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NATIONAL COOPERATIVE HIGHWAY
RESEARCH PROGRAM

Systematic, well-designed research provides the most effective
approach to the solution of many problems facing highway
administrators and engineers. Often, highway problems are of local
interest and can best be studied by highway departments individually
or in cooperation with their state universities and others. However, the
accelerating growth of highway transportation develops increasingly
complex problems of wide interest to highway authorities. These
problems are best studied through a coordinated program of
cooperative research.

In recognition of these needs, the highway administrators of the
American Association of State Highway and Transportation Officials
initiated in 1962 an objective national highway research program
employing modern scientific techniques. This program is supported on
a continuing basis by funds from participating member states of the
Association and it receives the full cooperation and support of the
Federal Highway Administration, United States Department of
Transportation.

The Transportation Research Board of the National Academies was
requested by the Association to administer the research program
because of the Board’s recognized objectivity and understanding of
modern research practices. The Board is uniquely suited for this
purpose as it maintains an extensive committee structure from which
authorities on any highway transportation subject may be drawn; it
possesses avenues of communications and cooperation with federal,
state and local governmental agencies, universities, and industry; its
relationship to the National Research Council is an insurance of
objectivity; it maintains a full-time research correlation staff of
specialists in highway transportation matters to bring the findings of
research directly to those who are in a position to use them.

The program is developed on the basis of research needs identified
by chief administrators of the highway and transportation departments
and by committees of AASHTO. Each year, specific areas of research
needs to be included in the program are proposed to the National
Research Council and the Board by the American Association of State
Highway and Transportation Officials. Research projects to fulfill these
needs are defined by the Board, and qualified research agencies are
selected from those that have submitted proposals. Administration and
surveillance of research contracts are the responsibilities of the National
Research Council and the Transportation Research Board.

The needs for highway research are many, and the National
Cooperative Highway Research Program can make significant
contributions to the solution of highway transportation problems of
mutual concern to many responsible groups. The program, however, is
intended to complement rather than to substitute for or duplicate other
highway research programs.
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FOREWORD

By Ronald D. McCready
Staff Officer
Transportation Research Board

This guidebook presents approaches to cost estimation and management to overcome
the root causes of cost escalation and to support the development of consistent and accu-
rate project estimates through all phases of the development process, from long-range plan-
ning, through priority programming, and through project design.

The problem of cost escalation has become a major concern in virtually every field of
capital project development. Within the transportation sector, cost escalation has attracted
attention at the federal, state, regional, and local government levels for highways, transit,
and other modes. State departments of transportation (DOTs), transit agencies, and other
government entities responsible for delivering transportation projects historically have
experienced increases in project cost estimates from the time that a project is first proposed
or programmed until the time that it is completed. Recent studies have shown that this has
been a worldwide problem, particularly for large projects. Cost estimate increases that occur
after a project is first identified in a plan but before the project is designed create a substan-
tial disruption in priority programs, because other projects have to be delayed or removed
in order to accommodate higher cost estimates. The challenges of accurate cost estimation
and management of costs are faced by almost every state DOT, transit agency, and metro-
politan planning organization (MPO) in the country as projects evolve from concept in the
long-range planning process, are prioritized within programs, and are subject to detailed
development prior to construction.

Cost estimates increasing over the course of project development may be caused by any
number of factors, such as an inadequate project scope at the time of planning or program-
ming, insufficient information on the extent of utility relocation requirements, insufficient
knowledge of right-of-way costs and locations, required environmental mitigation costs to
avoid certain impacts, traffic control requirements, and work-hour restrictions. As is often
the case with very large and complex projects, the project scope and concept may not be
fully understood until well after a substantial commitment has been made to its construc-
tion. In addition, the project scope often expands as more internal and external stakehold-
ers provide input on what elements should be included. Sometimes, if the cost of an item is
not known, it is not included in early project cost estimates. In other instances, items such
as right-of-way or construction engineering may be included with only tentative or super-
ficial information to support their estimated costs. Initial cost estimates may be prepared by
an agency other than the agency responsible for project delivery; this can result in different
understandings of project requirements and vastly different estimates. There is sometimes
speculation that, to secure funding for projects, items may be purposefully excluded from
initial project scopes and costs with the intention of adding them later. Questions about



honesty or competence can threaten the credibility of the planning and programming
process and that of the transportation agency and create increased frustration by profes-
sional staffs, policy makers, elected officials, and the general public.

Both the Federal Highway Administration and the Federal Transit Administration have
initiated major efforts to overcome this problem in federally aided projects. In recent years,
states, transit agencies, and local public works agencies have studied the problem and
attempted to find causes and solutions to improve the procedures, with varying degrees of
success. There is a need for research into all aspects of cost estimation management and cost
estimation procedures aimed at addressing consistency and accuracy throughout the entire
project development process, from long-range planning, through priority programming,
up to preconstruction engineering and design.

The objective of this project was to develop a guidebook on highway cost estimation
and management practice aimed at achieving greater consistency and accuracy between
long-range transportation planning, priority programming, and preconstruction cost esti-
mates. The guidebook provides strategies, methods, and tools to develop, track, and docu-
ment more realistic cost estimates during each phase of the process.

Under NCHRP Project 8-49, “Guidance on Cost Estimation and Management for
Highway Projects During Planning, Programming, and Preconstruction,” a research team
led by Texas Transportation Institute carried out a comprehensive investigation into cur-
rent and effective practices for cost estimation and management during the various plan-
ning and project development phases prior to construction. The project resulted in a prac-
tical guidebook designed to provide users with the most appropriate practices to develop
and manage realistic cost estimates throughout the project development process.

The guidebook should be of significant use to managers, practitioners, and decision
makers interested in development and management of realistic and accurate cost estimates
for transportation projects from the earliest stages of planning through final project design.
The guidance provided is intended to provide methods and tools that will reduce un-
intended or unanticipated escalation of costs as transportation projects proceed through
the development process.
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SUMMARY

Guidance for Cost Estimation and Management
for Highway Projects During Planning,
Programming, and Preconstruction

State highway agencies face a major challenge in controlling project budgets over the time
span between project initiation and the completion of construction. Project cost increases,
as reflected by budget overruns during the course of project development, are caused by fac-
tors that have been identified through a large number of studies and research projects. These
factors, the root causes behind estimation problems, differ with project development phase
and project complexity. This Guidebook presents cost estimation management and cost esti-
mation practice approaches to address the root causes of cost escalation and to support the
development of consistent and accurate project estimates. These approaches are aligned with
project development phases and project complexity. The Guidebook provides appropriate
strategies, methods, and tools to develop, track, and document realistic cost estimates dur-
ing each phase of project development.

A Strategic Approach

Agencies will have to do more than simply institute changes in estimation practices if they are
to achieve consistent and accurate estimates. Project cost estimation management and cost
estimation practice should be viewed as interdependent processes that span the entire project
development process. An analysis of estimation literature and exhaustive data provided by
state highway agencies led to the development of eight global strategies to address state high-
way agency estimation problems. These strategies focus on the critical causal factors behind
project cost escalation and support the objective of consistent and accurate estimation:

o Management strategy—Manage the estimation process and costs through all stages of
project development;

 Scope and schedule strategy—Formulate definitive processes for controlling project scope
and schedule changes;

o Off-prism strategy—Use proactive methods for engaging external participants and
assessing the macroenvironmental conditions that can influence project costs;

« Risk strategy—Identify risks, quantify their impact on cost, and take actions to mitigate
the impact of risks as the project scope is developed;

o Deliveryand procurement strategy—Apply appropriate delivery methods to better man-
age cost because project delivery influences both project risk and cost;

o Document quality strategy—Promote cost estimate accuracy and consistency through
improved project documents;

 Estimate quality strategy—Use qualified personnel and uniform approaches to achieve
improved estimate consistency and accuracy; and

o Integrity strategy—Ensure that checks and balances are in place to maintain estimate
accuracy and to minimize the impact of outside pressures that can cause optimistic biases
in estimates.



In this Guidebook, these eight strategies are linked to over 30 recommended methods
for implementing the strategies and to over 90 tools for executing specific methods.

Keys to Success

Disciplined cost estimation management and cost estimation practice should be applied in
the context of the eight global strategies. This research has determined that 10 key principles—
5 cost estimation management principles and 5 cost estimation practice principles—must be
focused on to ensure creation of consistent and accurate estimates. Each individual principle
by itself can help improve cost estimation management and cost estimation practice. How-
ever, maximum improvement of these two processes will only occur if the 10 key principles
are incorporated into the agency’s business practices throughout the organization. The key
principles, in prioritized order, are as follows.

Cost estimation management:

1. Make estimation a priority by allocating time and staff resources.

2. Seta project baseline cost estimate during programming or early in preliminary design, and
manage to this estimate throughout project development.

3. Create cost containment mechanisms for timely decision making that indicate when
projects deviate from the baseline.

4. Create estimate transparency with disciplined communication of the uncertainty and
importance of an estimate.

5. Protect estimators from internal and external pressures to provide low cost estimates.

Cost estimation practice:

1. Complete every step in the estimation process during all phases of project development.

2. Document estimate basis, assumptions, and back-up calculations thoroughly.

3. Identify project risks and uncertainties early, and use these explicitly identified risks to
establish appropriate contingencies.

4. Anticipate external cost influences and incorporate them into the estimate.

5. Perform estimate reviews to confirm that the estimate is accurate and fully reflects project
scope.

Challenges

Implementing new concepts involves facing the challenges that accompany change. State
highway agencies must consider several challenges when deploying this Guidebook:

o Challenging the status quo and creating a cultural change requires leadership and men-
toring to ensure that all steps in the cost estimation management and cost estimation pro-
cesses are performed.

o Developing a systems perspective requires organizational perspective and vision to inte-
grate cost estimation management and cost estimation practice throughout the project
development process.

o Dedicating sufficient time to changing agency attitudes toward estimation and incorpo-
rating the strategies, methods, and tools from this Guidebook into current state highway
agency practices is difficult when resources are scarce.

 Dedicating sufficient human resources to cost estimation practice and cost estimation man-
agement beyond the resources that have previously been allocated to estimation processes.

Meeting these challenges will ultimately require a commitment by the agency’s senior man-
agement to direct and support change. The benefit of this commitment will be manifested in
projects that are consistently within budget and on schedule and that fulfill their purpose as
defined by their scope. This benefit will also improve program management by allowing for
better allocation of funds to projects to meet the needs of the ultimate customer, the public.




CHAPTER 1

Introduction

Background

Project cost escalation is a major challenge for state highway
agencies. Over the time span between the initiation of a proj-
ect and the completion of construction, many factors influ-
ence a project’s final costs. This time span is normally several
years, but for highly complex and technologically challenging
projects the time span can easily exceed a decade. Over that
period, numerous changes to the project scope and schedule
will occur. Many factors that influence project costs are un-
defined during the early stages of project development, such as
knowledge about right-of-way cost and alignment, environ-
mental mitigation requirements, traffic control requirements,
or work-hour restrictions. Moreover, there are process-related
factors that can drive project cost increases, such as unforeseen
engineering complexities and constructability issues, changes
in economic and market conditions, changes in regulatory re-
quirements, local governmental and stakeholder pressures,
and a transformation of community expectations. All of these
and other cost escalation factors create distinct challenges re-
lated to the development of project estimates and effective cost
estimation management. These challenges are

o Difficulty in describing scope solutions for all issues early
in project development,

o Difficulty in evaluating the quality and completeness of early
cost estimates,

« Difficulty in identifying major areas of variability and uncer-
tainty in project scope and costs, and

e Difficulty in tracking the cost impact of design development
that occurs between major cost estimates.

Industry Problem

Managing large capital construction projects requires the
coordination of a multitude of human, organizational, and
technical resources. Quite often, the engineering and con-

struction complexities of such projects are overshadowed by
economicg, societal, and political challenges. Within the trans-
portation community, project cost escalation has attracted
management, political, and stakeholder attention at federal,
state, regional, and local levels. News reports of project cost
escalation cause the public to lose confidence in the ability of
transportation agencies to effectively perform their responsi-
bilities. Additionally, state highway agency management must
deal with the disruption that project cost increases cause in
priority programs (the disruption occurs when other projects
have to be delayed or removed in order to accommodate
higher project costs).

As projects move from concept to construction, cost esca-
lation is faced by every state highway agency, transit agency,
and metropolitan planning organization (MPO) in the coun-
try. Although project cost escalation is usually caused by lack
of project scope control and factors external to the state high-
way agency, it results in cost estimation practice and cost esti-
mation management approaches that do not promote
consistency and accuracy of cost estimates across the project
development process.

Guidebook Concepts

This Guidebook presents a strategic approach for achiev-
ing accurate project cost estimates based on strategies, meth-
ods, and tools for project cost estimation practice and cost
estimation management that are linked to (1) planning and
the project development process and (2) project complexity.

A strategy is a plan of action intended on accomplishing a
specific goal. Strategies typically address a specific problem
and are formulated to address a problem’s root cause. For
example, a strategy might be risk. The risk strategy for con-
trolling cost seeks to identify risks, quantify the impact of a risk
on cost, and take actions to mitigate that impact. This strategy
would likely address a root cause of cost escalation such as
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scope changes caused by external and internal stakeholders
providing input during project development.

The strategy is implemented through a method. A method
is a means or manner of procedure, especially a regular and sys-
tematic way of accomplishing something. The method must
support the strategy. A method for the described risk strategy
might be a formal or structured risk analysis. This method is
typically applied when preparing early project estimates, as the
scope is being defined and detailed. One purpose of this
method is to narrow the range of scope uncertainty.

A method is then implemented using a tool. A tool is some-
thing used in the performance of an operation. In this case, the
operation is the method. A newly used tool for the risk analy-
sis method is estimation ranges. At the core of this tool are risk
identification, risk assessment, and the communication of
uncertainty. This tool makes use of probabilities and simula-
tion to produce a probabilistic range of project costs rather
than a single-point estimate.

Project estimates are made at various points in time dur-
ing project development for a variety of reasons. An estima-
tion method and tool must fit the information available at
the time the estimate is developed. Thus, certain types of
estimates apply to specific project development phases. For
example, the risk analysis method is used when project-
specific estimates are prepared during the early phases of proj-
ect development.

State highway agencies deal with a variety of project types;
thus, the Guidebook considers strategies, methods, and tools
in terms of their application to small or straightforward proj-
ects, rehabilitation projects, major reconstruction projects,
major new construction projects, and special situations such as
when a state highway agency uses an innovative contracting
method and does not prepare a complete set of plans and spec-
ifications. Project complexity is also important because it may
determine when, and to what extent, a specific method and
tool should be used. As an example, the risk analysis method is
typically used to expose areas associated with large, complex
projects that have significant uncertainties associated with con-
struction methods.

The hierarchical decomposition of strategies, methods, and
tools is illustrated in Figure 1.1. Methods are used to imple-
ment strategies. As shown, more than one method may be used
to implement a particular strategy. One or more tools can be
used to implement a method. The use of specific strategies,

| Strategy 1 i | Strategy 2
v v v v

Method 1 i Method 2 i Method 3 h
Tool 1 h Tool 2 i Tool 3 i Tool 4 i

Figure 1.1. Strategy, method, and tool hierarchy.

methods, and tools changes with project development phases
and different levels of project complexity.

Guidebook Development

This Guidebook was developed under NCHRP Project
8-49, “Procedures for Cost Estimation and Management for
Highway Projects during Planning, Programming, and Pre-
construction.” Approaches for addressing the transportation
community problem of accurately estimating and managing
project cost are proposed based on this research.

The research was conducted in two phases. The first phase
focused on a state-of-practice review of cost estimation prac-
tice and cost estimation management processes. The current
state of estimation practice was characterized by an extensive
review of the literature supported by interviews of transporta-
tion agencies. Major factors causing project cost escalation
were identified during this first phase of the research. Over
23 state highway agencies provided input on the practices they
use during different project development phases. A critical
review of these practices formed the basis for identifying viable
and successful approaches to cost estimation practice and cost
estimation management. Based on this literature and inter-
view work, eight strategies were identified to address the root
causes of project cost escalation. These eight strategies were
then linked to over 30 implementation methods. From the
discussion with state highway agencies, over 90 tool applica-
tions were identified to support the 30 methods. These strate-
gies, methods, and tools align with planning, programming,
and preconstruction. This strategic approach, including
the methods and tools, was reviewed and approved by the
NCHRP 8-49 panel.

Based on the state-of-practice data from the state highway
agencies, the second phase of the research developed this
Guidebook. The Guidebook, with a focus on addressing cost
escalation through the use of strategies, methods, and tools,
was prepared in draft form. It was then critically reviewed by
10 state highway agencies. These state highway agencies pro-
vided a critique of the Guidebook’s content, structure, layout,
and user friendliness. The NCHRP 8-49 panel reviewed and
commented on this final version of this Guidebook.

Guidebook Organization

The Guidebook has nine chapters, including the introduc-
tion. The background information and fundamental concepts
concerning the content of the Guidebook are developed in
Chapters 2, 3, and 4. Chapter 2, “Agency Cost Estimation Prac-
tice and Cost Estimation Management Processes,” demon-
strates how cost estimation practice and cost estimation
management are linked to planning and the project develop-
ment process. The key information exchanged between differ-
ent development phases is presented in a flow chart format.



This flow chart is critical to understanding that achievement of
accurate estimates requires a systematic approach. Further, the
purposes of cost estimates prepared during different project
phases are also discussed because estimates at specific points in
planning and project development are critical to making sound
financial decisions. Chapter 3, “Factors and Strategies,” iden-
tifies and categorizes 18 cost escalation factors that have been
found to repeatedly cause cost overruns on state highway
agency projects. Eight strategies are then introduced that
address these cost escalation factors. If these strategies are sys-
tematically implemented as suggested in the Guidebook, state
highway agencies will reduce project-specific cost increases and
subsequent increases in capital program budgets. Chapter 4,
“Guidebook Framework,” presents a consistent approach used
to describe the strategies, methods, and tools as applied during
planning and the project development process.

Chapters 5, 6, and 7—“Guide for Planning Phase,” “Guide
for Programming and Preliminary Design Phase,” and “Guide
for Final Design Phase,” respectively, focus on the application
of the fundamental concepts presented in Chapters 2, 3, and
4. These chapters provide guidance on cost estimation prac-
tice and cost estimation management process implementation
during each phase. Guidance is provided with a specific focus
on the dominant cost escalation factors that most often occur
during a specific project phase and the strategies that are effec-
tive in addressing these cost escalation factors. Specific meth-
ods employed to implement strategies are identified in terms
of key information relevant to applying the method. Tools
are linked to methods and strategies through an extensive
appendix—Appendix A—which provides support for imple-
mentation of the methods described in Chapters 5, 6, and 7.
Appendix A provides information concerning tools, includ-
ing examples and illustrations of all tools.

New concepts and innovative ideas require a planned
approach to facilitate their implementation into practice.
Chapter 8, “Implementation,” covers key implementation
thrust areas and steps in the implementation process that
must be considered when introducing changes to current cost
estimation practice and cost estimation management within
a transportation agency. Finally, Chapter 9 summarizes the
main features of the Guidebook and the challenges users may
encounter when striving to improve agency cost estimation
practice and cost estimation management. This chapter also
provides 10 key principles that will lead to successful applica-
tion of the strategies, methods, and tools presented in this
Guidebook.

Use of Guidebook

The intent of the Guidebook is to provide transportation
agencies with guidance on preparing realistic estimates and
managing project cost. The material contained in the follow-
ing chapters does not provide “how to” procedures with spe-
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cific details on cost estimation practice or cost estimation man-
agement. However, the Guidebook does provide the necessary
knowledge and information for state highway agencies to
create “how to” approaches that fit within their own agency
processes and culture.

The Guidebook is designed to provide information to vari-
ous users in a number of ways. Guidebook information is cat-
egorized as having an implementation thrust or topic focus.
Several examples are provided. The user is encouraged to use a
strategic approach, but there are other ways to use the methods
and tools presented in the Guidebook.

Implementation Thrust
Organization Level

If cost escalation is a significant problem for an agency,
changes in agency policy that influence how cost estimation
practice and cost estimation management is performed may be
necessary to improve the processes and provide more consis-
tent and accurate estimates throughout project development.
If this is the case, executive managers should review Chapters
2, 3, and 4 of the Guidebook. These chapters provide a basic
structure and approach for developing agencywide policies
that will lead to improved cost estimation practice and cost
estimation management processes. Chapter 8 will provide
assistance in implementing changes related to cost estimation
practice and cost estimation management from an agencywide
perspective.

Program Level

Program-level managers are often charged with imple-
menting policy changes. If policy changes in cost estimation
practice and cost estimation management are necessary, then
these managers should read Chapter 2; Chapter 3; Chapter 4;
the relevant Chapter 5, 6, and/or 7; and Chapter 8 on imple-
mentation issues. For example, planning directors can focus
on Chapter 5, “Guide for Planning Phase,” while managers
of engineering and environmental programs can focus on
Chapter 6, “Guide for Programming and Preliminary Design
Phase.”

Project Level

Project-level managers, engineers, and discipline leaders
(the chiefs of sections such as design, right-of-way, and/or
estimation) who are directly responsible for cost estimation
practice and cost estimation management processes should
read Chapter 3; Chapter 4; the relevant Chapters 5, 6, and/or
7; and Appendix A according to their area of expertise. Those
leaders directly involved in estimation should read the same
chapters and Appendix A. If the estimator has a specific area
of expertise—such as plans, specifications, and estimates
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(PS&E)—then Chapter 7, “Guide for Final Design Phase,”
should be studied in detail, including the relevant tools in
Appendix A.

Topic Focus
Cost Escalation Problem

If the user has a specific cost escalation problem to solve, the
user should read Chapter 3. The user should determine which
cost escalation factor is most closely aligned with the problem
and then select a strategy or strategies that address the problem.
Based on the development phase of interest, the user can deter-
mine methods to implement specific strategies covered in
Chapters 5, 6, and/or 7.

Estimation Tools

If the user is interested in finding a specific type of tool, the
user should review the list of tools at the beginning of Appen-

dix A. After finding a tool of interest, the user should study the
description of the tool under the method that is relevant to
the tool. If the user wants to determine where the tool is
used, the user can locate the method and tool in the sum-
mary section of Chapters 5, 6, and 7.

Summary

Cost escalation, or estimate increases, over the course of
project development constitute the major problem that is
addressed by this Guidebook. As projects evolve from concept
to detailed development prior to construction, this problem is
faced by every state highway agency, transit agency, and MPO
in the country. Estimation strategies, methods, and tools pro-
vide a structured approach for addressing the project cost esca-
lation problem. This Guidebook was developed as part of
NCHRP Project 8-49, “Procedures for Cost Estimation and
Management for Highway Projects during Planning, Pro-
gramming, and Preconstruction.”




CHAPTER 2

Agency Cost Estimation Practice and
Cost Estimation Management Processes

To successfully address transportation needs and deficien-
cies, state highway agencies must have reliable cost estimation
practice and cost estimation management processes that sup-
port the spectrum of costing from early conceptual alternatives
through to definitive project PS&E. This Guidebook focuses on
the cost estimation practice and cost estimation management
processes required to achieve this result. This chapter frames
these two processes by estimate type and purpose in broadly
defined phases common to how state highway agencies develop
solutions to transportation needs. The approach is from an
agency-level viewpoint. Additional, more specific materials rel-
evant to cost estimation practice and cost estimation manage-
ment will be covered in Chapters 5, 6, and 7.

Transportation Development Phases

Cost estimates are made at various times during the devel-
opment of solutions to identified transportation needs and
deficiencies. These estimates support funding and program
decisions. The estimation approach that is used at these vari-
ous times must conform to the information available when the
estimate is prepared. For example, when only concept infor-
mation is available, then conceptual estimation practice meth-
ods are used to determine planning-level cost projections. Cost
estimation management is practiced as projects are identified
and developed. Cost estimation management methods will
also vary depending on the level of project scope definition and
cost details provided in the estimates.

An understanding of the phased progression to developing
a solution for a transportation need is critical to the strategies,
methods, and tools that can be used for cost estimation prac-
tice and cost estimation management. The terms used to
describe the development phases can vary slightly, or even sig-
nificantly, from agency to agency. Therefore, the development
phases and their descriptions in this Guidebook, as presented
in Table 2.1, were adapted from NCHRP Synthesis of Highway
Practice 331: Statewide Highway Letting Program Management

(Anderson and Blaschke, 2004). The planning, programming
and preliminary design, and final design phases are discussed
throughout this Guidebook. The Guidebook does not cover
the advertise-and-bid and construction phases. The planning,
programming and preliminary design, and final design phases
are depicted as overlapping in Figure 2.1. This overlapping
indicates the cyclical nature of these four phases, as trans-
portation needs are identified and developed into projects that
move to construction.

Cost Estimation Practice and Cost
Estimation Management Overview

Figure 2.2 provides a summary flowchart representing an
agencywide view of cost estimation practice and cost estimation
management. As shown in Figure 2.2, there is a relationship
between the cost estimation practice and cost estimation man-
agement processes. There is also a relationship between cost
estimation practice and cost estimation management and the
phases followed in addressing transportation needs. These two
sets of relationships are portrayed by key information flows.
Further, Figure 2.2 shows typical estimate types and key pur-
poses of the cost estimates as related to each development phase.

Cost estimates are prepared to support funding decisions as
planning documents, program documents, and specific proj-
ects are developed. Cost estimation management is performed
to support the work of preparing estimates and to ensure that
program funding levels are in line with planned funding levels
and project budgets. When cost estimation practice and cost
estimation management processes are integrated, the trans-
portation agency should have the capability to effectively man-
age its overall capital program as well as individual project
budgets.

As shown in Figure 2.2, the development phases are gener-
ally categorized into “planning” and “project development
process.” The planning phase has a longer time horizon and
includes both plans that do not identify projects and plans that



Table 2.1. Development phases and activities.

Development Phase

Typical Activities

Planning

Determine purpose and need, determine whether it’s an improvement or
requirement study, consider environmental factors, facilitate public
involvement/participation, and consider interagency conditions.

Programming and Preliminary
Design

Conduct environmental analysis, conduct schematic development, hold public
hearings, determine right-of-way impact, determine project economic
feasibility, obtain funding authorization, develop right-of-way, obtain
environmental clearance, determine design criteria and parameters, survey
utility locations and drainage, make preliminary plans such as alternative
selections, assign geometry, and create bridge layouts.

Final Design

Acquire right-of-way; develop plans, specifications, and estimates (PS&E);
and finalize pavement and bridge design, traffic control plans, utility
drawings, hydraulics studies/drainage design, and cost estimates.

Advertise and Bid

Prepare contract documents, advertise for bid, hold a pre-bid conference, and
receive and analyze bids.

Construction

Determine the lowest responsive bidder; initiate contract; mobilize; conduct
inspection and materials testing; administer contract; control traffic; and
construct bridge, pavement, and drainage.

identify projects. In this Guidebook, the project development
process begins with the programming phase, in which specific
projects are developed and prioritized for inclusion in shorter-
range capital programs based on target letting dates for
construction.

The purpose of planning for both statewide areas and met-
ropolitan areas is to identify the set of the most cost-effective
projects and approaches that achieves the stated goals of the
planning process. Federal law requires that state highway agen-
cies develop a statewide transportation plan (STP) and that
MPOs develop a regional transportation plan (RTP). The hori-
zon year for these long-range plans is usually 25 years into the

Transportation
Needs/Deficiencies

Planning

(" Programming/
Preliminary Design

Final Design

future. While some states do identify major projects, or even
unique minor projects, most STPs do not identify specific proj-
ects, but rather establish strategic directions for state invest-
ment in its transportation system. The RTP is very different
from the STP. The RTP identifies specific projects that are to
be implemented over the next 25 years, usually defined in
short-, medium-, and long-term implementation stages. Fed-
eral law also requires that the statewide and metropolitan plans
be consistent and that plan development include the partici-
pation of both groups, along with many other stakeholders. A
long-range plan is considered to be the output of the planning
phase for purposes of this Guidebook.

Advertise & Bid

Construction

Figure 2.1. Typical transportation need development phases for

highway projects.
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As depicted in Figure 2.2, cost estimates that are prepared to
support these long-range plans have, as their fundamental pur-
pose, to provide a gross estimate of the funds needed over the
25-year planning horizon. These cost estimates are also often
used in benefit-cost analysis for prioritizing dollars in long-
range plans. Planning-phase cost estimates are most often
developed using the conceptual estimation method with a cost-
per-mile tool. During the planning phase, cost estimation
management is focused primarily on updating planning dollar
amounts and determining how these dollars are communi-
cated to the public.

The programming and preliminary design phase starts the
project development process, as shown in Figure 2.2. In pro-
gramming, federal law requires the transportation improve-
ment program (TIP) for a metropolitan area to become part
of the state’s transportation improvement program (STIP). It
is thus very common for state highway agencies and MPOs to
work closely on identifying the likely costs associated with
candidate projects. Project cost estimates can have a signifi-
cant affect on the overall transportation program and, thus,
on the ability of states and metropolitan areas to meet their
transportation needs. Thus, estimates prepared during pro-
gramming are critical in terms of setting a baseline cost, sched-
ule, and scope for managing project development.

The baseline cost sets the budget used to develop a 5- to
10-year authorized priority program, as shown in Figure 2.2.
Authorization allows for preliminary design to begin, and it
typically includes a target date for a construction letting. The
first 3 to 5 years of the priority program form the basis for the
STIP. When preliminary design falls within this minimum
3-year period and federal funds are used, the preliminary
design cost is included in the STIP. Right-of-way and con-
struction costs will be added to the STIP later, as the STIP is
updated regularly. In some cases, if the project needs to be let
for construction within 3 years, the entire project cost cov-
ering preliminary design, right-of-way, and construction will
be included in the STIP. Once preliminary design begins, this
baseline cost estimate becomes the basis for cost estimation
management.

Preliminary design develops the project scope at ever
increasing levels of detail, as shown in Figure 2.2 (e.g., the per-
centage milestones such as 15%, 30%, and 60%). At various
times during preliminary design, project cost estimates are pre-
pared to ensure that scope changes have not increased cost
above the baseline and for management control of the budget.
During preliminary design, design estimation approaches are
based on both conceptual estimation and design estimation
methods. When the project is within 3 to 4 years of the con-
struction letting, an updated cost estimate is prepared so that
current construction costs are reflected in the STIP. This esti-
mation is critical because the STIP is fiscally constrained, and
costs for each project in the STIP must be closely monitored.

Cost estimation management is an important activity dur-
ing preliminary design. Periodic estimation updates should
be constantly compared with the project baseline estimate
included in the authorized priority program. Further, to effec-
tively manage overall project cost, changes in scope, in design
development, and in project site or market conditions must be
evaluated in relation to cost and time impact. Cost estimation
management is a process for evaluating changes in scope or
other issues that affect project cost.

The final design phase typically represents that point in the
project development process when plans and specifications are
nearing completion. Prior to final approval of the project
design, PS&E is initiated, and the engineer’s estimate is pre-
pared, as shown in Figure 2.2. The basic purpose of this esti-
mate is to provide cost data for comparing bid prices with
estimated costs. The estimate provides management with a ref-
erence for determining whether a project should be awarded
for construction and whether, if a project is awarded, to
obligate funds for construction. The engineer’s estimate is a
detailed line-item estimate of project costs based on a schedule
of work items and their corresponding quantities. The line
items that make up this estimate are the same as those in the
contract documents that serve as the basis for bidding the proj-
ect. Cost estimation management at this phase focuses on com-
paring the engineer’s estimate with the current STIP estimate
and the contractor’s bid.

Cost Estimation Practice and Cost
Estimation Management Steps

Cost estimation practice and cost estimation management
processes can be described in terms of a number of steps. For
purposes of this Guidebook, a small number of steps are iden-
tified for each of these two processes. Methods and tools asso-
ciated with these steps are elaborated in later chapters.

Cost estimation practice is described in terms of four basic
steps. The four steps and a brief description of each step are
provided in Table 2.2. The descriptions are general and,
therefore, applicable to the estimation process across each
development phase.

While the steps and their descriptions in Table 2.2 could be
shown in greater detail, the four steps are sufficient to provide
guidance on cost estimation. The four steps must be imple-
mented in each of the development phases. However, the man-
ner in which these steps are performed varies depending on the
development phase. These variations are reflected in the meth-
ods and tools that are implemented during each project phase.
The performance of each step is supported by historical data-
bases; input from different project disciplines (e.g., planners,
roadway, structures, right-of-way, real estate services, utilities,
environment, and construction); and input from third parties,
such as MPOs, environmental agencies, local agencies, and the



Table 2.2. Cost estimation process.
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Cost Estimation Step

Description

Determine estimate basis Document project type and

® scope documents;

L]
completion);

project complexity;

scope, including

drawings that are available (defining percent engineering and design
project design parameters;

unique project location characteristics; and
disciplines required to prepare the cost estimate.

Prepare base estimate Prepare estimate, including

cost data;

documentation of estimate assumptions, types of cost data, and adjustments to

application of appropriate estimation techniques, parameters, and cost data

consistent with level of scope definition;
e coverage of all known project elements;
e coverage of all known project conditions; and
e checking of key ratios to ensure that estimates are consistent with past

experience.

Determine risk and set
contingency

Identify and quantify areas of uncertainty related to
e project knowns and unknowns,

e potential risks associated with these uncertainties, and
e appropriate level of contingency congruent with project risks.

Review total estimate
L]

costs;

Review estimate basis and assumptions, including
methods used to develop estimate parameters (e.g., quantities) and associated

e completeness of estimate relative to the project scope;
e application of cost data, including project-specific adjustments;
e reconciliation of current estimates with the baseline estimate (explain

differences); and

preparation of an estimation file that compiles information and data used to

prepare the project estimate.

public. The types of information provided through databases
and diverse entities also vary depending on the phase.

Cost estimation management is described by a number of
steps. Five steps and a general description of each step are
provided in Table 2.3. Again, the descriptions are general
and, therefore, applicable to the cost estimation management
process across each development phase. Implementation of
these steps varies by phase.

Similar to the cost estimation practice steps, the cost estima-
tion management steps and their descriptions could be shown
in greater detail, but five steps are sufficient to provide guid-
ance on cost estimation management. The required number
of steps performed in each phase varies. The manner in which
the steps are performed also varies depending on the devel-
opment phase. These variations are reflected in the strategies,
methods, and tools that are implemented during each phase.

Specific graphic depictions of the cost estimation practice
and cost estimation management processes are presented and
discussed in the introductory sections of the chapters that
specifically discuss each phase: Chapter 5, “Guide for Plan-

ning Phase”; Chapter 6, “Guide for Programming and Pre-
liminary Design Phase”; and Chapter 7, “Guide for Final
Design Phase.”

Summary

Cost estimates are created at various times during project
development. There is a relationship and interaction between
these phases and the cost estimation practice and cost esti-
mation management processes. During the planning phase,
cost projections are developed most often using the concep-
tual estimation method. Design estimation methods include
parametric estimation as well as line-item estimation. Detailed
estimates are developed based on the final design. The appro-
priate estimation approach will vary with the project’s scope
definition, design development, and complexity. Chapter 3
identifies cost escalation factors and the strategies that a state
highway agency can implement in the context of its cost esti-
mation and cost estimation management processes to over-
come project cost escalation.
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Table 2.3. Cost estimation management process.

Cost Estimation
Management Step

Description

Obtain appropriate approvals

Obtain management authorization to proceed by

e review of current project scope and estimate basis;

e securing of approvals from appropriate management levels;

e approval of current estimates, including any changes from previous estimates;
and
release of estimate for its intended purpose and use.

Determine estimate
communication approach

Communication approach is dependent upon the stakeholder who is receiving the
information, but should consider
e mechanism for communicating the cost estimate for its intended purpose,
e level of uncertainty to be communicated in the estimate given the information
upon which it is based, and
e mechanism to communicate estimate to external parties.

Monitor project scope and project
conditions

Identify any potential deviation from the existing estimate basis, including
e changes in project scope;
changes due to design development;
changes due to external conditions;
the nature and description of the potential deviation; and
whether the deviation impacts the project budget and/or schedule (potential
increase or decrease).

Evaluate potential impact of
change

Assess potential impact of change, including
e cost and time impact of the deviation and
e recommendation as to whether to modify the project scope, budget, and/or
schedule due to change.

Adjust cost estimate

Document changes to the baseline estimate, including
e appropriate approval of the deviation;
e the new project scope, new budget, and/or new schedule; and
e notification of the change to project personnel.




CHAPTER 3

Factors and Strategies

Before the strategies, methods, and tools are developed to
address cost escalation problems, the causal factors that influ-
ence and create changes in cost estimates must be delineated
and explained. This chapter first identifies the causal factors and
then presents the strategies to address specific problem areas.

Cost Escalation Factors

The factors that lead to project cost escalation have been
identified through a large number of studies and research proj-
ects. These factors can be distilled into 18 fundamental cost
escalation factors, as depicted in Table 3.1. Each cost escalation
factor describes a reason behind changes in cost estimations.
These factors can be managed throughout the project devel-
opment process either through cost estimation practice or cost
estimation management methods and tools.

Internal Cost Escalation Factors

Bias is a systematic tendency to be overly optimistic about
key project parameters. It is often viewed as the purposeful
underestimation of project costs to ensure that a project
remains in the construction program. This underestimation
of costs can arise from the state highway agency estimators’ or
consultant’s identification with the agency’s goals for main-
taining a construction program. The project development
process in some states is such that the legislature establishes
a project budget by legislative act and that budget is based on
preliminary cost estimates. Later, if the department’s estimate
is higher than the budget, the project may not be let. As a
result, engineers and the state highway agencies feel the pres-
sure to estimate with an optimistic attitude about cost. (Akinci
and Fischer, 1998; Condon and Harman, 2004; Bruzelius et al.,
2002; Flyvbjerg et al., 2002; Hufschmidt and Gerin, 1970;
Pickrell, 1990; Pickrell, 1992)

Delivery and procurement approach affects the division of
risk between the state highway agency and the constructors.
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When risk is shifted to a party that is unable to control it, proj-
ect cost will likely increase. The decision regarding which proj-
ect delivery approach (e.g., design-bid-build, design-build, or
build-operate-transfer) and procurement methodology (e.g.,
low bid, best value, or qualifications-based selection) affects
the transfer of project risks. In addition to the question of risk
allocation, lack of experience with a delivery method or pro-
curement approach can also lead to underestimation of proj-
ect costs. (Harbuck, 2004; New Jersey DOT, 1999; Parsons
Brinckerhoff Quade & Douglas, Inc., 2002; SAIC, 2002;
Weiss, 2000)

Project schedule changes, particularly extensions, caused
by budget constraints, timing of fund allocations, environmen-
tal impacts, or design challenges can result in unanticipated in-
creases in project overhead and/or inflation. Additional project
overhead costs can be incurred by both the state highway agency
and the consultants, designers, and contractors. Project sched-
ule changes can be viewed in terms of the time value of money.
There are two primary components to the issue: (1) the infla-
tion rate and (2) the timing of the expenditures. Many state
highway agencies have a fixed annual or bi-annual budget, and
project schedules must often be adjusted to ensure that project
funding is available as needed for all projects. Estimators fre-
quently do not know what expenditure timing adjustments
will be made by management or caused by external circum-
stances. (Committee for Review, 2003; Booz Allen & Hamilton,
Inc., and DRI/McGraw-Hill, 1995; Callahan, 1998; Hufschmidt
and Gerin, 1970; U.S. General Accounting Office, 1999a; Sem-
ple et al., 1994; Touran and Bolster, 1994)

Engineering and construction complexities caused by the
project’s location or purpose can make early design work very
challenging and lead to internal coordination errors between
project components. Internal coordination errors can include
conflicts or problems between the various disciplines involved
in the planning and design of a project. Constructability prob-
lems that need to be addressed may also be encountered as
the project develops. If these issues are not addressed, cost
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Table 3.1. Factors causing cost escalation
of projects*.

Source Factor
Internal

1. Bias

2. Delivery/Procurement Approach

3. Project Schedule Changes

4. Engineering and Construction Complexities
5. Scope Changes

6. Scope Creep

7. Poor Estimation

8. Inconsistent Application of Contingencies
9. Faulty Execution

10. Ambiguous Contract Provisions

11. Contract Document Conflicts

External | 1. Local Concerns and Requirements

2. Effects of Inflation

3. Scope Changes

4. Scope Creep

5. Market Conditions

6. Unforeseen Events

7. Unforeseen Conditions

* Note: these factors are numbered for reference only. The
numbering does not indicate a level of influence.

increases are likely to occur. (Committee for Review, 2003;
Booz Allen & Hamilton, Inc., and DRI/McGraw-Hill, 1995;
Callahan, 1998; Hufschmidt and Gerin, 1970; U.S. General
Accounting Office, 1999a; Touran and Bolster, 1994; U.S.
General Accounting Office, 2003; U.S. General Accounting
Office, 1997; U.S. General Accounting Office, 2002)

Scope changes, which should be controllable by the state
highway agency, but which still happen, can lead to project cost
escalation. Such changes may include additions to or deletions
from the project scope. Examples of this phenomenon are the
addition of a lane to the project scope or increasing the project
right-of-way. (Committee for Review, 2003; Booz Allen &
Hamilton, Inc., and DRI/McGraw-Hill, 1995; Callahan, 1998;
Chang, 2002; Harbuck, 2004; Hufschmidt and Gerin, 1970;
Mackie and Preston, 1998; U.S. General Accounting Office,
1999a; Merrow et al., 1981; Merrow, 1986; Merrow, 1988;
Semple et al., 1994; Touran and Bolster, 1994)

Scope creep is the tendency for the accumulation of many
minor scope changes to increase project cost. While individ-
ual scope changes have only minimal cost effects, the accu-
mulation of these minor changes, which are often not
essential to the intended function of the facility, can result
in a significant cost increase over time. Projects seem to often
grow naturally as the project progresses from inception through
development to construction. These changes can often be
attributed on highway projects to the changing needs or
environmental compliance in the area being served. (Akinci
and Fischer, 1998; Committee for Review, 2003; Booz Allen
& Hamilton, Inc., and DRI/McGraw-Hill, 1995; Callahan,
1998; Chang 2002, Harbuck, 2004; Hufschmidt and Gerin,
1970; Mackie and Preston, 1998; U.S. General Accounting

Office, 1999a; Merrow et al., 1981; Merrow, 1986; Merrow,
1988; Semple et al., 1994; Touran and Bolster, 1994)

Poor estimation can also lead to underestimation, which
subsequently translates into increases in project cost as errors
and omissions are exposed. Estimation documentation must
be in a form that can be understood, checked, verified, and
corrected. The foundation of a good estimate is the formats,
procedures, and processes used to arrive at the cost. Poor esti-
mation includes general errors and omissions relating to plan
details and project quantities as well as general inadequacies
and poor performance in planning and estimation procedures
and techniques. Errors can be made not only in the volume of
material and services needed for project completion butalso in
the costs of acquiring such resources. (Arditi et al., 1985; Booz
Allen & Hamilton, Inc., and DRI/McGraw-Hill, 1995; Carr,
1989; Chang, 2002; Harbuck, 2004; Hufschmidt and Gerin,
1970; Merrow et al., 1981; Merrow, 1986; Merrow, 1988;
Pickrell, 1990; Pickrell, 1992)

Inconsistent application of contingencies causes confusion
as to exactly what is included in the line items of an estimate
and what is covered by contingency amounts. Contingency
funds are typically meant to cover a variety of possible events
and problems that are not specifically identified or to account
for a lack of project definition during the preparation of plan-
ning estimates. Misuse and failure to define what costs contin-
gency amounts cover can lead to estimation problems. In many
cases, it is assumed that contingency amounts can be used to
cover added scope, and planners seem to forget that the pur-
pose of the contingency amount in the estimate is lack of
design definition. State highway agencies run into problems
when the contingency amounts are applied inappropriately.
During project execution, contingency funds are often inap-
propriately used to cover project overruns, instead of being
applied to and available for their intended purpose. (Noor and
Tichacek, 2004; Ripley, 2004; AACE International, 1997)

Faulty execution by the state highway agency in managing
a project is one factor that can lead to project cost overruns.
This factor can include the inability of the state highway
agency’s representatives to make timely decisions or actions,
to provide information relative to the project, and to appreci-
ate design and construction difficulties caused by coordina-
tion of connecting work or work responsibilities. (Committee
for Review, 2003; Callahan, 1998; Chang, 2002; Merrow et al.,
1981; Merrow, 1986; Touran and Bolster, 1994)

Ambiguous contract provisions dilute responsibility and
cause misunderstanding between the state highway agency
and other contractual parties, including design consultants
and/or project constructors. Providing too little information
in the project documents can lead to cost overruns during the
execution of the contract. When the core assumptions under-
lying an estimation are confused by ambiguous contract pro-
visions, forecast accuracy cannot be achieved. (Callahan,



1998; Chang, 2002; State of Alaska, 1994; Harbuck, 2004;
Mackie and Preston, 1998; MassHighway and ACEC, 1998;
Tilley et al., 1997; Touran and Bolster, 1994)

Contract document conflicts lead to errors and confu-
sion when preparing an estimate and cause change orders
and rework during project construction. (Callahan, 1998;
Chang, 2002; State of Alaska, 1994; Harbuck, 2004; Mackie and
Preston, 1998; MassHighway and ACEC, 1998; Tilley et al.,
1997; Touran and Bolster, 1994)

External Cost Escalation Factors

Local concerns and requirements typically result in miti-
gation efforts to minimize project effects and negotiated
scope changes or additions. Actions by the state highway
agency are often required to alleviate perceived negative
impacts of construction on the local societal environment, as
well as on the natural environment. Local government con-
cerns and requirements can affect the project costs during any
project development phase, especially as legislatures seek to
add specific scope to a project. Similar to the effects during
the planning phase, mitigation actions imposed by the local
government, neighborhoods, and businesses as well as local
and national environmental groups during the construction
of a project can extend the project duration, thereby affecting
inflation allowances, and can add direct cost. By not antici-
pating these changes, state highway agencies can be plagued
by project cost increases. (Committee for Review, 2003;
Booz Allen & Hamilton, Inc., and DRI/McGraw-Hill, 1995;
Callahan, 1998; Chang, 2002; Daniels, 1998; Hall, 1980;
Harbuck, 2004; Hudachko, 2004; Utah Department of Trans-
portation, 2004; Mackie and Preston, 1998; U.S. General
Accounting Office, 1999a; Merrow et al., 1981; Merrow, 1986;
Merrow, 1988; Parsons Brinckerhoff, 2002; Pearl, 1994;
Sawyer, 1951-52; Schroeder, 2000; Maryland DOT, 2002;
Touran and Bolster, 1994; Woodrow Wilson Bridge, 2002)

Effects of inflation add cost to a project. The time value of
money can adversely affect projects when (1) the project esti-
mates are not communicated in year-of-construction costs;
(2) the project completion is delayed, and, therefore, the cost
is subject to inflation over a longer duration than anticipated;
and/or (3) the rate of inflation is greater than anticipated in
the estimate. The industry has varying views regarding how
inflation should be accounted for in the project estimates and
in budgets by funding sources. (Akinci and Fischer, 1998;
Arditi et al., 1985; Committee for Review, 2003; Booz Allen &
Hamilton, Inc., and DRI/McGraw-Hill, 1995; Hufschmidt
and Gerin, 1970; Merrow, 1988; Pickrell, 1990; Pickrell, 1992;
Touran and Bolster, 1994)

Scope changes, which are not controllable by the state
highway agency, can lead to underestimation of project cost
escalation, similar to internal scope changes. (Committee
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for Review, 2003; Booz Allen & Hamilton, Inc., and DRI/
McGraw-Hill, 1995; Callahan, 1998; Chang, 2002; Harbuck,
2004; Hufschmidt and Gerin, 1970; Mackie and Preston, 1998;
U.S. General Accounting Office, 1999a; Merrow et al., 1981;
Merrow, 1986; Merrow, 1988; Semple et al., 1994; Touran and
Bolster, 1994)

Scope creep from external causes is similar to scope creep
from internal causes; however, the former category is usually
the accumulation of minor scope changes from external partic-
ipants. (Akinci and Fischer, 1998; Committee for Review, 2003;
Booz Allen & Hamilton, Inc., and DRI/McGraw-Hill, 1995;
Callahan, 1998; Chang, 2002; Harbuck, 2004; Hufschmidt and
Gerin, 1970; Mackie and Preston, 1998; U.S. General Account-
ing Office, 1999a; Merrow et al., 1981; Merrow, 1986; Merrow,
1988; Semple et al., 1994; Touran and Bolster, 1994)

Market conditions or changes in the macroenvironment
can affect the costs of a project, particularly large projects.
The size of the project affects competition for a project and
the number of bids that a state highway agency receives for
the work. Inaccurate assessment of the market conditions
can lead to incorrect project cost estimation. Changing market
conditions during the development of a project can reduce
the number of bidders, affect the available labor force, or
result in increased commodity prices, all of which can disrupt
the project schedule and budget. (Committee for Review, 2003;
Booz Allen & Hamilton, Inc., and DRI/McGraw-Hill, 1995;
Callahan, 1998; Chang, 2002; Hall, 1980; Mackie and Preston,
1998; U.S. General Accounting Office, 1999a; Merrow et al.,
1981; Merrow, 1986; Merrow, 1988; Pearl, 1994; Sawyer,
1951-52; Maryland DOT, 2002; Touran and Bolster, 1994;
Woodrow Wilson Bridge, 2002)

Unforeseen events are unanticipated occurrences that are
not controllable by the state highway agency, such as floods,
hurricanes, tornadoes, or other weather-related incidents. Typ-
ically, these events are called “acts of god.” These acts can bring
construction to a standstill and have been known to destroy
work, thereby creating the need for extensive rework or repair.
Events controlled by third parties that are also unforeseen
include terrorism, strikes, and sudden changes in financial or
commodity markets. These actions can have devastating
impacts on projects and project cost. (Akinci and Fischer, 1998;
Arditi et al., 1985; Callahan, 1998; Chang, 2002; Hufschmidt
and Gerin, 1970; Merrow et al., 1981; Merrow, 1986; Merrow,
1988; Semple et al., 1994; Touran and Bolster, 1994)

Unforeseen conditions are notorious for causing project
cost overruns. Unknown soil conditions can effect excavation,
compaction, and structure foundations. Contaminated soils
may be present, thereby resulting in the need for special miti-
gation work. Ultilities are often present that are not described
or are described incorrectly on existing drawings. There are a
multitude of problems that are simply unknown during the
early project phases and that can increase project cost when
they become apparent during construction. (Akinci and



16

Fischer, 1998; Arditi et al., 1985; Callahan, 1998; Harbuck,
2004; Hufschmidt and Gerin, 1970; Merrow et al., 1981;
Merrow, 1986; Merrow, 1988; Semple et al., 1994; Touran
and Bolster, 1994; U.S. General Accounting Office, 1999)

Strategies

The methodology used to develop the potential list of strate-
gies, methods, and tools focuses on the causes of cost escalation
and potential strategies that would address these causes. This
linkage between the causes of cost escalation and strategies was
found in the estimation literature, in an assessment of current
practice, and in a review of deficiencies found in unique prac-
tice approaches. From the literature concerning project cost
estimation and from interviews with people in the industry, it
is clear that there exist eight overarching or global strategies
that can affect the accuracy and consistency of project estimates
and costs.

As mentioned previously, a strategy is “a plan of action
intended on accomplishing a specific goal.” This definition is
used as the basis for developing short statements about each
strategy as follows:

o Management strategy—Manage the estimation process
and costs through all stages of project development;

o Scope and schedule strategy—Formulate definitive pro-
cesses for controlling project scope and schedule changes;

o Off-prism strategy—Use proactive methods for engaging
external participants and assessing the macroenvironmen-
tal conditions that can influence project costs;

o Risk strategy—Identify risks, quantify their impact on cost,
and take actions to mitigate the impact of risks as the proj-
ect scope is developed;

e Delivery and procurement strategy—Apply appropriate
delivery methods to better manage cost because project
delivery influences both project risk and cost;

o Document quality strategy—Promote cost estimate accu-
racy and consistency through improved project documents;

o Estimate quality strategy—Use qualified personnel and
uniform approaches to achieve improved estimate consis-
tency and accuracy; and

o Integrity strategy—Ensure that checks and balances are in
place to maintain estimate accuracy and to minimize the
impact of outside pressures that can cause optimistic biases
in estimates.

Management Strategy

Manage the estimation process and costs through all stages
of project development. State highway agency leadership can
advance an estimation management strategy that fosters and

supports estimate accuracy and consistency through all phases
of project development. The highest levels of state highway
agency leadership have the responsibility to publicly explain
how the project development processes works and most
importantly to ensure that cost estimation practice and cost
estimation management processes are transparent. To produce
accurate estimates, state highway agency personnel must
be properly trained, there must be established estimation
processes, and there must be critical reviews of all estimates.
Currently, 40 state highway agencies use only on-the-job
training to train their estimators. Twenty-six state highway
agencies have no published standard estimation procedures.
(Schexnayder et al., 2003) Senior management must take an
active role in advancing strategies to increase estimator knowl-
edge and estimate consistency.

Scope and Schedule Strategy

Formulate definitive processes for controlling project scope and
schedule changes. Scope control ensures that project changes
are identified, evaluated, coordinated, controlled, reviewed,
approved, and documented. Scope control requires that the
proposed scope of a project be continually evaluated against
the essential functions necessary to accomplish its intended
purpose. Projects often take years to move through the devel-
opment process. As the time frame is extended, there are more
opportunities for external and internal parties to suggest
changes in scope. Additionally, if the schedule is extended, cost
impacts will result from increases in land costs and inflation
effects. The cost effect of a change depends on the point in time
when it is introduced. Early in project development, before
estimations are prepared, a change in scope does not cause sig-
nificant problems. Scope changes during the later stages of
engineering design and construction have ripple effects and
can increase project cost exponentially.

Off-Prism Strategy

Use proactive methods for engaging external participants and
assessing the macroenvironmental conditions that can influence
project costs. In the case of most projects, engineers focus on
technical solutions with little attention to community inter-
est or concerns and often fail to recognize market and macro-
economic changes. These cost drivers are termed “off-prism”
items in the literature because they are not within the roadway
prism. The lack of focus on such external issues has been
changing as some state highway agencies are experimenting
with context-sensitive design and construction. (Neuman
et al., 2002; Werkmeister and Hancher, 2001) However, tech-
nical alternatives are frequently discussed at early stages of



project development before community outreach efforts are
undertaken, and concerns related to the external effects are not
addressed until later in the development cycle. “Lack of public
involvement also tends to generate a situation in which those
groups who feel concern about the project . . . are inclined to
act destructively.” (Bruzelius et al., 2002) Additionally, how
environmental compliance and the acquisition of right-of-way
impacts the public is a consideration when addressing oft-
prism issues. Finally, few state highway agencies ever evaluate
the impact of macroeconomic market forces on project cost.

Risk Strategy

Identify risks, quantify their impact on cost, and take actions to
mitigate the impact of risks as the project scope is developed. The
actual cost of a project is subject to many variables, which can
and will significantly influence the probable range of estimated
costs. The Census Bureau does not present a single forecast
population growth; it offers projections based on different
assumptions of fertility, mortality, and migration rates. In the
case of state highway agency project estimations, any one cost
number represents only one possible result based on multiple
variables and assumptions. These variables are not all directly
controllable or absolutely quantifiable. Therefore, cost estima-
tion must consider probabilities in assessing uncertainties and
related risks and translate these risks into costs.

Delivery and Procurement Strategy

Apply appropriate delivery methods to better manage cost
because project delivery influences both project risk and cost.
Delivery and procurement involves the process by which a
construction project is comprehensively designed and con-
structed for an owner, including project scope definition;
determination of project size; determination of organiza-
tion and selection of engineers, constructors, and various
consultants; and determination of the contract types used to
allocate risk and define payment. Open communication with
the construction industry from initial project planning to
contract award is the cornerstone for a successful project.
Procurement documents tailored to project requirements
improves source selection by focusing efforts on features crit-
ical to a successful construction process.

Document Quality Strategy

Promote cost estimate accuracy and consistency through
improved project documents. All documents used to prepare
estimates, at any point during project development, must be
clear and convey the intent of the project’s scope. In particu-
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lar, contract documents must be clear and unambiguous as to
what must be constructed and what is standard. The docu-
ments must clearly state the responsibilities of all parties—
consultants, contractors, the state highway agency, and third
parties. It is critical that all parties involved understand third-
party involvement in the project construction process.

Estimate Quality Strategy

Use qualified personnel and uniform approaches to achieve
improved estimate consistency and accuracy. It appears that the
estimation practices of many state highway agencies are based
solely on the experience of the personnel in charge of estima-
tion, usually the head of the estimation section or the chief of
design. State highway agencies must approach estimation devel-
opment in the same manner as design and construction—
with documented processes to guide cost estimation practice
and cost estimation management throughout project develop-
ment. Specifically, structured approaches to quality control
(e.g., internal estimate reviews) and quality assurance (e.g.,
external estimate reviews) are also essential.

Integrity Strategy

Ensure that checks and balances are in place to maintain esti-
mate accuracy and to minimize the impact of outside pressures
that can cause optimistic biases in estimates. The potential for
conceptual (e.g., parametric) or even design estimation error
can result from pressure by project sponsors who seek the
approval of their projects. (Cost/Schedule Controls Task Force,
1986) In a conceptual estimate, judgment replaces straightfor-
ward material takeoffs and costing; therefore, it is difficult to
justify estimates quantitatively. Estimators must be protected
from internal and external pressures to produce estimates that
are less than some preestablished budget amount.

Summary

The factors that lead to project cost escalation have been
documented through a large number of studies and matched
to changes in cost estimates. Each factor presents a challenge
to the state highway agency seeking to produce accurate proj-
ect cost estimates. These factors can be mitigated through the
strategies that focus on controlling the possible effects of these
factors.

Table 3.2 illustrates the link between the strategies and cost
escalation factors. This table is further developed for each of
the project phases in Chapters 5, 6, and 7. The next chapter,
Chapter 4, addresses the framework of this Guidebook and
provides guidance for navigating through the Guidebook.
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Table 3.2. Link between strategies and cost escalation factors.

Cost Escalation Factors

Global Strategies

Management

Scope and Schedule

Risk
Delivery and
Procurement

Document Quality

Off-Prism Issues

Estimate Quality

Integrity

Internal

Bias

Delivery and Procurement Approach

Project Schedule Changes

Engineering and Construction Complexities

Scope Changes

2 |2 |2 (<

Scope Creep
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2 |2 |2 |2 |2 |2 |<

< |2 <

2 |2 |2 | <

Inconsistent Application of Contingencies

2 | <

Faulty Execution

Ambiguous Contract Provisions

Contract Document Conflicts

2 |2 |2

External

Local Concerns and Requirements

Effects of Inflation

Scope Changes

Scope Creep

2|2 (2|2

Market Conditions

Unforeseen Events

Unforeseen Conditions
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CHAPTER 4

Guidebook Framework

Background

This chapter describes the Guidebook framework used to
present information contained in Chapters 5, 6, and 7. Each
chapter covers a different phase of the project development
process—planning, programming and preliminary design,
and final design, respectively. And each phase has unique
requirements for cost estimation practice and cost estimation
management. Although there is overlap and redundancy in
the information presented, the overlap and redundancy is
necessary to meet the needs of state highway agency person-
nel involved in each of the project development phases. The
structure and format of Chapters 5, 6, and 7 is the same; how-
ever, the content varies depending on the project phase, the
project information and data available, and the purpose of
cost estimates prepared during that phase.

Strategy, Method, and
Tool Integration

Chapters 5, 6, and 7 use strategies to address the causes of
estimation problems. In support of each strategy, methods
and tools are described that can be used to deal with specific
estimation difficulties.

Asisillustrated in Figure 4.1, the strategies and cost escalation
factors influence the choice of methods, and the project phase
and the project complexity influence the choice of tools. An
example of this interaction is shown in Figure 4.2. In this exam-
ple, poor estimation could be an agencywide problem for many
projects. The Guidebook can be used to identify multiple meth-
ods and tools to address this problem. If poor estimation is a
project-specific problem, then a particular method and tool may
help solve this problem, such as the estimation checklist tool.

Although the organization of the Guidebook enables the
user to proceed directly from the problem to an appropri-
ate tool, this approach does not serve the primary purpose of
the Guidebook, which is to encourage users to explore several
methods and tools to address a problem.

19

Based on data collected through interviews with state high-
way agencies and the literature search, over 30 methods and
over 90 tool applications are included in the Guidebook.
Implementation of the methods and tools varies depending on
the project phase.

Structure and Layout of Content

Chapters 5, 6, and 7 are structured as described in Table 4.1.
Each chapter begins with a flow chart discussing the general
steps for cost estimation practice and cost estimation manage-
ment. The number of steps varies depending on the project
phase. Common symbols are used to describe the information
in these flow charts (see Table 4.2).

In each of the project phase chapters, a cost escalation fac-
tor and strategy relationship matrix is provided. These rela-
tionship matrixes are identical in format to the presentation
in Table 3.2. The difference between the phase chapter
matrixes and the matrix shown in Table 3.2 is that the cost
escalation factors presented in the phase chapters are specific
to the project phase being considered. Thus, these matrixes
are customized to a specific project phase situation.

The methods and tools are summarized in a table for each
strategy by relevance to cost estimation management and cost
estimation practice. Guidance is provided through a common
descriptive structure for each proposed method. For each of
the methods presented, the structure provides the following
situational knowledge:

o Why: Why use the steps in the cost estimation and/or esti-
mation management process (i.e., flow chart)?

o Project complexity: How is use of the method impacted by
project complexity?

o Tips for success: What makes the use of the method
successful?

e Tools: How is the method applied? This question will be
addressed in Appendix A.
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Figure 4.1. lllustration of strategy, method, and tool interaction.
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Figure 4.2. Strategy, method, and tool example.

Table 4.1. Chapter structure.

Cost Estimating

Management Tools

Estimate Quality
Strategy

Sections Content

Guide for Project Phase e  Cost estimation practice and cost estimation management flow chart for project

phase

e Relationship matrix between cost escalation factors and strategies for project

phase

Strategies (1 through 8)
e Application of methods for relevant strategies
e Tools to implement methods

Methods and tools for implementation to address cost escalation




Table 4.2. Flow chart symbols and significance.
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Symbol

Significance

« Denotes all inputs into the estimation process, from both internal and external sources. The
input can be information such as plans, designs, milestones, and scope from various
disciplines (planners, designers, etc.).

Denotes all action/process steps in the flow charts such as preparation of estimates, review

Step of estimates, and risk analysis.

estimate.

no-go decision.

Database

of each flow chart.

= [P 0 WE R

Denotes the documents resulting from the preceding action step(s). They can be different
types of estimates, such as the baseline estimate or the state transportation improvement plan

Denotes a milestone in the system, which can relate to a significant point in development.
The milestone may require meeting criteria for further actions or repeating the preceding steps.

Denotes a decision where a binary verdict automatically directs the process to continue on
either of the available options based on requirements. This can be a simple gate with a go or

Denotes the input from an established database.

Represents the different phases of project development. This symbol is placed on the right side

Each chapter discusses the eight strategies as applicable to
that phase together with identified methods that are applica-
ble to each strategy. Subsequently, the tools for each method
are listed with the method. Tools often support multiple
methods. The methods are sorted alphabetically and num-
bered with an alphanumeric numbering system for methods
within the same alphabet heading. As a consequence, tools
are referenced by an alphanumeric code—for example, Tool
B1.1 is Tool 1 under Method B1. All tools are found in
Appendix A (i.e., the Tool Appendix).

Tool Appendix

The Tool Appendix describes all the tools referenced for
each method in Chapters 5, 6, and 7. The common informa-
tional structure for describing each tool is the following:

e What is the tool?

o What is the tool used for and why is the tool used?
e What does the tool do or create?

e When should the tool be used?

o What are examples or applications of the tool?

o What tips will lead to successful use of the tool?

e Where can the user find more information to support devel-
opment of a specific tool?

A table of contents is provided at the beginning of Appen-
dix A to guide the user to the location of the tool description
in the appendix. The table of contents is arranged by the
method name sorted alphabetically with an alphabet-serial
number coding pattern. The tools are then listed alphabeti-
cally under each method with a serial number suffix to the
method code (e.g., B1.1is Tool 1 under Method B1, and C2.3
is Tool 3 under Method C2).

Summary

A common framework is used in Chapters 5, 6, and 7 to
describe cost estimation practice and cost estimation man-
agement methods. This framework is structured around fac-
tors that can lead to cost escalation and the strategies that
address these factors.
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CHAPTER 5

Guide for Planning Phase

Introduction

For both states and metropolitan areas, the purpose of
transportation planning is to identify a set of the most cost-
effective projects and approaches that achieve the stated system
goals. Federal law requires that state highway agencies develop
a statewide transportation plan and that MPOs develop a
regional transportation plan (RTP). The horizon year for these
long-range plans is usually 25 years into the future.

Approaches, or at least terminology, for statewide trans-
portation planning vary across the country. While some states
identify major projects, or even unique minor projects, most
statewide transportation plans (STPs) do not identify specific
projects, but rather establish strategic directions for state invest-
ment in the transportation system and present future challenges
that could constrain the ability of the state highway agencies to
improve the performance of their systems. Statewide plans also
often identify areas of the state where more detailed planning is
required. One of the more common approaches to providing
such focused planning is through corridor or subarea studies.
These targeted study efforts usually identify specific projects
and their associated costs that are considered during the pro-
gramming process, when projects are prioritized.

The RTP is very different from the STP. The RTP identifies
specific projects that are to be implemented over the next
25 years, usually defined in short-, medium-, and long-term
implementation stages. Thus, for example, in a typical RTP, one
would find projects that the agency expects to implement in the
next 5 years, in the next 5 to 15 years, and in the next 15 to 25
years. Federal law requires the RTP to be “fiscally constrained”;
that is, the sum of the total project costs in the plan cannot
exceed the amount of funding that is expected over the next
25 years. This limit places great importance on having valid and
realistic cost estimates for the projects in the MTO’s plan.

Federal law also requires that the statewide and metropolitan
plans be consistent and that plan development include the par-
ticipation of the state; the MPO; and many other stakeholders,
such as local government agencies. Planning-level cost estimates

can have a significant effect on the overall transportation pro-
gram and, thus, on the ability of the state highway agency and
MTO to meet their area transportation needs. The term “con-
ceptual estimation” is often used to describe the general method
of estimating project costs during the planning phase.

As indicated above, the role of cost estimation varies by
whether one is developing a statewide plan or a metropolitan
plan. However, it is important that, from the beginning of the
planning process and through all planning and project devel-
opment phases, the overall approach and management philos-
ophy toward cost estimation (e.g., year-of-construction dollars,
treatment of project risks, and quality control procedures) be
consistent.

Figure 5.1 provides an overview of the cost estimation prac-
tice and cost estimation management processes that can pro-
vide input into transportation planning and project-level
planning. The level of cost estimate detail will likely vary
between estimates prepared for transportation planning and
those prepared for project-level planning and could easily vary
from one jurisdiction to another. Cost estimates that are pre-
pared during planning have, as their fundamental purpose, to
provide an order-of-magnitude estimate of the anticipated
funds needed to support long-range plans. These cost esti-
mates are also often used in benefit-cost analysis for ranking
projects and including them in the 25-year planning horizon.

Key inputs into the cost estimation practice and cost esti-
mation management processes are, where applicable, project
scope and type, major project parameters, project complex-
ity based on location, and anticipated size. Three sources of
information and data on these inputs usually characterize the
cost estimation process. The first of these is third-party stake-
holders. For the development of estimates during the planning
process, this source of information is usually the most com-
mon. The second major source of cost estimation information
comes from the planning or engineering staff. For example,
when soil conditions require costly design solutions, geo-
technical engineers should be consulted because they can
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Figure 5.1. Cost estimation practice and cost estimation management during planning.

provide input based on experience even if they cannot con- stage rely heavily on cost data from past works. The historical
duct extensive soil tests at this stage of need development. data form the basis for the conceptual cost estimates prepared
Historic cost data from similar works is the final source of during planning.

cost estimation input. Because little if any engineering has The cost estimation process is frequently iterative in that

occurred prior to the planning process, most estimates at this initial cost estimates are prepared and used in the planning
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process to form investment decisions. These same cost esti-
mates become the point of departure for cost estimates pre-
pared during programming, which are necessary when projects
are placed in a state transportation improvement program
(STIP), and are then further refined as projects make their
way through preliminary design and final design. Because
cost estimates used for the planning process include consid-
erable uncertainty, it is incumbent upon engineers and plan-
ners to understand the likely range of uncertainty associated
with these cost estimates and to communicate this level of
uncertainty to decisions makers (i.e., managers).

Methodology

This chapter is organized around the cost escalation factors
and strategies presented in Chapter 3. A familiarity with the
definitions of identified cost escalation factors and strategies is
helpful in understanding the methods described in this chap-
ter. Table 5.1 provides a link and quick reference between cost
escalation factors and strategies to address estimation issues
during planning. The table can be used to select appropriate
strategies when systematic cost escalation problems are found
in an agency. The remainder of this chapter describes methods

for the application of the strategies, and Appendix A provides
information on the tools used with each method.

The strategies address cost escalation issues that arise early
in planning. All of the strategies can address at least a portion
of the cost escalation factors in the earliest development phases.
Asseen in Table 5.1, the management, scope and schedule, off-
prism issues, and risk strategies address a large number of cost
escalation factors. These strategies can and should be applied
in the early stages of planning and continued throughout the
project development process. The integrity strategy is also
important in dealing with bias that can occur when projects are
being developed without a definitive scope. The delivery and
procurement strategy is only applied on those projects in which
early decisions about procurement methods will be made.
Generally, this strategy is not applicable during planning. The
document quality and estimation quality strategies have less
impact during planning than in the later phases of the project
development process. However, these strategies can begin to be
applied, particularly when consultants are being used, as is
often the case, to develop concepts and related cost estimates.
The faulty execution cost escalation factor is not considered an
issue during planning. This factor is of greater concern during
the project development process.

Table 5.1. Link between strategies and cost escalation factors in the

planning phase.

Strategies
2| @ 2| =
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Methods and tools presented in Chapter 6 but not pre-
sented in this chapter could be used during planning if the
state highway agency deems them appropriate to their culture
and environment. Further, if the state highway agency must
estimate a single project rather than a group of projects dur-
ing the planning phase, the state highway agency is encour-
aged to examine the methods and tools in Chapter 6 in
addition to those in this chapter.

5.1 Strategy: Management

Table 5.2 lists five different management methods along
with their associated tools for use during project planning and,
in the case of metropolitan areas, during the transportation plan
development process.

5.1.1 Budget Control
Why?

The use of the budget control method can assist in providing
adisciplined approach to project cost estimation. The method
must begin early, even though project scopes are not fully
detailed during the planning phase. Lack of budget control
causes increases in project costs, which translates into a
reduction in the number of projects that can be completed at
any given time.
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The budget control method is an essential element in the
“recycle loop” shown in Figure 5.1. A variance report of cost
and schedule tool is necessary to control the budget in this
loop. Estimates are based upon little more than a summary of
key project scope characteristics at this point, but these char-
acteristics and changes to them need to be tracked during the
evolving scope definition process.

Project Complexity

There is a greater need to control the budget of complex
projects due to the detrimental impact this type of project can
have on an agency’s total program. Rising cost estimates for
larger projects could ultimately affect many other projects,
causing them to be down-scoped or be cancelled altogether.
The budget by corridor tool provides agencies with an ap-
proach to control their budgets on complex projects by making
cost-benefit tradeoffs to the entire system rather than focusing
on particular projects.

Tips for Success

To control a budget successfully, a disciplined cost estima-
tion and monitoring system must be established early in
planning and be used continually until a project is constructed.
Budget Control must be an active endeavor rather than a
passive attempt.

Table 5.2. Planning phase management strategy: Methods and tools.

MANAGEMENT STRATEGY

Manage the estimation process and costs through all stages of project development

Cost Estimation Management

Cost Estimation Practice

Budget Control

B1.1 | Budget by Corridor

B1.2 | Constrained Budget

Standardized Estimation and Cost
B1.3
Management Procedures

Summary of Key Scope Items (Original/
Bl.4 .
Previous/Current)

B1.5 | Variance Reports on Cost and Schedule

Communication

C1.1 | Communication of Importance

Proactive Conveyance of Information to

ClL3 the Public

C1.6 | Simple Spreadsheet

C1.7 | Year-of-Construction Costs

Consistency

C4.5 | Major Project Estimation Guidance

Standardized Estimation and Cost
C4.6
Management Procedures

Recognition of Project Complexity

| RI1.1 | Complexity Definitions

Risk Analysis

| R3.2 | Contingency—Idenfitied
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Tools

Bl.1 Budget by Corridor

B1.2 Constrained Budget

B1.3 Standardized Estimation and Cost Management Pro-
cedures

B1l.4 Summary of Key Scope Items (Original/Previous/Current)

B1.5 Variance of Reports on Cost and Schedule

5.1.2 Communication
Why?

Because cost estimates used during the planning process
can have such significant implications to the rest of the pro-
posed investment program, it is important that the different
organizations involved with planning, as well as units within
these organizations, effectively communicate with each other
during the cost estimation process. Because it is the policy
boards and commissions of the transportation agencies that
most often approve investment programs, it is important that
the underlying uncertainties associated with the cost estimates
be conveyed to these officials as well.

This communication must center on the importance of the
estimate and the confidence that the agency has with the esti-
mate. What will this estimate be used for? If the estimate is
being used in a feasibility study, its accuracy will be less impor-
tant than if the estimate is used for establishing a project
budget as part of the programming process. Communication
can occur continuously as necessary in the recycle loop shown
in Figure 5.1, but the estimators must be cautious about shar-
ing incomplete estimates with stakeholders and even with their
counterparts within the agency. If the estimate is to be shared
with external stakeholders or will be used for executive man-
agement decision making, it should go through a rigorous
and appropriate review process.

Communication relating to project estimates could include
such factors as project engineering and construction com-
plexities, local government concerns and requirements, the
significance of the project, and the required accuracy of an
estimate at the particular point in the process. The availability
of information through project files, including documenta-
tion and agency forms that are available to agency staff and
to the public, will help to address questions that might be
asked later during project development. The communication
method is also discussed in Section 5.2.2.

Project Complexity

The more complex projects become, the greater the need
for communication both within the agency and with external
participants. The need to communicate the uncertainty sur-
rounding the cost estimation also increases. As one might
expect, larger and more complex projects typically include
greater design uncertainty.

Tips for Success

Communication among all of the involved parties regarding
expected project costs substantially increases the level of infor-
mation associated with all of the projects being considered.
Hopefully, this communication will lead to fewer surprises later
in project development. Communication should include both
verbal and nonverbal methods. Early stakeholder involvement
with the project promotes ownership of the project that could
possibly lead to increased acceptance. When possible, estimates,
especially during planning, should be communicated as ranges
of costs, because it is nearly impossible to predict accurately
final costs with the limited information that is available in this
phase. If point estimates are required, estimators must be cau-
tious about including an appropriate contingency. Finally,
always communicate estimates in inflated year-of-construction
costs to all internal and external stakeholders to avoid any con-
fusion or discrepancies in the later estimates.

Tools

C1.1 Communication of Importance

C1.5 Proactive Conveyance of Information to the Public
C1.6 Simple Spreadsheet

C1.7 Year-of-Construction Costs

5.1.3 Consistency
Why?

An estimate is a permanent document that serves as a basis
for business decisions. It must be in a format that can be
understood, checked, verified, and corrected—there must be
consistency.

Consistency ensures that estimates are prepared following
a single standard. Estimate consistency is important, even as
early as planning, because estimates are easier to review and
revise when they are prepared in a similar manner. Consis-
tency is achieved by instituting standards that serve as a guide
for cost estimation practices and cost estimation manage-
ment. Agency management should ensure that the agency’s
planners, or others involved in preparing planning estimates,
follow standard practices and use procedures that are docu-
mented. In Figure 5.1, the consistency method influences
each step in the process and the types of information used to
prepare planning-level estimates.

Project Complexity

At the planning level, estimates may be required for major
projects or corridors. Specialized guidance is required for
these larger and more complex facilities. Sound cost manage-
ment practices are also needed because these major facilities
are evaluated throughout the planning phase.



Tips for Success

Adequate knowledge of agency procedures and practices is
important for this method to be successfully implemented.
When different organizations or agencies are involved in
planning, common procedures must be implemented for
consistency to be achieved. When this method is imple-
mented during planning and carried forward into the project
development process, improved estimation accuracy can be
achieved over time.

Tools

C4.5 Major Project Estimation Guidance
C4.6 Standardized Estimation and Cost Management Pro-
cedures

5.1.4 Recognition of Project Complexity
Why?

Understanding project complexity will allow for the deter-
mination of appropriate risk and contingency factors, as
depicted in Figure 5.1. Agencies should estimate base (or
known) amounts separately from risk and contingency (or
unknown) costs. Also see the steps described in Table 2.2.
Recognition of project complexity is a critical step in deter-
mining the uncertainty of a project estimate.

Project Complexity

By defining and recognizing project complexity, a proper
contingency estimate can be developed. Also, over time, les-
sons can be learned for different levels of project complexity
that will be useful for future project cost estimation. This
“institutional memory” should eliminate some of the re-
learning that often takes place during the development of
many projects.

Tips for Success

Early recognition of a project’s complexity can aid in ensur-
ing that all criteria for a project are met in the decision process.
Criteria can include the size of staff required for the project;
the necessary level of review; the level of definition at certain
project milestones; the authorization level for the project;
and the changes in scope, schedule, and quality. Complex-
ity can also relate to factors associated with the project set-
ting, either rural or urban. The definition levels and criteria
should be established for use throughout the agency, and
each project should be classified as belonging to a complex-
ity level early in project development. Changes to the com-
plexity should be noted and communicated as they become
apparent.
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Tool

R1.1 Complexity Definitions

5.1.5 Risk Analysis
Why?

Agencies should estimate base (or known) amounts sepa-
rately from risk and contingency (or unknown) costs. Also
see the steps described in Table 2.2. Understanding the risks
associated with the project and having a clear definition of
contingency coverage is very important. The definition of
contingency helps in understanding what is or is not covered
in the contingency amounts included in the planning-level
cost estimates and can aid in managing costs.

Project Complexity

By defining and recognizing project contingency, a proper
level of contingency can be incorporated into the cost esti-
mate to account for the risks associated with the project.

Tips for Success

Each project is unique and reflects a specific situation;
therefore, each project should be looked at individually.
Lessons learned regarding risk and contingency from similar
projects or previous projects should be considered; however,
they should not be applied without careful analysis of the
project-specific context.

Tool
R3.2 Contingency—Identified

5.2 Strategy: Scope and Schedule

Under the scope and schedule strategy, at least three dif-
ferent methods can be used during the planning phase. The
methods and their associated tools are listed in Table 5.3.

5.2.1 Buffers
Why?

Buffers are designed to protect the estimators and project
team against external and even internal agency influences that
can cause the misrepresentation of project scope, estimate,
and schedule. Buffers are used as a means to ensure integrity
in the processes of developing and tracking the project scope,
estimate, and schedule.

Buffers are important in the re-estimation of costs as projects
proceed through development and also in obtaining appro-
priate approvals. For estimators to act objectively and create
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Table 5.3. Planning phase scope and schedule strategy: Methods and tools.

SCOPE AND SCHEDULE STRATEGY

Formulate definitive processes for controlling project scope and schedule changes

Cost Estimation Management

Cost Estimation Practice

Buffers

B2.1 | Board Approvals

B2.2 | Constrained Budget

B2.3 | Management Approvals

Communication

Cl1.1 | Communication of Importance

C1.2 | Communication of Uncertainty

Q

omputer Software

C2.1 | Agency Estimation Software

C2.3 | In-House Conceptual/Parametric Estimation
Software

C2.4 | Simple Spreadsheet

accurate estimates, they must be shielded from pressures to
make unrealistic cost estimates.

Project Complexity

High-profile projects may be more susceptible to manipu-
lative pressures. Such pressures are typically present with the
larger, more complex projects that affect a larger number of
people or projects that have a greater impact on the environ-
ment. However, the use of buffers at some minimum standard
should also be considered for smaller, less complex projects.

Tips for Success

The successful use of buffers requires a minimum standard
on all projects. However, more extensive protection features
should be developed for projects judged by the agency to
be of greater vulnerability. Projects should be continuously
monitored for indications of increased demands to maintain
a fixed estimate amount. Such demands are a sure indicator
that there is a need for added buffer protection.

Tools

B2.1 Board Approvals
B2.2 Constrained Budget
B2.3 Management Approvals

5.2.2 Communication
Why?

As discussed in Section 5.1.2, communication is very impor-
tant during planning. Communication regarding scope,

estimate, and schedule uncertainty will help project partic-
ipants understand the project and the confidence that can
be placed in project cost estimates. Communication about
the importance of the project and the accuracy of the esti-
mate reduces confusion as the project moves into the project
development process and as it establishes the need to develop
the project scope, schedule, and estimate to appropriate
standards.

To manage the project scope and schedule, estimators
must clearly communicate the level of uncertainty associ-
ated with project cost estimates, especially those in the very
early stages of planning. All too often, a cost estimate for a
project or design component is quickly produced as a feasi-
bility estimate, but then is later kept as part of the budget
decisions as if it were an accurate prediction of cost. Planners
must clearly communicate the importance and uncertainty
of estimates.

Project Complexity

As projects become more complex, the need to maintain
communication among all project participants increases.
While larger projects require more extensive communication
efforts, a minimum effort and standard should be set for
smaller and less complex projects.

Tips for Success

The successful application of communication methods
requires the involvement of all project participants, including
MPOs, local government agencies, and the public. Success in
project cost estimation is dependent on the lines of commu-
nication remaining open, honest, and forthright.



Tools

Cl.1 Communication of Importance
C1.2 Communication of Uncertainty

5.2.3 Computer Software
Why?

Computer software can be used in a variety of ways to deal
with a number of cost escalation factors. Computer software
can be used to develop and track a project’s scope, schedule, and
cost estimate and to highlight deviations or changes in project
attributes. This capability permits immediate recognition of
changes and their possible impacts. This will aid in the identifi-
cation of changes that may remain hidden for prolonged peri-
ods during project development. The use of computer software
most commonly occurs in the preparation of base estimates and
in the releasing of corridor- or project-level estimation tasks, as
depicted in Figure 5.1. Placing a project in a database as early as
possible increases the ability to effectively develop and track the
project. The use of computer software for different strategies is
also discussed in Sections 5.6.1, 5.7.1, and 5.8.1.

Project Complexity

All levels of project complexity can benefit from the use of
appropriate computer software. More complex projects, with
a greater number of attributes that are difficult to monitor
closely, lend themselves to the use of computer software. Less
complex projects can often be accurately estimated in the
early stages of planning using parametric estimation software.

Tips for Success

The most successful application of computer estimation
software occurs when the agency has dedicated staff assigned
to maintaining both the software and the databases that support
the software. Both commercially produced software and agency
software can be successfully used if they are properly main-
tained and updated. Use of a database management system
for keeping track of project information and costs needs to
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occur from the earliest planning phase and throughout the
project development process.

Tools

C2.1 Agency Estimation Software
C2.3 In-House Conceptual/Parametric Estimation Software
C2.4 Simple Spreadsheet

5.3 Strategy: Off-Prism Issues

State highway agencies should be aware of two off-prism
issues strategy methods that are described in this Guidebook
for use during planning. The methods and associated tools
are listed in Table 5.4.

5.3.1 Communication
Why?

Communication is a critical key to project development
success. The communication of off-prism issues both within
the agency and with outside parties can eliminate some of the
problems that may be faced later in project development.
Early communication can help manage the issues themselves,
provide information to parties that will participate later in the
project development process, and provide a general aware-
ness to all involved.

Project Complexity

Projects of all levels of complexity should benefit from
identification, management, and communication of relevant
off-prism issues.

Tips for Success

Early introduction of communication regarding off-prism
issues will increase the likelihood of project success. Inclusion
of all parties that may be remotely involved in any off-prism
issues encountered during project development should occur
early in planning. This will help eliminate resentful actions
that could occur as a result of parties believing that they were
excluded intentionally.

Table 5.4. Planning phase off-prism issues strategy: Methods and tools.

OFF-PRISM STRATEGY

Use proactive methods for engaging external participants and assessing the macroenvironmental conditions that can
influence project costs

Cost Estimation Management

Cost Estimation Practice

Communication

Identifying Off-Prism Issues

Cl.4 | Definitive Management Plan

| 13.2 | Percentage of Total Project Cost

C1.5 | Proactive Conveyance of Information to
the Public
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Tools

C1.4 Definitive Management Plan
C1.5 Proactive Conveyance of Information to the Public

5.3.2 Identifying Off-Prism Issues
Why?

The identification of off-prism issues during the planning
phase enables the agency to address fully these issues during
the scoping process and subsequently during design with a
full understanding of impacts. Research has shown that deci-
sions made early in project development usually have the
greatest impact on final cost. Early identification and active
participation of outside groups, which could negatively or
positively impact the project, should result in more cost-
effective ways for addressing the concerns of these outside
groups. This identification should occur in the form of input
from third parties and input from professional disciplines, as
shown in Figure 5.1.

Project Complexity

Projects of greater complexity may experience the greatest
benefits from proactive efforts to identify and mitigate off-prism
issues; however, smaller projects can also experience benefits by
involving participants with off-prism issues early in planning.
More complex projects will require proactive management of
off-prism issues, while straightforward projects will benefit from
the use of checklists and peer reviews to identify such issues.

Tips for Success

To enhance project success, agencies must begin identify-
ing off-prism issues and mitigating possible negative impacts
early in project development. State highway agencies must be
more aware of the macroeconomic environment of con-
struction and consider the impact of such economic forces
when developing planning-level estimates. Continuing this

endeavor into the project development process will increase
the effectiveness and accuracy of cost estimates.

Tool

3.2 Percentage of Total Project Cost

5.4 Strategy: Risk

Risk is inherent in any project. Three methods under the
risk strategy provide tools for managing risk during early
planning efforts and the planning phase of transportation
need development. The risk management methods and asso-
ciated tools are listed in Table 5.5.

5.4.1 Ildentification of Risk
Why?

As depicted in Figure 5.1, this Guidebook strongly pro-
motes identifying project risks as early as possible and carry-
ing contingency amounts that correspond to identified risk.
Also see the steps described in Table 2.2. Risks can be identi-
fied through comprehensive qualitative studies, qualitative
team assessment, or risk checklists. A comprehensive quanti-
tative risk analysis that assesses the likelihood and impacts of
risks may not be the most cost-effective or meaningful meas-
ure for planning; however, it should be considered for very
large or highly complex projects. In general, the qualitative
identification of possible risks will aid in developing a better
understanding of the project and what constitutes an appro-
priate contingency amount. Understanding the project will
enable the agency to make better decisions throughout proj-
ect development.

Project Complexity

A structured risk identification effort should be instituted
by the agency for all types of projects. Comprehensive quan-
titative risk assessments should be made on complex projects,

Table 5.5. Planning phase risk strategy: Methods and tools.

RISK STRATEGY

Identify risks, quantify their impact on cost, and take actions to mitigate the impact of risks as the project scope is developed

Cost Estimation Management

Cost Estimation Practice

Identification of Risk

Risk Analysis

12.1 | Red Flag Items

R3.1 | Analysis of Risk and Uncertainty

R3.2 | Contingency—Identified

R3.4 | Estimate Ranges

R3.5 | Programmatic Cost Risk Analysis

Right-of-Way

R2.2 | Advanced Purchase (Right-of-Way
Preservation)




and team studies or historical checklists should be used on
less complex projects.

Tips for Success

An agency might consider developing a standard form,
based on project complexity or type, that identifies common
risks that should always be considered as a project is being
developed. These lists would prompt the involved parties to
identify and consider specific project risks. Decisions on what
to do about the risks should be considered later in the project
development process.

Tool

12.1 Red Flag Items

5.4.2 Right-of-Way
Why?

Right-of-way issues are often a major cause of escalating
project costs. By identifying and addressing the risks associ-
ated with right-of-way issues and values early in project
development, it is possible to correctly estimate these costs.
As shown in Figure 5.1, right-of-way estimates should involve
input from the agency’s right-of-way and real estate services
section and must be continuously revisited as the scope is
“recycled” through planning and later through the project
development process.

Project Complexity

Project complexity is not always a good indicator of poten-
tial right-of-way issues. In the case of project overlays or proj-
ects using a similar type of right-of-way, requirements are
often minimal; however, projects that involve new alignments
or require a greater amount of additional right-of-way acqui-
sition are likely to have higher risks. This problem is not nec-
essarily limited to urban areas; rural areas also experience
increases in land values and opposition to property takings.

Tips for Success

Akey to success is to involve the right-of-way and real estate
service sections of the agency actively and early in planning
and keep them involved as project scope iterations occur. The
specialized knowledge found in the right-of-way and real estate
service units can provide a strong basis for cost estimates and
for identifying potential problems.

Another key to success is to educate right-of-way and real
estate service staff on the importance of project planning
estimates and provide them with resources to perform risk-
based estimation. All too often, the duties of these staff involve
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only right-of-way acquisitions, and, as a result, these staff do
not have resources to support project planning or to develop
tools for developing long-range right-of-way estimates. Poor
right-of-way cost estimates can have significant impacts on
estimation accuracy.

Tool

R2.2 Advanced Purchase (Right-of-Way Preservation)

5.4.3 Risk Analysis
Why?

Every design and construction project contains uncertainty.
Project uncertainty is even more prevalent when plans do not
identify specific projects, but rather establish strategic direc-
tions for state investment in the transportation system. Risk is
uncertainty that negatively impacts a plan or a project. Uncer-
tainty and risk can often be quantified and probabilistically
modeled. These models can generate range estimates that more
transparently convey risk and uncertainty than do single-point
estimates. As specific projects are identified and more is known
about a group of projects or an individual project, the level of
risk and uncertainty decreases. Risk analysis is useful, and in
many cases necessary, to identify and evaluate the impact of
risks. Based on risk analysis, total cost ranges can be generated,
the appropriate level of contingency can be added to the cost
estimate and schedule, and sensitivity analyses can be used to
focus planning and engineering efforts.

Project Complexity

Complexity is often correlated with additional project
risks. Identification, assessment, and evaluation of risks on a
macro level, or sometimes a project level, can assist in gener-
ating more realistic planning estimates. Complexity of plan-
ning estimates can stem from many issues, including project
size; length of time until programming, design, and con-
struction; and environmental or third-party uncertainty.

Tips for Success

Proper care and appropriate tools must be used to iden-
tify, assess, and evaluate risk at the planning level. However,
the proper communication of uncertainty in planning esti-
mates may be the most important tip for success. A mis-
interpretation of a range estimate can stop a project before it
actually starts. There must be a clear description of what is
driving the risk or uncertainty and a realization that these
elements can be controlled and mitigated through proper
planning and engineering. Additionally, risk analysis cannot
end with planning. As described in Chapters 6 and 7 of this
Guidebook, risk analysis must be continued throughout the
entire project development process.
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Tools

R3.1 Analysis of Risk and Uncertainty
R3.2 Contingency—Identified

R3.4 Estimate Ranges

R3.5 Programmatic Cost Risk Analysis

5.5 Strategy: Delivery
and Procurement

In most cases, the delivery and procurement strategy is not
selected during planning. The vast majority of U.S. highway
construction projects employ traditional design-bid-build proj-
ect delivery with a low-bid procurement. However, agencies
may wish to consider alternative project delivery methods when
projects have unusual time constraints, market conditions, or
financing needs. In these cases, project cost estimation practice
and cost estimation management processes must account for
project delivery and procurement strategies. Table 5.6 shows
the delivery and procurement methods and associated tools.

5.5.1 Delivery and Procurement Method
Why?

Although design-bid-build project delivery is by far the
most prevalent project delivery method in the U.S. trans-
portation sector, planners and engineering have many alter-
native delivery and procurement methods available to them.
Design-build delivery, time-plus-cost bidding, and warranties
have moved from alternative methods into the mainstream
and are acceptable methods for federal-aid projects. With the
advent of FHWA Special Experimental Project 15 (SEP 15),
the private sector can participate in projects before environ-
mental clearance and is also being encouraged to participate
in financing projects. The impacts of these methods on project
cost and time can be beneficial or detrimental, as explained
below, but in any case, these impacts must be considered when
preparing estimates and managing costs. The selected project
delivery and procurement method impacts the risks that the
state highway agency will assign to the contractor and that the
contractor will have to price and manage.

For example, large projects can be designated as design-
build as early as planning. Eventually, when the project is pro-
grammed, the design-build contractor will commit to a lump
sum price for a project before design is complete and therefore
take on nontraditional risks. These risks must be accounted
for in the cost estimate. The state highway agency will, in
turn, benefit from cost certainty earlier in the project devel-
opment process because the design-build contractor will be
committed to this price very early.

Planners can begin considering the project packaging in
terms of single or multiple contracts during planning. If multi-
ple contracts are used, the dollar value of a single contract may
decrease, so the contractor may have less risk to price. Smaller
contracts tend to encourage a greater number of bidders and
can reduce costs if the market conditions are right. If these deci-
sions are made in planning, the state highway agency must
remain consistent with them during the subsequent phases of
the project development process or they could risk substantial
cost escalation, as documented in Chapter 3 of this Guidebook.

Project Complexity

Project size and duration are perhaps the best indicators of
complexity for project delivery and procurement decisions.
Larger projects may require a greater effort to adequately
identify the potential risks and how these risks will impact
project costs in relation to proposed project delivery and pro-
curement methods. If project delivery and procurement
methods are selected to accelerate construction on any size
project, then the use of the risk strategy must account for the
potential impact of acceleration.

Tips for Success

Risk analysis should be closely tied to any alternative project
delivery and procurement strategies. The risk strategy should
include an evaluation of the impact that project delivery and
procurement methods have on cost. Additionally, any project
delivery or procurement decisions made during planning
must remain consistent throughout the latter phases of project
development, or their impact must be accounted for in the state
highway agency’s cost estimation management systems.

Table 5.6. Planning phase delivery and procurement strategy: Methods

and tools.

DELIVERY AND PROCUREMENT STRATEGY

Apply appropriate delivery methods to better manage cost because project delivery influences both project risk and cost

Cost Estimation Management

Cost Estimation Practice

Delivery and Procurement Method

D1.1 | Contract Packaging

D1.2 | Delivery Decision Support




Tools

D1.1 Contract Packaging
D1.2 Delivery Decision Support

5.6 Strategy: Document Quality

As shown in Table 5.7, three different methods can be used
during planning to address the document quality strategy issue.

5.6.1 Computer Software
Why?

To increase the quality of project documents, a standard-
ized set of document templates should be used as part of the
project database. This template should include all of the infor-
mation that should be known about the project at certain
phases of need development. Using these templates to prompt
project participants for project information will increase the
quality of the project documentation. Computer software can
be used to prepare the base estimate, as shown in Figure 5.1.
The template establishes a minimum standard of quality. The
use of computer systems is also discussed in reference to other
strategies under sections 5.2.3, 5.7.1, and 5.8.1.

Project Complexity

The standard set of documents that must be available and
incorporated into the computer software should have templates
for each level of project complexity. Less complex projects, such
as overlay work, will often include more known information
earlier in planning than large or very complex projects.

Tips for Success

Successful implementation of computer software to encour-
age quality documents requires the agency to identify accurately
the minimum quality standard and to use a software system that
portrays the information in a meaningful manner. Projects are
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not the same, so a method for handling exceptions needs to be
built into the system. The software should allow for the incor-
poration of additional information, even if the information is
not required until a later stage of project development.

Tools

C2.1 Agency Estimation Software
C2.4 Simple Spreadsheet

5.6.2 Document Estimate Basis
and Assumptions

Why?

A well-documented estimate basis and comprehensive doc-
umentation of the assumptions used in the development of a
project estimate can eliminate the overlap of future estimate
assumptions and provide a document trail regarding what is
known about the project. This allows the project “knowns” as
well as the “unknowns” to be clearly identified. This docu-
mentation enables the agency to easily track changes to project
scope, cost, and schedule. Documentation should occur dur-
ing both the “prepare base estimate” and “determine project
contingency” steps described in Figure 5.1. The importance of
a comprehensive documentation of the basis and assumptions
for an estimate cannot be overemphasized because transporta-
tion projects often take years to develop and estimates must be
completed multiple times during the needs development cycle.

Project Complexity

The documentation of the estimate basis and assumptions
is important for all projects, but is particularly important on
large projects. Multiple estimators may be engaged on a com-
plex project. There needs to be a record of what one estima-
tor has prepared and the basis and assumptions used to
prevent overlap by the other estimators. There are also many
factors involved in complex projects, and estimators may not
be able to store and recall all of that information from memory;

Table 5.7. Planning phase document quality strategy: Methods and tools.

DOCUMENT QUALITY STRATEGY

Promote cost estimate accuracy and consistency through improved project documents

Cost Estimation Management

Cost Estimation Practice

Computer Software

Document Estimate Basis and Assumptions

C2.1 | Agency Estimation Software D4.1 | Project Estimation File
C2.4 | Simple Spreadsheet
Identifying Off-Prism Issues
13.1 | Environment Assessment
13.2 | Percentage of Total Project Cost
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therefore, documentation is vital in reducing the need to repeat
estimation efforts.

Tips for Success

To be successful, the documentation of the estimate basis
and assumptions needs to be consistent throughout the
agency. Consistency can be achieved by developing a set of
forms or a manual that outlines the documentation require-
ments. Additionally, both the base estimate and the incorpo-
rated contingency amount must be documented to properly
communicate the accuracy of the estimate.

Tool

D4.1 Project Estimation File

5.6.3 Identifying Off-Prism Issues
Why?

Planning involves statewide planners, metropolitan plan-
ners, and a wide host of other stakeholders. Projects are influ-
enced by the views of external participants and other conditions
that impact project scope and cost. Cost estimation practice
and cost estimation management issues are communicated in
documents given to these external participants. The impor-
tance of valid cost estimates in environmental documentation,
and any other documents concerning off-prism issues, must
not be overlooked. The identification of off-prism issues,
particularly in the environmental area, can greatly increase the
accuracy of cost estimates and assist in cost estimation man-
agement. Assumptions about off-prism conditions made
during planning can be validated, and their impact on cost
should be reevaluated.

Project Complexity

Projects of greater complexity may gain the most benefits
from proactive efforts to identify off-prism issues and assess
their cost impact.

Tips for Success

Off-prism issues are, by nature, uncertain. Their identifica-
tion should be incorporated into the risk strategy. To enhance
the success of identifying off-prism issues and mitigating possi-
ble negative impacts, agencies must start this effort during plan-
ning. Early involvement of environmental experts is critical.
Continuing this endeavor throughout the project development
process will ensure that the scope and cost reflect the impact of
off-prism issues. Communicating off-prism issues to upper

management should be accomplished quickly because most of
these types of issues have or will have political implications.

Tools

[3.1 Environmental Assessment
3.2 Percentage of Total Project Cost

5.7 Strategy: Estimate Quality

The estimation quality strategy will change with the different
phases of need development. This Guidebook describes six
different methods for use during planning. These methods and
associated tools are listed in Table 5.8.

5.7.1 Computer Software
Why?

The development of a consistent estimate format that is used
throughout the agency supports the ability to easily review,
update, and modify estimates throughout all phases of need
development. The use of computer software for developing
estimates, even during planning, establishes a common stan-
dard of care. Computer software can be used to track estimate
development and highlight any changes that are made to cost
values. Computer software can also be used to identify items,
quantities, or costs that appear abnormal or have changed as
estimates are revised. The use of computer software is also dis-
cussed under other strategies in Sections 5.2.3, 5.6.1, and 5.8.1.

Project Complexity

Computer software will provide greater benefits when
preparing estimates for highly complex projects. Less complex
projects will also benefit, although it might be better to use
less sophisticated software or even standard spreadsheets for
very simple projects.

Tips for Success

The successful use of computer software to support estimate
quality requires the agency to identify a minimum acceptable
estimation standard and to provide accurate and adequate
information for use in estimation development. Success is
also dependent upon agency investment in maintaining and
updating the software.

Tools

C2.1 Agency Estimation Software
C2.3 In-House Conceptual/Parametric Estimation Software
C2.4 Simple Spreadsheet
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Table 5.8. Planning phase estimate quality strategy: Methods and tools.

ESTIMATE QUALITY STRATEGY

Use qualified personnel and uniform approaches to achieve improved estimate consistency and accuracy

Cost Estimation Management

Cost Estimation Practice

Computer Software

Conceptual Estimation

C2.1 | Agency Estimation Software C3.3 | Cost/Parameter Using Similar Projects

C2.3 | In-House Conceptual/Parametric C3.4 | Cost/Parameter Using Typical Sections
Estimation Software

C2.4 | Simple Spreadsheet C3.5 | Trnseport

Estimate Review—External

E2.1 | Expert Team

Estimate Review—Internal

E3.3 | In-House/Peer

Project Scoping

P2.1 | Estimation Checklist

P2.2 | Scoping Document
Right-of-Way

R2.1 | Acres for Interchange

R2.2 | Advanced Purchase (Right-of-Way

Preservation)
R2.4 | Relocation Costs
R2.5 | Right-of-Way Estimator Training

5.7.2 Conceptual Estimation
Why?

Conceptual estimation uses tools to account for the fact
that very little information is known about the project in the
early planning stages. Conceptual estimation should be per-
formed only by experienced estimators because these esti-
mates are based primarily upon the assumptions that are
being made by the estimator from past experience. Concep-
tual estimation techniques are used for both the base estimate
and contingency estimate depicted in Figure 5.1. Various
estimation tools are available for developing early project
estimates. Agencies, project teams, and estimators should
consider implementation of the appropriate tool for each
project. It should be noted that the appropriateness of a tool
may change throughout the project development process.
Tools that may be appropriate at later phases may not be jus-
tifiable during the planning phase. Alternatively, some tools
used later, especially in the programming phase, might work
in the planning phase (see Section 6.7.7).

Project Complexity

Routine or straightforward projects and projects that are
less complex do not require the same estimation tools as
those necessary for more complex projects. Tools may also
be tailored to the various stages of project development as

different levels of information detail and quality become
known.

Tips for Success

Each estimator needs to be knowledgeable of the range of
estimation tools available and be able to make an informed
decision regarding the most appropriate tool to use in esti-
mating a specific project. The estimator needs to have adequate
information available for developing each project estimate
or needs to have some basis for making reasonable assump-
tions. Assumptions need to be documented for later review,
justification, and revision.

Tools

C3.3 Cost/Parameter Using Similar Projects
C3.4 Cost/Parameter Using Typical Sections
C3.5 Trnseport

5.7.3 Estimate Review—External
Why?

Planning estimates have a substantial range in terms of
accuracy. These estimates should be reviewed for the validity
of their basis; however, the formality and depth of the review
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will vary depending on the type of project and its size and com-
plexity. In Figure 5.1, an estimate review is positioned after the
project risk has been quantified and an appropriate contin-
gency amount is included in the estimate. While this review
is depicted as a single activity, it would normally be repetitive,
taking place to some extent whenever a planning-level estimate
is revised.

Project Complexity

At the planning phase, only cost estimates for large proj-
ects or corridors in urban areas that are extremely complex
will be subjected to an external review by qualified profes-
sionals. There may be certain critical elements of these esti-
mates that require a unique expertise to verify estimated
costs. This external review should include the results of a risk
analysis that identifies the risks associated with these critical
elements, the high and low cost limits for each critical element,
and the assigned probability that the risk will occur.

Tips for Success

Knowledgeable and experienced individuals who are
independent of the project team must conduct this review.
The review must closely examine the assumptions that
form the basis of the estimate and the scope that is used to
prepare the estimate of all critical elements.

Tool

E2.1 Expert Team

5.7.4 Estimate Review—Internal
Why?

It is always necessary to independently verify that an esti-
mate is complete and that it matches the project scope and is
consistent with known site conditions, even when this infor-
mation is very limited, as is the case in planning. In Figure 5.1,
an estimate review is positioned after the project risk has been
quantified and an appropriate contingency amount is included
in the estimate. While this review is depicted as a single activity,
it is normally a repetitive step, taking place to some extent
whenever a planning-level estimate is revised.

Consulting peers and subject matter experts adds value to
the cost estimation process. These individuals can identify
possible errors, omissions, and clarifications in estimate basis
and assumptions. Estimates are based on many assumptions,
which need to be justified as the estimation is reviewed. Reviews
provide feedback to planners about the completeness and
accuracy of their work.

Project Complexity

The extent of the estimate review at this stage will vary
depending on the type of project and project complexity. As
project complexity increases, the reviewer or review team
must devote more attention to probing the assumptions that
form the basis of the estimate and ensuring that the scope is
covered to the extent possible.

Tips for Success

To be successful, the review must closely examine the
assumptions that form the basis of the estimation, and knowl-
edgeable and experienced individuals from within the state
highway agency must conduct the review. Conducting reviews
at an appropriate time during the development of planning
estimates provides some assurance that the estimates are
reasonably accurate for the scope and site conditions known
at the time.

Tool

E3.3 In-House/Peer

5.7.5 Project Scoping
Why?

Thorough and accurate scoping during planning enhances
the quality of cost estimates. Definitive scoping efforts at the
very beginning have been shown to be more cost-effective
than scope control efforts in the later stages of the project
development process. Scoping provides the input for the
estimate basis, as shown in Figure 5.1.

Project Complexity

Projects of all levels of complexity will benefit from project
scoping efforts, even in the earliest stages of project develop-
ment. Larger, more complex projects will, however, greatly ben-
efit from the project scoping effort. Good documentation of the
project scope eliminates errors and omissions in the estimate.

Tips for Success

The agency should consider developing standard manage-
ment practices and a standard set of forms to document proj-
ect scope. Because project scope is often revisited during the
planning phase, standard practices provide an audit trail of
how the project’s scope was developed and changed. Scope
forms need to be completed early and regularly updated as
changes are made. This will allow agency management to
track project scope, and estimators will always know what



should be included in the estimate. The forms are a graphic
view of what has changed since the previous estimate was
completed.

Tools

P2.1 Estimation Checklist
P2.2 Scoping Document

5.7.6 Right-of-Way
Why?

Early efforts in identifying right-of-way costs can greatly
improve the quality of an estimate. Right-of-way costs are
often a significant unknown for planning-level estimates.
History has shown that the potential cost of land acquisition
can be much higher than predicted, especially when cases go
to court for judgment. The ancillary costs of land acquisition,
including appraisals, negotiations, consultants, court fees,
potential judgment, and others, can be substantial and often
have a great amount of uncertainty. In extreme cases, judg-
ments can occur years after the project has been built and can
require large program adjustments to compensate.

Early identification and inclusion of accurate right-of-way
costs in initial estimates will avoid difficulties later in project
development process phases. As stated in Section 5.4.2, the
involvement of right-of-way and real estate services staff with
adequate resources is imperative to producing an accurate
estimation. Right-of-way costs should also be considered
carefully in the Risk Strategy.

Project Complexity

Projects that require little or no additional right-of-way will
not need to consider higher levels of effort in estimating right-
of-way cost. However, projects that require the purchase of
more than the minimal amounts of right-of-way should bene-
fit from increased efforts aimed at quantifying right-of-way
cost. Right-of-way issues are not necessarily reliant on com-
plexity, nor are they only a concern reserved for urban projects.
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Tips for Success

The success of implementing additional right-of-way cost
efforts is dependent in part on the inclusion of experts from
the right-of-way and real estate service sections of the agency.
This is particularly important during planning, as there are
often issues relating to land value market condition projec-
tions that are beyond the expertise of project developers and
that should be part of the scope alternatives discussion. Right-
of-way estimators must be conscious of escalating costs to the
point at which right-of-way will be purchased in the project
development process. They must realize that (1) right-of-way
can be purchased early in some circumstances and (2) right-
of-way is typically purchased before construction begins and
should not be escalated to the midpoint of construction like
the rest of the estimate. Additionally, these specialists need to
be provided with training and resources to develop long-range
right-of-way estimates.

Tools

R2.1 Acres for Interchange

R2.2 Advanced Purchase (Right-of-Way Preservation)
R2.4 Relocation Costs

R2.5 Right-of-Way Estimator Training

5.8 Strategy: Integrity

The integrity strategy is difficult to capture in terms of
methods and tools. Keys to this strategy involve communica-
tion, transparency, and good management. One method for
the integrity strategy, shown in Table 5.9, is described in this
Guidebook for use during planning.

5.8.1 Computer Software
Why?

The use of computer estimation software starting with the
earliest phases of project delivery can increase estimation
integrity. Computer software can be programmed to highlight
abnormalities within an estimate. The integrity strategy can be

Table 5.9. Planning phase integrity strategy: Methods and tools.

INTEGRITY STRATEGY

Ensure that checks and balances are in place to maintain estimate accuracy and to minimize the impact of outside
pressures that can cause optimistic biases in estimates

Cost Estimation Management

Cost Estimation Practice

Computer Software

C2.1 Agency Estimation Software
C24 Simple Spreadsheet
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applied in the base estimate, contingency estimate, or approval
tasks shown in Figure 5.1. Such identification helps in recog-
nizing errors and the existence of bias. One way to maintain
estimation integrity is to control the bias that can be introduced
into the estimation process. Computers are immune to pres-
sures to introduce bias into the estimate and will use the appro-
priate values such as average unit cost without feeling the need
to change the value to appease others. The use of computer
software is also discussed in Sections 5.2.3, 5.6.1, and 5.7.1.

Project Complexity

The use of computer software as a method to increase proj-
ect estimation integrity even at early stages is important. How-
ever, the need increases as project size and complexity increases.
Higher-profile projects are often subject to increased integrity
problems as pressure increases both within the agency and
from external sources to meet a desired project budget.

Tips for Success

The availability of estimation software to consultants, MPOs,
and the planning department of the state highway agency will
help to increase the likelihood that appropriate values are used
throughout project planning and later during the development
process. Training personnel and consultants on the appropriate
use of software will improve the integrity of the estimates.

Tools

C2.1 Agency Estimation Software
C2.4 Simple Spreadsheet

5.9 Summary

Table 5.10 lists all of the methods and tools presented in this
chapter for possible use in planning. This list can be used as a
quick reference to navigate directly to Appendix A for detailed
descriptions of the tools. Tools are listed in Appendix A
alphabetically by method as shown in Table 5.10.

Table 5.10 can be used as a checklist for an agency estima-
tion department or for project planners responsible for
producing planning cost estimates. The checklist forms a
self-assessment tool for agencies to benchmark against. The
methods and tools were found in highway agencies through-
out the country. While no one agency was found to use all of
the methods and tools, all methods and tools are used and
have the potential to be applied by any one agency.

Table 5.10. Planning phase methods and tools.

Budget Control

BI.1 Budget by Corridor

B1.2 | Constrained Budget

B1.3 Standardized Estimation and Cost Management
Procedures

B1.4 | Summary of Key Scope Items (Original/Previous/
Current)

B1.5 Variance Reports on Cost and Schedule

Buffers

B2.1 Board Approvals

B2.2 | Constrained Budget

B2.3 Management Approvals

Communication

Cl.1 Communication of Importance

C1.2 | Communication of Uncertainty

Cl.4 | Definitive Management Plan

Cl.5 Proactive Conveyance of Information to the Public

C1.6 | Simple Spreadsheet

Cl1.7 Year-of-Construction Costs

Computer Software

C2.1 Agency Estimation Software

Cc23 In-House Conceptual/Parametric Estimation
Software

C2.4 | Simple Spreadsheet

Conceptual Estimation

C3.3 Cost/Parameter Using Similar Projects

C3.4 | Cost/Parameter Using Typical Sections

C3.5 | Trnseport

Consistency

C4.5 | Major Project Estimation Guidance

C4.6 | Standardized Estimation and Cost Management
Procedures

Delivery and Procurement Method

DI1.1 | Contract Packaging

D1.2 | Delivery Decision Support

Document Estimate Basis and Assumptions

| D4.1 | Project Estimation File

Estimate Review—External

| E2.1 | Expert Team

Estimate Review—Internal

| E3.3 [ In-House/Peer

Identification of Risk

| 12.1 | Red Flag Items

Identifying Off-Prism Issues

13.1 Environmental Assessment

13.2 Percentage of Total Project Cost

Project Scoping

P2.1 Estimation Checklist

P2.2 Scoping Document

Recognition of Project Complexity

| RI.1 | Complexity Definitions

Right-of-Way

R2.1 Acres for Interchange

R2.2 | Advanced Purchase (Right-of-Way Preservation)

R2.4 Relocation Costs

R2.5 Right-of-Way Estimator Training

Risk Analysis

R3.1 Analysis of Risk and Uncertainty

R3.2 | Contingency—Identified

R3.4 Estimate Ranges

R3.5 Programmatic Cost Risk Analysis
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Guide for Programming and Preliminary

Design Phase

Introduction

The programming and preliminary design phase focuses
on converting the highest-priority needs included in the state
highway agency’s long-range plan into specific projects. This
decision point marks the beginning of the project develop-
ment process as individual projects are identified for defi-
nition, design, and construction letting. The period from
project definition in programming to letting the project for
construction is typically between 5 and 10 years. This period
between programming and construction letting is a function
of project complexity and criticality.

Programming often marks the beginning of a project-
specific effort. Federal law requires that the transportation
improvement program (TIP) for a metropolitan area become
part of the state transportation improvement program (STIP).
It is thus very common for state highway agencies and MPOs
to work closely in identifying the likely costs associated with
candidate projects.

Programming is often referred to as project definition or
scoping. The primary goal of programming is to create a
baseline scope, cost, and schedule for the project. Once this
baseline is approved, the project is included in an authorized
priority program. This priority program determines when
preliminary design will begin. The target date to commence pre-
liminary design could be several years in the future. When
preliminary design falls within the first 3 years of the priority
program and federal funds are used, the preliminary design
cost is included in the STIP. Right-of-way and construction
costs will be added to the STIP later, as the STIP is updated
regularly. In some cases, if the project needs to be let for con-
struction within 3 years, the entire project cost covering pre-
liminary design, right-of-way, and construction can be included
in the STIP. A project must be included in the STIP if federal
funds are used. At the date specified in the priority program,
preliminary design of the project development process will
commence. During this time, the facility design is prepared,

environmental clearance is obtained, right-of-way require-
ments are determined, and utility relocations are finalized. As
the project nears its construction letting date, construction
and right-of-way costs are updated for the STIP.

A variety of cost estimation methods are used during pro-
gramming and preliminary design, from parametric esti-
mation, to standard line items and historical bid-based
estimation, to cost-based estimation. These methods should
be congruent with the level of scope definition and the com-
plexity of the project. During this period, as successive esti-
mates are prepared, cost estimation management becomes a
critical component for managing cost, scope, and time. This
is especially true if project requirements change.

Figure 6.1 provides an overview of the cost estimation
practice and cost estimation management processes used to
prepare baseline project estimates for priority programming
and the STIP. The basic steps of the cost estimation process
are the same during programming and preliminary design.
However, the programming estimate is critical because this
estimate establishes the baseline cost (i.e., becomes the proj-
ect budget) for managing project development. As shown in
Figure 6.1, project scoping for this estimate is based on less
than 25% design development. The percent design comple-
tion that supports the baseline varies depending on project
type, size, and complexity. The level of design completion is
often influenced by pressure to move projects into the prior-
ity program. Some projects may be included in the priority
program with as little as 5% design completion. These proj-
ects are less complex, such as paving overlays.

The project is defined in terms of the need category
and/or project type (e.g., preservation, such as a paving
overlay, or a mobility improvement through capacity enhance-
ments, such as adding lanes or new structures). This project
definition effort sets the basic design parameters and crite-
ria for the project. Project complexity is often related to the
project’s location and specific location characteristics (e.g.,
urban setting in high-traffic volumes or rural setting with
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COST ESTIMATION PRACTICE AND COST ESTIMATION MANAGEMENT
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Figure 6.1. Cost estimation practice and cost estimation management during programming and preliminary

design.

significant changes in terrain) and the relative magnitude of
projected cost. Sufficient scoping should be completed to
determine the potential cost impact of right-of-way require-
ments; utility relocations; environmental mitigation; and
public, local government agency, and legislative involve-
ment. Programming estimates are typically developed using
parametric or historical bid-based tools in combination with
historical percentages for certain elements. In some cases,
data from past projects that are similar to the one being esti-
mated can serve as a basis for line-item estimates or cost-
based estimates. The complexity of the project often drives
which estimation method or combination of methods might
be best used.

Preliminary design for a project begins at the point in time
specified in the priority program. During preliminary design,
the project scope is developed in greater specificity. Project cost
estimates are often prepared at various times during this time.
These estimates often correspond to design milestones—such
as 15%, 30%, 60%, and 80% design completion—as delineated
in Figure 6.1. These cost estimates can be developed using his-
torical unit cost line-item estimation tools. As design advances,
the use of line-item, bid-based estimation is usually more com-
mon, but the use of cost-based estimation with a bottom-up
approach is often required for major projects. Using historical
unit cost data from past or current projects similar to the one
being estimated is another cost estimation tool that can be used



during preliminary design. The estimator must be careful that
the specific tool or tools used fit the scope and complexity of
the project and time available for preparing the estimate.

When the project is within 3 or 4 years of the construction
letting date, the cost estimate is refined so that right-of-way
and construction can be included in the STIP or so that the
STIP budget for these major categories can be updated. This
estimate is critical because the STIP is fiscally constrained and
the cost for each project in the STIP must be closely monitored.

During preliminary design, cost estimation management is
a critical component in achieving accurate estimates. As the
design is developed, successive updated cost estimates should
be compared to the baseline cost and any changes communi-
cated to the design disciplines. These changes must also be
communicated to agency management.

As a project moves through programming and into pre-
liminary design, there must be a reevaluation of scope and
design based on any additional knowledge related to the proj-
ect site, market conditions, or the macroenvironment. The
flow chart segment on the right side of Figure 6.1 shows three
steps and two decision points that are important to manag-
ing the budget and identifying potential changes to the base-
line budget. Changes could result in potential increases in the
budget due to, for example, needed scope additions or design
developments. Alternatively, changes could result in a poten-
tial decrease in the budget due to, for example, a lower esti-
mated quantity. If the project is under the baseline cost, this
should also be identified. Timely reaction to potential project
changes and to information on the cost and time impact of
changes allows management to better manage project funds
and keep external constituencies informed about project sta-
tus. This timely reaction to changes is especially critical when
increased funding is required.

The preliminary design effort concludes when the plans and
specifications are sufficiently complete to commence prepa-
ration of construction documents for advertising the project.
This final design phase initiates the preparation of the engi-
neer’s estimate during PS&E development (see Chapter 7).

Methodology

This chapter addresses cost estimation practice and cost
estimation management practices as applicable to the pro-
gramming and preliminary design phase of project develop-
ment. The definition of cost escalation factors and strategies
described in Chapter 3 are applicable to this chapter. These
definitions aid state highway agencies in recognizing those
cost escalation factors that are particularly problematic during
the programming and preliminary design phase. Table 6.1 can
be used to determine which strategies provide solutions to
address the cost escalation problems of concern. Chapter 6
suggests methods and tools that are available for implement-
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ing the specific strategies of interest. Detailed information
about specific tools can be found in Appendix A.

During the programming and preliminary design phase,
the availability of additional project information and an
enhanced level of scope definition support more detailed and
accurate project estimates. The strategies and methods applied
in this chapter emphasize improving estimation accuracy by
properly identifying major cost items and then using appro-
priate quantitative analysis techniques to provide consistent
estimates throughout design. Strategies and methods to man-
age costs as design develops are integral to successfully achiev-
ing project cost targets.

Table 6.1 identifies the strategies that may be implemented
to address specific cost escalation factors. Further, once a strat-
egy is selected, the user has a choice of methods, classified as
either cost estimation management or cost estimation prac-
tices, which are briefly described in each section of this chap-
ter. Next, the user is guided to a set of tools for each method.
The tools are further discussed in detail in Appendix A.

The methods and tools discussed in the context of the eight
strategies under the programming and preliminary design
phase are considered appropriate for this phase. Methods and
tools presented in this chapter and not covered in Chapters 5
or 7 could be used during the other phases if the state high-
way agency deems them an appropriate fit within their cul-
ture and environment.

6.1 Strategy: Management

The management strategy is critical to successful project
development, especially during the programming and pre-
liminary design. Programming is when the project baseline
scope, cost, and time are set. The project team must then
manage to this scope, cost, and time as the design is further
developed. There are six different methods described under
the management strategy area for use during the program-
ming and preliminary design phase of project development.
These methods are shown in Table 6.2.

6.1.1 Budget Control
Why?

Budget control is critical to managing project costs as the
design develops and more is known about project conditions.
This method supports the concept of updating estimates and
decisions to change or not change the current budget esti-
mate. The identification of changes and making necessary
modifications to the budget is reflected through the feedback
loop shown on the right side of Figure 6.1. During program-
ming, an approved baseline cost is set for the project. Dur-
ing preliminary design, as scope definition is refined, there is
a clearer identification of possible cost escalation factors.
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Table 6.1. Link between strategies and cost escalation factors during a project
programming and preliminary design phase.

Strategies
o
= @ 2| =
- k=] ] = = =
AR EE A
Cost Escalation Factors 5| & g 2|2 51 2| & E
12|l eg| 2|28 8] 2| 2
= = = = 9 g < =
S o | & s 2 5| E| =
= o | = Al 3 Z
S o a m
%)
Section | 6.1 | 6.2 | 63 | 6.4 | 65| 6.6 | 6.7 | 6.8
Bias \/ \/
Delivery and Procurement Approach \/ \/ \/ \/
Project Schedule Changes \/ \/ \/ \/
Engineering and Construction Complexities \/ \/ \/ \/ \/
g Scope Changes \/ \/ \/ \/
42 Scope Creep \/ \/ \/
™ | Poor Estimation N N N N N
Inconsistent Application of Contingencies N N
Faulty Execution \/ \/ \/
Ambiguous Contract Provisions \/
Contract Document Conflicts
Local Concerns and Requirements \/ \/ \/ \/ \/
Effects of Inflation \/ \/ \/ \/
'c;vs Scope Changes N A N
8 | Scope Creep N A
[}j Market Conditions N \/ N \/ N
Unforeseen Events \/
Unforeseen Conditions \/

Hence, appropriate evaluation of the impact of such factors
must be incorporated into the cost estimation management
process. Scope changes are primary contributors to cost
escalation, and these changes have to be monitored closely as
design detail evolves. The budget control method is employed
based on different levels of approvals required for a project to
proceed. This method also seeks to periodically identify poten-
tial deviations and to assess if a project is on track when com-
pared with the baseline budget. As potential deviations are
identified, an assessment of their impact on project costs and
time are evaluated to determine whether these changes should
be approved by management. Timely identification of the
impact of potential changes allows project and agency man-
agement to make decisions on how best to use the funds allo-
cated to the project and to the overall program of projects.

Project Complexity

It is essential to monitor and control budgets during pre-
liminary design, regardless of the project complexity. Cost
overruns on a number of small projects can translate into
program-level overruns. Budget overruns on larger and more

costly projects are often more visible to stakeholders and may
result in unwanted scope reduction or undesirable requests
for additional funds.

Tips for Success

Timely tracking and identification of cost items that may
lead to project overruns are necessary to manage the baseline
project scope, cost, and schedule. Using a formal procedure
and reporting process that requires quantifying the potential
impact of changes to the project is essential for successful
implementation of this method. Integrating this change man-
agement process into the agency’s project management
approach is also critical. If the budget control method is not
followed, then there may be a reduced level of funds for other
projects in the program.

Tools

B1.2 Constrained Budget
B1.3 Standardized Estimation and Cost Management Pro-
cedures
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Table 6.2. Programming and preliminary design phase management

strategy: Methods and tools.

MANAGEMENT STRATEGY

Manage the estimation process and costs through all stages of project development

Cost Estimation Management

Cost Estimation Practice

Budget Control

B1.2 | Constrained Budget

Standardized Estimation and Cost
B1.3 Management Procedures

Bl4 Summary of Key Scope Items
: (Original/Previous/Current)

B1.5 | Variance Reports on Cost and Schedule

Communication

Cl.1 | Communication of Importance

C1.2 | Communication of Uncertainty

Communication within State Highway

CL3 | Aoency

Cl1.4 | Definitive Management Plan

Proactive Conveyance of Information to

ClL3 the Public

C1.7 | Year-of-Construction Costs

Computer Software

C2.1 | Agency Estimation Software

C2.2 | Commercial Estimation Software

Consistency

C4.1 | Cradle-to-Grave Estimators

C4.2 | Estimation Checklist

C4.3 | Estimation Manual (Guidelines)

C4.4 | Estimator Training

C4.5 | Major Project Estimation Guidance

Standardized Estimation and Cost

C46 Management Procedures

C4.7 | State Estimation Section

Gated Process

| Gl1.2 | Cost Containment Table

Recognition of Project Complexity

| RI1.1 |C0mplexity Definitions

B1.4 Summary of Key Scope Items (Original/Previous/
Current)
B1.5 Variance Reports on Cost and Schedule

6.1.2 Communication
Why?

The fundamental communication goal is the timely trans-
fer of information between project team participants, agency
management, and external stakeholders. Project communica-
tion management tools and techniques ensure the timely and
appropriate collection and dissemination of project informa-
tion. Through active communication efforts within the agency

and with external entities, project team participants can
compile and appropriately address the project’s engineering
and construction complexities as well as local government
concerns and requirements. In Figure 6.1, the communica-
tion method is influenced by inputs from disciplines, third
parties, and market conditions. Steps that either directly or
indirectly facilitate communication include obtaining appro-
priate approval and communicating approval.

The communication effort begins in programming, when
the baseline estimate is prepared and the project is included
in the priority program. At this point in project development,
the project budget is often released to various constituencies.
Unambiguous communication of the scope, cost, and time
required to design and let the project for construction is
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critical. Communication of uncertainty associated with the
cost estimate is essential.

Preliminary design involves a significant level of scope def-
inition; hence, proper communication of all additions and/or
modifications to the scope is essential to achieving an accu-
rate estimation. Detailed scope definition also translates into
reduced design ambiguity. Proper communication channels
established between project participants must promote a
better understanding of the impact that design has on project
cost. The communication method is also discussed in the
scope and schedule, off-prism issues, risk, and integrity strate-
gies of this chapter.

Project Complexity

In complex projects, which involve a large number of
stakeholders, there is an increased need for skillful commu-
nication. These projects are often highly visible within gov-
ernment agencies and to the public. Failure to communicate
changes to the appropriate entities and project participants
involved with complex projects may result in a lack of confi-
dence in the state highway agency’s cost estimates, and the
credibility of the agency could be compromised.

Tips for Success

The identification and formulation of an effective com-
munication plan is the key to efficient and effective commu-
nication. The requirements and deliverables promised to
stakeholders must be identified and matched with corre-
sponding deliverables that a project team produces. Project
cost should be communicated in year-of-expenditure dollars.

Tools

C1.1 Communication of Importance

C1.2 Communication of Uncertainty

C1.3 Communication within State Highway Agency
C1.4 Definitive Management Plan

C1.5 Proactive Conveyance of Information to the Public
C1.7 Year-of-Construction Costs

6.1.3 Computer Software
Why?

The estimation process at the programming and prelimi-
nary design phase uses a variety of estimation approaches.
Most commercial and agency-developed estimation software
bases estimates on line items using bid histories or uses a cost-
based approach. Line-item-based approaches do not always
suit early programming estimates. These estimates usually
have to be created using parametric techniques. As the design

is prepared, the use of historical bid-based estimates becomes
a more common approach. The use of computer software
helps in extracting and summarizing historical cost data. This
supports standardization of information presentation across
the agency. Computers may also help reduce calculation errors
and provide summary reports in numerous ways. When esti-
mating line-item costs, computer software can also assist in
analyzing multiple alternatives rapidly. In Figure 6.1, computer
software can be used extensively in the maintenance and
retrieval of historical data. Computer software also is used to
prepare base estimate and perform risk analysis.

Project Complexity

Larger, more complex projects involve a significant number
of cost items. Further, many project participants are often
involved in preparing estimates for complex projects. In
this environment, computer software can aid in performing
numerous calculations quickly, reducing errors, and improv-
ing efficiency. Computer software can also aid in making
changes rapidly, especially when the project team is evaluating
a number of alternatives based on estimated costs.

Tips for Success

Computer software is useful for making calculations and,
in particular, summarizing information in a manner that aids
in checking estimate results. However, the output of estima-
tion software is only as good as the input. Estimation software
that provides some mechanism for checking the output (i.e.,
through comparisons of cost elements using percentages,
ratios, and/or appropriate ranges against historical averages)
will enhance the usefulness of the software.

Tools

C2.1 Agency Estimation Software
C2.2 Commercial Estimation Software

6.1.4 Consistency
Why?

An estimate is a permanent document that serves as a
basis for business decisions. It must be in a form that can be
understood, checked, verified, and corrected. There must be
consistency.

Consistency ensures that estimates are prepared following a
single standard. Estimation consistency is important, especially
across state highway agency districts and regions, because esti-
mates are easier to review when they are prepared in a similar
format. Consistency is achieved by instituting project manage-
ment procedures that serve as guides for the cost estimation



management process. Agency management should ensure
that the agency’s estimators, or other project team members
involved in preparing estimates, have developed standard prac-
tices and use procedures that are documented in a manual of
practice and that all project participants involved in cost esti-
mation are trained and knowledgeable in the established pro-
cedures. In Figure 6.1, the consistency method influences each
step in the process and the types of information used to pre-
pare the baseline estimate and the estimate updates. Consis-
tency influences cost management steps, as well.

Project Complexity

Complex projects require the involvement of many different
project participants, often representing different organiza-
tions or agencies. Complex projects also span a considerable
period of time. Consistency in cost estimation management
is essential to bridge the gap between these different project
participants and to integrate the flow of information during
project development. Although consistency is likely more
important for complex projects, it is certainly still important
for smaller and less complex projects because the number of
these types of projects is generally high within state highway
agencies. Consistent cost estimation management across these
smaller projects will provide program-level consistency in cost
estimation.

Tips for Success

Adequate training and knowledge of agency procedures and
practices are important for this method to be successfully
implemented. Using the same estimators throughout project
development further contributes to achieving estimate consis-
tency. When different organizations or agencies are involved in
a project, consistency can be achieved if common procedures
are implemented on a project-specific basis.

Tools

C4.1 Cradle-to-Grave Estimators

C4.2 Estimation Checklist

C4.3 Estimation Manual (Guidelines)

C4.4 Estimator Training

C4.5 Major Project Estimation Guidance

C4.6 Standardized Estimation and Cost Management Pro-
cedures

C4.7 State Estimation Section

6.1.5 Gated Process
Why?

The project estimated early in project development is often
not the project actually built. Scope changes to the original
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concept usually result from a better understanding of the
needs that drive a project, and with most scope changes there
is a resulting increase in project cost. In order to ensure that
designers are aware of how scope changes will affect project
cost, it is advantageous to require submittal of a cost estimate
along with each design submittal.

Using a gated process can focus decision making during
project development. A gated process involves identification
of critical project development milestone points. At these pre-
determined milestones, a cost estimate is prepared to support a
management review of scope, cost, and schedule before the
project can proceed to the next milestone. This gated process
prevents a project from moving forward without proper
reviews and approvals. This method can reduce potential cost
escalation. Setting an approved baseline cost at the end of the
programming is an example of a gate in the project develop-
ment process. In Figure 6.1, gates can be placed at critical points,
such as at review and approval steps, to support baseline cost
estimates for priority programming and to meet key project
requirements such as when a project is included to the STIP.

Project Complexity

Complex projects involve many components that may eas-
ily be overlooked as the estimate is developed. A thorough
review prior to releasing the project for further development
facilitates scope, cost, and time control. This type of review
“atagate” in project development may ensure a more reliable
estimate and potentially reduce cost growth.

Tips for Success

The placement of these gates at appropriate points on the
project development time line and in conjunction with cost
estimate development is critical if this method is to be suc-
cessful. Standardizing these gates for all projects will further
aid in developing consistent and accurate estimates. It is
important that the review process at each gate be effective and
expeditious to ensure that the project is not delayed.

Tool

G1.2 Cost Containment Table

6.1.6 Recognition of Project Complexity
Why?

Understanding the impact on project complexity can influ-
ence the choice of design estimation methods. The impact of
complexity on method selection would influence the prepara-
tion of the base estimate and, perhaps, the estimate reviews.
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Further, communication of project complexity and the asso-
ciated estimate uncertainty is critical during programming
and early in preliminary design. An understanding of project
complexity will allow for the determination of appropriate
risk and contingency, as depicted in Figure 6.1. As presented
in Table 2.2, agencies should estimate base (or known) costs
separately from risk and contingency (or unknown) costs.
Recognition of project complexity is a critical step in deter-
mining the uncertainty of a project estimate.

Project Complexity

Through the act of definition and recognition of project
complexity, a proper contingency can be developed. Also, a set
of lessons learned for each level in the complexity scale can be
developed. This will allow personnel throughout the agency to
benefit from previous project knowledge. This knowledge
should eliminate some of the relearning that takes place dur-
ing the development of many projects.

Tips for Success

Recognition of the project’s complexity early in its devel-
opment can aid in ensuring that all criteria for a project of a
given complexity are introduced into the cost estimation
practice and cost estimation management processes. Criteria
can include the size of staff required for the project, the nec-
essary level of review, the level of definition at certain project
milestones, and the necessary authorization level for the proj-
ect, in addition to changes in scope, schedule, and quality.
Complexity can also address the project setting (rural or
urban). The definition levels and criteria should be estab-
lished for use throughout the agency, and each project should
be cataloged as a certain complexity early in project develop-
ment. Changes related to complexity should be noted and
communicated as they become apparent.

Tool

R1.1 Complexity Definitions

6.2 Strategy: Scope and Schedule

Controlling project scope and schedule changes requires
sound cost estimation practice and cost estimation manage-
ment methods. These methods must identify and quantify
changes in scope and schedule in a timely manner so that
decisions can be made to mitigate or accept the impact asso-
ciated with the change. Controlling scope and schedule can
only be achieved if there are a valid project baseline, effective
tools to convey information, and proactive ways to evaluate
scope and schedule when preparing cost estimates. There are

four different types of cost estimation management methods
and two different cost estimation practice methods applica-
ble to the scope and schedule strategy. These methods are
listed in Table 6.3.

6.2.1 Buffers
Why?

Buffers are used as a means to ensure integrity in the
processes of developing and tracking scope, cost, and sched-
ule elements during project development. They are designed
to safeguard projects against external and internal influences
that might misrepresent the level of definition of the project
scope and the accuracy of the project schedule and budget
estimate. In Figure 6.1, buffers can be included as part of the
“prepare base estimate,” “perform risk analysis,” and “review
total cost estimate” steps to enable estimators to indepen-
dently develop estimates based on the best information
available.

Project Complexity

Manipulative pressures, especially from external third
parties, may influence estimates that are developed for high-
profile projects. Although such pressures are typically present
with more complex projects that often affect a larger number
of stakeholders or with projects that have a greater impact on
the environment, the establishment of buffers at some mini-
mum standard should also be considered for smaller, less
complex projects.

Tips for Success

Establishing a minimum standard to protect the project
scope and cost from external and internal manipulative
influences is important to creation of accurate estimates.
Careful evaluation of such influences and how these influ-
ences should be mitigated during programming and early in
design is important.

Tools

B2.1 Board Approvals
B2.2 Constrained Budget
B2.3 Management Approvals

6.2.2 Communication
Why?

Project communication management ensures the timely
and appropriate generation, collection, dissemination, storage,
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Table 6.3. Programming and preliminary design phase scope and schedule

strategy: Methods and tools.

SCOPE AND SCHEDULE STRATEGY

Formulate definitive processes for controlling project scope and schedule changes

Cost Estimation Management

Cost Estimation Practice

Buffers

Constructability

B2.1 | Board Approvals

C5.1 | Constructability Reviews

B2.2 | Constrained Budget

B2.3 | Management Approvals

Communication

Value Engineering

C1.2 | Communication of Uncertainty

| V2.1 | Value Engineering

C1.3 | Communication within State Highway
Agency

Cl.4 | Definitive Management Plan

C1.7 | Year-of-Construction Costs

Creation of Project Baseline

C6.1 | Cost Containment Table

C6.2 | Estimation Scorecard

C6.3 | Scope Change Form

C6.4 | Scoping Documents

Delivery and Procurement Method

| DI1.2 | Delivery Decision Support

Identification of Changes

11.1 Cost Containment Table

11.2 | Estimation Scorecard

11.3 | Project Baseline

11.4 | Scope Change Form

and ultimate disposition of project information. Scope and
schedules changes are prevalent in the programming and pre-
liminary design phase of project development. Proper com-
munication of these changes is crucial to cost estimation
management. Communication is important in interfacing
with external participants, especially when changes originate
from third parties. Communication influences the inputs
received from agency disciplines and third parties. The com-
munication method directly guides how the “communicate
approval” step is performed (see Figure 6.1).

Project Complexity

In complex projects, which involve a large number of stake-
holders, there is an increased need for skillful communication.
These projects are often highly visible to government agencies
and the public. Failure to communicate scope and schedule
changes to the appropriate entities and to involved project
participants in a timely manner may result in a lack of confi-
dence in the state highway agency’s cost estimate and sched-
ule. As a consequence, the credibility of the agency could be
compromised.

Tips for Success

A project communication plan is critical to ensure that this
strategy is successfully implemented. This plan should outline
who is responsible for what aspects of project communica-
tion. This plan must especially focus on how project changes
are communicated as the project is developed during pro-
gramming and preliminary design.

Tools

C1.2 Communication of Uncertainty

C1.3 Communication within State Highway Agency
Cl.4 Definitive Management Plan

C1.7 Year-of-Construction Costs

6.2.3 Creation of Project Baseline
Why?

To properly track cost and the impact of changes due to
better definition of project conditions, all projects must be
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monitored against a performance benchmark as the design is
developed. Hence, a project cost baseline consistent with a
defined scope and schedule must be established. The estab-
lishment of this baseline over the timeline of project devel-
opment can be variable. One practice is to set this baseline
when the scope of all major cost items can be adequately
defined (i.e., 80% of cost lies in 20% of the project elements).
This typically occurs during programming when an appro-
priate level of design completion is achieved (10% to 25%),
although when the project baseline cost is set varies depend-
ing on agency policy. Setting a cost baseline ensures that
scope changes and their impact can be documented and eval-
uated against the project budget. Deviations can be mapped
over time for reconciliation with periodic estimation updates.
This mapping process cannot successfully occur without a
baseline. The baseline estimate document is the output of fol-
lowing all the steps shown on the left side of Figure 6.1 dur-
ing programming.

Project Complexity

Complex projects involve many work items, and the
probability of change is higher because it is difficult to define
these work items early in design development. Hence, record-
ing potential scope changes and periodically evaluating them
for inclusion in the baseline scope ensures that the project
will remain on schedule and on budget. Early detection of
deviations from the baseline schedule and cost helps the proj-
ect participants make necessary budget adjustments, recog-
nize if additional funds are needed, and avoid substantial cost
overruns.

Tips for Success

Project baselines are best established only when critical
cost elements have been sufficiently defined. This means that
the design basis and project definition is completed to a level
of detail such that critical scope items can be properly esti-
mated. Documenting the scope basis and assumptions that
support the baseline cost estimate is also critical. This docu-
mentation will be the benchmark from which changes can be
identified and assessed as potential deviations from the base-
line scope and schedule.

Tools

C6.1 Cost Containment Table
C6.2 Estimation Scorecard
C6.3 Scope Change Form
C6.4 Scoping Documents

6.2.4 Delivery and Procurement Method
Why?

The use of alternate project delivery and procurement meth-
ods for transportation projects is increasing. The impact of
these methods on project cost and time must be considered
when preparing estimates and managing estimated costs. The
design-build delivery method is considered to be a vehicle for
controlling scope. This is particularly the case when a request
for proposal is based on a well-described design basis and
design criteria. The detailed design is then left to the design-
build contractor. The design-build contractor can better
control the schedule and reduce overall project time by over-
lapping design and construction. The delivery and procure-
ment method would influence the preparation of the base
estimate and the performance of the risk analysis.

Project Complexity

The effort required to prepare a conceptual design for a
design-build project increases as project complexity increases.
Thus, the state highway agency must be prepared to dedicate
an adequate level of resources and time to completely develop
the request for proposal (RFP), including the cost estimate
and proposed schedule to support the design-build approach.

Tips for Success

A decision support tool to help select the appropriate deliv-
ery and procurement approach should be used during pro-
gramming when setting the baseline cost. An early decision to
use design-build can help the project team plan for the activ-
ities needed to support the preparation of the RFP, including
development of an engineer’s estimate and schedule that is
compatible with the design-build approach.

Tool

D1.2 Delivery Decision Support

6.2.5 Identification of Changes
Why?

Every project should have an established baseline for
both scope and cost. The project baseline scope and cost
estimate is used to measure performance throughout proj-
ect development and construction. Different agencies that
already practice baselining of their projects report doing so
usually when an identified need becomes a real project and is
budgeted.



The identification method is normally positioned to inter-
cept inputs impacting scope and cost. In Figure 6.1, identifica-
tion of changes would filter the input from disciplines and the
input from third parties. It would also identify any downstream
changes to the “determine estimate basis (scope/location)” step
and be used frequently as a basis for performing the steps on
the right side of Figure 6.1. The method is also tied closely to
the “creation of a project baseline” method (see Section 6.2.3).

Project Complexity

Establishing reliable baseline definitions of scope and cost
in the early stages of project development for large projects is
difficult, primarily because of the many unknowns at that
point in time. Further, large projects tend to have more ele-
ments to properly scope and estimate. As such, identifying
potential changes requires a more systematic approach. Thus,
it is with the complex projects that the use of this method will
yield the greatest benefits.

Tips for Success

Engineering and construction complexities caused by the
project’slocation or purpose can make early design work very
challenging and lead to internal coordination errors between
project components. Constructability problems that need to
be addressed may also be encountered as the project devel-
ops. Early identification of such issues and a structured sys-
tem for controlling their impacts is essential to achieving
estimate quality.

Tools

I1.1 Cost Containment Table
1.2 Estimation Scorecard
1.3 Project Baseline

I1.4 Scope Change Form

6.2.6 Constructability
Why?

Construction knowledge and experience must support
development of construction schedules. This focus is partic-
ularly useful when evaluating alternate construction staging
plans to integrate with traffic management strategies. Traffic
control and construction staging is often one of the most
complex aspects of designing a project. Often designers do
not fully understand the impact that a particular traffic con-
trol scheme has on ease and efficiency of construction. This
impact will translate into a schedule that will likely change
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when the project is bid. If the traffic management design is
developed with construction input, the result should be a
more cost-effective and timely project. The constructability
method would influence the type of input received from the
disciplines. Constructability would impact the “update esti-
mate basis” step in Figure 6.1 and influence the accuracy of
the cost estimate and schedule.

Project Complexity

The more complex a project, especially if the project is set
in a highly congested urban environment, the more attention
should be given to the integration of traffic control and con-
struction sequencing. This effort will provide a better base-
line schedule for the project and, hence, increased accuracy of
the estimated project duration. The cost estimate should
reflect an efficient construction approach.

Tips for Success

Constructability analysis is most successful when the process
is formalized and is an integral part of the programming and
preliminary design project phase. Identifying constructability
experts is also critical in achieving successful constructability
programs. A constructability expert must be able to work effec-
tively with project designers and provide meaningful input as
designs are developed.

Tool

C5.1 Constructability Reviews

6.2.7 Value Engineering
Why?

Value engineering is a process that can be used to facilitate
scope control and to contain or reduce project cost. Value
engineering has its largest impact during programming and
early in preliminary design, up to about 30% design comple-
tion. A significant project impact can be achieved during this
period because the design has not been fixed. Thus, the pri-
mary objective of value engineering is value improvement.
Value improvements might focus on exactness in scope defi-
nition, the functionality of designs, constructability of
designs, and/or the project schedule. Value engineering also
provides a vehicle for project teams to interact in a creative
atmosphere. Value engineering contributions are made via
input from disciplines and impact the “update estimate basis”
step with respect to the scope of the project (see Figure 6.1).
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Project Complexity

The FHWA mandates the use of value engineering on fed-
erally funded National Highway System projects with an esti-
mated cost greater than $25 million, but small-dollar projects
have successfully employed value engineering. Value engi-
neering is effective on projects with alternative solutions that
vary with scope and cost, on capacity improvement projects
that widen an existing highway (especially in high-volume
traffic environments), on projects requiring major traffic
control, and on interchanges on multilane facilities.

Tips for Success

Value engineering is most successful when it is performed
early in project development so that the proposed improve-
ments can be easily incorporated into the design. Value engi-
neering is a structured process. It is important to use a
knowledgeable and experienced facilitator and have a value
engineering team with diverse backgrounds. The value engi-
neering process should be conducted away from the office
environment to ensure focus and creativity. The period for
conducting a value engineering process is typically 3 to 5 days.

Tool

V2.1 Value Engineering

6.3 Strategy: Off-Prism Issues

During programming and preliminary design, the off-prism
strategy plays an important role in cost estimation manage-
ment and cost estimation practices. As the project’s scope is

defined and then developed through design activity, the design
often incorporates the influence of community interest and
concerns. In some cases, this could include a requirement for
a context-sensitive design. This type of design may add cost to
a project, and this possibility should not be overlooked when
preparing estimates during programming and preliminary
design. During this phase, environmental analysis and clear-
ance activities are completed. The results of these activities may
introduce compliance and mitigation requirements that must
be also addressed in estimates for design and construction
work. Further, macroeconomic events can significantly influ-
ence cost. These events may drastically influence cost, but
historical data may not reflect significant increases due to lack
of material and subsequent material price increases.

There are five different off-prism methods described in
Table 6.4 for use during the programming and preliminary
design phase of project development.

6.3.1 Communication
Why?

Failure to account for off-prism issues in the cost estimation
process can result in cost overruns. The uncertainties related
to off-prism issues have to be identified during programming
and throughout preliminary design to mitigate risks associ-
ated with these issues. Communication of these uncertainties,
the risks, and the associated potential cost impact is a critical
method in cost estimation management. Effective communi-
cation of off-prism issues must occur within the state highway
agency and between all external project stakeholders to achieve
project success. The communication method influences the
“communicate approval” step in Figure 6.1.

Table 6.4. Programming and preliminary design phase off-prism strategy:

Methods and tools.

OFF-PRISM STRATEGY

Use proactive methods for engaging external participants and assessing
the macroenvironmental conditions that can influence project costs

Cost Estimation Management

Cost Estimation Practice

Communication

Estimate Review—Internal

C1.1 | Communication of Importance

| E3.2 |Off—Prism Evaluation

C1.2 | Communication of Uncertainty

C1.3 | Communication within State Highway
Agency

Right-of-Way

Identifying Off-Prism Issues

R2.5 | Right-of-Way Estimator Training

13.1 Environmental Assessment

R2.6 | Separate Right-of-Way Estimators

13.2 | Percentage of Total Project Cost

Public Involvement

| P3.1 | Meetings




Project Complexity

The importance of off-prism issues to complex and large-
dollar projects is paramount. Complex project are affected by
a multitude of external and internal elements that require
careful and timely evaluation, especially since larger projects
are often high-profile projects from a community perspective.

Tips for Success

The establishment of a functional communication protocol
is essential for the state highway agency to effectively provide
information addressing community interests and concerns
while maintaining internal awareness of off-prism issues. A
focus on cost estimate attributes tied to scope and schedule and
explained in a simple format will keep the public informed.

Tools

C1.1 Communication of Importance
C1.2 Communication of Uncertainty
C1.3 Communication within State Highway Agency

6.3.2 Right-of-Way
Why?

Failure to account for all relevant scope elements when
preparing a cost estimate adversely affects the accuracy of an
estimate. Some of these elements include right-of-way, utili-
ties, and environmental elements. The impact of these ele-
ments will vary for every project, and input from appropriate
project team participants must be evaluated to prepare accu-
rate estimates. Scope definition is continuously refined over
preliminary design and improves the clarity of project require-
ments. Hence, an early determination of the parameters related
to right-of-way, utilities, and environmental issues, and inclu-
sion of these issues in cost estimates, will improve the accuracy
of the estimate. In Figure 6.1, this method guides the type of
input received from disciplines when performing the “prepare
base estimate” step.

Project Complexity

Right-of-way becomes an issue more often when adding
system capacity. If a project is located in a highly urbanized
area, right-of-way may be costly and acquisition of property
can demand considerable time. Utilities can be a problem
for projects in any area, but are more likely for projects in
urban areas. Environmental compliance may require that
land be purchased for creating a new wetland to replace
existing wetlands displaced by the project. While this issue is
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not dependent on complexity, it may be more difficult to
solve in an urban setting.

Tips for Success

Thelocation of the project is critical when implementing this
method in the off-prism strategy context. The identification of
all factors that may impact project scope, cost, and time must
be clearly identified so they can be properly addressed in the cost
estimate. Estimators should not work in a vacuum because they
may fail to consider off-prism issues and other information
provided by other state highway agency disciplines. Interaction
with others is critical to preparing accurate estimates.

Tools

R2.5 Right-of-Way Estimator Training
R2.6 Separate Right-of-Way Estimators

6.3.3 Public Involvement
Why?

Public opinion and concerns about various aspects of a
project must be accounted for early in scope development.
Early involvement of the public may help prevent future mod-
ifications to project scope. This would decrease the impact
that scope creep or scope changes have on project costs. The
fact that projects are developed in and around communities
that will be affected augments the need to consult and incor-
porate the public in the scope definition process. Input from
third parties, as shown in Figure 6.1, provides information
from the public that can be used to prepare the base estimate
and perform the risk analysis.

Project Complexity

Projects proposed in densely populated areas or growing
urban or suburban regions are highly sensitive to public
opinion. Failure to consult and consider public opinion can
cause project scope to change over time. Hence, assessment
of the public concerns is very important when developing
the project scope.

Tips for Success

Setting up amiable mechanisms to educate and explain the
benefits of a project to the local community and seeking their
cooperation during construction are the aims of this method.
This cooperation and input is particularly important during
programming when decisions are made regarding the project
scope and when preparing baseline cost estimates.
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Tool

P3.1 Meetings

6.3.4 Estimate Review—Internal
Why?

Cost estimates are merely predictions and can therefore
be wrong. Thus, all estimates must be reviewed to ensure
that they do not contain discrepancies, errors, or omissions.
Consulting peers and subject matter experts always improves
an estimate. This is particularly helpful in assessing the
impact of off-prism issues on project costs and risks. This
method supports the “review total cost estimate” step (see
Figure 6.1). In this case, the peers and experts are likely from
the disciplines most closely impacted by off-prism issues,
such as environmental, right-of-way, real estate services,
and utilities.

Project Complexity

Complex projects may have several cost elements that esti-
mators may be unfamiliar with and that require an expert
opinion in estimating their cost. Estimate reviews provide the
opportunity to minimize ambiguities related to cost by obtain-
ing input from the appropriate experts and peers within the
state highway agency.

Tips for Success

Conducting reviews at appropriate times during estima-
tion development and consulting the right expert peers will
help mitigate cost escalation. The integrity of such reviews is
essential for this method to be successful.

Tool

E3.2 Off-Prism Evaluation

6.3.5 Identifying Off-Prism Issues
Why?

Projects are often influenced by the views of external par-
ticipants and other conditions, such as those related to envi-
ronmental compliance, that impact project scope and cost.
The identification of off-prism issues is most beneficial when
conducted during programming. During preliminary design,
scope development progresses significantly, which in turn
provides more information on project elements. Assump-
tions about off-prism conditions made during programming
can be validated, and their impact on cost should be reevalu-

ated. In Figure 6.1, input from third parties and information
on current market conditions are inputs that can help imple-
ment this method when performing the “update estimate
basis” and “prepare base estimate” steps.

Project Complexity

Projects of greater complexity may gain the most benefits
from proactive efforts to identify off-prism issues, such as
environmental concerns, and assess their cost impact. Envi-
ronmental issues are more related to the location of the proj-
ect. Environmental regulations and design considerations to
accommodate mitigation requirements must be considered
when developing cost estimates (e.g., noise reduction near a
residential community may require installing noise walls or
upgrading existing wetlands). Larger projects can be more
substantially impacted by the macroeconomic environment
than less complex projects.

Tips for Success

To enhance the success of identifying off-prism issues
and mitigating possible negative impacts, agencies must
start this effort early in project development. Continuing
this endeavor throughout project development will ensure
that the scope and cost reflect the impact of off-prism issues.
Communicating off-prism issues to upper management
should be accomplished quickly because most of these types
of issues have or will have political implications. The ability
to evaluate and attribute the most appropriate percentage to
cover the cost of different issues will improve early estimate
accuracy.

Tools

[3.1 Environmental Assessment
3.2 Percentage of Total Project Cost

6.4 Strategy: Risk

When effectively applied during programming and pre-
liminary design, risk may be the single most important strategy
that will help control project cost escalation. Many different
approaches to account for risk are used by state highway agen-
cies. These approaches have led to inconsistent application of
contingencies. The methods suggested to implement the risk
strategy provide a consistent and valid approach to assigning
cost and time contingencies in a cost estimate. Table 6.5 lists
five different methods applicable to the risk strategy used dur-
ing the programming and preliminary design phase of project
development.
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Table 6.5. Programming and preliminary design phase risk strategy:

Methods and tools.

RISK STRATEGY

Identify risks, quantify their impact on cost, and take actions to mitigate the impact of risks as the project scope is developed

Cost Estimation Management

Cost Estimation Practice

Communication

Risk Analysis

C1.2 | Communication of Uncertainty

R3.1 | Analysis of Risk and Uncertainty

C1.3 | Communication within State Highway

R3.2 | Contingency—Identified

Agency
R3.4 | Estimate Ranges
R3.5 | Programmatic Cost Risk Analysis
Identification of Risk Delivery and Procurement Method

12.1 | Red Flag Items

D1.1 | Contract Packaging

12.2 | Risk Charter

D1.2 | Delivery Decision Support

Right-of-Way

R2.1 | Acres for Interchange

R2.2 | Advance Purchase (Right-of-Way
Preservation)

R2.3 | Condemnation

R2.4 | Relocation Costs

6.4.1 Communication
Why?

Communication has been discussed in earlier strategies of
this Guidebook. Communicating project uncertainty is criti-
cal to understanding what risks the project might encounter
and what the potential cost and time impact of these risks
would likely be if they are not mitigated. As applicable to the
risk strategy, communication predominantly means keeping
all project team members and external parties informed about
project uncertainties and constraints. Conveying risk-related
information in an easy-to-understand manner is extremely
important. The communication of risk analysis results is crit-
ical during the “communicate approval” step (see Figure 6.1).

Project Complexity

Inherently, project complexity typically increases the risk of
project cost and schedule increases. Therefore, the importance
of communication, particularly communication of estimate
uncertainty and the risks associated with that uncertainty and
the potential cost consequences is essential to improving stake-
holder confidence in the accuracy of the cost estimate.

Tips for Success

The ability to anticipate possible risk-related constraints on
both a macro and micro level and the timely communication of
their potential impact on project cost is a key to method success.

Tools

C1.2 Communication of Uncertainty
C1.3 Communication within State Highway Agency

6.4.2 Ildentification of Risk
Why?

At the programming and preliminary design phase, there
is a continuous process of scope clarification. An increased
level of scope information facilitates better identification of
possible risks. Necessary risk mitigation actions can be iden-
tified and adequate contingencies can be included in cost esti-
mates to reduce the potential for cost overruns. Input from
disciplines and third parties will contribute to identifying
risks during the “risk analysis” step, as shown in Figure 6.1.

Project Complexity

Complex projects are accompanied by larger ambiguities;
hence, there is a greater need for risk identification and miti-
gation. Formalized and structured risk-related procedures are
critical to properly identifying risks for complex projects.

Tips for Success

The use of appropriate risk identification techniques must
be instituted during programming, when the baseline proj-
ect cost is set. Risks must be continuously reassessed during
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preliminary engineering to validate the assumptions used to
identify risks in the baseline cost estimate. This approach
will reduce ambiguities in project scope as the design is
completed.

Tools

12.1 Red Flag Items
12.2 Risk Charter

6.4.3 Right-of-Way
Why?

Land acquisition and related issues have always constituted
a significant cost estimate risk. During programming, there
remains considerable uncertainty related to right-of-way
requirements, so the risks remain high and must be accounted
for in baseline cost estimates. However, as preliminary design
proceeds, there is clarity on project alignment that in turn
enables designers and right-of-way estimators to identify the
financial and legal aspects of the required land acquisition.
Input from disciplines is critical to performing the “risk
analysis” step, as shown in Figure 6.1.

Project Complexity

Complexity in this case revolves around several circum-
stances, such as real estate values, public or business opposi-
tion, and compensatory conditions. The more right-of-way
needed for the project, the more risks that will have to be con-
sidered, including assessment of the potential cost impacts
due to adverse settlements when parcels are taken. Further-
more, on larger projects, the time impact of acquiring parcels
may be the most critical risk because estimated project dura-
tions could be extended significantly if delays are encoun-
tered in acquiring parcels.

Tips for Success

Early land acquisition may be a key to success for this
method. Design efforts to define right-of-way needs in con-
junction with specialized advice from real estate personnel
can reduce the impact of right-of-way on project cost and
time.

Tools

R2.1 Acres for Interchange

R2.2 Advance Purchase (Right-of-Way Preservation)
R2.3 Condemnation

R2.4 Relocation Costs

6.4.4 Risk Analysis
Why?

Every project scope, cost estimate, and schedule has uncer-
tainty. Uncertainty can be translated into project risks. These
risks require a contingency amount to protect the project
against cost increase and time increase. The level of uncer-
tainty is highest when developing the cost baseline during pro-
gramming, when project scoping reflects a low level of design
completion (5% to 25%). As the extent of project definition
increases during preliminary design, the level of uncertainty
decreases. Some form of risk analysis is necessary to identify
and evaluate the impact of risks. Based on this risk analysis, an
appropriate level of contingency can be added to the cost esti-
mate and schedule. Risk analysis also supports risk mitigation
of identified risks. This risk analysis must start during pro-
gramming and continue throughout project development.
This method, along with input from reliable sources both
within the project team and external to the project team, sup-
ports the “perform risk analysis” step.

Project Complexity

Complexity is often correlated with additional project risks.
Identification, assessment, and evaluation of risks on a micro
level in complex projects can help alleviate cost escalation
due to inconsistent application of contingency. Alternatively,
macro-level issues such as market conditions can create sig-
nificant risks for very large projects. The macro-level risks
require careful analysis because these risks can impact both
cost and time. The risk analysis effort will vary with project
size, type, and complexity. With project complexity comes
added risk; therefore, the attempt to account for risk using a
single-percentage contingency amount based on the con-
struction value of the expected contract often fails.

Tips for Success

There must be a clear description of what the contingency
amount included in a cost estimate and project schedule cov-
ers in terms of project risks. The contingency must be deter-
mined through a careful analysis and identification of specific
risks. Simply using a percentage for contingency likely will
make managing risks difficult because risks are not specifi-
cally identified. Tools are available to implement a risk analy-
sis. These tools should be used consistently and tailored to fit
the project type, dollar size, and complexity.

Tools

R3.1 Analysis of Risk and Uncertainty
R3.2 Contingency—Identified
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R3.5 Programmatic Cost Risk Analysis

6.4.5 Delivery and Procurement Method
Why?

The use of alternative project delivery and procurement
methods for transportation projects is increasing. The impact
of these methods on project cost and time must be considered
when preparing estimates and managing estimated costs. The
influence of project delivery and procurement is critical to the
“prepare base estimate” and “risk analysis” steps (see Figure 6.1).
The project delivery and procurement method impacts the
risks that the state highway agency will assign to the contractor
and that the contractor will have to price and manage.

With design-build project delivery, the design-build contrac-
tor takes on increased risk and will price this risk based on the
level of scope definition, understanding of proposed contract
terms and conditions, and project complexity. The impact of
risks the design-build contractor is expected to carry must be
covered in the state highway agency’s cost estimate. The
decision to use design-build project delivery should be made
during programming, when baseline budgets are established.

Other procurement methods may ultimately accelerate
construction, such as when cost plus time (A+B) contracting
and incentive/disincentive approaches are used in design-
bid-build project delivery. These types of procurement meth-
ods shift risk to the contractor. Again, the uncertainty associ-
ated with this risk shifting and the impact on cost and time
must be included in the risk analysis and the cost estimate.

The packaging of a project in terms of a single contract or
multiple contracts must be considered early in design. If mul-
tiple contracts are used, the dollar value of a single contract
may decrease, so the contractor may have less risk to price.
Smaller contracts tend to encourage a greater number of bid-
ders. The state highway agency would then take on the nor-
mal risk associated with a typical design-bid-build project.
However, there may be increased risk to the state highway
agency, because it has to manage the interface between con-
tractors when multiple contracts are used. The uncertainty
associated with this risk shifting and the impact on cost and
time should be included in the risk analysis.

Project Complexity

Larger projects that are more complex may require a
greater effort to adequately identify the potential risks and
how these risks will impact project costs in relation to pro-
posed project delivery and procurement approaches. This
need is most apparent when design-build project delivery is
employed. If project delivery and procurement approaches
are selected to accelerate construction on any size of project,
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then the use of the risk strategy must account for the poten-
tial uncertainty related to the impact of acceleration.

Tips for Success

How a project is delivered must be considered when per-
forming the risk analysis. Thus, evaluating the impact that
project delivery and procurement approaches have on cost
and time is necessary when implementing a project-level risk
strategy.

Tools

D1.1 Contract Packaging
D1.2 Delivery Decision Support

6.5 Strategy: Delivery
and Procurement

Once a project is considered for programming, the state
highway agency management should begin to examine
whether an alternative project delivery method would better
fit the project than the traditional design-bid-build approach.
Perhaps the most important decision is the use of design-
build verses design-bid-build. During programming and pre-
liminary design, if design-build is selected, then management
must determine the level of design needed to support an RFP.
If design-build is selected, then the engineer’s estimate will
be prepared based on less definitive information and must
account for all engineering costs and costs related to other
project factors. One key factor is the risk that the design-build
contractor will evaluate when proposing on a design-build
project based on limited design information.

When the traditional design-bid-build approach is selected
and other alternative procurement methods are used to accel-
erate construction, then cost estimates must reflect the impact
that acceleration has on construction costs. This impact may
be reflected in higher unit costs.

The method shown in Table 6.6 provides insights into the
issue of project delivery and procurement considerations
during programming and preliminary design. This method is
considered a cost estimation management method.

6.5.1 Delivery and Procurement Method
Why?

The impact of alternative project delivery methods on proj-
ect cost and time must be considered when preparing estimates
and managing estimated costs. Some project delivery methods,
such as design-build, will require an engineer’s estimate at an
early point in preliminary design. In design-build project deliv-
ery, the design-build contractor takes on increased risk and will
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Table 6.6. Programming and preliminary design phase delivery and

procurement: Methods and tools.

DELIVERY AND PROCUREMENT STRATEGY

Apply appropriate delivery methods to better manage cost because project delivery influences both project risk and cost

Cost Estimation Management

Cost Estimation Practice

Delivery and Procurement Method

D1.1 | Contract Packaging

D1.2 | Delivery Decision Support

price this risk based on the level of scope definition, proposed
project responsibilities identified in the RFP, and project com-
plexity. Early estimates must reflect the impact of using the
design-build delivery approach. The influence of project
delivery and procurement is important to the “prepare base
estimate” and “risk analysis” steps (see Figure 6.1).

Other procurement methods may accelerate construction,
such as when cost plus time (A+B) contracting approaches are
used with design-bid-build project delivery. Costs for poten-
tial incentives must be included when cost estimates are pre-
pared. The impact of construction acceleration might require
increases in labor, material, and equipment costs. These types
of impacts must be considered when preparing early cost esti-
mates, especially when historical unit costs are used.

The packaging of a project in terms of a single contract or
multiple contracts or establishing project limits must be con-
sidered early in design. Decisions that impact the number of
contracts will influence the design processes and the costs of
construction. The earlier decisions are made on project deliv-
ery and procurement approaches, the better the opportunity
to incorporate appropriate costs into the estimates congruent
with the delivery and procurement approach selected.

Project Complexity

The larger and more complex the project, the earlier deci-
sions should be made with respect to delivery approach. Even
with smaller and less complex projects, where procurement
approaches such as cost plus time or incentives and disincen-
tives are used, an early decision will enable cost estimates to
properly reflect the impact that alternative delivery and con-
tract approaches have on project cost and schedule.

Tips for Success

Prior to setting a baseline, the use of a decision support tool
to identify the appropriate delivery and procurement approach
may be beneficial to preparing an estimate consistent with the
project delivery approach. The point here is to include costs in
the estimate that reflect the impact of delivery and procure-

ment approaches such as an engineer’s estimate for a design-
build project.

Tools

D1.1 Contract Packaging
D1.2 Delivery Decision Support

6.6 Strategy: Document Quality

The document quality strategy is perhaps most critical
during the programming and preliminary design phase of a
project, when plans and specifications are being developed.
Document quality includes both design documents and the
documents that the contractor will eventually use to price and
construct the project. The methods suggested address both
areas.

The three different methods applicable to the document
quality strategy are described in Table 6.7.

6.6.1 Computer Software
Why?

The use of computer software facilitates consistent prac-
tices, which in turn support the document quality strategy.
The ability of computer software to provide a structured for-
mat for preparing estimates promotes accurate data inclusion
by multiple participants. Using templates to prompt project
participants for general and specific project information will
increase the quality of the project documents. The use of
computer software is also discussed in the management, esti-
mate quality, and integrity strategies of this chapter. Computer
software is extensively used in the extraction of historical data,
computations for risk analysis, and preparation of estimates
(see Figure 6.1).

Project Complexity

With increased project complexity, there is an increased
need to document adjustments and alternative evaluations as
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Table 6.7. Programming and preliminary design phase document quality

strategy: Methods and tools.

DOCUMENT QUALITY STRATEGY

Promote cost estimate accuracy and consistency through improved project documents

Cost Estimation Management

Cost Estimation Practice

Computer Software

Constructability

C2.1 | Agency Estimation Software

C5.1 | Constructability Reviews

C2.2 | Commercial Estimation Software

C2.4 | Simple Spreadsheet

Estimate/Document Review

El.1 | Estimate/Document Review—External

E1.2 | Estimate/Document Review—Internal

cost estimates are prepared. Considering the potential for
many adjustments due to additions, omissions, and alternative
design solutions, it is essential to track adjustments accurately.
Computer software enables the estimator to easily incorporate
adjustments when more detail is available. A comparative
analysis can be performed, especially for alternatives, to pro-
duce quality documents supporting project estimates.

Tips for Success

Successful implementation of computer software to encour-
age quality documents requires the agency to accurately iden-
tify minimum quality standards and to use computer software
that portrays the information in a meaningful manner. Since
all projects are not the same, the flexibility and ease with which
changes can be incorporated and tracked with computer soft-
ware makes the use of computers and supporting software
imperative to the document quality strategy.

Tools

C2.1 Agency Estimation Software
C2.2 Commercial Estimation Software
C2.4 Simple Spreadsheet

6.6.2 Constructability
Why?

The quality of the documents used to prepare estimates
impacts the quality of the estimate in terms of accuracy. Thus,
design documents that provide the basis for cost estimates must
accurately portray the design intent. Implementing con-
structability analysis will enhance project documents by reduc-
ing the potential for errors and omissions and will produce
designs that are constructible. Constructability reviews can pro-
vide guidance as to the project construction phasing and stag-
ing approaches required to cost-effectively build the project. In

this way, constructability will influence both “update design
basis” and “prepare base estimate” steps (see Figure 6.1).

Project Complexity

As project complexity increases, the need for construction
knowledge and experience in reviewing designs becomes crit-
ical. Construction input can aid the designer in developing
designs that can be constructed more efficiently. This need is
especially important for very large and complex projects,
such as those in urban areas under high-traffic volumes.
These types of projects require continuous input from con-
struction experts beginning with project definition during
programming and throughout preliminary design.

Tips for Success

Constructability is most successful when the process is for-
malized and is an integral part of the programming and pre-
liminary design phase of project development. Identifying and
using appropriate constructability experts is also critical in
achieving successful constructability reviews. A constructabil-
ity expert must be able to work effectively with project design-
ers and provide meaningful input on design documents.

Tool

C5.1 Constructability Reviews

6.6.3 Estimate/Document Review
Why?

During the estimate review activity identified in Figure 6.1,
there should also be a check on the quality of any documents
used to prepare the estimate, even if the documents are con-
sidered preliminary. This is perhaps more important as pre-
liminary design progresses and the plans and specifications
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are approved. As discussed in other sections, a very effective
management approach for establishing the reliability of a cost
estimate is to subject the estimate to review and verification.

Project Complexity

The formality of a project estimate review and the depth of
the review will vary depending on the type of project and proj-
ect complexity. In the case of routine, straightforward proj-
ects, a formal review may not be necessary. However, as
project complexity and scope increase, it is necessary to con-
duct formal reviews. When very complex projects are being
estimated, management should require an external review of
the estimate by qualified professionals.

Tips for Success

Knowledgeable and experienced individuals who bring a
broad perspective to the project and estimate formulation
should be assigned to conduct these reviews. To be of value,
the review must closely examine the assumptions that form
the basis of the estimate.

Tools

E1.1 Estimate/Document Review—External
E1.2 Estimate/Document Review—Internal

6.7 Strategy: Estimate Quality

Both cost estimation management and cost estimation
practices are critical to achieving accurate and consistent cost
estimates during the programming and preliminary design
phase. Agencies should seek to implement the methods iden-
tified in Table 6.8. It must not be forgotten that success in
estimation practice is linked to the environment created by
agency management.

Eleven methods are applicable to estimate quality for use
during the programming and preliminary design phase of
project development. Management support for internal esti-
mate reviews is usually not an issue, but, in the case of com-
plex projects, management should have procedures in place
for organizing and conducting external reviews.

6.7.1 Computer Software
Why?

Estimate development at the programming and prelimi-
nary design phase involves a series of repetitive operations, use
of historical data, and complex predictive analysis. Also, as the
design progresses (from 5% to 80%), it will be necessary to
periodically update the cost estimate. Computer software pro-

vides a platform to easily review, update, and modify esti-
mates. The need for greater accuracy is met by cost-modeling
techniques using computer software. Predictive analysis of
various parameters (like market conditions) can identify cost
influences. The ability to track changes efficiently is another
useful feature of computer software. The use of computer soft-
ware is also discussed in the management, document quality,
and integrity strategies of this chapter. Computer software is
extensively used in the maintenance and retrieval of historical
data. Computer software can efficiently perform a large num-
ber of computations in support of the “estimate preparation”
and “risk analysis” steps (see Figure 6.1).

Project Complexity

Large and complex projects may benefit more from com-
puter software because these projects involve increased levels
of detail and more calculations. This is particularly the case
when multiple alternatives are being considered during the
programming and/or early in preliminary design. As alterna-
tives are analyzed, scope adjustments reflecting different sce-
narios are frequent and must be estimated quickly. Computer
software aids in timely cost analysis. For more complex proj-
ects, tracking changes is also facilitated by computer software.

Tips for Success

The level of user skills and the flexibility of the software will
determine the success of computer software. In addition, tem-
plates and output formats will enhance multiple-user environ-
ments and maintain consistency. Finally, computer software
should facilitate automatically changing cost items that are
estimated on a percentage basis.

Tools

C2.1 Agency Estimation Software
C2.2 Commercial Estimation Software
C2.3 In-House Conceptual/Parametric Estimation Software

6.7.2 Consistency
Why?

Estimations must be structured and completed in a consis-
tent manner. Consistency is achieved by instituting operating
procedures that serve as guides for all who prepare estimates.
Consistency influences how information is used, such as input
from disciplines, input from third parties, market conditions,
and historical data (see Figure 6.1). Consistency is also required
when preparing the base cost estimate and performing a risk
analysis. Estimate consistency enables analysis, evaluation,
validation, and monitoring of item costing.
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Table 6.8. Programming and preliminary design phase estimate quality strategy:

Methods and tools.

ESTIMATE QUALITY STRATEGY

Use qualified personnel and uniform approaches to achieve improved estimate consistency and accuracy

Cost Estimation Management

Cost Estimation Practice

Computer Software

Communication

C2.1 | Agency Estimation Software

C1.7 | Year-of-Construction Costs

C2.2 | Commercial Estimation Software

In-House Conceptual/Parametric

c23 Estimation Software

Consistency Design Estimation
C4.1 | Cradle-to-Grave Estimators D2.1 | Analogous or Similar Project
C4.2 | Estimation Checklist D22 | Agency Estimation Software
C4.3 | Estimation Manual (Guidelines) D23 Cost Based, Bottom Up
C4.4 | Estimator Training D2.4 | Historical Bid Based
ca6 Standardized Estimation and Cost D25 | Historical Percentages
Management Procedures
C4.7 | State Estimation Section D2 | Major Costliems using Standardized
Sections
D2.7 | Parametric Estimation
D2.8 | Spreadsheet Template
D2.9 | Trnseport

Creation of Project Baseline

Document Estimate Basis and Assumptions

C6.1 | Cost Containment Table D4.1 | Project Estimation File
C6.3 | Scope Change Form
Gated Process Estimate Review—External
G1.1 | Checklists E2.1 | Expert Team
G1.2 | Cost Containment Table
Right-of-Way Estimate Review—Internal
R2.1 | Acres for Interchange E3.1 Formal Committee
R22 Advance Purchase (Right-of-Way E33 In-House/Peer
Preservation)
R2.3 | Condemnation E34 Round Table
R2.4 | Relocation Costs E3.5 Year-of-Construction Costs
Project Scoping
P2.1 Estimation Checklist
P2.2 | Scoping Document
P23 Work Breakdown Structure

Project Complexity

Consistent practices and procedures facilitate a multiple-user
interface, minimize errors and omissions, and strengthen
reporting and data-sharing activities. This becomes essential
in the case of large and complex projects because they involve
multiple disciplines and often require specialized input that
must be acquired and integrated by estimators.

Tips for Success

Consistency in how information is used and how cost
estimates are prepared is essential to producing accurate

estimates. However, each project has different issues and con-
ditions that influence the type of information used and the
approaches to preparing the estimate.

Tools

C4.1
C4.2
C4.3
C4.4
C4.6

Cradle-to-Grave Estimators

Estimation Checklist

Estimation Manual (Guidelines)

Estimator Training

Standardized Estimation and Cost Management Pro-
cedures

C4.7 State Estimation Section
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6.7.3 Creation of Project Baseline
Why?

For costs and the impact of changes to be tracked, all proj-
ects have to be monitored against a performance benchmark.
Hence, a project cost baseline consistent with a defined scope
and schedule must be established. A practice is to set this base-
line when the scope of all major cost items can be adequately
defined (i.e., 80% of cost lies in 20% of the project elements).
This typically occurs during programming, although when the
cost baseline is set may vary depending on agency policy. Fur-
ther, setting a baseline provides a benchmark against which
deviations and their impact can be documented and evaluated
to ensure successful project delivery within budget. Deviations
can be mapped over time for reconciliation with future esti-
mates. Completing all the cost estimation steps, which are ini-
tiated during programming, leads to an approved baseline
estimate, as shown in Figure 6.1.

Project Complexity

A cost baseline is required for every project, regardless of
the project’s size or complexity. The level of effort for creat-
ing the baseline cost may change and is substantial for large
and complex projects. These large projects will likely require
a greater percent of design completion prior to setting a base-
line cost. A baseline cost can be set on less complex projects
with a lower design completion (5% to 10% for a paving
preservation project).

Tips for Success

It is necessary to create cost baselines when the major cost
elements of a project have been defined and scope has been
established. The baseline cost, schedule, and scope must be
developed in sufficient detail to ensure that tracking of devia-
tions can be accomplished. The timing of creating a cost base-
line is best set during programming. The ability to identify
deviations from the baseline and evaluate their impact in a
timely manner is ultimately what makes this method successful.

Tools

C6.1 Cost Containment Table
C6.3 Scope Change Form

6.7.4 Gated Process
Why?

Critical milestones are often identified in the project devel-
opment process, where decisions are made before a project

can proceed to the next stage. At these decision milestones,
cost estimates are prepared to aid in decision making. This
mechanism of not permitting a project to move past a mile-
stone point without proper approvals will allow for checks to
ensure that cost estimates reflect the known scope and project
conditions. Setting an approved cost baseline at the end of
programming is an example of a gate in the project develop-
ment process. A second gate may be when environmental
clearance is obtained. A third gate may be when the construc-
tion estimation for the STIP is prepared and construction is
approved for inclusion in the STIP. The cost estimation prac-
tice and cost estimation management processes depicted in
Figure 6.1 must coincide with gates in the project develop-
ment process.

Project Complexity

Complex projects involve many components that may eas-
ily be overlooked as the estimate is developed. A thorough
review prior to releasing the project for further development
provides a reasonable mechanism for ensuring that the proj-
ect is ready to move forward to the next stage of design. This
type of review at a gate in project development can ensure a
more reliable estimate and control cost growth.

Tips for Success

The placement of gates over the project development time
line is critical for this method to be successful. Another
important aspect is that the review process at each gate must
be effective and be performed in a timely manner to ensure
that project development is not delayed.

Tools

G1.1 Checklists
G1.2 Cost Containment Table

6.7.5 Right-of-Way
Why?

Right-of-way costs are a significant component for many
projects. Land acquisition requirements must be consistent
with the scope of the project. To obtain realistic projections
of right-of-way cost, appropriate experts must evaluate geo-
graphic, demographic, and market information. Other costs
for acquiring land must be factored into estimates so that the
estimates include all costs associated with right-of-way. Pos-
sibilities of litigations and other public concerns must also be
accounted for in the estimate. Scope inputs from design
disciplines and third parties are critical to preparing base esti-



mates with appropriate contingencies covering right-of-way
risks (see Figure 6.1).

Project Complexity

Typically, more complex projects that intersect with urban
neighborhoods, historical sites, or environmentally sensitive
areas require greater effort in estimating right-of-way costs.

Tips for Success

Identification and evaluation of several alternatives may
lead to an economical solution when scoping right-of-way
requirements during programming and early in preliminary
design. Early identification of parcels that will be taken is crit-
ical to estimating right-of-way costs.

Tools

R2.1 Acres for Interchange

R2.2 Advance Purchase (Right-of-Way Preservation)
R2.3 Condemnation

R2.4 Relocation Costs

6.7.6 Communication
Why?

The project development process duration can be 2 years
to over 10 years. The identification of project duration, and
especially when construction will occur, is critical to account-
ing for inflation effects. Capturing future inflation will pro-
duce more realistic estimates. Estimate credibility will be
increased when the estimate includes future inflation. In Fig-
ure 6.1, assessing market conditions when preparing base
estimates and performing a risk analysis is influenced by this
method.

Project Complexity

Complex projects typically have longer project duration
from programming through construction than simple proj-
ects. The dollars added to account for inflation can be sub-
stantial in complex projects. These dollars must be included
in cost estimates to properly reflect the estimated costs when
construction is scheduled to be completed.

Tips for Success

Clearly communicating the estimated cost in year-of-
expenditure dollars is critical. This approach ensures that
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project stakeholders are informed of all costs related to the
project and that these costs are visible.

Tool

C1.7 Year-of-Construction Costs

6.7.7 Design Estimation
Why?

Project scope definition is continuously refined during the
programming and preliminary design phase. The focus of
programming is related to developing a baseline cost estimate.
As the project moves into preliminary design, periodic esti-
mate updates will be required. At some point during the pre-
liminary design, the latest cost estimate becomes the basis for
updating the STIP or for including construction cost into the
STIP. Design estimation must produce consistent and accu-
rate estimates at all points during the preliminary design.
Estimators must incorporate more detailed data into their
estimate by consulting with the design team. Design estima-
tion must follow the steps shown in Figure 6.1, starting with
the “update estimate basis” step and continuing through the
“review total cost estimate” step. The critical step is “prepare
base estimate.”

Project Complexity

Complex projects will impact the tools used rather than the
method itself. Some large projects may not fit standardized
procedures typically used to estimate projects, so a cost-based,
bottom-up approach may be the only way to estimate these
projects. If the agency has adequate historical data on similar
complex projects, these data are often used to develop early
cost estimates. A combination of different tools may be
required. Also, many different disciplines may be involved in
developing cost estimates for large projects. Design estimation
must be sufficiently flexible to accommodate these subsequent
inputs and to ensure that project estimates are consistent.
Smaller and less complex projects still can rely on spreadsheets
and historical bid-based approaches.

Tips for Success

The level of scope definition and adaptation of standard-
ized sections from previous projects will help in developing
accurate early estimates. This is a scope-driven approach.
During programming, the focus should be on the 20% of the
items that contribute to 80% of the cost. Proper use of appro-
priate software is essential to successfully implement the
design estimation method. Software, to be effective, must be
supported by well-trained estimators. The tools that support



62

design estimation must fit the application in terms of scope,
available data, and time to prepare the estimate.

Tools

D2.1 Analogous or Similar Projects

D2.2 Agency Estimation Software

D2.3 Cost Based, Bottom Up

D2.4 Historical Bid Based

D2.5 Historical Percentages

D2.6 Major Cost Items using Standardized Sections
D2.7 Parametric Estimation

D2.8 Spreadsheet Template

D2.9 Trns*port

6.7.8 Document Estimate Basis
and Assumptions

Why?

A critical component of preparing an estimate is docu-
mentation of the basis and assumptions used to derive costs.
Such documentation will provide a vehicle for confirming to
management that the estimate is accurate and follows sound
practice. Further, with appropriate documentation, there is
a means of tracking changes from the baseline cost relative
to estimate basis and assumptions. This will aid in explain-
ing cost impacts due to these changes. Because many disci-
plines are involved in estimate preparation, providing good
documentation on the estimate basis and assumptions will
help others who may update the estimate in the future. A
substep of the “prepare base estimate” step in Figure 6.1 is to
document the estimate basis and assumptions (see Table 2.2).
This method would influence how the documentation is
prepared.

Project Complexity

Large and complex projects require greater estimate efforts.
Many times, multiple estimators are engaged to perform proj-
ect estimation. Thus, all estimators must follow a set standard
for documenting estimate basis and assumptions. On larger
projects, a center point of contact for ensuring that proper
documentation occurs is often required. The documentation
of this information is crucial in maintaining consistent cost
estimation practices.

Tips for Success

Creating standard procedures and educating estimation
personnel about the procedures is the key to success for this
method. Good state highway agency estimation manuals sup-
port good estimation practice.

Tool

D4.1 Project Estimation File

6.7.9 Estimate Review—External
Why?

Cost estimates are merely predictions and can therefore be
wrong. All project estimates should be reviewed for the valid-
ity of their basis; however, the formality and depth of the
review will vary depending on the type of project and its com-
plexity. External estimate reviews are conducted for complex
projects and projects employing new technology. A lack of in-
house competency in specialized areas will lead to the need
for consulting external experts. Some project elements may
require, for example, unique construction methods where
expert review would be helpful in confirming estimated costs.
At times, external estimate reviews are important to confirm
that good estimation practices are being followed. These
reviews typically focus on the estimate basis, assumptions,
and methodology. This method supports the “review total
cost estimate” step (see Figure 6.1).

Project Complexity

The formality of a project estimate review and the depth of
the review at this stage in project development will vary
depending on the type of project and project complexity.
When very complex projects or projects involving new con-
struction methods are being estimated, management should
require that there be an external review of the estimate by
qualified professionals. This external review should include a
risk analysis that identifies the critical elements of the esti-
mate, identifies the high and low cost limits for each critical
element, and assigns a probability to the actual cost.

On very large projects or projects with unique design fea-
tures, using external experts to provide an unbiased review of
project estimates is sound practice. This type of review can
help ensure estimate consistency and accuracy. Further, an
expert review team can ensure estimate credibility for large
projects that are most often highly visible to the public.

Tips for Success

Selecting an external expert team with the right qualifica-
tions is critical to obtaining a credible estimate review. A team
approach may also provide a more unbiased review. An inde-
pendent review by an individual is often appropriate for spe-
cialized construction methods.

Tool
E2.1 Expert Team



6.7.10 Estimate Review—Internal
Why?

All estimates must be reviewed to ensure that they do not
contain any discrepancies, errors, or omissions. Consulting
peers and subject matter experts adds value to an estimate
and can identify possible weaknesses. Estimates are based on
many assumptions, and these assumptions need to be justi-
fied as the estimate is reviewed. Reviews provide feedback to
estimators about the completeness and accuracy of their
work. This method supports the “review total cost estimate”
step shown in Figure 6.1.

Project Complexity

Complex projects may have cost elements that estimators
are unfamiliar with and require an expert review. Estimate
reviews provide the opportunity to minimize ambiguities by
imparting appropriate expertise from within the agency.

Tips for Success

Conducting reviews at an appropriate time during the esti-
mation development process and consulting suitable experts
will minimize project cost estimate changes. The integrity of
such reviews is essential for this method to be successful.

Tools

E3.1 Formal Committee

E3.3 In-House/Peer

E3.4 Round Table

E3.5 Year-of-Construction Costs

6.7.11 Project Scoping
Why?

Thorough and accurate scoping during programming
enhances the quality of the baseline cost estimate. Defini-
tive scoping efforts at the very beginning have been shown
to be more cost-effective than scope control efforts in the
latter stages of the project development process. Scoping
provides the input for the estimate basis shown in Figure
6.1. Tt also can help structure the scope in a framework that
provides a systematic breakdown of the scope into project
deliverables.

Project Complexity

Projects of all levels of complexity will benefit from project
scoping efforts, even in the earliest stages of the project devel-
opment process. Larger, more complex projects will especially
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benefit from the project scoping effort. Good documentation
of the project scope eliminates errors and omissions in the
estimate. Estimate reviews can be further facilitated if the
scope is properly structured and documented systematically.

Tips for Success

The agency should consider developing standard manage-
ment practices and a standard set of forms to document the
project scope. Because project scope is often revisited during
preliminary design, standard practices provide an audit trail
of how the project’s scope was developed, structured, and
changed. Management needs to complete scope forms early
and update them regularly as changes are made. Doing so will
allow management to track project scope, and estimators will
always know what should be included in the estimate. Scope
forms provide a graphic view of what has changed since the
previous estimate was completed.

Tools

P2.1 Estimation Checklist
P2.2 Scoping Document
P2.3 Work Breakdown Structure

6.8 Strategy: Integrity

The establishment of management structures that shield
estimators from external and internal pressures to produce a
low project estimate will support accurate project estimation.
Estimate reviews to ensure integrity are repetitive, taking place
to some extent whenever the estimate is modified. Agencies
should institute cost estimation management and cost esti-
mation practices as identified in Table 6.9 to ensure estimate
integrity.

Eight methods are applicable to the integrity strategy
described in Table 6.9 for use during the programming and
preliminary design phase of project development.

6.8.1 Communication
Why?

Communication has been discussed in earlier strategies of
this Guidebook. As applicable to the integrity strategy, it is
predominantly focused on keeping all project team members
and external parties informed and updated with respect to
the current estimated project cost. Efficient communication
channels must be established, and the exchange of informa-
tion must be clear and succinct. Efforts must be made to
ensure that the significance of cost information, which is
communicated, is interpreted appropriately. Communica-
tion of uncertainty and any discrepancies observed must be
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Table 6.9. Programming and preliminary design phase integrity strategy:

Methods and tools.

INTEGRITY STRATEGY

Ensure that checks and balances are in place to maintain estimate accuracy and to minimize the impact of outside
pressures that can cause optimistic biases in estimates

Cost Estimation Management

Cost Estimation Practice

Communication

Consistency

C1.2 | Communication of Uncertainty

C4.3 Estimation Manual (Guidelines)

C1.7 Year-of-Construction Costs

C4.5 Major Project Estimation Guidance

C4.6 Standardized Estimation and Cost
Management Procedures

Computer Software

Estimate Review—External

C2.1 Agency Estimation Software

E2.1 Expert Team

C2.2 Commercial Estimation Software

C2.3 In-House Conceptual/Parametric
Estimation Software

Design to Mandated Budget

Estimate Review—Internal

D3.1 | Design to Cost

E3.1 Formal Committee

E3.3 In-House/Peer
E34 Round Table

E3.5 Year-of-Construction Costs

Validate Costs

| V1.1 | Estimation Software

Verify Scope Completeness

| v3.1 | Estimation Checklist

brought to the notice of peers immediately for remedial pro-
cedures. In Figure 6.1, several steps that are concerned with
the transmission of information and approvals are supported
by this method. Inputs from disciplines, third parties, and
project requirements have to be communicated without
ambiguity.

Project Complexity

Complex projects are highly visible to project stakeholders.
Proper communication of estimate information is critical to
maintaining stakeholder support. Further, proper communi-
cation of changes in project costs and the reasons for these
changes is needed to ensure the credibility of the agency with
respect to cost estimation management for large and complex
projects.

Tips for Success

Training personnel on tools that are useful to communi-
cate project cost information is helpful. Developing mech-
anisms to describe project cost information in a simple
and understandable manner is important for successful
communication.

Tools

C1.2 Communication of Uncertainty
C1.7 Year-of-Construction Costs

6.8.2 Computer Software
Why?

The use of computer estimation software in all phases of
project development can increase estimate integrity. One way
to maintain estimate integrity is to control the bias that can be
introduced into the estimation process. Bias can be intention-
ally or unintentionally introduced into an estimate due to
pressures, real or perceived. One way to reduce bias is to use
standardized computer software. Computer software can be
programmed to highlight abnormalities within the estimate
by checking cost ratios between related elements or whether
historical data used in the estimate are outside of predeter-
mined ranges. Such identification helps in recognizing errors
and the existence of bias. The use of computer software is also
discussed in the management, document quality, and estimate
quality strategies of this chapter. In Figure 6.1, the “mainte-
nance of historical databases” step and the “use of complex
calculations” step are supported by computer software. Com-



puter software also provides a secure and reliable environment
for estimate review and communication.

Project Complexity

Highly complex projects may have a greater vulnerability
to integrity issues in cost estimation management. The need
to meet a desired price may influence the use of data in esti-
mation. Computer software can help identify such problems
when checks are generated to determine if data are outside a
normal range.

Tips for Success

Secure and reliable features built into computer software
can help ensure the success of the software in resolving cost
escalation factors associated with integrity. Restricted and
endorsed access by all users will assist in identification of
responsible defaulters.

Tools

C2.1 Agency Estimation Software
C2.2 Commercial Estimation Software
C2.3 In-House Conceptual/Parametric Estimation Software

6.8.3 Design to Mandated Budget
Why?

In some cases, funding for a project is fixed by an external
source, such as the state legislature. The scope of work may
or may not be congruent with the allocated project funds.
The design to mandated budget method is often used when
a project team encounters a predetermined fixed budget. The
design that matches the cost estimate and the budget cost of
the project are compared. If the estimated cost during design
exceeds the budget cost of the project, then one or both need
to be reevaluated before continuing with project develop-
ment. The scope will be reduced if the current cost estimate
is higher than the fixed budget. The scope may be added if
the current estimate is substantially less than the fixed
budget. This method impacts the entire process shown in
Figure 6.1.

Project Complexity

This method is more likely used on small to medium-sized
projects, where the scope is easier to define and control. This
method would not be recommended for major projects that
are technically complex, although it has been used on some
large transportation projects in the nonhighway area. If proj-
ects are approved by the state legislature based on a line-item
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budget, then the size of the project makes little difference
when applying this method.

Tips for Success

Proper identification and evaluation of appropriate designs
will increase the likelihood of the project being completed
within budget. Cost estimates must be periodically updated to
ensure that the current cost is under the fixed budget. Docu-
menting areas of scope reduction is important so that project
stakeholders understand what is being delivered.

Tool

D3.1 Design to Cost

6.8.4 Consistency
Why?

Estimation processes often involve the participation of mul-
tiple estimators with diverse backgrounds and approaches to
estimation. Practices and regulations can vary from district/
region to district/region within a state. There is a need to
establish acceptable and common procedures before any
project can be estimated. Procedures and guidelines will lead
to consistent approaches to estimating cost and will help to
ensure integrity in the estimation process. Procedures should
be developed to encompass all steps and inputs shown in
Figure 6.1.

Project Complexity

It may be helpful to develop specific guidelines for esti-
mating major projects, such as those with a cost greater than
some fixed figure or having certain attributes. Projects less
than this cost should follow standard procedures related to
cost estimation management and cost estimation practices.

Tips for Success

Training and education about the procedures and/or
guidelines being adopted for every project is mandatory for
all project team participants. Choosing the right estimation
approach is essential for this method to succeed.

Tools

C4.3 Estimation Manual (Guidelines)

C4.5 Major Project Estimation Guidance

C4.6 Standardized Estimation and Cost Management
Procedures
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6.8.5 Estimate Review—External
Why?

Projects are often accompanied by significant ambiguity.
This fact, in addition to lack of specialized personnel within a
state highway agency, may necessitate consulting with external
subject matter experts regarding project estimates or cost man-
agement practices. External expert reviews can be used to vali-
date internal reviews. In Figure 6.1, this method supports the
“review total cost estimate” step for specialized items of work.
Also, the change loop shown on the right side of Figure 6.1 may
require expert opinion to assess the impact of potential changes.

Project Complexity

Agencies generally have staft capable of handling normal
issues and a limited extent of complex issues. On very large
projects or projects with unique designs, using external experts
to provide an unbiased review of project estimates is sound
practice. This type of review can help ensure estimate consis-
tency and accuracy.

Tips for Success

Identifying elements that may adversely affect project cost
and seeking the right expertise to review these elements on a
timely basis are essential for this method to succeed. Also, a
thorough review of estimate assumptions and basis is required
if an external expert team is used to review an estimate.

Tool

E2.1 Expert Team

6.8.6 Estimate Review—Internal
Why?

It is always necessary to independently verify that an estimate
is complete and that it matches the project scope. In Figure
6.1, there is an “estimate review” step that is positioned after
the “risk determination” step has quantified the project risk
and an appropriate contingency amount has been included in
the estimate. While this is depicted as a single step, it is nor-
mally a repetitive step, taking place to some extent whenever
the estimate is modified.

Estimate reviews have been discussed in earlier sections
of this chapter in several contexts. With respect to integrity,
this method revolves around unbiased reviewers and
using personnel independent from the project develop-
ment team. Candid opinions and timely modifications to

estimates at different levels of reviews will improve estimate
accuracy.

Project Complexity

In the case of an uncomplicated overlay project, the review
may be limited to verification that all elements are accounted
for by the use of a simple checklist. However, as project com-
plexity and scope increase, it is necessary to conduct more
formal reviews. Complex projects may have several cost ele-
ments that estimators are unfamiliar with and require an
expert opinion. Estimate reviews provide the opportunity to
minimize ambiguities by imparting appropriate expertise
from within the agency.

Tips for Success

Reviewers must have adequate expertise and credibility
from the state highway agency viewpoint based on previous
project experience. There should be no tolerance for any
compromise on the results of internal review evaluations.
Reviewers should ensure that all costs include future inflation
to the midpoint of construction.

Tools

E3.1 Formal Committee

E3.3 In-House/Peer

E3.4 Round Table

E3.5 Year-of-Construction Costs

6.8.7 Validate Costs
Why?

Early estimation procedures involve a large number of
assumptions and require validation as the scope is developed
and assumptions are reflected in estimated costs. Estimate
assumptions and basis must be compared with standard prac-
tices. Reasonable adjustments can be made to assumptions and
basis for specific project conditions. Review of these assump-
tions and basis can ensure that costs are valid and represent
the best engineering judgment of project estimators. The per-
formance of the “review total cost estimate” step and sub-
sequent “estimate approval” step would be guided by this
method (see Figure 6.1).

Project Complexity

Estimate assumptions and a statement of the basis are
required for every project. Larger and more complex projects
may require more time and effort to fully document and
explain assumptions.



Tips for Success

Assumptions and the basis used to estimate costs must be
clearly documented to validate costs and for future evaluation
as estimates are updated and used for cost management. Esti-
mation software should allow for documenting assumptions
as the estimator prepares the estimate.

Tool

V1.1 Estimation Software

6.8.8 Verify Scope Completeness
Why?

Projects typically are broken down into many work pack-
ages and distributed among different project participants. It is
very easy for personnel to overlook certain items of work
while preparing estimates under time pressures. Hence, a
method to check for completeness of work packages is
required. This can be accomplished by generating simple
scope checklists and reviewing the estimate for completeness
(see Figure 6.1).

Project Complexity

Complex projects involve a significantly large number of
work packages that may be independent or dependent on
preceding activities. Ensuring that all elements included in
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work packages are covered in cost estimates is more time con-
suming and more difficult to achieve on large projects, espe-
cially during the programming and preliminary design phase,
when project scope is evolving.

Tips for Success

A key to successful use of this method is the careful consid-
eration of all critical elements that are shown on the checklist
during the cost estimation process and ensuring that the
impact of these elements is accurately captured in the estimate.

Tool

V3.1 Estimation Checklist

6.9 Summary

Table 6.10 lists all the methods and tools presented in this
chapter for use in the programming and preliminary design
phase of project development. This list can be used as a quick
reference to help navigate Appendix A for descriptions of the
tools. Table 6.10 can also be used as a checklist for selecting
tools that should be employed on any one project. The check-
list forms a self-assessment tool for agencies to benchmark
against. These methods and tools were found in highway agen-
cies throughout the country. While no agency was found to
possess all of the methods and tools, all methods and tools exist
and have the potential to be applied by any single agency.
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Table 6.10. Programming and preliminary design methods and tools.

Method/Tool

Method/Tool

Budget Control

Design to Mandated Budget

B1.2 | Constrained Budget | D3.1 [ Design to Cost
B1.3 | Standardized Estimation and Cost Management Document Estimate Basis and Assumptions
Procedures | D4.1 | Project Estimation File
B1.4 | Summary of Key Scope Items (Original/Previous/ Estimate/Document Review
Current) El.1 Estimate/Document Review—EXxternal
BL.5 Variance Reports on Cost and Schedule El.2 Estimate/Document Review—Internal
Buffers Estimate Review—External
B2.1 Board Approvals | E2.1 | Expert Team
B2.2 | Constrained Budget Estimate Review—Internal
E3.1 Formal Committee
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Guide for Final Design Phase

Introduction

Once a project reaches the final design phase of its devel-
opment, cost estimation focuses on the engineer’s estimate
and the project’s scope is now reflected in the contract
plans and specifications, including specific line items with
quantities.

Figure 7.1 is a flow diagram of how the cost estimation
practice and cost estimation management processes proceed
during final design. As shown in Figure 7.1, consideration of
market conditions, the requirements imposed by third par-
ties, and the macroeconomic environment are critical inputs
to cost estimation in this phase. In addition, the estimate
should reflect a level of contingency congruent with project
risks. Estimation management would cover the steps of
obtaining appropriate approval of the engineer’s estimate and
comparing the engineer’s estimate with bid prices received
from contractors. Additionally, it is necessary to consider the
funds available in the STIP once the engineer’s estimate is
complete. Finally, another purpose of the engineer’s estimate
is to obligate funds for construction.

In the final design phase of a project, many of the meth-
ods and tools of a strategy help address the pressure to meet
previous commitments concerning cost and schedule and
to expand project scope. Additionally, many of the meth-
ods and tools discussed in this chapter help identify and
mitigate project risk by drawing attention to market condi-
tions, including the possibility of unforeseen events and
unforeseen conditions. Table 7.1 shows the link between
strategies and cost escalation factors in the final design
phase.

Methodology

This chapter is based on and uses the cost escalation factor
definitions and strategies described in Chapter 3. Agencies
should seek to identify the cost escalation factors that, during

the final design phase of a project, have historically caused
estimation problems for their organization and then apply
the appropriate strategies to achieve better performance.

Use Table 7.1 to determine which strategies may provide
resources to address escalation factors that are causing prob-
lems. Specific strategies of interest for the final design phase,
along with the methods and tools that are available, are found
within Chapter 7. Detailed information on the tools can be
found in Appendix A.

Once a strategy is selected to address a cost escalation fac-
tor, the user must decide if it is better to use a cost estimation
management solution, a cost estimation practice solution, or
both. The question of which approach should be used is
influenced by internal agency constraints.

7.1 Strategy: Management

The execution side of cost estimation—cost estimation
practice—depends highly on how the agency manages proj-
ect development and the management support provided to
those charged with executing project development, including
estimate and schedule preparation.

This section specifically identifies management methods
and tools that support achieving estimate quality. The esti-
mation practice methods that track with the management
strategy methods are also identified in Table 7.2 and will be
discussed in the estimate quality section of this chapter.

Senior state highway agency managers should view them-
selves as investors, developers, and strategists. Management
has the responsibility to invest and develop project staff and
to provide the staff with the resources to effectively perform
their jobs. Senior management can create an environment
for success, ensure that appropriate oversight processes are
established and functioning, and position the right people for
the tasks. Success in estimation practice is linked to the envi-
ronment created by agency management.



70

COST ESTIMATION PRACTICE AND COST ESTIMATION MANAGEMENT
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Figure 7.1. Flow diagram for cost estimation practice and cost estimation

management during final design.

There are seven different management methods described
here for use during the final design stage of project develop-
ment, as shown in Table 7.2.

7.1.1 Budget Control
Why?

Even during final design, there can be scope changes; there-
fore, management must approve the scope that is the basis for
the final estimate. This confirmation would normally take

place before the final estimate is prepared. As depicted in
Figure 7.1, the “determine estimate basis” step would encom-
pass this assumption of management control.

One way to control scope and cost is to demand that the proj-
ect design conform to the project budget; this forces designers
to be constantly aware of the cost implications of their designs.

Even at this late stage in project development, management
must maintain strict control of the budget and be regularly
updated as to scope and cost changes or to external pressures
that could impact cost.
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Table 7.1. Link between strategies and cost escalation factors in the final

design phase.
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Section | 7.1 | 7.2 |73 |74 |75 |76 |77 |78
Bias \/ \/
Delivery and Procurement Approach \/ \/ \/
Project Schedule Changes \/ \/
Engineering and Construction Complexities \/ \/ \/ \/
g Scope Changes \/ \/ \/
g Scope Creep \/ \/
™ | Poor Estimation \/ \/ \/ \/
Inconsistent Application of Contingencies N \/
Faulty Execution
Ambiguous Contract Provisions <
Contract Document Conflicts \/
Local Concerns and Requirements \/ \/ \/ \/ \/
Effects of Inflation \/ \/
Té Scope Changes N A N
8 | Scope Creep N A
Gj Market Conditions \/ \/ \/ \/
Unforeseen Events \/
Unforeseen Conditions \/
Project Complexity 7.1.2 Consistency

The importance of strict budget control increases with more
complex projects and with projects that have longer develop-
ment durations. Because external groups view project dollars
as a source of funds for their pet schemes, longer development
times provide more opportunities for such groups to prevail.

Tips for Success

Budget control is tied to scope control and rests in the
hands of state highway agency management. The estimator
provides a forecast of cost based on a defined project scope.
To control cost—that is, to protect the estimate—management
can use budget control methods to limit scope creep.

Tools

B1.2 Constrained Budget
B1.4 Summary of Key Scope Items (Original/Previous/Current)
B1.5 Variance Reports on Cost and Schedule

Why?

An estimate is a permanent document that serves as a
basis for business decisions. It must be in a form that can be
understood, checked, verified, and corrected. There must be
consistency.

Necessary consistency is achieved by instituting operating
procedures that serve as guides for all parties engaged in the
estimation processes. Therefore, in Figure 7.1, consistency
comes to play in all the activities: input from disciplines, input
from third parties, assessing market conditions, extracting
historical data, prepare base estimate, determine risk, and re-
view estimate.

Management should ensure that the agency’s estimation
group has developed a standard estimation manual of prac-
tice and that training is provided to all those involved in esti-
mate preparation. Other good practices are the establishment
of a section or staff dedicated to estimate preparation and the
use of cradle-to-grave estimators.
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Table 7.2. Final design phase management strategy: Methods and tools.

MANAGEMENT STRATEGY

Manage the estimation process and costs through all stages of project development

Cost Estimation Management

Cost Estimation Practice

Budget Control

Budget Control

B1.2 | Constrained Budget

B1.2 | Constrained Budget

Summary of Key Scope Items

Summary of Key Scope Items

B14 | (Original/Previous/Current) BL4 | (Original/Previous/Current)
BL5 Variance Reports on Cost and
’ Schedule
Consistency Consistency

C4.1 | Cradle-to-Grave Estimators

C4.1 | Cradle-to-Grave Estimators

C4.2 | Estimation Checklist

C4.2 | Estimation Checklist

C4.3 | Estimation Manual (Guidelines)

C4.3 | Estimation Manual (Guidelines)

C4.4 | Estimator Training

C4.4 | Estimator Training

C4.5 | Major Project Estimation Guidance

C4.5 | Major Project Estimation Guidance

Standardized Estimation and Cost

C46 Management Procedures

Standardized Estimation and Cost

C4.6 Management Procedures

C4.7 | State Estimation Section

C4.7 | State Estimation Section

Estimate Review—External

Estimate Review—External

| E2.1 |Expert Team

| E2.1 | Expert Team

Estimate Review—Internal

Estimate Review—Internal

E3.1 | Formal Committee

E3.1 | Formal Committee

E3.2 | Off-Prism Evaluation

E3.2 | Off-Prism Evaluation

E3.3 | In-House/Peer

E3.3 | In-House/Peer

E3.4 | Round Table

E3.4 | Round Table

Gated Process

G1.1 | Checklists

G1.2 | Cost Containment Table

Identification of Changes

11.1 | Cost Containment Table

11.2 | Estimation Scorecard

11.3 | Project Baseline

I1.4 | Scope Change Form

Plans, Specifications, and Estimates
(PS&E)

Plans, Specifications, and Estimates (PS&E)

P1.1 | Agency Estimation Software

P1.1 | Agency Estimation Software

P1.2 | Commercial Estimation Software

P1.2 | Commercial Estimation Software

P1.5 | Trnseport

P1.5 | Trnseport

Project Complexity

Consistency is an important feature of all estimates, but its
impact on performance increases with project complexity.

Tips for Success

Poor administration—including overly complex organiza-
tional structures, convoluted contracting practices, and inexpe-
rienced personnel—will cause project cost problems stretching
from the original estimate to completion of construction.

Tools

C4.1 Cradle-to-Grave Estimators

C4.2 Estimation Checklist

C4.3 Estimation Manual (Guidelines)

C4.4 Estimator Training

C4.5 Major Project Estimation Guidance

C4.6 Standardized Estimation and Cost Management
Procedures

C4.7 State Estimation Section



7.1.3 Estimate Review—External
Why?

Cost estimates are merely predictions and can therefore be
wrong. All project estimates should be reviewed for the valid-
ity of their basis; however, the formality and depth of the
review will vary depending on the type of project and its com-
plexity. In Figure 7.1, there is an “estimate review” step that
is positioned after the “determine risk” step has quantified the
project risk and an appropriated dollar amount has been
included in the estimate. While this is depicted as a single
activity, it would normally be repetitive, taking place to some
extent whenever the estimate is modified.

Project Complexity

The formality of a project estimate review and the depth
of the review at this stage in project development will vary
depending on the type of project and project complexity.
When very complex projects or projects involving new con-
struction methods are being estimated, management should
require that there be an external review of the estimate by
qualified professionals. This external review should include a
risk analysis that identifies the critical elements of the esti-
mate, identifies the high and low cost limits for each critical
element, and assigns a probability to the actual cost.

Tips for Success

To be of value, the review must closely examine the assump-
tions that form the basis of the estimate, and knowledgeable
and experienced individuals who are independent of the
project team must conduct the review.

Tool

E2.1 Expert Team

7.1.4 Estimate Review—Internal
Why?

Often, estimators focus mainly on the accuracy of unit
costs and the project quantities and fail to consider the effects
of soft issues. Therefore, to address such lack of perspective,
an “estimate review” step is positioned after the “determine
risk” step in Figure 7.1. While this is depicted as a single activ-
ity, it would normally be repetitive, taking place whenever the
estimate is modified.

Project Complexity

In the case of a simple overlay project, the review may con-
sist of a simple verification against a standard checklist. How-
ever, as project complexity and scope increase, it is necessary
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to conduct formal reviews. When very complex projects or
projects involving new construction methods are being esti-
mated, management should require that, in addition to the
internal review, there be an external review of the estimate by
qualified professionals.

Tips for Success

To be of value, the review must closely examine the assump-
tions that form the basis of the estimate. Knowledgeable and
experienced individuals who are independent of the project
team must conduct the review.

Tools

E3.1 Formal Committee
E3.2 Off-Prism Evaluation
E3.3 In-House/Peer

E3.4 Round Table

7.1.5 Gated Process
Why?

The project estimated early in project development is often
not the project actually built. Scope changes to the original
concept usually result from a better understanding of the needs
that drive a project. With most scope changes, there is a result-
ing increase in project cost. In order to ensure that designers
are aware of how scope changes will affect project cost, it is
advantageous to require submittal of a cost estimate along with
each design submittal. Management can then create a gated
project development process that controls the project devel-
opment steps and the advance of project development from
one milestone to the next. Projects cannot advance to the next
step without approval. Gates can be placed at management’s
discretion, but the critical points during final design are after
the “determine risk” and “review estimate” steps.

One nontransportation source reported using an extremely
formalized gated process. Before a project can continue in the
development process, the project team in this organization
must hold a meeting in which the Construction Industry Insti-
tute’s (CID’s) Project Definition Rating Index (PDRI) is com-
pleted. The PDRI scores a project’s level of scope definition as
compared with historic data on scope definition. The project
must achieve a minimum score before the project can continue.
If the project does not obtain the minimum score, then the proj-
ect is returned to the previous phase for more definition.

Project Complexity

As project complexity increases, the benefits to be derived
from a gated process increase because the gated process forces
the project development team to carefully review the issues
impacting project cost increases before proceeding.
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Tips for Success

A gated process is a means for achieving project and esti-
mate success because it provides the basis for a structured
assessment of scope definition, cost, and schedule before a
project can move to the next step in its development. State
highway agencies could make a gated process part of their
work program update cycles.

Tools

G1.1 Checklist
G1.2 Cost Containment Table

7.1.6 Identification of Changes
Why?

The scope and cost baseline of every project should be the
reference against which all changes are compared. Through-
out project development and construction, the baselines are
used to evaluate performance. Most agencies that practice
baselining of their projects report doing so usually when an
identified need becomes a real project and is budgeted.

The identification of changes method is normally posi-
tioned to intercept inputs impacting scope and cost. In Fig-
ure 7.1, identification of changes would filter the inputs from
disciplines and the inputs from third parties. It would also
identify any downstream changes to the “determine estimate
basis” step.

Project Complexity

As project complexity increases, more rigorous manage-
ment attention to conformance with the scope and cost base-
line is critical. The establishment of a project scope and cost
baseline is fairly straightforward for routine projects but
becomes much more difficult as project complexity increases.
This is primarily because complex projects have many more
scope and design unknowns during the early phases of project
development.

Tips for Success

Management must be informed of project changes and
external impacts that affect the baselines and should have
procedures in place that restrict changes unless approved by
senior management.

Tools

I1.1 Cost Containment Table
I1.2 Estimation Scorecard

1.3 Project Baseline
I1.4 Scope Change Form

7.1.7 Plans, Specifications,
and Estimates (PS&E)

Why?

Computer software supports consistence, allows the manip-
ulation of large amounts of data, and speeds the transfer of
information. In Figure 7.1, the impact is primarily with the han-
dling of the historical data and in the estimate creation activi-
ties, but software is also used in the “determine risk” step when
simulations are conducted to assess the impact of specific risks.

Computers and estimation software enhance the ability of
engineers to manage large data sets that are used in develop-
ing estimates for all types of projects. Additionally, estimation
software provides a record of changes to the estimate and
permits easy screening of decisions.

In the case of state highway agencies, the most widely used
estimating software is Estimator™ by InfoTech. Due to the
flexibility that software provides, the estimator can adjust unit
costs or percentages according to the project’s complexity.
One state highway agency currently uses a commercial esti-
mation program that is used by many contractors and that was
originally developed to facilitate detailed estimation by a large
contracting organization. Such programs allow the develop-
ment of estimates based on selected materials, equipment,
methods, and crew productivity instead of historical bid data.

Project Complexity

In the case of a complex project for which there is no his-
torical bid data, the development of a bottom up estimate
using commercial software maybe the only way to arrive at a
realistic estimate of project cost.

Tips for Success

Estimation programs with preloaded templates help proj-
ect teams define the project scope, cost, and schedule. The
software provides a means to track estimate changes during
project development, and it can assist in project review. A
training program is vital—this can be a formal set of classes
for all estimators, mentoring among the estimators in the sec-
tion, or support for estimators to attend off-site conferences,
seminars, or classes pertinent to their work.

Tools

P1.1 Agency Estimation Software
P1.2 Commercial Estimation Software
P1.5 Trns*port



7.2 Strategy: Scope and Schedule

Even at this late stage in project development, cost estima-
tion management is the key to controlling project scope and
schedule. Agencies should seek to implement management
solutions, as identified in Table 7.3. However, it must not be
forgotten that success in estimating practice is linked to the
environment created by agency management.

There are six different scope and schedule methods de-
scribed here for use during the final design phase of project
development.

7.2.1 Buffers
Why?

Underestimation—driven by optimism—is the demon-
strated systematic tendency to be overoptimistic about key
project parameters. Internally, underestimation of cost can
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arise from the state highway agency estimator’s or consul-
tant’s identification with the agency goals for maintaining
a construction program. External pressures can also cause
problems.

Actions by the state highway agency are often required to
alleviate perceived negative impacts of construction on the
local societal environment as well as the natural environ-
ment. Measures may include, but are not limited to, intro-
ducing changes to project design, alignment, and the conduct
of construction operations. These steps are often taken to
appease the local residents, business owners, and environ-
mental groups. All such changes in scope must be approved
by management with a full understanding of their cost
impacts.

Buffers are positioned between or within processes impact-
ing scope and cost. In Figure 7.1, buffers would typically be
found separating any scope and schedule decision from actual
estimation processes, such as the “prepare base estimate” step.

Table 7.3. Final design phase scope and schedule strategy: Methods and tools.

SCOPE AND SCHEDULE STRATEGY

Formulate definitive processes for controlling project scope and schedule changes

Cost Estimation Management

Cost Estimation Practice

Buffers

B2.1 | Board Approvals

B2.2 | Constrained Budget

B2.3 | Management Approvals

Communication

Cl1.1 | Communication of Importance

C1.2 | Communication of Uncertainty

C1.3 | Communication within State Highway
Agency

Cl.4 | Definitive Management Plan

C1.7 | Year-of-Construction Costs

Estimate Review—External

| E2.1 |Expert Team

Estimate Review—Internal

E3.1 | Formal Committee

E3.2 | Off-Prism Evaluation

E3.3 | In-House/Peer

E3.4 | Round Table

E3.5 | Year-of-Construction Costs

Identification of Changes

I1.1 Cost Containment Table

11.2 | Estimation Scorecard

11.3 | Project Baseline

11.4 | Scope Change Form

Value Engineering

| V2.1 |Value Engineering
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Project Complexity

Internal and external pressures can become problems, even
on very small (dollarwise) and seemly simple projects. Urban
projects that impact the community and projects through
environmentally sensitive areas will usually generate signifi-
cant external pressure. So the issue is more dependent on
project content than on complexity.

Tips for Success

If state highway agencies truly want accurate project esti-
mates, there must be organization structures in place that shield
estimators from external and internal pressures to produce a
low project estimate. Additionally, to control scope and, conse-
quently, project cost, management must require that an esti-
mate of the cost associated with any scope change accompany
the change request.

Tools

B2.1 Board Approvals
B2.2 Constrained Budget
B2.3 Management Approvals

7.2.2 Communication
Why?

A thorough understanding of community expectations,
together with the identification and communication of the
uncertainty, project scope, and cost unknowns, helps in
managing project cost in all phases of project development.

Communication is a very important aspect of state high-
way agency relations with third parties, and it is important in
conveying the precision of the estimate. In Figure 7.1, this
involves the input from third parties, the “determine risk”
step, and the statements about estimated cost (including the
values from the “prepare base estimate,” “review estimate,”
and “engineer’s estimate” activities).

Project Complexity

Inherently, complexity adds risk to a project; therefore,
the importance of communication, particularly communica-
tion of uncertainty, becomes more important with project
complexity and project visibility.

Tips for Success

Institutional communication demands attention not just
to content, but also to attitude—openness, accessibility, and
sincerity are necessary. As the project moves through prelim-
inary design to final design, the amount of uncertainty in the

estimate should diminish, but there will still be uncertainty,
and the level of uncertainty must be effectively communi-
cated. Communication between internal departments of an
agency is imperative throughout project development given
the intricacy and number of people involved in developing
even the simplest project.

Tools

C1.1 Communication of Importance

C1.2 Communication of Uncertainty

C1.3 Communication within State Highway Agency
C1.4 Definitive Management Plan

C1.7 Year-of-Construction Costs

7.2.3 Estimate Review—External
Why?

Estimation experience of state highway agency personnel
charged with developing estimates ranged from less than
1 year to more than 40 years across the 50 state highway agen-
cies. Several state highway agencies have reported having esti-
mators with minimal experience and additionally stated that
they had in recent years lost their most experienced person-
nel to retirement and had not retained mid-level personnel to
ensure that the overall experience level in estimation would
remain high.

Previously, in Section 7.1.4, an external estimate review
was offered as a validation of the estimated project cost, but
an external review also serves to ensure that the estimate
matches the scope and schedule of a project. In Figure 7.1, the
“estimate review” step is positioned after the “risk determi-
nation step.” However, for major projects this could be a
repetitive activity.

Project Complexity

The formality of a project estimate review and the depth of
the review will vary depending on the type of project and the
project’s complexity. In the case of very complex projects or
projects involving new construction methods, estimation
management should require that there be an external review
of the estimate by qualified professionals.

Tips for Success

The external review should carefully study the scope and
schedule of the project as described in the contract docu-
ments. To be of value, the review must closely examine the
match between the stated scope and the project design as pre-
sented in the contract documents that are available at this
point in project development.



Tool

E2.1 Expert Team

7.2.4 Estimate Review—Internal
Why?

As discussed in Sections 7.1.4 and 7.1.5, a very effective
management approach for establishing the reliability of a cost
estimate is to subject the estimate to review and verification.
In Figure 7.1, reviews occur to some extent following each
“prepare estimate” activity, but the primary examination is
the depicted “review estimate” step.

Project Complexity

Whether the review is conducted by agency personnel or
by individuals who are independent of the agency depends on
the type of project and project complexity. In the case of a
straightforward overlay project, a formal review may not be
necessary. However, as project complexity and scope increase,
it is necessary to conduct formal reviews. Very complex and
high-profile projects should have an external review of the
estimate by qualified professionals.

Tips for Success

To be of value, the review must closely examine the assump-
tions that form the basis of the estimate and the review must
be conducted by knowledgeable and experienced individuals
who are independent of the project team.

Tools

E3.1 Formal Committee

E3.2 Off-Prism Evaluation

E3.3 In-House/Peer

E3.4 Round Table

E3.5 Year-of-Construction Costs

7.2.5 Identification of Changes
Why?

Every project should have an established baseline for both
scope and cost. The project baseline scope and cost estimate
is used to measure performance throughout project develop-
ment and construction. Different agencies that already prac-
tice baselining of their projects report doing so usually when
an identified need becomes a real project and is budgeted.

The identification of changes method is normally positioned
to intercept inputs impacting scope and cost. In Figure 7.1,
identification of changes would filter the input from disci-
plines and input from third parties. It would also identify
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any downstream changes to the “determine estimate basis
(scope/location)” step.

Project Complexity

Establishing reliable baseline definitions of scope and cost
in the early stages of project development is difficult, primar-
ily because of the many project unknowns at that time. How-
ever, studies have found that projects that receive the most
robust front-end planning have the fewest problems during
execution. The establishment of a project scope and cost
baseline is fairly straightforward for routine projects and
becomes more difficult as project complexity increases. Yet it
is with the complex project that the use of this method will
yield the greatest benefits.

Tips for Success

Engineering and construction complexities caused by the
project’s location or purpose can make early design work very
challenging and lead to internal coordination errors between
project components. Constructability problems that need to
be addressed may also be encountered as the project devel-
ops. Early identification of such issues and a structured sys-
tem for controlling their impacts is essential to achieving
estimate quality.

Tools

I1.1 Cost Containment Table
I1.2 Estimation Scorecard
1.3 Project Baseline

I1.4 Scope Change Form

7.2.6 Value Engineering
Why?

Value engineering is used throughout the construction
industry. Within state highway agencies, value engineering is
used to increase the project deliverables within the limita-
tions of the funds available for a project. By breaking the
project into components, reviewing the function, and for-
mulating solutions and developing recommendations for
improvements, one state highway agency has shown an increase
in constructability, a minimization of right-of-way and/or
environmental impacts, and a compression of construction
schedules.

Value engineering actions should take place before the final
plans and specifications pass into the “determine estimate
basis” step in Figure 7.1. Value engineering actions should also
be applied to the input from disciplines contributions.

Additionally, the FHWA value engineering regulation
(23 CFR Part 627—Value Engineering; the regulation can be
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found at www.thwa.dot.gov/ve/vereg.htm and the policy at
www.fthwa.dot.gov/ve/veplcyg.htm) requires state highway
agencies to ensure that a value engineering analysis has been
performed on all federal-aid highway projects on the National
Highway System with an estimated cost of $25 million or
more and that all resulting, approved recommendations are
incorporated into the plans, specifications, and estimate.

Project Complexity

With straightforward or routine projects, there may be
limited opportunity to realize savings by means of a value
engineering process. However, as project complexity and
scope increase, so do the opportunities to apply value engi-
neering and realize significant savings while retaining quality.

Tips for Success

During feasibility studies, preliminary design, and even
detail design, the relative expenditures for value engineering
studies are small compared with the cumulative cost of the
project. Typically, engineering fees amount to less than 10%
of total construction costs. However, the decisions and
commitments made during design have great influence on
the cost of construction, a far greater influence than what the
constructor can effect by making changes during the actual
construction process.

Tool

V2.1 Value Engineering

7.3 Strategy: Off-Prism Issues

At this stage in project development, cost estimation man-
agement is the key to controlling project scope and schedule.

However, market conditions and macroeconomic events,
which state highway agencies and estimators do not com-
monly consider, can significantly affect project cost. These
events are related to regional or even global economic con-
ditions. Agencies should seek to implement management
approaches identified in Table 7.4, which will help in identi-
fying such impacts.

There are three different off-prism issues methods
described here for use during the final design phase of project
development.

7.3.1 Communication
Why?

Communication was stressed for a scope and schedule
strategy in Section 7.2, and communication is also extremely
important in an off-prism issues strategy. Agencies are very
good at articulating the engineering aspects of a project, but
often are “blind sided” by macroeconomic events and chal-
lenges. Figure 7.1 has a market conditions input activity to
call attention to this need to be aware of the economic condi-
tions under which the project will be pursued. This is an area
of analysis where the engineering community has very little
experience or training.

When dealing with stakeholders, communication of the
uncertainty and of project scope and cost unknowns is criti-
cally important. As the project moves through design, the
amount of uncertainty in the estimate should diminish, but
there will still be uncertainty, and the level of uncertainty
must be communicated.

Communication between internal state highway agency
departments is imperative throughout project development
given the number of parties involved in even the simplest of
projects. There should be a definite point during project
development when the scope is fixed. This decision point
should be clearly identified.

Table 7.4. Final design phase off-prism issues strategy: Methods and tools.

OFF-PRISM ISSUES STRATEGY

Use proactive methods for engaging external participants and
assessing the macroenvironmental conditions that can influence project costs

Cost Estimation Management

Cost Estimation Practice

Communication

Risk Analysis

C1.2 | Communication of Uncertainty

R3.2 | Contingency—Identified

C1.3 | Communication within State Highway
Agency

R3.4 | Estimate Ranges

CL.5 | Proactive Conveyance of Information to
the Public

Right-of-Way

R2.5 | Right-of-Way Estimator Training

R2.6 | Separate Right-of-Way Estimators




Project Complexity

Inherently, complexity adds risk to a project; therefore, the
importance of communication, particularly communication
of uncertainty, becomes more important with increasing
project complexity and project visibility.

Tips for Success

Communication is about both listening to stakeholders
and providing accurate information to include knowledge
about uncertainty. Estimators must realize that the project
cost can be severely impacted by market and macroeconomic
factors, and they must communicate this to state highway
agency management.

Tools

C1.2 Communication of Uncertainty
C1.3 Communication within State Highway Agency
C1.5 Proactive Conveyance of Information to the Public

7.3.2 Right-of-Way
Why?

Estimators who work in a vacuum and fail to consider the
information provided by other state highway agency disci-
plines cannot produce accurate estimates. Figure 7.1 shows the
estimation process—prepare base estimate—being supported
by an “input from disciplines” step.

The costs of various project items that are included in the
estimate must be managed in different ways, and they are usu-
ally the responsibility of different sections of a state highway
agency, so estimators must involve those supporting sections
in order to produce accurate project cost estimates.

Project Complexity

As projects become more complex, there is a greater need
for coordination and communication between the disciplines
participating in the development of the project’s scope and
estimate. Many more factors—right-of-way cost, multiple
utility companies, railroads, agencies that grant environmen-
tal permits—impact the cost of projects in urban environ-
ments and projects that cross environmentally sensitive areas.
The typical highway or bridge project team must be expanded
to include expertise in dealing with these other matters.

Tips for Success

An accurate cost estimate and schedule is dependent on
information from the many supporting sections of an agency
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that feed data to those preparing the estimate. These sections
must be active participants in a project’s development.

Tools

R2.5 Right-of-Way Estimator Training
R2.6 Separate Right-of-Way Estimators

7.3.3 Risk Analysis
Why?

Estimates include a contingency amount to cover the costs
of possible identified and unidentified future events. A risk
analysis should be preformed to establish the magnitude of the
contingency amount. In Figure 7.1, a “determine risk” step is
depicted as a required action encompassing the establishment
of the contingency amount.

Risk analysis is concerned with how future events will turn
out and how to deal with the uncertainties of these future
events by identifying and examining a range of possible out-
comes. The objective is to understand, control, and mitigate
risks. Understanding the risks inherent in each potential proj-
ect alternative is important to controlling cost and developing
estimates that reflect the cost of accepted risks.

Project Complexity

Added risk comes with project complexity. The need to
purchase large quantities of bulk commodities adds uncer-
tainty and often results in restraints being imposed on con-
struction operations. The degree to which the proposed
technology for the project has been demonstrated can be very
limited. Large, complex projects stretch contractor and agency
resources. Some complex projects require specific experience,
resources, and knowledge for successful completion.

Tips for Success

The project team, not just the estimator, must conduct a
comprehensive risk analysis for all major projects. The purpose
of such analyses is first to identify risks by likelihood of occur-
rence and by consequences and secondly to devise method-
ologies and strategies for avoiding or managing the risks.

Tools

R3.2 Contingency—Identified
R3.4 Estimate Ranges

7.4 Strategy: Risk

At this stage in project development, cost estimation man-
agement is the key to controlling project scope and schedule.
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Agencies should be seeking to implement the management
solutions identified in Table 7.5. However, it must not be for-
gotten that success in estimation practice is linked to the
working environment created by agency management.

There are three different risk methods described here for
use during the final design stage of project development.

7.4.1 Communication
Why?

When dealing with external stakeholders, communication
of uncertainty and of project scope and cost unknowns is crit-
ically important. Any uncertainty about project scope, sched-
ule, and cost must be clearly communicated both within the
agency and to external parties.

Communication was stressed in terms of its requirement
to support a scope and schedule strategy in Section 7.2 and in
terms of listening to third parties in Section 7.3. In terms of a
risk strategy, communication has to do with how the preci-
sion of an estimate is communicated to agency management
and to parties outside of the agency. Figure 7.1 includes two
notations depicting these communication actions: the “release
engineer’s estimate” sidebar and the “obtain appropriate
approvals” step.

Project Complexity

Inherently, complexity and long project development
durations add risk to a project; therefore, the importance of
communication, particularly communication of uncertainty,
becomes greater with greater project complexity and visibility.

Tips for Success

Communication is about providing accurate information,
including knowledge about uncertainty. To maintain credit-
ability with stakeholders, it is important to tell the public

the truth about project cost and to identify the precision of
estimate values.

Tools

C1.2 Communication of Uncertainty

C1.3 Communication within State Highway Agency
C1.4 Definitive Management Plan

C1.7 Year-of-Construction Costs

7.4.2 Ildentification of Risk
Why?

The identification of risk method is used to capture inputs
impacting scope and cost, as discussed in Section 7.2. Addi-
tionally, as part of the “determine risk” activity in Figure 7.1,
there is a need to be very proactive in identifying possible
risks that can impact a project’s cost and duration.

Identification of risk was previously discussed in Sec-
tion 7.2.3. Risk-based estimation and management is used by
only a small number of transportation agencies. Range esti-
mates and risk charters are common practice in other indus-
tries, but the highway sector is just beginning to apply these
management processes. The state highway agencies that use a
risk-based estimation approach have found it to be successful
in communicating the nature of project costs.

Project Complexity

As project complexity increases, it is necessary to employ
formal risk management processes that identify, quantify,
and set forth mitigation strategies.

Tips for Success

A risk charter is a list of identified risks that may be
encountered during the life of the project. Such a charter is

Table 7.5. Final design phase risk strategy: Methods and tools.

RISK STRATEGY

Identify risks, quantify their impact on cost, and take actions to mitigate the impact of risks as the project scope is developed

Cost Estimation Management

Cost Estimation Practice

Communication

Risk Analysis

C1.2 | Communication of Uncertainty

R3.2 | Contingency—TIdentified

C1.3 | Communication within State Highway
Agency

R3.3 | Contingency—Percentage

Cl.4 | Definitive Management Plan

C1.7 | Year-of-Construction Costs

Identification of Risk

12.1 | Red Flag Items

12.2 | Risk Charter




typically based on a scientific assessment of risk rather than
on simple engineering judgment. The charter may address
the likelihood of the risk, the cost and schedule implications
of the risk, and mitigation suggestions, as well as identify
which risks can have the largest impacts on the project.

Tools

12.1 Red Flag Items
12.2 Risk Charter

7.4.3 Risk Analysis
Why?

Project risk was previously discussed in Section 7.3.3. Con-
tingency is typically applied to state highway agency cost esti-
mates to cover risk, but its application is not usually based on
identification of specific risks. In most state highway agencies,
the application of a contingency to an estimate is so loosely
defined that there is no consistent application of contingency.
Before a contingency amount can be incorporated into an
estimate, there must be a risk analysis, which is the “determine
risk” step in Figure 7.1.

Project Complexity

Added risk comes with added project complexity. There-
fore, the use of a single percentage contingency amount based
on the construction value of the expected contract to cover
risk often has no relation to reality. By definition, contin-
gency is meant to cover (1) an event that may occur but is not
likely or intended or (2) a possibility that must be prepared
for, the condition being dependent on chance.

Tips for Success

There must be a clear definition of what the contingency
amount in an estimate is intended to protect against, and that
amount must be determined by a careful analysis of project
conditions, market conditions, and the macroeconomic
environment.
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Tools

R3.2 Contingency—Identified
R3.3 Contingency—Percentage

7.5 Strategy: Delivery
and Procurement

At this stage in project development, the project delivery
and procurement method would normally have already been
selected and the project documents would be prepared accord-
ingly. However, market conditions can change rapidly, and the
issue of contract size and market capability should be reviewed
again. Market conditions and contractor capability have a sub-
stantial impact on the cost of a project. How market forces
impact a particular project depends on (1) the specific dates on
which a project is advertised and bid (are there a significant
number of projects being advertised by other agencies during
the same time frame?) and (2) the manner in which the work is
packaged into individual contracts (what is the size of a single
contract, and how are adjoining contracts coordinated?).

The selected contracting method is the foundation for the
project estimate because it explicitly establishes how project
risk is distributed between the agency and the contractor. The
distribution of risk directly impacts the cost of the project
work items.

In Figure 7.1, the assessment of an appropriate delivery and
procurement strategy should be addressed during the “review
estimate” step, and the assessment should be addressed again
during the “obtain appropriate approvals” step.

As shown in Table 7.6, there are two different methods
described here for handling delivery and procurement issues
during the final design phase of project development.

7.5.1 Off-Prism Issues
Why?

Cost estimation management is the key to controlling
project scope and schedule. However, market conditions and
macroeconomic events, which state highway agencies and
estimators do not commonly consider, can significantly affect
project cost. These events are related to regional or even

Table 7.6. Final design phase delivery and procurement strategy: Methods

and tools.

DELIVERY AND PROCUREMENT STRATEGY

Apply appropriate delivery methods to better manage cost because project delivery influences both project risk and cost

Cost Estimation Management

Cost Estimation Practice

Constructability

| Cs5.1 |C0nstructability Reviews

Identifying Off-Prism Issues

Identifying Off-Prism Issues

| 133 | Market Conditions

| 13.3 |Market Conditions
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global economic conditions—that is, off-prism issues. The
macroenvironment can affect project cost in two ways: (1) by
being unknown or unrecognized by project managers and
estimators and (2) by changes in the environment that are
completely external to the project.

This method, “Off-Prism Issues,” is also another strategy
unto itself. See Section 7.3 for more information about this
strategy. However, note that the off-prism issue tool that
most directly relates to delivery and procurement is 13.3,
Market Conditions.

Project Complexity

As project complexity increases, the number of off-prism
issues to be considered increases.

Tips for Success

Unlike other aspects of project planning and estimation,
understanding the macroenvironment has never been stan-
dardized as part of project estimation. It is therefore important
to develop planning processes that focus on community con-
cerns, externally imposed requirements, and external market
conditions.

Tool

13.3 Market Conditions

7.5.2 Constructability
Why?

The quality of the documents used to prepare estimates
impacts the quality of the estimate in terms of accuracy. Thus,
design documents that provide the basis for cost estimates
must accurately portray the design intent. Implementing con-
structability analysis will enhance project documents by reduc-
ing the potential for errors and omissions and will produce
designs that are constructible. Constructability reviews can

provide guidance as to the project construction phasing and
staging approaches required to cost-effectively build the proj-
ect. In this way, constructability will influence both “update
design basis” and “prepare base estimate” steps (see Figure 6.1).

Project Complexity

As project complexity increases, the need for construction
knowledge and experience in reviewing designs becomes crit-
ical. Construction input can aid the designer in developing
designs that can be constructed more efficiently. This need is
especially important for very large and complex projects, such
as those in urban areas under high-traffic volumes. These
types of projects require continuous input from construction
experts beginning with project definition during programming
and throughout preliminary design.

Tips for Success

Constructability is most successful when the process is for-
malized and is an integral part of the programming and pre-
liminary design phase of project development. Identifying and
using appropriate constructability experts is also critical in
achieving successful constructability reviews. A constructability
expert must be able to work effectively with project designers
and provide meaningful input on design documents.

Tool

C5.1 Constructability Reviews

7.6 Strategy: Document Quality

At this stage in project development, cost estimation man-
agement is the key to controlling document quality. Agencies
should seek to implement the management solutions identified
in Table 7.7.

There are three different document quality methods
described here for use during the final design phase of project
development.

Table 7.7. Final design phase document quality strategy: Methods and tools.

DOCUMENT QUALITY STRATEGY

Promote cost estimate accuracy and consistency through improved project documents

Cost Estimation Management

Cost Estimation Practice

Computer Software

Document Estimate Basis and Assumptions

C2.1 | Agency Estimation Software

| D4.1 | Project Estimation File

C2.2 | Commercial Estimation Software

Estimate/Document Review

El.1 | Estimate/Document Review—External

E1.2 | Estimate/Document Review—Internal




7.6.1 Computer Software
Why?

The use of computer software forces consistent practices,
and these practices in turn support the document quality
strategy; therefore, the use of computer software in the esti-
mation processes— “prepare base estimate” and “engineer’s
estimate” in Figure 7.1—is encouraged.

Often, state highway agencies use estimation software to
calculate the engineer’s estimate. The software is either a pro-
gram that has been developed within the department or the
estimator module from AASHTO’s Trns*port software. A few
state highway agencies use a combination of their in-house
software and the AASHTO programs. Estimation software
provides a structured format for preparing estimates and
promotes estimate consistency.

Project Complexity

With increased project complexity, there is an increased
need to identify construction conflicts when reviewing the
plans and specifications. Computer software enables the esti-
mator to easily analyze large amounts of data and perform
searches or information queries.

Tips for Success

AASHTO’s Estimator module allows the user to use several
different estimation methods, such as creating estimates based
on historical bid data, historical cost data, reference tables, or
a collection of price derivations. All data used to generate an
estimate—such as crew wages, equipment and material costs,
production rates, and historical cost data—are stored in Esti-
mator. This enhances the estimator’s and management’s abil-
ity to check the estimate.

Tighter engineering control of document preparation will
support better estimates.

Tools

C2.1 Agency Estimation Software
C2.2 Commercial Estimation Software

7.6.2 Estimate/Document Review
Why?

During the review estimate activity that is identified in
Figure 7.1, there should also be a check on the quality of the
plans and specifications.

As discussed in Sections 7.1.4,7.1.5,7.2.3, and 7.2.4, a very
effective management approach for establishing the reliabil-
ity of a cost estimate is to subject the estimate to review and
verification.
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Project Complexity

The formality of a project estimate review and the depth of
the review will vary depending on the type of project and proj-
ect complexity. In the case of routine straightforward proj-
ects, a formal review may not be necessary. However, as project
complexity and scope increase, it is necessary to conduct for-
mal reviews. When very complex projects are being estimated,
management should require that there be an external review
of the estimate by qualified professionals.

Tips for Success

To be of value, the review must closely examine the assump-
tions that form the basis of the estimate. Knowledgeable and
experienced individuals who bring a broad perspective to
the project and estimate formulation should be assigned to
conduct the review.

Tools

E1.1 Estimate/Document Review—External
E1.2 Estimate/Document Review—Internal

7.6.3 Document Estimate Basis
and Assumptions

Why?

During the “prepare base estimate” and “engineer’s estimate”
activities shown in Figure 7.1, the estimator must clearly state
the basis of the cost calculations and all assumptions.

Estimate documentation must be in a form that can be
understood, checked, verified, and corrected. The foundation
of a good estimate is the formats, procedures, and processes
used to arrive at the cost. Assumptions about what the contract
documents require should be available as estimator notes.

Project Complexity

Increased project complexity means that more issues must
be considered in preparing the estimate. The decisions and
assumptions that the estimator makes as to construction
requirements must be clearly stated and communicated to
those reviewing the estimate. The decisions and assumptions
must be tied to specific statements in the contract documents
or in the plans.

Tips for Success

Many state highway agencies do not currently have a pub-
lished document that establishes estimation procedures. State
highway agencies would greatly benefit by producing their own
guidelines of standard processes, procedures, and formats to be
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used by both state highway agency estimators and design
consultants retained for estimation purposes. This guidance
document should be specifically written for those having re-
sponsibility for preparing the final engineer’s estimate and
should discuss how assumptions are to be documented. It
should both address how unit costs are to be derived from the
agency’s databases and supply the documentation necessary
to support decisions to use other cost values.

Tool

D4.1 Project Estimation File

7.7 Strategy: Estimate Quality

Use qualified personnel and uniform approaches to achieve
estimate accuracy. At this stage in project development,
cost estimation practices are the key to achieving a good proj-
ect estimate. Agencies should seek to implement the practices
identified in Table 7.8. However, it must not be forgotten that
success in estimation practice is linked to the work environment
created by agency management.

There are four different cost estimation practice methods
and two cost estimation management methods for this strat-

egy for use during the final design stage of project develop-
ment. Management support for internal estimate reviews is
usually not an issue, but in the case of complex projects, man-
agement should have procedures in place for organizing and
conducting external reviews.

7.7.1 Estimate Review—External
Why?

Estimation experience of state highway agency personnel
charged with developing estimates ranged from less than 1 year
to more than 40 years across the 50 state highway agencies.
Several state highway agencies have reported having estima-
tors with minimal experience and additionally stated that they
had in recent years lost their most experienced personnel to
retirement and had not retained mid-level personnel to en-
sure that the overall experience level in estimation would re-
main high.

Previously, in Section 7.1.4, an external estimate review
was offered as a validation of the estimated project cost, but
an external review also serves to ensure that the estimate
matches the scope and schedule of a project. In Figure 7.1, the
“estimate review” step is positioned after the “risk determi-

Table 7.8. Final design phase estimate quality strategy: Methods and tools.

ESTIMATE QUALITY STRATEGY

Use qualified personnel and uniform approaches to achieve improved estimate consistency and accuracy

Cost Estimation Management

Cost Estimation Practice

Consistency

C4.2 | Estimation Checklist
C4.3 | Estimation Manual (Guidelines)

C4.4 | Estimator Training

C4.5 | Major Project Estimation Guidelines

C4.6 | Standardized Estimation and Cost
Management Procedures

C4.7 | State Estimation Section

Estimate Review—External

Estimate Review—External

| E2.1 | Expert Team

| E2.1 | Expert Team

Estimate Review—Internal

Estimate Review—Internal

E3.1 | Formal Committee

E3.1 | Formal Committee

E3.2 | Off-Prism Evaluation

E3.2 | Off-Prism Evaluation

E3.3 | In-House/Peer

E3.3 | In-House/Peer

E3.4 | Round Table

E3.4 | Round Table

Plans, Specifications, and Estimates (PS&E)

P1.1 | Agency Estimation Software

P1.2 | Commercial Estimation Software
P1.3 | Cost Based

P1.4 | Historical Bid Based

P1.5 | Trnseport




nation step.” However, for major projects this could be a
repetitive activity.

Project Complexity

The formality of a project estimate review and the depth of
the review will vary depending on the type of project and the
project’s complexity. In the case of very complex projects or
projects involving new construction methods, estimation
management should require that there be an external review
of the estimate by qualified professionals.

Tips for Success

The external review should carefully study the scope and
schedule of the project as described in the contract docu-
ments. To be of value, the review must closely examine the
match between the stated scope and the project design as pre-
sented in the contract documents that are available at this
point in project development.

Tool

E2.1 Expert Team

7.7.2 Estimate Review—Internal
Why?

As discussed in Sections 7.1.4 and 7.1.5, a very effective
management approach for establishing the reliability of a cost
estimate is to subject the estimate to review and verification.
In Figure 7.1, reviews occur to some extent following each
“prepare estimate” activity, but the primary examination is
the depicted “review estimate” step.

Project Complexity

Whether the review is conducted by agency personnel or
by individuals who are independent of the agency depends on
the type of project and project complexity. In the case of a
straightforward overlay project, a formal review may not be
necessary. However, as project complexity and scope increase,
it is necessary to conduct formal reviews. Very complex and
high-profile projects should have an external review of the
estimate by qualified professionals.

Tips for Success

To be of value, the review must closely examine the assump-
tions that form the basis of the estimate and the review must
be conducted by knowledgeable and experienced individuals
who are independent of the project team.
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Tools

E3.1 Formal Committee
E3.2 Off-Prism Evaluation
E3.3 In-House/Peer

E3.4 Round Table

7.7.3 Consistency
Why?

Consistency is achieved by instituting operating procedures
that serve as guides for performing estimation processes.
Therefore, in Figure 7.1, consistency comes to play in all the
processes: the input from disciplines, input from third par-
ties, market conditions, historical data, prepare base estimate,
determine risk, and review estimate.

Estimates must be structured and completed in a consistent
manner. Uniform estimate presentation supports analysis,
evaluation, validation, and monitoring of item costing. The
purpose of a uniform estimate structure is to avoid duplications
as well as to ensure that there are no omissions.

Project Complexity

Attainment of estimation efficiencies across the agency
demands that there be consistent estimation processes to pro-
vide ease in reporting, enable data sharing, and make recog-
nition of errors much easier. This becomes critically important
as project complexity increases.

Consistency enables multiple estimators to complete vari-
ous items of the estimate and then combine and coordinate
their work. These methods permit a second estimator to con-
tinue the work from any point where the first estimator stops
or to easily check the work of another estimator.

Tips for Success

The foundation of a good estimate is the formats, proce-
dures, and processes used to arrive at the cost. Success in
terms of estimate quality is attained by investing the time and
effort in developing consistent estimation processes that match
how the agency develops its projects.

Tools

C4.2 Estimation Checklist

C4.3 Estimation Manual (Guidelines)

C4.4 Estimator Training

C4.5 Major Project Estimation Guidelines

C4.6 Standardized Estimation and Cost Management
Procedures

C4.7 State Estimation Section
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7.7.4 Plans, Specifications,
and Estimates (PS&E)

Why?

With many agencies, the PS&E—the “engineer’s estimate”
activity in Figure 7.1—is a detailed line-item estimate.
Detailed PS&E are necessary to verify that the project can be
constructed for the budgeted funds and for checking the
validity of bids. Approval of the PS&E will obligate funds for
construction.

Project Complexity

Estimates for standard items of work can often be con-
structed based on historical bid averages, but as project com-
plexity increases or new methods or construction techniques
are required to accomplish the work, detailed line-item esti-
mation will usually be employed because historical data are
normally nonexistent.

Tips for Success

Detailed bottom-up estimation enables the estimator to
incorporate knowledge about markets into the estimate
directly, specifically into the affected work items, instead of
having to rely on percent contingencies to cover such effects.

Tools

P1.1 Agency Estimation Software

P1.2 Commercial Estimation Software
P1.3 Cost Based

P1.4 Historical Bid Based

P1.5 Trns*port

7.8 Strategy: Integrity

The establishment of management structures that shield
estimators from external and internal pressures to produce a

low project estimate will support accurate project estimation.
Estimate reviews to ensure integrity are repetitive, taking
place to some extent whenever the estimate is modified, as
shown with the “estimate review” activity in Figure 7.1.
Agencies should, therefore, institute the estimating practices
identified in Table 7.9.

There are two different integrity methods described here
for use during the final design phase of project development.

7.8.1 Estimate Review—External
Why?

It is always necessary to independently verify that an esti-
mate is complete and that it matches the project scope.

When very complex projects or projects involving new
construction methods are being estimated, management
should require that there be an external review of the esti-
mate by qualified professionals. This external review should
include a risk analysis that identifies the critical elements of
the estimate, identifies the low and high cost limits for each
critical element, and assigns a probability of occurrence to
the actual cost.

Project Complexity

The degree to which a review probes the estimate at this
stage will vary depending on project type and project com-
plexity. More complex projects must receive an exhaustive
in-depth estimate review.

Tips for Success

To be successful, the review must closely examine the
assumptions that form the basis of the estimate and must
be conducted by knowledgeable and experienced individuals.

Tool

E2.1 Expert Team

Table 7.9. Final design phase integrity strategy: Methods and tools.

INTEGRITY STRATEGY

Ensure that checks and balances are in place to maintain estimate accuracy and
to minimize the impact of outside pressures that can cause optimistic biases in estimates

Cost Estimation Management

Cost Estimation Practice

Estimate Review—External

| E2.1 |ExpertTeam

Estimate Review—Internal

E3.1 | Formal Committee

E3.3 | In-House/Peer

E3.4 | Round Table




7.8.2 Estimate Review—Internal
Why?

It is always necessary to independently verify that an esti-
mate is complete and that it matches the project scope.

In Figure 7.1, there is an “estimate review” activity that is
positioned after the “risk determination” activity has quanti-
fied the project risk and an appropriated dollar amount has
been included in the estimate. While this is depicted as a sin-
gle activity, it is normally a repetitive activity, taking place to
some extent whenever the estimate is modified.

In the case of an uncomplicated overlay project, the review
may be limited to the use of a simple checklist to verify that
all elements are accounted for. However, as project complex-
ity and scope increase, it is necessary to conduct more formal
reviews.

Project Complexity

The extent of the estimate review at this stage will vary
depending on the type of project and project complexity. As
project complexity increases, the reviewer or review team
must devote more attention to probing the assumptions that
form the basis of the estimate.

Tips for Success

To be successful, the review must closely examine the
assumptions that form the basis of the estimate, and knowl-
edgeable and experienced individuals must conduct it.

Tools

E3.1 Formal Committee
E3.3 In-House/Peer
E3.4 Round Table

7.9 Summary

Table 7.10 lists all of the methods and tools presented in
this chapter for use in the final design phase of project devel-
opment. This list can be used as a quick reference to navigate
directly to the Tool Appendix for the descriptions of the tools.
Tools are listed in Appendix A alphabetically by method, as
shown in Table 7.10.

Table 7.10 can also be used as a checklist for selecting tools
that should be employed on any one project. The checklist
forms a self-assessment tool for agencies to benchmark
against. These methods and tools were found in highway
agencies throughout the country. While no agency was found
to possess all of the methods and tools, all methods and tools
exist and have the potential to be applied by any single agency.

Table 7.10. Final design phase methods
and tools.

Method/Tool

Budget Control

B1.2 | Constrained Budget

B1.4 | Summary of Key Scope Items (Original/Previous/Current)

B1.5 | Variance Reports on Cost and Schedule

Buffers

B2.1 Board Approvals

B2.2 | Constrained Budget

B2.3 | Management Approvals

Communication

Cl.1 Communication of Importance

Cl.2 Communication of Uncertainty

Cl1.3 | Communication within State Highway Agency

Cl.4 | Definitive Management Plan

Cl.5 Proactive Conveyance of Information to the Public

Cl1.7 Year-of-Construction Costs

Computer Software

C2.1 Agency Estimation Software

C2.2 | Commercial Estimation Software

Consistency

C4.1 Cradle-to-Grave Estimators

C4.2 | Estimation Checklist

C43 Estimation Manual (Guidelines)

C4.4 | Estimator Training

C4.5 Major Project Estimation Guidance

C4.6 | Standardized Estimation and Cost Management Procedures

C4.7 State Estimation Section

Constructability

[ c5.1 | Constructability Reviews

Document Estimate Basis and Assumptions

| D4.1 | Project Estimation File

Estimate/Document Review

El.1 Estimate/Document Review—External

El1.2 Estimate/Document Review—Internal

Estimate Review—External

| E2.1 | Expert Team

Estimate Review—Internal

E3.1 Formal Committee

E3.2 Off-Prism Evaluation

E3.3 In-House/Peer

E3.4 Round Table

E3.5 Year-of-Construction Costs

Gated Process

[ G1.1 [ Checklists
[ G1.2 | Cost Containment Table
Identification of Cl
11.1 Cost Containment Table
11.2 Estimation Scorecard

11.3 Project Baseline

11.4 Scope Change Form

Identification of Risk

[12.1 [ Red Flag Items

[ 122 | Risk Charter

Identifying Off-Prism Issues

[ 133 [ Market Conditions

Plans, Specifications, and Estimates (PS&E)

PI1.1 Agency Estimation Software

P1.2 Commercial Estimation Software

P1.3 Cost Based

P14 Historical Bid Based

P1.5 Trnseport

Right-of-Wa

[ R2.6 Separate Right-of-Way Estimators

Y

[ R2.5 | Right-of-Way Estimator Training
I
S

Risk Analysi

R3.2 | Contingency-Identified

R3.3 Contingency—Percentage

R3.4 | Estimate Ranges

Value Engineering

| V2.1 | Value Engineering
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CHAPTER 8

Implementation

Introduction

This Guidebook is intended to assist in creating a strategic
change in agency estimation and cost management approaches.
It aligns strategies with identified problem areas and can be used
to create organizational structures for achieving consistent and
accurate project estimates. Additionally, it presents detailed
methods and tools to support the strategic approaches.

While individual strategies, methods, and tools should be
implemented, they should not be used in an “al la carte” fash-
ion. Implementation must occur within the context of a greater
vision for integrating cost estimation practice and cost estima-
tion management processes across all agency programs and
with agency consultants.

Although the estimation approach transformation can begin
at any organizational level, ultimately all levels must partici-
pate to create a cultural change in addressing the challenges
of cost estimation practice and cost estimation management
throughout planning and the project development process.
Table 8.1 summarizes the implementation goals at the orga-
nization, program, and project levels. Some of the goals may
require organizational change, and all of the goals will require
a commitment of resources.

This chapter describes each of the implementation thrusts
in Table 8.1 and concludes with an integrated approach to
their implementation.

Step 1: Implementation of Strategies—
Organizational Change

Successful control of project cost escalation may require a
strategic change in the organizational approach that many state
highway agencies have toward cost estimation practice and cost
estimation management. Project cost estimation practice and
project cost estimation management should be viewed as inter-
dependent processes that span the entire planning and devel-
opment process.

Chapter 3 of this Guidebook presented eight strategies that
were developed by observing and synthesizing practices from
highway agencies around the country:

e Management strategy—Manage the estimation process and
costs through all stages of project development;

¢ Scope and schedule strategy—Formulate definitive pro-
cesses for controlling project scope and schedule changes;

o Off-prism strategy—Use proactive methods for engaging
external participants and assessing the macroenvironmental
conditions that can influence project costs;

o Risk strategy—Identify risks, quantify their impact on cost,
and take actions to mitigate the impact of risks as the project
scope is developed;

o Delivery and procurement strategy—Apply appropriate
delivery methods to better manage cost because project
delivery influences both project risk and cost;

e Document quality strategy—Promote cost estimate accu-
racy and consistency through improved project documents;

o Estimate quality strategy—Use qualified personnel and
uniform approaches to achieve improved estimate consis-
tency and accuracy; and

o Integrity strategy—Ensure that checks and balances are in
place to maintain estimate accuracy and to minimize the
impact of outside pressures that can cause optimistic biases
in estimates.

The implementation of these strategies will require a
long-term commitment to change. Implementation should
be approached as a continuous process of assessing, planning,
assigning responsibility, and measuring performance. Honest
assessment of the strategies is imperative at the beginning of
this process. Planning requires a thoughtful approach to staffing
and resource commitment in those areas that need the most
improvement. The outcome of assessment and planning is
the assignment of responsibility—executive managers must
champion the implementation of specific strategies. Finally,
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Table 8.1. Implementation goals.

Implementation Implementation .
P P Implementation Goals
Thrusts Focus
Organization Level Strategies Implement strategies across the agency:
= Assess current status of strategy implementation
= Plan for long-term implementation
" Assign responsibility for implementation
*  Measure results of implementation
Program Level Methods Implement methods across programs:
" Assess current status of method implementation
= Develop policies and procedure manuals
= Develop training and education
Project Level Tools Implement tools across projects:

= Assess current status of tool implementation
= Determine subject matter experts

= Conduct pilot studies for new implementation
= Develop or revise agency-specific tools

the party that is assigned the responsibility for implementa-
tion should measure the performance of the implementation
effort and periodically report on the status of progress. The
process will create a loop of continuous improvement, as
depicted in Figure 8.1.

Establish Steering Committee

An effective initial effort in the implementation process
is to form a cross-cutting steering committee with mem-
bers from all affected disciplines. This steering committee
should be familiar with the Guidebook and with current
operating practices within the state highway agency. The
committee’s charge is to examine current practice in detail
and guide the implementation of new strategies. This includes
three of the activities discussed previously: assessing, plan-
ning, and assigning of responsibilities. The last section in this
chapter provides an integrated approach for the committee
to use in its charge.

A list of possible steering committee members was devel-
oped from steering committee experiences in Connecticut,
Florida, Georgia, and Virginia:

f> Assessing %

Measuring
Performance

% Assigning
Responsibility

Figure 8.1. Strategy implemen-
tation process.

Planning

e Program Manager,

o State Construction Engineer,

« Director of Project Development,

e Director of Information Technology,

o Transportation Planning Administrator,

o Value Engineering Coordinator,

e Director of Preconstruction,

e District/Region Preconstruction Engineer,
o State Estimates Engineer, and

o Senior Project Manager.

In Connecticut, design consultants often prepare project
estimates and have a place on the committee. Other commit-
tee members included representatives from other areas in the
state highway agency, such as maintenance, utilities, traffic
engineering, right-of-way, real estate services, and environ-
mental. External partners included the FHWA, local govern-
ments, MPOs, counties, cities, and local governments.

Conduct Agencywide Workshop

To launch this effort, an agencywide workshop on the
subject of cost estimation practice and cost estimation man-
agement can be very useful in identifying problems and
understanding the roles of the many disciplines within the
state highway agency structure that support efforts to accu-
rately estimate project cost.

The Minnesota Department of Transportation (MnDOT)
organized such a workshop on the subject and found it to be
extremely beneficial for guiding a proposed agencywide imple-
mentation effort that includes issues addressing cultural change
within MnDOT. The MnDOT workshop, which was called a
peer exchange, involved both internal agency employees and
invited peers from other state highway agencies. The format of
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the workshop loosely followed the organization of this Guide-
book and is outlined as follows:

e Introduction
— Strategic goals of cost estimation practice and cost esti-
mation management
— Presentations and perspectives from state highway
agency peers and program managers
e Discussion of current and available strategies, methods,
and tools
— Planning
— Programming and preliminary design
— Final design
e Discussion of strengths, weaknesses, opportunities, and
threats
o Discussion of strategies for a path forward

The steering committee and workshop examples are pro-
vided to demonstrate two initiatives that will assist in the
implementation of estimation strategies at the organiza-
tional level. The key is to address the problem in a systematic
manner.

Step 2: Implementation of Methods—
Programmatic Change

The second implementation step involves change at the
program level with the institution of methods. Chapters 5, 6,
and 7 of this Guidebook describe the methods that support
the strategies for producing consistent and accurate estimates.
This step involves an assessment of current practices, devel-

opment of policies and procedures, and development of
education and training.

Assess Current Practices

The first task for implementation of the methods is an
assessment of the current state of practice within the state high-
way agency. Table 8.2 can be used to assess an agency’s current
use of the methods described, for example, in Chapter 5 of this
Guidebook. The table should be used in a group setting to
assess the current application of methods.

Develop Policies and Procedures

The assessment of current methods will provide a frame-
work for the development of policies and procedures concern-
ing cost estimation practice and cost estimation management.
As a reminder, this research discovered that many agencies
did not have policies or estimation manuals that specifically
address issues that impact estimate accuracy. Some agencies
did have policies that were very compartmentalized within
specific program areas, such as long-range planning or final
engineering estimates (PS&E), but these policies did not
include a systems approach to integrating these program areas.
Itis imperative that policies and procedures specifically address
the issue of cost estimation and cost management across the
entire planning and project development process.

The following list of items should be considered in the
development of cost estimation and estimation management
policies and procedures. The list is a compilation of documents
and procedures provided by state highway agencies during this

Table 8.2. Assessment of planning methods.

Method

Comments on Future

Currently in Use Implementation

Budget Control

Buffers

Communication

Computer Software

Conceptual Estimation

Document Estimate Basis and Assumptions

Delivery and Procurement Method

Estimate Review—External

Estimate Review—Internal

Identification of Risk

Identifying Off-Prism Issues

Project Scoping

Recognition of Project Complexity

Right-of-Way

Risk Analysis




research. While the list is not intended to be comprehensive, it
can be used as a starting point for the development of policies
and procedures:

o Project scope definition and estimate basis,

o Project baseline definition,

o Estimate timing/milestones,

e Scope change process,

¢ Project cost containment,

e Communication of estimates,

o Cost risk assessment process,

o Application of contingency,

o Estimate quality control and quality assurance,
o Effects of inflation and year-of-construction costs,
e Appropriate estimation methods,

o Available estimation tools, and

o Historic data maintenance and use.

Develop Education and Training

Cost estimation education and training are a critical com-
ponent in achieving consistent and accurate estimates. Engi-
neers at all phases of project development should be educated
about the pitfalls of project cost escalation and the strategies,
methods, and tools available to address the issue. Education
and training should be developed from an organizational per-
spective, but it will likely need to be delivered at the program
level because of the varying skill sets of engineers within the
different agency programs. For example, as new conceptual
estimation software is developed, education and training will
be needed for the planning and programming staff. Similarly,
if new software is developed for unit price estimation, edu-
cation and training will be needed for the planning and esti-
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mation staff. However, if a new risk-based methodology for
determining the contingency included in estimates is deployed
throughout project development, implementation of this
methodology will require education and training components
across a broader cross section of disciplines.

Because, in many states, consultants prepare project esti-
mates, there is also a need to train consultant engineers con-
cerning the state highway agency’s cost estimation standards
and procedures.

Step 3: Implementation of Tools—
Project Change

The third level of implementation involves the application
of tools at the project level. Tools should be developed and
evaluated on a trial basis before they become agency practice
or are incorporated into agency policy. The majority of tools
described in Appendix A were developed by state highway
agencies and have been tested on projects.

Assess Current Practices

Similar to the implementation of strategies and methods,
the first activity in the implementation of tools involves an
assessment of the agency’s current practices. Table 8.3 pro-
vides an example for how to assess tool use and identify the
subject matter experts with respect to the tool within an
agency. The table is based on a partial list of methods and
tools for the planning phase described in Chapter 5 of this
Guidebook.

The group that completes Table 8.3 should represent per-
spectives from all project staff disciplines. For the full poten-
tial benefit of this approach, the table should be used in

Table 8.3. Assessment of planning phase tools.

Method/Tool

Examples of Use

Comments on
Future
Implementation

Subject Matter
Experts

Budget Control

B1.1 | Budget by Corridor

B1.2 | Constrained Budget

B1.4 | Summary of Key
Scope Items
(Original/Previous/
Current)

B1.5 | Variance Reports on
Cost and Schedule

Buffers

B2.1 | Board Approvals

B2.2 | Constrained Budget

B2.3 | Management
Approvals

Additional Methods

| | Additional Tools
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conjunction with a detailed review of the tools in Appendix
A and the methods described in Chapters 5 through 7. Rather
than simply noting a yes or no answer for the assessment of
tools, the table suggests noting examples of use. This is nec-
essary because the detailed application of the tools can vary
from agency to agency and even within an agency. For example,
the tool B2.3, “management approvals,” can take many dif-
ferent forms throughout an agency. The key in this example
would be to note where the management approvals exist and
discuss whether there is a need for this tool in other places in
the planning and project development process.

Where tools are already in use by an agency, it is helpful to
identify a subject matter expert. Subject matter experts can
also be assigned to investigate and develop tools that are not
currently in use. Comments for future use should describe
whether the tool has potential for implementation and how
the agency should begin to implement the tool.

Test New Tools

The adoption of new estimation tools, or the revision of
existing estimation tools, should involve testing and verifica-
tion of the tools’ effectiveness. The consequences of imple-
menting inappropriate tools or tools that do not support
estimate consistency and accuracy can be significant in terms
of cost and schedule impacts. Two methods that experienced
estimators often use when implementing new tools are test-
ing new tools in parallel with existing tools and conducting
pilot studies on appropriate projects.

For example, if an agency wishes to implement new con-
ceptual estimation software, it might first test the software
by running it in parallel with the existing method to deter-
mine if the software will yield reasonable results. The agency
can continue to run this software in parallel with their
existing approach until consistent results are achieved and
the staff is trained on the new software. If the change to this
new conceptual estimation software is a significant depar-
ture from the agency’s standard practices, it can consider
implementation through a formal pilot study. The pilot
study should be conducted on an appropriate project, and
the study should produce an objective review of the soft-
ware’s performance, benefits, deficiencies, and perspectives
on future implementation. This effort will take time and
resources.

Develop Agency-Specific Tools

The final activity in project-level implementation involves
the development of agency-specific tools. Each agency has
its own unique cost estimation practice and cost estimation
management needs because of issues as diverse as the phys-
ical, geographic, and climatic conditions of the state or its

local and stakeholder involvement. Some of the tools pre-
sented in Appendix A were developed through national ini-
tiatives sponsored by AASHTO or the NCHRP, but the
majority of tools were developed within individual agencies.
State highway agencies should strive to continuously develop
and improve on their suite of cost estimation practice and
cost estimation management tools. When, due to a specific
project requirement, new tools are developed, agency man-
agement should consider implementation of the tool across
projects.

Step 4: Integrating the System—
A Strategic Plan

Implement the Long-Term Strategic Plan

The previous sections described the implementation of
strategies, methods, and tools at the organization, program,
and project levels. While each of these elements is individu-
ally important, success will only be completely realized when
the agency integrates these elements as a long-term strategic
initiative.

Table 8.4 provides an implementation framework to
integrate the strategies, methods, and tools. The previously
mentioned cost estimation practice and cost estimation
management steering committee can use this framework and
update it on a periodic basis, as depicted in Figure 8.1. Table
8.4 provides an example of the framework for only the man-
agement strategy. A template for Table 8.4 can be found in
Appendix B.

The first column of Table 8.4 is simply a listing of the strate-
gies. All eight strategies should be considered. If the steering
committee believes that some of the strategies are more criti-
cal than others, they may wish to delay immediate implemen-
tation of certain lower-ranked strategies to conserve resources,
but all strategies should be considered.

The second column of Table 8.4 is a listing of performance
improvement opportunities as generated by an assessment of
the methods that need to be addressed. These opportunities
should be generated from an evaluation of the agency’s cur-
rent practices, as described in Table 8.2. When considered in
conjunction with the strategies, the methods can be used as a
checklist of performance improvement opportunities. For
instance, Table 8.4 provides an example of an opportunity to
improve estimate communications as part of an overall man-
agement strategy. Chapter 5 provides the details on the vari-
ous methods under that management strategy, one of which
is communication.

The third column of Table 8.4 provides for implementation
steps through a strategic organization of tools. The list of tools
should be assembled from an assessment of current agency
practices, as previously described in Table 8.3. The list of tools



Table 8.4. Implementation framework.

Cost Management Performance
Strategy Improvement
(Strategies) Opportunity/Action
g (Methods)

Implementation Steps
(Tools)

Responsible Party
and Performance
Measurement

Management—Manage
the estimation process

Communication—Develop
estimate communications

and costs through all

tools.

Management plan—Develop a
definitive management plan
for the oversight of estimates.

Program or party
responsible for
implementation with
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stages of project
development.

branches of the agency that

performance
Public information plan— measurement
Develop a definitive public
information plan for
communicating cost estimates
to the public.

Training—Develop estimation
training modules for all

communicate (1) the
importance of accurate cost
estimate communication and
(2) uncertainty involved in
cost estimation.

Continue with
opportunity/actions from
methods...

Continue with
Strategies 2 to §...

steps from tools...

Continue with
assignment of
responsibilities and
measures...

Continue with implementation

will form a set of implementation activities that provide an
actionable path forward. For example, Table 8.4 provides a
set of three tools that can be implemented to improve the
communication of estimates.

The fourth column of Table 8.4 provides for the assign-
ment of responsible parties, which will most likely come from
the subject matter experts identified in Table 8.3. This col-
umn also provides for a noting of performance measures.
While all tools should contribute to greater estimate consis-
tency and accuracy, the performance measures should be spe-
cific to each tool. For example, a performance measurement
for the management plan tool could be the percentage of
management plans that contain specific references to cost
management procedures.

Using a structure similar to that shown in Table 8.4 pro-
vides a framework for implementing the strategies, methods,
and tools described in this Guidebook. But agencies can develop

alternate approaches or frameworks as dictated by their needs
and resources.

Summary

This chapter illustrates a purposeful approach to integrating
and implementing the concepts found in this Guidebook. The
framework proposed in the previous section is one method for
creating a strategic path forward with the goal of improving
cost estimation practice and cost estimation management.
There is no one correct path to success. Agencies can develop
other approaches that use the methods and tools presented in
this Guidebook. However, to repeatedly achieve accurate and
consistent cost estimates, agencies should adopt a systematic
approach to cost estimation practice and cost estimation man-
agement that addresses cost escalation factors across the entire
planning and project development process spectrum.
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CHAPTER 9

Path Forward

Industry Problem

State highway agencies face a major challenge in controlling
project budgets over the time span between project initiation
and the completion of construction. Project cost increases, as
reflected by budget overruns during the course of project
development, are caused by any number of factors, such as an
inadequate project scope definition at the time of planning or
programming, insufficient information on the extent of util-
ity relocation requirements, insufficient knowledge of right-
of-way costs, added environmental mitigation costs necessary
to avoid impacts, traffic control requirements, and work-hour
restrictions. The objective of this Guidebook is to assist state
highway agencies in achieving better estimate consistency and
accuracy during planning and project development.

Guidebook Development

The Guidebook was developed after a focused review of cur-
rent state highway agency estimation practices and an exten-
sive examination of recent estimation research. Over half of the
state highway agencies, representing all parts of the country,
provided input on their current estimation practices and the
problems they are experiencing. By a critical review of the lit-
erature and state highway agency information, the root causes
of problems in cost estimation practice and cost estimation
management were identified. The information also permitted
the identification of viable and successful approaches to cost
estimation practice and cost estimation management.

An analysis of estimation literature and the information
provided by the state highway agencies led to the develop-
ment of eight strategies to address 18 factors that cause cost
increases as experienced by state highway agencies during
planning and project development. These eight strategies are
linked to over 30 recommended methods for implementing
the eight strategies and to over 90 tools for executing the spe-
cific methods.

A Strategic Approach

The cost escalation factors that lead to project cost increases
have been documented through a large number of studies and
matched to cost estimate changes that occur during project
development. Each factor presents a challenge to a state high-
way agency seeking to produce accurate project cost estimates
and managing project costs. These factors can all be addressed
by using a strategic approach to estimation and cost manage-
ment that is structured around the eight strategies and the fol-
lowing three elements:

o Planning and project development process phases,

e Project complexity, and

o Basic cost estimation practice and cost estimation manage-
ment steps.

Cost estimation practice and cost estimation management
are processes that require the completion of a number of spe-
cific cost estimation steps. The cost estimation process neces-
sitates completion of four basic steps that are applicable to the
process across each development phase. These cost estima-
tion steps are usually preformed sequentially and repeatedly
as project development proceeds:

Determine estimate basis.

Prepare base estimate.

Determine risk and set contingency.
Review total estimate.
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There are five cost estimation management steps. Imple-
mentation of these steps varies by project phase. The cost esti-
mation management steps are also preformed repeatedly as
project development proceeds:

1. Obtain appropriate approvals.
2. Determine estimate communication approach.



3. Monitor project scope/project conditions.
4. Evaluate potential impact of change.
5. Adjust cost estimate.

Keys to Success

Disciplined cost estimation management and cost estima-
tion practices should be applied in the context of the eight
global strategies. This research has determined that 10 key
principles must be followed to ensure creation of consistent
and accurate estimates. Each individual principle in itself can
help improve cost estimation management and cost estima-
tion practice. However, maximum improvement of these two
processes will only occur if the 10 key principles are incorpo-
rated into the agency’s business practices throughout the
organization. Within each group, the key principles are pri-
oritized as follows.

Cost estimation management:

1. Make estimation a priority by allocating time and staff
resources.

2. Set a project baseline cost estimate during programming or
early in preliminary design, and manage to this estimate
throughout project development.

3. Create cost containment mechanisms for timely decision
making that indicate when projects deviate from the
baseline.

4. Create estimate transparency with disciplined communica-
tion of the uncertainty and importance of an estimate.

5. Protect estimators from internal and external pressures to
provide low cost estimates.

Cost estimation practice:

1. Complete every step in the estimation process during all phases
of project development.

2. Document estimate basis, assumptions, and back-up calcu-
lations thoroughly.

95

3. Identify project risks and uncertainties early, and use
these explicitly identified risks to establish appropriate
contingencies.

4. Anticipate external cost influences and incorporate them
into the estimate.

5. Perform estimate reviews to confirm that the estimate is
accurate and fully reflects project scope.

Challenges

Implementing new concepts involves facing the challenges
that accompany change. State highway agencies must con-
sider several challenges when deploying this Guidebook:

o Challenging the status quo and creating a cultural change
requires leadership and mentoring to ensure that all steps
in the cost estimation management and cost estimation
processes are performed.

o Developing a systems perspective requires organizational
perspective and vision to integrate cost estimation manage-
ment and cost estimation practice throughout the project
development process.

e Dedicating sufficient time to changing agency attitudes
toward estimation and incorporating the strategies, methods,
and tools from this Guidebook into current state highway
agency practices is difficult when resources are scarce.

o Dedicating sufficient human resources to cost estima-
tion practice and cost estimation management beyond the
resources that have previously been allocated to estimation
processes.

Meeting these challenges will ultimately require a commit-
ment by the agency’s senior management to direct and support
change. The benefit of this commitment will be manifested in
projects that are consistently within budget and on schedule
and that fulfill their purpose as defined by their scope. This
benefit will also improve program management by allowing
for better allocation of funds to projects to meet the needs of
the ultimate customer, the public.
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B1 Budget Control

Budget control tools assist in providing a disciplined
approach to scope decisions that impact project cost. Budget
control must begin early in project development. Two simple
but essential principles of the budget control process must be
clearly understood: (1) there must be a basis for comparison,
and (2) only future costs can be controlled.

B1.1 Budget by Corridor

Budget control tools assist in providing a disciplined
approach to scope decisions that impact project cost. Budget
control must begin early in project development. Two simple
but essential principles of the budget control process must be
clearly understood: (1) there must be a basis for comparison,
and (2) only future costs can be controlled.

What Is It?

Budgeting by corridor involves estimating and managing
logical groups of smaller projects in transportation corridors.
Transport corridors link major articulation points (e.g., hubs)
on which freight and passenger movements converge. Most
often, they lie at the intersection of economic, demographic,
and geographic spaces as they perform both market-serving
and market-connecting functions.

Why?

Developing estimates and budgets by corridors can assist
with the challenges of long-range planning. First, projects in a
corridor can be closely related in their physical and temporal
characteristics. There is a link between transportation corridors
and economic activities that can help to predict the needs, and
thus the cost, of transportation projects. Estimating the need
for improvements and reconstruction of corridors can be more
accurate than estimating smaller projects individually. Addi-
tionally, long-range planning tools (i.e., conceptual estimation
tools) are aligned with corridor-scale estimates rather than
smaller individual projects.

What Does It Do?

In addition to providing a logical grouping of projects with
similar physical and temporal characteristics for more accu-
rate estimates, budgeting by corridor allows planners and es-
timators to better manage cost because they can budget a
portfolio of projects rather than a single project. Project needs
will change over time within the corridor. Budgeting by cor-
ridor allows planners to reallocate moneys from one project to
another within the corridor as needs dictate and better scope
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information becomes available over time. Used in conjunc-
tion with the constrained budget and/or design to cost tools,
budgeting by corridor can provide a means to manage a port-
folio of projects in a logical manner.

When?

This tool is used for preparing long-range estimates during
the planning phase of project development.

Examples

The Washington State DOT has created an Urban Corridors
Office in the Seattle Metro area to manage the state’s largest
corridors. The Seattle-based Urban Corridors Office directs six
of the DOT’s largest projects, including the SR 99 (Alaskan
Way Viaduct and Seawall Replacement Project), SR 520
(Bridge Replacement and HOV Project), and SR 509 (I-5 Freight
and Congestion Relief, Access Downtown [Bellevue], I-90
Two-Way Transit and HOV, and I-405 Congestion Relief and
Bus Rapid Transit Projects). More information can be found
at http://www.wsdot.wa.gov/consulting/Ads/UrbanCorridors/
Misc/UCOOrganization.pdf.

Tips

A state highway agency may need to reorganize its manage-
ment structure to effectively budget and control costs by cor-
ridor. This tool should be used in conjunction with other tools,
such as constrained budget and design to cost.

Resources

Washington State DOT Urban Corridors Offices: http://
www.wsdot.wa.gov/consulting/Ads/UrbanCorridors/Misc/
UCOOrganization.pdf.

B1.2 Constrained Budget (Also See B2.2)

Budgeting is a balancing act of meeting the agency’s objec-
tives—responding to transportation needs—to the fullest
extent possible within the limits of its financial capacity. To
purposely budget a deficit results in the agency’s goals not
being fully realized. The result is also the same when project
estimates and, therefore, project budgets are at risk to grow
over the approved baseline budget as development pro-
gresses. Prudence requires that individual project budget
growth not destroy the agency’s total program by requiring
the diversion of funds to cover the deficit in a project. To
optimize the agency’s programs, it is better to establish
budget constraints early in the project development process
and to demand that cost-effectiveness be a critical component
of all project decisions.
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What Is It?

Highway projects often are authorized with resource limi-
tations, particularly budget limitations. The projects are usu-
ally reconstructions, extensions, or additions to existing
roadways. State highway agencies are often willing to under-
take these projects with a specific cost commitment approach,
which typically means that these projects have to be completed
within a fixed budget. Scope definition for such projects is
directly related to the funds available. The constrained budget
tool is perceived as a regulatory mechanism to evaluate and
limit project scope to the absolutely necessary items alone and
prevent any cost overruns.

Why?

Highway projects involve a huge sum of monetary resources,
which often involve a significant amount of consideration and
give and take by legislators. The need and feasibility of a proj-
ect has to be adequately justified while funds are being sought.
In a resource-limited environment, some projects may be
approved based on a limited resource allocation—budget. A
mechanism is required to carefully monitor and use resources
for such projects. The constrained budget tool was developed
with these requirements in mind.

What Does It Do?

This tool is used to constantly evaluate whether or not the
total project cost is within a predefined or mandated budget
while attempting to scope and design the project within the
fixed budget. The tool can also be perceived as a cost-cutting
technique. The tool also ensures that critical elements of the
project are sufficiently included in the scope. This tool causes
designers to seek innovative and low-cost designs as a means
of meeting the cost restraints.

When?

This tool is used early in the project development process—
in the programming and preliminary design phase. The tool
is needed when a budget has been mandated and when no
increases will be allowed.

Examples

The state of Washington has recently passed several gas taxes
that included legislated line-item budgets for different projects.
These budgets are considered fixed and cannot be increased.
Cost estimates for many of these projects were prepared based
on limited scope. WSDOT has initiated project control and
reporting procedures to ensure that these constrained budgets
are met.

Tips

When developing a project under a constrained budget, the
state highway agency should use a number of different tools to
support this method. For example, Tool D3.1, design to cost,
is an excellent tool to help ensure that the design is constantly
being assessed from a cost estimate perspective. Tool V2.1,
value engineering, should be used to evaluate different design
alternatives to determine the lowest-cost option that provides
the most scope for a project. Other budget control tools should
also be used in conjunction with this tool.

One issue that state highway agency estimators have to care-
fully consider under the constrained budget tool is artificially
reducing costs to maintain the budget as the design is devel-
oped. The integrity strategy should be followed to prevent this
pressure from occurring.

Resources

WSDOT (2006). Project Management On-Line Guide. www.
wsdot.wa.gov/Projects/ProjectMgmt.

Project Management Institute (2004). A Guide to the Project
Management Body of Knowledge: PMBOK Guide, Third Edi-
tion, Project Management Institute.

B1.3 Standardized Estimation and
Cost Management Procedures
(Also See CA4.6)

The objective of standardizing procedures is to establish a
common basis for all state highway agency project participants
to follow when preparing cost estimates and to manage costs
in a similar manner over the project development process.
Change occurs frequently on projects as they are developed.
Changes come from, for example, added scope, design devel-
opment, and different site conditions than anticipated. Adopt-
ing standard procedures will aid project participants when
making decisions regarding potential changes to current bud-
gets, with the goal of controlling the project baseline budget.
The integration of both cost estimation practice and cost esti-
mation management through standardized procedures is a
critical feature to successfully managing cost escalation.

What Is It?

This tool establishes a set of standards and procedures
within a state highway agency to guide the preparation of esti-
mates and management of costs through the various stages of
project development. The objective is to provide a coherent
policy basis for alleviating cost escalation by consistently pro-
viding timely feedback on the potential impact of changes to
project budgets. Procedures provide a basis for how costs are
managed, including who has authority to make decisions
regarding changes to current budgets.



Why?

Changes often impact costs, and the necessity to constantly
monitor these impacts in relation to the budget is necessary to
control cost escalation. The most effective cost management
system is one that will allow the project team to develop designs
and make decisions regarding design alternatives with full
knowledge of the cost impact of their decisions. Standardized
cost management procedures should facilitate controlling cost
escalation throughout programming and design of project
development. They also can help establish a cost-conscious
atmosphere within the project team environment.

What Does It Do?

These procedures formalize project cost control approaches
that will be followed throughout the project development
phases through a standardized process for (1) monitoring proj-
ect development for potential changes to the budget, (2) sub-
mitting potential changes, and (3) obtaining management
approval of these changes. This cost control process aids the
project team in monitoring costs and alerts the team to any
major impacts with regard to the current budget.

When?

Standardized procedures must be established at an agency
level for guiding project development work, specifically for cost
estimation and cost management. The procedures should be
applied throughout the project development process. How-
ever, cost management can only begin when a baseline scope,
cost, and schedule are set.

Examples

The Missouri DOT has developed a set of estimation and cost
management procedures that are applied from need identifica-
tion through to the final design stages. These procedures are
closely tied to the Missouri DOT project development process.
There are clear definitions of terms and the identification of a
timeline for the different steps to be followed for a project to be
realized. As a need is transformed into a real project, based on
available information, appropriate estimation techniques are
indicated to accurately derive cost estimates. Further, signifi-
cant tasks—such as public input, environmental considera-
tions, and the proper channels to obtain approvals as cost
estimates are developed—have been incorporated into the Mis-
souri DOT procedures (see C4.6 example). An outline of the
contents of the Missouri DOT procedure is provided below:

1-02.1 PURPOSE
1-02.2 GENERAL OVERVIEW
1-02.3 NEEDS INDENTIFICATION
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1-02.4 NEEDS PRIORITIZATION

1-02.5 INITIAL PROJECT ESTIMATES

1-02.6 PROJECT SCOPING

1-02.7 PROJECT SCOPING MEMORANDUM

1-02.8 PROJECT SCOPING CHECKLISTS

1-02.9 PROJECT PRIORITIZATION

1-02.10 STIP COMMITMENTS

1-02.11 SCOPE CHANGES

1-02.12 PROJECT COST ESTIMATES

1-02.13 ENGINEER’S ESTIMATE

1-02.14 BID ANALYSIS PROCESS

1-02.15 RECOMMENDATION FOR AWARD OR REJEC-
TION OF BIDS

A tracking system for potential amendments to budgets is also
covered in the Missouri DOT procedures to monitor changes
and update the estimate accordingly. A set of submittal and
approval forms indicating changes and justification of these
changes to current budgets keeps key personnel informed of cost
variations. An example of a project control form for scope
changes included in the Missouri DOT procedure can be found
under Tool C6.3, scope change form.

Tips

Budget control can only begin once a baseline cost estimate
is prepared for a project. Cost management procedures should
include project control forms and directions on when and how
to complete these forms. Further, the procedures should iden-
tify levels of approval for accepting changes to the budget based
on dollar size of the change. Smaller cost changes can be
approved at the project level, while larger cost changes would
require region/district or headquarter’s management approval.

Resources

Becker, Daniel (2003). “Controlling Construction Costs
During Design,” AACE Transactions, AACE International,
Vol. F-5, 1-4.

Schloz, MichaelJ. (1977). “Project Cost Management Dur-
ing Conceptual Engineering,” AACE Transactions, AACE
International, 167-172.

Sturgis, Robert P. (1967). “For Big Savings—Control Costs
while Defining Scope,” AACE 11th National Meeting, AACE
International, Vol. 67-C.3, 49-52.

Missouri DOT (2004). “Chapter 1, General Information:
Needs Identification Project Scoping and STIP Commit-
ments,” Section 1-02, Project Development Manual, Revi-
sion April, 12, 2004. www.modot.org/business/manuals/
projectdevelopment.htm.

Project Management Institute (2004), A Guide to the Pro-
ject Management Body of Knowledge: PMBOK Guide, Third
Edition.
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B1.4 Summary of Key Scope Items
(Original/Previous/Current)

Developing and tracking key scope items can aid in budget
control by immediately indicating changes in those items as
the project progresses through project development. Listing
these key items at each project development phase and with
each estimate assists in communication among all team
members.

What Is It?

A summary of key scope items is a list or outline of the most
important elements of a project. These items should be iden-
tified early, during the project scoping process (see also C6.4
and P2.2). These items ultimately define the project budget
and schedule.

Why?

Defining project scope clearly lays the groundwork for accu-
rate estimation and more efficient project delivery by defining
and setting project limits. Communication of these items
allows for tracking of project scope changes, as well.

What Does It Do?

Summarizing key scope items makes team members aware
of the estimate basis and fundamental project assumptions.
Each key scope item will represent a group of smaller tasks
and scope components. Estimates can be prepared according
to each key scope item or division of the project. When a new
scope item arises, the team will be immediately aware of the
change.

When?

The list of key scope items should be done as early as possi-
ble in the project development process, preferably during the
scoping process. If a project does not use a formal scoping
process, a list can typically be completed during the conceptual
estimation process. The summary of key scope items should be
used for conceptual estimation, budget control, and project
control.

Examples

The Minnesota DOT uses a summary of key scope items to
clearly define the project (see Figure B1.4). Although simple,
the summary of key scope items can be used extensively
throughout project development to track budget and sched-
ule progression.

Tips

As a means to monitor budget and schedule variances,
compare original and current project scopes at key project
development milestones and when changes arise.

Resources

California DOT Division of Design. Project Develop-
ment Procedures Manual. www.dot.ca.gov/hq/oppd/pdpm/
pdpmn.htm.

South Dakota DOT. Scope Summary—Road Design Manual.
www.sddot.com/pe/roaddesign/docs/rdmanual/rdmch03.pdf.

B1.5 Variance Reports on Cost
and Schedule

Variance reports on changes in cost and schedule provide
a mechanism for budget control through tracking changes
and alerting project personnel of changes.

What Is It?

This is a tool for alerting project personnel, particularly
management, to deviations from the project budget or plan.
It enhances management’s ability to control project cost and
schedule.

Why?

Early identification of differences in project cost and sched-
ule can help to ensure proper resource allocation. Discrepan-
cies between estimated or planned costs or schedule can be
harmful to the project. If a project’s costs increase, additional
funds will need to be allocated. If a project’s schedule increases,
additional funds may also have to be allocated to compensate
for inflation, rising land values, or other time-related factors. If
the project costs decrease, the additional resources can be allo-
cated elsewhere; however, care should be taken to not redirect
money that will have to be requested later due to not realizing
that the deviations were inaccurate or not recognizing that
unfavorable differences in funds (an increase in funding
needs) were a possibility in the future. If the project schedule
decreases, the availability of funds and other resources needs to
be assessed given the new time frame.

What Does It Do?

Variance reports create a transparent notification system
for alerting project personnel of deviations in project costs or
schedule.

When?

Variance reports need to be completed regularly through-
out project development.
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project cost estimate Mn/DOT prepares.

Date:

T.H.

S.P., if known:

From:

To:

Brief Project Description:
Cost Estimate Total:
Summary Author/Estimator:

PROJECT SCOPE SUMMARY FORM
FOR COST ESTIMATES

Purpose of this Form: To provide a summary record of the project scope associated with each

Directions for Completing this Form: This form is set up as a checklist of the possible
elements, which may be included in a roadway/bridge construction project. The checklist also
includes a column/space for approximate quantities and/or comments regarding each element.
The Length Width Depth (LWD) method for early project cost estimates requires very specific
quantities in specified units for these project elements. In this form units and quantities should be
identified in general terms which define the project in a way which can be easily understood by
people who currently are not directly working on the project.

Project Scope

Element Includes

Doesn’t

In

clude

Quantity/Comment

Grading

Aggregates

Paving

Bridge Approach Panels
Mobilization
Removal/Salvage
Drainage

Traffic Control
Turf/Erosion

Signing

Lighting

Temporary Construction
Utilities

Aesthetics

Retaining Walls
Noise Walls

Bridges
Signals/Traffic
Management Systems
Right of Way

Project Development/
Delivery

Figure B1.4. Minnesota scope summary form.

Examples

Cost containment tables are a simple but powerful form
of variance reporting. Sections C6.1 and I1.1 contain excel-
lent descriptions and examples of cost containment tables.
Figure C6.1 can be used to create a variance report, which is
simply a report that documents variances in cost to manage-
ment as a project progresses through the development pro-
cess. Variance reports are generated at key project milestones
or when significant changes in the project occur.

Tips

Consider different variance report details and intervals
depending on the level of complexity of the project or phase
of project development. Intervals should be closer together on

highly complex projects or projects that are in a phase of high
activity. Even during periods of inactivity, projects should be
regularly examined to ensure that there are no variances in
project costs or schedule.

Variances should be reported to appropriate levels of man-
agement if the magnitude of the deviation warrants.

Consideration should be given to the impact of multiple
small deviations that alone do not account for much differ-
ence from the budget or schedule but collectively amount to a
problem. Safeguards should be in place to watch for this type
of activity.

Resources

FHWA (2004). “Lessons Learned: Federal Task Force on the
Boston Central Artery/Tunnel Project (Summary of 34 Rec-
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ommendations).” www.fhwa.dot.gov/programadmin/mega/
lessonsa.htm.

Federal Aviation Administration (FAA) uses “baseline
instability” or variance from an origin to determine cost and
schedule deviations. See www.faa.gov/acm/acm10/reports/
Instability/introduction.htm.

Metropolitan Transportation Authority of New York,
Sample of Variance Report can be found at www.mta.net/

board/Items/2005/04_April/20050407OtherSectorWES_
Item2D.pdf

Washington DOT, Set of Deviation Guidelines: www.
wsdot.wa.gov/NR/rdonlyres/76FAB4F0-7EBD-4104-9441-
B80D690DE4C1/0/DVP.pdf.

B2 Buffers

The objective of buffers is to protect the state highway agency
and particularly estimators from outside pressure that could
bias or manipulate a project estimate. Buffers take the form of
structured estimate approval processes. These formal estimate
approvals obligate management and external parties to recog-
nize and acknowledge changes in project scope and schedule.

B2.1 Board Approvals

On larger projects or on groups of smaller projects, a board
will review and approve the estimate and schedule while rep-
resenting all parties involved. Requiring board approval of all
major decisions throughout project development, especially
when defining the project scope, can help to contain project
cost growth.

What Is It?

This is a tool commonly used to ensure that the focus and
scope of a project remains clear and is understood by all
parties, thereby providing guidelines and priorities to keep
mangers and estimators on target.

Estimators can feel pressure to maintain a project budget,
particularly as scope changes or scope creep occurs. Requir-
ing board approval for scope changes and cost increases can
take some of this pressure off of the estimator and possibly
prevent any optimistic biases from entering into the estimate.
An estimator’s job is to estimate and support design. Estima-
tors should not be asked to make large scope assumptions or
to respond to outside requests for additions to scope. Board
approvals help to ensure that scope responsibility is the
purview of management.

What Does It Do?

The practice of using board approvals counters the internal
and external pressures that often coerce project managers to
make scope changes. Thus, the estimators have a clear under-
standing of the project scope at all times.

When?

Board approvals can and should be used at key points dur-
ing the development phase. Board approvals not only help to
maintain clear scope definition, they also improve general
communication between parties. (Also see C1.1, Communi-
cation of Importance.)

Examples

Washington State DOT uses board approvals to increase
communication between the state and local agencies as well as
all other parties involved with the project. For instance, board
approvals are often used to discuss and decide upon devia-
tions from standard procedures or varying design options.
Table B2.1 is an example of choices that would need to be con-
sidered during a board meeting for approval.

Involving key parties in scope decisions through a board
approval process from the start of the design process can deter
conflicts that may surface later in project development and
place undue pressure on estimators to maintain unrealistic
budgets.

Tips

Use a facilitator to ensure that board meetings progress fol-
lowing the agenda and cover all of the required topics in a
timely manner. Be prepared and take a proactive role; do not
use board approvals as a crutch.

Resources

Washington State DOT, Design Manual. An online PDF ver-
sion can be found at www.wsdot.wa.gov/fasc/Engineering
Publications/Manuals/DesignManual.pdf. This file is very large
(70 MB) and may take a long time to download.

Washington State DOT, “Building Projects That Build
Communities,” Chapter Three: Working Through Design,
Review and Approval. An online PDF version can be fount at
www.wsdot.wa.gov/biz/csd/BPBC_Final/#BPBC_Final.

B2.2 Constrained Budget (Also See B1.2)

Typically, an agency’s program of required projects outpaces
its funding year after year. In such a fiscally constrained envi-
ronment, it is inevitable that tough decisions have to be made,
and the decision process becomes more difficult if funds must
be reapportioned to pay for individual project cost growth dur-
ing the development process. Therefore, one control approach
is to push fiscal constraints down to the project or corridor
level. Thus, it is better to establish budget constraints early in
the project development process and to demand that evaluat-
ing cost effectiveness is a critical component of all project deci-
sions. This requirement is especially important when a budget
is fixed due to some legislative constraint.



Table B2.1. Sample of board meeting considerations.

Slower speeds — using traffic calming
t=chniquss 1o reduce severity of
callisionz,

Lower spead limils - to sncourage
matorists to stop and shop; allow
p=ople to safely cross straets.

Bulb-outs at intersections — toc maks
p=deztrians mors visible to motoristz
and delineats parking; raised medians
o raducs collizion points, manage
accase ard provids rafuge for crossing
p=deztrians

Roundabouts - to reduce delay. mprove
capacity and raduc2 mairtenanca
cost.

Landscaping and aesthetic
improvements — ta visually enhanca
COMMUIty.

Roadside trees —12 absarb stamn watar
runcff; add shading and visual value 1o
COmMUity.

More crosswalks 12 incicate

Less efficient movement ol trafficincrzasad conoestonincreased
variability in vahicles spead.

Fewzr speedlimits that reflact currart cperating speds,
Faducad anforzeability and compliance.

Less consiztent facility; less cansistency with dasian
requiremants; more chstrustiane on highways; increasad hiabiliy;
increasad maintenanca wark: kss afficient freight mavament,

Incansistarit fazilities: salaty and mobility may b2 compromized;
reduced ermergency service speed; reduced service te
pedesirians and Licyclicts.

Incraased maintenanze costs and warker exposure 1o traffic;

reduced safely 12 matarists: kss visibility of pedestrians.

Faducad zafaty clear zone ispead dapendant? or prataction:
inzreasad cavarity of acciderts. Increasad arviranmantal ralated
accidents.

Incraased pedastian falze sense of sacurity.”
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padestrian crassing areas 1o motorists
and channalize pedesirians.

What Is It?

The constrained budget tool restricts the project cost to a
predefined limit and confines scope development within this
cost constraint.

Why?

Scope development is often subject to external or internal
pressures to maximize the scope for a project, which may have
an impact on the estimator’s decisions when preparing cost
estimates. The constrained budget tool reduces the impact of
such potential barriers for an estimator by setting cost con-
straints up front and then ensuring that the design is con-
stantly tested against these cost constraints through frequent
estimate updates.

What Does It Do?

This tool will require that the project team and estimators
closely monitor project costs to keep costs within the fixed
budget, as there is no possibility for seeking additional funds.
This tool acts as a buffer because it, by default, protects the
estimator from pressure to artificially reduce cost.

When?

This tool is used in programming and early in preliminary
engineering and consistently acts a budget control mechanism
throughout the design process.

Examples

The State of Washington has recently passed several gas
taxes that included legislated line-item budgets for different
projects. These budgets are considered fixed and cannot be
increased. Cost estimates for many of these projects were pre-
pared based on limited scope. WSDOT has initiated project
control and reporting procedures to ensure that these con-
strained budgets are met. As part of project control and report-
ing procedures, quarterly reports are presented to region and
headquarters management with the intent to provide the most
current cost and reveal any potential cost increases so decisions
can be made to realign cost estimates with the fixed budgets.
This is an effort to reduce surprises and, in this way, protect the
project team from downward biasing of costs simply to meet a
given budget.

Tips

When developing a project under a constrained budget, the
state highway agency should use a number of different tools to
support this method. For example, Tool D3.1, Design to Cost,
is an excellent tool to help ensure that the design is constantly
being assessed from a cost estimation perspective. Tool V2.1,
Value Engineering, should be used to evaluate different design
alternatives to determine the lowest-cost option that provides
the most scope for a project. Other budget control tools
should also be used in conjunction with this tool.

One issue that state highway agency estimators have to care-
fully consider under the constrained budget tool is artificially
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reducing costs to maintain the budget as the design is devel-
oped. Management can play an important role in reducing
pressures to estimate on the low side.

Resources

Washington State DOT (2006), Project Management On-
line Guide. www.wsdot.wa.gov/Projects/ProjectMgmt.

Project Management Institute (2004). A Guide to the Project
Management Body of Knowledge: PMBOK Guide, Third Edition.

B2.3 Management Approvals

Departments should establish a formal estimate approval
process that requires all major project cost and schedule
increases/decreases to be approved by at least two members
of the department’s senior management.

What Is It?

This is a tool that supports the estimate integrity strategy by
shielding the state highway agency estimators and consultant
estimators from external and internal pressures to manipulate
an estimate.

Why?

Two of the root causes of project cost growth and estimate
inaccuracies are scope changes and schedule growth. If state
highway agencies truly want accurate project estimates, espe-
cially in the case of large or complex projects, they must have
management structures in place that screen and control
changes to project scope and schedule.

What Does It Do?

State highway agencies can protect designers and estimators
from outside pressures that cause project cost growth by
requiring senior management approvals of project scope
(design) and schedule changes. This tool promotes estimate
quality by establishing an organizational structure that shields
lower-level designers and estimators from influences that can
cause scope and schedule growth. It places the authority and
responsibility for project scope and schedule changes where
there is a much broader knowledge base of the project and its
environment. The tool’s other important function is to ensure
that management is kept appraised of a project’s current
scope, cost, and schedule—no surprises.

When?

Before a project’s scope or schedule can be changed, man-
agement must be made aware of the impacts of the change and
provide formal (documented) approval.

Examples

Scope changes usually drive cost changes, so those author-
ized to sign off on scope changes need to know the cost
impacts. Therefore, the agency may structure the approval
process based on the effect of the requested change on esti-
mated project cost. To do this, it is necessary that an estimate
of the cost effects of any scope change be submitted with the
approval request.

All major scope changes to a project must be approved by
at least two members of the agency’s senior management, and
a copy of the scope change approval letter is retained in the
project estimation file.

All major cost increases/decreases to a project must be
approved by at least two members of the senior management.
Such approvals must be in writing, and copies of the approval
letters must be maintained both by project management and
by those responsible for developing the project estimate (there
should also be a copy in the estimation file).

Tips

An agency can set dollar limits that determine when agency
management approval is required. These dollar limits can be
graduated and tied to different levels of responsibility within
the project team, within the management hierarchy of a
region/district, or within the headquarters at a senior man-
agement level.

Resources

Missouri DOT (2004). “Chapter 1, General Information:
Needs Identification Project Scoping and STIP Commit-
ments,” Section 1-02, Project Development Manual, Revi-
sion April, 12, 2004. www.modot.org/business/manuals/
projectdevelopment.htm.

€1 Communication

Proper communication of project cost estimates can help
to solve many cost escalation problems. Key communication
points are the communication of importance and the commu-
nication of uncertainty. A key question that must be commu-
nicated with each estimate is “what decisions will be made
from this estimate?” Estimators need to know the purpose of
an estimate to know the appropriate level of effort to expend
on an estimate. The decisions that will be made from the esti-
mate must be communicated at the time the estimate is
being generated. Likewise, estimators have an obligation to
communicate the level of uncertainty associated with an esti-
mate so that inappropriate decisions are not made from the
estimate.



C1.1 Communication of Importance

Every project estimate is important because cost is integral
to project scope, and together cost and scope drive many of the
project team’s design and schedule decisions. Cost estimation
must be viewed as an important and integral part of the proj-
ect development function. Cost estimators should understand
how their estimates are going to be used to support the project
development process. Additionally, the estimated costs that
are presented to stakeholders outside of the project team cre-
ate third-party expectations, and these expectations can have
many positive and negative implications to the project and
the state highway agency.

What Is It?

This is a tool that ensures that all project team members
understand the importance of a given cost estimate and/or
the cost estimation function. This understanding is necessary
if costs are to be managed appropriately. Communication of
importance serves to correctly convey the accuracy and vari-
ability of an estimate.

Why?

During project development, team members and a variety
of stakeholders need cost information to make decisions. Esti-
mators should understand the nature of the decisions that will
be made from their estimates. For example, a different level of
importance—and a corresponding level of effort—should be
placed on an estimate that is supporting a decision when com-
paring options versus an estimate that is being released to
external stakeholders as an ultimate project cost.

What Does It Do?

The communication of importance creates an understand-
able and open communication path between all project partic-
ipants. It lets estimators know the amount of effort they should
expend on the estimate. It creates a transparency in the purpose
of the estimate and helps to ensure that the wrong number will
not be used for critical budgeting or design decisions.

When?

Communication of importance should happen throughout
all phases of project development. It is particularly important
during milestone updates and at critical points in the project
development process.

Examples

The communication of importance is as much a philosophy
as it is a tool. The simplest example is to always ask, “What
decisions will be made from this estimate?”
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The use of milestone estimates to convey importance is also
very helpful. Pennsylvania DOT uses the following milestones
in their estimating process:

e Program amount (amount approved by the Program
Management Committee [PMC])

o Engineering and environmental (E&E) scoping field view

e 30% (design field view)

o 75% (after final design field view)

e 95% (engineer’s estimate)

e Bid amount

By using these critical milestones, Pennsylvania DOT can
convey the importance of these estimates. They know what
decisions will be made at each of these milestone and what the
current estimate is to communicate to external stakeholders.
Estimates in support of design decisions will not be confused
with milestone estimates. For more information on the Penn-
sylvania DOT system, see C6.1, Cost Containment Table.

Tips

Through workshops and continued reinforcement of the
concept, develop an agency understanding of accurate estimate
importance and the impact that inaccurate estimates may have
on a project and program.

Resources

The Construction Industry Institute has numerous tools
available on its website. Search for “communication of
importance” at www.construction-institute.org.

C1.2 Communication of Uncertainty

Properly communicating the uncertainty involved in an
estimate will help to ensure that appropriate decisions are
made from the estimate. Estimate uncertainty can be com-
municated by providing a range estimate rather than a point
estimate. Communication of estimate uncertainty can also be
conveyed by simply listing the assumptions, allowances,
unknowns, and contingencies included in an estimate.

What Is It?

Communication of estimate uncertainty involves an explicit
means of conveying the accuracy of an estimate. There are
numerous means of conveying uncertainty. Presenting a cost
range is common early in project development, and presenting
a contingency is common during final engineering. At any
point in the process, list of allowances or project unknowns can
be used to convey uncertainty. All means are intended to let
designers and decision makers know the accuracy of, or poten-
tial error in, a cost estimate.
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Why?

Projects are not well defined in the early stages of their
development. Identification and communication of the pro-
ject’s early stage uncertainty and the fact that unknowns can
impact scope and estimated costs will help in managing proj-
ect expectations.

What Does It Do?

Communication of uncertainty creates transparency in the
estimation process. It buffers estimators by conveying that esti-
mates are not absolute, but rather predictions based upon the
best information known at the time. This tool allows for more
prudent decisions to be made from cost estimates.

When?

The identification and communication of the uncertainty
in relation to project scope and cost unknowns helps in man-
aging project cost in all phases of project development, but
particularly in the programming and preliminary design
phase. As the project moves from programming through pre-
liminary design, the amount of uncertainty in the estimate
should diminish. Good cost management techniques com-
municate specifically how the design process has removed the
uncertainty.

Examples

Examples of communication of uncertainty can be seen
under the risk analysis method, R3.1.

The following illustration from Washington State DOT’s
Cost Estimate Validation Process (CEVP) program is an excel-
lent example of how to convey uncertainty concisely to the
project team and any number of stakeholders.

The Washington State DOT CEVP summary example (Fig-
ure C1.2) is an excellent demonstration of how to convey esti-
mate uncertainty. It provides a cost range, rather than a point
estimate, for both cost and schedule. It lists the risks associated
with the project so that readers understand what is driving the
uncertainty in an estimate. It also lists changes from periodic
or milestone estimates.

While the CEVP example may be too elaborate for most
projects, the point of communicating estimates with a range
or with a list of risks is applicable to most projects.

Tips

Transparently convey the uncertainty of each estimate. An
estimate with uncertainty is not a bad estimate; it is a realistic
estimate. Conveying uncertainty will allow better decisions to
be made from estimate information.

Resources

Caltrans Office of Project Management Process Improve-
ment (2003). Project Risk Management Handbook.

FHWA (2004). “Major Project Program Cost Estimating
Guidance.” http://www.thwa.dot.gov/programadmin/mega/
cefinal.htm.

Molenaar, K. R. (2005). “Programmatic Cost Risk Analy-
sis for Highway Mega-Projects,” Journal of Construction Engi-
neering and Management, Vol. 131, No. 3.

Washington State DOT (2006). Cost Estimating Valida-
tion Process (CEVP) website. www.wsdot.wa.gov/Projects/
ProjectMgmt/RiskAssessment.

C1.3 Communication within State
Highway Agency

Developing a project-specific communication plan that
includes all types of internal communication among project
team members is required for successful project execution.
This communication plan should include issues related to cost
estimation practice and cost estimation management.

What Is It?

Communication is the exchange of specific information.
Both cost estimation management and cost estimation prac-
tice involve many information exchanges. Timely and accu-
rate information transmission is often attributed to efficient
project organizational structures. Cost estimation manage-
ment and cost estimation practice involve multiple parti-
cipants within a state highway agency, often at different
locations, such as in regions/districts or headquarters. Even
within regions/districts, there may be multiple office loca-
tions. Hence, there is a need to establish channels for efficient
communication.

Why?

Communication tools and techniques ensure the timely
and appropriate generation, collection, storage, and retrieval
of project information. A project communication plan has to
be developed identifying who is responsible for what infor-
mation or data, and how and when this project participant can
be reached to obtain that specific information. State highway
agencies have different teams working on different aspects of
a project, such as pavement design and estimation, right-of-
way estimation, bridge design and estimation, and project
risk analysis. The estimator must consult with such teams to
incorporate current cost into the estimate. This communica-
tion interaction should be covered in the project communica-
tion plan.



I-405 Congestion Relief and Bus

Rapid Transit Projects Tukwila to Bothell
Revised July 2003 (Option C)
Project Descriptions: Schedule: CEVP Result:

¢  Continuous multi-modal corridor improvement
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projects from I-5 in Tukwila to SR 522 in Begin Construction

- 2006-2007 0.16

Rothell. ‘ Range: 2006-2007 =

e  Adds one lane each direction from I-5 to SR 181 ) 012
in Tukwila. End Construction Z 0.1

e Adds two lanes each direction from SR 181 in Range: 2013-2014 E 0.08
Tukwila to I-90 in Bellevue. o 006

e  Adds one lane each direction from I-90 in o 0.04
Bellevue to SR 522 in Bothell. 0.02

e On SR 167, adds one lane between I-405 and S. 0

180" St.
¢  Constructs Bus Rapid Transit system with
stations. HOV direct access ramps and Park &
Ride lots and coaches. Total Project Cost (Future $M)
¢  Expands the vanpool program.
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Project Benefits: Project Cost Range:
¢ Reduces congestion and improves freight 10% chance the cost< 342 Blilio
movement.
«  Provides bus rapid transit system from SeaTac to 0% chance the cost <'S 4.7 Blillo
Lynnwood.

. . 0, [————
¢  Constructs 2300 new Park & Ride spaces. 90% chance the cost < 3§ 5.1 Billio

¢ Adds 600 new vanpools and increases conumuite -
reduction programs. What’s Changed Since 2002:

¢ Improves water resources. .
e  Scope: Project limits are smaller.

¢ Schedule: Begin construction range has been delayed up to one year.

Project Risks: End construction range has been accelerated two years.
) . ) . s Costs: Costs have gone down approximately $1 billion due to scope
e Changing environmental requirements for project sevisiois:

mitigation (stormwater. wetlands. fishresources o Risk Management: Identifying new strategies for improved

and streams) may increase project costs-- environmental clearances and right-of-way processes. Coordinating
primarily for added right-of-way purchases. decision strategies with FHWA.

e Delays in right-of-way purchases may result in
construction delays and project cost increases.

e Early stage of project development leads to scope
uncertainty. Financial Fine Print (Key Assumptions):
¢ Legal challenges and delays in obtaining
environmental permits may result in project +  Full project funding becomes available in July 2005. State I-405 Nickel
delay. funds will roll-over into this package.
e  Utility relocations may require extra time to « Inflation escalation is to 2010. the approximate midpoint of construction.
negotiate and complete. o  Additional federal. state. regional and local money may be needed.
e Project cost range includes $18.5 nullion in past expenses. beginning in
1999.
*  Assimes funding decisions do not interrupt or cause construction delays.

Level of Low Medium High 2B ashington State
Project Design: = I el "

Figure C1.2. WSDOT CEVP summary example.
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What Does It Do?

A communication plan establishes a logical channel for
project participants internal to the state highway agency to
interact with each other. A good plan will eliminate ambigui-
ties like where to find what information and whom to consult
for a specific problem in relation to the many different aspects
of the project (including cost estimation management and
cost estimation practice). In particular, the communication
plan should identify who needs to be notified when changes
are made that impact scope, cost, and/or schedule.

When?

An internal communication plan is used during all phases of
the project development. However, this plan must be created
as early as possible and may have to be updated as newer par-
ticipants join the project team. The project team must be
informed of any changes.

Examples

Lead project personnel can assign team members to create
a stakeholders analysis with input from all participants, and
then a communication matrix can be formulated. This process
involves collection of data, such as different modes of com-
municating with different stakeholders (stakeholders as used
in this example means project team members), period of
unavailability, and alternative contact information. The top of
Figure C1.3 shows a sample stakeholder analysis.

Subsequently, a communication matrix is formulated
matching the work breakdown structure (WBS) with all deliv-
erables and timelines clearly indicated, as shown in the bottom
of Figure C1.3. This will help eliminate ambiguities in deter-
mining responsible participants at any point in the project
and will help reduce any delays caused by a communication
blackout.

Table C1.3 shows the table that Washington State DOT uses
to structure the internal communication plan. The table
addresses communication between and among the teams as
well as communication protocols. The table helps to ensure
that communication is open, honest, continuous and efficient.

Tips

A formal list of all project participants and their contact
information must be created for every project, along with the
participants’ duties and responsibilities. A portion of this list
must be dedicated to communication related to cost estima-
tion practice and cost estimation management.

Educate and train project participants within a state high-
way agency on the importance of efficient communication.
Ensure project participant awareness of the project commu-
nication plan.

Resources

Harder, Barbara T., Neil J. Pedersen, Tom Warne, and Bar-
bara Martin (July-August 2005). “On Budget and On Time,”
TR News, Transportation Research Board.

Caltrans (2003). Project Communication Handbook. www.
dot.ca.gov/hq/projmgmt/documents/pchb/project_
communication_handbook.pdf. Additional information can be
found at www.dot.ca.gov/hq/projmgmt/guidance_pchb.htm.

Project Management Institute (2004), A Guide to the Proj-
ect Management Body of Knowledge (PMBOK Guide).

Washington State Project Management Process, Com-
munication Plan Template, can be found at www.wsdot.
wa.gov/Projects/ProjectMgmt/OnLine_Guide/Tools/
Communication_Plan.doc.

C1.4 Definitive Management Plan

A primary function of state highway agencies is project
management. Cost estimation management can be consid-
ered a subset of project management. Project management
requires the application of skills, knowledge, tools, and tech-
niques to deliver the project on time, within budget, and
according to specifications. Communication is arguably one
of the most important elements of project management. Suc-
cessful project management involves discipline. The creation
of definitive project management plans is a critical element of
project management. It helps to communicate management
objectives, strategies, project control requirements, project
milestones, and project personnel. Project management plans
will vary based upon project type, project complexity, and
point in project development. This variation is a primary
reason why definitive project management plans can help
communicate estimates and cost management procedure
effectively.

The definitive management plan describes how the pro-
cesses and activities of a project will be managed. A cost esti-
mation management plan is a subset of this definitive project
management plan. The primary objective of a definitive proj-
ect management plan is to create a consistent, coherent doc-
ument that can be used to guide the project execution and
project control and communicate the essential functions of
estimation management.

Why?

Each project is unique. Projects vary by the complexity of
their physical, temporal (i.e., schedule), and sociopolitical
characteristics. While some projects require elaborate project
management plans and actions, others can be managed by
planning a concise set of actions at critical times in the process.
The purpose of the definitive project management plan is to
clearly define management roles and responsibilities, struc-
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Stakeholders Analysis
EA Number: 34040K
District/Cty/Rte/PM: 08-SBD-395-0.5
Project Manager: Lisa Gonzales
Second Preferred
Stakeholders Preferred Preferred Method for
Goals on this Method of Method of Rewarding the
RBS Group Function Name Telephone Pfﬁgjr Communication [Communication |[Team
Froject Lisa Efficient project
106 Management Gonzales (909) MO0 [completion ermail cell phone Tearn Celebration
Project completed
Project Peggy within cost, scope
140 Management Wright (909) OO0 |and schedule ernail telephone Tearn Celebration
Program Robert Keep project an
146 Management Johnson (909) FOOEH000 |track email telephone Certificate
147 Capital Outlay Marmt [Fred Carter |(909) XXX-3000 |Secure funding email telephone Team Celebration
Envwr- Slandra Having all
168 BiologicallPermits |[Vijay (909) X000 | mitigation email telephone Team Celebration
Environmental
requirements
170 Envr-Mgrmt Jim Black (909) o000 | covered ernail cell phone Tearn Award
Paul Complete
178 Ernvi-Cultural Hernandez |(909) 30000040 | mitigation email cell phone Team Award
To produce
1895 Forecasting David Blake [{909) 30030004 [accurate data email in person Team Celebration
Z33 Design P Fathi (A09) X000 | plans telephone email Team Celebration
WEBS Code WES Title Sub-Froduct Product Product Praduct Methodof | Dateof | Tniform |PHF
FRequired | Producedby | Receivedby |Transmittal| Submittal Filing
on this [Task (Mame of (mail, &= | lone-time
Project? |  Manager person mail, faw, | product] or Sys‘tel:m
i) MName) receiving the ete. ) Frequency Lacation
product] [repetitive
products)

165.05.05. | Review Project Information |- Initial Ersironmental Project File Setup| Jane
MOO[GP‘N‘@ ndy
Young

165.05.10. | Public: and Agency Scoping [ = Diaft Notice of Intent for FHWA Y Jane Moore Rich mail 32109 | X
Process publication WiliamsiFHwa

165.05.10. | Public: and Agencu Scoping | = Published Notice of Preparation with oS Jane Moore Ro<e Wilson mail 231.1 X
Process mailing list and State Clearinghouse

| dacumentation.

165.05.10. | Public and Agency Scoping | - Public Participation Plan AE Public Affairs | Lisa Genzales | e-mail 23301 | X
Frocess

165.05.10, | Publicc and Agency Scoping |- MPOMPCD comments on and Y Slandra Vijay | FHWAISCAG mail 23109 | X
Process cancunenze with Public Particip ation

Plan.

Figure C1.3. Sample stakeholder analysis (above) and communication matrix (below)

(Caltrans Project Communication Handbook).

ture of work, and execution required by the executive man-
agement and project teams to complete a quality project on
time, within budget, and safely.

What Does It Do?

The communication of a definitive project management
plan can help to clarify project objectives, strategies, cost con-
trol requirements, project milestones, and project personnel.
It can ultimately help state highway agencies to manage tax-
payer resources for the highest possible return on value. It
communicates that each project is unique and requires indi-
vidual project management attention.

When?

This tool can be used during all phases of project develop-
ment. In planning, it will likely be most effective on large
projects with clearly defined boundaries. The tool will be most
helpful from preliminary engineering through final engineer-
ing and into construction.

Examples

There are proven industry standards for project manage-
ment. Perhaps the most pervasive standard is the Project
Management Body of Knowledge (PMBOK) from the Project
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Table C1.3. Template for documenting communication among teams.

WHAT WHO

HOwW WHEN

Communicate project progress to senior
management

Communication among all teams.

Distribute & maintain schedule
Base Schedule Date:

Create an organizational chart that
identifies Team Structure

Set guidelines

Clarify chain of command guidelines with
other agencies and contractors

Set protocols

Team member Communication

How do project teams & resource agencies
communicate?

Communication between P/M Team
and Production/Supervision Team

Define internal (WSDOT) communication
roles and responsibilities

Facilitate distribution of information on
other relevant agency projects to all
production team members

Communication between P/M Team
and Consultant or Contractor

At technical/field level

At admin/regional level

Management Institute (PMI). According to the PMBOK, the
organization and presentation of the project plan should
include the following:

MRS

®

10.

Project charter

A description of the project management strategy

Scope of work, with the project’s objectives

Define quality-level analysis

Cost estimates, schedule start and finish dates, and
responsibility assignments

Performance measurements and baselines for technical
scope, schedule, and cost

Major milestones and the corresponding dates
Required personnel and their expected cost

Risk management plan (including main risks) and planned
strategies, solutions, and contingencies for each risk
Subsidiary management plan, including:

e Scope management plan

e Schedule management plan

Cost management plan

Quality management plan

Staffing management plan

Communications management plan

e Risk response plan
e Procurement management plan
11. Open issues and pending decisions

A second example comes from Washington State DOT. In
July of 2005, the secretary of transportation issued Executive
Order E 1032 to address project management at the agency
level. The executive order contained guiding principles for the
agency to follow. It provides an excellent point of discussion
for this tool. The introduction of the executive order states as
follows:

The Washington State Department of Transportation
(WSDOT) has refined its project management process for deliv-
ery Capital Transportation projects. This process includes “best
practices,” tools, templates and examples and will enhance the
communication process for both pre-construction and con-
struction project management. The Process, tools and templates
can be found at www.wsdot.wa.gov/Projects/ProjectMgmt.

The project management website contains tools, templates,
and examples that help project managers create definitive
management plans. The website is extremely detailed. It cov-
ers tools and training in such areas as project management, cost



risk assessment, cost estimate validation, value engineering,
project control and reporting, and innovative project delivery.
Figure C1.4 provides a concise overview of the process.

Communicating a definitive project management plan will
assist in project estimation management and has proven suc-
cessful in assisting to deliver projects on budget.

Tips

Intuition and numerous research studies have shown the
benefits of pre-project planning. A definitive management
plan should be created early and revisited at key milestones
throughout the project lifecycle.

Resources

Project Management Institute (2004). Project Management
Body of knowledge (PMBOK Guide). www.pmibookstore.org/
PMIBookStore/productDetails.aspx?itemID=358&varID=1.

C1.5 Proactive Conveyance of
Information to the Public

Proactive conveyance of information to the public is an
important tool in cost estimation management. An informed
public can become partners in cost estimation management.
Additionally, state highway agencies are entrusted with re-
sources from the public and have the responsibility to com-
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municate how they are managing the resources to maximize a
state’s transportation system. Cost estimation practice and cost
estimation management are vital processes to manage these
resources. Transparency and proactive conveyance of estimate
information can assist in cost estimation management.

What Is It?

This tool is a proactive approach for conveying cost estimate
information to the public. It includes an action plan established
for taking a proactive rather than defensive (or reactive) pos-
ture in gathering and transmitting information.

Why?

Public input can be vital to successful project completion.
The public is the customer of every state highway agency. If the
public does not agree with the project or some aspects of the
project, there can be major impacts to project cost, sched-
ule, and scope. Open and honest communication with the
public can limit problems that impact project development.

What Does It Do?

A communication plan and the activation of the plan can cre-
ate an open and honest dialogue between the agency and public.
It creates accountability in cost estimation management for both
the state highway agency and the public. This open exchange

The 5.step Initiate and Align the
Process Team Plan the Work Endorse The Plan Work the Plan Transition and Closure
Who is *Project M *P; M: P M *Project M *Project M
responsible? o roject Manager roject Manager oject Manager roject Manager
Who is **Project Team “*Project Team **Project Team “*Project Team “*Project Team
involved? e .
What is it? This step defines the what, A work plan that specifically An agreement of what is to Actively managing the work A completed project or phase
identifies who is on the team identfies who will do the work | be compisted and by whom plan
and how and what are they and mutually agreed upon
‘going to confribute o time frames and budgels to
completing the assignment get the work done,
Whatare the |« Project Description +  Task Planning using *  Project Team *  Manage the scope = Implement transition plan
steps? *  Team Mission | MDL Commitment schedule and budget +  Review Lessons
Assignment *  Schedule = Management *  Manage risks and Leamed
*  *Team member +  Budget Endorsement opportunities. * Reward and Recognize
identification and roles +  Risk Management Plan *  Managing change s Archive
and responsibilties e  Communication Plan * Communicate progress,
= Measures of success issues and lessons
+ Change Management |
*  Major Milestones Plan eamed
+ Boundaries +  QA/C Plan
+  Operating Guidelines «  Transition/Closure Plan
What it looks | Attends and participates ina | Participates in development Reviews schedule and Regularly contacted by Participates in lessons
Iike to team general project kick-off and of schedule at the task and estimate for consistency with | project manager or leamed and deveiopment of
members? review. deliverable level, develops earlier input and says “can representative 1o review phase transition plan
budget for deliverablies they da” adherence to the project
are responsible for, plan. Initiates contact with
participates in a risk A project management plan project manager upon
. Parti in d by the team and discovery of polential
deveiopment of ARA or equivalent change. Actively monitors
communication and change key milestone dates for
management pians dependant activities that
initiates his or her work.
‘Whatis the An understanding of what is A refined scope of work, a A commitment by the Actively managed scope, 4 completed project phase, a
outcome or to be produced by whom and | baseline schedule, a current | individual t2am members and | schedule and budget transition (archive and hand
work how they will work together. estimate, a risk register that management agreeing to the: | manthly status meetings to off} document, a st of
product? A document describes who is | identifies and quantifies risk, | who, what, when and for how | communicate progress and lessons leamed.
to be included on the team a document on what much any changes fo scope
and what their responsibility information will be schedule or budget, quarterly
is. A lisl of the milestones communicated 1o whom and reports, and change
and critical success factors when, and a document on management plans. Clear
this team will accomplish. what the team will do when understanding of project
change occurs. status. Documenis that
communicate scope schedule
and budget status.
* The Assigned Project gerisr ble for total team participaton (Including Specialty Groups).

**A project team consists of the project manager, team members from their project office, team members from specialty groups such as Real-Estate Services, Environmental
Hydraulics, Traffic, Operations, Geotech, Bridge, Utilities, and any others that are needed to defiver the project

Figure C1.4. WSDOT project management process.
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creates a positive atmosphere in which the agency and public
can express goals, questions, comments, and concerns. Not only
does this allow for an exchange of information, but it also pro-
duces an air of accountability. The plan needs to be developed
and followed actively throughout project development.

When?

To be effective, the plan needs to be instituted in the earliest
stages of project development. Communication plans may be
standard for all projects, but large, complex, and sensitive proj-
ects require more extensive information exchanges than small,
simple projects.

Examples

Some state highway agencies have public awareness plans
that include websites for larger projects. While this may be
very beneficial, state highway agencies should also make
information available to the public regarding smaller, less
controversial projects. This does not have to be a high-cost
initiative on all projects. Consider using local and regional
media, local schools, fairs, malls, focus groups, sponsorship
of teams in walk-a-thons or benefit races, advisory groups,
town hall meetings sponsored by local organizations, bill-
boards, flyers, logo design competitions, or appearances at
local civic club meetings.

3 VDOT Dashboard - Microsoft Internet Explorer

Virginia DOT (VDOT) has created a “Dashboard” website,
shown in Figure C1.5, which provides a wide variety of infor-
mation to the general public regarding VDOT operations. The
VDOT Dashboard site allows the public access to information
on the number of projects in each phase of development, real-
time information on specific projects, and milestone account-
ability of project development and engineering project
activities. Information is transmitted using a traffic signal
framework. The website enables the public to track any proj-
ect. The website allows open communication between VDOT
and the public and creates accountability to the public.

Resources

The VDOT Dashboard website: www.virginiadot.org.

Scenario Planning: www.fhwa.dot.gov/planning/scenplan/
index.htm.

Public Involvement Techniques for Transportation
Decision-Making: www.thwa.dot.gov/reports/pittd/cover.htm.

Bell, J. (1998). “Public Involvement, Low Budget Can
Mean High Effectiveness,” Proceedings: National Conference on
Transportation Planning for Small and Medium-Sized Commu-
nities, http://ntl.bts.gov/card_view.cfm?docid=703.

O’Dowd, Carol (1998). “A Public Involvement Road Map,”
Proceedings: National Conference on Transportation Planning
for Small and Medium-Sized Communities. http://ntl.bts.gov/
card_view.cfm?docid=701.

Ble Edt  Vew Favorites Took Help

Om - - 1% & ":‘ - search .7 Favorkes {5

Adchess | (@] ep: ffdashboard virgriadot.crg/

oY 3

s " _]— Google = Yshool = AskJesves LockSmat 3 firomie P

\VDOT e

CONSTRUCTION

Completed On-tme

DASHBOARD

VDOT's performance reparting system for projects and programes

MAINTENANCE

Variance from spending Plan

OPERATIONS
Virginia Operational
Information System

(a) Homepage

Figure C1.5. Virginia DOT “Dashboard” website.
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File Edt Wiew Favorites Tools Help

Q- Q- WA G Powsr oo @ 2- S M-LJOT B
ki&ussl—g'- org/Plan/

ysearch - | Google ~ Yahoo! - AskJesves LookSmat 5 QRSN 1.

ENGINEERING CONSTRUCTION MAINTENANCE ENVIRONMENT FINANCE SAFETY OPERATIONS

Home  Help  Trend Analysis  Feedback About

All Projects Hon ¥DOT Hanaged

Engineering Malcolm 1. Koy, ..

ef Engineer

@ Caunties O Residencies O Cities
Al Counties v!

Estimates N/A 1190

(b) Traffic signal information framework

Microsoft Internet Explorer

File Edt View Favorites Tools Help
Qs - @ WA G Pseocr orws @ -5 B[OV B
g fidashboard, virginiadot org/Plan/ asp?s_STATUS_CD=R
Googe ~ Yd':i + Askdesves LookSmat I Fufomize @0

33 6 (Y]

G 133

Estimates N/A 1190

Project D Estimation)
The most recent estimate ils negative 20% or plus of the post scoping estimate.

Route Zp Code Export to Excel
& bt

Scoping |
Estimate E ate Variance | Status |8

RTE 638 - RECONSTRUCTION (DILLWYN, PRINCE EDWWARD) $1,767,663 (PCES) $1,343,100(PCES) -25% (@)

RTE 600 - RECONSTRUCT & SURFACE TREAT NON-HARDSURF ACED
ROAD (WYTHEVILLE, GRAYSON) $629,500 (PCES)  $907 296 (PCES) 44%

RTE 673 - RECONSTRUCT NON-HARDSURFACED ROAD (HLLSVILLE,
FLOYD) $491 500 (PCES)  $694 590 (PCES)

RTE £14 - TRENCH YDEMNG (LEXINGTON, BATH) $1,033,000 (PCES)  $218,000 (PCES)

RTE 625 - RURAL RUSTIC ROAD (SURFACE TREAT NOMN-
HARDSURFACE) (LOUISA, FLUVANNA) SIS OO0 BCES) | £ 3225000 (HCES

RTE 745 - RECONSTRUCT & SURFACE TREAT NON-HARDSURFACED
ROAD (CLLPEPER, CULPEPER) $356,000 (PCES)  $542,923 (PCES)

RTE 633 - RURAL RUSTIC ROAD (SURF ACE TREAT NOM-
HARDSURFACE) (AMHERST, AMHERST) S IOV BCES | 5220 000 (e

RTE 634 - RURAL RUSTIC ROAD (SURFACE TREAT NON-
HARDSURF ACE) (AMMERST, AMHERST) $150,000 (PCES)  $250,000 (PCES)

1234 of 4 Hext Last

; start

(c) Project-specific information

Figure C1.5. (Continued).
(continued on next page)
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Engineering Dashboard Project Details

I
‘ UPCs 4730  State Project # 0638073176 @ Map It
‘ Program Details
Description RTE 638 - RECONSTRUCTION (DILLW YN,
P PRINCE EDWARD) Construction
L T —
‘ District Lynchburg Residency DILLWYN Details
‘Count PRINCE Town ‘ _~] Send Feedback
v EDWARD
=y Print Page
‘ Road System Secondary Route 0638
Next Approve
Scheduled ppr Accomplishment Contract (1)
L Willingness
Activity 0
‘ Project Status  ACTIVITY DATES SET (15)

‘ Comments

Contact

Contact Information

Manager/Designer Bruce Wooldridge Phone 434-856-8253

William

Leatherwood Phone 434-947-2314

‘ Schedule

‘ Cost Estimates

‘ Baseline Ad Date 11/10/2009 ‘ Scoping Estimate $1,787,663
‘ Current Ad Date 11/10/2009 ‘ Current Estimate $1,343,100
‘ Actual Ad Date ‘ Estimate Date 3/15/2005
@ PROJECTED TARGET DATE ‘ Variance “25%

HAS NOT EXCEEDED ORIGINAL
TARGET DATE

-24.86%

COST ESTIMATE VARIANCE IS

(d) Engineering-specific information

Figure C1.5. (Continued).

Shoemaker, Lee, and Tom Schwetz (1998). “Sustaining Pub-
lic Involvement in Long Range Planning Using Stakeholder
Based Process: A Case Study from Eugene-Springfield, Ore-
gon,” Proceedings: National Conference on Transportation Plan-
ning for Small and Medium-Sized Communities. http://ntl.bts.
gov/card_view.cfm?docid=702.

C1.6 Simple Spreadsheet
(Also See C2.4, D2.8)

Spreadsheets and checklists are excellent and simple
methods for ensuring that all components of project cost
have been considered and accounted for in the estimate.

Spreadsheets and checklists, which identify the elements
and activities included in (and excluded from) the estimate,
can effectively communicate project cost and the distribu-
tion of that cost.

What Is It?

Spreadsheets are formatted standard lists of items that an
estimator should consider when calculating the cost of a proj-
ect. Because spreadsheets are usually straightforward docu-
ments, they are very good tools in communicating estimate
completeness and the allotment of costs to the different por-
tions of work.
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Begin Date End Date
Activity Code Scheduled  Actual Scheduled  Actual
AUTHORIZE PE 12 05/16/1987 05/16/1987 05/18/1987 05/18/1987
SERP-NOTICE TO
STATE AGENCIES 18 04/01/2004  04/07/2004  07/30/2004  06/11/2004
SCOPE PROJECT 22 04/01/2004  04/01/2004 08/31/2004 06/11/2004
CONDUCT LOCATION
SURVEY 31S  03/16/2001 03/16/2001 11/30/2001  03/20/2002
PLAN
DESIGN/PRELIMINARY 36F 07/16/2004 07/16/2004 12/13/2004 12/13/2004
F.L
R/W&UT DATA-
HEARING/PUBLIC INV 44 12/13/2004  12/13/2004  09/28/2007
APPROVE
WILLINGNESS 47 10/07/2007 02/04/2008
FURNISH R/W&UT
PLANS 51 02/04/2008 04/04/2008
NOTICE TO
PROCEED/RW ACQUIS 60P  04/04/2008 04/19/2008
UTILITY RELOCATION
BY UTILITY 67U  04/14/2009 10/13/2009
ACQUIRE  RIGHT OF o 4/19/2008 04/14/2009
WAY
APPROVED
CONSTRUCTION 71 07/01/2009 10/13/2009
PLANS
ADVERTISE
PROJECT/BEGIN CN 80 10/20/2009 11/10/2009

Figure C1.5. (Continued).

Why?

A well-designed spreadsheet will clearly communicate the
total estimated cost of the project, as well as what is included
in the estimate and what the various categories of work are
expected to cost. A secondary objective is to guide organiza-
tions toward improved estimation processes and practices.

What Does It Do?

The objective of a spreadsheet is to provide guidelines that
(1) facilitate creation of a complete estimate and (2) support

the evaluation of cost and schedule credibility. Spreadsheets
serve to document estimate completeness in an easy-to-read
format, which facilitates project cost communication in a
uniform and structured manner.

When?

Different spreadsheet formats (with different levels of detail)
are used in the course of project development as project scope
is quantified and additional information becomes available.
However, spreadsheets should be designed so that major cate-
gories can easily be expanded as project detail is better defined.
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Examples

The detail of an estimation spreadsheet will vary by project
type and by the point in time when the estimate is being created.

In the earliest stages of project development, there is limited
project definition and design knowledge. One state highway
agency’s early stage spreadsheet has only five cost categories:

Grading and drainage

Base and pavement

Lump items

Miscellaneous

Engineering and construction

MRS

The sheet also requires calculation of a total cost and a total
cost per mile to provide transparency in comparing the cost
to similar projects, thereby assessing reasonableness. These

Table C1.6. Georgia DOT spreadsheets.

basic categories can be expanded as additional information
about the project is developed.

Sheets from Georgia DOT spreadsheets are shown in
Table C1.6.

Tips

The calculation of estimated costs during the early phases of
project planning usually employs parametric techniques based
on historical cost data. Therefore, to be truly effective, the
agency must have cost databases for organizing and retaining
information on completed projects.

Resources

Michigan DOT’s Road Cost Estimating Checklist can be
found at www.michigan.gov/documents/MDOT_0268_Road_
Cost_Est_120543_7.pdf.

Project # Enter project number Here
Pl# Enter Pl number Here

IProject Length ;:j__;:?ji _i North Georgia Region
(Enter Length in Miles) Grad & Base & Lump E&C Total Project
Drain Pave lterms Misc. 10% Cost Per Total
Project Project Project Project Project Mile Cost
Morth | Year
Rural New Location Created Spring 1999
4 lanes with 44" gr. | median B8506,929] 1861,442 605,781 458558 1143371 5960702 12577 081
4 lanes with 20' Raised Median 8,016,734] 1,796,454 617 386 364,397| 1079497 5527710 11,874 468
4 Lanes with 0' Median (48' Pavement) 7120596 1796454 373681 192 643 948 337| 4943939 10,431,711
4 Lanes with 4' Flush Median (52' Pavement) 7240592| 1938035 373681 208,890) 976,120{ 5,088,776 10,737 317
4 Lanes with 12' Flush Median (B0° Paverment) 7480583 2216555 373681 241384| 1031.220] 5376030 11,343,423
4 Lanes with 14 Flush Median (62" Pavernent) 7534198 2286185 373681 248347 1044241 5443911 11,486 552
3 Lanes with 36° Pavernent 6760609 1378674 306,372 139,260 858,491 4475548 $9,443 406|
; Lanes with 24’ Pavement 5,395 516 963 215 280 841 174 075 781,365

-
Rural Widenin

|2 to 4 Lanes with 44’ Grassed Median 2,300,343 | 1,360, : 450 B3|
12 to 4 Lanes with 20° Raised Median widen Symmetrical B52735| 1659515 473 484 317977 330371 | 1722314 $3 634,083
12 to 4 Lanes with 20° Raised Median widen on one Side 14450585 | 1,260,303 369,039 201 927 327 B32 | 1,708,036 $3 503,956
|2 to 4 Lanes with 0' Median (48' Pavement) 1,102,939 | 1,260,303 315 B56 146,223 282512 | 1472812 $3,107 533
12 to 4 Lanes with 4' Flush Median { 52' Pavement) 1,156,554 | 1,436,699 5656 157 828 306674 | 1598773 $3.373.411
|2 to 4 Lanes with 12" Flush Median ( 60' Paverment) 1273997 | 1791812 315 B56 183,359 356 482 | 1,858 439 3,921 306
|2 to 4 Lanes with 14' Flush Median ( 62' Pavement) 1296975 | 1882331 315 656 188,001 368,296 | 1,920,028 4 051,259
to 4 Lanes with 14’ Flush Median { 62' Pavement 880,820 | 1,348,501 315 656 150 BES 269584 | 1405415 2 965 426
Urban Widening
E to 4 Lanes with 20° Raised Median widen Symmetrical | 1,580,369 | 1,754 676 429,385 457 237 422,167| 2200869] 43
to 4 Lanes with 20° Raised Median widen on one Side 1,817 807 | 1,181,389 362 076 271 557 363,283| 1,893,892 5,1
2 to 4 Lanes with 0' Median (48' Pavement) 949753 | 1,181,389 306,372 239 063 267 B58| 1395372 2 23E
2 to 4 Lanes with 4' Flush Median (52' Pavement) 1,028,899 | 1,380,995 306,372 278520 299 479 1561263 1,294 2
2 10 4 Lanes with 12' Flush Median ( 60' Pavement) 1,197 404 | 1770923 306,372 359 755 363,445| 1894739 1,997
2 to 4 Lanes with 14' Flush Median { 62' Pavement) 1238254 | 1870726 306,372 378,323 379.367| 1977 745 $4.173
[ to 4 Lanes with 14' Flush Median ( 62’ Pavement) 906,351 | 1281192 306 372 259 952 275387| 143565 ;

(a) Conceptual estimate spreadsheet



Table C1.6. (Continued).
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ESTIMATE SUMMARY
Right of Way
Reimbursable Utilities
Clearing and Grubbing
Earthwork
Base and Paving
Drainage
Concrete Work
Traffic Control

Erosion Control

Guardrail

Signs, Striping, Signals, Lighting
Grassing/Landscaping
Miscellaneous

ErASCTEZomMEOO® >

$2,454,000.00
$0.00
$416,000.00
$565,000.00
$3,302,000.00
$255,000.00
$563,000.00
$225,000.00
$113,000.00
$20,000.00
$353,000.00
$17,000.00
$46,000.00

z

Major Structures

Roadway Subtotal

$5,875,000.00
$200,000.00

4 years of inflation at 5%
10% Engineering and Contingency

Construction Total

$6,075,000.00
$1,309,200.47
$738,420.05

Construction Estimate Subtotal
Total Construction Estimate

$8,122,620.52
$8,123,000.00

(b) Summary conceptual estimate spreadsheet

C1.7 Year-of-Construction Costs
(Also See E3.5)

Project cost estimates are created at a specific point in time.
The estimated cost is typically based on prices as of the date on
which the estimate is created, while construction is to occur at
some future date. Economic comparisons between options are
most commonly done in present values during planning and
preliminary engineering. However, estimates should be com-
municated to project stakeholders in year-of-construction
costs because that is what the project will actually cost when it
is complete and that is the number that many stakeholders will
use to measure success. Therefore, for the estimate to reflect
actual construction cost, there must be an adjustment for
inflation between the two points in time.

What Is It?

Year-of-construction cost is the estimated cost adjusted for
the difference in time between when the estimate is created and
when the project is to be constructed. Year-of-construction
cost estimates take the “time value of money” into account.
Project costs should be adjusted for inflation or deflation with
respect to time due to factors such as labor rates, material cost,
and interest rates. Estimated cost is most commonly inflated to
the expected midpoint of construction date.

Why?

Using year-of-construction cost will more accurately reflect
the future project cost. Funds available for projects often do
not increase with inflation, but actual project costs do. Infla-

tion continually reduces the agency’s capacity to preserve,
maintain, and modernize the transportation system. While it
is common to communicate a net present value for estimates
when comparing projects or design options, it is not a good
idea to communicate the estimate to external parties in any-
thing but year-of-construction costs.

What Does It Do?

State highway agencies can be prepared in advanced to eval-
uate the construction cost for the project at its programmed
date. This tool improves estimate accuracy by identifying
the effect of inflation on project cost. Implications for deci-
sion making regarding transportation infrastructure based on
budget will be clear to the public, and concerns about strate-
gic misrepresentation (or lying) will be dismissed. It defines an
estimated cost made in current dollars in terms of cost at the
time of construction.

When?

Year-of-construction cost recognizes the cost escalation
effect of inflation across the period of development and con-
struction. Estimates should be communicated in year-of-
construction costs from the earliest points in the project
development process. This is very important for projects hav-
ing long development and/or construction periods.

Examples

The year-of-construction cost will vary depending on
when the estimate is created and the year-of-construction
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and economic variations caused by external factors, such as
inflation. To calculate the year-of-construction cost, adjust-
ments should be made from current dollar estimates by apply-
ing a cumulative inflation factor for the year of construction.
MnDOT applies inflation factors as developed by the Office of
Investment Management and approved by the Transportation
Program Investment Committee.

Table C1.7, which isa MnDOT table, illustrates a consistent
standard to be applied in adjusting project estimates. Short-
term inflation rates are higher because they can be more vol-
atile. Long-term rates are lower because the economic cycles
are expected to dampen the rates over time. The table has lim-
ited life and must be updated on a periodic basis.

Similarly to other state highway agencies, the Washington
State DOT maintains it own Construction Cost Index (CCI)
that is applied to projects across the state. WSDOT also main-
tains inflation rates for right-of-way costs (R/W Cost Index)
because these costs can increase at substantially higher rates
than general construction inflation depending upon the loca-
tion of the parcels. WSDOT maintains these values internally,
but the values can be obtained by contacting the WSDOT
Strategic Planning and Programming—Systems Analysis and
Program Development Office.

The FHWA also tracks cost changes that can be used to pro-
ject future inflation on federal aid projects. This informa-
tion can be found at www.thwa.dot.gov/programadmin/
pricetrends.htm.

Tips

Project costs estimates provided in the Statewide Trans-
portation Improvement Plan (STIP) should be calculated in
year-of-construction costs. Use discipline in communicating
year-of-construction costs at each phase of the project devel-
opment. Federally funded local projects may either be adjusted
for inflation as described above or capped at a fixed level of fed-
eral funds.

Resources

FHWA price trends for federal aid highwy construction:
www.fhwa.dot.gov/programadmin/pricetrends.htm.

Minnesota DOT (2002). Ten Year Highway Work Plan http://
www.leg.state.mn.us/docs/2004/other/040069.pdf.

Washington State DOT Strategic Planning and Program-
ming website: http://www.wsdot.wa.gov/planning.

C2 Computer Software
(Also See C3, D2, V1)

Computer software provides state highway agencies the abil-
ity to manage large data sets that support estimate develop-
ment for all project types and across the range of project
complexity. Estimation programs with preloaded templates for
creating cost items help project teams define the project scope,
cost, and schedule. Computer software eases the task of track-
ing project estimates through all phases of development and
can assist in estimate and schedule reviews. In the case of state
highway agencies, the most widely used estimation software is
Estimator by InfoTech.

Project development and management are team efforts.
Computers and software can be a part of the team. But the
state highway agency has to set high standards for the software
if it is to be an effective member of the team.

C2.1 Agency Estimation Software
(Also See C3.1, D2.2, P1.1)

Some state highway agencies have taken the initiative to
develop their own estimation software. This has been accom-
plished using internal resources in many cases, but external
contractors have also been employed in software development.
A survey in 2002 found that 18 state highway agencies are using
software programs that were developed within the agency.
These are not commercially available and are used either as

Table C1.7. Inflation factors for current WP/SP to be consistent with

02-04 STIP guidance.

STATE FISCAL YEAR
01 02 03 04 05 06 07 08 09 10
Current
- - 06
WP/SP
FY 02-04
STIP
1.06 1.1236 1.160 1.1978 1.237 1.274 1.312 1.351
CUMULATIVE
1.12 1.16 1.20 1.24 1.27 1.31 1.35

WP/SP = work plan/strategic plan



stand-alone systems or in conjunction with other software.
These programs generally have limited capabilities and were
designed to run on mainframe computer systems.

Additionally, many state highway agencies and individual
estimators have not gone as far as developing software but
have created spreadsheet programs to support estimate devel-
opment (see Sections C1.6 and C2.4).

What Is It?

The various software packages developed by state highway
agencies are designed to address very explicit agency estimation
approaches and satisfy discrete agency objectives. Some agency
software has been created for use exclusively during specific
project development phases (also see Section E3.1).

Why?

Due to the computer’s ability to handle large data sets and
its calculation flexibility, the estimator can easily adjust unit
costs or percentages to match each project’s unique conditions
and can generate answers to specific agency questions. Many
agency-developed estimation software programs are connected
to other management software that the agency employs.

What Does It Do?

Computer software allows the user to readily employ several
different estimation databases for parametric or line-item esti-
mation and for performing “what-if” analyses. The programs
typically allow the user to draw prices from historical bid data,
historical cost data, reference tables, or a collection of price der-
ivations. All of the data used to generate an estimate—such as
historical costs, crew wages, equipment and material costs,
production rates, and assumptions—can be stored to provide
a sequential record of estimate development.

When?

To address very specific estimation requirements, custom
agency software may be the only solution. Agency software
can be very good in addressing distinctive requirements
imposed on any individual state highway agency; however,
software development is tedious and costly, and continuing
support is a critical issue. Agencies should first look to com-
mercially developed and supported software such as the
AASHTO Trnseport, which has been developed specifically to
meet the needs of state highway agency estimation.

Examples

North Carolina DOT approaches project estimation by
building estimated cost from the bottom up currently uses a
slightly modified commercial estimation program. This pro-
gram is used by many contractors and was originally developed
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to facilitate detailed estimation by a large contracting organi-
zation. This program and similar ones of this type enable state
highway agencies to development estimates from the bottom
up based on crew productivity, construction methods, and
selected equipment.

Virginia DOT (VDOT) expanded an in-house-developed
software system that was initially created through the com-
bined efforts of two districts. The VDOT Project Cost Estimate
System (PCES) is currently being used during the middle stages
of project development (see Figure C2.1). Virginia is looking
to expand its use of the system to the earlier stages of project
development. The initial software system specifically guided
the estimator through decisions about the following:

o Costs common to every project (i.e., the costs of every
“usual element” averaged and factored according to geo-
metric classification), such as stone, asphalt, grading, pipes,
erosion control, pavement markings, and moderate shoul-
der widening

o Costs specific to each project that are typically overlooked,
such as crossovers, turn lanes, and curb and gutter

o Costs of unique or unusual items requiring a specific dollar
input determined by a specialist in a particular field

That original template was modified to include the
following:

o Data from the entire state rather than just a few districts

o Interstate projects

e Right-of-way

o Utilities

o Estimation curves and relationships based on a wider vari-
ety of projects

o Construction engineering and inspection at a variable rate
based on project cost

o A wider range of bridge estimates

This software is not only an estimation tool, but also a man-
agement tool in that a number of items must be checked off,
dated, or entered before a project can continue to the next level
of development.

Tips

Many times, estimators spend more time with the tools they
use to create the estimate (computers and software) than
studying and analyzing the project. It is important that agency-
developed software be user friendly and structured so that it is
easy to input the required data into the system.

Resources

Kyte, C. A., M. A. Perfater, S. Haynes, and H. W. Lee (2004).
Developing and Validating a Highway Construction Project Cost
Estimation Tool, Virginia Transportation Research Council,
Charlottesville, Virginia, December 2004, VIRC 05-R1. Can
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DISTRICT

PROJECT NUMBER

PPMS NUMBER

PROJECT MANAGER / DESIGNER

Data Source for Construction Estimate:
Data Source for Right-of-Way Estimate:

Data Source for Utilities Estimate:

DATE

CONSTRUCTION ESTIMATE

PRELIMINARY ENGINEERING ESTIMATE

RIGHT-OF-WAY & UTILITIES ESTIMATE

TOTAL PROJECT ESTIMATE

(© Virginia Department of Transportation 2003
Revised 12/08/03 RDW

w Project Cost Estimating System

SUMMARY PAGE

THE FOLLOWING DATA WILL BE PROVIDED UPON COMPLETION OF THE REMAINDER OF THE
WORKBOOK, WHICH IS ACCESSED BY SELECTING THE CONST, R/W, & UTIL TABS BELOW

02/09/2004

$0

$0

$0

$0

Estimate Class: Blank Version 2.0

Figure C2.1. Example of summary page available in VDOT's Project

Cost Estimating System.

be found at www.virginiadot.org/vtrc/main/online%5Freports/
pdf/05-r1.pdf.

Barlist is a reinforcing steel quantity-estimating tool devel-
oped at the Washington State DOT. It can be found at www.
wsdot.wa.gov/eesc/bridge/software/index.cfm?fuseaction=
download&software_id=45.

Trns*port is AASHTO’s transportation software manage-
ment program. It is an integrated construction contract
management system that has been developed based on the
experience and needs of AASHTO’s member agencies.

The New York State DOT (NYSDOT) and the New York
State Thruway Authority (NYSTA) developed a website to sup-
port their transition to the Trns+port system. This website can
be found at www.dot.state.ny.us/trns-port/index.html. The
“About Trnesport” page of the website describes how, in years
past, the NYSDOT used the mainframe versions of Trns+port
Proposal and Estimates System (PES), Letting and Awards Sys-

tem (LAS), and Decision Support System (DSS), but as other
agencies moved from the mainframe to the client/server ver-
sions, AASHTO decided to drop support of the mainframe
version:

NYSDOT’s options were to run the mainframe system without
vendor support (a risky proposition), replace Trns-port with a
new system, or migrate to the client/server version. The decision
was made to migrate to the client/server version, and to implement
additional modules, to provide a more functional and integrated
system which covers the full lifecycle of capital projects.

Similarly, the NYSTA had been using BIDLET, a Clipper-
based estimation and bid management system developed in
house. As stated in the same website,

As computer technology and operating systems have advanced
BIDLET has required increasingly greater resources to maintain its’



[sic] operation. The decision was made to replace BIDLET with the
client/server version of Trns-port. The NYSDOT and the Thruway
Authority investigated and have subsequently been working on a
joint implementation of Trns-port to take advantage of the cost
savings and efficiencies that could be realized from utilizing a
single common installation.

C2.2 Commercial Estimation Software
(Also See C3.2, P1.2)

In the case of state highway agencies, the most widely used
computer estimation software is Estimator by InfoTech.
Estimator is a module of Trns*port. Trns*port is owned by
InfoTech, Inc., and fully licensed by AASHTO under that
name. Using this software, state highway agencies can prepare
parametric or item-level project cost estimates. Parametric
estimates are based on project work types and their major cost
drivers. [tem-level estimates are derived from bid histories and
cost-based estimation techniques. Cost-based estimates use
material, equipment, and labor costs.

What Is It?

Estimation software systems are the computer program
tools that assist the state highway agencies in developing their
project estimates. Estimation software systems have preloaded
templates that help the state highway agency project teams
define the project scope, cost, and schedule. The software pro-
vides a means to track project development, and it can assist in
project review. There are several very good commercial pro-
grams available and being used by a large number of state high-
way agencies.

Why?

By using commercial software, the state highway agency
avoids responsibility for updating or modifying the estimation
programs as technology advances. Responsibility for matching
the software with current protocols remains with the software
provider. Additionally, the software provider works with many
agencies and estimators and, therefore, has a broad knowledge
of software issues.

What Does It Do?

Computers and estimation software enhance the ability of
engineers to manage large data sets that are used in developing
estimates for all types of projects. Definite advantages include
the following:

o Ability to develop an unlimited number of estimates
matched to project complexity and level of design, whether
from scratch, other current estimates, or historical backups

o Ability to easily change, back up, and restore estimates

o Ability to draw from unlimited amounts of historical cost
data and/or labor and equipment rate tables
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« Ability to quickly copy entire estimates, individual or
multiple work (bid) items, and/or activities from previ-
ous estimates

o Ability to track all changes made to the estimate and who
made the change

When?

Commercial estimation software offers the most effective
means of preparing and managing estimates for medium to
large projects involving multiple cost items. For very large, com-
plex projects, computer software may be the only effective and
efficient method for handling large amounts of information.

Examples

The Trns*port Estimator module is used by 22 state highway
agencies (as of August 7,2002). Historic bid price databases can
be created using Decision Support System module of the con-
struction contract information historical database.

Another commercially available system that is used by sev-
eral state highway agencies is Bid Tabs by Oman systems. This
system is used as a stand-alone system or in conjunction with
Trns*port by seven state highway agencies (as of August 7,
2002). Two other state highway agencies are in the process of
testing this software (as of August 7, 2002).

One state highway agency (as of August 7, 2002) uses Heavy
Construction Systems Specialists (HCSS) Heavy Bid, which is
a program used by many contractors and was originally devel-
oped to facilitate detailed estimation by a large contracting
organization.

One state highway agency (as of August 7, 2002) uses Auto-
CAD to perform quantity takeoff for project estimates by
combining plan views of the project area with elevation infor-
mation to get a three-dimensional view of the project.

Tips

The effectiveness of any computer software program is
directly related to product support and training. When select-
ing software, always ensure that product support will be avail-
able and that training and training material will be provided.

Resources

For more information about Trnsport Estimator, contact
the AASHTOWare contractor: Info Tech, 5700 SW 34th Street,
Suite 1235, Gainesville, FL 32608. Phone 352-381-4400; Fax
352-381-4444; info@infotechfl.com; www.infotechfl.com.

Oman Systems, Inc., P.O. Box 50820, Nashville, TN 37205.
Phone 800-541-0803; Fax 615-385-2507; www.omanco.com.

Heavy Construction Systems Specialists, Inc. (HCSS),
6200 Savoy, Suite 1100, Houston, TX 77036. Phone 800-683-
3196 or 713-270-4000; Fax 713-270-0185; www.hcss.com;
info@hcss.com.
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C2.3 In-House Conceptual/Parametric
Estimation Software

Parametric estimation methods are defined as estimation
techniques that rely on relationships between item character-
istics and the associated item cost. Early estimates developed
during planning or during the initial stages of programming
and preliminary design are typically based on a limited defini-
tion of project scope. The usual approach used to address these
estimation difficulties is reliance on some form of conceptual
estimation methodology. Parametric models can be developed
internally by an organization for unique estimation needs, or
they can be obtained commercially. One key reason state high-
way agencies develop their own parametric models is that they
have specific estimation needs that cannot be achieved by using
a commercial parametric model.

What Is It?

A parametric cost estimate is one that uses cost estimation
relationships and associated mathematical algorithms (or logic)
to establish the cost estimate for a project. Parametric estima-
tion using statistical techniques can produce a range of proba-
ble costs rather than a single deterministic cost. The method can
be applied to develop an estimate before design is complete.

Why?

During the early stages of project development, it is difficult
to develop definitive cost numbers based on material quantities
or specific work items, as these have not yet been defined. Con-
ceptual estimation methodologies and parametric estimation
tools can bring speed, accuracy, and flexibility to estimation
processes that are often bogged down in unnecessary and really
unknown project detail at this point in project development.

What Does It Do?

The cost of a project element is based on relevant inde-
pendent variables, or cost drivers. Mathematical expressions,
or formulas, are used to express the functional relationship
between the cost drivers and the elements of a project being
estimated. These techniques are often referred to as cost esti-
mation relationships.

Parametric models are more complex than cost estimation
relationships. They can be used to prepare estimates for an
entire project. Parametric models incorporate many equations,
ground rules, assumptions, logic, and variables that describe
and define the particular situation being studied and estimated.
Parametric models make extensive use of cost history databases.

In addition, organizations use parametric estimation tech-
niques to develop estimates that serve as “sanity checks” on the
primary estimation methodology.

Because these estimates can be prepared based on only a lim-
ited amount of definitive project information, they support the
following:

e Scope development tasks

o Investigation of alternative design concepts

o Examination of alternative proposals for enhancements
and upgrades

o Identification of key design elements

e Recognition of key project parameters

o Prioritization of needs versus wants

o Disclosure of key assumptions

When?

Early in project development, it is usually not possible to
create a bottom up estimate based on a fully developed scope
of work. Conceptual estimation is an excellent estimation
methodology that can provide reliable estimates based on lim-
ited scope definition. Parametric estimation techniques can
also use validated change order request pricing.

Examples

Pennsylvania DOT (PennDOT) uses parametric values in
determining cost estimate at planning and early design stages.

The Washington State DOT (WSDOT) Urban Planning
Office has developed a tool termed “Planning Level Cost Esti-
mation” (PLCE). The PLCE tool is a parametric estimation tool
created to help plan and budget for large improvement projects.
The output of this tool is a range of total project costs, includ-
ing preliminary engineering, right-of-way (if applicable), and
construction. The tool focuses on major project elements and
creates costs for other minor elements using factors. This pro-
gram is based on WSDOT data for large projects using recent
cost data. The tool can reflect regional differences. The output
needs to be reviewed carefully by planners and other disciplines.
The tool uses Microsoft Access as the database. Figure C2.3
shows a flowchart of the process, a typical screen capture for the
mainline add of two lanes, and a typical summary output.

Tips

All parametric estimation techniques, including cost esti-
mation relationships (CERs) and complex models, require
credible data before they can be used effectively. Data should
be collected and maintained in a manner that provides a com-
plete audit trail with expenditure dates so that dollar-valued
costs can be adjusted for inflation. While there are many for-
mats for collecting data, an example of one commonly used by
state highway agencies would be the standard contract pay
items. Technical noncost data that describe physical, perfor-
mance, and engineering characteristics of a project must also
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Figure C2.3. (Continued).

be collected. Once collected, data need to be adjusted for items
such as production rate, improvement curve, and inflation.
This is also referred to as the data normalization process.

CERs are analytical equations that relate various cost cate-
gories (in either dollars or physical units) to cost drivers, or
variables. CERs can take numerous forms, ranging from infor-
mal rules of thumb to formal mathematical functions derived
from statistical analysis of empirical data. Developing a CER
requires a concerted effort to assemble and refine data. In deriv-
ing a CER, assembling a credible database is especially impor-
tant and, often, the most time-consuming activity.

Resources

The paper “Parametric Estimating Methodology for Transit
Project Planning,” by Robert H. Harbuck, PE CCE, which is

part of the 2001 AACE International Transactions, provides an
overview for transit project applications. A copy can be found
on the Parsons Brinckerhoff website at: www.pbworld.com/
library/technical_papers/pdf/46_ParametricEstimating.pdf.

The Association for the Advancement of Cost Engineering
(AACE International) Professional Practice Guide #6, Construc-
tion Cost Estimating, presents information on conceptual and
parametric estimation.

NASA has a Parametric Cost Estimating Handbook. This
handbook is intended to be used as a general guide for imple-
menting and evaluating parametric-based estimation systems
and as the text material for a basic course in parametric esti-
mation techniques. It can be found at http://cost.jsc.nasa.
gov/PCEHHTML/pceh.html.

Washington State DOT, Urban Planning Office, Seattle,
Washington.



C2.4 Simple Spreadsheet
(Also See C1.6, D2.8)

An estimator or state highway agency typically creates sim-
ple spreadsheets using Excel or some similar user-friendly
computer software. They provide a rapid and easy means for
organizing numbers and making calculations (also see C1.6).
These are really computer worksheets, but the name from the
old pencil-and-paper days—spreadsheet—is retained.

What Is It?

Electronic spreadsheet programs offer the computing power
of the computer and text editing and formatting capabilities at
high speed and low cost. The electronic spreadsheet can store
both the formulas and the computed values returned by the
formulas and, therefore, provide great economies when there
are numerous repetitive calculations to be made.

Why?

Electronic spreadsheet programs speed up estimate calcu-
lations and will automatically update all calculations when
values are changed. In the case of repetitive calculations, there
is only the need to formulate the mathematics once. The other
advantage of using such spreadsheets is that everyone is
already familiar with how the software works, so training time
is almost nonexistent.

What Does It Do?

Simple electronic spreadsheets can generate documents
that use text and number entries and that require performance
of calculations on the inserted values. Monte Carlo simulation
can also be added to spreadsheets for doing probabilistic esti-
mation or risk analysis.

When?

Simple electronic spreadsheets can be developed to estimate
small projects or they can be created to support other estima-
tion programs. Spreadsheets are also excellent tools for sup-
porting and documenting quantity takeoff work.

Examples

Virtually any estimation process can be successfully auto-
mated with a well-designed Excel template. Spreadsheets are
excellent tools for calculating material areas, volumes, and
summing by type of material.

New Jersey DOT has posted on the Internet (www.state.
nj.us/transportation/eng/CCEPM/) a preliminary estimate
spreadsheet.
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Tips

Computer spreadsheets such as Excel require less initial
investment than commercial estimation software and tend to
be very flexible. The list of included items on spreadsheets is
often not exhaustive, and space should be provided in each sec-
tion of the spreadsheets to allow the entry of additional cost
items that may be unique to a particular project.

Resources

Georgia DOT (GDOT) has posted on the Internet (www.
dot.state.ga.us) the format for submitting scope and cost esti-
mates for GDOT projects in the form of Excel workbooks to
expedite the review and approval process. Type “GUIDELINES
FOR SCOPE & COST ESTIMATE WORKBOOKS?” in the
search box on the home page.

There are also commercial estimation programs that have
seamless integration with Microsoft Excel. See Hard Dollar
Construction Estimating Software at www.harddollar.com/
software/Take-Off-Analysis.asp.

C3 Conceptual Estimation

During the earliest stages of project development, prior to
any design work, there is limited information about the proj-
ect. However, there is the need to establish the approximate
cost in order to evaluate options and to make choices between
transportation needs and feasibility. Because there is very lit-
tle project definition at this point in time, conceptual esti-
mates usually rely on parametric techniques to extrapolate
from past experience the economic impact cost of future
projects. These techniques are applied using custom cost esti-
mation relationships or commercially available tools.

Such estimates are normally prepared prior to the National
Environmental Policy Act (NEPA) decision document. The
accuracy of these estimates is directly related to the specificity
of project definition. These techniques are used to determine
the approximate cost of the project. In some cases, the esti-
mated dollar amount is expressed as a range; this is a very good
practice.

C3.1 Agency Estimation Software
(Also See C2.1, D2.2, P1.1)

Based on schematic information, the intent of a conceptual
estimate is to provide a realistic cost assessment so that decision
makers can judge the relative merits of the project. The usual
approach to doing that is reliance on some form of parametric
estimation approach. Parametric estimation methods are
defined as estimation techniques that rely on relationships
between item characteristics and the associated item cost. One
key reason state highway agencies develop their own paramet-
ric models is that they have specific estimation needs that can-
not be achieved by using a commercial parametric model.
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What Is It?

A parametric cost estimate is one that uses cost estimation
relationships and associated mathematical algorithms (or logic)
to establish the cost estimate for a project. Parametric estima-
tion using statistical techniques and historical databases can
produce a range of probable costs rather than a single deter-
ministic cost. The method can be applied to develop an estimate
before design is complete. The conceptual estimation tech-
niques with 1% to 15% project definition can produce a proj-
ect estimate with an accuracy range of +40/—20% to +120/—60%
according to the Association for the Advancement of Cost Engi-
neering International (AACE).

Why?

During the early stages of project development, it is difficult
to develop definitive cost numbers based on material quanti-
ties or specific work items, as these have not yet been defined.
Computer-driven conceptual estimation tools can bring speed,
accuracy, and flexibility to estimation processes. They are
also applicable for projects of an emergency nature that must
be completed rapidly and for which there is limited scope
definition.

What Does It Do?

When the only definitive information about a project is
general parameters such as location, length, and maybe the
number of roadway lanes an estimate can be derived from a
weighting of historical cost records from previous projects.

The technique uses cost estimation relationships to build
the cost of individual parts of the project and parametric mod-
els to prepare estimates for an entire project. Parametric mod-
els incorporate many equations, ground rules, assumptions,
logic, and variables that describe and define the particular sit-
uation being studied and estimated. Parametric models make
extensive use of cost history databases.

When?

Early in project development, it is usually not possible to cre-
ate a bottom up estimate, as a fully developed scope of work is
yet to be created. Conceptual estimation is an excellent costing
methodology that can provide reliable estimates based on a
limited definition of project scope.

Conceptual estimation techniques can also be used to price
validated change order requests.

Examples

Penn DOT uses parametric values in determining the cost
estimate at the planning and early design stage.

Tips

All parametric estimation techniques, including cost esti-
mation relationships and complex models, require credible
data before they can be used effectively. Data should be col-
lected and maintained in a manner that provides a complete
audit trail with expenditure dates so that dollar-valued costs
can be adjusted for inflation. While there are many formats for
collecting data, an example of one commonly used by state
highway agencies would be the standard pay items. Technical
noncost data that describe physical, performance, and engi-
neering characteristics of a project must also be collected. Once
collected, data need to be adjusted for items such as production
rate, improvement curve, and inflation. This is also referred to
as the data normalization process.

Cost estimation relationships are analytical equations that
relate various cost categories (either in dollars or physical
units) to cost drivers, or variables. They are created in a stepped
process involving development of a unit cost by a weighting of
historical data to which appropriate corrective adjustments are
applied.

Inflation/deflation adjustment. The unit cost must be
adjusted for the time difference between the historical proj-
ects and the estimated project. Various indexes of economic
trends are available to support a correction. See the Engineer-
ing News Record quarterly construction indexes.

Location adjustment. The historical cost data are only reli-
able for the specific locations of the encompassed projects.
Consequently, the relative difference in the cost of materials,
equipment, and labor between locations of past projects and
the current project requires an adjustment in unit cost.

Project size adjustment. Project size can affect cost; there-
fore, in developing a cost estimation relationship, size of the
historical projects compared with the estimated projects must
be factored in.

Unit cost adjustments. The cost of certain items (e.g., spe-
cific hardware) is independent of project size; as a result, it is
necessary that the estimator have a clear understanding of the
proposed project scope.

In deriving a cost estimation relationship, assembling a
credible database is especially important and, often, the most
time-consuming activity.

Resources

The paper “Parametric Estimating Methodology for Transit
Project Planning,” by Robert H. Harbuck, which is part of the
2001 AACE International Transactions, provides an overview
for transit project applications. A copy can be found on the
Parsons Brinckerhoff website at www.pbworld.com/library/
technical_papers/pdf/46_ParametricEstimating.pdf.



The Association for the Advancement of Cost Engineering’s
(AACE International’s) Professional Practice Guide #6: Con-
struction Cost Estimating presents information on conceptual
and parametric estimation.

NASA has a Parametric Cost Estimating Handbook. This
handbook is intended to be used as a general guide for imple-
menting and evaluating parametric-based estimation systems
and as the text material for a basic course in parametric esti-
mation techniques. It can be found at http://cost.jsc.nasa.
gov/PCEHHTML/pceh.html.

C3.2 Commercial Estimation Software
(Also See C2.2, P1.2)

The intent of a conceptual estimate is to provide a realistic
cost assessment so that decision makers can judge the relative
merits of the project. These estimates are generally based only
on schematic information. The usual approach to address such
an estimation situation is reliance on some form of conceptual
estimation. These are estimation techniques that rely on rela-
tionships between item characteristics and the associated item
cost. Writing good software is extremely time intensive and
requires a qualified staff of professional programmers who are
also knowledgeable about the task the software is to perform.
These two reasons cause many agencies to use commercial
estimation software that has been validated and documented
before release.

What Is It?

A conceptual cost estimation software system, whether it is
a commercial product or agency-developed product, uses cost
estimation relationships and associated mathematical algo-

A-31

rithms (or logic) to establish the cost estimate for a project.
These statistical techniques, together with historical databases,
can produce a range of probable project costs. The method
can be applied to develop an estimate before design is com-
plete. Table C3.2 is from the Association for the Advancement
of Cost Engineering (AACE) International. The table provides
a sense of the accuracy that can be achieved using a conceptual
estimation methodology in relation to the amount of project
definition. During early project development, scope definition
and design will be limited. Under the AACE International
matrix, early estimates would be either Class 5 or 4.

Why?

During the early stages of project development, it is difficult
to develop definitive project cost numbers based on material
quantities or specific work items, as these have not yet been
defined. Computer-driven conceptual estimation tools can
bring speed, accuracy, and flexibility to estimation processes.
Because development and maintenance of individual or spe-
cialized software packages can be expensive and requires spe-
cial talents, it is often more economical to use commercially
available software, which spreads the product cost over a larger
user base.

In the case of conceptual estimation, commercial software
providers often also have extensive databases that can be pro-
vided with the product.

What Does It Do?

When the only definitive information about a project are
general parameters such as location, length, and maybe the
number of roadway lanes, an estimate can be derived from a
weighting of historical cost records from previous projects.

Table C3.2. AACE International generic cost estimate classification

matrix.
Primary Secondary Characteristic
Characteristic
Estimate Level of Project End Usage Methodology Expected Accuracy
Class Definition Typical purpose of Typical estimating Range
Expressed as % of estimate method Typical +/— range
complete
definition
Class 5 0% to 2% Screening or Stochastic or +40/-20 to +200/-100
Feasibility Judgment
Class 4 1% to 15% Concept Study or Primarily Stochastic +30/-15 to +120/-60
Feasibility
Class 3 10% to 40% Budget, Mixed, but Primarily +20/-10 to +60/-30
Authorization, or Stochastic
Control
Class 2 30% to 70% Control or Bid/ Primarily +10/-5 to +30/-15
Tender Deterministic
Class 1 50% to 100% Check Estimate or Deterministic +10/-5

Bid/Tender
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The technique uses cost estimation relationships to build
the cost of individual parts of the project and parametric
models to prepare estimates for an entire project. Parametric
models incorporate many equations, ground rules, assump-
tions, logic, and variables that describe and define the partic-
ular situation being studied and estimated. Parametric models
make extensive use of cost history databases.

When?

Early in project development, it is usually not possible to cre-
ate a bottom-up estimate, as there is no fully developed scope
of work. Conceptual estimation is an excellent costing method-
ology that can provide reliable estimates based on a limited def-
inition of project scope.

Conceptual estimation techniques can also be used to price
validated change order requests.

Examples

Trnseport cost estimation relationships is a job and program
cost estimation and planning tool that provides a highly pro-
ductive environment to prepare parametric, cost-based, and
bid-based job cost estimates.

Tips

The estimator is the key to any estimation process and must
know the software being used, its capabilities, and its limita-
tions. To become proficient at any task, training is required.
This is especially true with estimation software. Training will
greatly enhance the proficiency and efficiency of estimators
using any software.

One of the greatest benefits of computer estimation is the
storage and retrieval of historical data. All parametric estima-
tion techniques, including cost estimation relationships and
complex models, require credible data before they can be used
effectively. Data should be collected and maintained in a man-
ner that provides a complete audit trail with expenditure dates
so that dollar-valued costs can be adjusted for inflation. While
there are many formats for collecting data, an example of one
commonly used by state highway agencies would be the stan-
dard pay items. Technical noncost data that describe physical,
performance, and engineering characteristics of a project must
also be collected. Once collected, data need to be adjusted for
items such as production rate, improvement curve, and infla-
tion. This is also referred to as the data normalization process.

Cost estimation relationships are analytical equations that
relate various cost categories (in either dollars or physical
units) to cost drivers, or variables. Cost estimation relation-
ships are created in a stepped process involving development
of a unit cost by a weighting of historical data to which appro-
priate corrective adjustments are applied.

Inflation/deflation adjustment. The unit cost must be
adjusted for the time difference between the historical proj-
ects and the estimated project. Various indexes of economic
trends are available to support a correction. See the Engineer-
ing News Record quarterly construction indexes.

Location adjustment. The historical cost data are only reli-
able for the specific locations of the encompassed projects.
Consequently, the relative difference in the cost of materials,
equipment, and labor between locations of past projects and
the current project requires an adjustment in unit cost.

Project size adjustment. Project size can affect cost; there-
fore, in developing a cost estimation relationship, size of the
historical projects compared with the estimated projects must
be factored in.

Unit cost adjustments. The cost of certain items (e.g., spe-
cific hardware) is independent of project size; as a result, it is
necessary that the estimator have a clear understanding of the
proposed project scope.

In deriving a cost estimation relationship, assembling a
credible database is especially important and, often, the most
time-consuming activity.

Resources

The paper “Parametric Estimating Methodology for Transit
Project Planning,” by Robert H. Harbuck, which is part of the
2001 AACE International Transactions, provides an overview
for transit project applications. A copy can be found on the
Parsons Brinckerhoff website at www.pbworld.com/library/
technical_papers/pdf/46_ParametricEstimating.pdf.

The Association for the Advancement of Cost Engineering
International’s (AACE International’s) Professional Practice
Guide #6: Construction Cost Estimating presents information
on conceptual and parametric estimation.

NASA has a Parametric Cost Estimating Handbook. This
handbook is intended to be used as a general guide for imple-
menting and evaluating parametric-based estimation systems
and as the text material for a basic course in parametric estima-
tion techniques. It can be found at http://wwwl.jsc.nasa.gov/
bu2/PCEHHTML/pceh.htm.

AASHTOWare is AASHTQ’s transportation software solu-
tions. See http://aashtoware.org/?siteid=28.

C3.3 Cost/Parameter Using Similar Projects

This tool is based on the concept of using the cost of proj-
ects that are similar to the project being estimated as the
basis for developing the estimate. The similar project has a
known cost and scope. The similar project cost is converted
into some reasonable cost parameter, such as dollars per
centerline-mile or dollars per square foot of decking and is



used in conjunction with an order-of-magnitude quantity
parameter of the project being estimated, such as centerline-
miles, to provide a basis for approximating the total cost of
the facility.

What Is It?

Early in program (or project) development, there is very lim-
ited scope definition as to how a transportation need should be
addressed. Because there are often similarities between a current
need and a recently programmed, designed, or completed proj-
ect, the cost basis for estimating the future program area (a proj-
ect or groups of projects) is the relationship to the similar
project for which there are cost data. The cost of the similar
project is often expressed in terms of a cost per mile.

Why?

The purpose of this tool is to rapidly assess the approximate
costs for addressing a transportation need or needs.

What Does It Do?

This tool provides an easy way to quickly approximate the
order-of-magnitude cost of a potential transportation pro-
gram (project or groups of projects). The concept is based on
identifying an existing project that is almost identical in scope
to the project that is being estimated. The tool relies on his-
torical cost data. The historical data have to be modified to fit
any differences in scope, location, and other project charac-
teristics that might exist between the similar project and the
new project or program area.

When?

This tool is used for preparing conceptual estimates during
the planning phase of program (or project) development.

Examples

Several state highway agencies use historical cost data from
similar projects to generate cost-per-mile factors for long-
range planning estimates. One transportation agency identi-
fies similar type projects within the state that are in the
programming phase and uses the current average cost-per-
mile estimates from those projects to prepare the conceptual
estimates for its planning phase projects. The cost-per-mile
data could be obtained from a single programmed project or
from a number of similar programmed projects. The key to
this estimation practice is using similar projects that have a
more defined scope than the project in the long-range plan-
ning phase. The planning engineers in the respective districts
provide the estimators with the current cost-per-mile estimate
for the programmed projects, which were created using para-
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metric and line-item historical bid-based estimation tools.
Thus, the conceptual estimates reflect all project cost ele-
ments, including costs for design, utilities, construction, and
right-of-way. If the project includes structures, the estimator
attempts to separate and remove the structure cost in the pro-
gramming phase estimates and then estimates the current
project’s structures separately. Other state highway agencies
develop lane-mile factors in a similar manner as the one
describe here, but they use costs for projects that have already
been let instead of projects still in the programming phase.

Tips

Applying this tool requires the user to match basic scope
items to projects that are deemed similar in scope to the trans-
portation program or project being estimated. The user must
ensure that all scope items are covered in relation to the similar
project. If there is not a perfect match, appropriate adjustments
in cost should be made. For example, if the similar project has
fewer structures than the transportation need being estimated,
an appropriate adjustment in the cost estimate should be made
to account for fewer structures. There may also be location dif-
ferences that must be accounted for when using costs of similar
projects. Costs should be adjusted to include future dollars—
that is, the time at which the transportation need is likely to
become a project with a construction target date.

This tool is useful for developing quick estimates for a pro-
gram or project provided that the level of scope similarity is very
high. The cost of the similar project should include all ele-
ments, including preliminary design costs, right-of-way, util-
ity adjustments, contract administration, and construction. If
one of these elements is not in the scope of the new trans-
portation need, then the cost for this element must be deleted
from the similar estimate. Alternatively, cost for elements
could be added to adjust for differences between a similar
project and a new transportation need. Contingencies should
be included to cover uncertainties in the cost estimate. Simple
spreadsheets can be used to summarize cost estimation ele-
ments when using this tool.

Resources

The data for the Wisconsin DOT method of calculating con-
struction costs for a roadway improvement project based on
“controlling cost items” (these are the certain bid items that
comprise the majority of total construction costs) can be
found at www.dot.wisconsin.gov/localgov/highways/docs/
district-controlling.pdf.

C3.4 Cost/Parameter Using Typical Sections

This tool is based on the concept of using typical sections/
components representing common types of facilities and
historical cost data to derive key cost parameters. These cost
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parameters, such as dollars per centerline-mile or dollars per
square foot of decking, are used in conjunction with gross
quantities to provide a basis for approximating the partial cost
of a facility.

What Is It?

Early in program (or project) development, very limited
scope definition is available for solving a potential transporta-
tion need. The proposed facilities are often described in terms
of a parameter such as a centerline-mile of roadway improve-
ment, the number of lanes, and the type of construction (new
or reconstruction) or number of bridges. For example, typical-
pavement-type sections are used as the basis for estimating
pavement construction cost for a given or standard pavement
length and thickness or for a typical shoulder width. Historical
cost data are provided in terms of cost factors (e.g., dollars per
centerline-mile) and percentages for certain scope categories.
Historical data reflect average costs and are not necessarily spe-
cific to any one area within a state.

Why?

The purpose of this tool is to develop approximate capital
costs for a transportation need or needs so that estimates of
funds required for long-range programs can be determined.

What Does It Do?

This tool is easy to use and provides a quick approximation
of the magnitude of the cost for addressing a transportation
need or correcting a deficiency. The concept is based on iden-
tifying those cost elements that are likely to be a substantial
portion of a project’s capital cost. The tool relies on historical
data for developing standardized or typical configurations that
represent types of transportation facilities.

When?

This tool is used for preparing a transportation program
(or project) conceptual estimate during the planning phase of
program (or project) development.

Examples

One unique approach to applying cost-per-mile factors is
developing typical project sections (e.g., pavement sections and
type) that correspond with lane-mile cost factors. Using this
approach, one state highway agency created an estimation
handbook that has sketches of typical roadway sections that are
used to generate conceptual estimates. At the planning stage,
the pavement thickness, materials, and lane widths are typical
values. Depending on the project’s standard characteristics, the
estimator chooses the corresponding project from the hand-

book. Then, the estimator selects the appropriate cost chart
that best fits the anticipated project structure. Cost is still in
dollars per lane-mile but it reflects a typical structural section
that is identified early in project development. The typical
sketches also aid the estimator in deciding on the additional
project elements that will be required. This process provides
the base construction cost; therefore, the preliminary engi-
neering, civil engineering, inspection, and right-of-way costs
are added to this lane-mile cost. The right-of-way is factored
into the estimate as a percentage of the estimated construc-
tion cost, and the engineering costs are based on historical
ratios of engineering to construction cost. The engineering
cost includes preliminary engineering, construction engineer-
ing inspection, right-of-way support, and related overhead
costs. The factors in this state highway agency handbook rep-
resent present day costs that must be inflated to the project’s
midpoint of construction. This planning manual has inflation
factors that are applied to the planning estimates. The sum of
the calculated elements determines the long-range planning
estimate’s total amount.

This estimation method provides the state highway agency
with a consistent and transparent approach to estimating the
cost of transportation needs. Consistency of approach con-
tinues as the project is further developed because the state
highway agency uses an estimation methodology that builds
upon the lane-mile typical section at each project develop-
ment phase. The difference between the estimates in each
phase is the incorporated level of project detail. Furthermore,
estimate development is documented by the systematic
preparation of narratives. The approach also has standard
project cost components that must be considered for inclu-
sion in the estimate; this helps the estimators avoid the prob-
lem of cost-item omission.

Two state highway agencies reported using lane-mile cost
factors with typical sections for their planning estimates, but
their methods were not consistently used within the state high-
way agency as the procedure previously described. One state
highway agency uses three spreadsheet templates specifically
for its central, northern, and southern regions. The templates
categorize typical projects into rural or urban location and into
new or widening projects. The number of roadway travel lanes
and the median type is used to further define each typical sec-
tion. The spreadsheet templates have columns associated with
costs for grading and drainage, base aggregate and pavement,
lump-sum items (e.g., pavement markings and signs), miscel-
laneous items, engineering and contingency, total project cost,
and total cost per mile. The length of the proposed project is
entered into the template, and costs for each typical section
listed are calculated. This template provides the state highway
agency with different design alternatives along with an estimate
for each design so that designs can be compared.

Another state highway agency has a cost sheet that lists sim-
ilar project types and associated cost-per-mile factors. The



cost sheet separates projects into rural and urban with project
types listed by the number of roadway travel lanes. From the
cost sheet, the estimator chooses the thickness of the pave-
ment and the median type. The cost sheet also refines cost
numbers based on work type (reconstruction or new con-
struction). Furthermore, the sheet provides information for
estimating the cost of miscellaneous improvements, such as
signaling. Percentages of the total project cost are used to esti-
mate right-of-way and utility cost. This state highway agency
is in the process of refining its estimation software to include
the computerization of planning estimate preparation.

Two illustrations of typical cost data that support this tool
are shown here. The first illustration (Table C3.4-1) relates to
bridge costs and shows typical structural sections. The second
illustration (Table C3.4-2) shows typical costs for roadway
sections, bridge types, and other relevant costs such as right-
of-way and construction engineering.

Tips

Applying this tool requires the user to match basic scope
items to typical configurations and/or sections representing
different types of transportation need solutions. The user also
must ensure that all scope items are covered and that the data-
base provides sufficient information to estimate all pertinent
scope elements for the proposed solution, such as right-of-way,
preliminary engineering, and utility relocation. If necessary,
costs should be adjusted to include future dollars, adjusted to
time-of-construction dollars. Cost adjustments may also be
necessary when the scope is different form that used to make
the estimate or unique conditions exist. Simple spreadsheets
can be used to make calculations and summarize cost estima-
tion elements.

Resources

Florida DOT Office of Planning Policy (March 2003). “Pol-
icy Analysis and Program Evaluation, 2002 Transportation
Costs.”

Caltrans Division of Engineering Services, Structure Office
Engineer (2003). “Comparative Bridge Costs.” http://www.dot.
ca.gov/hq/esc/estimates.

The Wisconsin statewide average costs per mile for various
roadway improvement projects based upon the state’s classifi-
cation such as a resurfacing, pavement replacement, recondi-
tioning or reconstruction project can be found at www.dot.
wisconsin.gov/localgov/highways/docs/statewide-cost
permile.pdf.

C3.5 Trnseport (Also See D2.9, P1.5)

Trns+port is the AASHTO-sponsored transportation agency
management software. It is a robust transportation program
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management system. It uses the most current information
systems technology and is based on the experience and needs
of AASHTO’s member agencies.

Trns*port capabilities encompass the full functionality of a
construction contract management system. It is an integrated
system consisting of 11 modular components, which can be
used individually or in combinations as appropriate. Each
module (see Figure C3.5) addresses the needs of the highway
agency at a particular milestone in the construction contract-
ing life cycle, representing three functional areas: precon-
struction, construction, and decision support.

What Is It?

The Cost Estimation System (CES) is the primary Trns+port
module, and, as shown in the estimation workflow schematic,
itis most appropriately used in the conceptual estimation stage.
It provides a highly productive environment for preparation of
parametric, cost-based, and bid-based project cost estimates.

The CES module, when used in a conceptual estimation con-
text, estimates the cost of parameters involved in the breakdown
of a project. A parameter could be general characteristics such
as project type, length, and location, or more specific informa-
tion such as quantities and prices of major items. Parametric
estimation uses three statistical modeling techniques: (1) proj-
ect breakdown estimation, which determines the major cost
drivers, called “major items,” for the breakdown; (2) major item
quantity estimation, which determines appropriate quantities
of major items; and (3) major item price estimation. Adjust-
ment of any of the calculated values to better reflect estimator
knowledge of the project is possible, and CES will recalculate the
estimate by using the refined data. A very popular calculating
approach among state highway agencies is the lane-mile historic
cost averages, which is an inbuilt feature of this module backed
by the Bid Data Analysis and Decision Support System (BAMS/
DSS) historic database feature of Trns*port.

Why?

At the conceptual estimation stage, it is an ordinary practice
for state highway agencies to use lane-mile costs to estimate a
project. The lane-mile cost parameter is a built-in feature of the
Trnseport CES module. The CES module, however, empha-
sizes an item-level-quantity-based approach as opposed to
estimating at a project level using a cost-per-lane-mile param-
eter. This approach may improve early estimate accuracy.
Developing quantities early may enable continuous tracking
and control by initiating quantity estimates at the outset. To
efficiently perform these functions, a comprehensive project
breakdown schematic is necessary, along with the ability to
correlate them to historical databases. The CES module of
Trns*port can be used to accomplish this correlation.
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Table C3.4-1. Comparative bridge cost data.

JANUARY 2003

soundwalls or retaining walls.

Factors for Lower End of Price Range

The following tabular data gives some general guidelines for structure type selection and its relative cost. These costs should
be used just for preliminary estimates until more detailed information is developed.
These costs reflect the ‘bridge costs’ only and do not include items such as: bridge removal, approach slabs, slope paving,

The following factors must be taken into account when determining a price within the cost range:

Factors for Higher End of Price Range

Short Spans, Low Structure Height, No Environmental Constraints,
Large Projects, No Aesthetic Issues, Dry Conditions, No Bridge Skew

Long Spans, High Structure Height,
Environmental Constraints, Small
Project, Aesthetic Issues, Wet
Conditions (cofferdams required),
Skewed Bridges

Urban Location

Remote Location

Seat Abutment

Cantilever Abutment

Spread Footing

Pile Footing

No Stage Construction

2 Stage Construction

Factors That Will Increase the Price Over the High End of the Price Range

Structures With More Than 2 Construction Stages

Unique Substructure Construction

Widenings Less Than 5M

(STR. DEPTH/MAX SPAN) SF?A(?\IMRI\{IAO’\II\éE COST RANGE REMARKS
STRUCTURAL SECTION SIMPLE | CONTINUOUS (meters) ($/M2)
rRcstaB [ 1 0.06 0.045 5-13 800 - 1,200
RCTBEAM UV U 1 0.07 0.065 12-18 850 - 1,400 IA%'ESSTEC%R;JSE
RC BOX 0.06 0.055 15-37 950- 1,450 |1 TPES D
clPPssias ] 0.03 0.03 12-20 950 - 1,300 |ASO TS0 OF
CIP/PS BOX 0.045 0.04 30-76 800 - 1,200 ﬁfgﬁw:wf STATE
PC/PS SLAB (75 mm AC)| (+75mm AC) 615 1,300 - 1,950
PCIPS T TT. L U1 | (75mm AC)| (+75mm AC) 9-37 1,100- 1,800
BULB T GIRDER 0.05 0.045 27-44 1,100 - 2,100
PC/PS| AT 0.055 0.05 15-37 1,300 - 1,700
PC/PS BOX 0.06 0.045 37-61 1,500 - 2,700 [pod SLEEIORK
IS_;?RU;ETRSTEEL ? 0.045 0.04 18-91 1,625 - 2,300 | NGO FALSEWORK

REQUIRED

NOTE: Removal of a box girder structure costs from $160 - $215 per square meter.

COSTS INCLUDE 10% MOBILIZATION AND 25% CONTINGENCY




Table C3.4-1. (Continued).

JANUARY 2003

soundwalls or retaining walls.

Factors for Lower End of Price Range

The following tabular data gives some general guidelines for structure type selection and its relative cost. These costs should
be used just for preliminary estimates until more detailed information is developed.
These costs reflect the ‘bridge costs’ only and do not include items such as: bridge removal, approach slabs, slope paving,

The following factors must be taken into account when determining a price within the cost range:

Factors for Higher End of Price Range

Short Spans, Low Structure Height, No Environmental Constraints,
Large Projects, No Aesthetic Issues, Dry Conditions, No Bridge Skew

Long Spans, High Structure Height,
Environmental Constraints, Small
Project, Aesthetic Issues, Wet
Conditions (cofferdams required),
Skewed Bridges

Urban Location

Remote Location

Seat Abutment

Cantilever Abutment

Spread Footing

Pile Footing

No Stage Construction

2 Stage Construction

Factors That Will Increase the Price Over the High End of the Price Range

Structures With More Than 2 Construction Stages
Unique Substructure Construction

Widenings Less Than 15 ft.

(STR. DEPTH/MAX SPAN) | COMMON
STRUCTURAL SECTION SIMPLE | CONTINUOUS SPA';;SNGE CO(SsxsT/ FFVTA;\I)GE REMARKS
T E— 0.06 0.045 16-44 75-110
RCT-BEAM T T 11T | 007 0.065 40-60 80-130
RG BOX 0.06 0.055 50-120 90-135 ;‘;ESI\EOANRTEYTPHEES%ET
cPpssias 7| 008 0.03 40-65 80-100 | PO O T
CIP/PS BOX S | 0.045 0.04 100-150 75-110 (I-:I;A(;_II-IWAR\’(\ISI%\ STATE
PC/PS SLAB [t <o o[+ o[ 1] (+g':(fo) (+:(3)'.'0A30) 20-50 120-180
pops T TT. LS00 (+g,;0£C) (+%"0250) 30-120 100-170
BULB T GIRDER 0.05 0.045 90-145 100-200
PC/PS | T 0.055 0.05 50-120 120-160
PC/PS BOX 0.06 0.045 120-200 140-250 ggga'hsEEDWORK
IS_ETRUDCJRSTEEL T 0.045 0.04 60-300 150-215 NO FALSEWORK

REQUIRED

NOTE: Removal of a box girder structure costs from $15 - $20 per square foot.

COSTS INCLUDE 10% MOBILIZATION AND 25% CONTINGENCY
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Table C3.4-2. Highway cost per centerline-mile.

State Rural Roads

2 Lanes

New Construction With 5' Paved Shoulders ... ...$2,172,300
Milling & Resurfacing With 5' Paved Shoulders ... $477,800
Routine Maintenance (Annual) ... ; ...$21,700
4 Lanes

New Construction (Interstate) With 10' Paved Shoulders... ...$4,018,600
New Construction (Undivided) With 5' Paved Shoulders w,-‘12 Aux Ln ...$3,317,700
New Construction (Divided) With 5' Paved Shoulders... .. $3,240,700

Milling & Resurfacing (Arterial) With 5' Paved Shoulders w;'12 Aux Ln $686,900
Milling & Resurfacing (Interstate) With 10' Paved Shoulders .. crrrereinennan DO77,700
Add 2 Lanes (To Existing 2 Lane) With 5' Paved Shouiders.,,,,,,,.,,.....,..,,...,..$2 381,600
Routine Maintenance (ANNUALY .........cuimiiisiimiimissmssmmssismssisssvesssio ...$40,700

Source: Long Range Estimate System, Maintenance Offices - Florida Department of Transportation.
Notes:
Before using the cost information provided herein, please contact the FDOT District Offices
to see if district estimates are available. A list of the district contacts is provided in the
Introduction of this report.

Figures are for 2002 construction costs for one centerline mile of roadway including
structures up to 20 feet in length; they may not be comparable to prior year figures
in all cases.

These figures exclude costs for intersections/interchanges/structures over 20 feet,
right-of-way, landscaping, traffic signals, preliminary engineering, and construction
engineering inspection.

The cost-per-centerline mile figures are based on general, statewide averages.
They are not to be used for Work Program estimating because they are not job

specific.

What Does It Do?

The CES module of Trns*port provides a full range of cost
estimation capabilities from conceptual estimation to the engi-
neer’s final estimate required for final approval. Estimators can
migrate their work through each stage of estimation, splitting
and combining projects as required, moving smoothly from
each stage of estimation. This tool allows import of data from
other design software, such as computer-aided design and
drafting (CADD).

The parametric estimation capability of CES is, however, of
particular interest for this application. The CES module creates
estimates using item-based historical prices from the BAMS/
DSS module. It permits the creation of estimates from
scratch or by importing older project estimates from exist-
ing Trns*port modules that may have similar parameters, such
as project type, length, and location, or more specific informa-
tion such as quantities and prices of major items. Estimates are
created and categorized on a project-by-project basis using an

item-based approach. Predefined line items that are built into
the program are directly linked to historical databases. The
module also permits customization for unique items. It also
facilitates the listing and tracking of sources of funding on each
project. Item pricing can be based upon equipment and labor,
previous bid and regression analysis, references to similar proj-
ects, and ad hoc. As items are added, CES automatically calcu-
lates and updates the estimate based on the pricing method
chosen. This computer-based tool allows customization to
improve accuracy and also generates an array of reports to help
document and track project costs.

When?

This tool can be used in the planning phase of project
development to create early estimates based on major project
parameters and other factors. In this way, CES can be an effi-
cient tool for quickly estimating project costs for purposes of
long-range planning.



Table C3.4-2. (Continued).

State Urban Roads

2 Lanes
New Construction With 5' Sidewalk, Curb, Gutter and 10' Refuge Ln. ............ $,2821,800
Milling & Resurfacing Curb t0 CUmM .........ccoeieieiienieiiice e $422,100
Routing MaintBnance (ANMUALY .....cooassuomssmssesesssssess isssnaessissssnsasssiintisnsinmssonssubsis $26,300
4 Lanes
New Construction (Interstate) With 10" Paved Shoulder ............ccoovevvevvee.. $4,765,100

New Const. (Undivided) With 5' Sidewalk, Curb, Gutter & 12' Aux. Ln... $3,305,100
New Const. (Divided) With 5' Sidewalk, Curb, Gutter & 9' Refuge Ln. ... $4,273,200
Milling & Resurfacing (Arterial) Curb To Curb w/12' AuX. LN. .cooovevviiiieeeennn. $541,200
Milling & Resurfacing (Interstate) With 10' Paved Shoulder
Add 2 Lns (Existing 2 Ln.) W/5' Sidewalk, Curb, Gutter & 12' Aux. Ln. .. o
Routine Maintenance (ANNUAI ... eees s ere e s e e e eeeae e s seeseensnnns

Source: Long Range Estimate System, Maintenance Office - Florida Department of Transportation.

Notes: Before using the cost information provided herein, please contact the FDOT District Offices
to see if district estimates are available. A list of the district contacts is provided in the
Introduction of this report.

Figures are for 2002 construction costs for one centerline mile of roadway including
structures up to 20 feet in length; they may not be comparable to prior year figures
in all cases,

These figures exclude costs for intersections/interchanges/structures over 20 feet,
right-of-way, landscaping, traffic signals preliminary engineering, and construction
engineering inspection

The cost-per-centerline mile figures are based on general, statewide averages
They are not to be used for Work Program estimating because they are not job
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specific.

Examples

In years past, the NYSDOT used the mainframe versions of
Trnseport PES, LAS, and DSS, but as agencies moved from the
mainframe to the client/server versions, AASHTO decided
to drop support of the mainframe version. NYSDOT then
migrated to the client/server version.

Tips

This tool can be used at all stages of estimation, bridging
easily from one Trns*port module to another module that has
been developed to be used at different stages of project devel-
opment. These features help improve accuracy and handle
more complex circumstances. Thus, the user can start with
the planning estimate developed in CES and then move to
estimation in the other project phases.

The estimator should check the output of the CES model to
ensure that the estimate is consistent with estimated costs using
other agency historical data. The estimator must ensure that all
project costs are covered, such as right-of-way and preliminary
engineering. These costs may not be generated by CES.

Additional information can be found using the following
website dot.state.ny.us/trns-port/about.html.

(continued on next page)

Resources

The Technology Implementation Company, in Gainesville,
Florida. See website addresses www.infotechfl.com and www.
cloverleaf.net.

AASHTOWare, the transportation software system of
AASHTO. See website at www.aashtoware.org.

C4 Consistency

The estimate is the beginning and the foundation of the
entire project cost control process. All project estimates should
be developed and treated as permanent documents that func-
tion as a basis for business decisions. Therefore, an estimate
must be in a form that can be understood, checked, verified,
and corrected. There must be consistency of presentation
within an individual estimate and consistency across all esti-
mates prepared by an agency. Consistency is an important fea-
ture of all estimates, but its impact on performance increases
with project complexity. The consistent presentation of state
highway agency estimates supports avoidance of duplications,
omissions, and errors within an estimate and strengthens the
estimate review processes. Successful estimation improvement
is not so much about “computers and data” per se, as it is about
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Table C3.4-2. (Continued).

New Construction
(Cost Per Square Foot)
Bridge Type Low High
Short Span Bridges:
Reinforced Concrete Flat Slab Simple Span...............cccooceiiis $50................... 565
Reinforced Concrete Flat Slab Continuous Span ........................ [ [C $80
Medium Span Bridges
Steel Deck/Girder - SImple Span ..o $62.... .. 575
Steel Deck/Girder - Continuous Span .........cccoeveeerrreerreeveesenenes 970 0iiiiiiiiiinis $90
Prestressed Concrete Deck/Girder - Simple Span ..........cccccoeeee. 150 . .
Prestressed Concrete Deck/Girder - Continuous Span ................ 965 $110
Long Span Bridges
Steel Box Deck/Girder - Span Range from 150'to 280" ............... $76................$120
(for curvature, add a 15% premium)
Segmental Concrete Box Girders - Cantilever ...........c..cccccoeene. $80. w5110
Construction, Span Range from 150' to 280"
Movable Bridge - Bascule Spans and Piers .........ccccoocvviiennen. $900 $1,500
Demolition Cost
TVDIBA] s T PR O M S TR T R $9 sweaneiae B
BaASCUIB oottt ettt ne e e ean $63...iiie $63
Source: Structures Design Office - Florida Department of Transportation.
MNotes: Figures are for 2002 construction costs per square foot of deck area, including
allowance for handrails; they may not be comparable to prior year figures in all
cases.
Costs of preliminary engineering, right-of-way, bridge approaches, mobilization, and
construction engineering inspection are not included.
The cost-per-square foot figures are based on general, statewide averages. They are not
to be used for Work Program estimating because they are not job specific.

creating an organizational culture and climate that support
state highway agency estimators and the estimation process.

C4.1 Cradle-to-Grave Estimators

When the same estimator or estimation team is assigned to
a project from programming through plans, specifications,
and estimates (PS&E), the retention of historical knowledge
about cost drivers and why decisions were made is more eas-
ily maintained and considered during later phases of project
development.

What Is It?

Under the cradle-to-grave concept, the same estimator is
responsible for the estimate during all phases of project devel-
opment. As a project moves through its development stages, a
single estimator or estimation team is responsible for develop-
ing and updating the estimate. There is no “over-the-wall”

(i.e., team to team) passage of scope, schedule, and estimation
responsibility as the project passes from one development stage
to another.

Why?

When project development is a stepped process with stage
responsibility passing from one team to another (i.e., over-the-
wall deliverables) there is always the possibility that critical
knowledge will be lost during a hand-off between teams. One
approach used to avoid this problem of lost project knowledge
is the reliance on a dedicated team to move the project through
all development phases. This approach would also place esti-
mation responsibility with the same person or persons during
all of the project’s development stages.

What Does It Do?

The use of cradle-to-grave estimators improves the knowl-
edge base of the estimator or estimation team concerning all
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Table C3.4-2. (Continued).

Cost of Traffic Signals
Activity _ Rural Urban Average
Installation (Mast Arm)........cccceee $129,400 .................. $113,300 $121,400
Installation (Strain Pole) ................... $68,700 .. .. $60,300.. ..$64 500
Maintenance (Excluding Power)................. T e TR $2,150
*Per Intersection/Year
Source: Traffic Engineering Office - Florida Department of Transportation
Ratio of Right-of-Way to Construction Costs
Statewide Averages
Type of Right-of-Way
Activity Ratio
Total Right-0f-Way/CONSITUCHON ........vcieiieiiiiiieieee e 20%
Resurfacing Only ;
B Ol it iavuss s P o ra s S e ST e s a s e SV
INETSTATE ORIV sisissimmnsissinsmemmmesnsssasnmnensar sorssr bR s B T i vhaes DO
Other Capacity Only «inisumasinmamamissimmsissiomsms eiressssesssestres s g ne s 40%
Note: Right of way costs vary considerably, depending on the location. District information is

available for some areas. Please contact the District Office where the project will be located
before developing project estimates. A list of the district contacts is provided in the
Introduction of this report.

Statewide averages for right-of-way as a percentage of construction costs for six year
period between fiscal years 1987 and 2002. Right-of-way costs vary based on factors such
as production mix and location, so historic averages may not be representative for future or
individual construction projects.

Ratio of Engineering to Construction Costs

The relationship between the Florida Department of Transportation’s engineering to construction costs
(including right-of-way) varies. Engineering costs include preliminary engineering, construction
engineering inspection, right-of-way support, and refated overhead costs. For the past five fiscal years,
the ratio of engineering to construction costs has been approximately 36% on average.

Source: Program Development Office - Florida Department of Transportation,

Assat || Potential projects | Prian tiza High-level I
Inventory Kentifled projects projact costs
. P, ., - 8 4
' - - ™ s 'lm.
Devalop
—*| |denfiybudgel —» Develop STIP  —» Design project - Enginesrs | —
Eslimale
Scheduls for Award
—»| Createproposdl | gng [ contract
] SteManagerSitaPad pES CES of Estimalor or SAPW
of CAS FleldManager of PES with DSS
CAD CES with 0SS LAS with DSS

A holcal arimaiion work oW and iunchions aress whare Trng roor! moguves as3ir arg ahowm.

Figure C3.5. Estimation workflow and functional areas where Trnseport
models assist.
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project details. With this approach, estimators gain knowledge
about the reasons for revisions, the existence of constraints, the
required coordinate with other schedules, and the regulatory
procedures that affect the project. When estimators possess
such knowledge, estimate quality is improved because there is
a better understanding about external cost drivers.

When?

The use of cradle-to-grave estimators can be very beneficial
in the case of projects that will be impacted extensively by third-
party agreements, utility conflicts, coordination issues, and
scheduling uncertainty. Even with simple and straightforward
projects, the use of cradle-to-grave estimators will work, but the
realized benefits are usually not as significant.

Examples

The use of cradle-to-grave estimators is found more in the
private sector of the construction industry, where the estima-
tor is a member of the project development team and not an
auxiliary or separate support staff. It has been reported by
engineering firms working for the chip and technology indus-
try that, by making the estimator a member of the project
development team, the firms are saving to the original budget
because of early value engineering and cost input.

Tips

To realize the full potential of this estimation approach, the
estimator must become an integral part of the project devel-
opment team and be fully informed about coordination issues,
external agreements (environmental, utility, and societal), and
schedule constrains.

Resources

The Trns+port Estimator and CES modules are both cost
estimation systems. CES is a client/server system that is tightly
integrated with Trns+port PES, sharing databases and sup-
porting direct project import/export and check-in/check-out
processes. CES supports cradle-to-grave project estimation.

C4.2 Estimation Checklist
(Also See P2.1, V3.1)

Checklists are intended to serve as guides in preparing,
checking, and reviewing cost estimates for errors and omis-
sions. Effective use of estimation checklists will minimize omis-
sions and duplications. They are not, however, a substitute for
the exercise of sound engineering judgment by the estimator
or the reviewers. The estimation professionals must indepen-

dently evaluate supporting data upon which the estimates are
based, but the checklist helps to ensure estimate completeness.

What Is It?

Checklists are templates that estimators and reviewers use to
ensure a complete estimate. They guide the estimator through
suggested items and consideration of factors that impact proj-
ect cost.

Why?

While estimators and project managers are generally very
familiar with assembling cost data and developing an esti-
mate, the estimation process requires consideration of a very
large number of work items and the factors that impact the
cost of individual items, as well as factors that impact the cost
of the project in general. Checklists serve to delineate the large
number of factors, which must be considered during estimate
preparation. Therefore, they are an excellent means of avoid-
ing omissions and for calling attention to the interaction
between factors that can impact cost.

What Does It Do?

Checklists guide the estimator through suggested work
items and cost factors. A checklist serves to ensure that all cost
categories are accounted for in an estimate. The answers to the
checklist questions will provide an overview of the estimate’s
completeness and focus the estimator’s attention on critical
questions. The checklists can be divided into major work areas,
such as roadway and structural, to support specific parts of
project estimate development.

When?

Checklists can support estimate creation at all stages of
project development. The purpose of a checklist is to assist the
estimator in planning, formatting, and developing a complete
estimate. Checklists should be as inclusive as possible, with
questions that specifically probe the estimate at the different
stages in project development.

Examples

North Carolina DOT has an estimation checklist for func-
tional and preliminary estimates. The list, which contains the
various items included on a project, as well as the units of
measurement to be used in estimating the items, is as follows:

o Clearing and grubbing (acre or hectare)
o Farthwork (cy or m3)—unclassified, borrow, undercut, etc.



o Fine grading (sy or m2)

e Drainage (per mile or kilometer)

o Paving (ton or mtn, w/pavement design, or sy/m2 without)
o Stabilization (sy or m2)

¢ Shoulder drains (If or meter)

o Curb and gutter (If or meter)

e Guardrail (If or meter)

o Anchor units (each type)

¢ Fencing (mile or kilometer)

o Interchange signing (type and location)

e Traffic control plan (TCP) (per mile or kilometer)

o Thermo and markers (per mile or kilometer)

o Utilities (If or meters)

e Erosion control (acres or hectares)

o Traffic signals (each and location)

¢ Retaining walls/noise walls (sf or m2, with avg. height)

* Bridges (individual location)

¢ Reinforced concrete (RC) box culverts (individual location)
e Railroad crossing (each—with or without gates)

Tips

There can be many individual checklists to support different
phases of estimate preparation and specific cost areas—a plan
review checklist; a site checklist; a checklist for developing
quantities; and a checklist to consider construction noise, dust,
and other construction nuisance issues.

Resources

The following list is from the FHWA’s Engineer’s Estimate
Checklist for Full Oversight Projects:

e Check approximately 15-20% (more if possible) of the bid
items against the plan quantities for accuracy.

o Do the items checked correspond with the plans and plan
quantities?

o Do the pay items correspond to the type of work proposed?

o Are the units of measure appropriate for the pay item?

o Is the quantity for the pay item reasonable for the project?

e Does the unit price seem reasonable for the type, size, and
location of the project?

The FHWA also has posted on the web a checklist docu-
ment: “Checklist and Guidelines for Review of Geotechnical
Reports and Preliminary Plans and Specifications.” The PS&E
portion of the checklist applies to specific geotechnical features,
such as pile foundations, embankments, and landslide correc-
tions. This checklist can be found at www.thwa.dot.gov/bridge/
checklist.htm.

The U.S. Army Corps of Engineers estimate review check-
list from ER1110-1-12 requires that the reviewer verify the
following:
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o Estimates are based on an approved scope of work and the
latest available design data.

e Estimates are developed from Corps unit price book
(UPB) or approved construction cost data (e.g., the Gen-
eral Construction Cost Engineering Standards published
annually by Richardson Engineering Services or the price
data published by R. S. Means Company).

e Basis for estimates is provided or explained; all assumptions,
quotes, crew sizes, and other cost factors are documented.

o Estimates are escalated to the expected midpoint of con-
struction using the latest approved management control
plan or Office of Management and Budget (OMB) (for
Civil Works projects) index.

o Estimates are prepared in accordance with latest Corps cost
engineering regulations and technical manuals.

o Estimates include risk analysis to cover unknown condi-
tions or uncertainties on work schedules.

o Estimates are internally reviewed prior to submittal.

This checklist could serve as review guidance for any state
highway agency.

Defense Logistics Agency’s “In-House Cost Estimate Check-
list” (available online at www.dla.mil/j-3/a-76/IRLine02.html)
is not designed for projects of the type that state highway agen-
cies usually handle, but it does contain some very good ques-
tions that a state highway agency might want to include in its
own checklist, including the following:

o Isinflation calculated correctly?
o Ifcostsare based on historical data, are appropriate adjust-
ments included?

C4.3 Estimation Manual (Guidelines)

The foundation of a good estimate is composed of the for-
mats, procedures, and processes used to arrive at project cost.
Consistency is measured by the ease with which an estimate
can be checked and the ability of several estimators to work
together to complete a single estimate. Every state highway
agency should have a published estimation manual of standard
formats, procedures, and processes to be used by both state
highway agency estimators and design consultants retained for
estimation purposes. This guidance document should be
specifically written for those responsible for preparing the state
highway agency’s estimates.

What Is It?

An estimation manual is a set of standard operating proce-
dures that guide the preparation of cost estimates. By establish-
ing standard operating procedures for estimate preparation,
state highway agencies can enhance estimate completeness and
accuracy. An estimation manual should also address wide-
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ranging issues of estimation practice, such as consideration of
external factors that affect construction cost and how to
accommodate project risk in contingency amounts.

Why?

The foundation of a good estimate is the formats, procedures,
and processes used to arrive at project cost. A survey of state
highway agencies in 2003 found that only 16 had manuals that
provided formal guidance for preparing estimates, and most of
these tended to describe how to use the particular state highway
agency’s estimation system and failed to address broader issues
of good estimation practice, such as consideration of external
factors that affect project cost. Estimate consistency and accu-
racy is achieved by instituting procedures that serve as guides for
all parties engaged in the estimation processes.

What Does It Do?

An estimation manual provides guidelines for the prepa-
ration of all project estimates developed by the state high-
way agency. It should provide information on a range of
processes and techniques matched to varying project types
(straightforward to complex) and to project development
stage.

When?

The manual should address estimate preparation during all
phases of project development, not just during plans, specifi-
cations, and estimates (PS&E).

Examples

Examples of estimation manuals can be found at www.
state.nj.us/transportation/eng/ CCEPM/ and www.dot.state.
il.us/desenv/BDE%20Manual/BDE/pdf/chap65.pdf.

The Queensland Government of Australia has its manual
online at www.mainroads.qld.gov.au/MRWEB/Prod/Content.
nsf/0/02c5ce00d16de3764a256e4000101970?OpenDocument.

Tips

The following ideas should be part of the estimation manual:

o All estimates should be prepared electronically and stored
in a centralized database.

o Estimators should become familiar with the project site. A
formal site review helps in identifying constructability
issues that can be overlook during a paper plan review.

e Prime estimators should obtain written estimates from
supporting units, including

— Traffic engineering,
— Environmental compliance, and
— Right-of-way.

o The designer should confirm that the estimate is consistent
with the project scope.

o Estimates should be updated at design milestone points:
preliminary design, 30%, 60%, and final design.

o All support units should be required to update and submit
their portion of the estimate at the milestone points.

e The 60% and final design estimates should be based on
actual quantity take-offs.

e There should be consistent methods for estimating both
the quantities and prices of minor items.

o There should be a standard method for handling inflation
and a defined inflation percentage that is applied to the esti-
mate. The estimate for long-duration projects should be
stated in year-of-construction costs.

o The estimation manual itself should be updated annually in
the areas of inflation factors, contingency amounts or per-
centages to be used, and possibly other factors that change
with time and market conditions.

Resources

Visit these sites for additional information and guidance
on cost estimation practices:

e Transportation Estimators Association (TEA): tea.
cloverleaf.net/.

o FHWA “Guidelines on Preparing Engineer’s Estimate, Bid
Reviews, and Evaluation”: www.thwa.dot.gov/program
admin/contracts/ta508046.htm.

o FHWA’s “Major Project Program Cost Estimating Guid-
ance”: www.thwa.dot.gov/programadmin/mega/cefinal. htm.

C4.4 Estimator Training

Human error in anticipating and properly considering proj-
ect cost drivers is an important factor in the failure to produc-
ing quality estimates. This often happens because of a de-
emphasis on engineering/estimation experience and judg-
ment in the light of increasingly sophisticated numerical
techniques/software. Estimate accuracy and quality will only
be achieved when the analytical, numerical, and computational
tools are supplemented with improved thinking skills.

What Is It?

Estimators come from many different specialties within the
state highway agency, including engineering, construction,
contracting, and occasionally from the operations and main-
tenance areas. Estimator training can be attendance at formal
classes; mentoring among the estimators in the state highway



agency; or support for estimators to attend off-site confer-
ences, seminars, or classes pertinent to their work. These activ-
ities should support estimation skill in using techniques for
achieving accurate estimates and knowledge about the state
highway agency’s estimation procedures.

Why?

Cost estimators must be able to interpret details from scop-
ing documents during early phases of project development or
from the plans as design progresses and then make sound and
accurate judgments using poorly defined information or only
minimal information. To do these things, estimators must
receive formal training in (1) estimation methods appropriate
to different levels of project detail and (2) methods for prop-
erly using the estimation software that is available.

What Does It Do?

Formal training programs can provide state highway agency
estimators with a solid background in methods, materials, and
regulations, including methods to analyze bid documents
(reading and understanding contracts, plans, and specifica-
tions); methods to evaluate special conditions affecting project
cost; and methods to analyze project risk for developing real-
istic contingency amounts. Training programs will serve to
maximize the potential of software programs for improving
estimation processes by providing estimators with a broader
understand of how these systems can be used.

Training should also provide opportunities to obtain prac-
tical construction experience because such experience is an
important component of estimator training. Field experiences
enhance knowledge about construction methods and provide
awareness of the on-site construction difficulties that impact
job cost.

When?

Training must be continuous because new construction
techniques are always being introduced and the cost of work
changes with economic conditions. Additionally, new com-
puter systems are constantly being introduced and the poten-
tial of these systems is dependent on knowledge of how to
use them effectively. But maybe most important is the issue
of accounting for new rules and regulations that impact proj-
ect costs.

Examples

One state highway agency (New York) has developed a
computer-based training CD with training modules for each
phase of project development. The agency has central office
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training sessions for the estimating engineers and conducts an
annual class to bring the estimators together to discuss issues.

Tips

If the agency uses the AASHTO Trns*port estimation soft-
ware, the agency should support estimator participation in
the Trns+port Users Group (the TUG), which seeks to provide
a forum for a unified voice to direct the course of Trns*port
development. The TUG additionally provides input to the
Product Management Task Force on product effectiveness,
deficiencies, and needed enhancements and helps to define
product training and support needs.

Resources

To expand the knowledge base of department estimators,
their participation in the Transportation Estimators’ Associa-
tion (TEA) should be supported. TEA publishes guidelines
used by transportation estimators (cost based, historical based,
and parametric), publishes a newsletter for transportation cost
estimators, sponsors an annual cost estimation workshop, and
seeks to achieve the following goals:

o Advance cost estimation techniques;

o Develop new, innovative cost estimation techniques; and

o Disseminate information about cost estimation experiences
and new practices.

The homepage for the TEA can be found at http:tea.clover-
leaf.net/.

The homepage for the TUG can be found at www.tug.
cloverleaf.net/default.htm.

C4.5 Major Project Estimation Guidance

This guidance is provided by the FHWA for the preparation
of a total program cost estimate for a major project. For the
purpose of this guidance, a major project is defined by the
FHWA as a project that

e Receives any amount of federal financial assistance and has
an estimated total program cost greater than $500 million
(expressed in year-of-expenditure dollars) or

o Hasan estimated total cost approaching $500 million, with
a high level of public or Congressional intent.

The total program cost estimate includes engineering, con-
struction, right-of-way, and related costs, which will be iden-
tified by this guidance. Although this guidance is for major
projects, it may also be applied to other projects.
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What Is It?

The major project estimation guidance is a compilation of
key principles to be followed when preparing a cost estimate
for significantly large projects. The magnitude of investment
on such projects is associated with greater risks, which have to
be carefully monitored. These guidelines provide a complete
overview of all critical elements that must be estimated and
included in the cost estimate and their importance.

Why?

Estimates are central to establishing the basis for key proj-
ect decisions, for establishing the metrics against which proj-
ect success will be measured, and for communicating the cost
status of a project at any given point in time. Logical and rea-
sonable cost estimates are necessary in maintaining public
confidence and trust throughout the life of a major project.
Cost increases over and above the early planning and envi-
ronmental estimates for major transportation projects have
become an increasing concern to Congressional and political
leaders, federal and state executive management, and auditing
agencies.

Major projects by nature are usually more complex and con-
tain more risk elements than other projects. Careful attention
must be provided when preparing cost estimates for major
projects. Traditional estimation methods may not be appro-
priate in all cases. This guidance is intended to assist state high-
way agencies, the FHWA, and other sponsoring agencies to
ensure that all program cost estimates are prepared using
sound practices that result in logical and realistic initial esti-
mated costs of the projects, thereby providing a more stable
cost estimate throughout the project continuum.

What Does It Do?

Major projects are associated with greater risks and require
more effort to properly estimate project cost. There are many
aspects of major projects that must be considered when
preparing cost estimates. These guidelines, hence, familiarize
estimators with the requirements of such estimates and pro-
vide a standardized framework and checklist of items to be
included in the estimate.

When?

These guidelines indicate how to maintain consistency in
estimation through all project development process phases,
but the guidelines are most extensively and appropriately
applied in the programming and preliminary design phase.
These guidelines could be referred to as late as during plans,
specification, and estimates (PS&E) phase.

Examples

The key principles for project cost elements are as follows.

o Integrity

o Contents of a cost estimate

o Year-of-expenditure dollars

 Basis of a cost estimate

e Risk and uncertainty

e Project delivery phase transitions

e Team of experts

o Validation of estimates

o Revalidation of estimates

¢ Release of estimates and estimation information

e Program cost estimation elements

o Preliminary engineering

e Right-of-way

o External third-party (e.g., utilities and railroad adjustments)

o Transportation demand and management and transporta-
tion system management

o Construction estimate

o Construction contingencies

o Construction administration

o Public outreach

e Management reserve

o Integration of program costs estimates throughout the proj-
ect continuum

 Quality assurance/quality control

Tips

State highway agencies should incorporate these procedures
into their cost estimation process by adapting them to fit into
agency approaches for estimating major projects. Developing
checklists based on such guidelines and other input from
within the state highway agency or from experts outside of the
state highway agency, as applicable to major projects, would
improve estimates in terms of consistency. Continuous
improvement of such checklists through lessons learned from
past major projects can help in improving accuracy.

Resources

More information is available from the FHWA publication,
“Major Project Program Cost Estimating Guidance,” June 8,
2004: www.thwa.dot.gov/programadmin/mega/cefinal.htm.

C4.6 Standardized Estimation and Cost
Management Procedures
(Also See B1.3)

The objective of standardizing procedures is to establish a
common basis for all state highway agency project develop-



ment participants to follow when preparing cost estimates and
when managing costs over the project development process.
The integration of both cost estimation practice and cost esti-
mating management through standardized procedures is a
critical feature to achieving consistent project results.

What Is It?

This tool establishes a set of standards and procedures
within a state highway agency to guide the preparation and
management of costs throughout the various phases of project
development. The objective is to provide a coherent policy
basis for alleviating cost escalation by consistently applying
tools used for cost estimation practice and cost estimation
management. These procedures typically include standard for-
mats for summarizing costs estimates and for tracking changes.

Why?

In many state highway agencies, projects are estimated and
managed in regions or districts. However, final project
approval of estimated costs and changes is often made at the
state highway agency headquarters. Standard procedures can
provide estimate and cost management consistency across
the different regions or districts within a state. Using com-
mon formats will make review and approval processes more
efficient.

Projects are often similar, and past projects provide valuable
input for future projects. However, projects must be compared
on a common basis. A common basis is achieved by following
similar procedures for every project. Standardized procedures
facilitate this. Standardized procedures help in establishing
familiar estimation and cost management processes for proj-
ect participants, which, in turn, should improve proficiency
over a period of time and minimize errors.

What Does It Do?

By following standardized procedures, project managers
and estimators apply consistent approaches to estimating cost
and controlling costs. These approaches will likely generate
more accurate and realistic estimates with less room for errors.
Standardized procedures also help in documenting previous
projects in a format that permits easy extraction of necessary
information in future.

When?

Standardized procedures must be established at an agency
level for guiding project development work and specifically for
cost estimation and cost management. They should be applied
throughout the project development process. However, cost
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management can only begin after the project’s baseline scope,
cost, and schedule are set.

Examples

Missouri DOT has developed a list of items to be considered
during design that is followed for every project to prevent
omissions. Similarly, they have standard lists for procedures to
be followed while estimating for right-of-way, environmental,
utilities, and bridge considerations. There are also guidelines
on acceptable estimation approaches to adopt based on the
information available during different periods when estimates
are developed. Given that, for many highway projects, 80% of
the cost is often attributed to 20% of the line items, which often
constitute grading, drainage, and paving quantities, elaborate
and updated cost databases on these items have significant
impact on cost estimate accuracy.

Missouri DOT has developed a list of items to be considered
during design that is followed for every project to prevent
omissions. Similarly, it has standard lists for procedures to be
followed while estimating for right-of-way, environmental,
utilities, and bridge considerations as shown below:

1-02.12 (10) (b) DESIGN CONSIDERATIONS. Below is a
partial list of design items. Other items may be considered and
included in the estimate, as necessary.

e Grading (Class A, Class C Excavation, Borrow)

e Pavement design—include curb and gutter if applicable. (See
Section 6-03 for pavement design considerations)
Drainage—stream crossings, closed systems, open channel
Detention storage basins

Shoulder widening

Resurfacing

Signals, lighting, signing (include temporary signals)
Temporary by-pass

Traffic control, detours, etc.

Construction incentives

Pavement edge treatment

Guardrail items

Urban contingencies (i.e., enhancements, landscaping, etc.)
Erosion control (seed and mulch, rock ditch liner, paved ditch,
rock blanket)

Temporary erosion control

¢ Mobilization

1-02.12 (10) (c) RIGHT-OF-WAY CONSIDERATIONS. If
right-of-way acquisition is involved, a written request for an esti-
mate should be made to the district right-of-way manager with
the following information:

Latest available plans

Tentative or actual right-of-way required

Access controls

Anticipated improvements to be taken

Proposed borrow areas

e Proposed mitigation sites for parklands, wetlands, etc.
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Right-of-way personnel should develop the estimate accord-
ing to the guidelines and policies of the right-of-way manual.

1-02.12 (10) (d) ENVIRONMENTAL CONSIDERATIONS.
The Environmental Section of GHQ [General Headquarters]
design should be consulted to determine if there are any environ-
mental or cultural resource issues that may affect the cost of the
project. They will also be able to provide assistance in determining
any associated costs. The Environmental Section should be fur-
nished with the following applicable items:

e Request for Environmental Studies (RES) form (see Subsec-
tion 2-03.2)

e Latest available plans

e Location layout of structures, suspected wetlands and unusual
features

e Photographs

Environmental staff should give consideration to how the fol-
lowing items will impact the project costs:

Parklands

Wetlands

Historic structures (include bridges)
Hazardous waste sites

Threatened and endangered species
Archeological sites

Noise mitigation

Socio-economic impacts

1-02.12 (10) () UTILITIES CONSIDERATIONS. The dis-
trict utility engineer should be furnished with the following
applicable items:

e Latest available plans
e Photographs

The district utility engineer should consider the following in
developing the associated utility cost estimate for the project:

¢ Known major utilities

e Railroad crossings

e Determine if existing utilities are on existing highway right-of-
way or private easement

e Coordinate with appropriate utility companies

1-02.12 (10) (f) BRIDGE CONSIDERATIONS. GHQ Bridge
will provide cost estimates for the bridge structures associated with
a project. Upon receipt of the bridge survey, GHQ Bridge will
review the bridge survey data and make an in-depth analysis of
the proposed crossing. The analysis will include hydraulic design
of the waterway opening for stream crossings, geometric layout
for grade separations, economic analysis of structure types and
span lengths, and investigation of any special features evident
from the bridge survey data. A tentative bridge layout will be pre-
pared. The following bridge-related items should be considered
by the core team when developing costs for bridges and other
drainage structures:

e Number of major stream crossings
¢ Flood plain proximity to crossing location

Earthquake design necessity

Nearby structures that are similar

Number of bridge rehabilitations

Clearance requirements

Enhancements (Special aesthetics—railing, lighting, girders,
concrete surface texture, etc.)

Missouri DOT process also addresses quality control and
quality assurance as these two functions relate to ensuring esti-
mate consistency across Missouri DOT’s planning and proj-
ect development process. The following parts of their
procedure highlight their approach to quality control and
quality assurance.

1-02.12 (6) QUALITY CONTROL. The district engineer is
responsible for maintaining the consistency of the estimates and
their documentation within each district. The district engineer
should establish a district Cost Estimate Quality Control Review
Team that will implement a plan to ensure quality control of all
project estimates. It is recommended this team include the dis-
trict’s transportation planning coordinator, project development
engineer, right-of-way manager, transportation project managers,
and other personnel deemed necessary. This team is not expected
to inspect each estimate in detail, but rather establish consistent
procedures for the appropriate preparation and updating of the
project estimates.

1-02.12 (7) QUALITY ASSURANCE. The GHQ design tech-
nical support engineers will provide quality assurance to their
assigned districts to ensure consistent cost estimates are produced
throughout the department. This will be accomplished through
periodic reviews of selected project estimate files, the district’s
project estimation process, the district’s quality control plan, and
the district’s plan for review and updating of the STIP [state trans-
portation improvement plan] estimates.

The results of all quality assurance reviews should be reported
on the quality assurance form, Figure 1-02.8, and submitted to
the district engineer and the Chief Engineer. Reviews may be con-
ducted by the district review team, the GHQ design technical
support engineer, or jointly performed by both parties. The par-
ticipation of other GHQ personnel, including a bridge structural
liaison engineer and structural project manager, a right-of-way
field liaison, and other project core team members, should be
required as appropriate.

Tips

Identifying tasks that are repeated for every project and
adopting an efficient method to accomplish these tasks are
necessary for this tool to be successful. Also, adequate training

and awareness among participants is also essential for this tool
to be successful.

Resources

Missouri DOT (2004). “Chapter 1, General Information:
Needs Identification Project Scoping and STIP Commit-



ments,” Section 1-02, Project Development Manual. www.
modot.org/business/manuals/projectdevelopment.htm.

C4.7 State Estimation Section

Estimators come from many different specialties within the
state highway agency, including engineering, construction,
contracting, and occasionally the operations and maintenance
areas. In 26 state highway agencies, estimation personnel are
consolidated in a dedicated estimation section where their pri-
mary responsibility is the production of estimates. In the other
24 state highway agencies, personnel prepare estimates as an
ancillary duty while their primary responsibilities are likely to
be either design or contract preparation.

What Is It?

To achieve consistency in estimation processes and tech-
niques from programming through plans, specifications, and
estimates (PS&E), some state highway agencies have central-
ized estimation functions. Such an approach provides a cen-
tral point of contact for designers and allows experience staff
to mentor new, less experienced estimators. Centralized esti-
mation can bring rigor and discipline to project estimation,
which in turn means estimate reliability.

Why?

Cost estimation for large projects or for complex projects is
inherently challenging. In a 2003 survey, several state highway
agencies reported having estimators with minimal experience
and stated that in recent years they had lost their most experi-
enced personnel to retirement. A number of state highway
agencies have therefore recognized the benefit of having esti-
mation personnel at all stages of professional development
working as a consolidated group in a single location.

What Does It Do?

When the state highway agency’s estimation functions are
centralized in a single location with a dedicated team, less expe-
rienced estimators can be mentored by those having a broader
range of knowledge. The principle advantages of a centralized
state estimation section are that it

o Improves corporate memory,

o Facilitates the use of experienced staff and their individual
knowledge,

o Achieves better estimated documentation,

o Makes possible interaction between estimators to discuss
approaches, and

o Enhances the ability to support externally imposed schedule
constraints by sifting the workload of collocated estimators.
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When?

Consolidation of project estimation functions in a single
location is usually the result of personnel issues, such as lack
of qualified staff and limitations on the number of staff posi-
tions. But consolidation can also be driven by the need for
estimators to interact with multiple sections within the state
highway agency.

Examples

The California DOT (Caltrans), which has 12 districts, has
consolidated all estimation structures into a single office in the
Engineering Service Center located in Sacramento. The dis-
tricts take the lead in developing all project estimates, but the
estimation group, which is in the Engineering Service Center,
provides the bridge cost part of an estimate. This group also
produces conceptual estimates for alternatives during the early
stages of project development.

Tips

One of the problems with having a single estimation group
is establishing good communication with the state highway
agency’s districts that are being served. For a consolidated
estimation group to be effective, there needs to be good com-
munication between the project’s designer and the estimation
group so that the experience of both groups can be fully used.

Resources

Florida Dot State Estimates Office: www.dot.state.fl.us/
estimates.

The Caltrans Division of Engineering Services, Cost Esti-
mates Branch, web page is located at www.dot.ca.gov/hq/esc/
estimates. This page provides access to Caltrans’s Bridge
Construction Cost Index, Construction Statistics, and Com-
parative Bridge Cost in both English and Metric units.

The Caltrans estimation portion of the bridge design
manual is found at www.dot.ca.gov/hg/esc/techpubs/manual/
bridgemanuals/bridge-designaids/page/bda_11.pdf.

C5 Constructability

In a broader context, the intent of constructability is to apply
construction knowledge and experience during all phases of
project development to help achieve the project objectives. The
application of construction knowledge and experience can
occur in a number of ways depending on the project phase and
complexity of the project. The ultimate goal of constructabil-
ity is to enable cost-effective construction by improving the
efficiency of construction through better project designs. If
properly implemented on projects, the design intent should be
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clear to the contractor through the contract plans and spec-
ifications, and the design should be constructable, thereby
improving the likelihood of receiving consistent bids when the
project is advertised for construction. During construction,
fewer claims should result in problems with the design.

Constructability is formalized through a review process.
This process determines when reviews will occur, who will
perform the reviews, what level of review is necessary, and
how recommended changes will be incorporated into project
designs. The tool involves constructability reviews. With
respect to cost estimation practice and cost estimation man-
agement, constructability reviews will have their most signif-
icant impact if performed during the programming and
preliminary design phase in support of improving document
quality while preventing and/or reducing the impact of scope
and schedule changes. This tool can also ensure that final
design documents are clear and error free.

C5.1 Constructability Reviews

Constructability reviews can occur during any phase of a
project, although they are most likely to occur during prelim-
inary engineering and final design. Constructability reviews
provide an independent and detailed analysis of all project
drawings and construction-related project information. These
reviews can be conducted at design milestones and also just
prior to release of plans and specifications for construction.
This critical review evaluates the “ability to construct” the pro-
posed highway project.

What Is It?

The production of an accurate, well-coordinated set of plans
and specifications is very important to minimize change orders
and optimize field contract administration. Constructability
reviews are performed as a means to assess critical construction
issues early in design so as to provide an opportunity to improve
the efficiency of construction. Later in design, constructabil-
ity reviews assess the construction documents for accuracy,
completeness, and systems coordination issues. This latter
review occurs as construction documents are nearing com-
pletion and prior to advertising the project for bid. During
this review, potential coordination issues, missed details, time
delays, potential liability, and inter-contractor coordination
items are identified prior to publishing bid documents. The
design team then reviews and implements appropriate changes
to the documents.

Why?

During a project, the design phase can take months or even
years to complete. If construction knowledge and expertise are

introduced at the end of the design phase, potential changes
may be difficult to incorporate into the design in a timely
manner. Delaying this vital and project-critical review can lead
to inefficiencies. At worst, the lack of a timely constructability
review will lead to cost overruns, time overruns, and possibly
substandard quality. Using constructability reviews early will
ensure high-quality project design documents and reduce the
potential for change.

What Does It Do?

A constructability review helps in determining whether a
contractor can ultimately submit a competitive bid based on
what is shown in the contract plans and specifications. Con-
structability reviews provide an opportunity to remove
many common problems with plans and specifications. A
constructability review concentrates on whether the infor-
mation shown on drawings and within specifications can be
constructed. Further, constructability reviews can aid in sug-
gesting improvements to designs that support efficient con-
struction methods, phasing and sequencing, and site access
approaches.

When?

Constructability reviews can be applied during each phase
of the project development process. Maximum benefits occur
when people with construction knowledge and experience
become involved from the very beginning of the project
life cycle.

Examples

Enhanced Constructability Review is a new Caltrans pilot
project whereby the highway construction industry can review
preliminary design plans and submit comments to Caltrans
regarding the constructability of a project. The intent is to
draw on the vast experience of the industry to ensure that
plans and specifications are biddable and buildable. Con-
tractors can review the draft project plans and specifications
provided on this Caltrans website and voluntarily provide
comments. Comments submitted through the website are for-
warded to Caltrans designers and may be incorporated into
the final design. Comments that are submitted may be posted
on the website.

A sample agenda for constructability review meetings from
one state highway agency is presented in Figure C5.1.

Tips

Conducting a constructability review incorporates contrac-
tor knowledge into the total construction project develop-



Constructability Review Meeting Agenda

Project:

Project No.: Date:

Meeting Location:

Agenda Item Speaker Time

Frame

Introduction

I Traffic

A. Design office specific items of concern

B. Traffic office specific issues of concern

C. Stage construction
II Environmental

A. Design office specific items of concern

B. Environmental office specific issues of concern
IIT Hydraulics/Utilities

A. Design office specific items of concern

B. Hydraulic/Utilities specific issues of concern
IV Structures/Geotechnical

A. Design office specific items of concern

B. Structures/Geo. specific issues of concern
V Right-of-Way

A. Design office specific items of concern

B. Right-of-way specific issues of concern
VI Traffic Control

A. Design office specific items of concern

B. Traffic control specific issues of concern
VII Construction/Maintenance

A. Design office specific items of concern

B. Construction/Maintenance issues of concern
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VIII Recap of issues
A. Issues
B. Responsible parties for resolution
C. Deadlines dates

Figure C5.1. Constructability review meeting agenda.

ment process. This review provides the state highway agency
with the following advantages:

e Many problems can be identified before the construction
phase. This can prevent costly change orders, extra work
orders, and financial bombshells.

e Plans and specifications can be improved.

o Contractor claims can be reduced.

o Building quality can be enhanced.

o Cost can be reduced.

e Project schedules can be shortened.

e Environmental permit violations and/or noncompliance
can be reduced.

o There can be cooperative team relationships between all
parties involved in a project.

o All parties can gain more time to concentrate their efforts
on producing a high-quality, cost-effective project.

Constructability reviews are not intended to replace or
change a designer’s duties or the handling of a value engi-

neering program; rather, they are intended to review projects
during the design phase for constructability issues.

The constructability review should concentrate on quanti-
ties for each item of work called for in the plans and specifi-
cations. What is material used for? How much? Where does
it go on the project? Are the quantities correct? Reasonable?
Misleading? Duplicated? Unnecessary? Contingent?

Resources

Anderson, S, and D. Fisher (1997). NCHRP Report 391:
Constructability Review Process for Transportation Facilities,
Transportation Research Board.

Oregon DOT Constructability Review Process, www.
oregon.gov/ODOT/CS/OPO/construction/constructability_
reviews.shtml#Constructability_Review_Process.

C6 Creation of Project Baseline

Cost estimation is continuous and repetitive during the
project development process. Cost estimates must be created
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to support the various alternative solutions that are being
explored at the earliest stages of design. When the preferred
design becomes apparent or when project-funding limits
are set, a baseline cost estimate should be established. That
baseline can best be defined as the estimate that is used to man-
age change and make design decisions that affect project cost.
The baseline estimate sets the basis for funding and for meas-
uring project performance. It is important to note that the
baseline refers to a project of a certain scope and dimension;
any future design or scope changes that alter the actual capac-
ity of the project by definition change the project and require
a new baseline, and not just an adjustment to the existing cost
and schedule estimates. Four tools have been identified in this
research to assist in the creation of a project baseline: cost con-
tainment tables, an estimation scorecard, a scope change form,
and scoping documents.

C6.1 Cost Containment Table
(Also See 11.1, G1.2)

Cost containment is an objective of cost estimation man-
agement. Managing to a baseline cost estimate is one of the
most common measures of estimation management success.
As a project moves forward through its development stages,
cost containment tables provide a benchmark against the proj-
ect baseline. They create a standard tool that can be used by
team members to track cost growth and provide immediate
feedback for executive management.

What Is It?

A cost containment table is an estimate reporting system
that requires project team members to document summary-
level estimates at critical points in the project development
process. It provides executive management with estimate
totals as the project moves through critical milestones during
its development. These milestones will vary from state high-
way agency to state highway agency, but they can include
scoping, programmed amount, preliminary engineering, final
engineering, award, and closeout. They can also include esti-
mate subtotals for items like engineering, right-of-way, and
construction.

Why?

Cost containment tables provide a simple and concise tool
for managers and project team members to monitor and react
to cost escalation as projects transition through critical phases
in their development process.

What Does It Do?

Cost containment tables create transparency and account-
ability in the management of a baseline. The use of cost con-

tainment tables permits quick identification of cost escalation
as it occurs. When standardized in a state highway agency,
cost containment tables allow for comparison of cost escala-
tion by the variables captured in the tables. The use of the cost
containment table establishes minimal milestones that are
consistent throughout the state highway agency. They create
accountability for the project team for changes in the esti-
mates from one milestone to the next.

When?

The effort to manage project costs continues from the pro-
gramming and advanced planning/preliminary design stage
through final design until the project letting. The cost con-
tainment table should only be used when a project baseline
estimate is established.

Examples

Pennsylvania DOT developed a cost containment form that
provides information on cost breakdown and milestone esti-
mates. This table is shown in Figure C6.1. Pennsylvania DOT
has found that this table creates accountability and trans-
parency. If costs escalate from one milestone to the next, the
project teams are charged with bringing the project back into
budget or justifying the reason for this escalation (i.e., right-
of-way cost escalation, varying material prices, other scope
change, or estimate error).

Tips

A cost containment table requires updating at each pre-
determined project milestone. At each project milestone
where the table is used, the estimate must be broken down
into specified items. If substantial changes are present, they
can be easily identified to indicate a need for further review.

Cost containment tables should be only one tool in manag-
ing cost escalation. A drawback of the cost containment table
is that it only provides a “rearview mirror” look at cost escala-
tion. While knowing that there is a problem at critical project
milestones is essential, project teams should strive to anticipate
cost escalation whenever possible and mitigate their effects
before they occur.

Resources

Pennsylvania DOT (2001). Estimating Manual. ftp://ftp.
dot.state.pa.us/public/Bureaus/design/PUB352/inside_cover_
page.pdf.

C6.2 Estimation Scorecard (Also See 11.2)

While the use of estimation scorecards is not prevalent with
state highway agencies, scorecards are good tools for evaluat-
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Cost Containment Table

District: Program Yr:
County: Project:
Short Title:

Cost Containment Milestone Estimate

Program
Amount E&E 30% 75% (After
(PMC Scoping (Design Final 95%
approved Field Field Design (Engineer's Bid
amount) View View) Field View) Estimate) Amount
Cost Breakdown $ $ $ $ $ $
Engineering:
Preliminary
Engineering
Final
Design
R/W
Utilities
Construction
Total Cost:
Scope
Comments
Figure C6.1. Cost containment table.
ing cost estimation management throughout the project devel- What Does It Do?

opment process. An estimation scorecard is an objective mea-
sure of estimate accuracy or project scope growth. It should be
created by the entire team and aligned with the project objec-
tives that will ultimately drive the perceived project success.

What Is It?

An estimation scorecard is an evaluation tool to measure
the success of cost estimation practice and cost estimation
management during the project development processes. The
format of the scorecards can vary depending upon individual
agency objectives, but the goal is to create an objective score
for performance in cost estimation practice and/or cost esti-
mation management.

Why?

Early identification and measurement of the project success
criteria helps to ensure that there is no miscommunication
regarding functionality and physical structure of the com-
pleted project. This helps to clearly align project scope with
expectations, thereby limiting scope changes.

Estimation scorecards are commonly used when consultants
are preparing the project design and estimate, but they can also
be used internally for agency evaluations. Estimation score-
cards indicate the measures that will be used at project com-
pletion to evaluate success. During various points in the project
development or once the project is complete, performance
measures can be derived from comparison of target values des-
ignated during project development and the achieved values
measured after project completion.

When?

The evaluation criteria of the estimation scorecard are devel-
oped early in the project development process and used in the
latter phase to determine the success of the project.

Examples

Coors Brewing Company has found it beneficial to develop
benefit and execution scorecards to evaluate the benefit of
the project as well as execution. These scorecards are com-
pleted early in project development and are used at project
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completion to evaluate success of the project. This tool is also
used for payment of services. Figure C6.2 shows the Coors
Brewing Company benefit scorecard and execution score-
card. The scorecard is developed for each project, one for
execution and another for benefit.

The benefit scorecard communicates the benefits of the
project. The elements of the benefit scorecard for determining
project success are defined based on the project. The weights
for each benefit are determined by the project team that devel-
ops the benefit items as well as how the results will be measured
early in project development. After the project is completed,
these benefits are assessed. The result for each benefit can either
be above the target value (AT), on target (OT), or below the
target value (BT). The success of the project is dependent on
the evaluation of the perceived benefits.

The execution scorecard is similar to the benefit scorecard
in that the weights of the given evaluation items, project cost,
schedule, and quality/performance are determined early in
project development by the project team. The elements of the
execution scorecard for determining project success are cost,
schedule, and quality/performance. The measurement charac-
teristics are also defined. Once the project is completed, these
characteristics are assessed. The results for each can either be
above target (AT), on target (OT), or below target (BT).

While the example above was created by a private-sector
company for a process facility, the concept can easily be trans-
lated to public-sector transportation projects. State highway
agencies should develop clear and concise project goals at the
beginning of each project. These goals can be used to measure
project success, either internally for the state highway agency
or externally for consultants. An example of project goals,
which relate to benefits in the scorecard, is taken from Col-
orado DOT’s Colorado Springs Metro Interstate Expansion
Project (COSMIX; http://www.cosmixproject.com):

1. Maximize capacity and mobility improvements in the cor-
ridor within the program budget.

Minimize inconvenience to the public during construction.
Provide a quality project.

Complete by the end of calendar year.

Provide a visually pleasing final product.

SARE

A benefit scorecard can be created in a fashion similar to
Figure C6.2 using the project goals above. The weighted
goals can be scored and used in an execution scorecard to
measure cost estimation performance and overall manage-
ment performance.

Tips

The use of the scorecards can ensure that all team members
are clear about the expectations for a successful project. The

tool will help to facilitate a structured discussion about what
will define success on each project, and it will provide an objec-
tive measurement for this success.

Develop the scorecard as a team. Consider developing
an overall project scorecard as well as discipline-specific
scorecards.

Resources

U.S. Department of the Interior (2005). “The Quarterly
Scorecard and Corrective Actions Reports for Constructed
Asset Investments.” www.doi.gov/pam/QuarterlyReport
Guidance61605.pdf.

C6.3 Scope Change Form (Also See 11.4)

Although managing a project to the baseline estimate is the
goal of every project manager, scope changes are sometimes
unavoidable. Changes in scope should be documented and jus-
tified. A scope change form is an estimation tool that creates a
standard procedure for reporting scope changes. It creates
transparency and accountability. It also allows agencies to view
trends in scope changes that may allow for better scope defini-
tion on future projects and in future estimates.

What Is It?

This form provides a permanent record of the scope changes
that occur during the project development. To create account-
ability, it also records who authorized the changes.

Why?

Changes to project scope almost always cause cost increases.
Therefore, the requirement for formal management approval
of any scope change serves to limit change, because all such
proposals must be carefully reviewed and controlling scope
change serves to control cost growth. An additional reason for
tracking changes to the project is to ensure that no changes take
place without the full knowledge of the project team, including
designers, managers, and estimators.

What Does It Do?

Scope change forms make possible easy comparison of the
current project scope, schedule, and cost with the established
baseline of the project. The form should require that the doc-
umented change—as well as any impacts of the change to
project scope, schedule, and cost—be specifically acknowl-
edged. An explanation is required with each change. Appro-
priate approvals should be required depending on the size and
nature of changes.



A-55

B Microsoft Excel - Bepefit_Scorecard.xds [Read-Only]

) Ele Edt Vew Insert Format Tools Deta Window Help |2 x|
DEE SRV @B - @= A4 O Y -0 - BJU EEEEB%, 8% _-S-A-7
c22 j =
B € | o E F T G H i ] K
1 MMMIBNWCWN Coors Brewing Project Benefit Scorecard
2 Colorado [[Company:
3 Coors Brewing [Wsighted Scare shal be Date of Final Measurement
4 l:nmpm h gw";‘w Coors Brewing
[Score W, weeight heasure v
s Project# |50 0 gr;r}a-;m AT=2, Project Name Rt e
B = measurement and i
A necessary the base.
7 Wizighte Measure
[ Item Weight Score | Score AT or BT Definition Actual Result
Benefit item
91y,
Benefit item {
02
Benefit item
1 3,
= Coors Brewing (Coors Brewing
i Total Scwr [E s E -
16 Tokal Weighted scora Approvad of Project Beneft Scorecardt Brief definition of the
ol be calouated by measurement and ¥
17 Coors Brewing adding al of the Owner Business Area ocssssry Wis bass ||
|Company: weighted scores
18 (&l eeichts must o together Executer Business Area
19 lbﬂ 100%, Finance
b1
7
22| : Approval of Final Beneft Score:
b Owner Business Area
24 Finance
=
%
7
8
F
30
£l |
a3 3
4 4 » ¥\ Benefit Scorecard / |« (I

Diwe [y O auoshapes= N W[ OE 4@ - 2-A-==20 6.

[ CoorsBrewing... | © 2intemstE.. =/ JJc72Etinate.. [

(a) benefit scorecard

B Microsoft Excel - Execution_Scorecard.xls. [Read-Only]

Z) Fle Edt Yiew Insert Format Took Data Window Help

DEeE SRAY @ - Q= A4 AT A -0 - By EEEE 8%, 4% L-5-A-7
827 | =
B c Do E F I G I H | | J =
1 Coors Brewing Company Coors Brewing Company: Project Execution Scorecard —
2 Golden, Colorado ighted Scaore shall be
calculated by multiphying the
3 Pyttt Date to be Completed
4 the score value, AT=2,
Coors Brewing OT=1, BT=0

5 Compary:

& Project# 5‘;‘{; Vg!-rf wil be Project Name Toors Brewing Company:

7 ST-D' L Brief defirition of the measurement and if

S ; necessary the base.

8 Weighted Measure

9 Item Weight Score Score AT oTr BT Definition Actual Result

10 Project Cost

11 Schedule Ji

Quality/

12 Performance

13 Total Scofe:

15 ! [Coors Brewing Appraoval of Project Execution Scorecard: Date:

Company: *

18] |apweights must Owner Bus!ness Area

17 2dd to 100%. Srewing Executer Busunes_s Area

18 (Company: Finance

19 Total Weighted score

20 will be calcuated by

il adci‘g 4l of the proval of Completed Project Final Score: Date:

2 m e Owner Business Area

23 Executer Business Area

M Finance

25

2%
o m— g
7R 5
M 4 b M\ Execution Scorecard / |« I (1
D By 0 agoshapes> N WO OE 4@ d-£Z-A-==

Ready
sy start W Tools Appendix @ CoorsBrewingCo | T 2 Internet Ex..,

(b) execution scorecard
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When?

Changes should be tracked throughout project develop-
ment. The form may change slightly and require more detail
as the project progresses through development; however, the
concept and purpose of the form remains constant. The use-
fulness of the scope change form in regards to cost will be
more beneficial after the project baseline is set.

Examples

Missouri DOT (MDOT) has created a form for tracking
both scope and estimate changes. The form and the instruc-
tions for how to complete it are shown in Figure C6.3.

Tips

Scope change forms should explicitly require all the infor-
mation needed to track project changes, including scope, sched-
ule, and cost impacts, as well as explanations and approvals.
Forms should be standard; however, there should be the ability
to deviate from the form for special project circumstances.

Resources

California State DOT Project Development Procedures
Manual (PDPM) Chapter 6 addresses project cost, scope, and
schedule changes: dot.ca.gov/hq/oppd/pdpm/chap_htm/
chapt06/chapt06.htm.

Submittal of P,S,&E
Scope Change:

MEMORANDUM

Missouri Department of Transportation

Project Development

District

TO: (District Engineer)
FROM:  Your Name

Project Manager
Date:
Subject:  Route _, County

Job No.

Non-Major Project Scope/Estimate Change
Project Stage:

Annual Review/Milestone Completion

(Describe the elements and details of the project that have changed since the project
initially included funds in the STIP for right of way or constriction or since the last
scope/estimate change was approved)

(If a project scope/estimate memorandum has not previously been approved for the
project, the details of the project that have changed since approval of the original
project-scoping memorandum should be documented here.)

(Projects that require submittal of this letter due solely to a change in cost may not
necessarily include a change in the project’s scope.)

Reason for Change:

(Provide the reasons that the change in the project’s scope is necessary. The
information provided should be detailed enough to allow someone unfamiliar with the
project details to gain a general understanding of why the recommended change is
necessary.)

(Projects that require submittal of this letter due solely to a change in cost may not

necessarily include a change in the project’s scope. However, the reasons for the

cost change shall be fully described in adequate detail to allow someone unfamiliar
with the project details to gain a general understanding why the recommended
change is necessary.)

Figure C6.3. Missouri DOT non-major project scope/
estimate change form.




Source of Additional Funding:

(This section is only required if the project scope/estimate change results in an increase
in the total project cost.)

(If the change results in an increase in cost, the source of the additional funds should be
identified. Any associated impacts to other STIP commitments should also be discussed
in this section, if applicable.)

Project Estimate Change: Approved STIP Amount: $ ($1,000°s)
Revised Cost Estimate: $ ($1,000’s)
Am ount of Change: (+/-) $ ($1,000’s)

Percent Change: (+/-) %

(The estimate amounts shown here should reflect the total amounts included in the
STIP for right of way and construction as compared to the revised estimates for the
same items. For example, if a project only has right of way funds included in the
latest approved STIP then the cost comparison only needs to include the revised right
of way costs. If right of way and construction funds are both included in the latest
approved STIP then the revised total of these costs should be compared to the
previous total of these costs.)

(In order to ensure an accurate comparison of the project costs, the revised costs
should be compared to the latest approved amounts found in District STIP database.
Any amounts obtained from the database should be obtained from the Internal Report
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Change in Construction Aw ard Date:

Approved:

category since these amounts do not include any inflation factors.)

Approved STIP Construction Award Date: Quarter of FY

Revised Construction Award Date: Quarter of FY

(District Engineer)

Date:

Figure C6.3. (Continued).

Chapters 2 and 3 in the New York State DOT’s Project Devel-
opment Manual (PDM) discusses changes in project cost,
scope, and schedule: www.dot.state.ny.us/cmb/consult/dpm1/
pdm_01_30_04.html.

C6.4 Scoping Documents (Also See P2.2)

State highway agencies throughout the country have created
scoping documents to support the project definition (i.e.,
scoping) process. These documents are used at project initia-
tion to define project scope. These scoping documents provide
an excellent tool for project estimators to define the basis of an
estimate. The documents are also excellent tools for under-
standing the uncertainty involved in a project; thus, they are
very helpful in setting an appropriate project contingency early
in the project development process.

What Is It?

Scoping documents are standardized forms that state high-
way agencies use to explicitly define and document the scope
of a project. They are often developed in the form of a check-
list. They represent past project experience and list key scope
items and lessons learned from past projects.

Why?

Scoping documents are a tool to aid in project scope def-
inition and documentation. They can be used before any
major engineering efforts take place. They can also be used
in the cost estimation process to define the estimate basis
and aid in the establishment of an appropriate level of
contingency.
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What Does It Do?

The development of a standard scoping document provides
consistency in project scope definition early in the project
development process. Completion of a scoping document for
each project assists in documenting the estimate basis, defin-
ing the baseline estimate, defining contingency, and tracking
scope changes. This document will aid in identification of the
true purpose of the project and serve as a reminder of project
intentions throughout project development. The document
aids in identification of elements to be included in estimate
and schedule considerations.

When?

The scoping document should be completed early in proj-
ect development to establish a baseline scope of the project
and basis for the early project estimates. The document should
be reviewed throughout the development of the project to
check for changes in scope.

Examples

Many state highway agencies use some sort of scoping doc-
ument. The documents range in complexity and specificity.
Some state highway agencies use a simple memo as their
scoping document, while other agencies have longer, more
detailed forms.

Figure C6.4-1 provides an example of a scoping document
from Virginia DOT.

Figure C6.4-2 provides an example of a scoping document
from the Missouri DOT.

Tips

A scoping document is an excellent tool to define an esti-
mate basis. Use the scoping document in a team environment
with all of the appropriate disciplines represented whenever
possible to minimize the chance of any oversights. Scoping
documents should permit some flexibility for special-case
projects, both the very straightforward and the more complex.

LD — 430 (07\04)

VIRGINIA DEPARTMENT OF TRANSPORTATION
LOCATION AND DESIGN DIVISION
INITIAL FIELD REVIEW AND SCOPING REPORT
NOTE: A project location map (USGS) and written report of the initial field review should be attached to
this form.
PARTA  Date of Review:

Page 1 of 8

Route or Name of Facility
Project ~ PPMS ID
From FHWA-531
To:
County, City or Town , Virginia
District 6 Year Plan(Year) Page Line
Type of Facility: (Interstate, Primary, Urban, Secondary, Bridge, Bicycle, Other)
PE Authorization Date Type Plan Assembly (C,M,N)
Scheduled Advertisement Date -
Amount Authorized for PE
Type of Financing: State Federal Other
6 Yr. Plan Est.: PE R/'W Const. Total

TInel. UtiTities)”
Engineer’s Est.: PE R/W Const. Total

Railroad Force Account Est.:

(Incl. Thilities)

Description of Work:

3R Guidelines Used?

Are you aware of the need Tor any 3R waivers or
design exceptions?

If no, explain

Design Speed Functional Class.

Existing Traffic ADT (Yr.

Design Year Traffic ADT (Yr.
(iTavailable}

Project .

Length Alignment Length

) % Trucks
) DHV

Should utilities be designated?

Are you aware of any sinkholes along the project corridor?

I yes, attach separate documentation
for approval with this LD-430 form.

F