle C, Sec. 1307). This legislative requirement was enacted by
FHWA with the release of the “Design-Build Contracting Final Rule” in December 2002
(FHWA, 2002). The rule strongly encourages the use of two-phase selection procedures
for procurement of DB services.

Likewise, many other states authorized the use of integrated delivery methods for
delivering highway projects. As mentioned above, DB procurement combines the
procurement of engineering and construction under one contract. Although owners have
developed different customized procurement processes, most can be classified in the
following few categories (K. R. Molenaar & Gransberg, 2001; Palaneeswaran &
Kumaraswamy, 2000): (1) Low-bid; (2) One-step best value; (3) Two-step best value;
and (4) Negotiated selection.

According to Molenaar and Gransberg (2001), owners adopt two criteria, project
quality and project price, for selecting DB procurement process. Quality-driven owners
select contractors by negotiation whereas price-driven owners adopt by low-bid selection.
When both price and quality have to be considered, owners prefer the “best value”
category of procurement. The final goal of these procurement categories is to assign a
score to each project that includes price and quality considerations with price and quality
evaluations usually performed separately. Best-value award algorithms are used to select
the best value to the owner by combining each assigned score (Keith R. Molenaar et al.,
2004). Best-value DB procurement can be performed with one-step or two-step selection
procedures. One-step procedures select the design-builder in a single stage by

determining the best value as a combination of price and quality considerations. This
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procedure is practiced mostly for simple projects where the proposal evaluation is not
expensive. Two-step procedures include prequalification/short-listing and proposal
evaluation phases. Because evaluating proposals becomes more expensive as project
become more complex, owners prefer to short-list interested parties based on

qualifications before evaluating their proposals.

2.1.5. Administering Design-Build Contracts

The existing literature offers few studies that have investigated organizational and
communications aspects of DB projects. However, findings from the literature review
did allow the author to identify issues that needed to be investigated. Summaries of the
findings of selected studies are included in this section.

One study investigated the communications issues pertaining to the concurrent
life-cycle design approach in construction (C. J. Anumba et al., 1997). DB projects are
suitable for projects with a high level of concurrency between design and construction
activities. This study selected some aspects of communications that need to be addressed
in such projects:

e Maintaining discipline in producing, manipulating, storing, and communicating
design information

e Adopting an information model that allows communication of both graphical and
non-graphical information between members of the project team

e Increasing communication between stages and activities in the process

e Decreasing the amount of paper-based information.

The paper also identifies a set of managerial issues in the field of team communication:
e Access control: the need to distinguish “read access” from “right-to-modify”

access among project team members (pp.213)
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e Version control: the need to communicate on the most up-to-date version while
maintaining the flexibility to refer to previous or alternative versions (pp. 213).

e Design change management: the need for clear protocols that allow change
notification, propagation, and management. Driving principles include: (1)
communication of the change to all affected parties, (2) highlighting changes from
previous versions in the project model, (3) time allowance for negotiation of
changes, (4) automatic propagation of changes only after proposed changes are
accepted by all relevant parties, and (5) recording the rationale for all significant
changes (pp.213-214).

e Data integrity and security: the need to protect information from external access
(e.g., restricted access for external parties) and accidental loss (e.g., periodic

back-up) (pp. 214).

The lead author of this study further pursued his studies on the application of the
concurrent engineering approach to construction by evaluating different models of
organization (Chimay J. Anumba et al., 2002). In this article, the researchers
recommended the adoption of flat organizational structures (e.g., layered and bubbled
structures) as a method to move toward concurrent engineering in construction projects.
These authors believe that dispersed teams are preferable to full-time co-located teams
because at various phases of the project the input from some members will be minimal.
However, this study does not consider the negative effects that dispersed teams can have
on teamwork.

Knight et al. (2002) investigated what they called “the architect ‘short-circuiting’
communication channels in the tender (i.e., proposal) design development process” (pp.
658) among UK-based construction and architectural firms. According to this study,
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architects often bypass the process of communicating with their client, the design-builder,

by interacting directly with the owner. They consider this professional tendency “a major

failure in design and build procurement” (pp. 655) because it “causes confusion to the

contractor (i.e., design-builder) and the architect” (pp. 659). Although this study focused

on organization and communication structures during the proposal phase, some of the

findings can be generalized to following the execution phases of a DB project. Four

major reasons for this phenomenon were identified:

If the amount and quality of information on the owner’s requirements in the
request for the proposal package is poor or inadequate, the designer “needs to
communicate directly with the client (i.e., owner) to draw out his/her needs” (pp.
659).

Designers often lack familiarity with the DB approach. This lack of knowledge is
often translated into an “unwillingness to realign [the] role with DB” (pp. 661).
There is a relationship between design-builder’s communication channels and
short-circuiting. In fact, short-circuiting occurs more often when the designer
believes that the design-builder’s communication channels are faulty (pp. 660).
There is a direct relationship between short-circuiting and time requirements.
Time savings offered by DB is often the main reason for its use. However,
owners unfamiliar with the new process can often underestimate time
requirements. Beginning a project with such faulty expectations can facilitate a
communication environment in which short-circuiting is seen as a way to meet

unrealistic timeframes (pp. 661).

In a work published in 2003, George Elvin emphasized the need for team building

as an important factor for successful DB projects (Elvin, 2003). Here, the author related
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“the increased integration of project teams and project schedules in design-build” (pp. 33)
to the level of communication occurring in this type of project. The same study identified
some best practices that mitigate certain negative results of this increased
communication. Some of these practices follow:
e “Enhancing iteration and feedback and ensuring early downstream information
input” (pp. 33)
0 Designers need to get accustomed to a new role; in DB, they are
downstream users of information generated from construction activities.
Therefore, they need to learn “what questions to ask in order to get the
information they need to continuously improve design” (pp. 34).
0 Constructors need to “provide designers with deadlines and content
requirements for information production milestones” (pp. 34).
e Adopting “flexible project organization” (pp. 35)
0 Flexible project organization allows for as-needed integration of
simultaneous activities.
e Co-locating team
0 “Co-location reduces the need for formal transfer of information between
team members” (pp. 36) and facilitates the accomplishment of the
mentioned downstream user input.
e Enabling early interdisciplinary team to create a plan that integrates different area
activities (e.g., design, construction, etc.) (pp. 37).
e Adopting synchronized workflow planning for simultaneous activities (pp. 38)
0 In DB projects, workflow planning needs to integrate activities other than
those associated with construction. The Critical Path Method cannot be

applied successfully in such integrated scenarios because it is based on
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activity completion rather than on the integration of activities. Concisely,
on DB projects there is a need to select a method based more on

information flow than on activity completion.
In 2005, Elizabeth Smith reported on concerns of geotechnical firms regarding the
DB delivery approach (E. M. Smith, 2005). According to Smith, DB projects offer new
challenges to design professionals. She cites their need to carefully negotiate their role
on the DB team in order to mitigate the uncertainties in the schedule and in the design
requirements (pp. 46). The ultimate success of a team depends on the part that such
professionals play during the proposal phase and on their effectiveness in communicating
once the project is underway. However, design firms—and especially geotechnical
firms—have a shortage of professionals with expertise in this type of delivery.

Moreover, it is difficult to find experts willing to relocate to a distant project location.

2.1.6. Introducing the Design-Build Method to an Owner’s Project Delivery Strategy

In 2001, researchers at the University of Texas completed a study to assist the
Texas Department of Transportation (TxDOT) in the transition to achieve proficiency
with the DB project delivery method (Walewski et al., 2001). The study concluded that
TxDOT should develop both a comprehensive DB pilot program and assessment criteria
for selecting candidate DB projects because forcing the wrong project into a DB contract
may diminish or eliminate potential benefits. As a research deliverable, a guidebook with
example guidelines, procedures, and process maps was developed to assist TXDOT in the
transition to achieve proficiency with the DB project delivery system. The authors
suggested that these same steps should be followed by any owner organization venturing

into DB for the first time.
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The authors of that study concluded that design-build has the potential to benefit
an owner as an alternative form of delivering highway construction projects and a
supplement to DBB. Nevertheless, for an owner to gain the full benefits of DB, it needs
to understand, assess, and allocate the associated risks as well as determine a process to
implement the methodology. This previous study summarized a set of recommendations
for owners venturing into DB for the first time. These recommendations are quoted

below (Walewski et al., 2001; pp.60-61).

1. Develop DB process guidelines and a delivery process (planning, scope,
RFP, selection, management, etc.). DB is a unique, distinct project
delivery method so the associated guidance documents should be
developed specifically for this procurement method.

2. Assess the availability of the skills required for the use of DB in the
organization. Experience with DB contracting enhances the chances for
success and limits the risk to the parties involved. If the owner
organization lacks the necessary skills and experience to undertake DB,
consideration should be given to obtaining professional services from an
experienced firm to assist with preparing the necessary documents and
performing the required tasks.

3. Train selected members of the organization in the use of the DB project
delivery system. DB contracting requires a different skill set than
administrating traditional DBB contracts for highway construction. To
perform these tasks adequately, the owner staff involved with DB project
delivery should receive adequate training to gain the required knowledge
needed.

4. Optimize communication among the parties involved within the owner
organization. DB projects require more project coordination at the onset
of the project planning phase and will require the design and construction
divisions of the owner organization to integrate and coordinate on a much
grander scale than currently exists.

5. Optimize the pre-project planning process. The owner organization must
develop the skills to create a detailed scope package for DB and develop
reasonable submission requirements. Overly detailed RFP proposals may
reflect a lack of understanding of the project scope and can be financially
burdensome for the bidders as well as the owner. Proposals should be
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limited to the information necessary to make judgment based on the merits
of the proposals.

6. Select pilot DB projects that have a relatively certain scope and contain
well-known processes and technologies. Although DB can be used on all
types of highway-related construction, the owner should select projects
with which it has adequate experience for the initial phase of the pilot
program.

7. Ensure selection of qualified DB contractors. Prequalification of
contractors should limit the final competitors to those with adequate
experience and financial resources. A balanced evaluation process should
be administered by individuals who understand the design and
construction constraints specific to the project.

8. Develop succinct criteria specifications. The project requirements listed in
the RFP should be designed in performance terms rather than a more
prescriptive manner that may limit creative solutions.

9. Develop a systematic way to evaluate project results to determine if
existing DB procedures and approval processes are adequate, and respond
to legislative requirements.

2.2. MANAGEMENT LITERATURE ON ORGANIZATIONAL CHANGE

After exploring the construction literature, the author investigated whether
contributions within management literature could provide further understanding of the
process of changing project delivery strategy. Several theoretical paradigms from the
management literature were analyzed for significance to the research topic.
Contributions on organizational change offered insight to the study.

Scholars offer contrasting interpretations of the phenomena related to
organizational change, providing theoretical and empirical support that can be subdivided
into two camps (Barnett & Carroll, 1995). One group of theorists views organizational
change as rational adaptations for better fitness in a dynamic environment. Under this

view, organization adopt changes either to improve organizational performance — to
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become innovative organizations — or to align existing performance to new environment
conditions (Damanpour & Evan, 1984). The claim is that change promotes
organizational survival by defending against environmental changes. Moreover,
contingency theorists support the adaptation view by promoting that "the best way to
organize depends on the nature of the environment to which the organization relates" (W.
R. Scott, 1992; pp.89).

The second group of theorists, the organizational ecologists, challenges the value
and effectiveness of change and propose the construct of structural inertia (Hannan &
Freeman, 1984; Ruef, 1997). Inertia, the logical converse of organizational change,
hinders organizations’ ability to initiate change when it is needed. The claim is that
inertia makes organizations unable to keep up with the speed of changes in the external
environment. Consequently, it is argued, forms of organizations replace each other only
at the population level in response to the changing environment. This perspective
challenges the adaptive view of change, arguing that adaptation happens only at the
population level. Assuming that organizations are subject to “strong inertial forces,” their
efforts to make radical changes in response to environmental threats rarely succeed. In
addition, organizations that undergo change also suffer from the “liability of newness”
because change recreates the same conditions that cause new organizations to fail
(Hannan & Freeman, 1984). Therefore, organizations willing to change are first hindered
by structural inertia, and then face selection pressures as they again encounter the
“liability of newness.” This theoretical approach is represented in its entirety in Figure
2.6 (adapted from Kelly & Amburgey, 1991; pp.593).

Most of the debate between these conflicting perspectives is based on the concept
of structural inertia. Whereas organizational ecologists stress that organizational inertia

inhibits organizational change, rational adaptation theorists assume that organizational
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inertia can be managed with thoughtful strategies. These theorists adopt the perspective

that “organizational inertia is a relative rather than an absolute concept” (Larsen & Lomi,

1999; pp.407).
INSTITUTIONALIZATION (+] | _ NEW
STRUCTURE
.~ "] STRUCTURE
(+) -1 CORE (+)
REPRODUCIBLE j——m{ INERTIA }— CHANGE = FAILURE
STRUCTURE ATTEMPT
[+] ] —
STANDARDIZED (+) (+) (+)
ROUTINES
ORGANIZATIONAL ORGANIZATIONAL
AGE SIZE

Figure 2.7: Organizational Ecology Model (Kelly & Amburgey, 1991; pp.593).

According to a commonly accepted definition, “organizational change involves a
transformation of an organization between two points in time” (Barnett & Carroll, 1995;
pp-219). How this transformation evolves is also an object of debate. A commonly
adopted static perspective assumes instantaneous transitions between the beginning and
the end states (Larsen & Lomi, 1999). Chen and MacMillan (1992) challenged this view
by empirically demonstrating that managers encounter substantial delays when they
attempt to modify the core elements of their organizations.

When fundamental changes occur, theorists of organizational ecology hypothesize
an intermediate organizational state in which organizations spend “a period of time
during which existing rules and structures are being dismantled and new ones are being
created to replace them” (Hannan & Freeman, 1984; pp.158). However, a large amount

of organizational change does not fit this description, and, as acknowledged by Ruef in
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his review of the phenomena, “organizational change is frequently incremental” (1997;
pp-839).

To analyze change, the literature identifies two dimensions of change, content and
process. If the analysis focuses on the content of change, it compares the organization in
the two states and the significance of a change is assessed in reference to the magnitude
of the shift or the number of organizational elements that are affected. Conversely, a
focus on the process of a change involves the way the transmission takes place (Barnett
& Carroll, 1995; pp.219).

To summarize the contrasting perspectives the author takes advantage of a visual
analogy. In a perfect organizational change as depicted by rational adaptation theory, the
organization works in a manner similar to the mechanism represented in Figure 2.8 where
the external environment triggers any changes. Changes later spread out successfully
throughout different components of the organization independently from the initial
trigger. In contrast, organizational ecology theorists assume that the spreading of change
across organizations is an imperfect mechanism. They typically suggest that any attempt
to react to an environmental change is unsuccessful because of internal inertial forces
(Barnett & Carroll, 1995). Any change will produce an imperfect mechanism with the
same chance of “survival” as a new untested machine.

Within the theoretical paradigm of adaptive change, contributions on institutional
theory provide great insight into the topic of changes in project delivery strategy.
Traditionally, neo-institutional theorists focused their attention on active institutional
pressures that were thought to be expressed in the process of isomorphism. This process
of homogenization is defined by Hawley (1968) as “a constraining process that forces
one unit in a population to resemble other units that face the same set of environmental

conditions” (pp. 149). DiMaggio and Powell (1983) view this isomorphism as the result
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of active institutional pressures that act by forcing one unit in a population to resemble

others.
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Figure 2.8: Organizational Mechanism Analogy.

Neo-institutional scholars also theorize mechanisms that produce changes to

established institutions. In their view, this process of change is triggered by

“precipitating jolts” that destabilize established practices (Greenwood et al., 2002).
These jolts activate a deinstitutionalization of established institutions (Oliver, 1992).
According to Oliver, “deinstitutionalization refers to the delegitimation of an established
organizational practice [...] as a result of organizational challenges to or the failure of

organizations to reproduce previously legitimated or taken-for-granted organizational
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actions” (pp.564). As a result of this delegitimation, new ideas may be introduced to an
organizational practice.  Referring to this phase, Greenwood et al. identified a
preinstitutionalization stage as one “in which organizations innovate independently,
seeking technically viable solutions to locally perceived problems” (2002; pp.60). In the
same way, they define a theorization stage as one “whereby localized deviations from
prevailing conventions become abstracted [...] and thus made available in simplified
form for wider adoption” (2002; pp.60). According to this account, this process of
abstraction produces a simplification of the new practices and an explanation of the
outcomes they produce. Finally, in order for the institutional change to be successful, a
diffusion phase must happen. During this phase, “as innovations diffuse they become
‘objectified,” gaining social consensus concerning their pragmatic value [...], and thus

they diffuse even further [...]” (Greenwood et al., 2002; pp.61).

2.3. CHANGE IN PROJECT DELIVERY STRATEGY BY THE TRANSPORTATION SECTOR

Management literature helps explain the change in project delivery strategy that
many state transportation agencies have initiated over the last decade. In this section, an
explanation of current changes in project delivery in the transportation project sector is
provided. Figure 2.8 provides a graphical representation of this explanation.

According to the literature summarized in Section 1.1.2, state transportation
agencies established their viability by successfully delivering highway projects over the
last century using a single delivery method, the design-bid-build (DBB) method. After
decades of continuous use, this method has become the institutionalized organizational
practice for delivering projects in the transportation sector. According to the literature,
an organizational practice becomes institutionalized when it becomes “infused with value

beyond the technical requirements of the task at hand” (Selznick, 1957; pp.17).
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Literature on early implementation of the design-build (DB) method by state
transportation agencies already suggests that these organizations “are constrained by the
low-bid culture in their organizations” (K. R. Molenaar & Gransberg, 2001; pp.221). The
author’s findings from the study on the SH-130 contract administration (described in
chapter 6) confirm the attached value of the traditional DBB low-bid approach.

While the practice of using DBB as the sole delivery method is as subject to
entropy pressures toward change and disorganization as any other organizational practice
(Zucker, 1988), the fact that this practice has been perpetuated over time is due to the fact
“that entropy characterizes all but the most highly institutionalized social elements”
(Zucker, 1988; pp.26). In addition, the institutionalized status of this practice has
resulted in inertial pressures that have been manifested by “inevitable resistance to
erosion or change” (Oliver, 1992; pp.580). Other practices that are the result of the sole
use of the DBB method may also produce inertial pressures. For instance, a research
effort was recently completed to address concerns about the adoption of DB by the State
of California. This study investigated the impact of DB on the California DOT
professional engineering workforce in response to concerns about staffing practices by
the state professional engineering community (Gransberg & Molenaar, 2007). Additional
inertial pressures may be seen in other organizational subunits.

However, over the last decade, in response to both an increasing demand for new
capacity and for minimizing the impact of construction to motorists, the transportation
sector is questioning the ability of a project delivery strategy that is based solely on one
delivery method. As a result, pressures against the sole use of the DBB method for
delivering projects have mounted in recent years. First, several studies have shown the
poor performance of this method in terms of schedule (i.e., overall duration and schedule

certainty) when compared with other methods (Hale, 2005; Ibbs et al., 2003; Sanvido &
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Konchar, 1997; Shrestha et al., 2007a, 2007b; USDOT-FHWA, 2006). These studies
originated because of pressures that are associated with concerns about level of
performance. The management literature identifies these types of pressures as functional
because they “arise from perceived problems in performance levels associated with
institutionalized practices” (W. Richard Scott, 2001; pp.182).

Second, some organizations operating within the construction industry (including
both transportation owners and industry providers) founded an industry association, the
Design-Build Institute of America. As stated on their website, this association’s mission
is “to advocate and advance single source project delivery within the design and
construction community.” DBIA is also committed to promoting legislative efforts at the
federal and state level. The actions of this industry association have generated a second
set of pressures associated with the industry’s changes in interests and power
distributions. The management literature identifies these types of pressures as political
because they “result from shifts in interests or underlying power distributions that
provided support for existing institutional arrangements” (W. Richard Scott, 2001;
pp-183).

Finally, industry sectors other than transportation have largely used integrated
delivery methods over the last several years, and in some cases, decades. This
widespread adoption of alternative strategies for delivering projects has prompted another
set of pressures. The management literature identifies these types of pressures as social
because they ‘“are associated with differentiation of groups and the existence of
heterogeneous divergent or discordant beliefs and practices” (W. Richard Scott, 2001;
pp-183). As described by Oliver (1992), these pressures have acted as “precipitating
jolts” (Greenwood et al., 2002) by triggering a deinstitutionalization of the sole-DBB

delivery strategy. In order for the change of delivery strategy to be successful, a
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transportation agency needs to reach a new viable stage in which it can successfully
deliver projects through the newly adopted delivery strategy. The scope of this research

effort is to study the implementation of a new delivery strategy that broadens the delivery

options by introducing the DB method into organizational practice.
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Chapter 3: Research Methodology and Methods

3.1. OVERVIEW OF RESEARCH PROCESS

Figure 3.1 shows the research methodology adopted to develop and validate the proposed
implementation framework. In the initial phases, research boundaries and scope were
defined by performing a comprehensive review of previous studies. Subsequently a
problem statement was articulated and a research methodology was outlined. This
statement, presented in a previous section of this dissertation, affirms that Owner
organizations adapt their work processes and organizational structures to implement a
change in their project delivery strategy. The adopted research methodology follows a
two-step process, with an initial phase aiming at the formulation of a conceptual
framework and a later phase seeking improvement and validation of this conceptual
framework. In the following subsections of this chapter, key elements of the research

methodology are presented.
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Figure 3.1: Research Methodology.
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3.2. FRAMEWORK FORMULATION

3.2.1. Overview on Exploratory Study

In the literature review, little descriptive information was found on how a change
in delivery strategy is implemented by Owner organizations. Subsequently, the
Framework Formulation phase was designed to observe actual implementation of a
change in project delivery strategy by TxDOT. The goal was to collect enough
descriptive information to illuminate how this adaptation process takes place.

In 2003, TxDOT and the Center for Transportation Research (CTR) of the
University of Texas at Austin initiated Research Project TxDOT-CTR No. 0-4661. The
author was heavily involved in the research effort for this project, producing several
reports containing lessons learned on different topics; these topics included the
procurement process, the contractual documents, the project organizational structure and
communication innovation. The research on the SH-130 project aimed at improving
existing knowledge of DB processes as well as investigating change implementation by
researching issues related to the adoption of the DB approach from an Owner’s
perspective. The research project includes several tasks. The author conducted research
for the completion of the following tasks:

1. Task No.I: Literature Review;

2. Task No.2: Investigating SH-130 Contract Procurement;
3. Task No.3: Analyze SH-130 Contractual Documentation
4. Task No.4: Investigating SH-130 Contract Administration;
5. Task No.6: Collect Lessons Learned;

6. Task No.8: Organize a Training Workshop for TxDOT Employees.
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As part of this multi-objective research project, lessons learned by TxDOT during
this early implementation were collected and used to populate a database system that
included more than 100 lessons (Migliaccio et al., 2006; O'Connor et al., 2004b, 2004c;
O'Connor et al., 2006b). With this rich information, the author outlined a conceptual
framework that includes the needed processes and the phases of implementation.

Additional information on Research Project 0-4661 is provided in Chapter 4.

3.2.2. Exploratory Study on Contract Procurement

For the contract procurement phase, the author modeled processes for procuring
the SH-130 and SH-45 SE DB contracts. A model of this part of the research
methodology is presented in Figure 3.2. To this end, the author analyzed project
documentation and interviewed six individuals involved in the procurement of the SH-
130 and SH-45 SE DB contracts. Initially, a literature review was done on the
procurement of DB transportation projects in other states and on industry practices for
DB procurement. Later, a set of activities needed to procure a DB project was identified
by analyzing DB procurement documentation, project newsletters, and project
presentations. Next, these activities were weighted against identified industry practices,
and, as a result, a first draft of the procurement process at the phase/subphase level was
outlined. This draft was tested and used to elicit feedback through a first round of
interviews with SH-130 project personnel and legal consultants. Research activity is
given in Table 3.1.

Then, a detailed draft of the DB procurement process at the activity level was
developed with schedules of actions, responsibilities, and duration targets. These
documents were tested through a second round of interviews. Information collected

through both rounds of interviews also helped identify essential elements of SH-130 and
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SH-45 SE contractual documentation. Findings from this research task were presented in

two research reports (O'Connor et al., 2004b, 2004c).
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Figure 3.2: Research Tasks No. 2 and No. 3 - Methodology.
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Table 3.1: List of attended meetings, events, and research interviews (first year).

Date Type Place Topic
09/23/2003 | Kick-off Project Office, General presentation of the project; decision on what
meeting Pflugerville documents can be made available for research
10/15/2003 | Training College Station, 77th Annual Transportation Short courses. Session 18:
Conference | Texas A&M Toll Roads
11/4/2003 Interview Project Office, General discussion on project management perspective
Pflugerville and collection of lessons learned
11/21/2003 | Interview UT, ECJ General discussion on contractor perspective
12/15/2003 | Interview Project Office, General discussion on ROW and utility adjustments and
Pflugerville collection of lessons learned
12/17/2003 | Interview Project Office, General discussion on ROW and utility adjustments and
Pflugerville collection of lessons learned
12/18/2003 | Public High School — Public forum on modifications to schematic ROW —
Hearing Del Valle Speakers
01/12/2004 | Interview Project Office, Discussion on utility adjustments and collection of
Pflugerville lessons learned
01/14/2004 | Interview Project Office, Discussion on utility adjustments and collection of
Pflugerville lessons learned
01/22/2004 | Interview Project Office, General discussion on environmental aspects and
Pflugerville collection of lessons learned
03/25/2004 | Interview Project Office, Discussion on CDA procurement process
Pflugerville
04/27/2004 | Phone UT office to Discussion on CDA procurement process
Interview Project Office,
Pflugerville
05/10/2004 | Interview Project Office, Discussion on CDA contract provisions
Pflugerville
05/21/2004 | Interview Austin district Discussion on CDA procurement process
office
07/06/2004 | Interview Project Office, Discussion on CDA procurement process
Pflugerville
07/15/2004 | Interview Austin district Discussion on CDA procurement process

office

3.2.3. Exploratory Study on Contract Administration

For the contract administration phase, the author adopted a research methodology

for capturing the successes and lessons learned associated with the unique organizational,

decision-making, and communications structures put in place for the SH-130 project. A

model of this part of the research methodology is presented in Figure 3.3.
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Initially, researchers met with the top management of the three major project
parties to identify project experts within each organization. In addition, a literature
review on DB project organization and communication was completed. As a result,
common issues pertaining to these topics were identified. To increase data richness
beyond topics from the literature, a qualitative research approach was chosen. This
approach allowed interviewers to explore new topics and issues during the course of the
interviews. First, a semi-structured interview guide was developed. This document is
included in Appendix A.2. Then, thirteen interviews were scheduled and performed.
The same member of the research team (the author) conducted all the interviews in order
to ensure consistency. These interviews were recorded and transcribed. The
interviewees’ anonymity was guaranteed to encourage more input. Project
documentation was also collected from interviewees. Research activity is given in Table
3.2.

Interview transcripts from these interviews and the project documentation served
as primary data sources for the analysis that was conducted using the Template Analysis
technique (King, 1994). Using this data analysis technique, initially, data were stratified
according to constituent parties and were then grouped under topical categories (e.g.,
organization versus communication) and subcategories (e.g., organizational role versus
organizational staffing). Findings from this phase of the analysis are included in
Appendices A.4 and A.5 and are summarized in Section 6.3. Differing opinions on
similar issues were analyzed to point out conflicts and identify issues and problems in the
organizational and communications structures that need resolution. Moreover, positive

aspects and communication successes were highlighted.
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Table 3.2: List of attended meetings, events, and research interviews (second year).

Date Type Place Topic
08/24/04 | Meeting Project Office, Discuss study progress with Project Director and plan
Pflugerville short-term priorities and activities. P3, P5, P6, and P7
timing adjusted to Spring 2005.
09/09/04 | Meeting Project Office, Define agreement for collaboration with Developer on P3.
Pflugerville Collect project management lessons learned.
10/13/04 | Training College Station, 78th Annual Transportation Short Courses.
Conference Texas A&M
10/21/04 | Interview (*) | Project Office, Collect lessons learned on organizational structures and
Pflugerville communication flow with focus on design activities.
10/22/04 | Interview (*) | Project Office, Collect lesson learned on organizational structures and
Pflugerville communication flow with focus on construction activities.
11/04/04 | Interview (*) | Project Office, Collect lessons learned on organizational structures and
Pflugerville communication flow with focus on ROW activities.
11/16/04 | Interview (*) | Project Office, Collect lessons learned on organizational structures and
Pflugerville communication flow with focus on environmental
activities.
01/26/05 | Interview (*) | Project Office, Collect lessons learned on organizational structures and
Pflugerville communication flow with focus on construction and
project control activities.
02/02/05 | Interview (*) | Project Office, Collect lessons learned on organizational structures and
Pflugerville communication flow with focus on environmental
activities.
02/28/05 | Interview (*) | Project Office, Collect lessons learned on organizational structures and
Pflugerville communication flow with focus on design activities.
03/02/05 | PMC meeting | Project Office, Review study progress and finalize plans for workshop
Pflugerville (P7).
03/15/05 | Interview Project Office, Gain understanding on FHWA role for SH-130 project.
Pflugerville
03/16/05 | Interview (*) | Project Office, Collect lessons learned on organizational structures and
Pflugerville communication flow with focus on environmental
activities.
03/17/05 | Interview Project Office, Gain understanding on Information Technology
Pflugerville implemented for SH-130 project.
03/18/05 | Interview (*) | Project Office, Collect lessons learned on organizational structures and
Pflugerville communication flow with focus on construction activities.
03/25/05 | Interview (*) | Project Office, Collect lessons learned on organizational structures and
Pflugerville communication flow with focus on construction activities.
04/05/05 | CRC San Diego, CA Attend sessions pertaining to infrastructure and delivery
04/07/05 | Conference methods in Construction Research Congress 2005.
04/22/05 | Interview (*) | Project Office, Collect lessons learned on organizational structures and
Pflugerville communication flow with focus on ROW activities.
04/29/05 | Interview (*) | Project Office, Collect lessons learned on organizational structures and
Pflugerville communication flow with focus on preconstruction

activities.

(*) Source for the analysis and grouped by observation category in Appendices A.4 and A.5.
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3.2.4. Lessons Learned

The research on the SH-130 project aimed to improve existing knowledge of DB
processes. While the research scope included several research tasks, one of the key
products of this research project is a lessons learned database entitled “TxDOT SH-130
Lessons Learned System.” This database was developed by assembling and organizing
the lessons learned that were collected throughout different tasks of this research project.
The purpose of the database is to store and disseminate lessons learned from the SH-130
project so that TxDOT personnel will have a reference source when involved in future
Comprehensive Development Agreement (CDA) and design-build projects. The database
was also designed to incorporate additional lessons learned from the SH-130 project and

future projects into the system.

3.2.5. Conceptual Framework

Using the rich information contained into the SH-130 Lessons Learned System,
the author outlined a conceptual framework to help an owner organization in
implementing a change in their project delivery strategy by adopting the DB method.
The analysis of information was conducted to heighten specific lessons into a more
abstract level of understanding. As a result, processes and phases needed for the
implementation were identified and defined. The conceptual framework includes three
processes: implementation, knowledge-building and assessment. Four phases regulate
the execution of these processes: preparatory, planning, contract procurement and
contract administration. Additional information on the process of abstracting the SH-130

lessons is provided in Section 7.3.
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3.3. FRAMEWORK VALIDATION

3.3.1. Overview on Validation Effort

During the Framework Validation phase, the conceptual framework was improved
and validated through two concurrent studies: (1) a comparative analysis of projects, and
(2) a Delphi study involving industry experts in innovative project delivery

implementation.

3.3.2. Research Methods Used for Validation

Data Collection

To improve the external validity of the framework, the author identified other
DOTs that have implemented the design-build method over the last few years.
Information on four of these DOTs’ projects was collected through semi-structured
interviews and questionnaires. This information provided suggestions for improving the
initial framework.

To validate the developed conceptual framework, the author used the Delphi
technique.  This research method was developed by researchers at the RAND
Corporation in the 1950s and the 1960s for structuring a group communication process to
deal with complex problems that do not lend themselves to precise analytical techniques.
In addition to being designed to minimize the time an expert devotes to responding, the
Delphi exercise offers several potential research benefits, as described below. Delphi
applications have evolved over the years, providing methods that involve significantly
less effort by the participant than, for example, participating in an expert panel. Whereas

this method serves as an effective mechanism for creating a dialogue among the
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participants, it also provides them an opportunity to learn from each other, and to help the

researchers build consensus on the components of the implementation framework.
Data Analysis
Quantitative Data

Descriptive statistics for each of the framework components were computed. The
mean was assumed as a measure of central tendency among the panelists. Therefore, the
mean provided a measure of the agreement of the panel members with a given statement
that asked the importance of a framework element for a successful implementation of the
change. In addition, the author computed the percentage of responses within the
agreement range

In addition, the author computed interrater reliability (IRR) to measure the
“degree to which judges are ‘interchangeable,” which is to say the extent to which judges
‘agree’ on a set of judgments” (James ef al., 1984; pp.86). To compute IRR, the author
adopted a formula normally used in similar studies for estimating the agreement of
judgments on a single target by one group of judges. This formula computes an index,
Iwe, that is an estimation of the degree to which judges agree on a set of judgments.
Mathematically, IRR is defined as a proportion of systematic variance (Vs) in a set of
judgments in relation to the total variance in the judgments (Vr).

While the r,, is the most used index for estimating panel agreement on
continuous constructs, the use of this index has come under some recent criticism because
of its need to assume that “a uniform distribution represents no agreement” (Brown &
Hauenstein, 2005; pp.165). Moreover, James et al. (1984) provided formulas for
determining ry, under varying panel bias scenarios, but the choice of the distribution

representing no agreement is still unclear (Brown & Hauenstein, 2005).
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Because some authors (Burke & Dunlap, 2002; Burke ef al., 1999) recommend
that values for alternative agreement indexes be found, the Average Deviation Index
(AD) from the mean was computed (Burke & Dunlap, 2002). This index was developed
to overcome problems with interpretation of the ry, values. The AD index from the mean
“is computed by finding the absolute deviation of each rating from the mean [...] of the
group rating and then averaging the deviations” (Dunlap et al., 2003; pp.356). According
to Burke and colleagues (1999), the AD indices “may provide a pragmatic index of
interrater agreement because it is a measure of variability interpretable in terms of the
metric (units) of the original scale”. In addition, using AD for assessing interrater
agreement “does not require explicitly modeling the random or null response
distribution” as compared to applications of rye (pp.53).

A last issue to be defined was interpreting the magnitude of ry, and AD indices to
identify whether minimum acceptable agreement is achieved. The literature offers two
approaches: (a) rules-of-thumb based on cutoffs values, and (b) statistical significance
tests. As pointed out by Burke and Dunlap (2002), the AD index is actually a measure of
interrater disagreement. Therefore, a cutoff value to AD would be an upper limit
indicative of minimum acceptable agreement. These authors identified the cutoff value
for AD as “the number of response options for an item divided by six” (pp.162). For the
7-point Likert scale adopted in the Delphi study, this upper limit cutoff is equal to 1.167,
and therefore, the rule-of-thumb for AD states that AD < 1.167 for the interrater
agreement to be acceptable. The AD’s cutoff value was derived from the rule-of-thumb
for identifying acceptable interrater reliability indexes like ryg. This rule-of-thumb states
that ry, <0.70

An alternative approach for interpreting whether the magnitudes of ry, and AD

indices are acceptable entails statistical significance tests based on Monte Carlo
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procedures (Dunlap et al., 2003). This approach was adopted to test statistical

significance of the ry, and AD indices computed for Delphi panel responses.

Quialitative Data

To analyze responses to the Delphi questionnaire’s open-ended questions, a qualitative
research technique known as template analysis was adopted (King, 1994). Initially, this
involved defining a set of categories emerging from the preliminary research. Later, the
comments of a sub-set of data were coded (i.e., responses on overall success factors and
overall barriers to implementation). As a result, an initial template was created by
grouping related categories in the selected comments into a smaller number of higher-
order codes that describe broader categories in the data. This template analysis was
applied to the three groups of comments (i.e., success factors, barriers to implementation,
and implementation activities). The resulting categories were then compared and the
three groups of comments were further grouped into the 25 guidance categories that are

discussed in Chapter 10.

3.3.3. Delphi Study

To solicit expert judgment on the developed framework, a Delphi study was
conducted (Linstone & Turoff, 2002). First, 90 potential experts in the implementation of
the design-build method for transportation projects were identified and invited to
participate in the Delphi study. Thirty-five experts accepted the invitation (a 39 percent
invitation acceptance rate) and were asked to respond to an initial questionnaire in the

first round of the study.
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The first round involving steps 1 and 2 was conducted between August 27, 2006

and November 3, 2006. During this first round of the validation:

1.

Panelists received a questionnaire instrument. This questionnaire contained four
sections, including a section in which experts were asked to express their agreement
with the importance and scope of each of the processes and phases. Their level of
agreement was expressed on a 7-point scale, illustrated in the example shown in
Figure 3.4. Other sections were designed to collect information on the experts’
background, to assess their opinion on the need for a structured implementation
approach, to assess a set of definitions on project delivery, and, finally, to provide an
overall assessment on the framework usefulness. In addition to rating each item,
panelists were asked to provide qualitative feedback on the definitions and on the
framework components, or to provide any conditions for agreement or disagreement.
They were also asked to suggest (a) success factors, (b) barriers to implementation
and (c) implementation activities. Success factors were defined as factors believed to
affect the success of a state transportation agency in implementing a change in the
project delivery strategy.

Responses from all panelists were compared and analyzed. Results from the first
round of the Delphi study were used jointly with information from the comparative
case studies to improve and better define the initial framework. For each item, the
average level of agreement with the provided definitions was computed. This score
provided a measure of the overall panel agreement with how specific items were
formulated. Inter-rater reliability (James et al., 1984) was also computed to measure
the panel’s internal agreement on each of the items. Items that the panel disagreed
with were modified and resubmitted for a second round of Delphi research. In

addition, qualitative comments provided in response to open-ended questions were
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analyzed using Template Analysis (King, 1994) and grouped into 25 guidance
categories. Each of these guidance categories addresses a single success factor. Each
category also includes details on barriers to implementation to each factor as well as

actions necessary to overcome these barriers.

The Knowledge Building Process is the plan to manage lmowledge on the new procurement
strategy from the preparatory phase all the way through the contract execution phase. This
process mduces orgarizational learning by: (a) collecting, verijfving, storing and disseminating
lessons learned on the implementation effort, and (b) identifving sowrces af information on newly
mtroduced project procurement approaches.

1.2}  Given the information provided abowve, this process is important to the implementation of
a change in project procurement strategy.

1 2 3 4 3 6 7
Strongly Disagree Conditionally  Neutral Conditionally Agree Strongly
Disagree Disagree Agree Agree

Comments/ Feedback (If anv):

Figure 3.4: Delphi Round 1 — Sample Question and Scale.

The second round involving steps 3 and 4 was conducted between January 23,

2007 and March 8, 2006. During the second round of the exercise:

3. Panelists received a summary of the modified framework, and a synopsis of responses
from other informants. In addition, they received an additional questionnaire. This
questionnaire was divided into two sections: (1) SECTION I — Rating of success
factors; and (2) SECTION II — Overall assessment of a modified collection of
definitions. In the first section, panelists were asked to rate for importance the
previously identified 25 success factors using the scale illustrated in Figure 3.5. They
also were provided these implementation guidelines so they could comment upon. A
detailed description of each of these categories was provided. In the final section,
panelists were asked to assess the collection of definitions recently modified to meet

the panel’s previous suggestions.
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Responses from all panelists were compared and analyzed. Information submitted
through this second questionnaire was analyzed to determine both the average
importance rating of each of the twenty-five guidance categories and to assess the
panel’s internal agreement (measured by the inter-rater reliability, ., and the

average deviation index, AD).

Please score each factor using a 7 point scale, where a score of 1 = “not important at all™ and 7=
“extremelv important.” (Importance rvefars to how vital the factor's occirrence is in facilitating
the success of the implementation effort, and to how significant the factor's absence is in
hindering the success of the implementation effort)

1 2 3 4 5 il i
Not Important Extremely
Inportant Inportant

Figure 3.5: Delphi Round 2 — Sample Scale.

53




SECTION II: EXPLORATORY STUDY
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Chapter 4: Background on Research Project 0-4661

This chapter includes three sections. In the first section, the author summarizes
legislative action that authorized the Texas Department of Transportation (TxDOT) to
change their project delivery strategy. In the second section, the author describes a
research project (Research Project No. 0-4661) that TxDOT awarded to the Center for
Transportation Research of the University of Texas at Austin in 2003 for investigating
the implementation of their change in project delivery strategy as applied to a pilot
project, the State Highway 130 (SH-130) project. In the third section, an overview of the

SH-130 project is outlined.

4.1. LEGISLATIVE AUTHORITY FOR CHANGING TXDOT PROJECT DELIVERY

A detailed review of the legal and regulatory status was performed to determine
which procurement tools are legal and available for use by TxDOT at the time of the
study. While other public entities are utilizing alternative project delivery methods and
contracting approaches with increasing frequency, Texas state law has until recently
limited the Texas Department of Transportation (TxDOT) to the design-bid-build (DBB)
project delivery method along with a few innovative contracting approaches such as lane
rental, partnering, and A+B contracting.

In 2001, the design-build delivery method was recently introduced in Texas with
State legislation that allows TxDOT to adopt delivery methods other than the traditional
design-bid-build (DBB) method for delivering highway projects. This new approach was
initially called the Exclusive Development Agreement (EDA) and was later changed by

the 2003 House Bill 3588 to the Comprehensive Development Agreement (CDA). The
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term “CDA-DB” is used throughout this dissertation to identify design-build (DB)
procurement under the CDA approach.

The CDA is currently the statutory approach for adopting innovative project
delivery methods in the State of Texas and the Texas Transportation Code outlines the
boundaries for a CDA as:

An agreement with a private entity that, at a minimum, provides for the design

and construction of a transportation project and may also provide for the

financing, acquisition, maintenance, or operation of a transportation project

(Texas Transportation Code, Title 6, Section 370.3035, subsection (b)).

Although unique to Texas in many ways, this approach agrees with the U.S. Code
definition of design-build contract as:

an agreement that provides for design and construction of a project by a

contractor, regardless of whether the agreement is in the form of a design-build

contract, a franchise agreement, or any other form of contract approved by the

Secretary (of Transportation) (U.S. Code Title 23, Section 112).

4.2. RESEARCH PROJECT 0-4661

In 2002, a contract totaling $1.3 billion was awarded to Lone Star Infrastructure
(LSI), a consortium of engineering and construction firms, for the State Highway 130
(SH-130) Project, a 49-mile-long toll road in Central Texas. This project constitutes the
“pilot” for the CDA-DB approach to highway project delivery in the state of Texas. The
SH-130 project environment is experimenting with many innovative DB delivery
management processes unique to the TxDOT environment. In response, TxDOT initiated
research for the purpose of leveraging the knowledge of these DB processes and

comparing the performance of the CDA-DB delivery approach to traditional DBB
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projects. Research Project No. 0-4661 was awarded to the Center for Transportation
Research of the University of Texas at Austin in 2003 and has produced several reports
containing lessons learned on different topics, including the procurement process, the
contractual documents, the project organizational structure and communication
innovation. This rich information was assembled in a workshop format to be used to
train TxDOT employees. In addition, a set of metrics for assessing the relative
performance of projects delivered through different methods was identified and is being
validated by another doctoral candidate (Migliaccio et al., 2006; O'Connor ef al., 2004a,
2004b, 2004c; O'Connor et al., 2006a, 2006b; O'Connor et al., 2006c¢).

The research effort was subdivided into several tasks that can be grouped
according to two general research goals. This exploratory study contributes to the first
research goal to consolidate and synthesize certain lessons learned to be organized in a
database. These lessons are being collected and recorded thematically. The author has
collected lessons pertaining to the procurement process and contractual documents, and
to the contract administration process with focus on project organization and

communications.

4.3. SH-130 PROJECT

4.3.1. Overview of State Highway 130 Project

Rapid population growth and commercial growth in and around Austin, Texas,
combined with an inadequate transportation network has contributed significantly to its
ranking as having the worst traffic delays among medium size cities in the Nation
(Schrank & Lomax, 2004). In order to solve this problem, the Department of

Transportation of Texas (TxDOT) is implementing the Central Texas Turnpike System
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(CTTS) with a funding amount of about $3.6 billion. As shown in Figure 4.1, the
turnpike will be constituted by five toll ways: SH45 N, Loop 1 Extension, SH130,
US183A, and SH45 SE. The delivery of the first three roads is identified as CTTS 2002
Project (CTTS-2002). The system will create a bypass to Interstate 35 with southern
connector on I-35 (SH45 SE) and northern connector on I-35, Mopac-Loop 1 and US183
(SH45 N). A diagram of the entire CTTS is given in Figure 4.1.

State Highway 130 (SH-130) is one of new highways being built within the
Central Texas Turnpike System (CTTS). At completion, SH-130 will include six
segments for a total of 91 miles from Interstate Highway 35 (IH-35) at State Highway
195 (SH-195) north of Georgetown, Texas, to Interstate Highway 10 (IH-10), near

Seguin, Texas and will be a four-lane, divided facility with eight major interchanges.
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Figure 4.1: Central Texas Turnpike System (adapted from TxDOT website)

Most of the project financing relies on the issuance of revenue bonds. In order to
create a favorable financing scenario, it was fundamental to decrease any schedule
uncertainty by assuring guaranteed completion dates. Therefore, the Department decided
to deliver the turnpike backbone, SH130, and its southern connector to 1-35 (SH45SE)
via the use of the CDA-DB approach. With this approach, project tasks are distributed

between the Department and the design-builder. In that way, TxDOT can anticipate
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earlier design and construction. This approach will allow TxDOT to build these two
projects in a shorter time frame. As a result, the Department is planning to use a similar
approach through the State for other high-priority projects like the proposed multi-billion
Trans Texas Corridor.

In 2002, TxDOT selected Lone Star Infrastructure (LSI) as design-builder for the
SH-130 project. LSI is a joint venture created specifically for this project between Fluor
Corporation, Balfour Beatty Construction, Inc., and T.J. Lambrecht Construction, Inc.
TxDOT and LSI signed a contract totaling $1.3 billion for the delivery of all 91 miles.
However, Notice to Proceeds (NTP) for the 49 miles of Segments 1 to 4 have been issued
for a total of approximately $1 billion. The Department reserves the option to extend the
highway to I-10 near Seguin by completing the remaining two segments, if future funding
becomes available.

The scope of work includes several project functions that are all performed within
the lump sum price (e.g., design, right-of-way [ROW], acquisition services, utility
relocation, portions of environmental permitting, environmental compliance services,
design quality assurance/quality control [QA/QC] services, construction, and construction
QA/QC services). TxDOT retains the cost of physical properties associated with ROW
acquisition for parcels within the corridor alignment. The 408 parcels within Segments 1
to 4 have an estimated acquisition cost of $380 million. The remaining Segments 5 and 6
will involve 220 to 230 parcels. The contract has an option that LSI will provide capital
maintenance of the roadway for an initial term with the opportunity for two extensions.
The maximum term of the Maintenance Agreement, including both extensions, is 15

years. The detailed status of the project at March 2005 is given in Table 4.1.
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Table 4.1: SH-130 Project Status as of March 2005.

Project Component Item Current (% of total)
Total number of parcels 408
Parcels acquired for TxDOT through other entities 12 (3%)
(e.g. , Williamson County)
Number of parcels to be acquired by LSI 396 (97%)
Parcels with first offer made 343 (84%)
ROW Parcels acquired by negotiation 144 (35%)
Parcels acquired by condemnation 74 (18%)
Total number of parcels acquired 230 (56%)
Parcels not acquired with possession and use 44 (11%)
agreements
Parcels available for construction 274 (67%)
Total number of Utilities 437
Total to adjust 310
Utilities Total number of required utility assemblies 130
Assemblies in revision 28 (21%)
Assemblies approved for construction 60 (46%)
Segment 1 (% complete) 99%
Segment 2 (% complete) 99%
Roadway Segment 3 (% complete) 93%
Design Segment 4 (% complete) 69%
Total Number of Bridges 123
Bridge 100% Plans Review Complete 88 (71%)
% Plans Certified 71 (58%)
Segment 1 Ongoing
. Segment 2 Ongoing
Construction Segment 3 Commenced
Segment 4 Commence in December 2005
Original contract amount $1,306,554,920
Authorized amount $998,955,914
Authorized Change Orders (COs) 8

Contract Status

Authorized COs Amount $ 52,535,479
Current authorized Contract Amount $1,051,491,393
Approved Payments $380,473,148

Amount remaining

$671,018,245

Percent Dollars Expended 36.2%
Schedule Authorized Time Adjustments None
Evaluation of Critical Path On schedule
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4.3.2. SH-130 Project Organization

The SH-130 project is managed by a detachment of TxDOT Austin district
personnel in a project office based in Pflugerville. This office, the Central Texas
Turnpike Office, manages the execution phases of the Central Texas Turnpike System
2002 project (CTTS-2002) and is delivering its project elements through different
delivery methods. SH 45 North and the Loop 1 Extension were subdivided into sections
that are being delivered through traditional DBB contracts.

Initial phases of these projects, including procurement, were managed by the
Texas Turnpike Authority division of TxDOT. The authority decided to allocate a
project staff to manage the turnpike execution phases. This staff, including TxDOT
employees and private consultants, was co-located in the Pflugerville project office in
2001. The project and its personnel were transferred to the Austin district in September
2003.

The turnpike office is directed by the director of turnpike construction, a TxXDOT
employee who reports directly to the Austin district engineer. In this office, a reduced
TxDOT staff is supported by two engineering firms, HDR and PBS&J. HDR provides
program management services to the SH-130 project, whereas PBS&J provides
construction management services on the Loop 1 and SH 45 projects. As the CTTS bond
general engineering consultant (GEC), PBS&J also reports on the progress of the whole
CTTS project to bond rating agencies underwriting the project. This reporting process is
a requirement of the Indenture of Trust that governs the revenue bonds issued for the
2002 CTTS project.

The SH-130 DB contract awarded in 2002 to LSI required the consortium to

locate its main project office in the same complex of buildings as the Central Texas
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Turnpike Office. In addition, LSI set up three segment area offices where personnel
working on the execution phases are based. The LSI main office hosts personnel for the
following functions:

e Project management

e Design services

¢ Environmental permitting and compliance

e ROW services

e Utility relocation services

e Design quality assurance

e Construction quality assurance

The different entities involved in the SH-130 project are represented in Figure 4.1,
which also outlines the relationships between the project parties.

In the SH-130 project, the Developer functions as the single point of contact for
TxDOT for all disciplines, including design, construction, ROW, utility, and
environmental permitting. Monitoring of design and construction quality assurance and
environmental compliance is performed by a group of independent firms that have a
contractual relationship with the Developer. The independence of these firms is
strengthened by the fact that they report directly to TxDOT (as well as to the Developer),

and their functions cannot be substituted by the Developer without TxDOT approval.
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Figure 4.2: SH-130 Project Organization.
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Chapter 5: Procurement of Design-Build Services

5.1. CHAPTER OVERVIEW

Existing literature offers few studies that have investigated how a change in
delivery strategy is implemented by Owner organizations at the procurement level.
Although major categories of DB procurement have been identified (K. R. Molenaar &
Gransberg, 2001), the literature does not offer detailed information on activities
performed during the procurement phase. Summaries of the findings of selected studies
were included in Section 2.1.2.

To overcome this lack of information, a study of the process adopted by TxDOT
for procuring the SH-130 contract was performed. The investigations were focused on
activities needed for selecting the DB entity and for preparing the contractual document.
To improve the validity of the process model, the author also studied procurement
activities for the $154 million contract for delivering the SH-45 SE tolled expressway,
which was procured by the same owner in 2004. Detailed information on this project is
provided in Chapter 9.

The research outcome is a comprehensive procurement process, which includes
activities to be performed between the delivery method decision and the contract
execution. This process map was developed by the author in conjunction with the
research team and project personnel. These activities are proposed along with general
guidelines for preparing procurement documents; chief among these is a breakdown of
the critical sequencing of document preparation activities with respect to other external
processes. The model also highlights differences between the two cases attributable to the

SH-45 SE adoption of the FHWA Rule. In the following section, the developed DB
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procurement flowchart is discussed with a focus on procurement activities related to the

preparation of contractual documentation and selection of the design-builder.
5.2. DESIGN-BUILD PROCUREMENT PROCESS MODEL

To procure the SH-130 and SH-45 SE contracts, a two-phase best-value selection
process was used as prescribed by the existing Texas legislation (Texas Transportation
Code, Title 6, Section 223.203). Although procurement of these two contracts followed
similar paths, the SH-130 procurement process included two additional phases for
activities unrelated to the selection process: an initial toll viability study (absent for SH-
45 SE) and additional activities during the contract finalization phase. Table 1 illustrates
the breakdown of the phases and subphases. Procurement phases are identified by four
intermediate objectives and are further broken down into subphases identified by
milestones. A list of major procurement documents produced during procurement is also
included in Table 5.1. A single person, hereafter called the procurement officer (PO), was
in charge of SH-130 procurement. The PO selected a designee to oversee specific tasks
and subphases.

A graphical representation of the complete process is found in Figure 5.1. This
process flowchart exemplifies the overlapping of phases and identifies the range of
durations at the subphase level. These measures of duration resulted from the analysis of
procurement activities for the SH-130 and SH-45 SE projects with the former having
longer durations. According to all the interviewees, two major factors contributed to the
reduced duration of the SH-45 SE procurement: (1) increased familiarity of TxDOT
employees with the process, and (2) less project complexity. First, the experience of the
SH-130 project team was very beneficial to the SH-45 SE procurement staff members,
who often consulted key SH-130 personnel to help them identify sequences and shortcuts

in the process. Second, project complexity was critical for the preparation of the Request
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for Proposals (RFP) package (subphase 3.1). In fact, this subphase was shortened in the
case of the SH-45 SE procurement because private financing and maintenance options

were not included in the tendered contract.

Table 5.1: SH-130 Procurement Process Phases.

Phase ?;l‘gigfsr)‘ Objective Procurement
Subphase SH130 | SHASSE Milestone Documentation

1 Toll Feasibility Study NA NA Identify financing options

2 RFQ Phase 15 5 Shortlist perspective proposers

2.1 | Prepare RFQ 6 2 RFQ RFQ

2.2 | Develop QS 5 2 QS RFQ Addenda

2.3 | Evaluate QS 4 1 Shortlisted firms

3 RFP Phase 23 9 Select design-builder

3.1 | Prepare RFP 15 6 RFP ITP + Contract + TP

3.2 | Develop Proposals 6 2 Proposals RFP Addenda

3.3 | Evaluate Proposals 2 1 | Best-value proposal

4 Contract Finalization 3 2 Award design-build contract

4.1 | Develop Final Price 2 1 Final Price Contract, TP

4.2 | Contract Execution 1 1 Contract signature Signed Contract

TOTAL 35 14

Abbreviations:

RFQ — Request for Qualifications ITP — Instructions to Proposers

QS — Qualifications Submittal TP — Technical Provisions

RFP — Request for Proposals

ABBREVIATIONS
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Figure 5.1: Overview of Procurement Process with Phase Durations and Milestones.
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5.2.1. Phase 1: Toll Viability Study

As previously mentioned, TxDOT 1is allowed to adopt innovative delivery
methods for toll road projects. When these projects are to be financed through issuance of
toll revenue bonds, TxDOT needs to assess the feasibility of such a financing method
before initiating the procurement. In this kind of situation, a toll viability study is
performed during project planning before the procurement starts. This initial phase is
beyond the scope of this paper. Further information can be obtained in the TxDOT online

guide to conducting the toll viability study.

5.2.2. Phase 2: Request for Qualifications

Under the FHWA Final Rule for DB contracting, the Request for Qualification
(RFQ) phase is denominated ‘“Phase One Solicitation” (FHWA, 2002). During this
phase, the SH-130 and SH-45 SE procurement teams performed three groups of activities
with the goal of pre-qualifying firms. Tasks relating to this phase and its three subphases

are shown in Figure 5.2 and described below.

Subphase 2.1 — Prepare RFQ Package

This subphase ended with the public release of the RFQ package. In order to
issue this documentation package, the procurement team needed to carry out a group of
iterative activities (subprocess 2.1.1) to write the document for issuance, including the
forms for submittal. Concurrently, the procurement team defined all the details for
evaluating submitted qualifications, including rules for evaluations, roles and
responsibilities, and a tentative procurement schedule. Outputs of this subphase were the
RFQ documentation and a detailed evaluation process. The SH-130 and SH-45 SE RFQ

documents included the following information:
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e Project description,

e Procurement process overview,

e Requirement for competing qualifications submittal (QS) with forms for submittal
and required financial documents,

e Evaluation process, including information on schedule and criteria for evaluation,

e Submittal procedures with indication of the main point of contact.
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Figure 5.2: Phase 2 — RFQ Process.

Subphase 2.2 — Develop Competing Qualification Submittals (QSs)

After the RFQ release, the procurement team, including legal and engineering
consultants, interacted with interested parties in order to facilitate the submittal of

qualification packages. During this interactive phase, any interested party analyzed the
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RFQ and submitted requests for clarifications to the procurement team. According to
some interviewees, this process can be modified such that owners can investigate
industry providers’ availability to contribute to the financing scheme. In such a case, if
the project includes bonds or design-builder financing options, the procurement also
includes a few rounds of one-on-one meetings with interested firms to make any

necessary corrective action (e.g. SH-130 case).
Subphase 2.3 — Evaluate Qualifications Submittals (QSs)

When Qualification Submittals (QSs) were received, the evaluation committee
and subcommittees reviewed the submitted packages for responsiveness, evaluating them
according to the criteria provided in the RFQ package. Finally, these scores were
communicated to the PO, who recommended the shortlist of qualified proposers to

TxDOT executive management.

5.2.3. Phase 3: Request for Proposals

Under the FHWA Final Rule for Design-Build contracting, the request for
proposal phase is denominated “Phase Two Solicitation” (FHWA, 2002). Activities
performed during this phase are broken down into three flowcharts, one for each of its

subphases.

Subphase 3.1 — Prepare Request for Proposals

For this subphase, the TxDOT personnel, technical consultants (i.e. Program
Manager) and legal consultants who comprised the procurement team prepared a draft of
the RFP package. Committees for evaluating proposals were also assembled. The RFP
draft was released to the shortlisted firms for feedback through an interactive review

process denominated “industry review.” When completed, the industry review produced
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a final RFP that was issued to the qualified proposers. Figure 5.3 illustrated this
subphase and its tasks.

To prepare the final RFP draft, as much information as possible was collected to
reduce uncertainties associated with project characteristics and risks. A typical RFP
package for procurement of design-build services has four parts: (1) the instructions to
proposers (ITP); (2) the DB contract; (3) the Technical Provisions (TP); and (4) a set of
attachments. The first document describes what the proposals have to include and how
they will be evaluated. The second includes the contractual agreement and its
abbreviations and definitions. The technical provisions include the scope of work,
project specifications, and any other technical criteria. Finally, the attachments include
all the preliminary engineering work performed by the owner and available as a guide to
developing a proposal (e.g. schematic design, utility survey maps, existing ROW
information, etc.). To develop the RFP draft, the owner procurement team performed the
following activities:

e defined the process for evaluating proposals and identifying information to be
included in a proposal, and appointed the evaluation committees;

e prepared draft of the DB contract;

e identified design criteria and developed a draft of the Technical Provisions; and

e completed preliminary engineering activities as necessary to identify risks and
reduce contingencies.

Two groups of interrelated activities were conducted concurrently during this
phase: (a) performing preliminary engineering and developing environmental impact
documentation, and (b) developing contractual documents. The preliminary engineering
activities were initiated long before this phase, but they were continued concurrently to

the development of the RFP documentation. The TxDOT project team could begin to
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develop ITP, DB contract, and TP. At the outset, these documents could be outlined, but
gaps were present that could not be filled until preliminary engineering was completed.
The project team had to fill these gaps before the release of the RFP. Moreover, ITP, DB
contract, and TP were developed concurrently because information from any of these
documents is needed for the others to maintain congruence (i.e., in terms of risk
allocation). Two engineering processes substantially affected the duration of subphase 3.1
for the SH-130 project: (1) the development of the schematic design (~6 months), and (2)
the environmental clearance process (~12 months). In the activity sequencing, these

processes are predecessors to the issuance of the final RFP.
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Figure 5.3: Phase 3.1 — Prepare RFP.
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At this stage, the PO was also in charge of appointing members of two proposal
evaluation committees: (1) the Price Evaluation Committee (PEC), and (2) the
Evaluation, Selection and Recommendation Committee (ESRC), which was in charge of
evaluating technical aspects. Although these committees included only TxDOT
employees, they were assisted by discipline-specific subcommittees composed of outside
consultants who provided advice on technical, financial, legal and maintenance aspects of
the projects. In addition, TxDOT invited observers from other state and federal agencies
with specific interests and responsibilities associated with the projects to form an
advisory committee. All outside consultants and observers were required to endorse
confidentiality statements.

Concurrent with the committee appointment process, the industry review process
was critical to refining the contractual component of the RFP documentation and
included a reiterative cycle of subtasks. The final goal was to achieve trade-offs with the
proposers in terms of risk allocation. In the case of SH-130, the department released draft
sections of the RFP to the short-listed firms and waited for their written comments. A
round of one-on-one meetings was then scheduled to address these comments. The
contractual documentation was reviewed, modified, and edited by the legal consultants
and resubmitted to the proposers with other draft sections. How the industry review
process is conducted depends on three factors. First, it is affected by the STA’s previous
experience with similar projects. Ultimately, risk allocation during this phase can be
limited because the DB contract and the ITP document would be developed following an
organization-wide model. In such circumstance, the PO can use RFP documentation from
previous projects as a model or the STA can develop a master RFP package. The second
factor affecting the industry review is project complexity. The industry review process

usually requires between two and four rounds of meetings. For example, firms shortlisted
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for the SH-45 SE projects were provided a nearly complete copy of the RFP. As a result,
two rounds of industry review meetings were carried out during this project’s
procurement. Subsequently, three rounds of meetings were conducted for the SH-130
project where industry review was conducted section-by-section. Finally, the presence of
external pressures on the procurement schedule also affected the industry review process.
Two external processes are predecessors to the issuance of the final RFP: (1) the
development of the schematic design (~6 months for SH-130); and (2) the environmental
clearance process (~12 months for SH-130). In fact, the FHWA rule for DB contracting
prescribes that the federally-mandated environmental compliance review process has to
be concluded, and the approval of the FHWA division administrator on the RFP
document has to be obtained before the RFP is issued (FHWA 2002). For both projects,
environmental clearance was obtained before the RFP was issued, but waiting for
necessary authorization of environmental clearance at federal level (i.e. FHWA approval
of final Record of Decision) and state level (i.e. Texas Transportation Commission
approval of environmental review) delayed the SH-130 RFP issuance. According to an
interviewee, waiting for these approvals afforded the team an opportunity to conduct a

more thorough industry review, which improved the final RFP document.
Subphase 3.2 — Develop Proposals

In the next subphase, TxDOT personnel and external consultants interacted with
short-listed firms in order to facilitate the submittal of qualification packages. Figure 5.4
represents this subphase and its tasks. First, proposers submitted questions and requests
for clarification; then, a round of one-on-one meetings was conducted to discuss these
comments, and finally, the documentation was reviewed and edited by the legal
consultants. After each round of meetings, the TXDOT project team issued addenda of the

RFP in a redline format of the original document. The duration of this activity was
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predetermined because the department set a deadline for getting the last clarification
request from the proposers and an end date for issuing the last addendum. On the two
observed projects, two or three rounds of meetings were sufficient, but on more
complicated projects, such as large corridor projects including private financing options,

this number is believed to increase.
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Figure 5.4: Phase 3.2 — Develop Proposals.

At this point, TXDOT personnel also interacted with the proposers to review and
approve their Alternative Technical Concepts (ATC). These projects’ DB procurement
used the ATC concept to promote and reward innovative ideas by proposers. They are
innovative solutions in exception to the provided Technical Provisions. Both case studies
allowed two categories of ATCs: cost-saving and value-added. Although submittal,
negotiation, and evaluation of ATCs happened during the same one-on-one meetings,
performing this task needed attention because value-added ATCs needed to be managed
differently from cost-saving ATCs. Proposers could decide to include approved cost-
saving ATCs in the final proposal. Under such a circumstance, they would have an

advantage in the price evaluation. Conversely, value-added ATCs could be included in
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the final price only after a firm was selected for contract finalization. In such a case,

proposers received an advantage in the technical evaluation.
Subphase 3.3 — Evaluate Proposals

The purpose of this subphase, schematized in Figure 5.5, was to conduct an
evaluation of proposals in order to identify the best value proposal. As a requirement of
the RFP, price information was submitted in individual sealed envelopes, separate from
the other portions of the proposal. At first, the PO’s designee received and separated each
contractor’s Price Proposal from the remaining documentation and assigned an
identification code to each. The record tying the generic identifiers to the actual
Proposers was sealed and held by the designee. Then, the designee passed the two
proposal packages to the two evaluating committees: the price proposal to the PEC and
the technical proposal to the ESRC.

Thereafter, the evaluation was conducted on two parallel tracks, price and
technical, and followed three steps: responsiveness, pass/fail, and score assignment. First,
the committees reviewed proposals for irregularities and responsiveness to the requested
format. Second, a pass/fail assessment was conducted according to pre-fixed criteria (i.e.,
submittal of proposal bond, use of required forms). Finally, proposals were evaluated in
terms of the pre-established scoring criteria with a score being assigned for each criterion.
These scores were combined using evaluation algorithms that were established in the
RFP. Exchange of information during this phase was strictly regulated because price and
technical committees were not allowed to communicate with each other until after the
scores were assigned. The entire evaluating process was supervised by an advisory
committee, which included at least one representative from each of the following entities:
the state attorney general’s office; the FHWA (essential for validating processes related

to federally funded projects); the TxDOT internal counselor representative, and the State
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comptroller. A chart representing the different committees involved in the evaluation of

proposals for SH-130 is included in Figure 5.6.
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Figure 5.5: Phase 3.3 — Evaluate Proposals.

After the evaluation was concluded, the PO merged price and technical scores to
determine the best value proposal and then recommended it to the executive
management. Finally, the TxDOT Executive Director communicated the best value
proposal to the Texas Transportation Commission (TTC) and requested authorization to
proceed for contract finalization.

At this stage, both SH-130 and SH-45 SE procurement included an additional and
optional step, the Best and Final Offers (BAFO) phase. Although this option was not
exercised, a very detailed process for it was outlined in the two ITP documents. For both
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projects, the owner could initiate the BAFO process if the submitted proposals did not
meet the maximum budget amount. If a BAFO process was going to be initiated, TxDOT
could enter into discussion with one or more proposers, revise the RFP and request
BAFO submittals. Proposers invited to participate in the BAFO process would be advised
of deficiencies in their proposals and given the opportunity to correct such deficiencies
and re-price their proposals. In addition, TxDOT could change the scope of work. At the
end of the BAFO process, TxXDOT would consider the revised information and re-

evaluate and revise ratings accordingly.

Selection Advisory TXDO_T
Committee Executive
TXDOT representative Management

FHWA rep.
Attorney General rep. Procurement
State Comptroller rep. Officer PO General Counsel

Price Evaluation Technical Evaluation
Comnmittee (*) <@ Designee [P Comnmittee (*)
Chair & three-member Chair + Six member

L 4 L 4
Technical Subcommittee
TXDOT rep.
Engineering Consultant
Legal Counsel
Financial Advisor
Bond Counsel

Pricing Subcommittee
TXDOT representative
Legal Representative

(*) All Texas state employees

Figure 5.6: SH-130 Evaluation Committees Organization Chart.
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5.2.4. Phase 4: Contract Finalization

During this phase, the procurement team performed two sets of activities. Figure

5.7 includes the tasks relating to this phase, and its two subphases.

Subphase 4.1: Develop Final Price

For the SH-130 project, the purpose of this subphase was to incorporate aspects of
unsuccessful proposals into the selected proposal and to include them in the final price.
Moreover, the process allowed TxDOT to enter into discussions with other proposers in
case the selected proposer was not collaborative on a particular issue. On the SH-45 SE
project, interactions between TxDOT and design-builder were postponed after the

contract award.
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Figure 5.7: Phase 4 — Contract Finalization.

According to some interviewees, two factors affect whether and when aspects of
unsuccessful proposals can be included in later design activities. First, in Texas the state
transportation commission has to approve the payment of work performed (i.e. stipends)
to unsuccessful proposers. In that case, TXDOT can acquire the right to use aspects of
unsuccessful proposals in later design activities. While both of the observed projects

received this permission, two different strategies were adopted. TxDOT acquired rights to
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use any proposals during SH-45 SE procurement. However, the amount of the payment
was based upon the value of the Proposal that can be used by TxDOT up to a maximum
amount. This maximum amount per Proposer was 0.15% of the successful proposer price
as stated in the SH-45 SE ITP. Conversely, only proposals receiving a qualitative score
equal to at least 70% of the maximum possible qualitative score were acquired during
SH-130 procurement. The amount of the payment was 0.1% of the successful proposer
Price as stated in the ITP.

The second determining factor is that the pricing of other proposal aspects can
happen at different stages of the project life cycle depending upon the FHWA process
adopted for the procurement. The SH-130 project was procured under the SEP-14
program, so some aspects of the acquired proposals were included in the contractual
agreement with all necessary price adjustments made. In performing this activity, TxDOT
began discussions with the selected proposer about the incorporation of aspects of other
proposals for achieving the overall best value for the department. In the case of SH-130
procurement, this discussion phase was denominated “post-proposal ATCs.” Conversely,
the SH-45 SE project was procured according the FHWA rule, so the post-proposal ATCs

were treated as change orders or value engineering after the contract signature.

Subphase 4.2: Contract Execution

During this subphase TxDOT executed the agreement with the selected proposer.

Any details needed for contract signature were also defined at this time.

5.3. FINDINGS ON SH-130 CONTRACT PROCUREMENT

Using a case study methodological approach, a detailed study on the use of two-

phase selection procedures was conducted. Investigations were focused on activities
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needed for selecting the DB entity and for preparing the contractual document. A process
model has been developed for the procurement of design-build services through a two-
phase selection procedure. This process map has been reviewed and accepted by the SH-
130 project manager, the SH-45 SE procurement officer and the HDR project manager
and subsequently published. Using two DB projects in Central Texas as case studies,
procurement activities were identified; their sequencing was also mapped taking in
consideration external processes. Two processes external to procurement were shown to
particularly affect the procurement schedule: (1) preliminary investigations to identify
project risks; (2) environmental clearance. Activities were grouped in phases depending
on the milestone they were aimed at achieving, and phase durations were identified for
the two case studies. As a result, a detailed DB procurement process was developed.

The duration of the procurement for each of the two projects show that this type
of procurement can be time consuming. Procurement activities for the SH-130 project
took around 35 months, whereas the contract stipulated a period of 65 months for the
execution of the contracted work. As a result, procuring the contract required a period of
time equal to 35% of the total delivery time. Similarly, procurement activities for the SH-
45 SE project took 14 months, whereas the contract stipulated a period of 40 months for
the execution of the contracted work. In this case, procuring the contract required a
period of time equal to 26% of the total delivery time.

Although procurement of DB services is cumbersome, the literature does not offer
detailed information on activities performed during DB procurement. With this part of his
research, the author has filled this research gap for the highway project sector. The
process developed here can be used by practitioners as guidance for implementing the
two-phase selection procurement encouraged by the FHWA DB Final Rule. The author

expects that state highway officers will be able to gain several advantages from this
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research. First, knowledge of information flow across procurement activities can facilitate
efforts to plan efficient project procurement. Second, information on activity sequencing
can reduce the amount of time that officers spend experimenting and developing new
organizational routines to implement the new procurement approach. Third, an
understanding of how DB procurement activities provide the same levels of safeguards as
traditional DBB procurement can help agencies overcome existing cultural barriers and
concerns over the new methods.

While the proposed process presented here forms the basis for understanding this
new type of highway procurement, further research is required in two specific directions.
First, a systematic study of specific factors affecting duration of DB procurement is
needed. Such research can only be done by means of a wide collection of data on
procurement schedule durations and project characteristics. It would also be
advantageous to identify variations within the two-phase selection scheme and to explain
under which circumstances these variations occur. This information could be beneficial
for mapping decision trees. These data would provide insight into designing software for
DB projects that would better reflect and assist the modified procurement processes. For
instance, specifications for Project Information Management Systems (PIMS) that
facilitate the procurement document exchange between owner, technical and legal
consultants, FHWA officers and proposers can be built upon a general characterization of
innovative procurement processes. Such systems would streamline procurement, allowing

a real-time distribution of document versions and addenda.
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Chapter 6: Administration of Design-Build Contract

6.1. CHAPTER OVERVIEW

Existing literature offers few studies that have investigated the administration of
DB contracts. This lack of information was supplemented by studying the administration
of the SH-130 contract. The investigations were focused on the organizational and
communications aspects.  The research effort identified issues related to the
implementation of a new project delivery method during the contract administration
phase. These issues are presented in this chapter.

While the literature lacked information on the administration of DB contracts for
the transportation sector, findings from the literature review did allow the research team
to identify issues that needed to be investigated. Consequently, the semi-structured
interview guide adopted for this part of the investigation (Appendix A.2) includes items
on these research issues. Summaries of the findings of selected studies were included in
Section 2.1.3. These studies highlighted several issues to be investigated. Although the
developed interview guide follows a semi-structured approach in order to increase data
richness beyond topics from the literature, the research team decided to address some of
these issues directly at the end of the interview to investigate their effect on SH-130
project organization. These issues include the amount of Information Technology (IT)
support for the project team, the allocation of time to meetings, and the occurrence of
short-circuiting of communications between the Owner’s team and the Developer’s
designers.

The research outcome is a comprehensive identification of issues related to the
implementation of a new project delivery method during the contract administration

phase. These issues are proposed along with general guidelines for managing DB
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contracts; chief among these is a set of lessons learned for TxDOT in overseeing the
execution of the SH-130 contract. In the following sections, findings from this phase of
the research are presented and discussed with a focus on organizational structures to be
implemented, strategies for staffing the project team, and lessons on regulating project

communications.

6.2. ANALYSIS AND SYNTHESIS OF INTERVIEW FINDINGS

6.2.1. Major Organizational Issues

This section summarizes observations made on the organizational structure of the
SH-130 project. More complete documentation of these observations is included in

Appendices A.4 and A.5.
Role and Responsibilities

The allocation of responsibilities for the SH-130 project differs substantially from
a traditional TxDOT DBB project because the CDA-DB contracting approach shifts most
of the risk to the Developer. In addition, an external consultancy entity, the Program
Manager (PM) performs many of the tasks on the Owner’s side. A comparison between
the allocation of responsibilities for the SH-130 project and that of a generic DBB project
is represented in Figure 4.1. The re-allocation of responsibilities radically modifies the
roles of the parties in a DB project and puts several new entities into play. Following is
an outline of the roles of the major actors for the SH-130 project:
IxDOT

The Owner team’s role was defined in the CDA agreement. This contract limits
its role to “oversee performance of the Development Work for the purpose of confirming

that the Development Work meets the requirements of the Contract Documents.
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Oversight includes design reviews, design and construction oversight, acceptance of the
Development Work ... and establishment of priorities for the purpose of ensuring timely
receipt of revenues. [The Owner team] will also serve as a liaison with regulatory
agencies in connection with Developer's application for Environmental Approvals and/or
amendments or re-evaluations for which Developer is responsible” (TTA, 2002; pp.9).

Although many of these responsibilities are assumed by the PM, the Owner’s
representatives are responsible for communicating with regulatory agencies; however,
their oversight decisions are based on legwork-by and recommendations from the PM.
Some interviewees suggested that there is a need to re-allocate part of the decision-
making responsibilities to the PM in order to streamline the oversight process. Moreover,
other interviewees underscore that there is not a clear line drawn between the
responsibilities of TxDOT and the PM. Additionally, these two entities have a
duplication of roles in some disciplines (e.g., ROW and environmental). Consequently,
the Developer’s employees often need to communicate with counterparts from both
entities when an issue occurs. According to an interviewee, there was often reluctance to
embrace the DB approach within the Owner’s team, and the inexperience with the new
process raised caution. The same interviewee believes that this caution motivated the
Owner to add additional staff for monitoring and overseeing the project. Conversely, the
Owner team believes that a cautious approach was needed since this project is “piloting”
the DB approach, and since it is the largest contract ever awarded in Texas.

The use of independent quality assurance firms (e.g., Design Quality Assurance
Firm [DQAF], Construction Quality Assurance Firm [CQAF], and Environmental
Compliance Firm [ECF], later discussed) is advantageous to TxDOT, because it relieves
the Owner of part of the responsibility for the schedule. An interviewee explained this

advantage by citing his experience with another DB project. On that project, the quality

85



assurance work was done by the PM, who was forced to increase quality assurance staff
in order to meet the Developer‘s production requirement. Therefore, as the Developer’s
production rate rose and fell, the Owner’s quality assurance staffing requirement
fluctuated with it. With this approach, the Owner was forced into accommodating the
Developer’s pace. Similarly, in DBB projects, the contractor’s construction quality is
usually controlled by the Owner’s staff. This arrangement makes the Owner vulnerable
to litigation with the Developer for schedule issues.

Program Manager

The CDA agreement also defined the role of the PM. This entity has the
responsibility “to assist [the Owner] with the administration and oversight of the
Development Work™ (TTA, 2002; pp.9-10). The contract also specified that the PM is
not authorized to “direct the performance of the Development Work unless continued
performance of the Development Work appears imminently likely to (i) result in a
violation of any environmental Law or any conditions of any environmental
Governmental Approval or otherwise endanger the environment; or (ii) endanger the
health, welfare or safety of workers or the public” (TTA, 2002; pp.9).

Findings demonstrated that the PM’s responsibilities include overseeing the
Developer’s performance, making sure that the Developer has implemented proper
QA/QC systems, and reporting the project status to TxDOT. However, some participants
from the Developer’s team believe that the PM’s team was overstaffed in some areas
relative to its responsibilities. Some interviewees also believed that the PM’s staff was
going beyond what they perceive its role to be by performing more of its own inspections

than they expected. Again this may be due to the high profile of this project.
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Project Functions
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H :
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| TxDOT | <. Design Management . [ Developer Pre-construction Manager |
.
| Eingineering Consultant | . Design Execution : | Developer’s subs |
.
| Engineering Consultant | : Design Quality Control ) [ Developer’s subs |
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H ]
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L
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Figure 6.1: Responsibilities in the SH-130 project versus a traditional DBB project.
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Developer

The Developer entity is a joint venture of three major contractors. These
contractors provide personnel to build up the project team. An interviewee observed that
there were some problems regarding roles and responsibilities within LSI and that the
joint venture struggled to solve them during the first two years. A reason for these
problems was "attributable to the joint venture itself where LSI comprises the three
companies, Fluor, Balfour Beatty, and T.J. Lambrecht. So when you bring three
companies together, you bring three different execution/operation approaches together."

The Developer follows a matrix structure with two levels of management
directing, managing, and overseeing joint venture project personnel (based in three area
offices) and several subcontractor firms (i.e., design, ROW acquisition, utility
adjustments and construction firms). Additionally, the Developer’s managers interact
with three independent firms to implement the proper QA/QC systems and assure design
and construction quality assurance and environmental compliance.

Design Consultant

An engineering firm acts as the design subcontractor for the Developer. This firm
leads several other design firms. All the designers are co-located with the Developer and
work as a team under a matrix organizational structure. The joint design team has a role
similar to the role of a design firm on a traditional DBB project with one major
exception: they are directed by the Developer rather than by the Owner.

Some interviewees pointed out that some short-circuiting of communications
between the Owner and Design firm occurred early o