Project Delivery and Planning Strategies for Public Owners
by
Stephen Edward Mahoney
B.S., Engineering and Environmental Science (1997)
University of Notre Dame
Submitted to the Department of Civil and Environmental Enginzering
in Partial Fulfillment of the Requirements for the Degree of
Master of Science in Civil and Environmental Engineering
at the

Massachusetts Institute of Technology

December 1998
| Fekiue, v 19997

g9

©1998 Massachusetts Institute of Technology
All rights reserved

Signature of Author.....................

Certified bY...oovviiii
- John B. Miller

Assistant Professor of Civil and Environmental Engineering
Thesis Supervisor

AcCepted DY. .o e

:Andrew J. Whittle
Chairman, Department Committee on Graduate Students

MASSACHUSETTS INSTITUTE
OF TECHNOLOGY

FEB 1 01999

LIBRARIES







Project Delivery and Planning Strategies
for Public Owners

by
Stephen E. Mahoney

Submitted to the Department of Civil and Environmental Engineering on
January 15, 1999 in Partial Fulfillment of the Requirements for the Degree of
Master of Science in Civil and Environmental Engineering

Abstract
Current trends show that as the demand for infrastructure renewal and replacement has

increased, Federal, state, and local government funding for infrastructure projects has
decreased. It has become clear that the government will need to examine the potential of
and implement other delivery methods in addition to design-bid-build. In order for the
government to effectively use project delivery as a variable, the role of government in the
capital planning process will need to be redefined.

This thesis examines the capital planning process used by public owners, i.e. the
government. The identification of ideal project planning and management principles led
to a new framework for capital planning, referred to as the Project Configuration Process.
The proposed Project Configuration Process is based on the premise that a public owner
can identify a realistic need, identify the objectives for the project, identify the project
constraints or drivers, and select the most appropriate delivery strategy that aligns the
project objectives with the advantages of the delivery strategy.

Two case studies are included to examine current project configuration practices. The
Central Artery/Tunnel Project in Boston, Massachusetts and Tren Urbano in San Juan,
Puerto Rico identify common challenges to the delivery of large-scale infrastructure
projects. The Central Artery/Tunnel Project will widen and depress the existing elevated
Central Artery, add a Third Harbor Tunnel, and improve highway connections within and
around Boston. The Central Artery/Tunnel Project is a useful case study for it facilitates
the examination of a large-scale infrastructure project utilizing traditional design-bid-
build procurement methods in conjunction with a management consultant assisting the
Department of Public Works. The Project’s development history provides insight into
the processes, challenges and limitations of the current project delivery process. Tren
Urbano, an urban rapid transit project, is intended to reduce congestion in the San Juan
Metropolitan Area. The objective of applying this research to Tren Urbano is to identify
essential project management issues in a mixed delivery setting. Phase I of Tren Urbano
posses a unique project management problem as it is divided geographically into seven
alignment sections and contractually into a portfolio of contracts containing one design-
build-operate contract and six design-build contracts.

Thesis Supervisor: John B. Miller, Asst. Prof. of Civil and Environmental Engineering
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1 Introduction
1.1 Research Objectives

Strategic project planning, by public owners, is a systematic process that involves the
assessment of the organization’s objectives, capabilities and resources. It is a managerial
process designed to develop and maintain a viable strategy to deliver projects. In general,
the project delivery process is the means by which projects are consistently and
efficiently planned, executed, utilized, rehabilitated and replaced. The planning process
for any project attempts to address two main questions: 1) Are we doing the right job?
and 2) How are we to do the job right? For large public works projects urban planners,
architects, designers, government officials, and the general public ultimately determine
the answer to the first question. In response to the second question, this thesis adds to the
body of knowledge developed by the academic community, consultants, construction
managers and owners.

Currently, public sector project planning and management strategies are tailored to the
design-bid-build project delivery strategy. As a result of the changing environment
regarding project delivery, it is important to identify project planning and management
strategies that are effective for all, or most, delivery strategies including design-bid-build,
design-build, design-build-operate, and build-operate-transfer to name a few. The ideal is
to develop a structured planning process and practical tools that address critical problems,
objectives, and situations under conditions of uncertainty with all delivery methods.

The objectives of this thesis and the chapters that address them are listed in Table 1-1.

Table 1-1 Thesis Objectives
Research Objective Chapter
Create a Project Configuration (i.e. planning) Process for public owners | Chapter 2
based on sound project planning and management principles and &
practices. Chapter 3
Provide recommendations for the implementation of management tools,

. " ; : ) Chapter 4
. | referred to as project configuration deliverables, by public owners

- | Identify and evaluate project configuration and management issues on Chagcter .
| large-scale infrastructure projects. Chapier 6
Evaluate the potential of the proposed Project Configuration Process Chapter 7

| and identify current barriers to its implementation.

1.2 Research Assumptions

To properly understand the intention behind the development of such a process, it is
useful to state the assumptions that were required to reach the results and conclusions.
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The initial assumptions that are fundamental to the development of the processes to
follow are:

* The belief that a direct relationship exists between the level of project planning and
the success of a project

= The belief that project delivery options for the public sector will eventually be
expanded from exclusive use of segmented design-bid-build processes to allow the
option for all viable delivery methods, which include segmented, combined, directly
financed, and indirectly financed strategies.

» The understanding that the particular legal framework and work environment of an
area in which the owner is operating will have an impact on the use of any project
planning process.

1.3 Research Intent

In the last decade, as the government has experimented with various project delivery
strategies, the need for a standard configuration process has become apparent. Rigby
states that a well proven and universally accepted project management (configuration)
system will be an absolute necessity to control and manage the next generation of very
large complex technical projects. It is widely recognized that large and complex
technical systems need to be designed, developed, produced and maintained using a
unified system of engineering concepts, policies, principles, processes, and terminology,
which will be usable and understandable by all those involved (Rigby, 1998).

The term configuration, used in this context, may be new to most readers. It is assumed
that an owner has the flexibility of selecting the most attractive organizational structure,
design alternative, and the delivery, financing, and management strategies. The
configuration process describes the evolution of these decisions and what must be
accomplished before the private sector becomes involved.

The project configuration process and recommendations provided in this thesis are
intended to improve the planning process and begin to establish uniform standards which
can be used by public owners for the mutual benefit of owners and the design and
construction community. It will increase the awareness of the relationship between
individual effort and the broader goal of project success and will help develop consensus
on objectives, strategies, success measures, and risk factors within the project team. The
purpose of the process is not only to standardize the development of and expectations for
public sector projects but also to allow designers and contractors maximum latitude on
how to meet those expectations.

Well-executed project planning by an owner, prior to a project’s release into the private
sector, can provide many benefits. For example, the transparency of a consistent process
will allow the private sector to know what to expect and better prepare to meet the
owner’s needs, the owner will be able to choose the best method to deliver the project,
and the groundwork will have been established to manage risk and potential changes
during the project. An owner can obtain these benefits through the development of a

14



process that identifies common project configuration principles and practices. The goal
or intention of the process is to provide an owner with strategic methods to obtain
information, address risk, and commit resources to maximize the probability of a
successful project. The general hypothesis of this research is based on the premise that:

=  The delivery of public infrastructure in America; with Federal, state, and local
governments as the owner, can be improved by the development of a project
configuration process that can be consistently and efficiently applied for any delivery
strategy.

Although results from testing the project configuration process are not available to
support the hypothesis, its value is well supported in construction literature. The
Construction Industry Institute {CII) has identified that strategic project organizing by
owners and contractors offers the highest potential return for each dollar invested
(“Assessment...”, 1990). It is basically intuitive that good planning is beneficial to
construction projects. If projects begin with good planning and are executed according to
those plans, the potential for successful projects is increased.

In order for any new project configuration process to be fully accepted and implemented,
attitudes and behaviors regarding project planning need to be aligned with the new
philosophy. The development of a mission statement, an adaptation from the private
sector, for public owners will help establish the overall goals that should be addressed.

» Collectively, the Federal, state and local government’s mission is to maximize the
resources available to provide the greatest infrastructure value, in terms of cost and
service quality, to the public.

This mission lends support to the belief that public owners should be able to choose from
multiple project delivery strategies, not just design-bid-build. The determination of the
“success” of a project is inherently subjective and is strongly dependent on the point of
view of the individual making the assessment. Typical metrics for measuring project
success often include total design-construction cost and schedule compared with
estimates as well as the performance of the facility compared with what was intended.
Quality, for the most part, is considered an expectation and project success is reduced to
favorable cost and schedule results. For the purpose of this research, project success is
determined by a new definition:

» Success is determined by the level of satisfaction among the project participants
toward the completion of a fully operational and functional facility, with the least
number of changes, rework, cost overruns, delays, and disputes.

While traditional measures of project success focus on costs and schedules, the new
definition of project success places emphasis on relationships. Strong, team-oriented
relationships lead to shared objectives, fewer conflicts, and faster dispute resolution. The
change in focus is an important difference for these factors typically have a large
influence on the final project cost and schedule.
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Although the project configuration process may seem valuable, it may not be clear why
the process is developed from the owner’s perspective. Project planning for public
infrastructure is an owner-driven process that must be aligned with overall economic and
social policies. It is essential to consider the future as well as the immediate implications
of the project’s financial obligation and social impact. Proper alignment requires
consideration of design, construction, operation, financial support, and project
management early in the project lifecycle. This research focuses on the owner’s planning
activities, for it is a widely held, accepted belief that the early phases of a project’s
lifecycle will have a much greater influence on a project’s outcome than the later phases.

However, it should be noted at the outset that this research does not represent either a
complete project delivery system or a comprehensive guide for the development of a
project. Rather the emphasis is on the identification of common principles that lead to
project success and the development of a fundamental project configuration process that
effectively addresses these principles. The project configuration process and deliverables
developed in this paper can serve as a checklist for owners to determine their needs to
deliver their project successfully. Many of the principles are not necessarily new and
have been in use for some time. However, their critical importance to project success has
not been properly established within a common project planning, configuration process.

1.4 Thesis Structure
1.4.1 Problem Analysis

The state of infrastructure in America requires a change in the current method of public
project delivery. Changes in current legislative statutes will be necessary to promote a
long-term, stable commitment to private sector participation in the development of
infrastructure. Different combinations of project finance, design, construction, and
operations and maintenance, involving both the public and private sectors, offer the
greatest potential to adequately serve the growing infrastructure demand. If this change
is believed to be inevitable, as I have assumed, the central issue then becomes how
should the government react to this change. What does the government need to do in
preparation to operate effectively in this open environment? The choice among various
project delivery strategies including; design-bid-build, design-build, turnkey, design-
build-operate, build-operate-transfer, and other variations will provide the best potential
value in terms of infrastructure quality, level of service, and development of technology.
The government can satisfy its mission to the greatest extent, if effort and resources are
focused on planning activities, which includes project delivery analysis, during the
project configuration phase.

In support of this notion, Figure 1-1, first developed by Boyd Paulson, illustrates that it is
easier to favorably influence a project’s outcome during the project configuration phase,
when expenditures are minimal, than it is to affect the project’s outcome during
construction execution or operations, when expenditures are more significant and work-
in-place increasingly limits flexibility (Paulson, 1976b).
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Figure 1-1 Phase Overlap and Level of Influence
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1.4.2 Project Configuration Process

With the re-introduction of combined delivery strategies useful and successful project
configuration will need to be redefined. Each project delivery strategy will have a
different distribution of responsibility between the owner, designer, contractor, and
operator depending on the level of integration between the phases, owner involvement,
and owner expertise. An owner will benefit from implementing consistent project
configuration methods to adequately prepare each project to progress through the
remaining phases. The CII contends that up-front planning is a major key to a successful
project. In a survey conducted by CII all designers agreed that project pre-planning by
the owner and designer is a pre-requisite for a successful project (Diekmann et.al., 1987).

It is important that activities during the project configuration phase accommodate the
various options available for project delivery, which includes the delivery strategy,
finance, organization, and management in order to successfully address lifecycle issues of
cost and service quality.

1.4.3 Project Configuration Deliverables

The project configuration process will identify specific project configuration deliverables
such as a contracting plan, project management workplan, and project charter. These
deliverables are resources that an owner can use to promote the delivery of a successtul
project.

The intent of each project configuration deliverable is expressed in a separate
monograph. The monograph is a short text on a single topic that describes why the topic
is important and what it contributes to successful project delivery. Each monograph
describes common concepts regarding the intent of the project configuration deliverable
and provides suggestions for its development.
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1.4.4 Case Studies

The case studies are intended to illustrate how project planning, or configuration, is
currently executed in a mixed delivery setting. The case studies will identify common
challenges to the successful completion of large public projects, as well as, current
barriers to the implementation of the proposed Project Configuration Process. The
research for the case studies focuses on the existence of and reaction to project
challenges, and not necessarily on the effectiveness of that reaction. That topic offers
further potential research for each management and control program.

1.4.4.1 Central Artery

The Central Artery/Tunnel Project in Boston is the largest highway improvement effort
ever undertaken within the core of an American city. The Project will widen and depress
the existing elevated Central Artery, add a Third Harbor Tunnel, and improve highway
connections within and around Boston. The Massachusetts Department of Public
Works/Massachusetts Highway Department is the lead public agency of this nearly $11
billion project.

The Central Artery/Tunnel Project is a useful case study for it facilitates the examination
of a large-scale infrastructure project utilizing traditional design-bid-build procurement
methods in conjunction with a management consultant assisting the Department of Public
Works. The Project’s development history provides insight into the processes, challenges
and limitations of the current project delivery process.

1.4.4.2 Tren Urbano

Tren Urbano, an urban rapid transit project in Puerto Rico, is intended to reduce
congestion in the San Juan Metropolitan Area. The Puerto Rico Department of
Transportation and Public Works (DTPW) and the Puerto Rico Highways and
Transportation Authority (HTA) made the decision to construct Tren Urbano in phases.
The first phase extends over 17 kilometers and will provide service for an estimated daily
ridership of 115,000 passengers, at a capital cost of approximately $1.5 billion.

The objective of applying this research to Tren Urbano is to identify essential project
management issues in a mixed delivery setting. Phase I of Tren Urbano posses a unique
project management problem as it is divided geographically into seven alignment
sections and contractually into a portfolio of contracts containing one design-build-
operate contract and six design-build contracts. The Project’s contract and organizational
structures create multiple challenges to obtaining the HTA’s project goals of obtaining a
high quality transit system, completed on time and within budget.
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2 Problem Analysis
2.1 Current Preferred Method

The current preferred public sector project delivery method and in general the most
commonly used delivery method is design-bid-build. The implementation of the method
is a sequential process, in that design is followed by a bidding process, construction, and
then operations. Design-Bid-Build, also referred to as the traditional method, relies on an
architect or engineer to design the project, a sealed bidding and public award process,
construction by the lowest bidder, and financing secured and supplied by the owner.

Federal, state, and local governments have relied exclusively on the desi gn-bid-build
method of project delivery over the past few decades. After World War 11, the EPA
Construction Grants Program and the Interstate Highway System Program firmly
entrenched the delivery of public infrastructure in the use of the design-bid-build strategy
(Miller, 1997a). As a result of specialization within the industry and the statutory and
regulatory requirements of both funding progranis, the project life cycle was segmented,
separating finance, design, construction, and operations and maintenance. In 1972 the
Brooks Act required the segmentation of design from construction for public projects (40
U.S.C Sec. 541-544) (Miller, 1997a). This was done to allow the award of the design
contract to be based on technical capability and the qualifications of the design firm,
while the construction contract could be procured through competitive bidding with an
emphasis on low cost. The consequence of limiting the government’s project delivery
options is that Federal, state, and local governments have been forced to assume direct
responsibility for planning, designing, constructing, maintaining, and operating most
major infrastructure projects (Miller, 1997a).

Currently, when a need is identified, the development of the project follows distinct
stages. The owner selects a designer, typically based on qualifications over price. The
design professional then develops 100% complete plans and specifications for the owner.
The construction contractor is selected through a low bid process based on the completed
design furnished by the owner. The contractor is then responsible to complete the project
as specified in the design documents by the specified date and within the contract price.

It is important to note that the lowest bid is not always in the owner’s best interest as it
does not guarantee quality or the lowest total cost for the project. The current approach
lacks any attempt to develop partnering relationships, and fails to provide incentive for
project pariicipants to work together for the benefit of everyone involved. Because there
1s no contractual relationship between the designer and the contractor all directives must
come from the owner. Therefore, the owner is responsible for oversight of the
construction process as well as any disputes or changes that occur. The typical lifecycle
of a design-bid-build project is represented in Figure 2-1.
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Figure 2-1 Typical Design-Bid-Build Lifecycle
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There are benefits to the traditional method as through decades of use the private sector
has become acclimated to the use of design-bid-build. Through better efficiency and
project control the low bid process has been effective at reducing construction costs.

2.2 Why Treat Project Delivery as a Variable?

There are fundamental problems with exclusive reliance on any one particular project
delivery strategy. The last couple of decades have proven that the sole use of design-bid-
build will not provide an answer to the growing demand for infrastructure in America.
This strategy relies on public funding to support infrastructure projects and current trends
show increasing demand for infrastructure and decreasing public funds to support it. Use
of the segmented design-bid-build method also excludes the incentives for innovation and
incorporation of new technology that combined methods create due to access to the
revenue stream and lifecycle cost and cash flow analyses during the design phase.
Similarly, exclusive use of build-operate-transfer methods would not satisfy the demand
for infrastructure. The private sector cannot be relied on to identify and satisfy all public
needs. In this environment only those identified projects which produce favorable
discounted cash flow results will be pursued by the private sector. All other needs, of
which there are currently many, will remain unmet.

A fundamental element of a sustainable infrastructure delivery strategy is the notion that
the method of delivery is a variable to be analyzed and managed. “More than one
practical, viable project delivery option exists for most major public works projects”
(Miller, 1997a). “Simply put, it is the mix of project delivery methods that are applied to
a collection of desirable infrastructure projects that is becoming increasingly important.
One of the clear teachings of the history of construction management in the United States
is that no single form of project delivery and finance is preferable across numerous
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projects and sectors over time” (Miller, 1997a). The ideology behind allowing the public
sector to use all of the available contract procurement strategies is based on the belief that
the public and private sectors can collectively provide the best services to meet the
growing needs of infrastructure in America. The public and private sector must together
strive to improve the quality of the American infrastructure portfolio through proper
allocation of financial risk and the encouragement of developments in technology and
innovation throughout design, construction, and operation processes. If the government
can push financially viable, large capital projects into the private sector, more public
funds can be directed to a large number of smaller projects that cannot support
themselves.

The advantages to the government of having the authority to select a project delivery
strategy are clear. The government would be able to:

=  Attract private sector investment in infrastructure

» Increase the introduction of new technology and innovation

* Increase infrastructure quality and service while controlling costs

» Conserve government resources to support public projects and services that only the
government will perform

Although history shows that the public and private sector have delivered successful
projects with the traditional method, a number of trends have emerged that do not support
the continued exclusive use of design-bid-build to deliver all public sector projects.

2.3 Recent Trends
2.3.1 The Delivery of Large-Scale Projects

As current infrastructure systems continue to age, they will need to be upgraded or
replaced. There is likely to be a significant number of large-scale infrastructure projects
in the near future and we must recognize the challenges and develop processes to deliver
these projects successfully.

Although each project is unique there are some common challenges and problems with
the delivery of large-scale projects by the government. A fcw identified problems are:

* The government does not have the resources to support Federal programs indefinitely

* The use of government funding programs may lead to misguided objectives to obtain
Federal money rather than fulfill a realistic need

= The structured delivery process may not be the most cost-effective solution to the
mission need

*  The design-bid-build process limits the potential of obtaining the best-value for
public money



2.3.2 Inadequate Public Capital Resources

Current statutes and regulations predetermine the project financing and delivery strategy.
Under the design-bid-build project delivery method the government must provide the
financing necessary to complete the project. As the demand for infrastructure has
increased, the Federal, state, and local government funding available for these projects
has decreased. The combination of the current and growing shortfall of public funds
available for infrastructure and the requirement of direct public financing associated with
the design-bid-build process will inevitably cause the government to fail in its mission.

2.3.3 Misguided Project Objectives

A direct result of relying on and pursuing Federal financing support for public
infrastructure is the misguided objectives of public owners. Public officials and
legislators at the Federal, state, and local level currently support infrastructure programs
that are funded by specific public appropriations and that require a variety of Federal,
state, and local agencies to administer guidelines, rules, and qualifications for the receipt
of public funding. This strategy can result in an infrastructure planning process that is
focused on obtaining program funds instead of meeting the current and long-term public
infrastructure need (Miller, 1997a).

2.3.4 Project Drivers

Typical project drivers are cost, time, and/or quality. In today’s business environment
quality work is an expectation and pressure to reduce the project duration has increased.
The potential for revenues from operation of the completed facility often outweighs the
design and construction cost. Good examples are high technology industries where profit
margins are high and large infrastructure projects that will improve the surrounding
economy, protect the environment, and/or fill a social need. Because of the segmented
nature of the design-bid-build strategy, it is typically recognized as having a longer
project duration than combined strategies, which can take advantage of fast-track
methods that overlap the design and construction phases.

2.3.5 Lifecycle Value

A consequence of using the traditional method is that lifecycle cost principles are not
presently considered to be the method of determining the value of a project. The low bid
process reflects an attempt at the lowest initial cost not the lowest cost of ownership. A
fee-based selection process for A/E’s typically results in standard designs that do not
guarantee maximum efficiency, least operating expense, or even lowest initial cost.
However, the importance of low initial cost has caused the development of project
management and control techniques to focus on cost and schedule control during the
construction phase.

Most public agencies have a limited amount of funds and they are under political pressure
to produce short-term results. Most investments are therefore made on the basis of initial



costs without any consideration of lifecycle costs (Arditi and Messiha, 1996) (Novick,
1991). The traditional method inherently focuses on short-term sequential goals
concerning design, then construction, and finally operations and maintenance. This short-
term view has resuited in the belief that design and construction for public projects often
end in cost overruns. There is substantial support for the notion that the segmented
approach is largely responsible for these cost overruns as the government has not been as
successful at integrating the results as they have been at segmenting the tasks (Miller,
1997a).

Under the design-bid-build process it is difficult for public owners to involve contractors
in the planning and design processes. If a contractor were compensated for involvement
during the design process, that contractor would most likely be excluded from bidding on
the job due to the potential conflict of interest and perceived unfair advantage (Gibson et.
al., 1996). Along the same lines, prior to the bid, contractors are reluctant to suggest
ideas on improving the project or reducing cost because of the fear that competing
contractors will also use that information (Warkol, 1997).

Figure 2-1 shows that the government has been involved in multiple contract agreements
with public or private entities without the capability of obtaining the best value, cost and
service quality, over the entire lifecycle. The design-bid-buiid strategy used today
ignores the implications of the fact that a majority of a project’s cost resides in the
operations phase. “Initial design and construction ought to be expressly aimed at long
term operations, maintenance, and finance — particularly since initial design and initial
choice of technology commit the owner of the facility (public or private) to the resultant
cost of maintenance and operations for three to five decades” (Miller, 1997a).

In certain areas of public works projects at least the value of lifecycle cost analysis, if not
its effective implementation, has been recognized. Section 1024 of the Inermodal
Surface Transportation Efficiency Act of 1991 requires that any organization depending
on Federal funds for infrastructure investment perform some sort of lifecycle cost
analysis to satisfy funding requirements.

2.3.6 Barriers to Innovation

Prevailing construction technology generally restricts innovation by designers. Under the
public bidding process used for design-bid-build, the designer cannot foresee who the
contractor will be. Consequently the designer is not aware of the technology available to
the contractor. This lack of information forces the designer to create designs feasible for
construction by many firms. The obvious consequence of this practice is that the
designer is reluctant to innovate, fearing that contractors will either refrain from bidding
or will submit high bid prices (Nam and Tatum, 1993).

Under the design-bid-build method the contractor and designer are in separate worlds: the
designer’s world of reputation and the contractor’s world of price competition and cost
reduction. This divergence of goals typically leads to a lack of cooperation or even an
adversarial relationship between the designer and constructor. Although new ideas in
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design can often be introduced with new materials or methods of construction, continued
coordination between these two occupations in the whole process is difficult. This helps
make a potentially dynamic industry technologically rigid (Nam and Tatum, 1988) (Nam
and Tatum, 1992).

2.3.7 Increased Private Sector Involvement

The private sector is already involved in the design, construction, and operation of public
projects. Current regulations require that public owner’s procure each of these services
separately with public financing. However, there is great potential to obtain private
financing to assist in the completion of needed infrastructure projects by allowing the
integration of design, construction, and operation services. The key to alternative
delivery strategies that combine the responsibility for these services is the potential for
private financing. “Private sector entities recognize the lack of government funding and
understand its implications on their work — fewer projects, increased competition and
lower margins. Potential involvement by the private sector is certainly driven by
economic motive, but provides an additional source of capital with which to complete
additional projects” (Dieterich, 1998).

2.3.8 Legal Constraints

Current statutory regulations and subsequent legal challenges may prevent the use of
alternative project delivery methods. The Brooks Act prohibits the selection of design
professionals using price as the only selection criteria. In some areas of the Unites States
Federal acquisition regulations may exclude design firms from receiving construction
awards. ““ In the case of the Commonwealth of Pennsylvania, the Pennsylvania Law
Governing Architects challenges the notion of design professionals not working directly
for the owner” (Potter, 1994).

The design community’s greatest concern, about the increased public use of alternative
delivery strategies, focuses on the potential emphasis on low cost to the detriment of the
proposers’ technical qualifications. However, public procuring agencies control the
weight given to different evaluation criteria and can give further emphasis to technical
considerations.

2.4 Project Delivery Phases

In some fashion, all project delivery systems address the definition of scope; contractual
requirements, obligations, and responsibilities of the parties; interrelationships among the
participants; mechanisms for managing time, cost, safety, and quality; forms of
agreement and documentation of activity; and the actual execution of design and
construction. The project configuration process identifies the necessary principles and
practices to successfully manage the entire project. Therefore, it is useful to establish the
lifecycie phases that follow the configuration phase.
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Strategy

The phases, which describe the lifecycle of a project, generally fall into broadly
consistent groups of activities. However, the timing and degree of emphasis on each
phase, or group of activities, will vary from project to project. The number of phases
selected should vary with the owner’s desired level of control. More phases will increase
the need for specific, well-defined tasks; provide more review and quality checkpoints;
and allow for incremental development and management of cost, schedule, and quality.

To facilitate the discussion concerning the extent of owner participation throughout the
project’s lifecycle, six main phases have been selected to describe the project
development process. These phases inciude:

Project Configuration

Procurement

Design Development and Engineering
Construction Execution

Start-up

Operations and Maintenance

A o

Although the six groups of activities inherently contain a basic chronological order, there
is generally a significant degree of overlap with the extent dependent on the project
delivery strategy selected. For example it is obvious that the project configuration phase
must begin before the remaining phases, although a standard level of project development
during this phase before proceeding to the following phases has not been established.
Based on the degree of overlap desired or permitted, alternative contracting and
organizational relationships are available to achieve the owner’s objectives concerning
time, cost, and/or quality.

Project Configuration

The first phase of the project lifecycle, project configuration, establishes the key concepts
for the phases to follow. It is important for an owner to recognize that the success of the
project is essentially determined by the proper execution of the planning activities that
are part of this phase.

Long before an owner considers issues regarding procurement, detailed design, or
construction the conceptual analyses, technical and economic constraints, and the social
and environmental impacts must be determined and evaluated. Estimates that attempt to
demonstrate the current and future demand for the infrastructure project must be
completed during this initial phase. The analyses attempt to address the social,
environmental, and economic impact of constructing or not constructing the piece of
infrastructure under consideration. Once the project need and feasibility requirements
have been satisfied project planning and management should become the owner’s focus.
The major project configuration activities typically include the identification of project
objectives, project scope, and project drivers; obtaining environmental/permit approval;
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the selection of a contracting strategy: and the initiation of a project management
strategy.

Depending on the owner’s degree of knowledge and expertise the owner either completes
the activities during this phase alone or with the assistance of consultants who are
knowledgeable in the required fields. The owner can take advantage of the experience
provided by architect/engineer consultants, design-constructors, professional construction
managers, or program managers to complete these initial activities.

Procurement

Procurement is divided into two main activities, contract procurement and purchasing.
Contract procurement, typically performed by the owner and/or construction manager,
requires obtaining contracts for labor and services. Contractors and occasionally the
owner will purchase the equipment, materials, and supplies required for construction and
operations.

There are multiple project delivery options available to an owner. These strategies
combine design, construction, and operation services with either direct or indirect
financing in different ways. Most owners have the opportunity to select tke project
delivery strategy that has the greatest potential to meet their objectives and deliver a
successful project. However, Federal, state and local governments have chosen to rely on
the design-bid-build method of project delivery over the past few decades.

The procurement of materials and equipment is typically the responsibility of the
contractor and is executed throughout the construction phase. In combined delivery
strategies where construction and design overlap the procurement of major equipment
and materials can proceed incrementally as the design develops. If it is known in
advance that certain materials or equipment will require a long lead time an owner may
want to purchase these items before a contractor is selected to reduce the overall project
duration.

Design Development and Engineering

Architects and design engineers have typically completed the engineering and design
phase. Owners are now trying to incorporate the expertise of contractors and operations
personnel into the preliminary and detailed design processes. A pre-defined project
configuration and management process will help achieve consistent and effective
participation of contractors and operators in the design process as each party will
understand their role up-front. The designers will also understand the nature and timing
associated with contractor and operator participation.

Preliminary design results in a preliminary set of plans and specifications that are subject
to review and serve as the starting point for the detailed engineering and design process.
The complexity of the project wili determine the need for specialty consultants. The
detailed review process can vary depending on the project. Regulatory bodies are



increasingly being included in the review process to determine compliance with zoning
regulations, building codes, licensing procedures, safety standards, environmental impact,
etc. Constructibility is an issue that must be considered throughout the design and
construction phases. The decisions made during this phase establish the ph s cal
arrangement of the project, therefore constructibility must serve as a test against which
each design decision is evaluated.

The process of detailed engineering and design results in a set of explicit drawings and
specifications that indicate how to perform the construction activities. These drawings
and specifications are developed by breaking down the preliminary designs in a manner
that is consistent with the scope of work statement through a work breakdown structure
that meets known design, engineering, and safety standards.

Construction

During the construction phase the contractor executes the construction activities guided
by the schedule and workplan to convert the designer’s plans and specifications into
physical structures. The owner’s efforts during this phase are generally focused on
monitoring progress, managing change, and updating schedules. In order to perform the
construction activities in an efficient manner, contractors typically use construction
management practices to control resources, cost, and time. The construction management
workplan involves the organization and coordination of labor, materials, equipment,
money, and time to complete the project on schedule, within budget, and according to the
quality standards established by the owner and designer. The sequencing of construction
will be initially planned to reflect the most logical and cost-effective approach that
satisfies the project start-up and completion dates.

The value of having a pre-defined and stable project management system will reduce the
amount of uncertainty in contractors bids or proposals and will allow them to better
understand and fulfill the owner’s needs.

Start-up

From the owner’s viewpoint, start-up is the process of verifying the project is in complete
and correct operation, and verifying that it is in compliance with the contract documents.
As a project nears completion installed systems are tested to confirm their proper
operation. It is essential that electrical, mechanical, and structural systems meet or
exceed their performance standards and are properly integrated. The intention of the
start-up phase is not limited solely to the testing of systems but includes the adjusting and
correcting of these systems so that they perform at their optimum level. The tests should
evaluate the performance of these systems under extreme as well as normal operating
conditions.
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Operations and Maintenance

The project’s value and the majority of the cost are realized during this phase. Most large
infrastructure projects will have an estimated operational life of 50 years or more.
Although annual operations and maintenance costs may only represent a fraction of
design and construction costs, over time the O & M costs become more significant.

The functional or utilization value of a facility is essentially determined by decisions
made during the project configuration and the design development and engineering
phases. Today many owners are trying to incorporate the experience and expertise of
contractors and operations personnel into the design process to achieve more efficient
facilities over lifecycle time periods.

2.5 Open Project Delivery System

The public project delivery system, recommended by Professor John Miller at MIT, seeks
a new role for government in the pursuit of a sustainable strategy. The government needs
to be actively involved in the identification of public infrastructure needs and provide for
long-term development. How each individual project will be delivered is considered
separate and distinct from the government’s support for each project.

Any new strategy must allow project delivery to be a variable that can be appropriately
chosen to satisfy the current need in the most efficient manner possible. Treatment of
project delivery as variable will increase the options available to the owner and will
enhance the owner’s control over project development throughout the remaining phases.
The combined use of design-bid-build, design-build, design-build-operate, build-operate-
transfer, and other variations will provide public owners the best potential value in terms
of infrastructure quality, level of service, and developmient of technology. The
framework shown in Figure 2-2, developed by Professor John Miller at MIT, compares
the various procurement strategies in a quadrant framework. The quadrants provide a
quick analysis of each strategy relative to the level of phase segmentation and source of
financing. The project delivery method could range from an entirely segmented process,
where each service is provided by a separate entity, to a completely integrated approach,
where all services are provided by a single entity. The financing mechanism ranges from
direct, where the project is completely financed through public sources, to indirect, where
the project is financed by external sources.
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Figure 2-2 Quadrant Framework Analysis
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Public owners will need to shift their approach to infrastructure delivery to a portfolio
view, which includes all viable projects and allows for the use of any project delivery
method. “Principled, transparent management of this portfolio — in ways which
encourage competitive private sector participation across all delivery methods, treats
participants fairly, and commands widespread public support — is the single most
important problem facing legislators and regulators interested in establishing sustainable
procurement strategies for constantly improving the configuration and performance of the
public infrastructure portfolio” (Miller, 1997a). The intent is to welcome innovation,
attract both public support and private sector capital investment, and provide high quality
infrastructure services at reasonable initial and long-term costs (Miller, 1997a.)

Although private sector participation is essential to a sustainable strategy, it is important
to recognize that the government is well suited to perform many of the functions
associated with infrastructure development. The government is in the unique position to
ensure the protection of the environment, establish permitting requirements, and provide
services that cannot financially support themselves. Government effort in identifying
public need, clearly defining project scope, and conducting a fair competitive delivery
process will ensure the government obtains the greatest value from public funds.

2.6 New Project Planning Strategy

Current industry practices, statutes and regulations, legal precedents, and industry
structure support the use of the segmented design-bid-build project delivery strategy.
Requirements for the implementation of design-bid-build are standardized through the
Model Procurement Code, which most states have adopted. Recent government
“experiments” or “demonstrations” attempting to implement alternative project delivery
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strategies have shown anything but standard requirements or procedures, executed by the
government, prior to a project’s release into the private sector. These applications of
alternative delivery methods have confused the role of government in infrastructure
planning. Many of the ineffective or unsuccessful projects have been proposed and
developed by private interest groups. Therefore, the delivery of public infrastructure in
America; with Federal, state, and local governments as the owner, can be improved by
the development of a project configuration process that can be consistently and efficiently
applied for any delivery strategy.

The intent of the new project configuration process is shown by the strategic goals in
Figure 2-3.

Figure 2-3 Project Configuration Goals

*  Fulfill Government Mission

*  Determine project drivers

*  Check financial viability

* Enhance level of project quality

» Improve cost predictability

* Improve schedule predictability

» Improve definition and allocation of risk

*  Align and prioritize objectives - Owner, Designer, Contractor, Operator
*  Establish functional performance requirements

e Identify users

e Manage and reduce scope changes

* Maintain team atmosphere and relationships - Partnering/Team Building
» Provide adequate and appropriate staffing

* Provide adequate project control

= Identify socio-economic and environmental impacts

The general objective of any strategy is to meet the public infrastructure need in areas
such as water and wastewater; air, land and water transportation; power generation;
technology; and quality of the environment. The strategy must allow the government to
adequately identify and define the public need, allow for options to meet these needs,
clearly indicate government support of selected projects and delivery processes, allow for
fair private sector involvement, and encourage the dedication of private sector resources
to generate innovation in technology and design, as well as, construction and operation
processes. The strategy must allow both the public and the private sectors to contribute
in ways that are amenable to their inherent strengths. The public sector can best:

= Identify public need and viable projects

= Align economic and infrastructure strategies
* Establish government commitment to viable projects and delivery processes
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® Provide a fair, competitive environment for private sector participation
= Establish reliable commitments for infrastructure financing

The private sector can best:

® Provide an independent competitive check on the technical and economic viability of
projects

= Provide an alternative source of financing
Develop and introduce innovations in technology, design, construction, and operation
processes

These concepts lead to the creation of a new generic project lifecycle, Figure 2-4, that
depicts the multiple possibilities for a project’s development.

Figure 2-4 New Project Lifecycle
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After the government has sufficiently defined, organized, and analyzed the project the
private sector becomes involved, and the direction of project development depends on the
project delivery strategy that is selected. The open system will create a new market that
encourages private sector investment in infrastructure as it allows the private sector to
innovate and implement the use of new technology and methods that would allow private
firms to effectively compete in this market. Variations of integrated finance, design,
construction, and operations will allow the public sector to obtain better service quality
for lower costs by introducing competition across project lifecycle time periods.
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2.7 Process Development

As stated earlier. the objective of this research is to create a project corfiguration process
based on common strategic planning principles and practices that can be consistently
applied by owners. The goal or intention of the process is to provide an owner with
strategic methods to obtain information, address risk, and commit resources to maximize
the probability of a successful project. Therefore, it is critical that owners personally
define what is meant to complete a successful project and then identify project variables
that affect the outcome of the project. There are specific project variables that are
determined during this initial phase that will affect the outcome of a project. An owner
needs to consider how each of these variables will provide the best means to achieve the
owner’s cost, time, and quality objectives. A few common project variables are shown in
Figure 2-5.

Figure 2-5 Project Variables and CPSFs
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How to determine the level of project
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project tasks to follow
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construction, and operation of the
facility

Introduce project management
practices early in the project lifecycle
to support project configuration
Develop a contract, or series of
contracts, that allows and encourages
the project participants to work as an
integrated team with aligned objectives

These variables are directly associated with Critical Project Success Factors (CPSF)
which are considered the starting point for the development of the project configuration
process. The direct translation of project variables into CPSFs demonstrates their
importance to all projects, but they are still variables because each project is unique and
therefore an owner must configure each variable to maximize the probability of a
successful project.

The main purpose of process development is to identify and define good project planning
and management principles and practices. The development of planning and
management resources begins with the CPSFs and ends with project configuration
deliverables that are tools used by an owner and project manager to guide the initial
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development of the project. A secondary effect of the project configuration process is
that it attempts to standardize the methods and tools used by project managers to select
the staff, organizational structure, contracting strategy; monitor construction execution;
and anticipate problems.The development of project configuration deliverables follows
the process shown in Figure 2-6.

Figure 2-6 Deliverable Process Diagram
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The process is used to clearly indicate the connection between the implementation of
project configuration deliverables and project success through the CPSFs. The direct
connection between CPSFs and project variables demonstrates how an owner can set the
tone for a successful project during the project configuration phase. Although typical
project success factors and project configuration principles are identified in this paper, it
is important that an owner understand the deliverable process diagram in order to
improve upon the system developed here and to properly configure the planning effort for
individual projects. An owner, therefore, must understand the intention of each step.

Critical Project Success Factors — Are elements that an owner has identified as critical

to the success of the project and that can be influenced by the owner’s response to
configure the associated project variables.
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Project Configuration Principles — Good project management principles or concepts
that lead an owner to define project needs and that can he associated with CPSFs.

Preject Configuration Activities — Useful owner activities that stem from project
configuration principles and lead to the development of project resources, referred to as
project configuration deliverables, that promote the delivery of a successful project.

Project Configuration Deliverables — Resources or tools that an owner and project
manager can implement to promote the delivery of a successful project.

Continuous Improvement from Lessons Learned — Continuous improvement and
refinement of each stage allows the project configuration process to evolve with the
changing n=eds of the owner.

The last stage is essential to the development of a project configuration process that is
useful to an owner. It is very important that owners evaluate the effectiveness of project
configuration activities and the use of project configuration deliverables to incorporate
the lessons learned into the planning efforts of future projects. Only through continuous
refinement and improvement can an owner obtain the greatest benefit from the project
configuration process and consistently produce successful projects.

2.8 Process Application

The project configuration process developed here is intended to provide owners with
consistent project planning practices that will serve any of the available project delivery
strategies. The consistent application of the project configuration deliverable process by
an owner will help identify useful project configuration methods and activities that
address problems identified through the owner’s experience and the continuous
improvement process element.

2.9 Process Evaluation

The evaluation of the project configuration process, once a project is complete, is an
essential element behind the intention to obtain the greatest benefit from an owner’s
project planning activities. The evaluation must address both the ideology behind project
planning expectations and the owner’s implementation of project configuration
deliverables. The ideology behind project planning refers to the determination of project
configuration activities that can be best fulfilled through an owner’s efforts. The
evaluation of the appropriateness of an owner’s project configuration scope is restricted
to qualitative criteria. The main criteria are whether the project configuration efforts can
be associated with the successful outcome of the project and whether the efforts are
appropriately allocated within the owner’s scope. The research presented in this paper
provides a description of multiple project configuration deliverables and suggests how
these deliverables can be useful to an owner. An owner’s implementation of project
configuraticn deliverables can be evaluated by their contribution to developing positive
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relationships between project team members and/or to the completion of a successful
project.

2.10 Process Improvement

It is very important that owners evaluate the effectiveness of project configuration
activities and incorporate the lessons learned into the planning efforts of future projects.
Time, financial, and personnel resources are always limited, therefore, it is essential that
an owner determine how planning efforts relate to the outcome of the project. Project
configuration methods and principles that prove to enhance the outcome of the project
must be incorporated into a long-term strategic project configuration process. Only
through continuous refinement and improvement can an owner obtain the greatest benefit
from the project configuration process.
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3 Project Configuration Process
3.1 Scope and Intended Use

Construction is particularly management intensive because of the large number of
decisions resulting from factors such as the advanced determination of contract prices,
the coordination of multiple stakeholders, the need for complex communication systems,
the constant need to reassess risi and the uniqueness of individual projects.

The intent of the research is to identify common strategic planning principles and
practices in order to develop a project configuration process that assists owners in making
decisions regarding objectives, scope, delivery strategy, management methods, risk
allocatio ., and resource availability. The project configuration process and
recommendations provided are intended to improve the planning process and begin to
establish uniform standards which can be used by public owners for the mutual benefit of
owners and the design and construction community.

The increasing complexity and protracted time-scale of modern systems design and
development have made working to a standardized project management (configuration)
system both essential and mandatory. The primary mission of the project management
(configuration) process is to establish well-planned, well-administered, and well-
disciplined approach to the specification, design, development, manufacture, support, and
maintenance of large and complex technical projects (Rigby, 1998).

As a whole the project configuration process developed here is geared toward large
infrastructure projects. Typically, the size and complexity of these projects require some
form of a planning process because of the number of project participants and the
coordination and integration issues involved. The difficulties inherent in public approval
processes counled with the fact the impact of project decisions will be realized for many
years increase the need for successful planning. The project configuration process
developed in this chapter can serve as a checklist to assist an owner in performing
effective project configuration. Although the process was developed for large public
projects, the recommendations for each project configuration deliverable are based on the
construction indusiry’s “best practices” and can be useful as needed for smaller projects.

3.2 Owner Involvement

This section addresses the development of a project configuration and management
process and suggests how owner organizations should become involved in its design,
implementation and utilization throughout the life of the project.

Graham, Crandall, Warren, and Mazzini all agree that there must be one central

leadership point from which mega-projects are directed and controlled and that this
leadership must be established before any project can succeed (Cox, 1983).
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Although the level of owner participation throughout the design and construction phases
ultimately depends on the capabilities of the owner organization, there are certain
activities that should rot be delegated. Owners must identify the project need, determine
project objectives and scope, secure necessary financing, and select a contracting
strategy. Owners should address constructibility and participate in the development of
the project management workplan which includes the constructibility, risk management,
project control, change management, quality management, safety, dispute prevention and
resolution, and data management programs; as well as the development of the design and
the monitoring of construction.

Recent evaluations of large-scale projects indicate that they often exceed the existing
management capabilities of owner organizations, their consultants and the construction
industry in general (Crandall, 1983). One contributing factor is the extent of preplanning
required to establish a viable control environment. Owners must be willing to invest the
necessary funding and wait until the control environment is established before initiating
these mega-projects (Crandall, 1983).

In order to maximize the benefit of treating project delivery as a variable an owner must:

Understand the advantages and disadvantages of the available delivery strategies
Be able to estimate the value of the project — budget, lifecycle cost, franchise value
Understand the competitive market

Clearly define project objectives

Clearly define the project drivers

Create a team atmosphere

Encourage communication within the project team

Clearly indicate and delegate responsibility

Clearly define documentation and performance expectations

Initiate the development of essential control programs

3.3 Process Development

As stated earlier, the development of planning and management resources begins with the
CPSFs and ends with project configuration deliverables that can be used by an owner to
guide the initial development of the project.

The following process diagrams 3-1, 3-2, 3-3 and 3-4 demonstrate the connection
between project configuration deliverables and CPSFs.
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Process Diagram 3-1 CPSF -1

CPSF Achieve a level of project development and internal alignment, i.e.
—> configuration, to facilitate the various project tasks to follow
. A successful The level of The project delivery .
Proj. o Owner The client/owner -
projectis a . strategy and . Successful strategic
Conf. well-defined involvement contracting plan should actively project planning
. . can affect the . participate in the .
Princ. project both influence . configuration,
outcome of . . completion of
the project relationship functional desien addresses the
pro) development within © satisfaction of
the project team all stakeholders
b I !
Establish Establish a Compare C initial Devel o
Activity clear and clear, well- project arry initia evelop programs
realistic defined : objectives demgp to that achieve
objectives scope Owne‘r s core and drivers functional level consensus, manage
experience and | | b 0o approx. 5% and control
capabilities are delivery ’ internally or resources, and
identified strategies with consultant pron}ote safety,
Executive quality, and open
Pl communication
an Scope of Work
Project Statement
. Objectives . . .
Deliver. Project Charter Analysis of Functional Design
Project project
Charter RFP delivery RFP
Draft options
Implementation
& Feedback

39




Process Diagram 3-2 CPSF - 2
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Process Diagram 3-3 CPSF -3
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Process Diagram 3-4 CPSF -4
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The process diagrams support the development and application of project configuration
deliverables by illustrating the relationships between project management principles,
activities, and deliverables. Just as important as the identification of planning tools, is the
order which an owner should utilize these tools. The project configuration process
generated from the deliverable process diagrams is shown in Process Diagram 3-5.

Process Diagram 3-5 Project Configuration Process
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The Project Configuration Process supports the new project lifecycle, Figure 3-1, that
depicts the multiple possibilities for a project’s development. An owner must consider
the project’s objectives, advance the design to the functional (5-10%) level in order to
complete a conceptual budget and lifecycle cash flow analysis, obtain the required
environmental and permit approvals, and analyze the characteristics of the project against
the advantages and disadvantages of each delivery method in order to select the most
appropriate strategy. These activities are ongoing until the project has achieved
satisfactory scope development, environmental and permit approval, public consensus,
and a viable delivery strategy. Once the public owner has advanced the project to this
stage, project development will follow the path of the chosen delivery strategy.
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Figure 3-1 New Project Lifecycle
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The project configuration process suggests the use of specific project configuration
deliverables that can enhance the potential for an owner to deliver a successful project.
Many of these project configuration deliverables are already completed by owners, such
as the determination of project objectives and the selection of a project delivery strategy.
However project configuration deliverables such as a project charter, functional design,
and financing/cashflow analysis require project planning actions by an owner that are not
always performed by owners. Therefore, it may be argued that either the project
configuration expectations for owners are too high or that the project configuration
process suggested here may improperly allocate configuration activities to the owner, for
others may perform these tasks better and more efficiently. However, the project
configuration process presented here suggests that the owner will be responsible for
completing some of the activities and will only be responsible for expressing the intent
behind others. Certain project configuration deliverables are a work in progress as the
project team is solidified. Table 3-1 shows which project configuration deliverables are
completed by the owner prior to private sector participation as well as those that require
the involvement of designers, contractors, and operators.



Table 3-1 Project Configuration Deliverables

Owner

Executive Plan

Project Objectives

Staffing Plan/Organizational Structure
Project Charter

Scope of Work Statement

Functional Design
Financing/Cashflow Analysis
Analysis of Project Delivery Options
Evaluation Criteria

Project Management Workplan
Constructbility Program

Project Control Program

Change Management Program

Risk Management Program

Dispute Prevention & Resolution Program
Quality Management Program

Safety Program

Data Management Program
Contracting Plan

RFP

OO0 —-—-——0——===00000—-00

C = Complete Development
| = Initial Development

The intent of the project configuration deliverables will be expressed in a separate
monograph dedicated to each deliverable in Chapter 4. Each monograph will describe
common concepts regarding the deliverable and will provide suggestions for its
development.
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4 Project Configuration Deliverables

4.1 Monographs

The intent of the project configuration deliverables, shown in Table 3-1, are expressed in
a monograph dedicated to each deliverable. The monograph is a short text on a single
topic that describes why the topic is important and what it contributes to successful
project delivery. Each monograph will describe common concepts regarding the project
control programs and will provide suggestions for their development.

The project configuration deliverables are organized inte three groups, Organizing for
Project Configuration, the Project Definition Package, and the Project Delivery Package.

4.2 Organizing for Project Configuration
4.2.1 Executive Plan

In may be useful for an owner to express the project objectives, scope, contracting plan,
and organizational structure in a summary document. An executive plan should allow
those unfamiliar with the project to obtain a general understanding of the objectives and
the project participants.

The executive plan is intended to standardize the initiation of each project and shall be
maintained throughout the duration of a project to provide an executive view of the entire
project. The plan shall identify the owner’s objectives and shall outline the staffing plan
and organizational structure for the project.

The executive plan will allow an individual unfamiliar with the project to understand the
purpose and objectives of the project, the primary business parties and individuals
involved, and where to locate any appropriate reference documents for additional
information.

Project Configuration Recommendations and Conclusions

* An outline of an example Executive Plan, modified from an example Program Plan
developed by Rigby is provided in Appendix A.

4.2.2 Project Objectives

The owner must solely determine the project objectives. The project objectives will be
used to help select a contracting strategy, organizational structure, and determine the need
for management programs.

A basic element of project configuration and planning is the determination of project

objectives. The objectives must be measurable, define a definite end to the project, and
address any assumptions about and constraints on the project. To prevent problems
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during design and construction it is important that everyone understands and agrees to the
definition of the project objectives.

The project objectives will help guide the multitude of decisions required for the
completion of a project. These decisions will involve tradeoffs between time, cost,
quality, and other technical, aesthetic, and operational performance characteristics.
Project objectives generally originate from within the owner’s internal organization,
which often includes engineering, operating, marketing, and financing personnel.

Typical owner objectives often include minimizing total project cost, meeting schedule
dates, avoiding accidents and injuries, and meeting quality requirements. Contractors on
the other hand generally focus on obtaining a satisfactory profit margin. However, the
contractors profit motive can be used to improve productivity, quality and safety through
contract incentives.

Project Configuration Recommendations and Conclusions

The identification of project drivers help an owner formulate the objectives for the project.
Christopher Gordon suggests an owner consider the following potential project drivers (Gordon,
1994).

* Time Constraints — Owners must determine whether it is beneficial to complete the project in
a normal, sequential fashion, or if a fast-track schedule is needed.

* Flexibility Needs — Owners must recognize the potential for changes and determine the
flexibility required to manage change during the construction process. Some owners are
unable to make construction documents final because of indecisiveness, permit requirements,
market fluctuations, time constraints, or unknown site conditions.

* Pre-construction Service Needs —~ The owner must decide the value of pre-construction
services performed by a contractor or construction manager, such as cost estimates,
constructibility advice, or value engineering.

® Design Process Interaction — The Owner must determine their desired or needed level of
involvement with the design professional throughout the design process.

® Financial Constraints — The owner must determine the most efficient way to finance the
project, short-term and long-term by either the owner or contractor.

* Construction Sophistication — The owner must realistically assess the level of construction
knowledge and expertise within the owner organization and determine what externa! advice
will be needed.

*  Current Capabilities — The owner must compare the required administrative, monitoring,
and/or management staff with the personnel that are available for the project.

* Risk Aversion — The owner must assess the organization’s tolerance for financial and project
risk.
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It is important to remember the owner is responsible for determining project objectives regardless
of how many outside parties are contracted with for the planning, design, construction, and
operation of the project. The process through which these objectives are formulated,
communicated, and integrated is essential to effective project planning.

4.2.3 Staffing Plan/Organizational Structure

The owner must select the appropriate in-house staff to manage the project. The owner
either solely or with the assistance of consultants or a construction manager must develop
the organizational structure for the entire project.

Organizational Structure

An organizational structure for a company or project often takes one of four forms — a
functional organization, project task force organization, line and staff organization, or a
matrix organization. The purpose of an organizational structure is to define and promote
an orderly communication network. In construction, matrix organizations are often used
successfully as they provide project or task specific management with the support of
general administrative or functional personnel.

Matrix organizations can be either strong or weak. A weak matrix gives the functional
departments more authority than the project manager, while a strong matrix gives the
most authority to project management, as they are responsible for delivering a technically
sound project that meets cost and schedule restrictions. In construction, a strong matrix
generally builds a stronger team approach, keeps projects objectives focused, and
facilitates timely and efficient communication channels by placing team members in the
same locale.

Project Executive

The project executive is the owner’s principal in charge for the project’s support,
development, and execution. The majority of the project executive’s participation is
during the project configuration process. The individual must define and support the
project objectives, develop the scope and functional design, secure the needed financing,
select a delivery strategy, and select the project team. Once project configuration is
complete the project executive’s participation shifts from direct involvement to ensuring
the project’s financial and functional status.

Project Manager

The importance of the project manager position is well recognized within the
construction industry. Project success is closely correlated to the technical and
managerial abilities of the project manager. This is not a direct relationship, however, as
it is tied to the implementation of sound management practices. In addition to the
necessary technical skills a project manager must possess leadership skills, interpersonal
skills, and administrative experience. Effective leadership will ensure the proper
application of project management principles. Interpersonal skills will help develop the
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project team into an effective decision making body that is capable of directing the
progress of the project. Administrative experience incorporates both planning and
organizational skills required to coordinate the efforts of the project team.

The project manager is a leader and manger. The project manger must lead the project
team and manage resources. Leadership of the project team involves preserving,
protecting, and improving the productive capability of people, the most valuable resource
available to the project manager. The position requires interpersonal, management, and
business skills. Management skills provide the basis for overseeing the technical and
administrative details of the project and its performance. A project manager’s work
demands coordination and integration of activities on the part of many individuals,
therefore interpersonal skills are essential for effective project management.

The project manager must be trained in the implementation of the project delivery
process and be capable to lead and manage the project. The project manager’s primary
responsibility is to ensure that the project meets the established technical and financial
objectives.

Project Team

The project team can include owner, designer, contractor, and operator personnel. As a
rule, the development of a good project team, informing team members, and clearly
defining responsibilities are more important than direct day-to-day oversight of individual
tasks. The project team should be comprised of skilled and experienced members who
can respond to the overall financial and project objectives. The project team provides
critical input from business, project management, technical services, and operations. The
project team needs to define and prioritize its objectives, project scope, role, and
responsibilities that give the team clarity of purpose. Useful questions to ask are:

Is there open and honest communication?

Is there mutual respect and trust?

Is there a shared vision for the project?

Are the project objectives clear and understood?

Are roles, responsibility, and accountability well defined?

Are the benefits as well as risks properly shared?

Is there a commitment to improving relationships within the team?
Is there an effective conflict resolution process?

Good relationships between the owner’s project manger, the contractor’s project
manager, and the design professional are the result of all parties understanding and
agreeing to the project objectives and the project team structure. It is generally useful to
formalize this structure through a contractual agreement such a project charter. The
responsibilities within the project team must be clear and each party must act with
integrity, strive for open communication, and treat one another with respect and common
courtesy.
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Project Configuration Recommendations and Conclusions

* The owner’s project manager and team members have a critical influence on the success of
the project (Jaselskis and Ashley, 1991) (Radtke and Russell, 1993).

*  Choice of the management organizational structure will depend on factors such as size,
content, complexity, and distribution of the project. It is important to remember that the
success of any organization is a function of the capabilities of the individuals rather than the
way in which they are organized. Talented personnel will perform well in most
organizational structures and even better in a good organization. However, poor talent will
always do an inferior job irrespective of how the organization is structured (Rigby, 1998).

*  Organizations perform best when information flows freely and rapidly therefore strong
communication, clear management lines, and standard, timely reporting methods are
essential.

* Identify the owner’s capabilities and the available company personnei to execute the project.
After the owner’s capabilities and needs are determined services from consultants, designers,
engineers, project managers, and/or contractors can be obtained.

® According to a 1996 study by Michael Magnano, CSI, in which he conducted interviews with
54 project leaders, project team communication was identified as the single most important
factor in the success of projects, followed by the commitment of the owner’s and contractor’s
project manager (Magnano, 1998).

* The owner’s project manager must be able to lead the project team in the following four
areas: 1) Establish a supportive project environment; 2) develop a commitment to increased
cost-effectiveness; 3) use constructibility to facilitate achieving project objectives; and 4)
involve construction personnel (Radtke and Russell, 1993).

® Typical criteria for the selection of the owner’s key team members may include: 1) Project
experience; 2) Construction knowledge; 3) Communication skills; 4) Teamwork skills; 5)
Skill to objectively evaluate design and construction trade-offs; and 6) Receptiveness to new
ideas (Radtke and Russell, 1993).

4.3 Project Definition Package
4.3.1 Scope of Work Statement

The owner either solely or with the assistance of consultants or an A/E develops the
scope of work statement for a project. The scope of work statement is a description of
the owner’s intentions designed to help direct and control design development.

The scope of work statement includes both the project objectives and a description of the
scope. The objectives describe the results to be achieved once the project is complete.
The objectives must be realistic, attainable, specific, and measurable. The scope is a
description of the work that will need to be done to achieve the objectives. It clearly
defines the tasks associated with the project and the deliverables that will result from
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their completion. Improved scope definition typically leads to betrer budget estimates as
the understanding of the project tasks is increased.

The preliminary scope of work statement is intended to communicate objectives and
guide future design development. The scale, technical, and operational intent of the
project are typically identified. The preliminary scope of work statement is typically
broad enough to allow significant latitude of interpretation. As a stand-alone document it
is not intended to provide a level of detail necessary to control the work. In conjunction
with the owner furnished functional design, the preliminary scope of work statement
provides the private sector the knowledge of the owner’s objectives and expectations.

The scope of work statement defines the breadth and limitations of the work but does not
include specification requirements, descriptions of products, or directions to the
contractor on how to perform tasks. Once the construction documents are approved and
available, comprehensive scope definition for the control level is available and will
define the requirements for project deliverables and services to be performed.

In a study on scope definition and control, conducted by CII, it was found that poor scope
definition at the estimate stage and loss of control of the project scope rank as the most
frequent contributing factors to cost overruns (Neil, 1986). “The relationship between
poor scope definition and the propensity for creeping scope and changes within scope is
quite clear — a poorly defined scope does not provide a clear baseline against which
changes can be evaluated as being either changes within or outside of the scope” (Neil,
1986).

Although inadequate scope definition is typically due to insufficient planning and
management, it is important to acknowledge the fact that each project is unique and the
fulfillment of project drivers and objectives may preclude full scope development before
proceeding with design and construction. The study by CII identified some common
explanations for why an owner may proceed in spite of inadequate scope definition (Neil,
1986).

* Anowner does not have the engineering expertise to provide a complete conceptual
definition

= If the initial order-of-magnitude (feasibility) estimate looks favorable, there is no
reason to spend additional funds on scope definition

* Iftime is a project driver then owners want to spend less time on project planning

* Ifcostis a project driver then owners want to spend less money on project planning

® Market pressures make project durations critical and many owners contend that
further scope definition would add up to 25 percent to the project duration

In many cases the potential profits from operation of the completed facility may outweigh
changes in design and construction: costs. Therefore reducing the time to obtaining an
operable facility dominates the owner’s priorities. “Regardless of the reasons, when there
is poor scope definition, final project costs can be expected to be higher because of the
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inevitable changes which disrupt project rhythm, cause rework, increase project time, and
lower the productivity and morale of the work force” (Neil, 1986).

Alaska Pipeline Example

Inadequate scope definition, along with regulatory and environmental difficulties, in the
development of the Alaska Pipeline project resulted in a rise of total project costs from an
estimated $900 million to more than $7 billion. However, in spite of this dramatic
increase in design and construction cost the project is considered a success as profits from
operations have overshadowed all the cost overruns.

Project Configuration Recommendations and Conclusions

The only way to reduce the problems associated with poor scope definition is to adopt an
organized, efficient philosophy for planning and controlling projects (Neil, 1986).

According to Rigby a well-written scope of work statement shall (Rigby, 1998):

Specify requirements clearly to permit the owner and contractors to estimate probable costs
and the contractors to determine the levels of expertise, manpower, and other resources that
are needed to accomplish the task

State specific duties of the contractors in such a way that each contractor knows what is
required and completes all tasks to the satisfaction of the contract

Be written so specifically that there is no question of whether the contractor is obligated to
perform specific tasks

Reference only the minimal specifications and standards pertinent to the task

According to the AIA and AGC scope of work documents shall include (Widom, 1995):
Program statements for the facility that describe space needs, design goals, and objectives
Equipment requirements

Other pertinent criteria, such as energy use or accommodation for future expansion or
adaptation

Site information, including a site survey and soil boring report describing subsurface
conditions

Any minority business enterprise (MBE), women business enterprise (WBE), or
disadvantaged business enterprise (DBE) requirements

An outline of specifications

Budget parameters

Project schedule

The scope of work should be as flexible as possible to elicit creative responses from
competitors that may reduce the cost of the project in the short-term and improve life cycle
costs in the long-term. A generally stated set of project requirements will allow competing
tearns to suggest iraginative ways to meet the requirements by combining or reorganizing
functional areas or by applying innovative design ideas, construction methods, materials, or
systems (Widom, 1995).
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4.3.2 Functional Design

The functional design identifies the major elements of the project based on the owner’s
operational objectives. Owners that participate in the establishment of the functional
design increase their control over further design development. total project cost and
schedule, and operational performance.

Owner control during the project configuration phase is primarily concerned with the
identificatioir of the minimum essential components that will satisfy the required
functions. Ideally the project design is brought to a stage of completion necessary to fix
the intent of the owner and minimize the risks associated with design, construction, and
operation of the facility.

An owner rarely approaches a designer and contractor without providing some
information regarding existing conditions, preliminary designs, or design restrictions.
This information can take the form of design or pe:formance specifications. Design
specifications precisely describe the work the contractor is to accomplish. Performance
specifications do not instruct the contractor how to perform the work, but dictate the
required performance results.

It is important to consider that there is risk associated with providing design information.
Typically an RFP provides 100% “complete” design information, as in design-bid-build,
or provides the minimum requirements for the project that are needed to form the basis of
a price proposal.

Project Configuration Recommendations and Conclusions

s An owner must be careful about what information is provided and how the risk associated
with the accuracy of such information is allocated.

» Interms of liability, contractors are generally required to take all steps reasonably necessary
to ascertain the nature and location of the work, and to satisfy themselves as to the general
and local conditions affecting the work, however they are not required tc conduct costly or
time consuming technical investigations.

= Note that when problems result from the contractor’s inability to meet the performance
criteria when using the design data provided, liability for the design defect is unclear and may
ultimately be allocated on the basis of which party had superior knowledge (Sweeny, 1997).

= It is important to consider that a project can tolerate only a certain amount of unproven
technology (Halpin, 1983).

4.3.3 Lifecycle Cashflow Analysis

The objective of lifecycle costing analysis is to optimize the total cost of ownership over
the life span of an asset (Arditi and Messiha, 1996). Lifecycle cash flow analysis
provides an owner with the information to make decisions concerning design and long-
term financing. An owner should take advantage of the cpportunity to estimate the long-
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term cost of design alternatives. Value engineering performed by designer(s),
contractor(s), and the operator will utilize lifecycle cost analysis during the design and
construction phases. Combined, these efforts are intended to provide the best value for
the owner’s financial commitment.

Financing is perhaps the most important element in the project planning process. The
owner must secure specific financing mechanisms in advance to cover the cost of the
project. No matter how well the project is planned, designed, constructed, or operated, if
it cannot be paid for, it will not be completed (Deiterich, 1998).

Traditionally the approach to cost analysis has considered only first-costs which impact
design and construction. Arditi and Messiha identified that the lack of formal guidelines
and the difficulty of estimating future costs and incomes as typical reasons why
municipalities do not use lifecycle costing analysis (Arditi and Messiha, 1996).

Lifecycle cost analysis requires the analyst to estimate many parameters including future
costs, future revenues, the analysis period, the useful life, the discount rate, and inflation
rate. Lifecycle cost estimates provide the owner with cost irformation for design,
construction, and operation. An ideal estimate of project development costs not only
indicates the total cost for design and construction but indicates the timing of the
expenses as well. The knowledge gained from estimating operation costs and potential
revenues are very important to ensure the project is financially viable over its entire
lifecycle.

After estimating all future cash flows for all the alternatives under consideration, the
values are then discounted to a present value and combined with initial present costs to
facilitate a direct comparison. Although the purpose of lifecycle cost analysis is to
identify a low cost solution, considerations such as delivery time, pollution effects,
aesthetic considerations, maintainability, and owner preference, together with other
indirect non-economic influences, will temper the hard fast rule of always choosing the
system with the lowest LCC (Arditi and Messiha, 1996) (Ahuja and Walsh, 1981).

If the estimates for lifecycle costs are too high, value engineering processes performed by
the designer, contractor, and operator have the potential to reduce project costs. Value
engineering is an organized effort by the project team to obtain optimum value by
providing the necessary function at the lowest life cycle cost. Typical value engineering
practices are discussed under the constructibility program.

Functional Estimate

Lifecycle cashflow analysis provides the overall picture using summary information
concerning debt, equity, and potential revenues. It is also useful for an owner to identify
major cost drivers by completing a functional estimate. The functional estimate allocates
costs to the major systems and building components identified in the functional design.
During the project configuration phase improved scope definition typically leads to better
budget estimates as the understanding of the project tasks is increased. The owner can
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obtain a functional estimate, accuracy level plus or minus 30 percent, during the project
configuration phase. The functional estimate should be constructed by identifying major
project systems that divide the project into distinct areas to develop a work breakdown
structure. Major activities are identified so that the major equipment and material
requirements can be determined. It is assumed that cost, quantity, and dimensional
relationships exist between this equipment and other project cost components. The
functional estimate will not be adequate for control purposes but will provide a useful
estimate of the total project cost. The variability of 30 percent relates only to the total
cost and not the individual systems within the project.

Project Configuration Recommendations and Conclusions

* The greatest savings potential for a lifecycle cost analysis occurs in the earliest stages of the
project. Not only are the potential savings more significant, but the costs of making changes
in the plans and specifications are much less (Arditi and Messiha, 1996) (Dell’Isola and Kirk
1981).

* To operate an LCC program in procurement, specifications should put more emphasis on
performance, thus allowing specialist suppliers to submit alternative suggestions to meet the
required performance at the lowest total cost (Arditi and Messiha, 1996).

*  When performing LCC analysis it is important to consider the effect of using multiple
material and equipment suppliers as it may increase maintenance costs.

®  Once a contractor has been selected, contract clauses stating the benefits that will accrue to
the contractor if further LCC improvements are offered by the contractor during construction
will further encourage contractor participation (Arditi and Messiha, 1996).

® For some cost elements, good judgment may be more useful than precise calculations. Good
Jjudgment will apply to such elements as interest rates, useful life, and inflation rates.
Precision would apply to the elements of energy consumption, operating efficiencies, and
total hours of operation (Arditi and Messiha, 1996).

= Itis essential to recognize the impact of incorporating new technology and innovations in the
design when performing LCC analysis. In these instances, sufficient data in usable form to
enable reliable estimates of lifecycle costs are usually unavailable (Arditi and Messiha, 1996)
(Novick, 1991).

* Itis also possible to use LCC in conjunction with value engineering, this way augmenting the
value of both approaches considerably (Arditi and Messiha, 1996) (Barrie and Paulson,
1992).

4.3.4 Analysis of Delivery Options

The identification of the project delivery strategy is an important step of the project
configuration process as each strategy may require different levels of project planning
and owner involvement. An owner must understand both the advantages and
disadvantages of each strategy to properly match the project objectives and resources
with the best delivery method. This section provides an overview of the common
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delivery methods along with a summary of the advantages and disadvantages of each
strategy.

Ever increasing owner demands for lower project costs, fewer claims, better quality and
improved schedules have applied pressure to utiiize innovative construction methods to
achieve these objectives. The owner, particularly the public owner, should have the
proper latitude and ability to select the most effective contracting method for the specific
project at hand (Monti, 1997).

Gordon points out that the choice of contracting method can affect the duration of the
project, provide flexibility for changes, reduce adversarial relationships, allow for
contractor and/or operator participation in design, provide cost saving incentives to the
contracter, or provide alternative financing methods (Gordon, 1994). Too often, an
owner uses a particular contracting method simply because it is what they are used to, it
appears to be the easiest, or it was suggested by the designer or contractor, when in
reality some methods are more suited for certain owners and projects than others
(Gordon, 1994).

Private owners have a number of different options available to them in how they procure
design, construction, and operations services, which will, in turn, affect who performs the
various tasks. While public owners have traditionally relied on the design-bid-build
method for delivering projects, in the last decade the government has experimented with
other project delivery strategies.

The Contracting Plan suggested here uses a strategy developed by Christopher Gordon,
which correctly established that for most projects, the more important question facing
owners is the elimination of inappropriate project delivery and finance strategies, not the
identification of a correct one (Gordon, 1994) (Gordon, 1991).

The choice of contracting method created by Gordon is composed of four parts: scope,
organization, contract, and award (Gordon, 1994).

First the scope, the portion of the work assigned to the contractor, such as separate
design, construction, and operation; design-build; design-build-finance; design-build-
operate; or design-build-operate-finance. The scope is basically determined by the
organization, or the construction contract, selection. Organizational types include
General Contractor, Construction Manager, Multiple Prime, Design-Buil¢, Turnkey,
Design-Build-Operate, and Build-Operate-Transfer. Third, the contract, or payment
agreement between the owner and contractor, maybe lump sum, unit price, fixed fee, cost
plus, or guaranteed maximum price, depending on the organizational selection and the
owner’s objectives. Finally, the award is the method used to select the contractor and/or
price which can be based on competitive bid, negotiation, cap, quality-price, time-price,
quality-time-price, or design-price, depending on the organizational selection and the
owner’s objectives.
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The contract method selection flowchart illustrated in Figure 4-1 is an adaptation of the
method selection flowchart developed by Gordon.

Figure 4-1 Contract Method Selection Flowchart

Use Project Drivers and Owner Project Objectives
to Eliminate Inappropriate Organizations

v

Use Market Drivers to Eliminate Inappropriate Methods
* Availability of Appropriate Contractors

» Current State of the Market

» Packaging Size of the Project

v

Use Risk Allocation and Project, Owner, and Market
Drivers to Choose the Contract Type

v

Check Across Entire Project Portfolio
Reconfigure as appropriate

v

Use Commodity vs. Service Analysis to Choose
Contract Award Method

v

Use Judgement and Experience to Create the
Final Contracting Method from Remaining Options

Treatment of project delivery as variable will increase the options available to the owner
during project configuration and will enhance the owner’s control over project
development throughout the remaining phases. The combined use of design-bid-build,
design-build, design-build-operate, build-operate-transfer, and other variations will
provide public owners the best potential value in terms of infrastructure quality, level of
service, and development of technology. The framework shown in Figure 4-2, developed
by Professor John Miller at MIT, compares the various procurement strategies in a
quadrant framework. The quadrants provide a quick analysis of each strategv relative to
the level of phase segmentation and source of financing. The project delivery method
could range from an entirely segmented process, where each service is provided by a
separate entity, to a completely integrated approach, where all services are provided by a
single entity. The financing mechanism ranges from direct, where the project is
completely financed through public sources, to indirect, where the project is financed by
external sources.
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Figure 4-2 Quadrant Framework Analysis
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The multiple procurement strategies available to complete a project combine the design,
construction, and operations phases in various arrangements. Each arrangement requires
a change in the distribution of responsibility for the work performed as well as the project
management methods needed to ensure the completion of a high quality project on
schedule and within the budget.

Project Configuration Recommendations and Conclusions

= Issues regarding risk and control are of particular importance when selecting a project
delivery strategy. The allocation of risk and the amount of control that the owner either
desires or actually requires will have a tremendous impact on the strategy that is chosen and
how potential bidders will respond to the project (Deiterich, 1998).

* A sustainable infrastructure delivery strategy recognizes that the method of delivery is a
variable to be analyzed and managed. The combined use of design-bid-build, design-build,
design-build-operate, build-operate-transfer, and other variations will provide the best
potential value in terms of infrastructure quality, level of service, and development of
technology.

* The Contracting Plan suggested here uses the strategy developed by Christopher Gordon
(Gordon, 1994) (Gordon, 1991).

General Recommendations and Conclusions
* Requirements to minimize cost or time, encourage innovation, expand competition, or rely on

private sector standards are viewed as implicitly requesting the use of design-build (Songer
et. al., 1994).
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® A well defined scope, the shared understanding of project objectives, and the owner’s
construction sophistication are the main criteria for evaluating whether design-build is
appropriate for a project (Songer et. al., 1997).

* Owner objectives to shorten the project duration, establish costs, and reduce costs are the
main reasons why owners choose design-build (Songer et. al., 1997).

Previous research by Vesay developed a set of guidelines for when design-build should be
selected (Potter, 1994). The research indicated that it is best to use design-build when:
the scope is well defined

the design is industry standard or slightly complex

time is of the essence

the owner is inexperienced

the team is experienced

quality can be industry standard or slightly higher

cost is critical

the composite project risk is low to medium

PN BA LN -

A comprehensive study a few years ago in New York City conciuded that multiple prime
contracting in the long run is more expensive than all inclusive single prime general
contracting (Monti, 1997).

4.3.4.1 Design-Bid-Build
General Contractor

The design-bid-build project delivery strategy segments design, construction, and
operations and maintenance. The owner must enter into direct contract agreements with
a designer(s), the architect/engineer in charge of design, a contractor in complete and sole
charge of construction, as well as an operations and maintenance organization. This
strategy relies on public funding to support the design and construction of infrastructure
projects since the potential revenue generating period, if there is one, during operation is
separated from design and construction.

When a need is identified the development of the project follows distinct stages. Once
the feasibility of the project has been established the owner selects a designer, typically
based on qualifications over price. The design professional then develops 100%
complete plans and specifications for the owner. The construction contractor is selected
through a low bid process based on the completed design furnished by the owner. The
contractor is then responsible to complete the project as specified in the design
documents by the specified date and within the contract price. Because there is no
contractual relationship between the designer and the contractor all directives must come
from the owner. Therefore, the owner is often responsible for oversight of the
construction process as well as any disputes or changes that occur.

The process is dependent on having secured financing mechanisms in place. Although
the owner, consultant, and/or design professional may be present during all phases of the
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project including design, bid, construction, start-up, and operation, each phase is a
separate activity dependent upon the results of the prior activity. The nature of this
sequential process requires that each activity be completed in full, including the
assurance of available financing, prior to execution of the next activity. (Dieterich, 1998,

pg 18)

In a typical design-bid-build project, or any Quadrant IV project delivery strategy, the
government spends most of its planning and design budget to produce 100% complete
plans and specifications for the project. However, the notion that all site conditions are
known, understood, and accounted for in the complete plans and specifications is hard to
accept. Therefore unforeseen site conditions and scope changes often result in disputes.

Although it may seem clear that the design-bid-build project delivery strategy cannot
deliver all projects successfully, there are reasons for its frequent use. Some of the
advantages and disadvantages of using the design-bid-build strategy with a general
contractor are outlined in Table 4-1.

Table 4-1 Segmented Design-Bid-Build, General Contractor*

Advantages:

1. Procurement Strategy is accepted and historically supported with well established legal and contractual
pracedents

2. Multiple Design Professionals available to the owner

3. Independence of the Design Professional to monitor the work with the owner’s interests in mind

4. Owner has the ability to make changes and evaluate alternative during the design phase

5. Construction estimates should be accurate due to the availability of complete design

6. Owner can delegate construction responsibility to one entity

7. The owner obtains a low price for construction through competition

8. The contractor takes all the construction risk in the absence of changes or unforeseen site conditions

Disadvantages:

1. Design usually does not benefit from construction or operation expertise or a value engineering process

2. Overall design-construct time is typically the longest

3. The owner is often in an adversarial position with the contractor

4. The designer is often in an adversarial position with the contractor and the owner must be a referee

5. Changes and unforeseen difficulties often end in disputes and litigation that increase costs

6. The owner has minimal control over the performance cf *he work

7. Contractor pressure for the lowest bid may result in the use of marginal subcontractors

8. The owner is confined to options developed by one designer

*Developed from Gordon 1997 and Barrie and Paulson 1992
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Construction Manager

The two types of relationships an owner can take with a construction manager are
referred to as “agency” and “at risk.” If a construction manager is acting as an agent to
the owner the CM is more or less the owner’s advisor or consultant and the owner
contracts directly with the designers and contractors. If the construction manager is “at
risk” the construction manager typically contracts directly with the contractors and at
times the designer as well. The CM will provide pre-construction and construction
management services for a fee which is then combined with the cost for the trade
contracts to establish a guaranteed maximum price.

The construction management concept is flexible and generally appropriate for projects
with an undefined or an evolving scope as the construction manager can provide the
needed pre-construction and construction services. Construction Management is often
used where multiple prime contracts or general contractors are used. The CM is
responsible for coordinating the project team’s efforts and will keep track of the costs and
schedule for the multiple parties involved in design and construction. Because of the
multiple parties involved the CM must establish acceptable methods of resolving disputes
and negotiating project agreements to avoid delays due to litigation.

Some of the advantages and disadvantages of using the design-bid-build strategy with a
construction manager are outlined in Table 4-2.

Table 4-2 Segmented Design-Bid-Build, Construction Manager*

Advantages:

Construction Manager’s Professional construction skiils may be utilized at all stages of the project
Independent evaluation of costs, schedules, and overall construction performance

Full-time coordination between design and construction contractors is available

Minimum design-construction time can be achieved through the use of phased construction

Significant opportunities for CM to provide value engineering in the design, bidding, and award phases
Approach allows price competition for construction contracts

Approach allows increased flexibility for changes

Potential for adversarial relationship between the contractor, owner, and design professional is reduced

© x N on AW -

The contractor takes all the construction risk in the absence of changes or unforeseen site conditions

Disadvantages:

1. If phased construction is used, the owner begins construction before obtaining a known price

2. The owner has certain responsibilities and obligations that must be fulfilled in a timely manner

3. Success of the project depends greatly upon the planning, scheduling, estimating, and management
skills of the professional construction manager

4. The professional Construction Manager generally does not guarantee either the overall price or quality

of the work

5. The owner has minimal control over the performance of the work
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6. Contractor pressure for the lowest bid may result in the use of marginal subcontractors

*Developed from Gordon 1997 and Barrie and Paulson 1992
4.3.4.2 Multiple Prime

In a multiple prime project delivery strategy the owner enters into multiple direct
contractual arrangements with contractors, subcontractors, and a designer(s) to complete
the project. Under a traditional multiple prime framework the design is completed by one
designer before construction begins and the owner accepts overall project management
and coordination responsibilities, replacing the general contractor or construction
manager. Ideally the contractors are to cooperate with each other and conform to the
schedule to perform their piece of the work.

However, no one contractor is legally or contractually in charge of the entire project, nor
has any one contractor the legally binding responsibility for successful completion.
Therefore, multiple prime contractors may not coordinate and administer themselves. An
experienced and well-established construction inspection and contract administration in-
house staff is essential for multiple prime contracting.

The multiple prime strategy indicates that the owner has multiple direct contractual
relationships but does not comment on the type of relationship. An owner may combine
the use of a multiple prime strategy with any combination of the available project
delivery strategies. Typically, however, the multiple prime strategy is used in
conjunction with the traditional design-bid-build method. A Construction Manager can
assist the owner to ensure the coordination and administration of the multiple prime
contractors on the basis of a cost plus fee basis or a cost plus with a guaranteed maximum
cost provision.

The advantages and disadvantages of using a multiple prime strategy are outlined in
Table 4-3.

Table 4-3 Segmented Design-Bid-Build, Multiple Prime*

Advantages:

1. Allows for a fastrack schedule, individual contracts can be awarded as soon as the design documents
are complete

2. Allows for increased flexibility regarding changes

3. The owner has direct access to the competitive market for construction services — can obtain low price

Disadvantages:

1. If phased construction is used, the owner begins constructior. before obtaining a known price

2. The owner has certain responsibilities and obligations that must be fulfilled in a timely manner

The owner must be heavily involved and knowledgeable about construction

Coordination of multiple contracts can be difficult and costly for the owner

A

Changes in scope and unforeseen site conditions potentially affect multiple contracts
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6. The project does not benefit from independent pre-construction services such as an engineering check,

value engineering, or estimating
7. Contractor pressure for the lowest bid may result in the use of marginal subcontractors

*Developed from Gordon 1997 and Barrie and Paulson 1992
4.3.4.3 Design-Build and Turnkey

Under a design-build framework the coordination of design and construction activities is
internal within the organization of the design-builder. The owner has a single point of
responsibility for both design and construction services.

The selection of a design-build team is typically a two-part process. The owner issues a
Request for Qualifications (RFQ) to evaluate the ability of each team and a Request for
Proposals (RFP) after which the owner selects a design-build team based on the
submitted design and construction packages. The firm awarded the contract is then
responsible for completing the design and construction under the contract terms. When
construction is completed the project is turned cver to the owner for operation.

The financing commitments are nearly identical to design-bid-build as the owner must
have secured all project financing in advance. In the design-build model the government
generally spends much less of the planning and design budget on design preparation,
leaving more for project definition, planning, and organizing activities. The government
‘prepares the design up to the functional level, representing approximately 5 to 10%
design completion. The government finances the detailed design and engineering after
contractual agreements have been made for the combined design and construction
services.

A turnkey project delivery strategy adds temporary construction financing to the
responsibilities of the design-builder. The process is similar to design-build except for
the owner must supply the required financing upon completion of the project instead of
up front. In the turnkey arrangement the owner is free to function in an advisory or
review role, because the burden of day-to-day operations rests with the contractor.

In both the design-build and turnkey strategies the owner combines design and
construction services into a single contract. However, both are considered Quadrant IV
strategies as they do not include long term operation.

In a survey conducted by Songer and Kappers respondents sited the following as typical
advantages to using design-build (Songer and Kapper, 1995): 1)Ability to schedule and
control work; 2) Ability to control cost; 3) Freedom to innovate; 4) Encourage positive
client relationships; and 5) Increase value of finished product to the owner.

Other advantages are recognized as greater participation by the contractor during the
design process, early knowledge of firm costs, enhanced communication between
designer and contractor, and a single point of responsibility for design and construction
services.



The typical advantages and disadvantages of using a design-build or turnkey strategy are
outlined in Table 4-4.

Table 4-4 Combined, Design-Build & Turnkey*

Advantages:

1. There is one contract for the owner, with design, construction, and process know-how furnished by a

single organization

2. The total cost and schedule estimates can be known prior to contract award

3. Minimal owner coordination is needed between design and construction

4. Overall design-construct time can be reduced through phased construction

5. Teamwork between the designer and contractor during design is enhanced

6. There are opportunities for construction expertise to be incorporated during the design phase

7. Implementation of changes is simplified due to the single point of design-construction responsibility
8. The owner has no liability for change orders, unless the scope or site conditions change
Disadvantages:

1. If phased construction is used, the owner begins construction before obtaining a known price

2. Owner design changes are often expensive

3. The owner loses some flexibility in, and control over the detailed design process

4. The owner loses the direct relationship with the design professional and the independent designer

relattonship with the contractor

b

The owner must be knowledgeable to establish the initial parameters and monitor the process
As aresult of the minimum involvement of the owner, the final product may not fully comply with

expectations

7. There are few checks and balances and the owner is often not advised or aware of design and

construction problems

*Developed from Gordon 1997 and Barrie and Paulson 1992

Incorporation of the field constructor’s expertise into the design phase increases the
attractiveness of the design-build delivery strategy. The contractors transfer this
knowledge through direct participation in the design process as well as through the
opportunity for design reviews.

One of the major disadvantages is that the owner is often less involved in the design
process and may not receive exactly what is desired. When the design-build contract is
awarded based on incomplete plans and specifications the owner may find difficulties in
attempting to ensure the project satisfies both the design proposal and the performance
specifications.

The turnkey strategy can provide an owner, who cannot obtain the financing required for
construction, with a method to complete the project. Depending on the characteristics of
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the project owners may or may not be able to obtain construction financing due to project
risk and/or project timing. However, if an owner has the ability to secure long-term
financing based on revenue projections from operations, the turnkey method provides a
means to meet the owner’s cash flow restrictions.

4.3.4.4 Design-Build-Operate

The design-build-operate project delivery strategy combines design, construction, and
operations and maintenance within a contractual arrangement to obtain a single point of
responsibility for these services. Typically, the owner directly finances a design-build-
operate strategy and assumes the risk or reward associated with potential revenues from
operations. Similar to the segmented strategies, the owner must secure the project
financing for design and construction prior to the procurement of the services.

Incorporation of the field constructor’s expertise and the needs of the operator into the
design phase increase the attractiveness of the design-build-operate delivery strategy.
The contractors and operators transfer this knowledge through direct participation in the
design process as well as through the opportunity for design reviews.

Like design-build, in the design-build-operate model the government spends much less of
the planning and design budget on design preparation, leaving more for project definition,
planning, and organizing activities. The government prepares the design up to the
functional level, representing approximately 5 to 10% design completion. The
government then finances the detailed design and engineering after contractual
agreements have been made for the combined design, construction, and operation
services.

The advantages and disadvantages of using a design-build-operate strategy are outlined in
Table 4-5.

Table 4-5 Combined, Design-Build-Operate*

Advantages:

The owner has one contract and a single point of responsibility for design, construction, and operations
Total design, construction, and operation costs and schedule can be known prior to contract award
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