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Foreword

Successful projects do not happen by accident. Far too often, construction projects
fail due to a lack of proper management. In today’s competitive market, diligent
management is essential not only to deliver an individual project, but also to stay in
business. In this book, the author analyzes the concept of project control and how
it is critical to achieve project success.
Managing the schedule can help manage costs. Projects frequently fail because
contractors focus on cost or schedule, not both simultaneously. We all have heard
the phrase “time is money.” This truth cannot be overstated. Project Control explains how schedule and budget are integrated and how both can be effectively
managed. In a systematic, easy‐to‐understand format, the author discusses how to
anticipate, prepare for, and resolve the inevitable road bumps that commonly occur
on construction projects large and small.
A key component that is stressed throughout the text is planning. Sounds simple,
right? It’s not. Planning requires due diligence not only at the beginning of a project; it is an essential activity that continues through project closeout. Developing
and updating a CPM schedule, monitoring cash flow, allocating resources, and
anticipating risks are just some of the factors of planning that are discussed within
this text. Those of us in the industry that have witnessed projects that fall behind
schedule or exceed budget can attest that lack of planning is typically the root
cause.
For a myriad of reasons, construction projects often do deviate from the initial
schedule and/or budget. Project Control examines the details behind how performance is measured and tracked and provides the tools to analyze a project at any
phase. By creating a detailed budget and CPM schedule and regularly monitoring
performance in relation to these items, a project manager can identify and evaluate causes of significant deviation and take corrective action to keep the project on
time and on budget. Of equal importance, Project Control teaches the reader not
only how to identify and analyze problems, but also how to anticipate them.
What actions should be taken if a project is underperforming? Obviously that
depends on the nature of the project, the cause of the deviation, the budget, the
schedule, and risk factors associated with any potential solution. Project Control
provides an in‐depth look at these items and offers sound, practical advice for
determining and evaluating potential solutions.
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xiv  Foreword
Many books have been written about project management, but none that I have
read have been tailored so seamlessly to the construction industry. The author’s
systematic approach to analyzing the factors required to achieve proper project
control is both thorough and enlightening. Whether you are a general contractor
or subcontractor; an industry veteran or just beginning your career; the concepts
discussed in Project Control will help you achieve success.
David M Sorgman
Vice President of Architectural Services
Group 7 Design, Inc.
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Introduction

At the upper level of the project management process is project control. It can be
part of the day‐to‐day responsibilities of the project manager, or it can be under
the jurisdiction of the more specialized project analyst. Project control combines
the management skills of the project manager with the analytical focus of the
professional accountant.
The construction industry has always been cost and schedule conscious; however, in lean economic times, that consciousness becomes a mantra. In today’s
commercial construction market, adhering to a schedule and maintaining a delivery date often define the difference between success and failure. Contracts carry
substantial penalties for performance failures in the form of liquidated damages
as well as the actual and consequential damages that may result from the delay.
Getting to the finish line on time is critical. No less critical for the contractor is
controlling costs in the process. What benefit is it if the project is delivered on
time, but its costs exceed the stipulated sum of the contract and plunge the contractor into financial chaos?
The mainstream use of computers in the construction process has been a tremendous boon to the industry; at the same time, it has added a layer of complexity
to the management process. The data is collected, collated, updated, filtered, and
finally released for the project manager to analyze and interpret. The resulting
information, subjective as it may be, is driving the decision process, leaving the
manager with little doubt as to the appropriate real time status of the work from a
cost and schedule perspective. With the correct and timely information, decisions
can be made and actions implemented.
Productivity studies have proven that human performance and its corresponding labor costs have always been the wild card in the construction process. In
comparison, material costs are more easily definable and to a large degree finite.
Accurate estimating procedures and recognized professional standards help to pinpoint material quantity and cost. This is not so with labor. Despite standardized
procedures for most tasks and a bounty of data on production rates, small errors
can force labor costs to run amok. Labor requires the lion’s share of management
time to estimate, schedule, monitor, and control. Productivity for even the simplest task can be affected by a plethora of variables from crew size to weather.
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Productivity models, once created for an individual project, must be monitored
and controlled, and deviations from those models require corrective actions.
For projects that extend over multiple years, the concept of project control becomes even more of a concern. Costly projects with labor‐intensive tasks such as
process piping or electrical distribution lines must be monitored to ensure adherence to the estimated productivity rates. With these types of tasks, a small decrease
in productivity can become chronic over time and put a project in the red quickly.
The key to successful project control is the fusing of cost to schedule whereby
the management of one helps to manage the other. This requires that a task’s cost
and its duration have a direct relationship, and not be just the scheduler’s arbitrary
assignment. Ensuring that relationship is correct and setting the appropriate baseline for tracking is the domain of the project control expert.
Accurate project control also serves as the basis of historical cost data for fine‐
tuning estimated productivity on future projects.
This book will explore the reasons behind and the methodologies for proper
planning, monitoring, and controlling both project costs and schedule. It will take
a fresh, simplified look at the topic of project control as it is applied in the construction industry today.
Chapters 1—The Basics explains project management theory and a brief history
of the science. It discusses the different approaches to project management and
the five processes within the Traditional Approach. It reviews the roles and goals
of the project manager in the construction industry today. It defines the role of the
contract documents in the controls process. Lastly, the relationship between the
schedule and the budget is explored.
Chapter 2—Introduction to Project Control presents an overview of project control and the role of schedule and cost. It defines the terminology behind the process
with formulas common to the control process and the project control cycle.
Chapter 3—Pre‐Construction Planning elaborates on the importance of proper
planning in the preconstruction phase. It provides a window to the key personnel
and their responsibilities in the cycle. This chapter outlines the importance of communication and setting baselines for performance measurement.
Chapter 4—The Schedule is a review of basic scheduling types and methods,
with a detailed review of the critical path method. It explains the use of the CPM
as a management tool.
Chapter 5—The Budget highlights the cost side of the controls process and the
fundamentals of going from estimate to budget. This chapter discusses the specifications and the organizational structure of the budget. It reviews the creation of the
cost breakdown structure and its relationship to the schedule.
Chapter 6—Integrating the Schedule and the Budget provides detail on how
both of these come together to create the full view of project control. It provides a
brief introduction into developing the Schedule of Values.
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Chapter 7—Calculating and Analyzing Progress explores how performance is
measured, and expands on the concept of Earned Value Management for both fixed
and variable budgets. It explains the schedule and cost performance measurements
and indicators so crucial to determining project status.
Chapter 8—Analyzing and Reporting Variances in Schedule and Cost provides
a look at how to interpret and display project data through common tools such as
the S‐curve and root cause analysis, and how the data can be reported for use.
Chapter 9—Recognizing Trends and Forecasting Performance explains how the
measurements and the derived data can be used to recognize emerging trends and
how the same data can be used to forecast future performance. It also explains key
indicator values for predicting final performance.
Chapter 10—Productivity defines productivity and why it is so important for
accurate project control. It defines factors, both controllable and uncontrollable,
that can affect productivity.
Chapter 11—Acceleration and Schedule Compression outlines the different
types of acceleration, including why and how they are used. It also considers
schedule compression and what can be expected. Finally, it looks at time‐cost
trade‐off analysis and what it means in terms of task performance.
Chapter 12—Resource Management develops the concept of resources and how
they can impact a project. Resource and material management is introduced as a
practical method for control.
Chapter 13—Risk Management considers the different types of risk a project
will be exposed to and how risk can be managed. It also explains how risk is
funded, and how its probability is determined.
Chapter 14—Project Closeout discusses how projects are wrapped up and the
importance of sharing what has been learned, both good and bad.
Accurate construction project control is an essential skill of every successful
project manager. Project Control‐Integrating Cost and Schedule in Construction
builds on the foundation of project management principles for the extra level of
professional control so many projects are in need of.
—Wayne J. Del Pico, July 2013

Chapter

1

The Basics

Even for the most seasoned professional with years of construction project management experience, it is still beneficial to revisit the basics once in a while if for
no other reason than to “re‐enforce” what we already know. This chapter provides
an overview of project management theory and where project control fits into the
discipline. It does not offer detailed instruction in the profession of day‐to‐day
project management, but will review the theory of project management and the
basic concepts common to the construction industry.

The Concept of Project Management
Project management is the professional discipline of planning, monitoring, and
controlling specific resources to achieve a set of goals for a project. The term
project is defined as a one‐time endeavor with well‐defined, often unique goals,
with specific limits of both time and cost. The temporary nature of a project is in
contrast to businesses like manufacturing that are repetitive in nature. This type of
management has predefined systems or processes that have been refined over time.
The management of a project, in contrast to manufacturing, requires a different
paradigm and skill set on the part of the practitioner. The project manager’s main
test is to achieve all of the goals, including the deliverables, within the constraint
of a fixed budget and fixed time frame. Specific goals and deliverables in the
construction industry will vary from project to project.
For the purpose of this text, let’s refine the definition to reflect a project as defined by
the construction industry. Project management in the construction industry is the professional practice of planning, scheduling, monitoring, and controlling a finite amount
of resources—materials, labor, equipment, and subcontractors—to achieve a set of
goals, which are usually a series of engineering improvements for a unique one‐time
event, the project. To compound this definition, planning, scheduling, monitoring, and
controlling must occur within a defined duration and a frequently fixed budget. To
further complicate the process, let’s add some unpredictable factors such as weather,
labor strikes, material shortages, and a wide range of separate goals and conflicting
agendas proposed by the participants. Lastly, let’s not forget the ever‐present threat of
financial penalty as a “reward” for failing to master all of the above challenges!
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History of Project Management
The concept of project management is not new. It has been practiced since human
beings noticed the need for improvement in their surroundings. There is a near
100 percent chance that the construction of the Great Pyramids of Giza had a project manager or multiple project managers over time. Rather than bore the reader
with recounting the development of project management since the dawn of the
Bronze Age, let’s consider what’s important.
As a professional discipline, project management emerged as construction projects became more complex and warranted an individual to be accountable for the
performance and results. Techniques for managing projects started to develop at
the dawn of the twentieth century.
Much of the credit for the development of project management techniques can be
given to two early pioneers: Henry L. Gantt and Henri Fayol. Both Gantt and Fayol
were students of Frederick Winslow Taylor’s theories of scientific management.
Henry L. Gantt (1861–1919) was an American mechanical engineer who later
became a management consultant to the steel industry. He worked with Taylor
until 1893, applying scientific management principles to the production of steel.
Gantt is called the father of planning and control techniques in project management. He is most recognized for the development of a visual management tool that
displays a task as a function of time. It is used to measure actual progress against
planned progress. The tool was aptly named the Gantt chart and is still very much
in use today.
Gantt’s 1919 book Organizing for Work describes two principles of the Gantt
chart:
●●

●●

Measuring activities by the amount of time needed to complete them (task
duration)
Representing the quantity of the task that should have been done in that time
(daily output)

Gantt was one of the first to recognize that in order for a team of workers to
produce efficiently and to maintainable standards, the team needed an intelligent
leader that could solve or preempt problems.
Henri Fayol (1841–1925) was a French mining engineer who developed a general theory of business administration later referred to as Fayolism. Fayol believed
in analyzing the role of management to reduce problems and to increase worker
efficiency. Fayol is credited with the creation of the six management functions that
are still the basis of project management today;
●●
●●

Forecasting
Planning

Approaches to Project Management 3
●●
●●
●●
●●

Organizing
Commanding
Coordinating
Monitoring

Fayol’s book General and Industrial Management, published in 1916, outlined
a flexible theory of management that could be applied to most industries. The book
stressed the importance of planning as a way to improve efficiency.
With the dawn of the 1950s and the increase of the military industrial complex
to offset the threat of the Cold War, modern project management really came to
life. Project management became a recognized stand‐alone professional discipline.
This decade saw the development of two mathematical models for project scheduling that added to the project management toolbox. The Critical Path Method, or
CPM as it is more commonly known, was developed for managing maintenance
projects by two U.S. industrial giants; DuPont and Remington Rand. The second
method, Program Evaluation and Review Technique (PERT), was developed as
part of the U.S. Navy’s Polaris missile submarine program. These mathematical
techniques for scheduling were quickly adopted by the construction industry.
At the same time these scheduling models were being developed, advancements
in technology were evolving in cost estimating and cost management and control.
Combined, these techniques sparked the birth of the discipline of project control.

Approaches to Project Management
There are several approaches to managing project activities, each with special
characteristics. Depending on the particular perspective of the project manager
(owner, design professional, constructor, etc.), one approach may be better suited
than another. The approaches are as follows:
●●

Traditional Approach: The Traditional Approach identifies a series of phases
that drive the project. In the Traditional Approach there are five distinct steps:
●● Initiation
●● Planning
●● Execution
●● Monitoring and controlling
●● Completion

The Traditional Approach and the individual processes will be discussed in more
detail later in this text.
●●

Critical Chain Project Management (CCPM): CCPM is a fairly new
technique of project management that puts more emphasis on the resources
needed to do the project tasks. It is an application of the Theory of Constraints
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●●

●●

●●

(TOC) where the goal is to increase the completion rates of projects within an
organization. There are five steps that CCPM focuses on:
●● Identify the constraint.
●● Exploit the constraint (do what is required to ensure the constraint works at
optimum capacity).
●● Subordinate all other tasks to the constraint (the constraint is given priority).
●● Elevate the constraint (obtain more of the constraint).
●● Repeat the cycle.
Extreme Project Management (XPM): XPM is reserved for very complex
and uncertain projects often associated with software development. It focuses
on the management of human resources versus formal scheduling techniques.
Agile Project Management (APM): APM employs a nontraditional methodology similar to XPM. It requires a complete rethinking of the traditional
processes. APM has its greatest applicability in the software development
business.
Event Chain Methodology: This is an uncertainty modeling and schedule
analysis technique that focuses on the management of events and event chains
that affect the project schedule. It is often a compliment to the CPM schedule
technique. Event chain methodology is used to perform more accurate
quantitative analysis while taking into account such factors as relationships
between different events and actual timing of the events.

As one can imagine, not all of the aforementioned methodologies are applicable to the construction industry. Regardless of the approach selected, a detailed
analysis of the overall goals of the project, the available time for performance, the
budget, and the roles and responsibilities of the participants is primary.

The Traditional Approach
As an overall methodology for the average construction project, the Traditional
Approach has the greatest applicability. If one were to analyze each of the five
steps in the process, it would quickly become apparent where the steps fit in a
construction project.

The Initiating Process
The Initiating Process determines the nature and scope of the project. What is the
need, will this project satisfy that need, and can the need be accommodated within
the client’s budget? This is where the client’s expectation of what they will receive,
in the form of the project, will be tempered by what the client can afford. This
particular phase must be done correctly as the rest of the program will be driven

The Traditional Approach

5

by its outcomes. Incorrect assumptions about the business model, industry growth,
or the economic environment, to name a few, may result in a project that does not
satisfy the client’s need.
The Initiating Process should address the following:
●●
●●
●●
●●
●●
●●
●●

Define the current business model.
Review current practices or operations.
Define expectations for growth.
Analyze the business needs in measurable terms.
Obtain consensus on needs from stakeholders/end users.
Analyze financial cost and benefits.
Decide to go forward with the project.

It is common for the design team or the construction manager to perform the
majority of the processes in the initiating phase. This may be part of the feasibility
analysis of the program long before the project goes out for bid.

The Planning Process
The Planning Process, sometimes called the planning and design process, investigates and evaluates the best method in which to achieve the expectations (goals)
defined in the Initiating Process. The planning process further identifies the scope
and parameters of the project: time, cost, and resources. The planning process often identifies the team and its hierarchy.
The Planning Process includes the following steps:
●●
●●
●●
●●

●●
●●
●●
●●
●●

●●

Select the planning team (in‐house and/or outsourced).
Assign responsibilities to team members and contributors.
Develop the scope of work statement.
Identify the resources required to perform steps in the plan and the availability
of those resources.
Identify and evaluate potential means and methods for the project.
Estimate the cost to achieve the goals: the budget.
Identify the time available for performance.
Break the deliverables down into phases (if appropriate).
Perform a risk analysis and create a risk management plan as a result of the
analysis.
Decide to go forward with the project.

The success of the planning process often defines the success of the project
as a whole. A separate way to define the planning process at the contractor level
would be to consider the brainstorming and planning that goes on between project
manager team members when they create the plan and determine how the work

6  The Basics
will be executed. The goal is to arrive at the means and methods for performing
the work. Means and methods is the “game plan” for performing the work, and it
is the expertise that the contractor brings to the table. While the contract is required
to be executed in conformance with the plans and specifications, there are different
ways in which the work can be performed. The goal of the plan is to execute the
work in the most cost‐efficient and timely manner. It is the balance between time
and cost.

The Executing Process
The Executing Process is where the planning process is put into action. It is where
the work gets done and resources strive to achieve the project goals. Executing
involves coordination of the resources to meet the project deliverables within the
time and budget. It is a combination of leadership and management techniques
aimed at getting results. It is also where the individuals managing the process
advise the management and planning team of what portion of the plan works and
what portion of it needs to be adjusted. This is called the feedback cycle and is crucial to achieving the project goals. The feedback cycle will be discussed in more
detail later in this text.
The Executing Process should include the followings steps:
●●
●●
●●
●●
●●
●●

Select or contract with the resources that will perform the work.
Select a methodology for the individual critical tasks.
Develop a schedule (CPM) for performance of the work.
Execute the tasks in accordance with the schedule.
Execute the tasks in accordance with the plan.
Establish the metrics for performance measurements (baseline).

While an argument could be made for several of the previous steps to occur in
the planning process, the team that does the planning may be different than the
team that performs the work. Therefore, as professionals, those that perform the
work should have some latitude as to what means or method works best. The plan
is often refined during the executing process. However, it is not revised at the costs
of losing sight of the efficiency goals.

The Monitoring and Controlling Process
The Monitoring and Controlling Processes, while separate, are performed together. They consist of a series of steps to observe the executing process. It is
the establishment of a guidance system or a set of metrics by which actual performance can be measured and compared to planned performance. It is the part
of the project where the differences between planned and actual performance in
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both cost and schedule, called variances, are analyzed. If required, a series of
inputs called corrective actions are implemented to achieve the original desired
outcome based on the plan. They help to guide the project back on to the track
of the original plan.
The essence of any type of management is control. It is fundamental to project
management; if one is to manage, one must control. Wideman Comparative Glossary of Project Management Terms v3.1 defines control: “The process of comparing actual performance with planned performance, analyzing the differences, and
taking appropriate corrective action.” This process, if performed correctly, offers
the distinct benefit of knowing the project status at all times.
The monitoring and controlling process includes:
●●
●●
●●

●●
●●

Updating metrics for performance measurements (baseline).
Measuring the performance of ongoing tasks (during the executing process).
Monitoring of the project variables (cost, time, resources, and quality) against
the baseline.
Analyzing the variances between baseline and actual, and their cause.
Identifying and implementing corrective actions to get the actual back on
track.

It also includes a variety of ancillary tasks that become part of the process such
as change management and value engineering. The performance baseline identified in the first step is often developed in the Executing Process and updated or
adjusted as the work progresses.

The Closing Process
The process for formal acceptance at or near the end of the project is called the
Closing Process. In the construction industry this is called “project closeout.” In
the framework of the construction execution, it is ongoing from Substantial Completion (beneficial use and occupancy) to Final Completion.
The Closing Process includes:
●●
●●
●●
●●
●●
●●
●●

Development and completion of punchlist
Finalizing of record documents
Training of owner personnel
Turnover of operations and maintenance manuals
Archiving of project files
Accounting and closeout of a contract
Conducting of a lessons‐learned meeting

This is a critical part of the overall project and a necessary step to a successful
project.
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If one were to follow the aforementioned processes through a construction project, it is easy to imagine how the client (owner) would use each process to expand
its operations by constructing a new manufacturing facility. It could also be applied to the general contractor recently awarded the contract to construct the facility or to the design firm awarded the contract for the documents. Each member of
the team performs similar steps to manage their portion of the project.

Benefits of Proper Planning
Each process in the Traditional Approach to project management is crucial to its
overall success. Each step has distinct contribution to the next step in the process
that allows that next step to build upon the previous one. This is referred to as the
waterfall model. The waterfall model is successful in the rigid environment of the
construction industry where changes after the fact can be cost prohibitive. However, for the construction professional, each step or process may hold a different
weight based on its contribution.
For example, the architects and engineers charged with designing the project
place a heavier weight on understanding the client’s needs and translating that
into a program that can be conveyed to those who must construct it. Like most
professions, architects and engineers can specialize in the design of hospitals,
offices, churches, and just about any unique use a structure could have. It is a
result of knowing the proper questions to ask the client and how the responses can
be put on paper. However, if they do not understand the client’s needs, the design
is destined for failure.
Contractors that will construct the project may place more weight on the planning process. Proper planning forces detailed thinking about the project. It allows the project manager (or team) to “build the project in his or her head.” The
project manager (or team) can consider different methodologies thereby deciding
what works best or what does not work at all. This detailed thinking may be the
only way to discover constraints or risks that were not addressed in the estimating
process. It would be far better to discover in the planning phase that a particular
technology or material will not work than in the execution process.
The goal of the planning process for the contractor is to produce a workable
scheme that uses the resources efficiently within the allowable time and allotted
budget. A well‐developed plan does not guarantee that the executing process will
proceed flawlessly or that the project will even succeed in meeting its objectives.
It does, however, greatly improve its chances! The most significant contribution of
the planning process is the baseline that is essential in the performance of project
control. Without a thoroughly developed plan, what would the contractor use to
measure progress?
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When the plan is set to time, it becomes the schedule. Construction scheduling
is done by professionals who are familiar with the construction process as it is performed in the field. It requires an in‐depth knowledge of construction methods and
an ability to visualize tasks and their interdependencies with other tasks. Knowledge
is gained in the planning process that is beneficial in developing the schedule.
While the schedule does not require a consensus of all of the participants, it
does require input from those that will perform or manage the work in the field.
Superintendents, foremen, subcontractors, and vendors can add valuable insight
and perspective as to how the work should be performed. Subcontractors can often
flush out the details to fit within the prime contractor’s schedule. Allowing the participants to contribute not only adds to the knowledge base about the project, but
it also creates buy‐in. Buy‐in is the agreement by a project participant to support
an idea or decision because they were allowed to contribute to the formation of
that idea or decision. Buy‐in is an essential element to a project’s success. When
a participant offers a suggestion that is then incorporated in the plan or schedule,
there is a natural desire by that participant to see his/her suggestion succeed. This
desire is often followed up with a series of actions that ensure the success of the
suggestion, all of which is the result of proper planning.

The Role of the Project Manager
Up to this point, the author has discussed the concept of project management from
a generic point of view. Going forward, it will be helpful to have a particular
perspective. The viewpoint will be that of the project manager for the contractor.
The author has specifically omitted “sub‐,” “prime,” or “general” before the word
“contractor” (except where absolutely necessary) so as not to alienate other frames
of reference. With a little imagination, the ideas and concepts presented here are
synonymous with most contracting companies in the construction industry.
To understand the role the project manager plays in the contractor’s office, it
is essential to understand the term project as it relates to the construction industry. Construction projects for the most part are unique, dynamic, and complex.
In some less than temperate climates, the exact same building constructed on the
same property in two different seasons of the year can be totally different projects. Projects are affected by their owners, design professionals, and contractors.
Professionals who cooperate and execute their responsibilities in a timely manner further the interests of the project, and those that do not hinder its progress.
Projects change constantly; they are dynamic in nature. Expecting otherwise is
naïve. Managing that change is the essence of successful project management.
Summarizing the previous paragraphs, the role of the project manager in construction can be distilled into three actions: plan, monitor, and control. While there
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is nothing simple about the actions and skills required to complete each, almost
every action can fit into one of those words.
So how does the project manager fit into the process?

Lead the Project Team
The project manager (PM), is the point person responsible for the project. He or
she is accountable for wins and losses on both the schedule and budget. They are
tasked with utilizing the company’s money, equipment, resources, and internal
core competencies efficiently. The project manager heads the contractor’s project
team and is the lead decision maker. The project team can be defined as the
contractor’s employees: the supervisor and tradespersons directly employed by the
contractor, subcontractors who will perform work on‐site, vendors who will provide specific equipment or fabricated items to the site, and the suppliers who will
provide essential components such as ready‐mix concrete, lumber, and building
materials.
The project manager will lead the team in other ways as well. They include
representing the contractor’s team in meetings with the owner and architect/
engineers, lenders or investors in the project, organized labor groups, and local
governmental agencies or committees having jurisdiction over the project. The
project manager will be responsible for reporting to account executives or senior
management on the company’s performance on that project. The PM’s decisions
and communications will be viewed as the official decisions and communications of the contractor.

Create the Project Plan
The project manager leads the team that is responsible for creating the project plan.
On some small projects the PM may be the entire team. As previously discussed,
the project plan is the workable scheme to accomplish the project’s intended goals.
The PM must devise the scheme within the confines of the contract documents,
contractual constraints, and the available budget as defined by the estimate. It has
to be above all a realistic plan that can be achieved by normal humans. The plan
has to consider all of the resources that will be required and the most expeditious
and efficient use of those resources. Unpredictable events such as material shortages, labor strikes, and price escalations, and even the weather must be taken into
account in the plan. The plan must have measurable events or deliverables that can
be used to assess whether the plan is working.
The project manager will assemble, oversee, and assume responsibility for those
individuals and companies who are best suited to execute this plan. He or she will be
responsible for analyzing which key trades are critical to the success of the project.
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The PM must identify the areas of high risk and work aggressively to mitigate the risk.
Lastly, the project has to meet the parameters set forth in the contract for performance
and quality. Above all, the plan has to be accomplished within a definitive timeframe.

Develop the Project Schedule
With the exception of large contracting companies that can afford the luxury of
a dedicated project scheduler, the duty of developing a schedule is typically the
responsibility of the project manager. Even for the simplest project, the schedule
is a complex, ever‐changing, and project‐specific management tool. The schedule
decomposes the project into the individual tasks that comprise the whole. It organizes these tasks in chronological order, and clearly illustrates the interdependencies between them. The schedule enumerates definitive, recognizable milestones
or intermediate goals, all of which are set as a function of time.
Each of the tasks on the schedule, referred to as activities, has a party responsible to execute it, called the resource. Those parties may be subcontractors who
have a continued interface on the project, such as the electrician or HVAC contractor, or single application subcontractors who are on and off the project relatively
quickly, such as the dampproofing expert or the toilet partition installer.
In addition to the actual production activities, there are also administrative and
procurement components such as submittals and lead times that are incorporated
in the schedule and have a direct impact on progress. The schedule should also
include activities by outside parties such as the owner or building inspectors whose
performance impacts the project’s progress. Once the schedule has been accepted
by the team, it becomes the baseline for comparison of the performance.

Monitor the Progress of the Project
In order to determine if the project is on schedule and in accordance with the plan,
the project manager is required to monitor the progress of the work. This requires
more than a cursory review of progress. As the work progresses, the schedule has
to be updated to reflect actual performance. The monitoring process is meant to
establish a comparison between the actual progress and the anticipated progress
of the project as defined in the schedule. The monitoring reveals what activities
are ahead of schedule, on schedule, and, most importantly, behind schedule. The
monitoring process is based on feedback, an essential part of the decision making process. Feedback comes in many forms: verbal communications, written
daily reports from the field, labor‐tracking reports, material deliveries, milestones
achieved, and upcoming activities. Without the feedback, there can be no effective
monitoring or informed decision making. The monitoring also includes oversight
of the costs that are incurred as the work is performed.
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Control the Project
One of the most important responsibilities of the project manager is to control the
project. Control in most cases can be defined as making decisions proactively instead of reactively to guide the direction of the project. Decisions must be made by
taking into account all of the information available at the time and acting in the best
interest of the project. Controlling the project includes making adjustments to both
the plan and the schedule when things change, as they inevitably do. The PM must
remember that there are always alternate methods for achieving the project goals.
It is impossible to be proactive in every situation; occasionally, crisis management
is the topic of the day. Great plans sometime change, and sometimes they just plain
fail altogether. Unfortunately, that is just the nature of the business. How quickly the
PM can get the project back on track is the essence of great project management.

Take Corrective Action
When the progress of the project falls short of the plan or deviates from the schedule, the project manager must be willing and able to take immediate and effective
action to correct the deviation. The corrective action runs the full spectrum from
written directives to termination. The actions necessary are determined as a result
of analyzing all of the data in the feedback cycle, discussing the options with team
members, and considering any potential consequences of those actions.
It is essential that corrective action is applied in a timely and professional manner. Implementation of a corrective action has one goal, and that is to bring the
project back on schedule. It is never intended to be punitive.
Not every action will have the desired or intended effect. In fact, it is not unusual for the corrective action to have no positive impact at all. Recognizing the
mistake and switching to plan B is often the next step in the process. This project
manager should not chalk this up as a failure, but as a step in the process of getting
the project back on track. Inaction or waiting for the problem to correct itself are
often far worse than the wrong action.

Achieve the Project Goals
In summary, the main duty of the project manager is to achieve the project goals.
The planning, scheduling, monitoring, and controlling of the work are all designed
and intended to further the project goals.

Goals of the Project
The goals of the project are the goals of the project team. As the lead on the project team, the goals of the project manager are synergized with the team. They
are result of a clear understanding of the project documents made evident during
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the planning process. Some of the goals are contractual in nature, and some are
imposed by the senior management. Understanding those goals and keeping them
on target and in the focus of the project team is paramount to the success of any
project and a primary responsibility of the project manager. Many projects become
hopelessly derailed because the team loses focus of the goals or, worse, were unclear on what the goals were in the beginning.

Contractual Performance Obligations
Every contract for construction has specific requirements for performance. These
include standards for quality of materials and workmanship, specific deliverables
such as phases, and the most significant performance requirement—Substantial
Completion. In their simplest terms, contracts define quality, time, and price. It is
the primary goal of the project team to meet the performance requirements of the
contract. Failure to meet these obligations can render the remaining goals on this
list unattainable. The project manager and the project team must have a thorough
understanding of the contract requirements.

Financial Objectives
While it may sound shallow or ignoble of purpose, all project managers are
tasked with meeting (or exceeding) the financial goals outlined in the estimate
or by the project team. That means the project should contribute its share to
the company’s financial bottom line. As with any for‐profit business enterprise,
making a return for managed risk is one of the determinants of project success.
Project managers are often the gatekeepers to the profits. They are charged with
the task of maintaining the estimated profit carried in the bid, in addition to the
profit that comes from negotiating, effective decision making, controlling the
participants, and superior management of the schedule. In the eyes of most
construction executives, one of the most important measures of a successful
project is the net profit it returns.

Prevent or Minimize Delay
The scariest word in the construction lexicon is “delay.” The principal reason
is that recovery from delay can be very costly, if even possible. Once a project
has experienced a delay, it can provoke a host of claims from affected parties:
claims of losses from the owner, claims of material escalation costs, imposition of
liquidated damages, and even additional charges from the architect and engineers
for extended services. Resolving delay disputes is time‐consuming and distracts
the project manager from his or her real responsibilities in managing the project.
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Careful monitoring of a project schedule and control of the contractors performing
the work can prevent or minimize delay.

Avoid Claims or Litigation
Claims for additional work as a result of delay, acceleration or escalation costs are
normal occurrences on a construction project. Those claims that can’t be substantiated and approved in the normal course of business often end up with a third party
overseeing the resolution of the dispute. Preparing to litigate, arbitrate, or mediate a dispute is a burden on the project manager’s time and can be all consuming.
Since most actions to resolve disputes occur well after the incident, the project
manager must review and study the project records and become re‐acquainted with
the details. Avoiding claims or possibly the resulting legal actions is a primary
responsibility of the project manager. It can very quickly turn a financially successful project into a loser.

Control the O‐P‐C Relationship
The O‐P‐C relationship is the tri‐party arrangement most often used in the construction industry under the design/bid/build delivery methodology. The Owner
(O) contracts with the Professional (P), most often an architect or engineer, for
design and administration services. The Owner (O) also contracts separately with
the Contractor (C) to construct the physical project. While there is no direct binding agreement between the professional and the contractor, there is a requirement
that they cooperate in the interest of the owner to complete the project. As the party
with the most financial risk, it is the project manager for the general contractor that
needs to control the O‐P‐C relationship as well as the project team. The project
manager must strive to earn the respect and trust of the architect and the owner
so that he or she can be the proactive force in managing the project, instead of
reacting to the wishes of the professional and the owner. A strong PM with a clear
understanding of the project and its unique features, who can direct the work and
maintain the project schedule, is the hope of every owner and design professional
for their project.

Increase Market Share
In all businesses, a successful engagement, a well‐executed contract, or the sale of
a product that performs as advertised should increase business and add to a company’s market share. The construction industry is no exception. There is only so
much advertising that a company can do. Successful performance adds to a company’s reputation and ultimately its bottom line. As the old adage goes: “The proof
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is in the pudding.” While it may not be the primary goal of the project manager to
increase business, it should be an ancillary goal. It is the by‐product of a project
done well, and a reward for superior performance by the project manager.

Role of the Contract Documents
The contract documents, sometimes referred to as the CDs, are the plans and
specifications, plus any addendum provided during the bidding process. These
documents are the basis of the contract. The plans are the quantitative portion
of the project, represented graphically. Quantities associated with any activity or
material incorporated in the project are determined from the plans. The technical
specifications are typically separate from the plans, and are bound in the project
manual. They define the qualitative portion of the project and address the characteristics of the product and the acceptable tolerances of the workmanship. The
plans and specifications are meant to be used together; neither is meant to exist as
a stand‐alone document. The CDs establish the standard by which the performance
of the contractor is measured. Through the plans and specifications, the documents
define the quality and parameters for performance. If the contractor has performed
in accordance with the contract documents, then the project should be successful
from a performance standpoint. The CDs are the most valuable tool that the project
manager has in his/her toolbox.

Study the Plans and Specifications
Long before the commencement of any physical work on the site, and prior to
subcontracts being let and materials purchased, the project manager should study
the plans and specifications carefully and thoroughly. As the word implies, study is
far more than a casual review. A careful and thorough study of the contract documents is the project manager’s education on the project. This is most often done
in a quiet setting without interruptions from the phone, e‐mail, coworkers, or the
normal day‐to‐day disturbances that demand the project manager’s attention. It is
helpful to have a pad of paper and pencil for notes as the study takes place.
The project manager should review in detail each and every page of the plans and
technical specifications. There are many reasons for the in‐depth study, the least of
which is to find the design professional’s mistakes. While it is implied that the plans
and specifications are reasonably accurate and complete for their purpose, design
professionals, just like contractors, are human, and humans make mistakes!
The purpose of the study is to ensure coordination between the plans and specifications. It also has the benefit of identifying long lead items. The study is best
carried out in the same sequence as the structure would be built. There is a natural
“trigger” that prompts the project manager into asking: “What’s the next step?”
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Often in the heat of the bidding phase, questions are asked that require a written
response that changes the bid documents. When that occurs, the architect or engineer
will issue an addendum. Addenda (pl.) are sometimes hastily issued documents that
can convey simple changes or have complex and far‐reaching implications on the
contract documents. Each addendum has to be reviewed in the context of the entire
project and schedule. Lastly, it is helpful to ask the estimator his or her opinion on
the completeness of the documents. The estimator may have already addressed many
discrepancies during the bid process. Estimators make assumptions during bidding.
The estimator should share those assumptions with the project team.

Identify Discrepancies Early
The purpose of identifying discrepancies early is to avoid costly errors that can
delay the progress or give rise to a claim or extra charge. Early detection allows the
architect or engineers more time and a wider array of options to correct or clarify
a discrepancy. This has the added benefit of establishing the project manager as a
partner or ally in the construction process instead of as an opponent. Discrepancies
that are discovered by the project manager before they become critical can be
controlled and allow the project manager time to propose a solution before one is
thrust upon him or her.

Visit the Project Site
It’s essential that the project manager take whatever time is necessary to visit and
become familiar with the project site. The PM must understand the physical aspects and uniqueness of the site before work commences. This is true about a new
site, a renovation, or the addition to an existing building. Specific attributes such as
utility pole location for power and telecommunications, water service connection
points, and difficulty in accessing the site for large equipment or delivery vehicles
are examples of the information that can be derived from a site visit. Natural features such as rock formations that may hinder excavation are another example. The
existing condition of structures that are being added on to, or evidence of hazardous materials that are not identified in the documents, are all tangible benefits of
site exploration. Again, the earlier the project manager takes the lead in learning
about the actual site conditions and its limitations, the sooner that information can
be disseminated to the rest of the project team.

Understand the Project Constraints
All projects have constraints. Probably the one that most construction professionals are familiar with is the time available for construction. Some constraints are
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contractual or imposed by the documents. Others can be a result of latent site conditions. Examples of contractual restraints include:
●●

●●

●●

Project phasing that prevents starting phase two until phase one has been
completed and accepted
Occupied space that requires working around a business that is maintaining
its operations
Utility changeovers that must occur during off‐business hours

Constraints that are a result of the site conditions include:
●●
●●

●●

Proximity to other structures or public roadways
Local ordinances that restrict construction activities during specific times or
conditions
Lack of space for a staging or lay down area

Learning about some constraints are a result of the education that comes from
the study of the contract documents and possibly knowledge of local practice or
ordinances.

Determine Potential Problem Areas
A natural extension of understanding project constraints is to look for areas that
can pose a potential problem or delay. Every project has critical areas that can
create a “bottleneck.” These bottlenecks are identified by using the combined
past experience of the team. This is where the old saying “an ounce of prevention
is worth a pound of cure” really applies. Potential problem areas such as the connection to existing water or other utility services and existing elevations at pipe
inverts are but a few. A simple investigation or verification before the work has
to be done can often save thousands of dollars. As stated previously, early investigation allows the project manager to pose more cost‐effective solutions or hire
specialists that can supply solutions that prevent crisis or delay. At the very least
the PM is aware of where the high‐risk tasks are and can act to mitigate the risk.

Understand Contract Procedures
Each project has contract procedures that are unique to the project and/or the
owner: everything from payment schedules to administrative requirements. Others
include insurance limits and indemnification clauses, inspection notification minimums, and updating intervals of the CPM schedule. Some less matter‐of‐fact procedures that the PM should understand include unfavorable contract language that
assigns a disproportionate share of the risk to the contractor for specific events, no
claim for delay clauses, time limits on claims notification, and dollar‐driven CPM
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schedules that tie payment to performance. These are considerably less benign
and should be in the forefront of the project manager’s mind. While many of the
contract procedures are identified in the planning process, they may not always
filter down to the subcontractors and vendors. As these procedures apply to them
as well, they should be aware of them.

The Schedule and Budget
As we will discover later in this text, two critical tools for project control are the
schedule and budget. Thus far, our focus has been on the schedule and its overall
contribution to the project management process. It is the plan to accomplish the
deliverables set against time. Equally as important is the budget. The budget is the
dollars available to pay for the cost incurred as a result of performing the work to
achieve the deliverables. The budget is a modified version of the estimate. It is the
value of the work as seen through the eyes of the estimator, divided into elements
that can be used to track cost in the performance of the work. The schedule and the
estimate are distinctly different but profoundly interrelated. It is the integration of
schedule and budget that create the baseline or performance metrics so critical to
project control. These two topics are so important that entire chapters have been
dedicated to each.

Summary
This chapter reviewed the basic concept of project management with special focus
on its application to the construction industry, also including a brief history of
project management and the contribution of two of its early practitioners. This
chapter introduced the reader to several approaches to project management but
highlighted the most common methodology and its five steps or processes: initiating, planning, executing, monitoring and controlling, and closing.
The benefits of proper planning are significant and provide an in‐depth education on the project itself. As the lead on the project team, the project manager plays
a role in the project management process that cannot be overstated. It is the project
manager’s duty to advance the goals of the project team.
Chapter 1 also explained the roles of the contract documents—plans, specifications, and addenda—in the project management process. It is one of the most
important tools the project manager uses to manage.
The schedule and the budget are two critical components that create the baseline
for project control.

Chapter

2

Introduction to Project Control

Chapter 1—The Basics offered the reader a brief discussion of the concept of pro
ject management and how it is applied in the construction industry. Focus on the
process was limited to what was needed for a frame of reference for later in this text.
While project management is the parent discipline, its offspring, project control, is
the concentration of this text. Even a technically flawless project is soured by cost
and schedule overruns and can damage relationships between parties. Therefore,
project control is an essential aspect of the project management process.

Overview of Project Control
Time and cost can easily get out of control on a construction project, even on
a small project. While these two variables are independent, they are inextrica
bly linked on all construction projects. Changes to schedule can affect the cost
and vice versa. We have all heard horror stories of projects that ran 30 percent
over budget and six months late in delivery. How can this possibly happen? In
most cases, lack of or loss of control is the underlying factor. To avoid such a
disaster, there needs to be a system for measuring the actual performance (in
both time and cost parameters) against anticipated performance. The system for
measuring progress has to be dynamic and ongoing during the life of the proj
ect. Waiting till the last minute to discover your project will deliver late is not
only unacceptable, but offers little time (or hope) to recover. Equally important
is the cost to deliver. Most construction contracts have a fixed price, or at the
very least some form of accountability for the cost of the work as well as a time
allotted for performance of the work. These two basic parameters create the
foundation of project control.
Enter the discipline of construction project control! Project control in its sim
plest terms is a four‐step process of measuring progress toward a goal:
●●
●●
●●

Create a plan against which performance toward the goal can be measured.
Formally and regularly measure progress toward the goal.
Evaluate the causes of significant deviations from the plan.
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●●

Take corrective action, based on the results of the evaluation, to bring the
project back in line with the goal outlined in the plan.

Project control is the function of integrating cost and schedule data to estab
lish a baseline or guidance system for monitoring, measuring, and controlling
performance. Project control can be performed by the project manager or can be
an independent discipline within the project team performed by the project analyst
or project auditor. Project control is the aspect of the project management process
that provides the analytical tools for keeping the project on track, on time, and
within budget.
Controls are instituted early in the project before the actual production tasks
begin, and they are fully functional until the conclusion of the lessons‐learned
meeting and the archiving of the project files.
While some companies have universal control systems that are applied across
every project, each project should be evaluated separately for the appropriate
level of control required. Large, complex, one‐of‐a‐kind projects with high
risk generally require more control systems than small simple projects where
the risk can be managed or loss to the business would be minimal. However,
there are no hard and fast rules, each project should be evaluated on its own
merit. With too few controls, the project status is never really known. Too many
controls can be cumbersome and costly to maintain, and also distract from the
real project goal.
Control systems are typically established at a minimum for:
●●
●●
●●
●●
●●
●●

Schedule
Cost
Contract modifications
Risk
Quality
Resources

The performance measurement baseline is the time and cost parameters that the
project team sets as the metrics to measure performance. The performance mea
surement baseline (PMB) is the way the project would perform if it followed the
planned schedule and planned budget exactly. The monitoring process begins only
after the PMB has been established and agreed upon by the stakeholders.
The gathering of information that will be used during the analysis portion of the
control process is called project performance measurement. For starters, project
performance measurement includes data on the cost of materials, labor, and equip
ment for work that has been performed. It includes the individual productivities
for the crew that performed the work and the duration of the task. This aspect
of project control provides an integrated snapshot of both time and cost as of a
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specific date called the reporting date. This snapshot can then be used to discover
trends and/or forecast future performance. It is used to analyze deviations from
the planned performance called variations. If the variations are undesirable, the
project manager can take corrective action to put the task or project back on track.
If the performance variations are desirable, or in other words performance exceeds
expectations, then the project manager can exploit whatever factor is creating the
variation. Once the corrective action has been implemented, performance mea
surements can continue to verify that the action taken was appropriate and had the
anticipated effect. And so the cycle continues.
The project performance measurement is done on a micro scale. It requires
that the project be decomposed into elemental components. This decomposition
process is called the Work Breakdown Structure (WBS). The WBS elements are
individual work packages, or groups of tasks, that can be monitored, tracked, and
measured separately. They can be a task in the schedule or line items in the cost
account.
Cost control provides the analytical procedures for monitoring, analyzing,
forecasting, and controlling the costs on a construction project. The cost con
trol system is used to identify variations from the budget. Cost control is most
effective when integrated with project scheduling and progress measurement
functions.

Project Control Terminology
Throughout this book, we will frequently use project control terminology, so it
might be beneficial to introduce the reader to some of the more common terms
early. This list is not meant to be comprehensive; other terms and their definitions
will be introduced as appropriate.
‐A‐
●●

●●

●●

●●

Accrued costs, or accruals, are defined as the difference between the amount
a project owes and what it has paid out. Accrued costs are recorded costs less
amounts paid.
Activity is a task that occurs in a schedule with a defined duration, start, and
finish time. It is assigned to a resource to perform. It is used interchangeably
with the term “task.”
Actual Cost of Work Completed (AC) is the cumulative sum of the cost
incurred in completing the work of a task, series of tasks, or the entire project.
Actual Cost of Work Performed (ACWP) is the actual cost incurred in the
performance of the work for a given time period. It is one of the principle
measurement tools of project control.
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‐B‐
●●

●●

●●

●●

Bar chart is a graphic representation of activities depicted as a function
of time.
Budget at Completion (BAC) is the original budget plus any adjustments
(change orders) at the completion of the project. It is the last Current Budget.
Budgeted Cost of Work Performed (BCWP) is the value of the work
completed measured in terms of the planned value of the work. It is the
earned value for a task and a principle measurement in the Earned Value
Management process.
Budgeted Cost of Work Scheduled (BCWS) is the value of the work planned
or scheduled to be accomplished within a specific time period as illustrated
in the schedule. It is one of the principle measurement tools of the project
control process.

‐C‐
●●

●●

●●

●●

●●

●●

●●

Calendar day is the measurement of the total schedule calculated in days
against the calendar. It is the sum of work days and nonworking days.
Change order is a contract modification that changes scope, and possi
bly time and/or cost. Change orders can be added to or deducted from the
contract sum. An approved additive change order represents an authorized
addition to the current funding to pay for the change order. When a change
order is approved, the current budget is updated by the amount of the change
order.
Cash flow is the net flow of cash into or out of a project. It is a function of the
project control process so that a company can plan for cash needs during the
life of the project.
Cost elements are a subgroup of the detail cost account. They are a further
decomposition of the detail cost account into materials, labor, equipment, and
labor‐hours. Most job cost reports provide this level of detail.
Committed costs are costs that the contractor is obligated to pay as soon as
a purchase order is issued or a contract signed. These costs become commit
ments to pay when the work has been performed. The difference between
committed costs and accruals is timing. Accrued costs occur after the work
has been performed, whereas committed costs are a pledge to pay as soon as
the contract is signed.
Concurrent task is one or more tasks that can occur simultaneously without
impacting the other task(s).
Cost Breakdown Structure (CBS) is the decomposition of the estimate into
individual tasks or groups of tasks for use in the creation of the budget to
measure performance.
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●●

●●

●●

●●

●●

●●

●●

●●

Cost Performance Index (CPI) is the budgeted cost of the work performed
divided by the actual cost of the work performed. It is a ratio of earned value
to the actual cost. Values greater than 1.0 are considered favorable; values less
the 1.0 are unfavorable.
Cost Variance (CV) is the difference (in dollars) between what was earned in
performing the task(s) and what it actually costs to perform the task. Positive
values are favorable and negative values are unfavorable.
Crash cost is the cost associated with performing a task in crash time (or
under acceleration).
Crash time is the shortest time (duration) in which an activity can realisti
cally be completed. It is measured in workdays.
Critical path is the series of critical tasks that are linked in the schedule.
A delay to the critical path will result in a delay to the Substantial Completion
date. It is the longest path through the project.
Critical Path Method (CPM) is a scheduling method that calculates the lon
gest path of planned activities to the finish of the project, and the earliest and
latest that each activity can start and finish without making the project longer.
It is based on the interdependency of tasks on the critical path.
Critical task is a task on the critical path. Critical tasks have zero float and are
dependent upon the performance of their predecessors to start on time.
Current Estimate at Completion (CEAC) is an approximation or forecast
of the total project cost at completion as of the latest reporting period. This
is based on updates to the current budget and committed costs as of the latest
reporting period.
Current Budget is the Original Budget plus all approved change orders. The
Current Budget reflects the current funding approved for the project. Current
Budget can and most likely will change over the life of the project.

‐D‐
●●

●●

●●

●●

Daily Output is the amount of work calculated in units of measure (SF, LF,
CY, etc.) specific to that task, which an individual or crew will produce in a
day (eight hours).
Deliverable is a major goal, milestone, etc. that must be completed to finish
a project.
Detail cost accounts are the costs associated with a task or group of tasks
that are being tracked as part of the cost control. It is lowest level of the Work
Breakdown Structure (WBS).
Direct costs are those costs with a direct relationship to a task such as mate
rials, labor, equipment, and subcontractors/vendors.
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●●

Duration is the amount of time an activity takes to complete. In the construc
tion industry, durations are measured in workdays.

‐E‐
●●

●●

●●

●●

●●

●●

●●

●●

Estimate at Completion Variance (EACV) is the difference (in dollars) be
tween the previous EAC forecast and the current EAC forecast. A positive
value indicates the EAC has decreased. A negative value indicates the EAC
has increased. It is used to indicate EAC trends of each reporting period.
Early Start (ES) is the earliest date an activity can start. It is the latest early
finish of its predecessor(s).
Early Finish (EF) is the earliest date an activity can finish if all its preceding
activities are finished by their early finish times.
Earned Value (EV) is the value of work (in dollars or labor‐hours) done to
date either by line item on the Schedule of Values SOV or by the total SOV. It
is calculated by measuring physical progress as a percentage and multiplying
it by the total value of the line item in the SOV.
Estimate is a compilation of costs that represents the value of a scope of work
as approximated by the estimator. It is the first step in project control and rep
resents the original approved budget.
Estimate at Completion (EAC) is an approximation or forecast of the total
project cost when it is complete.
Estimate to Complete is the approximate cost remaining to achieve comple
tion. It is the EAC less total committed costs.
Event is the point in time when an activity starts or finishes.

‐F‐
●●

●●

●●

●●
●●

Finish‐to‐finish relationship is the relationship between two tasks on a
schedule network in which their interdependence is based on their finish dates.
Finish‐to‐start relationship is the relationship between two tasks on a sched
ule network in which their interdependence is based on the finish of the pre
decessor and the start of the successor.
Float is the amount of time in days between the time available to perform a
task and the time required to perform the task. Float is measured in calendar
days. Tasks with a float of zero days are defined as critical tasks and are on
the critical path.
Fragnet is a small portion or fragment of schedule network.
Free Float (FF) is the maximum amount of time a task can be delayed from
its Early Start (ES) without delaying the ES of any activity immediately
following it.
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‐G‐
●●

Gantt chart is a type of bar chart or schedule that illustrates tasks as a func
tion of time. Gantt charts do not always show interdependency between tasks.
Gantt charts are named after Henry Gantt.

‐H‐
●●

Hard logic is the relationship between two tasks on a schedule that is based
on a physical relationship as opposed to a constraint (e.g., the formwork has
to be erected before you can place the concrete in the form).

‐I‐
●●

●●

●●

Independent float is the amount of scheduling flexibility available on a task
without affecting any other task.
Interdependence is the dependency relationship between tasks on any
path.
Indirect costs are those costs that are nonproduction costs or overhead
costs. There is no direct relationship to a specific task but to the project as
a whole.

‐J‐
●●

Job cost report is a printed cost report generated at regular intervals showing
costs incurred by detail cost account and cost element. It is compared with
the current budget for the same cost account. It is computer generated as an
accounting/bookkeeping function.

‐K‐
●●

Kickoff meeting is typically the first meeting with all team members for a
project. It often sets the tone and expectations for the project.

‐L‐
●●

●●

●●

●●

Lag(s) is the amount of time in days a dependent task must be delayed to
begin or end.
Late Finish (LF) is the latest time an activity can finish without delaying a
succeeding activity.
Late Start (LS) is the latest time an activity can start without causing
delay to a succeeding activity. It is the latest finish of all activities
preceding it.
Learning curve is a mathematical curve used to predict the reduction in time
resulting from a task being performed repeatedly.
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‐M‐
●●

●●

●●

●●

●●

Management Reserve is a designated amount of money set aside in the
owner’s budget to account for costs of the project that cannot be predicted in
the planning stage. It is not accessible by the contractor.
Merge Activity is an activity with more than one predecessor immediately
preceding it.
Milestone is a special event that marks the completion of a task, phase, or por
tion of work. Milestones mark an accomplishment on the schedule. They act as
way markers to measure the progress of the project as incremental portions of
the work get accomplished. Milestones are on the critical path of the schedule.
Mitigating risk is an action taken to reduce the likelihood of a risk occurring
or an action taken to reduce the impact that a risk will have if it does occur.
Monte Carlo Simulation is a method of simulating task durations using
probabilities. The method identifies the percentage of times, tasks, and paths
that are critical over numerous simulations.

‐N‐
●●

Network is a logic diagram arranged in a predetermined format to illustrate
the tasks, sequencing, dependencies, and relationships between specific tasks
on a schedule.

‐O‐
●●

●●

●●

Original Budget is established once the contract has been awarded. It is
the contract sum less the included profit. It is the sum of all anticipated
costs applicable to the project. The Original Budget for a project does not
change.
Overhead costs are the costs associated with running a business or a proj
ect. It includes management salaries, home office expenses, and costs directly
related to a specific project.
Over‐allocated resource is a resource—labor or equipment—that has been
overscheduled based on its availability.

‐P‐
●●

●●

Path is a series of interconnected or interdependent tasks that are critical or
concurrent.
Performance Measurement Baseline (PMB) is the schedule and budget
values that the project team agrees upon as the standard for comparison with
actual progress and cost.
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●●

●●

●●

●●

●●

●●

●●

●●

Physical progress is the quantitative measurement of the amount of work
that has been completed. It is typically represented as a percentage of the
total. That percentage is multiplied by the line item value in the SOV to arrive
at the earned value. It is an important measure of how a task or project is
progressing.
Planned Value (PV) is the estimated value of work to be performed within
a given duration or period. It is used to create the performance measurement
baseline.
Productivity is a measure of the efficiency of production. It is the ratio of
what is produced to what is planned to produce. It is typically measured in
labor‐hours (or dollars). It is defined as the earned value (in labor‐hours)
divided by the actual labor‐hours expended. Values greater than 1.0 indicate
that work is progressing faster than planned. Values less than 1.0 indicate that
more resources have been expended than planned.
Progress payment is the amount invoiced by the contractor for work com
pleted in that period (typically monthly). It is the summation of the earned
value of each line item in the Schedule of Values less any retainage.
Project closeout is the final phase of the project, beginning at Substantial
Completion, in which the closeout documents—manuals, technical infor
mation, waivers, as‐builts, etc.—are turned over to the owner in a formal
process. Project closeout typically ends with the lessons‐learned meeting and
the archiving of the project files.
Project manager is the lead on the project team responsible for the manage
ment of the project from inception to closeout.
Project Performance Measurement (PPM) is the gathering of cost
and schedule information to be used as a comparison to the Performance
Measurement Baseline.
Project team is the group of individuals responsible for the planning, execu
tion, monitoring, and control of a project.

‐Q‐
●●

●●

Quantity survey is referred to as the takeoff. It is the decomposition of the
project into tasks with quantities at the beginning of the estimating process.
The quantities are multiplied by the unit price costs of the task and extended
to the total.
Quality is the particular characteristics, attributes, or nature of a product,
execution, or installation of a task on a construction project as defined by the
contract documents.
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‐R‐
●●

●●

●●

●●

●●

●●

●●

●●

●●

Recorded costs are costs that have been incurred during the construction pro
cess for elements such as materials, labor, equipment, subs, and overhead.
Recorded costs are represented by an invoice and are tracked by the account
ing department in most construction companies.
Recovery schedule is a schedule illustrating the logic and sequencing of tasks
to put the project back on track after it has slipped.
Resource leveling is a technique used to reduce the demand for resources by
scheduling them more efficiently and using float to prevent over‐allocation of
a resource.
Retainage is the cumulative amount withheld from each progress payment
until the completion of the project. It is to ensure completion of the punchlist
and warranty items. Retainage is traditionally the final payment on the
contract.
Risk allocation is the sharing of risk with other parties. Traditional
methods include subcontracting of scopes of work that the contractor lacks
proficiency in.
Risk avoidance is the strategy by which a business decision is made to not
bid a project due to a variety of risk factors such as ambiguous or incomplete
contract documents, a difficult owner, an unrealistic schedule, or some other
high‐risk factor.
Risk profile is a series of questions designed to reveal specific areas of uncer
tainty in a project.
Risk retention is the result of an economic evaluation of the loss exposure
and the determination that the loss can be absorbed safely. It is also the policy
of retaining the risk to maintain absolute control of the task that exposes the
contractor to the risk.
Risk transfer is the shifting of risk from one party to another by the use of
insurance, bonds, or indemnification statements.

‐S‐
●●

●●

●●

Scenario analysis is a process in which potential risk events are identified
and analyzed to determine likelihood and impact.
Schedule Performance Index (SPI) is the budgeted cost of work performed
(BCWP) divided by the budgeted cost of work scheduled (BCWS). It is a ratio
of the earned value to the planned value. Values greater than 1.0 are consid
ered favorable; values less the 1.0 are unfavorable.
Schedule Variance (SV) is the difference (in dollars) between what was
planned on being earned and what was actually earned for a task(s). Positive
values are favorable and negative values are unfavorable.
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●●

●●
●●

●●

●●

●●

Schedule of Values (SOV) is a detailed allocation of the contract sum into
individual components or categories of work. The Schedule of Values is the
basis for determining earned value for progress payments during the life of
the project. The scheduled value of a line item is the total value of that line
item at 100 percent complete.
Slope is the ratio of cost per day of duration to shorten or crash a task.
Soft logic is the relationship between two tasks on a schedule that is based
on a constraint as opposed to a physical relationship (e.g., the task has to
be rescheduled due to the unavailability of a crew or piece of equipment to
perform the task).
Splitting is a scheduling technique in which the work on a task is temporarily
interrupted so that the resource can be assigned to another task, then reas
signed to the original task to complete.
Substantial Completion is the date in which the owner/end user can take
beneficial occupancy of the project for its intended purpose. It is traditionally
the date in which the warranty period begins.
Summary cost accounts is a summation by group of detail cost accounts that
comprise a high‐level Work Breakdown Structure (WBS). It provides a “big
picture” view of a particular WBS.

‐T‐
●●

●●

●●

●●

●●

Task is an item of work that needs to be done. It consumes resources and has
duration. It is also called an activity.
Tracking Gantt is a Gantt chart that compares actual progress to planned
progress.
Total Allocated Budget (TAB) is the owner’s Current Budget plus the
Management Reserve.
Total committed costs are all recorded costs, including accruals, plus any
committed costs yet to be recorded.
Total float is the amount of time a task can be delayed without delaying
Substantial Completion, a constraint, or the end of the schedule.

‐U‐
●●

Unilateral is a change or action taken by or involving one side or party only.
It most often refers to an owner’s contractual right to issue change orders dur
ing the life of the project.

‐V‐
●●

Variance at Completion (VAC) is the Budget at Completion less the
Estimate at Completion (EAC) or the total amount budgeted less the total
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●●

cost of the project. Positive values are favorable and negative values are
unfavorable.
Variance is a difference from what was planned or anticipated. Most often
used in addressing the difference in budget or schedule from what was
planned.

‐W‐
●●

●●

Work Breakdown Structure (WBS) is a decomposition of the work into
smaller or more detailed components. The WBS has multiple levels. The
lowest level of the WBS is the detail cost account. It is used to allocate costs
against in the SOV.
Work package is a task at the lowest level of the WBS.

Project Control Formulas
In addition to terminology, the following are the formulas most commonly used in
project control:
●●
●●
●●
●●
●●
●●
●●
●●

Cost Variance: CV = BCWP − ACWP
Current Budget: Original Budget + Approved Change Orders
Schedule Variance: SV = BCWP − BCWS
Variance at Completion: BAC − EAC
Cost Performance Index: CPI = BCWP/AWCP
Schedule Performance Index: SPI = BCWP/BCWS
PERT Mean = O + 4(ML) + P/6
PERT Standard Deviation = P − O/6

The Project Control Cycle
For the purpose of this text, the term life cycle can be loosely defined as the series
of stages that a project or process goes through from beginning to end that charac
terizes that project or process. There are two life cycles that work in unison with
one another in every construction project. The project life cycle is the series of
tasks required to produce the deliverable: a building, bridge, road, etc. Project life
cycles are very different for different types of structures.
The project management life cycle defines the steps needed to manage a project
through the project life cycle (the five steps of the Traditional Approach introduced
in Chapter 1). It is reasonably the same for every construction project.
Within the project management life cycle is the project control cycle. The proj
ect control cycle is defined as the series of steps required to monitor and control
the costs and schedule of the project.
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The project control cycle is as follows:
●●
●●
●●
●●
●●
●●
●●
●●
●●

Plan how the project will achieve its goals.
Execute the work according to the plan and schedule.
Monitor the progress of the plan.
Measure the progress of the plan.
Identify variations from the plan.
Analyze cause of the variations.
Implement corrective action(s) to realign the progress (or cost) with the plan.
Execute the work after the corrective action has been implemented.
Measure changes to the progress as a result of corrective action.

Each of these features of the project control cycle will now be explained in the
order that they proceed.

Plan to Achieve Goals
Prior to the commencement of any production work on‐site, the contractor’s project
team decides how the project will be built: the “means and methods” portion of
the plan. The expertise of the team is used to create the most efficient use of time,
money, and resources to get the project to Substantial Completion. The team eval
uates those tasks or stages in the project that present the most risk to achieving the
project goals. The team considers options to mitigate the risk or transfer the risk
to other participants. Options may include performance and payment bonds or the
decision to subcontract a task versus self‐performing the work. The team studies
the contract documents and analyzes the estimate. They proceed to decompose the
project into its component tasks and establish the work breakdown structures that
will be used in both the schedule development and the detailed cost accounts.
These will be the basis of the Performance Measurement Baseline, or the metrics
by which we measure performance. The team meets with participants (subcontrac
tors, vendors, suppliers, etc.) and solicits opinions to gain insight and contributions
to the plan and schedule, as well as the essential “buy‐in.” They evaluate the appro
priate resource for the task and decide on associated labor levels. The schedule is
developed and revised, adjusted and revised again, and after several generations of
schedule it is ready to become the chief project management tool. Costs are loaded
against tasks in the final schedule and the cost accounts in the job costs system
receive their “estimated values” based on the decomposition of the estimate. The
project team makes final decisions on internal procedures and who will represent
the project in the field. Contracts are signed, purchase orders are issued, and com
mitments are made, all in the furtherance of the project goals. The planning phase
is complete.
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Execute Work According to Plan
The kickoff meeting is held, the communication chain is established, and all
participants understand the project expectations. The project is mobilized. The
schedule is reviewed to ensure each participant is aware of the performance expec
tations. The production process starts and both employees and subcontractors get
acclimated to the project and the schedule. Learning curves are mastered.
Regular meetings (most often weekly) are held to discuss progress in compari
son to the schedule. As the project “ramps up,” portions of the plan and schedule
may have to be adjusted for on‐site realities. This is not uncommon. Remember the
schedule is dynamic; it is meant to change!
Those performing in accordance with the plan and schedule are routinely passed
over as “doing their job,” while the real focus is on those tasks or participants that
are behind on the critical path. Concerns are documented by the on‐site managers
along with any apparent reason for the lack of production. As part of the feedback
process, this information is passed up to the project manager. If necessary, addi
tional team members weigh in based upon their area of expertise.

Measure the Progress
The measurement phase evaluates actual performance and compares it with
planned or anticipated performance. For those tasks determined to be behind, the
project manager and team members monitor the performance of the task for any
thing that may be immediately evident as the cause of the reduced productivity.
Quite often, reduced production can be attributable to learning curves. Causes are
numerous and varied: lack of materials, insufficient instruction, incorrect tools,
sequencing, crew size, and weather. Details of the crew composition, work habits,
sequence of operations, and daily outputs are recorded and analyzed.

Identify Variations
With the data in hand, deviations from the planned outputs are identified. Is
the reduction in productivity within expected tolerances? Is the reduction
detrimental to overall project schedule? Can work be resequenced to reverse
the loss of time?

Analyze Cause of Variations
Each variation from the planned performance has a cause or even multiple causes.
Determining the factor that is the culprit may not always be a simple task. The
process of analyzing the variation should start with the simplest possible cause
working up to the more complex possibilities. Simple causes often require simple
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fixes and simple fixes cost less. Case in point: Asking a simple question of the
foreman— “What would make this process easier and faster?”— might reveal that
something as simple as moving the staging area closer would save cycle time from
the lumber stockpile to the work area. While this may be an oversimplification,
some solutions are very simple and may be handled at the field level.

Implement Corrective Actions
Once the cause becomes apparent, the project manager must take action. While
hoping things will improve and praying for divine intervention are both positive,
neither one is a professional course of action. Take the most cost‐effective course
of action to correct the problem as soon as practically possible, but only after all
of the facts are carefully reviewed. While hasty, emotional, or uninformed deci
sions are not the course of action of the professional, waiting only exacerbates the
problem.
If the corrective action requires consensus of the project team, call a meeting or
send out an e‐mail. If the fix requires the approval of the upper management or the
client, get the approval as soon as possible.
A word of caution: Seeking approval outside the team, while not uncommon,
should not be standard procedure for all corrective actions. It should be only for
the more complex, costly fixes. Continual delays while waiting for a decision
from the “board” hampers a PM’s ability to be proactive. On a similar note, so
lutions that require approvals from outside the team should be less experimental
and have a higher expectation of success. Too many failed attempts at correcting
the same problem can result in calling the PM’s decision‐making ability into
question.

Execute Work and Measure Changes
The task should continue after the corrective action has been implemented. Once
again, tasks are monitored, performance is measured for improved productivity,
and the success or failure of the corrective action is documented. The documen
tation is not only as a means of providing recorded closure to the problem, if
successful, but as a possible solution to a future problem of a similar nature. These
are fundamental exercises that can add benefit to a lessons learned meeting at the
end of the project.
Not all initial corrective actions are the right remedy to the problem.
Occasionally, multiple actions have to be tried before the correct solution is found.
This should not reflect poorly on the PM or the team. After realizing the solution
is not correct, reanalyzing the data or reviewing the new data and trying another
corrective measure is part of the process!
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Summary
In the overview section of this chapter, the reader was introduced to the project
control process by identifying where project control fits in the overall project man
agement profession and who performs project control.
The two main components for project control are time and cost, which are
represented in real project terms by the budget and the schedule. It is from the
budget and schedule that the performance measurement baseline is created and set
in place as the guidance system during the project life cycle. It is the integration
of the budget with the progress of the schedule that allows the project manager to
know exactly where the progress of the project lies.
The reader was introduced to some of the more common terms used in project
control and a step‐by‐step elaboration of how the project control cycle works dur
ing an average construction project.

Chapter

3

Pre‐Construction Planning

Chapter 2—Introduction to Project Control outlined for the reader how the project
control process works, where it fits in the project management process, and some
of the more common project control terms and formulae. Now that the reader has
a general understanding of the process and why it exists, the next step would be to
discuss how it begins. This chapter will focus on the planning stages and setup for
project control.

Initiating the Control Process
As with any business, managers have a constant need to know how the business
is performing, not only from a time standpoint, but also from a cost perspective.
Most for‐profit companies, whether publicly traded or privately held, have inves
tors. Investors can be outsiders to the company that provide capital through the
sale of shares or stock, or the investors can be the partners that own and operate
the business that have to reach into their personal assets to build the business.
In either scenario, investors contribute money in the expectation of a return for
their investment. That return comes from the profit earned. In order for investors to
do their part, they expect that managers and the individuals that operate the busi
ness will take concrete steps to reduce the risk assumed by the investors.
One of the best ways to reduce risk is to understand where it occurs in each
project and to define it in measurable terms so that the responsible managers of
the project can create safeguards to minimize the risk. While there are numerous
and differing risks with each construction undertaking, the two most common and
significant are the risk of failing to complete on time and a negative return for the
money invested.
Creating safeguards to minimize risk and metrics for measuring how success
ful we are at performing the work is the essence of planning. Planning is done
in advance of the actual performance of the work. In our industry it is called
Pre‐Construction Planning, and, at the risk of using an overworked cliché, it is
planning for success!
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Pre‐Construction Planning
Planning in general can best be described as the function of identifying the goals of
the project and then establishing the policies, procedures, and practices for achiev
ing those goals. Planning in the construction industry can be described as selecting
a course of action with a predetermined outcome. Planning is also decision making
since it involves deciding between alternatives and options.
As stated earlier, established successful construction companies have policies
and procedures for managing a project. Policies and procedures are designed
to control an action in order to provide a predictable outcome. While managers
all have different managing styles, they are all required to follow the same poli
cies and procedures. Imagine the confusion if project managers were allowed
to record and track costs as they chose instead of following company protocol.
Efficiency and consistency would be cast aside. Each team member would be
required to learn the idiosyncrasies and mechanical processes of the individual
project manager. Clearly, this is not the best avenue for overall success.
Some policies and procedures are shared throughout the industry and some will
vary from company to company. The intent is to streamline the process of managing
the routine portions of a project and to make it as efficient and effective as possible.
If we can reduce the time spent on routine (but necessary) tasks, it leaves more time
for the analyzing and problem solving aspects of the process. The key to efficiency and
effectiveness is to ensure that all team members are aware of the proper procedure for
specific processes within the overall management of the project. Communicating the
established procedures and company policy for managing the project is paramount.
Policies as simple as setting and maintaining an update schedule to inform users that
the data is the latest available, or replacing a folder in the central paper file with a card
indicating who has it, can save time and possible revisions to completed work. While
simple, they can be extremely effective in operating professionally. Policies and pro
cedures set the functional guidelines of the team members for performing their duties.
Even for those team members that are not in‐house, establishing chains of communica
tion can save hours of wasted time and delayed or missed opportunities.
The pre‐construction planning phase is intended to decompose the project from
a different perspective than the estimator had. It is intended to evaluate the con
structability of the project and the documents that will be used as the guidance
system for that process. The greatest asset of the planning phase is that it “forces”
the participants to think in detail and consider a step‐by‐step analysis of how the
team will build this project. The planning phase is often quite revealing about
anticipated or previously held means or methods for executing the work. The
greatest benefit of this phase is that process by which the team determines what
will not work, what will work, and what will work best. The construction industry

Pre‐Construction Planning 37

has it relatively easy in comparison to some other industries in that by the time
the pre‐construction planning phase has started, most, if not all, of the two largest
components—estimating and scheduling—have been established. The project has
been bid, and as part of that bid, time for construction has been established or the
bidder has accepted the owner’s timetable. Another major aspect of the planning
process that construction as an industry avoids is the defining of the project. Our
projects are defined by the plans, specifications, and the contract.
While the plan agreed upon is never carved in stone, it is meant to evaluate the
best way to accomplish the goals, and in the event the “best” way turns out to have
been less than the best, it allows the team to consider alternatives or a plan B in
advance of needing it.
The planning process also identifies and communicates project priorities. These
priorities can be of a contractual nature or can be imposed by the team. By iden
tifying the priorities, the team can place a value on each priority which allows the
project managers to make appropriate trade‐off decisions if needed.
The planning process also establishes the communication plan. Every project
manager has a recollection of a project that suffered from failure to communicate.
The communication plan is a key component in coordinating and tracking schedules,
issues, and action items. It is most often created early in the planning phase by the
project manager with the help of the team. A well‐defined communication plan
can alleviate problems and ensure that all team members and stakeholders have
information needed to do their jobs.
Pre‐construction planning, similar to estimating and scheduling, is done by pro
fessionals experienced in the type of project and the means and methods that will
be employed to accomplish the work. Team members should be selected for their
skill sets and demonstrated areas of expertise.
Keeping the planning process on target can be difficult. Some suggestions for
moving forward include:
●●

●●
●●
●●
●●
●●
●●
●●

●●

Identify the goals at the very beginning and ensure all participants understand
the goals.
Initially, let team members do their own independent planning.
Encourage “big picture” planning to start with details to be refined later.
Remain flexible and open to (almost) all ideas.
Encourage participants to look for the flaws—constructively!
Try to test the assumptions behind the ideas.
Reach outside the team for expertise that is not available in house.
Involve upper management whenever practical. Remember that they may
have to bless the plan and their contributing goes a long way toward approval.
Keep in mind that the more complex the idea, the greater risk involved.
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Insight that has been gained in lessons‐learned meetings from similar projects
can save time and money, and avoid repeating costly errors. These same meet
ings reveal which team members and their skill sets were successful on the last
project that was similar to the current one. The individuals on the project team
acquire significant learning during the pre‐construction planning, and this educa
tion enhances their ability to manage the project.
Not all team members can be handpicked; certainly those within the owner’s or
design professional’s group are outside the project manager’s purview to select.
In this situation each team member should identify their responsibilities so there
are no misconceptions or expectations that are not met.
Understanding the responsibilities and contributions of each team member may
be a helpful start in knowing what to expect and how to assemble the appropriate
team.

Key Personnel and Responsibilities
In Chapters 1 and 2—The Basics and Introduction to Project Control much has
been mentioned about the project team and their collective responsibilities. Let’s
analyze the project team and discuss responsibilities and contributions of the indi
vidual team members. The following is meant to illustrate possible team members,
but is in no way a comprehensive list. The team members have been organized in
the groups in which they would normally occur.

The Contractor’s Group
The contractor’s group is charged with the execution of the work in accordance
with the terms of the contract. They are the constructor and should be the driving
force behind the pre‐construction planning phase. The management portion of the
contractor’s group consists predominantly of in‐house employees and, to a lesser
degree, subcontractors and vendors that will have a continual interface with the
project. The following are the contributions to the team and the project control
process of the project manager, estimator, scheduler, superintendent, accounting
staff, and administrative staff.
Project Manager
The project manager (PM) is the lead on the project team. He or she is the decision
maker in the feedback cycle who is responsible for overall project performance:
success or failure. PMs report to senior management, and are responsible for all
team members receiving regular updates on project status. In many companies,
they are also the project scheduler and the project control’s analyst. The PM works
with the estimator and other team members to arrive at the detailed cost accounts
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that will be the basis of the project cost control. The PM assembles the periodic
billing, reviews it with the architect or owner’s rep, and sees that it is approved and
paid. The PM also approves or rejects payments to subs, vendors, and suppliers.
Any value engineering initiatives, while not always initiated by the PM, are directed
by the PM. The project manager chairs the meetings in the office and on‐site.
With the contributions of team members, the PM sets the meeting agenda to ensure
that pertinent issues are discussed and resolved in a timely manner.
PMs are highly organized and capable people managers. They are experienced
and possess a sound technical background and solid communications skills: both
written and verbal. They solicit information from the appropriate team member ex
perienced in the issue at hand in order to make a decision that furthers the project
goals. As seasoned professionals, they recognize that no single individual can do it
all, and so they recognize other team members’ contributions to the planning and
management.
Estimator
The estimator is key in educating the project team as to how the estimate was pre
pared and ultimately how the project was bid. This is not limited to costs, but also the
means and methods, which are the details behind how the project is to be built and
the basis of the estimate. The estimator is charged with ensuring that the project team
knows how the project was estimated. Some examples of information conveyed by
the estimator include: Were there negotiations that led to the securing of the contract?
Was a portion of the work estimated to be fabricated off‐site to reduce costs and
improve quality? Was the contract awarded based on value engineering proposals?
Did the bid contain approved material substitutions? All of these fine points that
were the basis of the estimate have a tremendous impact on the process and therefore
the budget that will be used for the baseline of the control.
It should come as no surprise that schedule can have a tremendous impact on
a project award as well. In fact, on some projects, it surpasses price as the main
criteria for award. The estimate is comprised of both fixed costs and time‐sensitive
costs. Many of the costs associated with project overhead are time‐sensitive,
which is to say that they are directly affected by the schedule. Consider the project
superintendent: His or her salary is based on the amount of time spent on‐site. So a
project that has a 52‐week schedule will have 52 weeks of superintendent’s salary
associated with it in the estimate. A 26‐week project will have less time‐sensitive
costs in the project overhead. Some other examples of time‐sensitive costs include:
office and storage trailer rental; temporary facilities such as toilets, light, and
power for the site or trailer; and site administrative staff. Examples of a fixed cost
would be a building permit. Pay for it once and that’s it regardless of the schedule
of the project.
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Does that mean that a schedule is developed at bid time? You bet! While most
projects provide the bidder with a definitive time available for performance of
the work, this is not the same as a schedule. Consider a project with a 270‐day
performance time, which is to say the specifications call for the project to be
Substantially Complete 270 days after the Notice to Proceed is issued. This is the
maximum duration, not necessarily the goal. If you are the estimator, and despite
multiple revisions and scenarios, the schedule‐at‐bid does not exceed 240 days,
would it not be more prudent to carry 240 days in time‐sensitive costs to gain a
competitive advantage? The answer is a resounding yes!
Consider colder, northern climates where the seasons have a direct impact on
performance, as well as means and methods: Without a schedule how does the
estimator calculate how long winter protection will be required? How would the
estimator know whether the exterior masonry starts in October or January?
All of this information must be conveyed to the project team. While the estimator
may have a somewhat limited role after the project is awarded, their handoff of
the project to the team that will fulfill the contract is extremely important to the
development of the plan and schedule. This conveyance of information is done at
a meeting (or meetings) where the estimator walks through the estimate with the
team. Conveying the intricacies of the estimate is essential for creating a solid
foundation for the planning and scheduling phase.
The estimator works with the project manager to create the Work Breakdown
Structure (WBS) and assign initial planned values to each cost element in the
detailed cost account. These are key to comparing actual to estimated costs that are
part of the baseline and become the cost breakdown structure.
Scheduler
If the company has a scheduler, that individual may have been involved in the
development of the preliminary schedule used when the project was bid. This can
often be an advantage to the planning team. It is a place to start or at least to under
stand the logic behind the schedule used when the project was bid.
The scheduler contributes to constructing the WBS that will make up the proj
ect schedule. From the WBS the scheduler helps the team decompose the project
into activities (tasks) and identify major milestones that are key to the perfor
mance measurement baseline and the contract. The scheduler helps in answering
one of the most difficult questions: “What is the right level of detail for the project
schedule?” Too much detail and the schedule is intimidating; too little detail and it
fails as a management tool.
The scheduler determines the duration of the tasks to be used in the project
schedule. This is done through a series of calculations based on quantities, crew
sizes, and daily outputs as well as contributions from major subcontractors and
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vendors. The project team, with the help of the scheduler, establishes the appropri
ate milestones for the schedule.
Superintendent
As the on‐site representative for the contractor, the superintendent, or super,
is responsible for the day‐to‐day operations. He or she ensures that the work is
executed in accordance with the agreed‐upon plan and the schedule. The super is
the eyes and ears on the ground, and is the author of the Daily Report. The Daily
Report is the main field‐to‐office communication tool. It is a key component in
the feedback cycle that is so important to the control process. It allows the PM to
measure progress and decide if on‐site performance is meeting planned values.
The Daily Report is an essential source of information that is used in decision
making. The super analyzes daily outputs for a crew and keeps running totals on
production. He or she compares actual outputs to anticipated outputs of the various
crews to determine if the task will complete early, on time, or late. The super can
then take the appropriate action or inform the project manager. He or she typically
has a technical background and considerable experience in the type of construction
under contract. The super should be organized and have one foot in today and the
other foot in tomorrow. This one‐step‐ahead paradigm allows supers to plan for
tomorrow, next week, or three weeks down the road.
Accounting Staff
The accounting staff assists the project team in assigning the appropriate cost codes
to build the detail cost account. The cost elements complement the WBS structure
that make up the tasks of the schedule. They input the initial planned values for each
cost element that is provided by the project manager. These planned values serve as
the baseline for cost comparisons that are so crucial to the financial control aspect
of project control. Once the detail cost accounts have been set up, reviewed, and
approved by the PM, the tracking or recording of funds expended can begin.
The accounting staff plays the important role of tracking costs approved by
the PM. Invoices from vendors, suppliers, and subcontractors (recorded costs) for
materials supplied, equipment used, or work performed as well as routine invoices
for project overhead costs are reviewed, approved, and coded. All costs are coded
or assigned by the PM to specific detail cost accounts and then the cost elements
within. These invoices are posted or entered in the computer along with weekly
payroll, all of which results in a computerized report that identifies exactly where
the project is financially as of a specific date.
The accounting staff is often the first to see the job cost report. This allows the
financial officer to get a “big picture” view of the financial status of the cost side of
the project. Although the officer and the staff may not be fully privy to the reasons
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why costs are over or under planned values, they can alert the project manager to
variances and even trends that are cause for concern. The accounting staff can also
compare receivables to payables to ensure that the financial model for the project
is being achieved and the project is not “upside down.”
A cooperative financial officer and accounting staff can be an enormous
boon to the project team. Conversely, an accounting staff that does not track
costs in a timely manner prevents the project team or senior management from
ever really getting an accurate picture of the financial status of a project in real
time.
Administrative Staff
The administrative staff, or admin, is often the workhorse of the team. They
are responsible for the updating of submittal, RFI (Request for Information),
and change order logs, among others. They follow up with team members to
ensure that they have what they need for meetings. Administrative assistants are
keepers of the project record: all of the documents that create the history of the
project. Without regular and comprehensive updating, the team is without crucial
information needed for the decision‐making process. The admin may be the first
to know if a change order has been approved or an RFI has been answered. They
are charged with routine communications such as meeting notices, reminders, and
the distribution of meeting minutes to name but a few. For large projects whose
budget can support the cost, an assistant PM will assume some of these functions.
While the admins traditionally plays a diminished role in the decision making,
their contribution is essential to the project team.

The Design Professional’s Group
The design professional’s group is responsible for the design of the project. They
are charged with translating the owner’s requirements into tangible deliverables
while complying with the local codes having jurisdiction over the project. There
are numerous disciplines that can contribute to the project’s design. This group’s
ultimate goal is to produce a comprehensive set of contract documents with plans
and specifications that can be bid and then constructed.
Architect
The architect is the lead in the design group. He or she is responsible for the
production of the plans that graphically represent the owner’s requirements and
the specifications that qualitatively define how the work will be performed. The
architect is responsible for the coordination between the various design disci
plines (mechanical, electrical, civil, and structural engineers, etc.). This is no
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small task considering the technologically complex projects that are common
place today. They are responsible to design the project for compliance with all
of the various building codes. The architect traditionally orchestrates the bidding
process and aids the owner in evaluating and selecting the contractor. As the
interpreter of the documents, the architect has a tremendous responsibility to
the project team after the project has been awarded to the contractor. The most
commonly used contracts provide for the architect to be the administrator of the
contract during the construction process. This role is called construction administration. The construction administrator (CA) is not always the same architect
that does the design. These are often very different skill sets. The construction
administrator is actively involved in the execution of the work. Construction
administration includes ensuring that the work progresses within the context of
the documents, resolving discrepancies with the documents, clarifying questions
that arise as the work progresses, reviewing and ratifying change orders, ap
proving submittals, and certifying applications for payment. Their contribution
to the team commences with the design and ends when the project reaches Final
Completion. Their responsibilities on the team are significant and the timely
performance of their duties can make a project successful.
They are key contributors to project meetings and represent the owner in many
day‐to‐day decisions on the project.
Engineering Consultants
Due the highly specialized nature of the design process, the architect relies
on engineers from a variety of disciplines to supply the specialized expertise
required to meet the owner’s needs. The engineer is responsible to design the
system that will fit within the architectural or core documents. The engineers
include structural, civil, mechanical, and electrical to name but a few of the more
common disciplines. Specialists in the specific use of the structure are also used
such as technology wiring experts, kitchen designers for restaurants, or even
nuclear engineers for power plants. These subconsultants function in much the
same way as the architect during the construction process. They are called in to
answer questions or clarify an aspect of the design. As the specialists that are
responsible for many of the essential building systems, their duties to the team
are numerous and invaluable.

Owner’s Group
Not all owners are construction savvy. For many owners, the expansion of a
facility or the construction of a new office is necessary for them to conduct or
grow their business. The process itself, however, represents many unknowns.
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For many, it is not a regular occurrence; for others, it is a cyclical process:
grow, expand, grow, expand. In all cases, the owner requires a firm or indi
vidual that can impartially represent them when required and make decisions
to maintain progress. That function is traditionally performed by the owner’s
representative.
Owner’s Representative
The owner’s representative traditionally is familiar with the business of the owner.
As a result, they are in a unique position to resolve issues relating to the needs
of the owner in terms of project requirements. They can be full‐time employees
or consultants. They provide approvals on change orders in a timely manner and
ensure that the funds flow so as not to delay the project. A well‐qualified owner’s
rep has extensive design and/or construction background and direct and unfettered
access to the owner. On many projects, the owner’s rep is the eyes and ears of the
owner and may be on‐site full‐time. They have decision‐making authority. The
owners rep’s duties involve ensuring that the owner provides immediate responses
and information when required. Their contribution to the team is to ensure that the
owner does not delay the contractor and to guarantee that the owner gets what he
or she pays for.
Clerk of the Works
For large or complex projects, the owner may also have a second individual to
oversee the work. Since most contracts between the owner and architect do not
require that the architect be on‐site full time, the owner (or architect) employs a
Clerk of the Works to observe the progress and technical aspects of the construc
tion. The clerk’s main duty is to ensure that the structure is built in accordance
with the plans and specifications. He or she records events, observes the work,
and reports back to the owner or architect. They traditionally have little or no
decision‐making authority but are major contributors of the information essential
for timely and accurate decisions. Their responsibility to the team is to ensure that
observations and records are accurate, and the information is provided to the deci
sion makers in a timely manner.

Regulatory Group
The regulatory group, while not under the direct control of the project manager, is
still a crucial member of the team. They have the ultimate ability to affect progress.
They are traditionally a governmental agency (or agencies) with legal jurisdiction
over the project. While securing approvals for zoning, site plan, and conservation
should be finalized in the design development, well in advance of construction,
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this is not always the case. Team members should check to see that all required
permits and “sign‐offs” have been applied for and received. A stop work order
issued by a local agency can have a detrimental effect on progress, not to mention
the cooperation of the issuing agency.
Inspectional Services
Inspectional services are comprised of the authority that issues the permit as
well as the entity that ensures compliance with the building code the permit is
issued under. Depending on the locale and the project itself, there can be numer
ous permits that must be secured: building, plumbing, gas, electrical, fire alarm,
HVAC, fire sprinkler, and street opening to name but a few. Review periods and
the issuing of a permit can be time consuming and should be reflected in the
project schedule.
As part of the Pre‐Construction Planning phase, it is important for the PM and
super to know what inspections are needed and any unique permits or approvals
required both prior to commencement and at varying stages of the work. There is
nothing that can slow or stop progress like a missed inspection that requires dis
mantling completed work.
It should be noted that often milestones in the project schedule center around a
successful inspection such as rough electrical or plumbing, insulation inspection,
or the testing of a major system such as the fire alarm.

The Plan—the Roadmap
Up to this point, we have emphatically stated the value of planning in advance
of starting the physical work. We have identified the key personnel and their
responsibilities. We have discussed that planning forces detailed thinking about
the actual construction process. We have reinforced that policies and procedures
are essential for an effective and efficient system to manage the work. However,
we have been silent on what the deliverable or end result is of the pre‐construction
planning process.
The deliverable of the planning process is the plan. The plan is the executable
road map as to how the project will be constructed. It is the project team’s agreed–
upon way in which the construction will satisfy the contract requirements. It is
arguably the single most important by‐product of the project team’s work and will
be the basis of the schedule and all future decision making.
All construction projects, due to their relatively short life span and intense use of
resources during that life span, require a formal detailed plan to get the work done
within the schedule and budget. It just doesn’t happen as some miracle of nature.
Hours of brainstorming, analyzing, and considering of possibilities produce the plan.
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Despite the fact that there are some physical relationships that cannot change in
construction (rebar must be set before the concrete is placed), there is still consid
erable leeway in determining how to accomplish many of the other tasks. Even if
the entire project was a series of physical relationships with zero flexibility, there
is still the need for a plan due to all the differing agendas among the parties in
the process. The plan must take into account these needs and agendas (to varying
degrees) of all the parties. The plan is the systematic approach to the project:
flexible enough to accept changes as they occur, yet disciplined enough to allow
for controls necessary to measure its success. The plan must have buy‐in or a con
sensus that it is the best approach to the construction. Without a plan, we have no
way in which to measure progress.
The plan should not be confused with the schedule. The schedule is the plan set
against time and occurs later in the planning phase. The plan must define the work
in sufficient detail so as to set the expectations of the participants, and in return,
to ensure that they know what is expected of them. The plan must reduce the un
certainty or risk inherent in specific tasks. This is done by evaluating the potential
risk and exploring ways to mitigate or eliminate it. The plan should establish the
expected production or efficiencies of the participants, and in doing so it creates
the basis for monitoring and controlling the work.
The plan is a series of decisions made with a focus on the future— the deliv
erables and goals of the project. It is a methodical organizing of the resources to
achieve those goals within the fixed constraints of budget and schedule.
Each team member may do planning on their own and within their sphere of
influence. Certainly we can understand how the electrical contractor might create
a plan to do specific tasks within his or her subcontract, but something that may
reach beyond their own sphere of influence, such as energizing the permanent
power, may have consequences beyond the electrical contractor and merits discus
sion with the other team members.
Remember, the plan has a direct relationship to the estimate. It is not, however,
a fatal flaw to deviate from the estimate in considering other options. For example,
if the project was estimated to install the windows from the inside and no scaf
folding was carried in the estimate for the exterior, then it is highly unlikely that
the plan will call for scaffolding at the exterior for the window installation. That
having been said, the planning process might evaluate other options and consider
erecting scaffolding at the exterior as the most cost‐effective and efficient way to
install the windows. This is especially true if multiple trades could take advance of
the scaffolding at the same time and share the cost. The project team might deduce
that by erecting scaffolding, time could be saved and that the project overhead
costs saved in shortening the critical path will be the business case for following
that course of action.
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Even for relatively small projects, the plan may mature through several gen
erations with refinements right up to the last minute. This should be expected.
“One‐and‐you’re‐done” efforts rarely, if ever, uncover the risk or problems that may
be part of the plan, and never garner the support needed to make them successful.
It is brainstorming while still retaining a common sense, practical approach to
executing the work that is the best path to take. It is the brainstorming that forces
detailed thinking about the project and often clarifies or even invalidates earlier
assumptions about the work.
The planning must address alternatives to solutions of potential problems.
Identify the potential problem(s) and propose solutions, multiple solutions if
possible. The planners should prioritize the solutions and choose the best solu
tion as the one to be included in the plan. Most problems in construction have
occurred before, and experienced project managers have had to come up with
workable solutions in the past. Much of the problem solving skills are learned
and experienced‐based.
As you will see in the next section, once the plan has been accepted among the
team, it can be set against time, and now emerges as the schedule. The schedule
along with the estimate is key to integrated project control and, ultimately, success.

Establishing a Baseline for Schedule Control
Once all team members have signed on to the plan, the next step is to commit the
plan to time. More specifically, the plan has to be broken down into individual tasks
that are more easily managed from both a monitoring and measuring perspective.
This section will be a discussion of how the schedule fits into the overall controls
process. A comprehensive review of scheduling and how it is applied to project
control will be covered in Chapter 4—The CPM Schedule.
Arguably, the single most important tool at the disposal of the project manager
is the project schedule. Planned correctly and implemented as a management tool,
it can provide a continuous loop of feedback for the project manager to use in the
decision‐making process. There are several different types of scheduling methods
used in construction today. However, the most effective as a management tool is
the Critical Path Method (CPM) schedule. In short, the theory behind the CPM
schedule is that there are a series of sequential tasks that are linked from the start to
the end of the project that, if delayed, will delay the finish date of the project. It is
based on the fact that these tasks, called critical tasks, are linked or interdependent.
The start and finish of each critical task impacts the start and finish of the succeed
ing critical task.
The schedule is the decomposition of all of the tasks on the project into recog
nizable finite activities, tasks with a clear beginning and end. Consider the task of
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installing light fixtures in classroom 101. While we may have no idea as to the size
of classroom 101 or the quantity of light fixtures in it, the definition of the task is
far less ambiguous than a task such as electrical lighting.
For all of the tasks that comprise the schedule, there are characteristics that
define the work. Each task has a time, or duration, measured in workdays, which
it will need to complete. The duration of a task is tied to its amount or quantity
and the productivity of the individual or crew that will produce the work. Both the
quantity and the productivity are derived from the estimate. Each task in the sched
ule has a relationship to the task(s) before and after it (with the exception of the
first and last tasks in the schedule). Each task has a value in dollars (or labor‐hours)
that can be established, again using the estimate as the source. Each of these tasks
can be assigned to an accountable party or resource. Lastly, tasks are classified in
three types: administrative, procurement, and production.
The schedule, once agreed upon by the team as the best representation of time
and resources to be expended, now becomes the schedule that will be used to
manage the project. This initial schedule that will be shared or published with all
team members and other stakeholders is called the baseline schedule. As the name
would imply, this initial schedule becomes the basis for comparison of the work
that is scheduled to take place.
The baseline schedule is also referred to as the “as‐planned,” “initial,” or “target”
schedule. It will be used to compare as‐planned progress to actual progress.
Baseline schedules should be in place prior to the commencement of physical
work. There is only one baseline schedule. As things inevitably change, a modified
version of the baseline called an updated schedule is produced. Updated schedules
are produced at regular intervals, most commonly monthly. The updated schedule
will show how changes in the project to date have impacted the baseline.
The baseline schedule has a date in which the controls clock starts ticking. It
is called the data date or status date. It is the date in which we start tracking the
schedule, performance, and costs that will be used in the monitoring portion of the
controls process.
The baseline schedule, while a major part of the controls process, is not the only
basis for measuring what we need. On the cost side, we need a way in which to
measure cost performance.

Establishing a Baseline for Cost Control
In the same manner in which we set a baseline for schedule control, there needs
to be a baseline set for measuring cost performance. Remember, accurate project
control is the integration of schedule and cost performance data. The baseline for
measuring cost performance is called the budget. The budget is a direct derivative
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of the estimate that was the basis of the contract. The initial budget is called the
original budget. It will be used to compare the as‐planned spending (costs) to the
actual spending (costs). Just as the schedule is updated, the budget can and most
likely will be updated. As change orders occur, the budget will change to reflect
the modification resulting from the change order. The new updated budget is called
the current budget. It is the original budget plus approved change orders to date. It
has a data or status date just as the baseline schedule does. In fact, the dates should
coincide.
As previously mentioned, the budget is a direct derivative of the estimate.
However, it is not the estimate exactly. In addition to normal costs for material,
labor, equipment, subcontractors and overhead, the estimate contains profit. While
the exact methodology for creating a budget may differ from contractor to con
tractor, contractors do not view profit as a cost. Most budgets on the job cost side
exclude the profit as part of the cost.
The budget is equally as important as the schedule. In some corporate cultures,
more weight and attention may be focused on the budget than on a timely delivery.
Costs associated with a task are tracked in cost accounts. They are the costs
associated with the lowest level of detail in the Cost Breakdown Structure (CBS).
The CBS is the budgeted cost applied to the WBS detailed cost accounts. Cost
elements, which are a subset of the cost account, segregate the costs in the accounts
to reflect material, labor, equipment, subcontract, and even labor‐hours totals for
the task.
Ideally, for each task in the schedule, there will be a cost associated with the
performance of that task. Tracking both the cost and the time to perform the task
is essential for defining the status of that task.
A more thorough discussion of the budget and the definition of costs will be
covered in Chapter 5—The Budget.

The Communication Plan
As noted earlier in this chapter, communication between team members and other stake
holders is essential for project success. The plan maps out the flow of communications
to team members and is an essential part of the overall plan. The communication plan
outlines what, when, and how information will be shared among team members so that
they have the most up‐to‐date information in which to base a decision.
It establishes a communication chain, or an order to the stream of information.
While it is fairly common for the electrical contractor to speak with the electrical
engineer because they speak the same “language,” any information that results
from that conversation still must flow through official channels to become part of
the project record.
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It defines the limits of access certain members of the team may have to certain
information. For example, it may be crucial for the project manager to see job cost
reports; however, no general contractor would want such proprietary information
to be distributed to the subcontractors.
A good communication plan identifies:
●●

●●
●●
●●
●●
●●

●●

The individual groups that make up the team, and occasionally parties outside
the active team that need specific information
The information needs of that group or individual team members
Where the information originates from (its source)
Where the information that will be distributed is stored
The frequency of regular information
How the information will be distributed: electronically via e‐mail, updated on
a website, shared databases or ftp sites, in person at meetings, etc.
Who will be responsible for distributing the information

While this may seem fairly self‐explanatory, it is amazing how often people
and information are omitted. A good plan for communicating project informa
tion cannot be overstated. The advantage of establishing a communication plan
is that instead of responding to information requests, the flow of information is
controlled, timed, and routine. It minimizes disruptions and creates a level of con
fidence in the overall process.

Summary
The importance of pre‐construction planning and setting both budget and schedule
for baseline controls cannot be over emphasized. Pre‐Construction Planning
involves setting in place policies and procedures so that each action is effective
and efficient. This leaves more time for the problem solving that is essential to
great project management.
Means and methods for the plan are created and ratified by the project team
and go on to become the detailed CPM schedule or baseline for measuring perfor
mance from a time reference.
Equally important is the original budget, derived from the estimate that will be
the baseline for cost control.
Some team members are direct employees of the contractor; others are bound
to the project through their contract with the owner. Still other team members are
peripheral such as the regulatory agencies that have jurisdiction over a project.
Identifying the team and their individual responsibilities is essential to setting up
project control and getting the project off to a good start.
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When all of the team members function effectively and efficiently, and under
stand the communication plan, information flows freely and in a timely manner
among the group, and the project progresses. This synergy of individuals working
cooperatively to further the project goals becomes the project team. Each team
member contributes to the information stream for the project and allows others to
make decisions based on that information.

Chapter

4

The Schedule

In previous chapters the reader was introduced to the concept and background of
project management and the idea that the schedule and the estimate are different
but very much interrelated. Up to this point in the text, the planning discussion
has centered on identifying the work to be performed to achieve the deliverable.
We have defined how each team member from the various groups contributes to
the plan. With the plan flushed out, our efforts now turn to time management: the
time to perform each task and the overall time to perform the project. Before one
can understand the complexity of the relationship between budget and schedule, a
review of the basic concept of scheduling, and the CPM schedule in particular, is
necessary.
This chapter reviews scheduling in general and the Critical Path Method (CPM)
of scheduling in particular. It is not meant to be a detailed explanation of CPM, but
merely a refresher, focusing on how the schedule is used in project control.

Basic Scheduling Concepts
Scheduling is a decision‐making process that is logically complex but mathematically quite simple. It is a step‐by‐step guide through the project with necessary
time to perform each of the steps, or activities.
Construction schedules have some basic similarities, the most common of
which is that work is measured as a function of time. Another is that the project
is decomposed into incremental parts called tasks or activities that represent an
action required to achieve the deliverable. Here is an example: “Place and finish
concrete slab at Area A.” These tasks are performed in a specific order and often
are interdependent. Tasks can occur sequentially or simultaneously. There is also
more complicated sequencing of tasks. The sequencing of tasks is referred to as
the relationship between tasks.
Tasks in a schedule must be adequately described so that a non‐involved party
can understand what is occurring in the task. For example, the appropriate description is “place and finish concrete slab at Area A” in contrast to just “concrete slab.”
A schedule must have milestones or minigoals for measuring incremental progress. Tasks should also have a resource assigned to perform each task. Ideally,
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though not always the case, resources should be used efficiently in the schedule.
Tasks consume time to perform, and so each task must have an adequate duration
to accomplish the task. The duration of the task is measured in workdays, although
the overall schedule is measured in calendar days. Workdays are most often
Monday to Friday and a single workday is eight hours. Major holidays are typically non‐workdays. In contrast there are seven calendar days in a week, and the
week in the Gregorian calendar is measured from Sunday to Saturday. Workdays
can be changed to include Saturdays and Sundays to reflect the specific needs of
the project schedule.
Schedules must be logical; that is, they must make sense both technically as
well as chronologically. They usually follow the sequence dictated by normal construction practice, where physical relationships come first, followed by contractual
relationships, and then managerial relationships.
In addition to the text portion which describes the task, its duration and the start
and finish dates of the task (schedules) employ a very powerful visual tool that
defines the work with symbols and illustrates the relationships between tasks.
Each of the following sections will explore the relationship between scheduling
and project control.

Types of Schedules
There are numerous types of schedules in the construction industry, some of which
are complex, others very simple. Regardless of the type of schedule used, it is
the main vehicle by which the project team conveys it plan to satisfy the contract
requirements of the rest of the stakeholders. It tells the participants where they
should be, what they should be doing, when, and for how long. This allows the
participants to plan their work in advance by selecting the appropriate crew to
achieve the performance required within the time allotted.
Here are some of the common types of schedules that one would encounter on
an average construction project.

The Checklist
While the checklist is not considered a formal type of scheduling, it is certainly
prevalent at all levels of the industry and merits a brief discussion. Sometimes
called a “to do list,” the checklist is used for very short term planning, rarely more
than a few days. As the name would imply, it is a list of steps in a process to be
performed in order to achieve an outcome. Its main purpose is to ensure that nothing is omitted. A checklist is an internal rudimentary form of scheduling rarely
shared beyond the author. It is highly effective in forcing the detailing thinking that
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is the essence of the schedule. Checklists have a simple tracking function: Check
the work off as it has been completed—simple, but highly functional! They do not
require special skills, equipment, or training to use.
Checklists are not always designed as a function of time. Due to their brevity, the
tasks on the checklist are expected to be complete in the present or very immediate
future. For longer periods the checklist can be combined with a simple calendar.
Many software applications have the ability to print a Monday to Friday calendar
with tasks assigned each day. Most handheld smart phones or personal electronic
assistants have the same capacity without the use of paper. For checklists that are
time‐sensitive, an alarm can be set on the smart phone as a reminder.
More sophisticated checklists can be developed using an electronic spreadsheet
such as Microsoft Excel™. Tasks can be listed in a column format with completion
dates, milestones, and the responsible party. Table 4.1 is an example of a checklist
made using Microsoft Excel™.
Disadvantages of the checklist relate to its simplicity. There is no way to show
the interdependence of activities. If one task is delayed, what is its effect on the
remaining tasks in the schedule?

Table 4.1 Checklist Using Microsoft Excel™
Ref. No.
1

Task
Grade and compact trench bottom

Duration

Due Date

Resource Responsible

Milestone

2 days

7/5/2012

Site Contractor

No

2

Inspect bottom of footing

1 day

7/6/2012

Building Inspector

Yes

3

Verify footing locations and
pin corners

1 day

7/7/2012

Civil Engineer

No

4

Deliver rebar

1 day

7/7/2012

Rebar Supplier

No

5

Form footings

5 days

7/12/2012

Formwork Contractor

No

6

Set rebar at footings

3 days

7/13/2012

Formwork Contractor

No

7

Cast concrete in footings

1 day

7/14/2012

Formwork Contractor

No

8

Strip footings

1 day

7/17/2012

Formwork Contractor

No

9

Erect one side of wall formwork

2 days

7/20/2012

Formwork Contractor

No

10

Set rebar in walls

2 days

7/21/2012

Formwork Contractor

No

11

Install sleeves in foundation wall

1 day

7/22/2012

Electrical Contractor

No

12

Double up panels and brace walls

3 days

7/25/2012

Formwork Contractor

No

13

Verify wall panel locations

1 day

7/26/2012

Civil Engineer

No

14

Cast concrete in wall forms

1 day

7/28/2012

Formwork Contractor

No

15

Strip wall forms

2 days

7/31/2012

Formwork Contractor

Yes

16

Break ties and patch holes

2 days

8/3/2012

Formwork Contractor

No
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The Schedule Board
For many construction companies, a schedule board or operations board is a useful tool. This is a list of tasks or operations by project with individual employees
or crews assigned by days or weeks. Calendar versions can be used as well with
days of the week in a row across the top and tasks in a column along the left side.
Crews or individuals performing the work are assigned by writing their name in
the corresponding intersection of date and task with an erasable marker. Again,
this is not a pure form of scheduling, but it does let those that perform the work
know where they need to be, when, and for how long.
Disadvantages are again related to its simplicity. Rescheduling of tasks or resources can be time‐consuming, especially rescheduling crews. Also the schedule
board is centrally located within a shop or assembly room. Personal copies are not
typically distributed.
Checklists and schedule boards have their place and function. They should not be
overlooked due to their simplicity. At the same time, they are not meant to be used
as interactive scheduling method and have no system for tracking performance. Both
are internal scheduling devices that are rarely shared beyond the author or company.

The Bar Chart
One of the most common types of schedule in the construction industry is the
bar chart. The bar chart is also called the Gantt chart after its founder, Henry L.
Gantt (see Chapter 1—The Basics). The bar chart uses a graphic representation of
the project plan. It is traditionally developed with a chronological listing of tasks
along the left side in columnar format. Along the top row is time in days, weeks, or
months. Tasks are shown in their entirety, and each task is a highlighted bar from
the start to the finish of the task. Figure 4.1 is a portion of a bar chart schedule.

Task

7-1 7-2 7-3 7-4 7-5 7-6 7-7 7-8 7-9 7-10 7-11 7-12 7-13 7-14 7-15 7-16 7-17 7-18 7-19 7-20 7-21

Excavate for foundation
Grade and compact for footings
Locate footing corners
Inspect bottom of footing
Form footings for foundation
Set rebar in footings
Place concrete in footings
Strip footings
Pin footing corners for walls
Erect wall panels - one side
Set rebar in walls

Figure 4.1

Bar Chart Schedule
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The main advantage of the bar chart is its visual properties. It is easily understood
and is a highly successful “big picture” tool. It is frequently used in presentations
to senior management, the client, or the general public, when the detail of a CPM is
unnecessary or too complicated. It is not meant to manage the work as it lacks the
interdependency between tasks that is required for tracking, identifying trends, and
forecasting outcomes. The bar chart does not allow the project manager to visualize
the project in specific terms. The bar chart requires updating by hand and is devoid
of the logic included in scheduling software. Bar charts may identify the resource
responsible for performing the task but rarely the cost associated with the task. Its
greatest disadvantage is that it does not differentiate the tasks that are critical to
achieving the project goals from the noncritical or concurrent tasks. It does not show
how the delay of one task will impact the performance of another task.

The Look Ahead
Another type of bar chart is called the Look‐Ahead. The Look‐Ahead is a type of
microschedule that provides a snapshot of a short period of time in the schedule.
The most common time periods are two‐week and three‐week durations. As the
title suggests, these microschedules focus on the next 10 or 15 workdays in great
detail. They allow the team to analyze upcoming tasks or milestones to ensure
that progress is met. Look‐Ahead schedules are not typically used alone, but in
conjunction with a CPM schedule.

The Linear Schedule
Not all projects are suited to bar graphs or CPM schedules. So far, all of the schedules we have discussed are based on the premise that they can be broken down into
separate activities, which can be analyzed and sequenced to find the best performance or activities. The problem with certain projects is they lack the distinctive
segments of work to fit the CPM mold.
Consider the construction of an airport runway. Despite the size of a runway, it
is essentially the same at either end and anywhere along the way. Therefore, the
decomposition into segments of work defined by resource, material, or location
commonly employed in CPM does not work.
Another type of scheduling, which takes advantage of the linear features of
some projects like our example, is called Line‐of‐Balance scheduling or velocity diagram. These types of scheduling belong to the family of linear scheduling
methods and will not be the subject of this chapter beyond a cursory introduction.
The Line‐of‐Balance schedule employs a simple visual chart that replicates the
way linear work is done. It plots the cumulative progress of the work graphically
against time. Figure 4.2 illustrates a Line‐of‐Balance schedule.
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Figure 4.2 Line‐of‐Balance Schedule

Advanced Scheduling Methods
Our discussion of scheduling techniques has centered on basic methods; the checklist, schedule board, and bar chart. More sophisticated methods exist and are used
regularly with great success in the construction industry. The two most well known
are Program Review and Evaluation Technique (PERT) and Critical Path Method
(CPM). Both are uniquely different, but used in specific project applications.

Program Evaluation and Review Technique
Program Review and Evaluation Technique (PERT) has had its greatest acceptance
in research and development. This is largely due to the probabilistic nature of research and development projects. However, PERT is not altogether foreign to construction projects. In fact, even though construction as an industry has an enormous
experience base for most tasks, making it relatively simple to calculate durations,
there is still a high degree of uncertainty on large, complex, and one‐of‐a‐kind
projects. PERT assumes a high degree of variability in task durations, making an
accurate single estimate of duration more difficult to arrive at. PERT uses three
estimates of duration: optimistic, most likely, and pessimistic. A formula is then
used to calculate the appropriate duration of the task based on rules of probability.
While the PERT method of scheduling may not be appropriate for most construction projects there is definitely some applicability to calculating the duration of
high‐risk tasks. This will be addressed in detail in Chapter 13—Risk Management.
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Critical Path Method (CPM)
The Critical Path Method (CPM) is uniquely fitted for the construction industry.
For the purpose of this text, CPM will be the scheduling method we will focus on
for project control.
In short, the theory behind the CPM schedule is that there are a series of
sequential tasks that are linked from the start to the end of the project. If any one
of these tasks is delayed, it will delay the finish date of the project as a whole. It is
based on the fact that these tasks, called critical tasks, are separate but inextricably
linked. The start and finish of each critical task impacts the start and finish of the
succeeding critical task. The critical path is the chain of critical tasks that must
start and finish on time to keep the project as a whole on time. It is the longest path
of planned activities to the finish of the project.
Not all tasks are critical; some tasks can occur at the same time as critical tasks
and are called concurrent tasks. Critical tasks can also be defined as those tasks in
which the amount of time available to perform a task is equal to the time required
to perform the task. For concurrent tasks, the time available is always greater than
the time required to perform the task. This extra time is called float and its duration
is measured in workdays.
By its very design, the CPM allows the project manager to compare actual progress to planned progress. The CPM also employs some of the graphic format of the
bar chart although with the added component of interdependency.
While the overwhelming majority of practitioners schedule with some type of
software, it is essential to understand what goes on inside the CPM scheduling
process. This text assumes the reader understands the mechanics behind CPM and
will avoid a discussion of the forward and backward pass and the arithmetical
computations associated with them.

The CPM Schedule as a Management Tool
Since its inception in the 1950s, CPM has proven to be the most effective scheduling
method for displaying and tracking project information necessary for managing
and controlling time on a construction project.
The single most important tool at the disposal of the project manager is the
project schedule. Planned correctly and implemented as a management tool it
can provide a continuous loop of feedback for the project manager to use in
the decision making process. As previously noted the theory behind the CPM
schedule is that there are a series of tasks that are linked and, if delayed, will
delay the finish date of the project. It is this concept of linked tasks or interdependency that allows the project team to create a working schedule that
can act as a baseline. The baseline is the series of values—start, finish, and
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duration—that can be used for comparison to what actually happens when the
work is performed.
When the initial schedule is published, the participants get to review what is
expected of them and when. By reviewing the start date and duration, they can
determine when materials and/or equipment need to be delivered as well as the size
of the crew that will be needed to perform the work. It also allows the manager to
know what work has to be complete prior to the start of this work, and what work
is contingent upon this work being complete. The schedule allows the manager to
compare the progress of the work as a whole, not just a specific task. As the tracking portion of the schedule is updated, the project manager can compare actual
progress to the planned progress and spot trends; positive or negative.

Tasks
Tasks are the activities that make up the schedule. They consist of an action that
consumes time, requires labor hours from resources, may involve equipment, and
almost always costs money. Tasks have a beginning and an end, which are referred
to as start and finish dates. Determining which tasks should be included and which
are not required can be a difficult assignment. There is one source of information
that is the basis of the tasks that will comprise the schedule. It is the estimate. The
estimate details how the estimator planned to construct the project and, though it
may not be a step‐by‐step guide, it contains the information that the professional
can use to create the schedule.

The Work Breakdown Structure
This process of deriving the tasks from the estimate is called deconstructing the
estimate. The same deconstruction process will be used in Chapter 5—The Budget,
to develop the budget that will serve as the baseline for cost control. The deconstruction process begins with the estimate that represents the contract amount,
sometimes referred to as the as‐bid estimate. The estimate will list all of the work
encompassed by the contract, so it is a good place to start in determining a list of
tasks for the schedule.
The estimate is reviewed and then broken down into a Work Breakdown Structure (WBS) (see Chapter 3—Pre‐Construction Planning). The WBS is a model
that divides the project into logical or physical sections. These sections often
follow the organizational system of the estimate called CSI MasterFormat (see
Chapter 5—The Budget). The WBS is composed of multiple layers or levels that
start with a big picture or summary view and work their way down to the details.
It is not uncommon for a WBS to have three to five levels of breakdown, with
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the detailed task being the lowest level. This following is an example of WBS
for scheduling:
●●
●●
●●
●●

Level 1: Division 9–Finishes
Level 2: Section 09 30 00–Tiling
Level 3: Sub‐section 09 30 16–Quarry Tiling
Level 4: Tasks for Schedule
●● Prep subfloor for quarry tile flooring.
●● Install quarry tile and cove base.
●● Grout and clean quarry tile.

The level of detail required in the schedule is predicated on the level of control
needed to manage the project. Clearly, for some projects, the three tasks previously
outlined could be summarized in a single task.
While each project manager may have their own special way to develop a task
list, there are a few general considerations that may be helpful:
●●

●●

●●
●●

●●

Too much detail can be intimidating and can render the schedule useless as a
management tool. Participants will ignore it.
With too little detail, tasks are omitted. Vague schedules cannot be used as a
management tool.
More detail is required at extremely critical stages or sequences.
Tasks that lead to a milestone should be detailed so nothing is omitted that
might prevent the milestone from occurring.
Tasks that are performed by owners, inspectors, and design team members
should also be listed.

Task Types
Every project manager understands that there is far more to a schedule than just
the tasks of installing the physical components of the work. There are permits to
be issued, submittals to be approved, equipment to be ordered, and items to be
fabricated off‐site, to name but a few. All of these items have a tremendous impact
on the production work, and without them, there would be no “bricks and sticks.”
Consider the erection of structural steel on a building project. Before the steel
can be erected it has to be fabricated, and before the fabrication, there has to
be detailed shop drawings drafted that show each piece and how they are connected. These drawings are reviewed and approved by the structural engineer, or
corrections may be needed and a resubmittal may be required. In any event, it is
evident that each step in the process is necessary and contingent upon the step
or steps before it. Imagine if the shop drawing review took four weeks longer
than scheduled. Would that delay the fabrication of the pieces? You bet. If the
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fabrication is delayed, then one can understand how the delivery would be delayed, and then the erection of the steel delayed, and so forth all the way to the
end of the project.
So if a task such as shop drawing review and approval can have that dramatic an
impact on the schedule and the actual production work, should it be included in the
schedule? The answer is a resounding yes! A brief note of caution is due here. With
the previous scenario, one could make an easy argument that each and every action
from the signing of the contract to the submission of the last closeout document
can have an impact on the schedule and, therefore, should be included as a task in
the actual schedule. Wrong! This is where professional experience and judgment
reign supreme. If too many tasks, especially unnecessary tasks, are included in the
schedule, the schedule becomes impossible to manage and track. Worst of all, the
schedule can no longer function as a management tool; it becomes too large even
for a small project. It has become a set of instructions to build the project instead of
a guideline. Just as too little detail renders a schedule too ambiguous to be of use,
too much detail can intimidate, confuse, and result in the schedule being ignored.
Even though there are administrative and procurement tasks for every item on the
project, not all need to be included in the schedule.
There are a few considerations for deciding if task should be included in the
schedule, but the reasoning can vary from project to project. The ultimate decision
belongs to the project manager and the project team.
●●
●●

●●

Is the task on the critical path?
Does another entity not in the project manager’s direct control have responsibility for this task?
Will this task require a resequencing of succeeding tasks to keep the schedule
on track if it is delayed?

As noted earlier, not every task is a production task. Tasks or activities can be
categorized into one of three general types:
Administrative activities are support tasks that are subordinate to the actual construction process. They are crucial to the contract side but not directly part of the
physical work itself. They include tasks such as submission of structural steel
shop drawings or review and approval of steel shop drawings.
Procurement activities are the actions required to ensure materials are delivered
to the site for installation. They include tasks such as ordering roof top units or
fabricating and finishing interior casework.
Production activities are the elements of physical work that comprise the project.
These activities have a direct relationship to construction. They require materials, crews, and equipment. They include tasks such as setting rebar at the foundation wall or erecting joist and deck at the second floor.
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Task Descriptions
While there is a no universal convention for describing tasks in a schedule, the
following should be considered when describing an activity:
●●

●●

●●

●●

●●

Describe the task in terms of an action being taken, such as place concrete,
frame deck, apply waterproofing, etc.
Describe the task in terms of the building component involved such as footing,
columns, door, slab, etc.
Describe the task in terms of where the action is taking place or the geographic location of the building component such as basement footing, second floor
panel, southwest wall, etc.
Describe the task in terms of timing, or stage, such as phase 2 demolition,
rough‐in electrical power, etc.
Describe the task in terms of organizational or contractual responsibility, such
as rough inspection by building commissioner, sign‐off by owner’s representative, or architect review and approval of shop drawings, etc.

Some other general points to consider in preparing a list of tasks:
●●

●●

●●

●●

●●
●●

Remember that we estimate differently than we schedule. A task in an estimate may be priced in five separate lines of the estimate, whereas we might
schedule the task in one line.
When deciding what administrative tasks should be included, a good rule is
to review the technical specifications sections, especially Part 1—General.
This part describes required submittals, approvals, handling, coordination,
and compliance.
Review the Division 1—General Requirements section of the specifications.
It is a good source for contractual requirements such as phasing.
Start with a large, detailed list of tasks, and then consider what items can be removed or combined. This is often easier than trying to increase the list of tasks.
Study the estimate carefully for not only tasks, but also means and methods.
Separate tasks by the entities that will perform the work. It is not good to
combine multiple trade or subcontractors in an activity, especially if payment
is based on progress.

Most schedulers create a list that follows the sequence in which the project
would be built, the “ground up” concept. When the scheduler is stuck, he or she
can always ask, “What comes next?”

Task Durations
Duration is defined as the time it takes to execute a task. It is the difference
between a task’s start date and its finish date. Durations are measured in days,
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more specifically workdays. Measuring durations in hours would be a tracking
nightmare from a project control perspective. Not to mention that there are hours
in the workday in which crews are stocking materials, setting up for work, reading plans, giving or getting instructions, having a break, or several other less than
productive, but necessary tasks. These hours would skew the productivity. Using
weeks as the increment would not reflect the fact that some tasks take only a single
workday to complete. The week as a frame of reference would be too long.
Workdays are also the appropriate increment because there is a direct correlation to productivity and the daily output of the individual or the crew. Productivity is measured by the daily output for a crew. The topic of productivity and its
relationship to project control will be discussed in detail in Chapter 10—Productivity.
Determining the duration of a task is less a matter of experience than a mathematical calculation. That is not to say that experience does not play a part. There
are two primary methods in which individual task durations are determined. Both
require that a few general rules are followed:
1. Assume that each task will be performed normally. In this circumstance,
the term normal defines ideal or near ideal working conditions: temperate
climate, appropriate tools, adequate materials close by, sufficient working
space, etc. This ideal set of conditions translates to the most efficient productivity for the crew and, as a result, the lowest unit cost. It is not unrealistic to expect that a task will be performed at the most efficient productivity.
In fact, it is fairly common to have a task proceed unimpeded. Assuming
normal productivities allows room for schedule compression if it should
become necessary.
2. Evaluate each task independently of predecessors or successors. Assume
no other work existed. While professionals understand this is not realistic,
it portrays the work as unimpeded by other work. The impacts of other
tasks or constraints will be calculated when the schedule tasks are linked.
3. Use consistent units to measure the duration; the accepted unit as noted
previously is workdays. This prevents confusion and the requirement to
convert other units to measure time.
4. Document how durations were determined, what productivity rates were
used, and why the rates were modified if they were. If a productivity rate
was diminished, document the logic behind the reduction. This allows
the project manager to defend the calculation later if the duration comes
into question. This is especially helpful in situations where a condition
changed from what could have reasonably been anticipated during the
bid process.
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Calculating Durations
As mentioned before, there are two basic methods for calculating task durations. Both methods involve productivity and a reference back to the estimate.
Remember, the estimate holds the key component required for determining how
long a task will take to execute. That component is its quantity. Reasonable logic
suggests that the larger the quantity of the task, the longer it will take in workdays to perform.
Daily Production Rate Method It is fairly common for companies to track the
work they self‐perform. Tracking work performance has two distinct advantages:
It validates the unit price carried in the estimate; and it allows the scheduler to
determine from actual performance records how long it will take to perform a task.
Published cost data such as that produced by the industry leading R.S. Means
Company provide productivity rates for a wide variety of tasks and crews.
The most common and simplest method of calculating task duration is called
the daily production rate method. It is based on the productivity of a specific crew
and the assumption that the productivity of this crew will remain constant over the
life of the task, provided that the conditions under which the work is performed do
not change. This method recognizes that as the crew size changes, the daily output
will change. The daily output method is based on the simple formula:
D = Q ÷ DO
where
D = the total duration of the task measured in workdays
Q = the total quantity of the task being performed by the crew in units
DO = the daily output of the task performed by the crew‐day in units per day
It should be noted that the units of measure for both Q and DO must be the
same. Consider the following example:
Assume a crew of two carpenters has a daily output for hanging drywall on
metal stud partitions of 2,000 square feet (SF) per day. The quantity takeoff portion of the estimate has the total square footage of drywall to be hung on metal stud
partitions at 13,800.
Duration = 13,800 SF ÷ 2,000 SF/day = 6.9 days
The daily production rate method is somewhat less flexible than the second
method especially when the crew size is varied significantly. Productivity has a
direct relationship to crew size.
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Labor‐hour Productivity Method The second method focuses less on the crew
size than the time it takes to install a single unit of the task. Most estimators use
cost per unit of measure ($/SF, $/LF, $/SY, etc.) to estimate a task. There is a direct
correlation between the cost ($) and the labor‐hours to perform the task. Hence,
the cost can be converted to the amount of time in labor‐hours regardless of the
crew size. Many regard this method to be more flexible and even more accurate for
scheduling. It can even be used to determine the size of the crew needed to perform
the task in the allotted time.
The labor‐hour productivity method uses the following formula:
D = TLH ÷ LH/d
where
D = the total duration of the task measured in workdays
TLH = the total quantity of labor‐hours of the task being performed
derived from the estimate
LH/d = the total labor‐hours worked per day on the task
Consider the following example:
Historical data reveal that a single square foot of drywall takes 0.008 labor‐
hours for a carpenter to hang on metal stud partitions. The total of drywall to
be hung on metal stud partitions from the estimate is 13,800 SF. 13,800 SF ×
0.008 labor‐hours/SF = 110.4 labor‐hours.
Duration = 110.4 labor‐hours ÷ 16 labor‐hours/day = 6.9 days
While both reveal that same duration in days, the labor‐hour method allows the
flexibility to adjust the crew size as needed.
A note about experience and where it fits in is appropriate. In roughly the same
manner as the estimator adjusts costs based on actual conditions, the scheduler
uses his or her prior experience to judge how close the actual task is to ideal. For
example; if a task is determined by the scheduler to be more difficult to perform
in real life than it would under ideal conditions, the scheduler may want to extend
the duration of the task to account for the reduced productivity. Schedulers adjust
the calculated durations to reflect the complexity and unique conditions of each
individual project. Other considerations would include external influences, such
as the weather, or even providing for a learning curve. Sometimes the adjusting
is no more than the rounding up of partial days to full days. Remember that calculating durations too conservatively is planning for failure. Other more complex
adjustments to duration to mitigate risk will be discussed in Chapter 13—Risk
Management. Calculating task durations with historical data from self‐performed
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work can be relatively straightforward. However, a large portion of the work on
every general contract is performed by subcontractors. This can present a different
set of challenges, especially when the scheduler has limited expertise in the subcontractor’s field. Whenever possible, the subcontractor should be consulted and
encouraged to provide durations by one of the previously mentioned methods. For
subcontracts that have not been let out as of the time the schedule is developed, the
scheduler should consult published data or other team members with more experience in the matter at hand. Guessing is strongly discouraged.

Interdependencies
The CPM schedule has a particular feature that mimics the real life construction
process. It is the interdependency, or relationship between tasks. Consider the
process of constructing a cast‐in‐place concrete foundation wall. After erecting
a single side of the wall formwork, the horizontal and vertical rebar within the
wall has to be set, then the second side of the panel can be erected. Both sides
of the formwork panels have to be erected and braced before the concrete can be
placed inside the forms. These are physical relationships that cannot be altered or
ignored. They are the basis of the construction process and are expressed in the
logic diagram or network that is the essence of the critical path method of scheduling. This diagram is the means of expressing the sequence of operations as well as
the anticipated outcome when the task is complete.
The graphic side of the schedule illustrates how each activity’s performance
will affect those activities downstream from it. It takes very little experience to acknowledge that if one of the steps is delayed, the steps that follow will be delayed,
almost in a chain reaction fashion. It is this interdependency between tasks in the
schedule that has endeared CPM to the construction industry.
When developing the logic diagram that will show how tasks depend on other
tasks, the scheduler must ask three simple questions:
1. What other task(s) must be completed before this task can begin?
2. What task(s) cannot begin until this task is completed?
3. What task(s) can proceed at the same time as this task, without interfering
with this task’s execution?
The answers to these three questions will help the scheduler define one task’s
relationship to another.
The simplest of all task relationships is the finish‐to‐start relationship. It is the
condition in which the first task or predecessor task must be complete before the
following task or succeeding task can start. It is the most common relationship
found between tasks on a schedule. As an example, consider that a doorframe must
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be installed before the door can be hung on the frame. Interdependency means the
task of hanging the door must wait till the installation of the doorframe is complete. If the frame installation is delayed, it logically follows that the hanging of
the door will also be delayed. This is due to the physical relationship between the
two tasks that no amount of creative scheduling can alter.
Frequently, we do not have to wait till a task is complete to start the next task. In
fact, some tasks can start together and run concurrently. This type of relationship
is called the start‐to‐start relationship, which synchronizes the start dates of two
or more tasks so that they proceed simultaneously. (This should not be confused
with two tasks that are totally unrelated and have no relationship.) As an example,
consider the installation of insulation within a partition as the drywall is simultaneously being hung. Just prior to each sheet of drywall being hung, the insulation
is installed within the stud bay. This has its best success when both tasks have
approximately the same duration, although it is not a requirement.
Last in the category of simple relationships is the finish‐to‐finish relationship. As
the name might suggest, the finish dates of the tasks are linked to end at the same
time. The finish dates are the driver. This is sometimes used when a milestone is
contingent upon the finish of multiple tasks or when all work must be completed
to start a new task or phase. Consider the scenario in which the installation of the
doorframes and the tape and finish of the drywall must finish on the same date so
that painting can start the next day.

Complex Relationships—Lags and Leads
Unfortunately, not all relationships are quite as simple as the doorframe and the
door. To make the best use of time and resources, subcontractors are scheduled to
follow behind one another in a wave and compress the waiting or down time. It
is similar in concept to the landing of jet airliners at busy airports. Landings are
separated by miles or minutes. As one jet touches down and taxies off the active
runway, another is on final approach, and yet a third is maybe three miles out
lining up for a landing.
In the construction industry, this separation between the subcontractor’s start or
finish dates on the schedule is called a lag or a lead depending on the relationships
between the tasks.
Consider the start‐to‐start relationship defined in the previous section, but
instead of starting both tasks simultaneously, delay the start of the second task to
allow the first task to progress. Imagine that task A is the framing of a metal stud
partition, and task B is the rough electrical wiring within the partitions for power.
To economize the time, task B does not have to wait until task A is complete. It
is logical that instead of starting at the same time, the start of task B should be
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Figure 4.3

Start‐to‐Start Relationship with a Two‐Day Lag

delayed a period of time from the start of task A to allow the carpenters to install an
adequate quantity of partitions so that the electrical contractor’s crew has sufficient
work ahead of them to maintain efficient workflow and productivity. The relationship between task A and task B would then be categorized as a lag relationship
based on its delay in start dates. In practice, if we delayed the start of task B for
two days to allow the carpenter to erect two days’ worth of partitions prior to the
start of the electrical rough wiring, it would be stated that task B has a start‐to‐start
relationship with a two‐day lag. Figure 4.3 illustrates a start‐to‐start relationship
with a lag.
When the relationship is based on the finish dates, as noted in the finish‐to‐finish
relationship, and there is a separation of time, it is referred to as a lead relationship.
For example, if it were essential that the partition framing be completed two days
in advance of the completion of the electrical rough‐in, it would be stated that task
A has a finish‐to‐finish relationship with task B with a two‐day lead. Figure 4.4
illustrates a finish‐to‐finish relationship with a lead.
It is frequently confusing as to when it is appropriate to use a lag and when to
use a lead relationship. The general rules are:
●●

●●

Start‐to‐start lags are used when the preceding activity is faster that the
succeeding activity.
Finish‐to‐finish leads are used when the preceding activity is slower than the
succeeding activity.
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Figure 4.4

Finish‐to‐Finish Relationship with a Two‐Day Lead
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For both complex and simple relationships, it is the interdependency resulting
from the links that will govern when a task starts or finishes relative to another
task. It is this concept that provides one of the baselines for project control.

Milestones and Constraints
One of the crucial steps in preparing the schedule is to establish intermediate goals
along the critical path of the schedule. These intermediate goals are called milestones. Milestones act as way markers to measure the progress of the project as
incremental portions of the work get accomplished. They allow the project manager to compare actual progress to the anticipated progress on the baseline schedule. Milestones play a big part in the monitoring process within the feedback cycle.
The unique feature of milestones is that they mark the time in which a specific task
or group of tasks are to be complete. It is a barometer of both time and progress.
In order for the milestones to be an effective indicator of progress, milestones
have to be selected carefully in accordance with a few basic guidelines. These
guidelines include the following:
●●

●●

●●

●●

Milestones should be on the critical path. It is the critical path as displayed in
the baseline schedule that drives the progress of the project.
Milestones should be distinct, natural markers that can be easily understood
and identified by all parties. Abstract achievements that have little relevancy
to the majority do not make good milestones.
Milestones should be naturally occurring in the construction process. They
should be goals for the trades to visualize and focus on.
There should only be a few milestones in the schedule. Too many can dilute
their significance.

Classic examples of milestones that have a tangible, practical value in indicating
progress include:
●●
●●
●●
●●
●●
●●

Rough electrical or mechanical inspections
Rough frame inspection
Structure made tight to the weather
Completion of steel erection
Permanent power energized
Temporary certificate of occupancy

Milestones can be the completion of a phase with multiple tasks contributing to
the achievement or can be the completion of a single task signifying a major turning point in the project.
Another type of marker on the schedule is called the constraint. A constraint is
loosely defined as restriction on the start or finish dates of an activity or series of
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activities. Constraints have a large role in the project control process since they
may have financial penalties associated with their dates. Constraints are used to
ensure that a task, or tasks, meets a specific deadline. Constraints also mark when
a task must start or finish, before or after a specific date.
There are a variety of constraint types used in scheduling a construction project, the most common of which are date constraints. Date constraints include
deadline and a delivery date. A deadline is defined as a “no‐later‐than” constraint. Deadlines are attached to the start or finish of a task to indicate an absolute condition. Another type is called the “start‐no‐earlier‐than” constraint that
is applied in the case of a delivery date. For example, a delivery date for the
delivery of structural steel requires that any succeeding linked task, such as the
erection of structural steel, would have a start‐no‐earlier‐than date to coincide
with the delivery date. Date constraints are typically added after the schedule has
been created and should be applied sparingly. Some other types of constraints
include:
●●

●●

●●

●●

Start constraints: Stipulates that a task must start no‐earlier‐than or no‐later‐
than a particular date. This is similar to a deadline.
Finish constraints: Stipulates that a task must finish no‐earlier‐than or
no‐later‐than a particular date.
Mandatory constraints: Stipulates absolute dates that a task must‐start‐on or
must‐finish‐on. Regardless of predecessor tasks. Mandatory constraints force
the task to start or finish by a specific date.
Default constraints: Stipulates that a task will start‐as‐soon‐as‐possible, or
start‐as‐late‐as‐possible. Start‐as‐soon‐as‐possible is frequently the default
constraint that most software employs. It takes advantage of any shortened
duration of a predecessor by moving the start date of the successor up.

Whatever the circumstance, constraints are powerful factors in the timing of
tasks. Too many constraints reduce the flexibility of the schedule should the resequencing of events become necessary.

Float
Float is defined as the difference between the amount of time available to perform
a task and the time required. Float is measured in workdays, and is reserved for
tasks that are not on the critical path. By definition, tasks on the critical path have
a float of zero.
There are several types of float that can occur in a schedule:
●●

Total float is the time that a task may be delayed without impacting the overall
project completion date.
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●●

●●

●●

Shared float is the float available across a string of noncritical tasks. It is
sometimes called “string” float. If the first task in the string uses all of the
shared float, there will be no float available for subsequent tasks in the string.
Free float is the amount of time a task can be delayed without delaying the
early start of successor tasks. If the task uses its free float, no other task will
be affected.
Independent float is the float that belongs to a single task and that task alone.
Free float can become independent float if all the predecessors finish and there
is float available.

Regardless of the type, float is the project manager’s friend. It allows tasks to
be delayed, resequenced, or rescheduled without delaying the project as whole.
Float can allow a project manager to move resources to a more critical task without
causing a delay.

Updating the Schedule
Once the baseline schedule has been published and work is progressing, things
change. The plan that was the basis of the schedule may need resequencing, tasks
may have been delayed, and tasks may even have finished early. This is all part of
the day‐to‐day events that mark an average construction project. However, since
the schedule is meant to be a management tool, it needs to have the most up‐
to‐ date information. Without it, the decision making by the project team might
be flawed. It is important to keep the schedule accurate by regular updates. Most
contracts provide for routine updates of the schedule just prior to or at the submission of the Application for Payment. The idea is that payment is tied to progress.
Even without a contractual requirement for updating the schedule, regular updates
are essential for realistic project control.
The cycle or interval of the update is dependent upon the duration of the project.
The shorter the duration, the more frequent the update cycle. Clearly, from a practical management and control perspective, a six‐week project would need updates
more often than once a month; however, monthly may be adequate for a 36‐month
project.
An update is intended to compare actual progress to planned progress as
illustrated by the baseline. It can be as simple as establishing the actual start and
finish dates of a task. It can be the reporting of work‐in‐progress as a percentage
of completion, or it can be the resequencing of tasks due to changes. Delayed or
accelerated work should also be reflected on updates, as well as change orders
issued during that period. Each will have an impact on the schedule.
The information that forms the basis of the update is derived from the record
keeping that is part of project control. Records such as the daily reports, payroll
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records, RFIs (Requests for Information), equipment hours expended, subcontractor personnel on‐site, or even material delivery slips add to the data used in
updates. Each can contribute to an accurate snapshot of the project status. All of
this is combined to create the historical record of the project. Over the duration
of the project, the regular updates compared with the baseline paint an accurate
picture of the performance of the participants. The more frequent the update cycle,
the less work involved since the amount of information to be analyzed is less.
As will be discussed later in the text, update information must be accurate, especially when determining the percentage of work that has been completed. Project
managers should shy away from opinions as a basis of determining percent complete and instead rely on physical counting or measuring procedures. Opinions
are subjective and can be the source of dispute between team members. Progress
can be measured in both percent complete and days remaining. This is typically a
preference based on the software used for reporting.
Updating the schedule provides the project team with answers to questions such as:
●●
●●

●●
●●
●●
●●
●●
●●

Is the project progressing as scheduled?
Is the plan that is the basis of the schedule the most efficient way in which to
execute the work?
Does work need to be resequenced?
Are there tasks that were omitted from the baseline that are now necessary?
Are the approved change orders impacting the schedule?
Are RFIs being answered in a timely manner so as not to delay the work?
Are subcontractors performing in sync with the schedule?
Are the administrative and procurement activities in the schedule on track?

Updating the schedule is critical to evaluation project status and management
decision making.

Summary
A major part of the integrated control process is the project schedule. The schedule
is the plan discussed in Chapter 3—Pre‐Construction Planning, set to time. The
project schedule, once complete and agreed upon, becomes the baseline for the
progress and performance measurement. Performance is based on the relationship
or interdependency between tasks on the schedule.
Regular updates to the schedule allow the team to analyze the status of the project and what, if any, decisions or corrective actions are required.
Remember it is not just the schedule that is tracked but the integration with costs
as we will see in Chapter 5—Budget that provide the clearest and most comprehensive picture of project status.

Chapter

5

The Budget

Since the beginning of this text, there has been a consistent theme reinforced:
The schedule and the estimate are different but very much interrelated in project control. It is the integration of both schedule and cost that allows the project
manager the accurate control needed to manage the work. Having reviewed the
scheduling process in the project control paradigm, it is now time to consider the
budget and its role in project control. This chapter reviews the estimating process
and its contribution to project control. The author assumes that the reader has an
understanding of estimating and its role in the construction process.

Fundamentals of the Estimating Process
Of equal importance to how long the project will take is how much it will cost.
All construction projects have costs associated with them and for the contractor, as
well as the owner, it is essential that costs be known in advance. While it is impossible to know exactly what the project will cost in advance of the work, it is very
possible and practical to estimate, or accurately approximate, them in advance.
Contractors, like most other businesses, have a strategy for performing work.
A big part of that strategy is that the work is profitable, and the way work becomes
profitable is to start by pricing it correctly, then managing the work efficiently,
with the price as a yardstick for cost performance. Traditionally, contractors chase
work that is in their area of demonstrated expertise. Loosely stated, everyone in
the organization has a skill set that contributes to estimate, manage, supervise, or
construct that type of project. Contractors develop a market niche by repeatedly
doing similar types of projects: schools, roads, retail, office buildings, homes, etc.
It is the repetition that allows the contractor’s team to excel at the skills needed to
hopefully make the project profitable. Since a large majority of contracts are based
on a stipulated sum delivery methodology, that will be the focus of our discussion
in this section. A stipulated sum, often called a lump sum delivery methodology,
is based on providing services on a definitive scope of work for a firm fixed price.
Before beginning the discussion, a few definitions are in order. An estimate is
defined as the anticipated, accurate, approximate cost of all materials, labor, subcontractors, equipment, and overhead associated with a particular construction
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project. Costs are anticipated because the estimate is prepared in advance of the
work being performed. The adjective “accurate” speaks for itself; an estimate
that is not prepared carefully with adherence to industry standards is misleading
and worthless. Last of all, the costs are approximate as it is impossible to know
what the exact cost is in advance of performing the work that will generate the
cost.
Cost is defined as the price paid to acquire, produce, accomplish, or maintain
something. So cost is relative to the frame of reference it is viewed from. For the
owner, who will pay the general contractor (GC), cost includes the contractor’s
profit. For the GC, who will perform the work, cost is everything but the profit.
However, the general contractor’s cost, relative to a subcontractor’s contract,
includes the subcontractor’s profit.
Since our perspective is that of the GC, cost will exclude the GC’s profit, but
will include the profit of the subcontractors and vendors that are carried in the
GC’s estimate. It should also be noted that the estimate is the in‐house, proprietary work of the contractor, and is very rarely, if ever, shared with anyone outside
the in‐house project team. It could prove damaging if it fell into the hands of the
competition. When the price and terms of the estimate are offered to the client,
the estimate serves as the basis for the bid, or proposal. The bid (or proposal) is
the contractor’s offer to perform the work priced in the estimate in return for the
compensation and terms defined in the bid.
An estimate is prepared using bid documents. Bid documents generally consist
of plans, specifications, and addenda or changes to the bid documents or process.
Plans are the graphic representation of the work. They show size, use of the space,
and dimensions, and provide the information necessary to determine the quantities
of the work. Plans quantify the project for the estimator. The specifications, or more
aptly the technical specifications, define how the work will proceed. The technical
specifications define acceptable practices, tolerances, handling, and related work.
It also defines the products that will be included in the work. Specifications are
qualitative in nature and set the acceptable standards that the quality of the project
will be measured against.
An addendum (singular) is a bulletin that is issued that makes a change to the
plans or specifications. Addenda (plural) are often used to answer questions or
clarify something in the documents. Occasionally, they may be issued to change
something in the bidding process such as bid date, time, or location. Used together, the plans and specifications plus any modifications from the addenda provide
sufficient information to quantify and price the work that will be the basis of the
contract.
Similar to scheduling, there are different types of estimates, but one has a natural affinity for project control.
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Types of Estimates
The majority of competitive bidding in a stipulated sum contract is based on the
unit price estimating method. Unit price estimating is the methodology by which
bid documents are broken down into their incremental components for pricing.
Done correctly, it is reputed to be the most accurate way to approximate the costs
of a project. It starts with the calculation of the quantity of all materials, labor,
and equipment for each item of work, coincidentally called a task. This process
is called the quantity survey or, more commonly, the takeoff. Quantities are then
multiplied by the unit price, or the incremental cost of the work, and the result is
called the extension. Table 5.1 is an example of a unit price and its extension.
Once the entire set of bid documents is taken off, priced, and extended, the
totals for each category of work are summarized. This compilation of estimated
costs, called the Estimate Summary, is marked up for overhead and profit to arrive
at the completed estimate.
Tasks in an estimate are similar to those of a schedule. They consume resources
and time, and as such have a cost. Tasks in an estimate, exactly like a schedule
task, must be adequately described so that a non‐involved party can understand
what is being priced in the task. For example, the appropriate description is “place
and finish concrete slab at Area A” in contrast to simply “concrete slab.”

Organization of Estimates
In contrast to scheduling, estimating does not necessarily follow an exact
step‐by‐step, ground‐up approach. Unit price estimating follows an industry recognized organizational structure called CSI MasterFormat. CSI is the
acronym for Construction Specifications Institute, the group responsible for CSI
MasterFormat. It is the most widely accepted system for arranging construction
specifications and estimates. The system is also used for classifying data and organizing manufacturers’ literature for construction products and services.
CSI has allocated an eight‐digit code and topic descriptions to all components of
the specifications. MasterFormat groups the information into four major categories:
●●
●●
●●
●●

Bidding Requirements
Contract Forms
General Conditions
Technical Specification sections

Table 5.1 Example of Unit Price with Extension
Task Description
Place and finish concrete slab

Quantity

Unit

Unit Price

Extension Total

5,000

S.F.

$3.00

$ 15,000.00
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While all four categories are important to the estimating process, it is the last
category, the Technical Specification sections, that is the focus for the discussion
of project control.
MasterFormat™ 2010, the latest version of MasterFormat, consists of 50 construction divisions within the technical specifications section. MasterFormat has
been divided into five subgroups. Each division is a compilation of similar or related
work numerically organized into subsections called “levels.” Each level represents
a further breakdown of the CSI division classification. With the publication of the
2004 edition, the MasterFormat numbers and titles were revised to allow them to
more adequately cover construction industry subject matter and to provide ample
space for the addition of new sections. The titles that make up MasterFormat were
also revised, reflecting the new edition’s renewed focus on work results.
As a part of this process, the numbering system was revised in its entirety. All
section numbers and many section titles have changed from the 1995 edition.
The five‐digit numbers used in the 1995 edition were expanded to allow for more
topics at each level of classification. The old numbers were limited at levels two
through four to only nine subdivisions. Because of this limited number of available
spaces at each level, many divisions of MasterFormat simply ran out of space to
properly address topics. This lack of space often resulted in inconsistent classification. These limitations were solved by making the new MasterFormat numbers
six digits in length, and arranging the digits into three sets of paired numbers,
one pair per level. These pairs of numbers allow for many more subdivisions at
each level. Meanwhile, the main six‐digit number still represents three levels of
subordination, as the numbers in previous editions of MasterFormat have done.
For example, consider the CSI section number 03 30 53.40. The first group
of two digits, 03, is MasterFormat Level 1 and designates the division the work
belongs to, in this case Division 3—Concrete. The second group of digits, 30, is
MasterFormat Level 2, which designates the subsection Cast‐in‐Place Concrete
within Division 3. The third group of two digits, 53, is MasterFormat Level 3, a
further breakdown of the Cast‐in‐Place subsection, Miscellaneous Cast‐in‐Place
Concrete. The last group of two digits, .40, is MasterFormat Level 4 and deals with
one component within the previous Level 3 section.
The 50 MasterFormat divisions were determined based on the relationships of
activities in the actual construction process. They roughly follow the natural order
of building construction. The specification divisions and a general summary of
their contents are as follows:
●●

Division 00—Procurement and Contracting Requirements: advertisement for
bids, invitation to bid, instruction to bidders, pre‐bid meetings, bid forms,
wage rates, bond forms, and related certifications.
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●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●
●●
●●

●●

Division 1—General Requirements: a summary of the work; definitions and standards for the project and project coordination, meetings, schedules, reports, testing, samples, submittals, shop drawings, close‐out, cleanup, quality control, and
temporary facilities; pricing issues, such as unit prices, alternates, and allowances.
Division 2— Existing Conditions: existing conditions of the site or structure,
surveys, geotechnical reports, salvage of materials, lead, asbestos and mold
remediation, and the removal of underground storage tanks.
Division 3—Concrete: formwork, reinforcing, precast, and cast‐in‐place concrete, concrete curing, and cementitious decks.
Division 4—Masonry: brick, block, stone, mortar, anchors, reinforcement,
and masonry restoration and cleaning.
Division 5—Metals: structural steel, metal joists, metal decking, light‐gauge
framing, and ornamental and miscellaneous metals.
Division 6—Wood, Plastics and Composites: rough and finish carpentry, millwork, casework, composite lumber products, and plastic fabrications.
Division 7—Thermal and Moisture Protection: waterproofing, damp proofing,
insulation, roofing, siding, caulking, and sealants.
Division 8—Openings: metal and wood doors and frames, windows, glass
and glazing, skylights, mirrors, and finish hardware.
Division 9—Finishes: gypsum wallboard systems, board and plaster systems,
painting and wall coverings, flooring, carpeting, acoustical ceiling systems,
and ceramic and quarry tile.
Division 10—Specialties: items such as demountable partitions, toilet partitions and accessories, fire extinguishers, postal specialties, flagpoles, lockers,
signage, and retractable partitions.
Division 11—Equipment: specialized equipment for homes, as well as banks,
gymnasiums, schools, churches, laboratories, prisons, libraries, hospitals, etc.
Division 12—Furnishings: cabinetry, rugs, tables, seating, artwork, and window treatments.
Division 13—Special Construction: greenhouses, swimming pools, integrated ceilings, incinerators, and sound vibration controls, and clean rooms.
Division 14—Conveying Systems: elevators, lifts, dumbwaiters, escalators,
cranes, and hoists.
Division 15 through 20: Reserve divisions for future expansion.
Division 21—Fire Suppression: fire suppression and protection systems.
Division 22—Plumbing: plumbing piping; waste water, and vent, gas piping,
special piping, refrigeration, and controls.
Division 23—Heating, Ventilating and Air Conditioning: heating, air conditioning, ventilating, ductwork, controls, insulation, HVAC equipment, solar
energy heating equipment, and humidity controls.
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●●
●●

●●

●●

●●

●●
●●

●●

●●

●●

●●

●●
●●

●●

●●

●●

●●

●●

Division 24—Reserve division for future expansion.
Division 25—Integrated Automation: network servers, integrated automation
of HVAC, fire protection, electrical systems, communications, etc.
Division 26—Electrical: electrical service and distribution, wiring devices,
fixtures, communications, and power.
Division 27—Communications: communication services, cabling and cable
trays for communication, adapters, and software.
Division 28—Electronic Safety and Security: fire alarm systems, closed
circuit TV, security alarm systems, access control, leak detection, and video
surveillance.
Division 29 and 30: Reserve divisions for future expansion.
Division 31—Earthwork: clearing of the site, excavation, backfill and compaction, grading, soil treatments and stabilization, and heavy site work such
as shoring, pile driving, and caissons.
Division 32—Exterior Improvements: paving, curbing, base courses, unit
paving, parking specialties, fences and gates, landscaping, and irrigation.
Division 33—Utilities: piping for water, sewer, drainage and related structures, fuel distribution utilities, and electrical utilities.
Division 34—Transportation: railways and track, cable transport, monorails,
transport signaling and control, etc.
Division 35—Waterway and Marine Construction: coastal and waterway construction, dams, marine signaling and dredging.
Division 36 through 39: Reserve divisions for future expansion.
Division 40—Process Integration: specialty gas and liquid process piping,
chemical process piping, measurement and control devices.
Division 41—Material Processing and Handling Equipment: bulk materials
handling and conveying equipment, feeders, lifting devices, dies and molds,
and storage equipment.
Division 42—Process Heating Cooling & Drying Equipment: industrial furnaces, process cooling, and drying equipment.
Division 43—Process Gas and Liquid Handling, Purification, and Storage
Equipment: liquid and gas handling and storage equipment, gas and liquid
purification equipment.
Division 44—Pollution Control Equipment: air, noise, odor, water pollution
control, and solid waste collection and containment.
Division 45—Industry‐Specific Manufacturing Equipment: oil and gas
extraction equipment, mining machinery, food and beverage manufacturing
equipment, textile, plastic, and a variety of other types of manufacturing
equipment.
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●●

●●
●●

●●

Division 46—Water and Wastewater Equipment: package water and wastewater treatment equipment.
Division 47—Reserve division for future expansion.
Division 48—Electrical Power Generation: fossil fuel, nuclear, hydroelectric,
solar, wind, and geothermal electric power generation equipment.
Division 49—Reserve division for future expansion.

Technical Specifications
The last of the four categories is called the Technical Specifications, or Technical
Sections (Divisions 00‐49), which define the scope, products, and execution of the
work. These are the “meat and potatoes” sections that provide the estimator with
the necessary information (in a highly organized and industry‐accepted format) to
accurately price and build the structure. The technical sections provide the following information for each activity:
●●
●●
●●
●●
●●

Administrative requirements
Quality or governing industry standards
Products and accessories
Installation or application procedures
Workmanship requirements and acceptable tolerances

This information is organized within the section in three parts: general, products, and execution.
Part 1—General Part 1, the general section of the specifications, provides a summary of the work included within that particular section. It ties the technical section
to the General Conditions and Supplementary General Conditions of the Contract, an
essential feature in maintaining continuity between the general contractor and subcontractors. This is sometimes called the flow‐down provision. Roughly translated, it
allows the general contractor to assign responsibility to a subcontractor. Part 1 identifies the applicable agencies or organizations by which quality assurance will be
measured. It defines the scope of work that will be governed by this technical section,
including but not limited to items to be furnished by this section only, or furnished by
others and installed under this section. It also identifies other technical sections that
have potential coordination requirements with this section, and defines the required
submittals or shop drawings for the scope of work described in this section. Part 1 also
establishes critical procedures for the care, handling, and protection of work within this
section, including such ambient conditions as temperature and humidity. If applicable,
it addresses inspection or testing services required for this scope of work.
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Part 2—Products Part 2 deals exclusively with the products and materials to
be incorporated within this technical section of the work. For products that are
directly purchased by the contractor from a manufacturer or supplier, the items can
be identified using one of four methods:
●●
●●
●●
●●

Proprietary specification
Performance specification
Descriptive specification
Specification compliance number

Proprietary specifications: Proprietary specifications spell out a product by
name and model number. Proprietary specifications have the unique advantage
of allowing the architect or owner to select a product they desire or have used
successfully on prior projects. The advantage of requiring specific products is
the level of reliability they provide. The disadvantage is that they eliminate open
competition. To help reduce the exclusivity of the proprietary spec, the architect
often adds phrasing called the “or equal” clause, that allows limited competition. While the “or equal” clause opens the door to some competition, it can be
risky, as it puts the burden of equality on the proposing party (the contractor or
the subcontractor, or even the vendor) who proposes the substitution. Proposed
alternates should be reviewed closely. What may appear as a comparable product
might not pass muster under closer scrutiny by the architect during review of the
submittals or shop drawings. If the proposed substitution is not acceptable, the
contractor is responsible for providing the specified product originally named in
the specification.
Performance specifications: An alternate method of specifying products and
materials is based less on makes and models and more on the ability to satisfy
a design requirement or perform a specific function. This type of specifying is
called a performance specification. In lieu of specifying a particular product
by name, the architect opens competition to all products or materials that can
perform the specific functions required to complete the design. This approach
allows healthy competition among various manufacturers that have a similar
line of products. It ensures competitive pricing and more aggressive delivery
schedules.
Performance specs can identify products by characteristics, such as size, shape,
color, durability, longevity, resistivity, and an entire host of other requirements.
Some products that are not specified by name can be identified generically by
reference to a particular American Society for Testing and Materials (ASTM) testing number or a Federal Specification number. Pricing materials or products by
their conformance with an ASTM number presents risk as there could be several
different grades of one product with vastly different prices. The architect makes
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the final decision as to whether a product has satisfied the performance criteria.
The entity proposing the material or product should be able to prove performance
compliance with comprehensive facts and evidence, such as copies of pertinent
tests and their results, and manufacturers’ data. For a specification section that
involves custom‐fabricated work, the language might be a mixture of proprietary
and performance specifications.
Descriptive specifications: The third method of specifying a product or process is by using descriptive specifications, which are written instructions or
details for assembling various components to comprise a system or assembly.
Most often, descriptive specifying is used for generic products such as mortar
or concrete. Frequently, no manufacturers’ or proprietary names are mentioned
or needed.
Specification compliance number: Another method of product specification is
by the use of a federal, ASTM, or other testing agency reference number. This
method tends to be a favorite choice of the military and federal agencies. It holds
the product to a very strict set of guidelines or tolerances established through testing and past performance.
Part 3—Execution Part 3, called the Execution, deals exclusively with the method,
techniques, and quality of the workmanship. This section makes clear the allowable
tolerances of the workmanship. The term “tolerances” refers to adjectives such as
plumb, straight, level, or true. The Execution section describes any required preparation to the existing surfaces in order to accommodate the new work, as well as a
particular technique or method for executing the work. Part 3 also addresses issues
such as fine‐tuning or adjustments to the work after initial installation, general
cleanup of the debris generated, final cleaning, and protection of the work once it
is in place. Some sections of Part 3 may identify any ancillary equipment or special
tools required to perform the work, such as staging or scaffolding.
CSI MasterFormat™ technical specification sections have a direct correlation to
the WBS and the cost accounts.

The Budget
For each of these divisions of the Technical Specifications and all of the items of
work that comprise them, there is a cost. As was noted in a previous section of
this chapter, the recapitulation of these costs is called the Estimate Summary. If
the contractor is the successful bidder and is awarded a contract for the project,
the estimate and the Estimate Summary will become the baseline for cost control
(Table 5.2). It is the task and corresponding cost for the task that will represent a
line in the budget.
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Selective Demolition
Asbestos Abatement
Cast‐in‐Place Concrete
(Formwork)
Reinforcing Steel/WWF

Cast‐in Place Concrete
(Redi‐mix)
Cast‐in Place Concrete
(Flatwork)
Concrete Unit Masonry
Structural Steel
Steel Joists
Metal Decking
Metal Fabrications
Rough Carpentry
Finish Carpentry
Dampproofing
Building Insulation
Elastomeric Roofing/Flashings
Metal Doors and Frames

Aluminum Doors and Frames
Aluminum Windows

Finish Hardware

Glass and Glazing

02 41 00
02 81 00
03 11 00

03 31 00

08 11 16
08 51 13

08 71 00

08 81 00

04 22 00
05 12 00
05 21 00
05 31 00
05 50 00
06 10 00
06 20 00
07 10 00
07 21 00
07 53 00
08 11 00

03 35 00

03 21 00

July 30, 2012
2:00PM
Description
Project Overhead Summary
Sheet

Bid Date:
Time:
Sect.
01 00 00

Table 5.2 Estimate Summary Sheet Example

37,000

31,025

1,841

7,973
16,785

26,554

17,557

19,668

8,694

13,248
53,486

7,169

3,600

New and Renovated Office Building
Boston, MA
Materials Labor
Equipment

5,500

17,584
21,238

17,600
24,190
126,780

80,735

276,500
156,200

26,350

52,200
6,950
108,000

Sub
$ 405,726

5,500

56,668

17,584
21,238

276,500
156,200
‐
‐
80,735
21,221
70,271
17,600
26,031
126,780
39,719

33,519

26,554

17,557

52,200
6,950
111,600

BASE Bid
Addenda;
Totals
405,726

ABC Masonry Contractors
State Iron Works, Inc
State Iron Works, Inc
State Iron Works, Inc
Columbus Metal Fabricators
Self‐performed work
Self‐performed work
All Weather Damp proofing, Inc.
Self‐performed work
Sky Roofers, Inc.
Megga‐Hardware/Self‐
performed work
Cape Storefronts, Inc.
Modern Aluminum Window,
Inc.
Megga‐Hardware/Self‐
performed work
Able Glass Co.

Jones Concrete Finishing Co.

Acme Demolition Company
ACM Abaters, Inc.
Cape Pumping Co./Smith
Foundations, Inc.
Rusty’s Steel Company, Inc.
deliv. bar/WWF
Tri‐County Concrete

#1, #2
Remarks
See Project Overhead Summary
Sheet
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July 30, 2012
New and Renovated Office Building
2:00PM
Boston, MA
Description
Materials Labor
Equipment
Gypsum Drywall Systems
Ceramic Tile
Acoustical Ceilings
Resilient Flooring and Base
Carpet
Painting & Coatings
Visual Display Boards
Identification Devices
Toilet Compartments
Toilet Accessories
3,542
Fire Protection Specialties
540
Food Service Equipment
Manufactured Plastic Casework
Window Blinds
Exterior Fountains
Hydraulic Elevators
Wheelchair Lifts
Fire Suppression

Plumbing
HVAC
Electrical
Voice Communications
Fire Detection and Alarm
Clearing and Grubbing
Excavation and Backfill
Dewatering

Bid Date:
Time:
Sect.
09 21 00
09 30 13
09 51 00
09 65 00
09 68 00
09 91 00
10 11 00
10 14 00
10 21 13
10 28 13
10 44 00
11 40 00
12 34 00
12 21 00
13 12 10
14 24 00
14 42 00
21 00 00

22 00 00
23 00 00
26 00 00
27 30 00
28 31 00
31 11 00
31 23 00
31 23 19

Table 5.2 (Continued )

138,900
890,990
292,300
19,455
28,345
23,560
329,899
13,400

Sub
113,910
32,000
83,670
79,800
112,000
99,780
13,500
3,500
12,500
3,500
2,000
123,490
29,750
4,214
34,000
155,456
16,883
65,000
138,900
890,990
292,300
19,455
28,345
23,560
329,899
13,400

BASE Bid
Addenda;
Totals
113,910
32,000
83,670
79,800
112,000
99,780
13,500
3,500
12,500
7,042
2,540
123,490
29,750
4,214
34,000
155,456
16,883
65,000

#1, #2
Remarks
Eastern Drywall Systems Co.
Western Ceramic Tile
Capital Ceiling Systems
Top‐Notch Floors
Top‐Notch Floors
Commercial Painters, Inc.
Office Interior Contractors
Office Interior Contractors
Office Interior Contractors
Office Interior Contractors
Office Interior Contractors
The Kitchen Suppliers Co.
New England Casework
Clear‐Vue Window Decor, Inc.
Pete’s Fountain Co., Inc.
Uptown Elevators, Inc
Uptown Elevators, Inc
Safety Fire Protection
Contracting Co.
Best Pluming Co.
New England Pipe HVAC Co., Inc.
Sparky’s Electrical
Best Telephone and Data, Inc.
Sparky’s Electrical
Super Sitework Contractors, Inc.
Super Sitework Contractors, Inc.
Super Sitework Contractors, Inc.
(Continued )
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Sub Total
All Risk Insurance
General Liability
Sub Total
Main Office Overhead
Sub Total
Profit
Sub Total
Performance and Payment
Bonds
BID

Table 5.2 (Continued )
Bid Date: July 30, 2012
Time:
2:00PM
Sect.
Description
31 64 00
Caissons
32 11 00
Gravel Base Course
32 11 26
Bituminous Concrete Paving
32 13 13
Concrete Paving (Sidewalks)
32 16 13
Bituminous Concrete Curb
32 17 23
Pavement Markings
32 31 00
Fencing and Gates
32 80 00
Irrigation
32 92 00
Turfs and Grasses
32 93 00
Plants
33 11 00
Water Distribution Piping
33 31 00
Sanitary Sewer System
33 41 00
Site Storm Drainage Systems
33 71 00
Electrical Service

0.93%

8.0%

6.7%

138,735

99,178

12,046

1,277

New and Renovated Office Building
Boston, MA
Materials Labor
Equipment

4,945,835

5,500
29,555
26,975
13,245
78,000
156,000
198,570

Sub
234,500
56,900
93,450
5,785

6,107,828

5,195,794
17,666
41,566
5,255,026
352,087
5,607,113
448,569
6,055,682
52,146

BASE Bid
Addenda;
Totals
234,500
56,900
93,450
7,062
‐
‐
5,500
29,555
26,975
13,245
78,000
156,000
198,570

#1, #2
Remarks
Super Sitework Contractors, Inc.
Super Sitework Contractors, Inc.
Hot Stuff Paving Co., Inc.
Jones Concrete Finishing Co.
Hot Stuff (included in 32 11 26)
Hot Stuff (included in 32 11 26)
All State Fence Co, Inc.
Green Side Up Landscaping Co.
Green Side Up Landscaping Co.
Green Side Up Landscaping Co.
Super Sitework Contractors, Inc.
Super Sitework Contractors, Inc.
Super Sitework Contractors, Inc.
Sparky’s Electrical (included in
26 00 00)
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Cost control can be broadly defined as the practice of analytically measuring
and forecasting costs associated with a project. It has the goal of minimizing those
costs and any impact changes will have on cost during the life of the project. There
are four basic aspects to project cost control:
1.
2.
3.
4.

Establish a baseline as a cost performance metric.
Measure actual costs against the baseline.
Accurately predict variations from the baseline cost.
Take corrective action(s) to minimize or eliminate the deviations.

The previously noted four steps are unsurprisingly similar to the schedule control discussed in Chapter 3—Pre‐Construction Planning. In order to establish a
baseline for comparing actual to estimated costs, the team must start with all of the
available information about expected costs. This usually begins with the estimate.
It is the first step in cost control since it provides a budgeted amount for the work.
The cost control system is used to identify variations from this budget, which are
then brought back in line with the budget. It then makes sense that the estimate and
cost control system share information during the project life cycle.

Deconstructing the Estimate to Build the Budget
How the estimate is built is sometimes different than the way costs will be
tracked. This is partly attributable to estimating practice and, to a lesser degree,
how the costs are collected. Another factor in the mix is the plan to execute the
work. Recalling Chapter 3—Pre‐Construction Planning, occasionally work is
estimated by one method and then during the planning phase, that method may
be changed in favor of a new approach. Whatever the means and method selected
to execute the work, the estimated value of the work in a stipulated sum contract
does not change.
Tasks in a unit price estimate have an extended value (see Table 5.1) that must
be analyzed, sorted, and separated into the appropriate “buckets,” or elements, for
cost control.
The process of breaking down the estimate is called deconstructing the estimate.
The level of detail required during the tracking of costs is predicated on the level of
control needed to manage the project. While the deconstruction process will vary
from project to project, there are a few considerations that are consistently helpful
in determining the level of detail needed:
●●

Tasks that are self‐performed traditionally require a higher level of detail than
work that is subcontracted. Work that is subcontracted has a built‐in guard on
cost control, which is the maximum amount of the contract. Unless a change
order is issued, costs cannot exceed the contract price.
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●●

●●

●●

Tasks that have long durations require a higher level of detail than short duration tasks. Productivity on tasks that extend over long periods can fluctuate as
a result of boredom and complacency within the workforce.
Tasks that are extremely labor intensive (large workforce) require a higher
level of detail as costs can escalate very quickly.
A task that is complex in execution, or has numerous steps to completion,
represents a higher risk for failure and, therefore, requires a higher level of
detail for better control.

Prior to starting the deconstruction process, the project manager and project
team must have a thorough understanding of the estimate. This includes assumptions made during the estimating process and any qualifications, alternatives, or
substitutions that may have been accepted as part of the contract. Clearly the level
of detail needed for work that is subcontracted with a fixed price is less than that
needed if the work is self‐performed.
The Cost Breakdown Structure
The deconstruction process begins with the estimated cost that represents the contract amount. By definition, cost does not include profit. It is the only item in
the estimate that does not have a corresponding payout by the contractor. This is
the same starting place for developing a task list in the development of the CPM
schedule. The as‐bid estimate serves as the upset or maximum sum for the original
budget. The original budget for a contract does not change. Additions or deletions
from the original budget by approved change order are reflected in the updated
budget, or current budget. Budgets should be updated at the same intervals that
schedules are updated in order for cost and schedule to be synchronous. This provides the most accurate snapshot of project status and provides the latest information on which to base decisions from both a cost and time perspective.
The original budget is broken down into a Cost Breakdown Structure (CBS).
The CBS is similar to the WBS introduced in Chapter 4—The Schedule, with
the exception that the focus is on the cost model for the project. These sections
can often follow the CSI MasterFormat breakdown by the division noted earlier.
The practicality of a logical CBS becomes evident each update period during the
analysis of the project cost and progress. The CBS is composed of multiple layers
or levels starting with a big picture or summary view and working its way down
to the detailed costs. It is far easier to review costs at the summary level, and then
focus on the details as necessary to analyze any variations. There are significant
similarities between a WBS and CBS, and ideally they would be the same. As will
be shown later in the text, the closer they are to the same the easier it will be to
assign a dollar value to a task in the schedule.
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It is not uncommon for a CBS to have multiple levels of break down, with the
detailed cost account at the bottom. Here is an example of CBS for creating a cost
baseline:
●●
●●
●●

Level 1: Division 06 00 00—Wood, Plastics and Composites
Level 2: Section 06 10 00—Rough Carpentry
Level 3: Sub‐section 06 10 53—Miscellaneous Rough Carpentry

The Cost Account
The cost account is the lowest level of the WBS. Costs associated with a task are
tracked in cost accounts. Cost accounts are also known by other names such as
“detail accounts,” “cost codes,” and “chart of accounts.” For the purposes of this
discussion, all names of cost accounts will be used interchangeably. An example of
a cost account from the CBS would be Level 3: Miscellaneous Rough Carpentry.
The Cost Element
A subset of the cost account is the cost element. The cost element is used for the
separation of costs by type. Types of cost include material, direct labor, equipment, and subcontract. Frequently, labor and equipment usage can be tracked by
hours expended in addition to dollars, and so these additional elements may be
needed as well. If the work of miscellaneous rough carpentry cost account were
self‐performed, an example of the cost elements to be tracked would be:
1.
2.
3.
4.
5.

Miscellaneous Rough Carpentry—Materials (dollars)
Miscellaneous Rough Carpentry—Direct labor (dollars)
Miscellaneous Rough Carpentry—Equipment (dollars)
Miscellaneous Rough Carpentry—Labor hours (hours)
Miscellaneous Rough Carpentry—Equipment hours (hours)

The CBS, the cost accounts, and the cost elements all have a numbering system that
allows for tracking, sorting, and reporting by computer. While the actual numbering
system may vary by company or by software employed, the basic idea is the same. It
is not uncommon and actually ideal to have the WBS and the CBS match numerically
and employ CSI MasterFormat as the organizational structure. This practice will be
discussed in more detail in Chapter 6—Integrating the Schedule and the Budget.
Table 5.3 is an example of the CBS, the cost account, and the cost element as it
might appear in a project cost report.
Summary Cost Account
Upper level managers frequently need summarized status updates where the actual
details are less important than the big picture. This big picture reporting is prepared
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Table 5.3 Project Cost Report Line
06‐10‐53 Miscellaneous Rough Carpentry
Cost Code/Element

Budgeted Value

This Period

06‐10‐53.10 Materials

$ 14,675.00

$ 7,655.14

06‐10‐53.20 Direct Labor

$ 85,655.00

$ 42,345.22

06‐10‐53.30 Equipment

$

5,435.00

$ 4,641.45

1,540.00

760.90

65.50
$ 105,765.00

06‐10‐53.40 Labor Hours
06‐10‐53.50 Equipment Hours
06‐10‐53.60 Total Dollars

Job‐to‐Date

Percent

Variance

$ 11,203.28

76.3%

$ 3,471.72

$ 65,955.22

77.0%

$19,699.78

$ 4,641.45

85.4%

$

1,185.80

77.0%

354.20

54.50

54.50

83.2%

11.00

$ 54,641.81

$ 81,799.95

77.3%

$23,965.05

793.55

in a summary cost account. The summary cost account is defined as the compilation of cost accounts at a specific level of the CBS. For an upper level manager that
may have oversight responsibilities for 15–20 projects, it is far easier to analyze
trends in a dozen summary accounts then to scan reams of paper representing 500
separate cost accounts.
Cost control and cost accounting are very different in both concept and practice.
Cost accounting is the tracking and recording of cost expenditures incurred on a
project. It adheres to accepted bookkeeping/accounting practices without which
a true and accurate status of the project may never be known. The structure of
the accounting practice is intended to serve whatever requirements there may be
with regards to capitalization, taxation, regulation, or contract requirements. Cost
accounting will assume as the basis the contract sum, including the profit component. Cost control, on the other hand, does not reflect the profit anticipated; it deals
strictly in cost. While the distinction may be subtle in syntax, in practice it has
quite a different impact.
In establishing a cost control system, the goal is to identify and control those cost
accounts and elements with the greatest potential to affect the final cost (positively
or negatively) and with only summary level control on the remaining elements.
Cost accounting makes no such distinction. It tracks all costs incurred.
One last note: The greatest variable in construction is direct labor cost. It is
often referred to as the “wild card” because of all of the circumstances and conditions that can affect it. Thus, a contractor engaged in serious cost control will
focus a laser‐like intensity on labor: hours, productivity, morale, or any other contemporaneous factor since the labor costs can often be the determining factor in a
successful project.
Other cost elements such as material and equipment can be reasonably predicted
with a high degree of accuracy especially if the project has been estimated correctly.
It should also be recognized that equipment and labor have a direct correlation
since most equipment needs an operator.
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Project Cost Report
Project cost reports, also called job cost reports, are the lifeblood of the cost
control cycle. Cost reports are produced by computer and as such have similar
features. In general, a cost report tracks costs from two reference points; currently (specific period) and in total. Cost reports describe in detail the actual costs incurred during a specific reporting period within individual cost accounts by cost
element. This is called the cost‐this‐period subtotal. In addition to reporting by
the period, the job cost report maintains a cumulative total of the costs incurred
on the same cost element. This cumulative total is called the cost‐to‐date total.
Comparing the current period to the cumulative total allows the project manager
to spot trends that may be developing from period to period. Many types of
reporting software forecast the cost at completion based on the current trend.
While trends are subject to change from reporting period to reporting period they
provide a good indication as to the direction the cost of a task is headed. The
trend used in conjunction with the progress report from the updated schedule
provides the project manager with valuable information for decision making. Job
cost reports should show clearly the actual cost performance as compared with
the estimated.
Data entry on costs incurred is typically done as invoices are received. Payroll
costs are posted on a weekly or biweekly basis with the reporting period to coincide with the update of the schedule. This is not true will all companies, as some
project managers prefer to see a more frequent cost report than schedule report.

The Budget as a Management Tool
The CPM schedule can be used to manage physical performance by providing
information to the project manager to increase crew size, work longer hours, or
add a second shift. In a similar manner, the budget acts as the maximum upset
or cap to the financial side of the controls process. Once the baseline budget has
been set, the project manager uses the budget as a cost metric for expenditures.
As individual cost accounts show trends, the project manager can decide what
action, if any, is appropriate. Negative trends may trigger an immediate investigation into the problem. In most circumstances, timely investigation coupled with
a corrective measure can often reduce or reverse a negative trend. Trends can be
positive, which indicates the work is progressing at less cost than anticipated in
the budget. While positive trends don’t typically require any corrective action, the
project manager may investigate the reason for enhanced performance to see if it
can be applied to improve the performance of another cost account.
Recasting the estimate into the budget can occasionally be a less than straightforward assignment. Multiple costs in the estimate are often combined into a
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single line item, which is best tracked individually for project control. Portions
of combined work may also be performed by separate work crews on‐site, which
furthers the need for separating costs. For example, assume that the estimated cost
for formwork (in SFCA) includes the cost to place the concrete as well. Since
the formwork is erected and stripped by carpenters, and the concrete is placed by
laborers, the project manager may choose to track these costs separately. In setting
up the budget, without intimate knowledge of the cost of concrete placement, the
project manager may have to assign a less than exact value for both the forming/
stripping and the placement. This is a common and acceptable practice. The disadvantage is that costs for each category (forming/stripping and placement) may
not reflect true costs for each scope of work. However, the combined costs are
representative of the full scope of work.
The moral of the story is that the absence of a detailed unit price estimate may
preclude accurate cost control at a detailed level.

Summary
Of equal importance to the integrated control process is the project budget. Since
few projects, if any, have unlimited financial resources, tracking costs are an
essential part of determining project status.
The estimate is deconstructed into a Cost Breakdown Structure to arrive at the
as‐planned budget for entire categories of work as well as detailed tasks. The level
of detail in the budget is directly related to the level of project control necessary to
manage the project. CSI MasterFormat, used for the WBS in the scheduling process, is often employed to arrive at the CBS. This provides continuity across both
cost and schedule that provides for more accurate and timely information by which
better decisions can be made.
In Chapter 6—Integrating the Schedule and the Budget, we will explore how the
integration provides the necessary tools to manage the project.

Chapter

6

Integrating the Schedule and
the Budget

In Chapter 4—The Schedule, we reviewed the process of scheduling using the
critical path method. We also discussed how a baseline schedule is used for
time management in the project control process. In Chapter 5—The Budget, we
reviewed how the estimate is used to construct a baseline budget for cost control.
We have discussed the individual contributions of both to the project control pro
cess. Now let’s integrate the schedule and the budget for the full impact of project
control. It is the combination of both schedule and budget that allows the project
manager the range of control needed to manage the work.
Let’s consider that our team has created and accepted a schedule that will be
used as the baseline for time management. That same team has deconstructed the
estimate, created a Cost Breakdown Structure, and is now ready to integrate the
two.

Schedule of Values
Before delving into assigning costs to tasks, there is a frame of reference issue
that needs to be clarified. Previously, it was stated that the majority of contracts
are performed under a stipulated sum delivery method. This delivery system is
based on providing work of a definitive scope for a fixed price. Under this meth
odology, the stipulated sum is based on a proposal or bid that eventually matures
into a contract with a fixed price. This process may include negotiation to arrive
at the contract sum. This delivery methodology is the framework for the following
examples. Within that contract price is the profit that the contractor has included
in the estimate. This estimate upon award will become the basis for the budget we
will use in cost control.
We also defined that cost is relative to the frame of reference it is viewed from.
For the owner, who will pay the contractor, cost includes the contractor’s profit,
also known by its more politically correct term—“fee.”
A major part of the project control system is translating the progress of the
work into earnings or receivables. It is receivables or cash flow that allows the

93

94  Integrating the Schedule and the Budget
contractor to pay direct costs incurred during the performance of the work, includ
ing the overhead to manage the process. Since most contractors have neither the
risk tolerance nor the financial stamina to wait for one payment at project comple
tion, the work is billed as it progresses. The process by which the contractor bills
or requests payment is called requisitioning. Requisitioning is the periodic billing
for the value of work that has completed in that period. The most common billing
period is the month or typical 30‐day business cycle.
Chapter 5—The Budget, discussed the assigning of a Cost Breakdown Structure
CBS and the tracking of costs from the contractor’s perspective. The CBS and
tracking of costs are highly proprietary to the contractor’s method of operation and
business model and are very rarely, if ever, shared beyond the contractor’s most
trusted employees.
However, because the owner is essential in the payment process and work is
requisitioned periodically, it is necessary for the contractor to establish values for
tasks or groups of tasks to serve as the basis of the billing. Again, it is a separation
of the work items that comprise the contract by their respective costs.
The industry term for the document that breaks the contract down into billable
values for work is called the Schedule of Values (SOV). The SOV is the decompo
sition of the contract into tasks or groups of tasks that have a dollar value assigned
to them. The total of the SOV must equal the contract price including the fee.
The SOV is used in the measurement process for determining what work has
been accomplished or earned. This will be discussed in detail later in the text.
For now, the focus is just on the Schedule of Values. It should be noted that
the word “schedule” in the name is misleading. The SOV is on the financial
side of control and not on the time management side. The definition of the
word schedule, in this application is “a written statement of details in a tabular
format.”
There are numerous schools of thought surrounding the breaking down of the
work for the SOV, The most common of which is the “more detail–less detail”
argument. Some contractors subscribe to the belief that the less detail, or less
breakdown, of the contract the better. The theory is that it offers a smaller win
dow to the owner into the inner cost breakdown of the work. The disadvantage
with less detail is that it provides a less factual basis for determining the value
of the work that has been performed. The value of the work is more subjective
to experience or opinion, which can be a source of dispute. Since most owners
would prefer to err on the side of caution and not overpay the contractor, these
disputes can often lead to a reduction in cash flow for the contractor and sub
contractors.
The opposing argument is that more detail is better. While this does allow a
more exposed view to the breakdown of the contract value, it also provides a more
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factual basis for determining the value of work completed with less interpretation
or opinion by the individual reviewing and approving the requisition.
As an example consider the following two breakdowns for the electrical work
on a project;
Less Detail
Electrical

$200,000.

and;
More Detail
Permits

$ 5,000.

Underground Service

$15,000.

Panels

$20,000.

Branch Wiring

$20,000.

Raceways

$10,000.

Power Wiring‐Equipment

$40,000.

Interior Lighting

$75,000.

Exterior Lighting

$10,000.

Closeout

$ 5,000.

While both examples total the same $200,000 value for the electrical work, the
more detailed breakdown provides more information for determining the value of
work completed. The less detailed method provides little information, which will
force the reviewer to substitute opinion or experience in determining value of the
work completed.
Another common debate is whether fee should be a separate line item or dis
tributed across all items as a percentage of each task. Either one is acceptable and
is typically dictated by the contract or owner’s preference. This is the same with
the distribution of home office overhead which can be included as part of the fee.
Many owners believe that if the fee is a separate line item, there is a more accurate
breakdown of the costs. With the distribution of fee across all items, there is a be
lief by owners that some items, especially those completed early on in the project,
will carry a heavier percentage of profit. The concern is that the owner will pay
more than the value of the work in place, and the contractor will be overpaid. This
practice of placing a greater percentage of profit on the earlier items is called front
loading. Most contractors practice some degree of front loading with the justifica
tion that it is intended to offset some of the financial burden caused by the retain
age held by the owner.
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In tough economic markets with contractors accepting projects with profit mar
gins in the single digits and retainage at 5 percent or 10 percent, it means that the
contractor may have to wait till the project is complete and paid for 100 percent
to realize a profit or even full overhead. This puts a disproportional amount of risk
in the contractor’s court and, in some cases, would be tantamount to the contrac
tor financing the project for the owner. While it is impossible to front load the
SOV sufficiently to offset all of the retainage, excessive front loading should be
discouraged whether it is recognized by the owner or not. Contractors that practice
excessive front loading often are left with insufficient funds to pay direct costs at
the end of the project due to the devaluing of tasks that occur near the end. It is also
considered a poor management practice by the sureties that provide the perfor
mance and payment bonds on projects. Sureties are at their greatest risk for failure
by their principals near the end of the project. To exacerbate this risk by reducing
needed cash flow is both dangerous and unnecessary. For the purpose of examples
in this chapter, the author has chosen the method of distributing overhead and
profit across all tasks.
As will be seen in the next section, there is a direct relationship between the
project baseline schedule and the Schedule of Values.

Matching Cost Values to Tasks
The first step in the integration process is to ensure that there is a direct relation
ship between a task in the schedule and the line item that represents it in the
budget. Simply stated, the task in the schedule must have a corresponding dollar
(or labor‐hour) value assigned to it. This value must be correct and accurately
represent the cost of the work to be performed. The matching of the task to its
realistic cost is essential to accurate project control. Without the correct assign
ment of dollar value to a task during the creation of the Schedule of Values, the
project manager will never have a clear and accurate snapshot of project status
for cost or time.
Matching costs to tasks in the SOV is nothing more than assigning the budgeted
dollar value including the task’s respective share of overhead and profit to the task.
For example, consider the task of setting of precast concrete curbs on a project.
Assume the task to be self‐performed. A look at the baseline budget for this task
might appear like Table 6.1.
The cost account for this task would read as 32.16.13.26: Precast Concrete
Curbs with a total cost of $62,340.77. Note the cost account code employs CSI
MasterFormat as the numbering system. In addition to the CSI MasterFormat, a
contractor might add a project number for more definition.
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Precast Concrete
Curbs

Fine grade and
compact
excavation for
curbs

Furnish and
install precast
concrete
curbs

Back up curb
with 3000 psi
concrete

32.16.13.26

1.01

1.02

1.03

Precast Concrete
Curbs Total

Description

Section

26

2450

2450

CY

LF

SF

Quantity Unit

Table 6.1 Budget for Precast Concrete Curb

$98.12

$13.39

$ 1.45

Unit Cost

$38,909.45

$ 2,551.45

$32,805.50

$ 3,552.50

Total

Material

$12.88

$ 5.85

$ 1.21

Unit Cost

Total

$17,631.92

$334.92

$14,332.50

$ 2,964.50

Labor

$66.10

$ 1.09

$ 0.58

Unit Cost

$5,799.40

$1,718.60

$2,670.50

$1,410.30

Total

Equipment

$62,340.77

$ 4,604.97

$49,808.50

$ 7,927.30

Total

Total
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The cost elements set up for tracking purposes would be as follows:
32.16.13.26.1: Precast Concrete Curbs–Materials–$38,909.45
32.16.13.26.2: Precast Concrete Curbs–Labor–$17,631.92
32.16.13.26.3: Precast Concrete Curbs–Equipment–$5,799.40
32.16.13.26.4: Precast Concrete Curbs–Totals–$62,340.77
While this budget may be suitable for tracking costs on the task, it would be less
than adequate for the requisitioning of work completed. The previous number is
“raw” or unburdened and does not contain markups for home office overhead and
profit. These are typically added in the recapitulation phase on the Estimate Sum
mary sheet. Assuming a combined markup for home office overhead and profit
(O&P) of 10 percent, the same line item in the SOV would be:
$62,340.77 + 10% for O&P = $68,574.85 or $68,575
The dollar value with the markup for overhead and profit is called the scheduled
value for the task. This means that when the task is 100 percent complete the con
tractor will have earned $68,575.00. This number represents not only the cost to
the contractor, but the incremental home office overhead and profit that has been
assigned to the precast concrete curb task in the estimate.
Now consider the schedule portion of the integration. Based on historical cost
data, the production rate for our crew to install the curb is approximately 410 LF
per day complete. This has been tracked over numerous other curb installation
projects. Calculating the duration (D) of this task using the daily production rate
method and the total quantity (Q) of 2,450 LF from the estimate (D), would be:
D = Q ÷ DO; 2,450 LF ÷ 410 LF/day = 5.97 days or 6 days
Based on this analysis, it is easily concluded that the task of furnishing and
installing precast concrete curb for our sample project has a duration of six
days in the schedule and the budgeted value of the work when complete will be
$68,575.00. These two parameters are called baseline values. They represent the
planned values for both time and dollars earned. The requisitioning of this task
will be compared to these performance metrics.
It is further known from our cost account, 32.16.13.26: Precast Concrete Curbs,
that the direct cost of this task based on our cost elements is a total of $62,340.77.
From this information the project manager can conclude:
●●

●●

If the direct costs to perform the work (materials, labor, and equipment) are
$62,340.77, then the cost proceeded exactly as planned.
If the costs total more than the $62,340.77, the work has cost more to perform
than expected and money has been lost on the task.
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●●

If the costs total less than $62,340.77, the work has cost less than expected to
perform and profit from the task will be larger than expected.

We can conclude from the planned duration that:
●●

●●

●●

If the work is 100 percent complete in six days, the work was performed as
planned and the schedule proceeded exactly as planned.
If the work takes longer than six days, the work was performed slower than
expected and scheduled time was exceeded.
If the work takes less than six days, the work was performed faster than ex
pected and we have decreased the scheduled time.

It should be noted that both cost and time are predicated on the means and
methods that were the basis of the plan as well as the crew to perform the work.
Once either parameter changes, crew size or the planned means and methods, our
performance data is not representative of our plan.

Planned vs. Actual Values
It is important to consider what other information can be derived from the in
tegration of cost and schedule. In order to use this information to both manage
the work and forecast performance, one must have an understanding of how
work progresses and value is earned. There are some assumptions that must be
adhered to:
1. All tasks are being performed by professional tradespersons.
2. The tradespersons have the appropriate materials, tools, equipment, and
training to perform the task.
3. The crew assigned to perform the task is the optimal crew. All crew
members are contributing to the production.
4. Work is being performed continuously without any interruptions or delays.
5. The workday remains a constant eight hours per day.
Consider how any task is performed. To start the task the crew assembles, re
ceives direction, or reviews plans for scope, sets up materials and equipment with
possibly some layout, and then proceeds to perform the actual task. Frequently
the work starts off slow, until all crewmembers (or the individual) performing the
work become comfortable with the process. This is referred to as the learning
curve for the task. Learning curves vary considerably with complexity of the task
being performed. As the crew repeats the task over multiple cycles, their produc
tivity improves until such time as they have reached the maximum productivity
achievable for the crew in performing that task. Near the completion of the task,
productivity may wane, as some of the incomplete items are finished, or setups to
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perform the task are broken down, until finally the task is complete. This is called
the wrap‐up phase of the task. Figure 6.1 illustrates a task life cycle.
With the exception of mastering the learning curve at the beginning of the task
and the wrap up at the end of the task, the work is performed fairly uniformly. That
is to say that the production rate remains fairly constant over the majority of the
duration. Because the construction industry recognizes the distinct phases in the
performance of a task, it averages productivity across the full duration of the task.
The logic is that the average more closely represents the productivity of the task
than the productivity from any one specific phase. A more thorough discussion of
productivity will be conducted in Chapter 10. If productivity is the average work
accomplished per unit of time, and time is measured in workdays of eight hours,
then the average daily output can be calculated with relative ease. The average
daily output can be defined as the average daily amount of work produced over
the duration of the task. (Both the Daily Production Method and the Labor‐hour
Productivity Method discussed previously are based on average productivity over
the life cycle of the task.)
Learning Curve

Wrap up

Task Production

Period of maximum productivity

Task Duration

Figure 6.1 Task Life Cycle
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Expanding this concept further, the project manager should be able to forecast
productivity based on the average daily output. Applying this concept to the pre
cast concrete curbing example detailed earlier, the project manager can forecast
how much curb has been installed at any day along the six‐day duration of the task.
If the average daily output of 410 LF per day is used, and we have a total of
2,450 LF, then:
●●
●●
●●
●●
●●
●●

Day 1—410 LF is installed for a total of 410 LF
Day 2—410 LF is installed for a total of 820 LF
Day 3—410 LF is installed for a total of 1230 LF
Day 4—410 LF is installed for a total of 1640 LF
Day 5—410 LF is installed for a total of 2050 LF
Day 6—400 LF is installed for a total of 2450 LF*

The project manager could use this information to determine what he or she
could expect to see when visiting the site or when reporting on anticipated prog
ress. For example, if the project manager was to visit the site at the end of the day
on Day 4, he or she should expect to see approximately 1,640 LF of precast curb
installed if the work is progressing as scheduled.
Combining both the scheduled value of the work in dollars from the Schedule of
Values with the anticipated progress predicted in the schedule, the project manager
can forecast earnings from this task at any point along the schedule. In turn, the
project manager could anticipate the amount of money the contractor would earn
as the work progressed by distributing the value at each day:
●●
●●
●●
●●
●●
●●

Day 1—total of 410 LF and earned $11,471.80
Day 2—total of 820 LF and earned $22,943.60
Day 3—total of 1230 LF and earned $34,415.40
Day 4—total of 1640 LF and earned $45,887.20
Day 5—total of 2050 LF and earned $57,359.00
Day 6—total of 2450 LF and earned $68,575.00*

The scheduled value of the task distributed over the duration of the task is called
the task’s planned value. Planned value is determined by assuming a pro rata dis
tribution of dollar value over time and that the work will be performed reasonably
uniformly for the duration of the task. In reality, the performance of the work may
be substantially different from what actually occurs during execution. This inte
gration of scheduled value with anticipated duration is the foundation of practical
project control. This not only allows the project manager to plan the work to be
accomplished, but can also predict when the money will be earned. The dollar
*Adjusted for reduced quantity available.
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value of the work scheduled to be accomplished in a specific time period is called
Budgeted Cost of Work Scheduled (BCWS).
Any project manager with a modicum of experience knows that work doesn’t
always go as planned. In fact, it rarely, if ever, proceeds exactly as planned. How
ever, the relationship between schedule and value remains constant as the work is
executed.
Revisiting the example of the installation of the precast concrete curb, at the
end of Day 4 our project manager visits the site and determines that the progress
is behind. The total curb installed to date at the end of Day 4 is 1500 LF instead
of the 1640 LF that was anticipated by the schedule. As a result, the dollar value
earned is commensurate with the progress and can be calculated:
1,500/1640 = .915; or .915 × $45,887.20 = $41,986.79
This new value represents the dollar amount earned based on the actual perfor
mance. It is called the earned value of the task and is a key component in assessing
progress. When it is measured in terms of the planned value, it is called the Budgeted Cost of Work Performed (BCWP). The BCWP is the actual dollar amount
earned based on what was scheduled to be earned. It is this relationship between
the BCWP and the BCWS over multiple reporting periods that define a trend or
repetitive pattern in performance. The BCWS and the BCWP are two‐thirds of the
trinity called Earned Value Management.

Summary
Combining costs with schedule allows the project manager a new window into
the status of the project. The direct relationship between progress and the amount
of money earned remains constant. The project manager can use the integrated
information to predict future performance in terms of schedule as well as for cash
flow management.
As the basis for payment the project manager creates the Schedule of Values
(SOV) that reflects the full value of the work including overhead and profit. It is
the SOV that will be used along with the schedule to establish the value of the
work the contractor will be paid. It is critical that the individual items in the SOV
represent real, not inflated values to obtain a genuine status of the cost model for
the project.
Chapter 7—Calculating and Analyzing Progress, will explore the measurement
process further and the last component to the Earned Value Management system.

Chapter

7

Calculating and Analyzing Progress

A crucial part of the project control process is the accurate measurement of the
progress of the work, without which it would be impossible to calculate the status
of the project accurately. It is the measurement of progress for each individual
item, however dissimilar from the next, that summarizes the overall progress of
the project.
Analyzing progress and its monetary value is part of the tracking process and
occurs during the execution of the work. However, it has little chance of success if
the appropriate baseline controls for costs and schedule have not been established.
Building on Chapter 6—Integrating the Schedule and the Budget, this chapter will
explore ways in which to measure the units of completed work and apply it to the
calculation of monetary earned value.

Measuring Performance
The application of sound measurement techniques during the analysis of earned
value makes it possible to determine the status of the progress accurately. It also
has the distinct advantage of providing an early warning sign for projects that
are in trouble. As a first step in the Earned Value Analysis, the project manager
must accurately calculate the units of work that have been accomplished. There are
generally six recognized methods for calculating progress on a construction task.
These methods range from straightforward mathematical calculations to subjective
ones based on experience.

Units Completed
The first method is straightforward and applies to types of tasks that involve repeated production of easily measured units of work. These tasks require approximately the same amount of time or effort to complete and rarely include subtasks.
If subtasks are involved, they are typically performed simultaneously with the
prime task. The placing and finishing of a concrete slab illustrates the type of work
with subtasks that are handled simultaneously such as placing vapor barrier, setting welded wire fabric, etc. Despite the subtasks, progress is typically calculated
on the area of finished slab or by the cubic yard placed.
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Another good example of a task whose progress is easily measured in terms of
units completed is the installation of 2' × 4' fluorescent light fixtures dropped into
an acoustical ceiling grid. If a building had 200 light fixtures to install and 100 of
them were installed, the percent complete would be 100 ÷ 200 = .50 or 50 percent
complete. The percentage complete is based on a physical counting of the number
of light fixtures installed. This can be applied to a large majority of construction
tasks and requires no experience‐based judgment.

Incremental Milestone
The second method is best used for a cost account that is comprised of subtasks
that must be completed in sequence. It is called the incremental milestone or steps
method. As an example, consider the forming and placing of a concrete foundation wall. There are a series of steps or operations that are performed in sequence,
and each one contributes to the final product. The operations to complete the task
include the following:
●●
●●
●●
●●
●●
●●
●●

Lay out foundation walls on footings.
Erect inside wall panels and brace.
Set horizontal and vertical rebar in formwork.
Erect outside wall panels and brace.
Place and finish concrete in formwork.
Strip and remove formwork.
Break ties and patch voids/holes.

For each of these operations, there is a budgeted amount of time (labor‐hours)
that will be expended by the crew to accomplish the work. As each operation is
completed, a mini‐milestone is accomplished and represents a percentage of the
total installation of the foundation wall.
For example, here are percentages of the total applied to each operation based
on labor‐hours:
●●
●●
●●
●●
●●
●●
●●

Layout foundation walls on footings ‐ 32‐hrs = 10.0%
Erect inside wall panels and brace ‐ 88‐hrs = 37.5%
Set horizontal/vertical rebar in formwork ‐ 40‐hrs = 50.0%
Erect outside wall panels and brace ‐ 100‐hrs = 81.0%
Place and finish concrete in formwork ‐ 20‐hrs = 87.5%
Strip and remove formwork ‐ 30‐hrs = 97.0%
Break ties and patch voids/holes ‐10‐hrs = 100.0%
Total 320‐hrs

The percentage chosen to represent each operation is based on the labor‐hours
expended as a ratio to the total. Each step is cumulative and is equivalent to having
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completed that percentage listed of the total installation. In order to use the incremental milestone process, there would have to be an agreement in advance as to
the appropriate percentages of each of the subtasks.

Start/Finish
The Start/Finish method has its greatest appeal for those tasks that lack readily definable intermediate milestones or for which the time required for each operation is
difficult to estimate. It focuses on only the start and finish of the task. This method
has its greatest success with tasks that are fairly short in duration. These tasks have
an easily discernible start and finish date, but status updates in between are not
always possible. Classic examples include testing services such as load tests on
electric panels, flushing and cleaning of piping, and similar tasks.
The Start/Finish approach assigns a percentage of the total value at the start of
the task and the remaining percentage when the task is complete. For example,
what is called the “50/50 rule” works on shorter duration, lower value tasks. Under
the 50/50 rule, 50 percent of the value of the task is earned upon commencement.
At completion of the task, the remaining 50 percent is earned. Other “rules” include the 20/80 rule for slightly longer duration and higher value tasks. For very
short tasks, the 0/100 rule is often applied. That is, there is no earned value until
the task is 100 percent complete. This is often applied to testing tasks that have
little if any value until the results of the test are available. Regardless of the agreed‐
upon percentage, value is earned at only the start and the finish of the task. The
applicable rules to use and the respective percentages are often the results of a
negotiation between the contractor and the owner.

Cost Ratio
The Cost Ratio approach is applicable to tasks such as project management, general
conditions, quality controls, and contract administration. This approach works best
on tasks that involve long durations and are continuous over the life of the project.
They are budgeted on mass allocation of dollars versus labor‐hours of production.
The Cost Ratio approach allows the contractor to earn value commensurate with the
overall percent of project completion. For example, under the Cost Ratio approach,
if the overall progress of the project was determined to be 42 percent, then the contractor would have earned 42 percent of the overhead and the fee.

Experience/Opinion
This is the most subjective approach with often no factual substantiation to support the results. It is used for minor tasks only where a more definitive basis
cannot be used. It is most often used for operations such as dewatering, frost
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removal/protection, or constructing support facilities. It should come as no surprise that this method can be the source of substantial disagreement between the
contractor and the owner or architect. The Experience/Opinion approach should be
used sparingly, and avoided whenever possible.

Weighted or Equivalent Units
This method has its greatest appeal where the task under control has a long duration and is composed of multiple subtasks with dissimilar units of measurement.
The erection of a structural steel package is a good example since it has several
subtasks to achieve the finished product, each with a different unit of measure,
all requiring resources and labor‐hours to complete. In this case each subtask is
weighted according to the estimated level of effort (in labor‐hours) or by dollar
value that is dedicated to each subtask. This weighted value is then transferred into
the predominant unit of measure for the task: in the case of structural steel, tons.
As a quantity of each subtask is completed, it is converted to equivalent tons to
arrive at the percentage complete of the prime task, the erection of steel. Table 7.1
is an example of the Weighted or Equivalent Units method.
A variation of this approach utilizes equivalent units for each operation. In the
previous example, each operation would be assigned a unit of measure that is
equivalent in tons.
It is not uncommon to have a mix of these methods on a single Application for
Payment when trying to determine the value of the entire project.
Table 7.1 Example of Weighted Method
Weight
(tons)

Subtask

0.02

Check foundation bolts

0.02
0.05

Unit of
Measure

Quantity
Total

Equivalent Steel
Wgt.

Quantity to
date

EA

200

10.4

100

5.2

Shim

%

100

10.4

100

10.4

Shakeout

%

100

26.0

100

26.0

0.06

Columns

EA

84

31.2

74

27.5

0.10

Beams

EA

859

52.0

250

15.2

0.11

Cross‐braces

EA

837

57.2

0

0.0

0.20

Girts & sag rods

bay

38

104.0

0

0.0

0.09

Plumb and align

%

100

46.8

5

2.3

0.30

Connections

EA

2977

156.0

74

3.9

0.05

Punchlist

%

100

26.0

0

1.00

Steel

TON

* Earned tons to date = (Quantity to date) (Relative weight) (520 tons)/ (Total Quantity)
Percent complete = 90.5 tons/520 tons = 17.4%

520.0

Earned
Tons*

0.0
90.5
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Earned Value
Having reviewed the accepted methods for measuring progress on individual tasks,
the next challenge is to determine the percentage of completion for the project as a
whole. The process for determining either the progress on an individual task or the
project as a whole is called Earned Value Analysis. Earned value is linked to the
budget values used in the Schedule of Values. It is typically expressed in dollars
(or labor‐hours) since they are the only common denominator among the variety
of cost accounts found on a project.
The Earned Value Analysis starts with the time‐phased costs that we addressed
in the discussion of the SOV, which provides the project baseline that is the anticipated or planned value of the work scheduled in accordance with the budget.
Earned Value Analysis can be applied when budgets are both fixed (stipulated
sum contracts) and variable (cost plus contracts).

Fixed Budget Approach
The Fixed Budget approach is used with stipulated sum contracts in which the
scope of work is tied to a fixed dollar amount. The fixed budget amounts are the
basis of the cost accounts. As in the discussion of the Schedule of Values (see
Chapter 6—Integrating the Schedule and the Budget), the Fixed Budget approach
utilizes each individual line in the SOV as the maximum amount that can be earned
for that item when the work is 100 percent complete. It establishes a direct relationship between the percent complete and the SOV maximum. The relationship
for a single task is expressed by the following formula:
Earned Value (EV) = Percent Complete × Maximum Budget
As demonstrated by the formula, the higher the percentage of completion, the
higher the earned value until the maximum budget amount has been earned when
the task is 100 percent complete. The contractor can never earn more than the
maximum budget amount for the task since mathematically he or she can never be
more than 100 percent complete. Consider the task of installing the light fixtures
from earlier in this chapter. If the progress was measured at 50 percent complete
and the total value for all 200 light fixtures was $35,000 when complete, we could
determine the earned value at 50 percent as follows:
EV = (0.50) × $35,000 = $17,500
Since progress in all cost accounts can be calculated using the same formula, the
products can then be summarized to arrive at the total progress of the project as a whole:
% Complete = Sum of EV of all tasks ÷ Maximum Budget value of all tasks
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The Fixed Budget approach derives its accuracy from the correct distribution
of costs within cost accounts. Should the initial distribution prove incorrect due
to poor estimating practice, incorrect quantities, or even unrealistic productivity
assumptions, the project manager should redistribute the available budget amounts
to match the recently acknowledged work conditions or the corrected requirements. If the project has been correctly estimated, the redistribution will provide
a more accurate view of progress. If the cost account is underbudgeted, it will
become evident fairly quickly by showing a higher percentage of completion than
visual inspection will support. Cost overruns that arise on properly distributed cost
accounts have the advantage of helping provide more accurate historical data for
estimating the same task in the future.

Variable Budget Approach
The Variable Budget approach is particularly suited to projects with a nonfixed
or cost‐plus delivery methodology. On projects with Cost‐Plus Fee contracts, the
maximum upset is estimated based on the best information available at the time,
but is subject to change as the full scope becomes known or the contract documents
are completed. In contrast to the Fixed Budget approach, which is constrained by
the fixed budget for the entire project, the Variable Budget approach makes use of
the changing budget.
In much the same manner as the Fixed Budget approach, each task is assigned a dollar amount in the Schedule of Values based on known information
at the time of budget development. As each task is further defined, its budget is
adjusted to reflect the change in quantities (or scope). At regular intervals, typically just prior to the Application for Payment, the control budget is updated
to acknowledge the change in quantities. Most often the updating of the budget
is done with the owner, design team, and contractor all in agreement with the
new quantities and values. When agreed upon, the new budget is called the
Quantity Adjusted Budget (QAB). Here is the formula for calculating EV with
this approach:
EV = Percent Complete × Quantity Adjusted Budget (QAB)
It is not uncommon for percentages of completed work to decrease after new
QABs have been introduced. While the appearance of “going backwards” is always
considered disheartening, it is the nature of variable quantity work. In turn, as the
quantities are adjusted up, there is typically a corresponding extension of time to
the schedule to perform the additional work.
The reader is offered a word of caution in using the Variable Budget approach.
Most cost‐plus contracts commence work in advance of having completed
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documents. This is done under the moniker of fast‐track delivery, which by its
nature has a high degree of “rework,” which is defined as taking recently completed work apart and redoing it to accommodate changes in the design. Rework
adds costs that are often substantial to a project, and as such it should be tracked
separately. This is especially true if the reporting of costs on rework is a contractual requirement. Even though the client often pays for the rework, it would
be incorrect to include the added cost for the rework in the percentage complete
calculation. The result would be an erroneous value for the percent complete of the
task or the project. To avoid skewing the data, cost accounts are set up for rework
to be tracked independently.

Choosing a Fixed or Variable Approach
The choice of which approach to apply is often a matter decided by the contract.
In other cases, it is dictated by the project conditions or by choice. Stipulated sum
contracts orchestrated under the design/bid/build methodology are best served by
the Fixed Budget approach. For projects that have been started with incomplete
contract documents and flexible budgets, the Variable Budget approach is used.
This method is most responsive to the varying quantities and maturing budgets that
occur as the project becomes fully defined. Each approach has definitive characteristics that reflect the desired control.
The Fixed Budget approach is defined by the following characteristics:
●●
●●

●●
●●
●●

Simplified tracking and bookkeeping offers less chance for human error.
The performance data (SPI, SV, CPI, and CV) are subject to erroneous results
if the cost account budgets are not accurately distributed.
The cost account budgets provide a fixed target that is easy to see and interpret.
It provides a direct evaluation of cost and schedule performance.
It requires a separate system for the evaluation of productivity.

The Variable Budget approach has the following characteristics:
●●

●●

●●
●●

●●

It requires more frequent attention to data management due to constantly
changing baseline/budget values.
Special provisions and data management are needed for tracking rework costs
and time.
It is ideal for projects with fluctuating budgets and partially defined documents.
It can be used during initial phases of a project when there is a variable budget
and then can be converted to a Fixed Budget approach when all parameters
are known.
It provides a direct evaluation of productivity when there is no change in
wage rate.
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●●

●●

It provides a moving budget that has a direct relationship to the actual quantities of work and the productivity rate for the tasks.
It requires a supplementary system for the evaluation of cost performance if
used with a fixed budget.

Regardless of the approach employed, measuring performance hinges on two
key computations:
●●
●●

Comparing earned value with the planned value
Comparing earned value with its actual costs

These comparisons are made at the cost account level or even at the cost element level.

Schedule and Cost Performance
The concepts previously mentioned provide a process for determining the percent
complete and earned value of various tasks or the entire project. The next step is to
analyze the results for determining how well the work is proceeding in accordance
with the plan. The earned value system is particularly adept at providing the information with little additional calculation.
Until now the discussion has centered on planned value and earned value
amounts. However, there is a third category that is needed for the analysis of
performance. Two of these categories were introduced at the end of Chapter 6—
Integrating the Schedule and the Budget. Consider the following outline of the
three categories needed for analysis:
●●

●●

●●

Budgeted dollars (or labor‐hours) to date is what the contractor had planned
to do and is called the Budgeted Cost for Work Scheduled (BCWS). This is
also known as the Planned Value (PV).
Earned dollars (or labor‐hours) to date is what the contractor actually did and
is called the Budgeted Cost for Work Performed (BCWP). This is also known
as the Earned Value (EV).
Actual dollars (or labor‐hours) expended to date is what it costs the contractor
and is called the Actual Cost of Work Performed (ACWP). It is what it costs
the contractor to earn the value of the BCWP. This is also known as the Actual
Cost of Work Completed (AC).

The newly introduced category of ACWP is the final component in the trinity
of Earned Value Management. It is defined as all actual costs measured against the
budget amounts for the cost elements in each cost account.
Performance measured against schedule is the comparison of what was planned
to have been done to what was actually done. In other words, it is a ratio of
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b udgeted value to earned value. It is a measure of schedule efficiency. If budgeted
dollars (or labor‐hours) are less than earned dollars (or labor‐hours), it translates
to performing more work than planned. It also suggests that the task may be ahead
of schedule. If budgeted dollars are more than earned dollars, it means less work
is being performed than planned and the task is more than likely behind schedule.
Schedule performance efficiency can be measured using the schedule performance index (SPI):
SPI =

Earned Value (in dollars or labor-hours)
Budgeted Value (in dollars or labor-hours)

or
SPI = BCWP/BCWS
For SPI values that are equal to 1.0, it means that the work is progressing exactly
as planned. For values of less than 1.0, the work is behind schedule and considered
an unfavorable performance. For values greater than 1.0, the work is progressing
faster than planned and is recognized as a favorable performance.
It is also possible to report the difference between planned and earned value
in monetary terms as a variance, instead of as a ratio. This is called the Schedule
Variance (SV):
SV = Earned Value − Budgeted Value
or
SV = BCWP − BCWS
The SV is calculated in terms of the difference between the work actually performed and the amount of work scheduled to be completed in any given time
period. It can be expressed in dollars or labor‐hours. Variances that result in positive numbers (dollars or labor‐hours) are considered favorable, and those that are
negative are not favorable.
Schedule performance reported as a variance (SV) or as a ratio (SPI) can be
confusing due to the use of the word “schedule” since SV and SPI are not measured in days, the typical unit of schedule. Nonetheless, they are still measures of
schedule performance.
Table 7.2 is an example of the SV and SPI calculation for a single arbitrary Task A.
A quick review of the cost account reveals that Task A performed better in all
cost elements than scheduled.
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Table 7.2 Calculation of SV and SPI
Cost Account: Task A
Schedule
Performance
Index (SPI)

BCWP

BCWS

Schedule
Variance (SV)

Materials

$37,885.00

$36,778.00

$1,107.00

1.03

Labor

$66,890.00

$62,345.00

$4,545.00

1.07

Equipment

$ 3,300.00

$ 3,280.00

$   20.00

1.01

1,529

1,425

104

1.07

Cost Element

Labor‐Hours

Performance measured against cost is the comparison of what it was planned to
have cost the contractor to what it actually cost. Cost performance is measured in
much the same way as schedule performance is measured by using the cost performance index (CPI):
CPI =

Earned Value (in dollars or labor-hours)
Actual Cost (in dollars or labor-hours)

or
CPI =

BCWP
ACWP

For CPI values that are equal to 1.0, it means that the cost of the work is exactly
as planned. For values of less than 1.0, the work is costing more than what is being earned. This is considered an unfavorable cost performance. For values greater
than 1.0, the work is costing less than the amount earned and is recognized as a
favorable cost performance.
Similar to schedule performance, it is also possible to report the difference between planned value and cost in monetary terms as a variance, instead of as a ratio.
This is called the Cost Variance (CV):
CV = Earned Value – Actual Cost
or
CV = BCWP – ACWP
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Table 7.3 Calculation of CV and CPI
Cost Account—Task A
BCWP

ACWP

Cost Variance (CV)

Cost Performance
Index (CPI)

Materials

$37,885.00

$33,789.00

$ 4,096.00

1.12

Labor

$66,890.00

$56,856.50

$10,033.50

1.18

Equipment

$ 3,300.00

$ 3,100.00

$   200.00

1.06

1,529

1,300

229

1.18

Cost Element

Labor‐Hours

CV can be expressed in dollars or labor‐hours. Variances that result in positive
numbers (dollars or labor‐hours) are considered favorable, and those that are negative are not favorable.
The reader should note that in cost performance measurement, the planned
value, especially as represented in the Schedule of Values, is often burdened with
overhead and profit. The real planned value referenced is that which is represented
by the cost account. The difference between the two is the application of overhead
and profit. In the case of a Schedule of Values, which has separate individual lines
for overhead and profit, the planned value is the same as the planned cost and can
support a direct comparison in computing the CV.
Table 7.3 is the calculation of the CV and CPI for our same arbitrary Task A.
The data reveals that Task A is ahead of anticipated cost performance in all cost
elements.
One final calculation used as a measure of total project performance is called
the Total Variance (TV). It is the difference between the budgeted cost of work
scheduled and the actual cost of work performed.
TV = BCWS − ACWP
A positive value for the TV indicates that the project as a whole is under budget
at the time of analysis. It indicates that there has been less spent by the analysis
date than originally planned. It is less useful because it does not address the reason behind the underrun. There is also a formula for calculating the percent total
variance (PTV):
PTV = BCWS − ACWP/BCWS
Again, TV and PTV are “big picture” tools and not that helpful to the project
manager diagnosing the status of the project.
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Summary
Most analysis is performed by computers to save time and increase accuracy.
Computers allow the project manager to do analysis on hundreds or perhaps
thousands of cost accounts that provide the team with real time data for decision
making.
The first step in analyzing progress is measuring the amount of work performed.
There are six methods for measuring the quantity of work performed. Once the
quantity of work has been determined, it must be compared with the amount
of work that was planned to be accomplished. This process is called Earned
Value Analysis, and it is the basis for payment to the contractor. There are two
approaches for performing Earned Value Analysis: the Fixed Budget and Variable
Budget approaches. Each has unique characteristics that make them appropriate
for certain applications.
A very important tool for the project manager is the measure of performance,
both schedule and cost. This is done by measuring the efficiency of both cost and
schedule performance and is expressed in ratios as CPI and SPI, respectively. It
can also be reported as a difference in cost represented by a dollar value. These are
the CV and the SV, respectively.
Chapter 8—Analyzing and Reporting Variances in Schedule and Cost will
explore the reasons behind variances and the information that can be derived
from them.

Chapter

8

Analyzing and Reporting Variances
in Schedule and Cost

Having determined that either the schedule or the cost of the plan is not proceeding
as intended, the project manager must review and analyze data. He or she must then
decide if action needs to be taken or if the variance is part of the normal course of
events. Chapter 7—Calculating and Analyzing Progress discussed the proper methods for measuring progress and converting those measurements to earned value.
The discussion was expanded to include the efficiency ratios that are helpful in
identifying any variations. The next step is to consider the scale of the variances and
efficiencies and what impact they may have on the project, if any at all.
For most variances there is a reason; some are easily determined and others
require a more in‐depth investigation. This chapter will explore the presentation of
the analyses, how they are interpreted, potential causes of the variances, and lastly,
how to identify their root causes.

Understanding Project Analyses
There are numerous ways in which project data can be viewed. As noted previously, data streams from a variety of sources must be compiled and then analyzed to
have any real benefit to the team. One of the methods is to present the information
graphically. Some of the more common graphic views are explored in this section.

S‐Curves
The S‐curve is a graphic illustration that most project managers in the construction
industry are familiar with. An S‐curve is a sigmoid function, which is a mathematical
process with results that, when plotted on an X‐Y axis, vaguely represent the letter “S.”
Many processes, including the complex system that we know as the construction project, exhibit a slow buildup that accelerates to a peak loading of labor and
equipment, followed by a tapering off and demobilization at completion. When
progress, measured in dollars or labor‐hours, is plotted against time, the resulting
S‐curves can be used to visually demonstrate progress for a variety of tasks or the
project as a whole.
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As part of the control process, the project manager must monitor actual progress
against planned progress for the entire project. The Earned Value S‐curve allows
the project manager to view the relationship between three main measurement values: BCWS, BCWP, and ACWP. It illustrates the cumulative progression of work
over time for each value.
When the results of all three are plotted on a graph of dollars versus time, it
is possible to determine at any given date (status date) the difference between
planned, earned, and actual. It is displayed in terms of deviation from the planned
schedule and cost. The EV S‐curve (EVS) forms a historical record of what has
happened over time (Figure 8.1). Analyses of EVSs allow the project manager to
quickly identify project growth, slippage of tasks, or potential problems that could
impact the project as a whole if no corrective action is taken.
It should also be noted that while most example graphs show smooth flowing
lines for the actual cost of work performed (ACWP), it is rarely the case. Graphed
lines for ACWP will ebb and peak with job conditions.
Understanding the S‐Curve Data
The EVS provides a tremendous amount of data, some of which can be very confusing as well as informative. Before proceeding with interpreting the data, a review of some of the basic information on the EVS might be helpful.
Estimate at
Completion

Management Reserve
Total Allocated
Budget

Budgeted Cost of Work Scheduled (BCWS)

Cost (in dollars)

SV
Budgeted Cost of Work
Performed (BCWP)

Budget at
Completion
CV

Actual Cost of Work
Performed (ACWP)

Status Date

Time

Original Substantial
Completion

Figure 8.1 Example of Earned Value S‐Curve

Late Substantial
Completion
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For starters, the graph is plotted on an X‐Y axis. The horizontal or X‐axis is traditionally reported as a function of time. The unit of time will vary with the reporting
cycle frequency, but is most often the week. It should match the reporting cycle for
cost and schedule data so that the graph can be coordinated to specific data from the
individual information streams. The X‐axis is labeled “Time” and progresses from
the commencement of work to the scheduled completion date of the project.
The vertical or Y‐axis is shown on the left side of the graph. The unit for the
Y‐axis can be dollars or labor‐hours depending on the analyses required. This example will focus on dollars. The scale of the Y‐axis should start at zero and finish
just beyond the total budget amount. The increments should be roughly the same
as the X‐axis to maintain a uniform appearance both vertically and horizontally.
Dollar amounts on the vertical scale are cumulative.
At the far right of the graph is the completion date of the project. It is shown
as a vertical line parallel to the Y‐axis. Standard convention is that the completion
date is the Substantial Completion date, but both Substantial and Final Completion
dates may be shown.
A horizontal line at the top of the graph starts at the total budget amount on the
Y‐axis and ends at the completion date(s). This is called the Budget at Completion (BAC). It represents the total anticipated expenditures on the Performance
Measurement Baseline (PMB). The PMB is the metric established in the planning
phase that will be used for comparing performance. This horizontal line is also
recognized as the Original Budget and may actually be a target budget set by the
project manager or senior management for the contractor. The target budget is the
estimated amount less negotiated buyout obtained from subcontractors and vendors.
A second horizontal line above and parallel to the BAC represents the Total
Allocated Budget (TAB). The TAB, as its name would imply, is the total budget
available for the project. This is the budget, less the fee as represented by the as‐bid
estimate.
The difference between these two horizontal lines is called the Management
Reserve (MR). MR is a contingency held internally by the contractor.* The MR
The reader should note that Management Reserves can be established by the owner/client as a matter
of course. These can be internally held or as part of special types of partnering contracts. In contrast
to the MRs noted previously these MRs are acknowledged by both the owner and the contractor.
There are very specific rules for drawing funds from the MR; foremost among them is approval from
the owner. MR funds are established early in the process with the help of the owner’s construction
manager and/or the design team and are normally a percentage of the construction budget. Renovation or unique one‐of‐a‐kind projects have large MRs. Similar to contractor‐held MRs, when the
owner‐funded MR is added to the Current Budget, it is called the Total Allocated Budget (TAB). The
TAB is the sum of all budgets for work (or potential work) funded under the contract. It is meant to
take up the overruns caused by change orders or other unforeseen latent conditions. Again, this is
strictly as viewed from the owner/client perspective.

*
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contingency allows the project manager to fund overruns without touching the
original profit. Contingencies held by contractors under a stipulated sum contract
are rarely, if ever, revealed to the owner and, if not used, are moved to the profit
column. It should also be noted that for projects that are competitively bid with
a fixed price, most contractors do not add contingencies to their bid. It is considered an unwarranted addition to the bid. It is, however, fairly common to create a
management reserve or contingency from the funds generated by any negotiated
buyout or savings. It is the difference between the estimated amount and the committed amount for a line item. This provides a reserve from which to draw without
impacting the original as‐bid profit.
As the budget is increased (or reduced) due to the addition of change orders, the
horizontal line that represents the BAC moves vertically up the Y‐axis. The MR,
however, remains the same unless costs are added to the budget without a commensurate compensation from the owner. An example would be the addition of an
internal change order. Internal change orders are between the general contractor
and a subcontractor with no pass through to the owner.
The Budgeted Cost of Work Scheduled (BCWS) is shown as a solid line
(S‐shape) on the graph from commencement to completion. Since the BCWS is
the performance measurement baseline developed during the planning stage, it
terminates at the completion date. Logically, this is because it is assumed from the
onset that the contractor will achieve delivery as specified in the contract. It would
not be contractually prudent, not to mention acceptable to the owner, to show
the project with a delivery date beyond the completion date specified in contract.
Costs associated after the completion date can have a negative impact on the fee if
there is no other source to pay for that cost.
For both the Budgeted Cost of Work Performed (BCWP) and Actual Cost of
Work Performed (ACWP), the graphed lines are solid only to the status date. Solid
lines in this example indicate known entities versus unknown. The status date is the
vertical line on the graph that represents the current date, or the time in which the
analysis was conducted. To the right of the status date, the graphed lines are shown
dashed to indicate that they are forecasted numbers based on prior performance and
current trends. Values to the right of the status date are not foregone conclusions and
in many instances can be modified by the actions of the project team.
In Figure 8.1, the ACWP is shown exceeding both the BCWP and the BCWS,
which indicates that the contractor has spent more than anticipated and even more
than earned. The dashed vertical line to the far right indicates that the project was
delivered after the original scheduled delivery date. Many late deliveries incur
liquidated damages that are not reflected in the ACWP due to the fact that they are
a penalty and not a true reflection of work performed.
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Some scheduling software packages generate S‐curves as part of their normal
reporting functions; most, however, do not. For those that don’t, the reader is directed to research third party software applications that are compatible with the
specific software being used. Also, most software generates the various curves in
different colors for ease of identification.
Interpreting the S‐Curve Data
It would be professionally unsound, if not impossible, to create absolute rules for
interpreting the data that can be obtained from an EVS. Instead, it is the author’s
preference to provide some guidelines for consideration when interpreting the
data. In any event, changes that deviate substantially from the BCWS warrant the
investigation of the project manager to determine a root cause.
Here are a few generalizations that may offer guidance in interpreting the
data:
●●

●●

●●

●●

●●

●●

●●

●●

●●

The line for ACWP ideally should be below the line for BCWP on the graph.
This represents that cost to perform the work is less than what is earned,
indicating a potential profit.
The completion line should move to the right as extensions of time are granted to the contract.
If the project experiences actual acceleration directed by the owner/client, the
completion line will move to the left. This may also increase the BAC if there
are costs associated with actual acceleration.
BCWS lines with sharp rises over short time periods (horizontal runs) can be
an indicator of aggressive, potentially unrealistic scheduling.
BCWP lines that consistently exceed (are above) BCWS are a reasonable
indicator of work progressing faster than anticipated.
Large initial separations between the lines for ACWP and BCWP with BCWP
above the ACWP may be an indicator of excessive front loading. The positions
of the two lines will reverse near the end of the project to reflect the shortfall.
It is not uncommon for the ACWP graph to intersect and exceed the BCWP
at certain times during the project. Sharp rises in the costs of a task may be an
indicator of a problem or a negative trend. It can also be the routine posting of
a large invoice for materials or equipment.
A sharp rise in the AWCP line could be attributable to an acceleration of work
or an increase in crew size. This can often be expected after the resolution of
issues that have stymied progress.
Delays are often represented by steep dips in the line for the ACWP, which
may be mirrored by the graph for the BCWP.
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Tracking Gantt Chart
Clearly one of the best sources of data is the Tracking Gantt chart. Tracking Gantt
charts compare actual start and finish times to baselines for individual tasks.
Professional scheduling software is equipped to set a baseline schedule and, with
the appropriate data entry, monitor how closely the actual schedule performs in
comparison to the baseline. In an easy‐to‐follow visual format, the baseline for
the task is identified as a bar with start and finish dates defined on the timescale.
Updates to the baseline are shown in bar style beneath the task with actual start and
finish dates. The different bars are illustrated in contrasting colors or infill patterns
to avoid confusion.
When the critical path is defined by linking the tasks, any deviation from the
baseline illustrates the impact on the overall schedule. In the case of delay to the
critical path, the project manager is alerted to the need for corrective action, or at
the least investigation as to the cause. Very few tools in the project control toolbox
have the immediate visual impact of the Tracking Gantt.
Activities in process show the progress to date and show the remaining scheduled duration assuming the task will complete on time. Activities that have not
yet started show a revised start date based on links to their predecessors. Multiple
updates of the Tracking Gantt can often show trends for a task and possibly identify the cause of the delay. Figure 8.2 is a fragment of a schedule from Microsoft

Figure 8.2

Schedule Fragment from MS Project™
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Project™. Tracking Gantt charts, to a lesser degree of accuracy, can be used to
monitor costs as well.

Control Charts
The control chart is another management tool to monitor schedule performance
(Figure 8.3). It tracks past and current performance by update and can be used to
predict future performance with modest accuracy. It is a summary view that focuses on the project’s critical path in contrast to individual tasks.
A study of Figure 8.3 indicates that the data is plotted against an X‐Y axis. The
horizontal or X‐axis starts with project commencement at zero and is delineated
by the number of expected update reports. The vertical or Y‐axis is divided in two
horizontal sections with zero again as the starting point approximately halfway
up the Y‐axis. A horizontal line starting at the mid‐point of the Y‐axis is drawn
through the last update. This horizontal line is considered the baseline schedule.
The scale above the baseline represents the number of days the project is ahead
of schedule, and the scale below is days behind. The chart is used to plot the difference between the scheduled time on the critical path (represented by the zero
baseline) and the actual time on the critical path as of the report date.
Figure 8.3 indicates that the project was two days ahead of schedule at the first
reporting period, but suffered a setback that would continue through reporting
Status Date
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Figure 8.3 Control Chart Example
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p eriod 3. From reporting periods 3 through 6, there is an almost steady improvement that results in once again being two days ahead of schedule. Without knowledge to the contrary, it might be concluded that the improvement suggests that
corrective action brought the schedule back on track. This data could be used to
suggest that if the trend is sustained, the project will deliver ahead of schedule.
Since most task times represent average durations, four updates that each support a trend usually indicate, with high probability, that there is a reason for the
improvement. The project manager should attempt to ascertain the cause and potentially exploit it to maintain the trend.
The disadvantage to the control chart is its lack of detail. It is a summary tool
with its greatest appeal on projects of long duration. From the update points alone,
there is insufficient data to determine anything other than a positive or negative
position at that date. Control charts are most often used to track progress toward
a milestone or as an update to upper management. Slippage that results in work a
few days behind schedule in the first half of the project is less alarming then if it
occurs in the last quarter of the schedule. So control charts have the advantage of
representing the time remaining for correcting any problems. As remaining time in
the schedule expires, the flexibility and opportunity to rectify the delay diminishes.

SPI and CPI Charts

Schedule Performance Index Values

Similar to the control chart, the SPI and the CPI can be plotted on an X‐Y axis
graph to track each over time (Figure 8.4 and 8.5).
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Figure 8.4 SPI Chart Example

Cost Performance Index Values
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Figure 8.5 CPI Chart Example

In each of the charts, the X‐axis is delineated by the reporting period and
the Y‐axis is divided in two horizontal sections with 1.00 as the starting point
approximately halfway up the Y‐axis. For both the SPI and the CPI, 1.00 indicates a perfect performance. Above the horizontal line are delineations that
increase in .10 increments: 1.10, 1.20, and 1.30. Below the line the values are
decreased in .10 increments. As the CPI and SPI values become available at
each reporting period and are plotted on the graph, they indicate a history of
schedule and cost performance for the project. When the variance threshold
for SPI and CPI (discussed in the section to follow) are highlighted in red, it
is a great visual tool for indicating when the project or one of its tasks has a
potential problem.

Causes of Variances
In any project a variance is defined as a deviation from any schedule or cost value.
The reasons behind cost and schedule variations are numerous and can be attributable to a myriad of reasons from poor estimating and scheduling practices to
gross mismanagement by the contractor. Assuming that estimating, scheduling,
and management practices by the contractor are commensurate with professional
practice standards, it would be prudent to consider some other potential causes of
the variances.
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Cost Variances
Cost and schedule variances are interdependent, yet a positive schedule variance
does not necessarily translate to a positive cost variance. Some of the identifiable
causes of cost variances, both positive and negative, are the following:
●●

●●

●●
●●
●●
●●
●●
●●

●●
●●
●●
●●
●●

Poorly defined scope during the buyout phase that can often add to subcontractor/vendor costs as the work packages are executed
Incorrect distribution of dollars to cost accounts in the budgeting phase that
may show up as excessive positive or negative cost variance
Unrealistic or overly aggressive target budgets at completion (BAC)
Excessive front loading of costs
Performing work out of sequence
Scope creep due to the rejection of change order requests
Excessive use of premium wages with little or no benefit to the schedule
Crew sizes too small or too large for the task resulting in inefficient use of
resources
Hastily or partially purchased materials resulting in premium costs
Frequent delays of crews from inadequate material stores on‐site
Insufficient/incorrect tools or equipment for the task
Excessive handling, freight, and storage costs
Changes in labor rates, benefits, or labor burden

Schedule Variances
Some of the more common causes for schedule variance include:
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●

Continual or excessive interruptions to production forces
Lack of provisions for adequate and clear direction to workforce
Rework due to inadequate supervision
Provision of material stores not adequate to prevent interruption in production
Use of overtime when there is no tangible benefit to the schedule
Unforeseen latent conditions resulting in a work stoppage
Improper equipment or tools for the task
Crew size not appropriate for the task
Delays due to equipment breakdown
Performing work out of sequence
Late start of a critical task
Incorrect linkage of a critical task to a noncritical task
Loss of continuity due to change in supervision
Change in crew composition (tradesmen vs. apprentices)

Causes of Variances
●●
●●
●●
●●
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Attrition of labor force
Understaffed subcontractor labor workforce
Scope more extensive than was initially planned
Staging area too far from work area

Variance Thresholds
Monitoring project success by tracking cost and schedule variances becomes a
little more realistic and considerably easier if all variances do not require immediate investigation. Many variances to both schedule and cost are a result of common
everyday issues like timing. Variances due to timing usually sort themselves out
in subsequent reports. While variances are important, they are only helpful when
the correct frame of reference is applied. For example, a cost variance of $1,000
warrants concern if the cost account is $10,000; however, it is of less concern to a
cost account with a budget of $100,000.
In order to manage more efficiently, project managers with the help of their
project teams set a threshold on both cost and schedule variance. A threshold is a
limit or boundary of a variance expressed as a percentage of its performance index.
Thresholds allow the team to know when to take corrective action and when to apply a “wait‐and‐see” strategy.
Thresholds are typically applied to the performance indices of CPI and SPI
(discussed in Chapter 7—Calculating and Analyzing Progress). Performance indices are indicators that are relative to the size of the project and offer more useful
information than variances especially in terms of setting thresholds.
Consider an example of a task with the given information at reporting period 4;
BCWP = $50,000.
ACWP = $46,700.
BCWS = $55,000.
Then here are calculations of SV, CV, SPI, and CPI:
SV = BCWP − BCWS = $50,000 − $55,000 = −$5,000
CV = BCWP − ACWP = $50,000 − $46,700 = +$3,300
SPI = BCWP/BCWS = $50,000/$55,000 = .90 (90%)
CPI = BCWP/ACWP = $50,000/$46,700 = 1.07 (107%)
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A review of the data indicates that the project is behind schedule by 10 percent
but we are ahead financially by 7 percent. If in the planning stage the team defined the thresholds for SPI at plus or minus 5 points (5 percent) and CPI at plus
or minus 8 points (8 percent), it would trigger an investigation of the schedule
overrun. However, the cost underrun does not warrant concern, as it is within the
limits prescribed by the threshold. The SPI indicates to the project manager that
for every dollar that the team planned on spending, they are getting 90 cents worth
of performance. The CPI indicates to the team that for each dollar spent, the team
is achieving $1.07 worth of performance. Clearly, with these thresholds in place,
some investigation of the schedule slippage is required.
The difficult task is choosing the correct threshold for a task. There is no uniform methodology for deciding variance thresholds. Thresholds may be dependent
on a variety of factors such as:
●●
●●
●●
●●
●●
●●
●●

Overall project duration
Specific task duration
Dollar value of the task as a percentage of the total contract
Type of contract— fixed price or cost‐plus
Profit margin of the contract
Phase of the project
Contractor’s tolerance for risk

Thresholds may be different from project to project or from task to task.
Thresholds may even be permitted to change over the life of the project with larger
thresholds at the beginning than at the end of the project. The theory is that risk
diminishes as the task gets closer to completion.
Variance thresholds are based on risk tolerance of the company for that individual project. There are some general guidelines that may be helpful:
●●

●●

●●

Variance thresholds set at less than 5 percent suggest the contractor has a low
tolerance for risk.
Variance thresholds set at between 5 percent and 10 percent suggest the contractor has a moderate tolerance for risk.
Variance thresholds set at 10 percent or over suggest the contractor has a high
tolerance for risk.

Variance thresholds for critical path tasks with SPIs and CPIs can be interpreted
as follows:
●●
●●
●●

Less than 5 percent is viewed as an early warning of a potential problem.
Between 5 percent and 10 percent is cause for investigation and possibly action.
Over 10 percent is cause for immediate and substantial action.
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Higher percentages on thresholds can also be translated into taking action later
rather than earlier.

Root Cause Analysis
Once the data has been reviewed and analyzed and the problem task(s) are known,
the next step is to identify what is driving the variance. In much the same manner
as a doctor must diagnose and treat the cause of an illness to prevent the symptom
from reappearing, the project manager must look deeper to determine the reason
for the variance and then correct it to either stop further harmful effects or prevent
it from reoccurring in the future.
If the project manager is unable to determine why a particular variance occurred,
how will he or she be able to specify corrective measures with any confidence or
success? Understanding what led to a particular cost or schedule failure is the key
to developing an effective and efficient plan of corrective action. The more specific
the diagnosis, the more focused the remedy.
While not developed specifically for the construction industry, there is a process
aimed at identifying the source of the problem event that precipitated the variance.
It is called Root Cause Analysis (RCA). RCA is a systematic approach for discovering the factors that resulted in the failure. It identifies what actions, inactions,
individuals, conditions, or processes need to be changed to prevent continued or
future failures (Figure 8.6). RCA is more reactive than proactive in nature; however,
it can be used to forecast problems before they happen. Effective root cause analysis
over time can be used to structure opportunities for improvement in the construction process. If, for example, repeated cost and schedule overruns in a normally
repetitive process can be sourced to an antiquated piece of equipment, RCA could
provide the data for making a business case to replace the faulty piece of equipment.
Root causes can generally be defined as follows:
●●
●●
●●
●●

The specific underlying cause of a problem
Within the purview of the project team to correct
Causes that can be identified and isolated
Problems for which practical effective solutions can be found

There are four major steps to the RCA process:
Step 1—Collect the data required to fully identify the problem. While data from
the S‐curve, CPI, and SPI may be the trigger to the investigation, additional
who, what, where, and when questions are needed. Make assumptions only if
necessary.
Step 2—Organize the data into factors that were contributors to the event. Create
a written list of all contributing factors. The factors can be laid out sequentially
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Root Cause Analysis Matrix
Project # 12‐2201

Event Analysis Date: 12‐12‐12

Permanent heat system
not available for use.

Temporary heaters
inadequate for area
heated.

Inadequate crew size to
meet scheduled finish
dates.

Gas utility meter on the
building not installed
on schedule.

Causal Factor #2

Causal Factor #3

Causal Factor #4

Causal Factor
Description

Causal Factor #1

Ref No.

• Plumbing foreman late in
requesting inspection.
• Gas not inspected in sufficient
time.
• Gas meter installed late.

Comments

• Have back up plan in place for
“what‐if” scenarios.
• Find additional sources of temp
heaters.
• Reduce areas to be heated with
temporary partitions.

• Plumbing foreman provide
Poor management was a
longer lead time for inspection.
contributing factor in not
• Allow more time for local
coordinating utility sooner.
inspector to inspect.
• Local gas utility need minimum
15‐days after inspection sign off.

Crew should have been
asked to work overtime or
a second provided.

Should have had a
contingency plan given
prior experience with gas
utility company.

• New HVAC foreman contributed More frequent progress
to loss of communication.
checks. Poor
• Deadlines communicated better
communication between
by GC super.
GC super and HVAC
• Confirm manufacturer start and
foreman.
test dates earlier.

Recommendations

• Lack of heat forced reduction in • Schedule overtime.
crew size.
• Add a second shift.
• Heated area too small for larger • Reduce areas to be heated with
crew.
temporary partitions.
• Crew not asked to work
overtime.

• No back up plan formulated if
permanent heat unusable.
• Too few heaters available for
rent.
• Available units too small for
large area to be heated.

• HVAC Foreman not aware of
system start‐up date.
• Gas not inspected and available
for system use.
• System start up and Test not
scheduled.

Analysis Results

Event Description: Drywall finish compound froze and had to be removed and re‐applied causing a delay in the critical path of the schedule.

Medical Office Building, Boston, MA 02012

Figure 8.6
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or chronologically leading up to the problem. This particular step allows the
project team to see the interrelationship between the factors.
Step 3—Identify the root cause of the event. Find the base reasons for each contributing factor in order to understand how to correct the failure. Verify that
assumptions made are valid.
Step 4—The final step in the process is to generate a recommended solution and
craft a plan to implement it. Once implemented it must be tracked and analyzed
to ensure it is the correct solution. Frequently, adjustments to the initial plan are
needed to optimize the fix.
As with any acknowledged problem, those accountable for solving the problem
want everyone to know when it’s corrected. For any major RCA, a dedicated report is generated. However, for most routine corrections, a redacted version of the
events is adequate in the normal course of update reports.

Reporting Project Status
Much of the data that is analyzed comes from multiple sources. They include daily
reports, job cost reports, look‐behind schedules, updated tracking schedules, and
a myriad of other, less formal means. Some of the data may even be contradictory
and require further analysis. Regardless of the source, it all is part of the snapshot
that is the status of the project. It is the responsibility of the project manager to sift
through the data and decide what issues are of importance and what doesn’t make
the cut, then share it with the team and other stakeholders.
Effective communication is the key to successful project management. Sharing
the correct information with the right people in a timely manner is paramount to
project success. The status report is a way of ensuring that all team members are
on the same page and have the latest progress update information. The project
status report is a regular, formalized report on project progress as compared with
the project plan.
Status reports are not meant to be creative writing assignments; they are meant
to convey information to busy people. As a result, there are some key components
that all status reports share:
●●
●●

●●
●●
●●

Reports should be concise and clearly written.
Reports must have basic information: date, project, recipient list, how the
report is delivered, etc.
Regular status reports should follow the same format.
Reports must convey what has been completed.
Reports must identify what tasks are behind or in danger of falling behind.
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●●
●●

●●

●●
●●

●●
●●

●●

●●
●●

Reports should identify the reason for a slipped task if known.
Reports should identify milestones that have been achieved and those that
have slipped.
Reports should identify ongoing or potential problem tasks or issues that are
being monitored.
Reports should be written in the third person.
Reports are less narrative and more declarative; bulleted information is
acceptable.
Reports should present the facts and avoid presenting opinion.
Reports should remain positive, but avoid the Pollyanna syndrome (robust
optimism).
If the report expects action from a team member, it must make sure that the
action is clear to the reader.
Reports must maintain simple, but effective status reporting.
The report must be available at the same day and time so that participants can
expect it with regularity.

Good, consistent project status reporting helps guard against unexpected surprises to the participants. It is intended to provide team members with a clear view
of the project at that date. It should address topics such as schedule, cost, resources,
changes, disputes, and any issue requiring the focus of the team. Remember the
status report is a documented history of the project and the decision making of its
managers. It is different from meeting minutes since it originates with the project
manager. It will become part of the project record and, as such, should be written
with sufficient detail so that minimally involved individuals can understand the
report at a later date.
Frequency of reporting will vary from project to project depending on factors
such as project size, expectations of information, distribution by management, and
project complexity with the associated risks. The most common reporting period
is the week.
Project status is typically reported by the project manager to those in upper level
management, such as senior and project executives. It is also shared with functional
managers, such as team leads, superintendents, and other parties needing updated
information. The finalized project status report should be distributed among team
members in accordance with the project’s communication plan (Figure 8.7).
It is important to realize that the status report is not intended as a substitution
for ongoing project communication between team members, the project manager,
the client, or other parties requiring updated information to perform their duties.
Status reports are simply a formal document summarizing progress since the last
status report.
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Sample Status Report

Wood frame inspection signed off by Building Inspector Joe
King. Proceeding with insulation. Scheduled insulation
inspection.

Acme Insulation Contractors started insulation at main structure
west end. Acme took 4‐days to complete.

There were a few minor issues. E‐mails identifying those
issues have been sent to the appropriate subcontractors for
correction before or by Thursday.

Insulation signed off by building inspector. Schedule board to be
delivered.

Drywall delivery arrived mid‐day and loaded by end of business.

Board hangers arrived to start hanging drywall.

Loam had been stockpiled on the site for spreading as soon as
the rain abates and the ground dries.

The minor issues with the siding were being taken care of today.

The front entry porch columns and beams have been completed.

Two half column details at the front entry were omitted. It is
recommended that we do not take the siding down to install
them. Architect and owner were ok from an aesthetic point
of view.

1

2

3

4

5

6

7

8

9

10

Ref
No. General Progress Update

Electronic distribution list on last page.

Report authored by Bob Smith, PM 12‐14‐12 5:00PM

Medical Office Building, Boston, MA 02012

Figure 8.7

12/9/2012

12/10/2012

12/11/2012

12/10/2012

12/13/2012

12/12/2012

12/11/2012

12/6/2012

12/9/2012

12/5/2012

Date Completed

Project # 12‐2201

Bob Smith, PM and
Jack Jones Super

Jack Jones, Super

Jack Jones, Super

Jack Jones, Super

Jack Jones, Super

Best Drywall Co.

Jack Jones, Super

Jack Jones, Super

Bob Smith, PM

Bob Smith, PM

Action by

Update: 12‐14‐12

Should be updated in the project
record and on the as‐builts that
columns have been deleted.

Record item‐no action required.

Record item‐no action required.

Schedule for early next week if
dry weather.

Four person crew. Will require
more hangers once underway.

All loaded. No damage to
structure.

Board scheduled for delivery
12‐12‐12.

Confirmed board delivery and
crew to hang drywall.

Update schedule

Updated schedule on website
for completed milestone. This
inspection was one day late
due to inspector’s workload.

Comments

Last Update: 12‐1‐12
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Summary
Sources of information for project control are numerous and as such require careful analysis in order to be of value. One tool for analyzing and comparing data is
the Earned Value S‐curve (EVS). The EVS allows the team to compare planned
versus actual schedule and cost data and derive efficiency factors from the data.
Efficiency factors can signal a problem that may require further analysis to determine the cause. While there are many causes of variances, there are some common
threads to both cost and schedule variance. Some can be identified and corrected
easily when they exceed the threshold set by the team. Others require a more in‐
depth analysis through a process called a Root Cause Analysis.
The Tracking Gantt chart can compare actual start/finish dates and durations
of individual tasks and their impact on the critical path. Other types of graphic
depictions such as control, SPI, and CPI charts indicate a bigger picture tracked
over time.
As with all project information, good or bad, it must be shared so that stakeholders know the status and the project team can correct or eliminate unacceptable
conditions. Effective communication through status reporting is essential to good
project management.
Chapter 9—Recognizing Trends and Forecasting Performance will discuss how
the data can be used to spot trends and predict future performance.

Chapter

9

Recognizing Trends and Forecasting
Performance

One of the biggest advantages to project control is not only to look at past and
current performance but to try to predict what will happen at crucial points in the
future of the project up to its completion. In order to do that effectively, the data introduced in Chapter 8—Analyzing and Reporting Variances in Schedule and Cost
must be examined through multiple reporting periods to look for repetitive patterns
in the performance. It is these patterns that are used to predict future performance.

Recognizing Trends
It is very common for patterns in the performance of tasks to develop as work progresses and the learning curve is mastered. It is especially true for labor‐intensive
tasks. Repeat patterns of similar performance in construction are called trends. Comparing the variances of current to past reporting periods is called trend analysis. Trend
analysis is the first step in using the tracking data to predict future performance.
Acknowledging and monitoring trends is not just about forecasting performance, but also recognizing future needs of labor, materials, and equipment for the
project going forward. Trends develop over time and, as such, there is an expectation that if all things remain the same without outside input, the performance trend
will continue. This is a generally accepted premise that for the most part holds
true. Experience has shown that if a project is hemorrhaging cash, it will continue
to do so if no action is taken. However, in many circumstances, with the proper
diagnosis and the right corrective action, poor performance both from a cost and
schedule perspective can be arrested and brought back in line with baseline values.
(One must remember it is assumed that budgets and schedules were developed
within recognized professional standards.)
Trend analysis is a “big picture” project management tool. While it illustrates
past and current performance overall for the project or a task, it does not tell the
project manager why. Trend analysis is a mathematical technique that uses historical results to predict future outcome. This is achieved by tracking variances in cost
and schedule performance.
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Trend analysis is based on a simple premise: Past performance is a good indicator of future performance. Again, this is predicated on no intervening action by
the project team. Trend analysis is often considered part of variance analysis, but
in the construction universe, variance analysis is immediate and trend analysis is
more long‐term. For that reason the author has chosen to address trend analysis as
a separate task.
As with any use of statistical data to forecast, it is limited by the quantity and
accuracy of the data. Accuracy of the data is imperative to forecast any performance with even the slightest integrity. Without it, the forecast is a guess, and an
unsubstantiated one at that. By quantity, we are referring to the quantity of update
or tracking periods that bolster the forecast. Clearly, one can understand that forecasting the cost to complete using 3 reporting periods’ worth of data is less reliable
than with 23.
Every industry has its rules for the point in the schedule where sufficient data
has been collected for forecasting. In other words, how much of the task/project has to be completed before the performance data collected can be used to
accurately forecast future performance? In circumstances with rigid tolerances
and quality control standards such as manufacturing, that number can be as low as
10 percent. For research and development (R&D) applications, it can be as high as
50 percent. Construction is no different. However, since reliability of the forecast
is the priority, there are four considerations that trigger when data becomes an
effective basis for forecasting:
●●
●●
●●
●●

Any learning period for the task has expired.
The crew(s) executing the work is fixed.
The production rate for the task has stabilized.
A minimum of three reporting periods of data has been collected.

In general, the higher the percentage of completion, the more accurate the forecast will be. Predicting the cost to complete when 90 percent of the task has been
executed has a far greater chance for accuracy than when the task is 40 percent
complete. That having been said, the project manager should remember that all
forecasts are not inevitable conclusions. Many project managers have turned their
attention away from a high performing task only to revisit it later and find that
task performance has plummeted for no apparent reason. Forecasts are predictions
based on factual data; however, they are still predictions.
The control and efficiency charts (SPI and CPI) introduced in Chapter 8—Analyzing and Reporting Variances in Schedule and Cost are often used to identify
trends and forecast performance. All three are examples of trend charts. Trend
charts are used to illustrate any tracked performance data as a function of time.
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Their sole purpose is to increase understanding of actual performance as compared
with planned performance. Regardless of the performance being measured, trend
charts have some shared characteristics:
●●
●●
●●
●●
●●
●●
●●
●●
●●

Clear titles identifying what trend is being measured
Dates when submitted
Labels on the X‐axis identifying the time intervals
Labels on the Y‐axis describing the subject trend
Cumulative scales on the Y‐axis with incremental grading to show variations
Legends to define each line
Limited plots; separate lines for actual data and goal data to avoid confusion
Explanations of any major deviations from goal
Vertical lines showing the status date

Frequent problems include adding too many lines for comparison. Generally,
only two lines are plotted: the actual data and the goal data or the planned performance of the subject trend (Figure 9.1). Another common flaw is to use too
large of a scale for the vertical increments. The end result is that the variations
are minimal. Remember, graphic illustrations are intended to have a visual impact on the viewer. Too narrow a frame of reference will make variations appear
negligible.
Common vertical performance metrics include percent complete, labor‐hours,
and dollars earned.
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Using Trends to Forecast
One tool that is useful in forecasting performance is the Earned Value S‐curve
(EVS) introduced previously. However, before forecasted data can be plotted on
the S‐curve, it has to be calculated. As part of the Earned Value Management system, there is a group of formulas that are used to forecast future cost in a variety of
ways. These formulas help calculate four main forecasts:
●●

●●

●●
●●

The total amount of money (or labor‐hours) that will be expended at completion of the task/project if the trends are maintained
The remaining amount of money (or labor‐hours) needed to complete the
task/project based on actual cost (or labor‐hours) expended to date
The variance at the completion of the project if the forecast is accurate
What performance will be required to bring the task/project back on track
with planned performance

Estimate at Completion
One of the most sought after forecasted values is the total anticipated cost of the
project when it is complete. This is called the Estimate at Completion (EAC). It is
also called the Latest Revised Estimate (LRE). For the purposes of our discussion
we will use EAC. Formulas for calculating the EAC range from simplistic to more
complex. Following is the simplest version where BAC is budget at completion
and CPI is cost performance index:
EAC = BAC / CPI
This simple version is often used in early calculations when a sufficient history
of data is unavailable for a more accurate approximation. The BAC is the total anticipated cost of the task (or project) as determined when the baseline budget was
established. It considers anticipated cost performance only and ignores any actual
cost performance history.
A more complex, and often more accurate formula, considers the amount
that has been spent to date as well as what is remaining. It factors in only the
CPI and ignores any impact that may be caused by the schedule performance
index (SPI):

or

EACCPI = Actual Cumulative Cost + (Remaining Work / CPI)
EACCPI = ACWPc + [(BAC − BCWPc) ÷ CPIa]
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where
ACWPc = cumulative actual cost of work performed
BAC = budget at completion from the baseline
BCWPc = cumulative budgeted cost of work performed
CPIa = average cost performance index
The last and most definitive approach (some would characterize it an overly pessimistic approach) considers the impact of the SPI, which is excluded in both prior
methods. It is called the EAC composite:
EACcom = ACWPc + [(BAC − BCWPc) ÷ (CPIa × SPIa)]
where
ACWPc = cumulative actual cost of work performed
BAC = budget at completion from the baseline
BCWPc = cumulative budgeted cost of work performed
CPIa = average cost performance index
= average schedule performance index
SPIa
This provides a more accurate model of the EAC by considering schedule performance as a factor that affects cost performance.
It should be noted that an insufficient amount of established tracking data will
reduce the accuracy of any forecasted EAC regardless of the method used.

Estimate to Complete
A second equally important calculation is for determining the amount of money
(or labor‐hours) required to complete the task (or project) if conditions remain as
is. This is called the Estimate to Complete (ETC). The ETC is represented by this
formula:
ETC = EAC − ACWPc
where
EAC = the Estimate at Completion as derived from one of the methods
shown earlier
ACWPc = cumulative actual cost of work performed
The ETC allows the project manager to determine what will be needed to complete the work from a monetary or labor‐hours perspective. In short, what is the
cash (or labor) requirement to complete the work?
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Variance at Completion
Another simple calculation that is useful is whether the task (or project) will overrun or underrun the budget when it is complete. This calculation is called the
Variance at Completion (VAC). The VAC is calculated by the following formula:
VAC = BAC − EAC
where
BAC = Budget at Completion from the baseline
EAC = Estimate at Completion derived from one of the methods previously
shown
A positive VAC tells the project team that the costs are under budget, while a
negative value means the costs have exceeded the current target budget.

To‐Complete Performance Index
The last factor used in forecasting future performance is an index that reflects the
amount of value each remaining dollar in the budget must earn to stay within the
BAC. It is called the To‐Complete Performance Index (TCPI). It is based on a ratio
of the remaining work to the remaining cost and is represented by this formula:
TCPI = [(BAC − BCWPc) ÷ (BAC − ACWPc)]
where
BAC = Budget at Completion from the baseline
BCWPc = cumulative budgeted cost of work performed
ACWPc = cumulative actual cost of work performed
The TCPI is the recommended performance from the status date going forward.
For TCPIs greater than 1.00, there is more work remaining then there is budget to
pay for it. TCPIs less than 1.00 indicate that there will be surplus funds in the budget after the work has been completed. Depending on the amount of project time
left, TCPIs in excess of 1.20 may represent an unattainable level of performance
before the project schedule expires.
Having now explored the formulas for the EAC, ETC, VAC, and TCPI, the “four
horsemen of the apocalypse,” let’s try an example of forecasting trends. The collected data for Task A is as follows:
BAC = $150,000
BCWSc = $80,000
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BCWPc = $82,000
ACWPc = $78,000
CV = $4,000
SV = $2,000
CPIa = 1.05
SPIa = 1.025
Here is how the given data and the previous formulas can be used:
Simple EAC = BAC/CPI = $150,000 ÷ 1.05 = $142,857.00
or
EACCPI = ACWPc + [(BAC − BCWPc) ÷ CPIa]
EACCPI = $78,000 + [($150,000 − $82,000) ÷ 1.05] = $142,712.00
or
EACcom = ACWPc + [(BAC − BCWPc) ÷ (CPIa × SPIa)]
EACcom = $78,000 + [($150,000 − $82,000) ÷ (1.05 × 1.025)] = $141,197.00
It is easy to see that all three numbers are reasonably close in value (approximately 1.1 percent), especially for a forecast.
From the aforementioned data, let’s apply the formulas for the ETC, VAC, and
TCPI:
ETC = EACcom − ACWPc = $141,197 − $78,000 = $63,197
VAC = BAC − EACcom = $150,000 − $141,197 = $8,803
and
TCPI = [(BAC − BCWPc) ÷ (BAC − ACWPc)]
TCPI = [($150,000 − $82,000) ÷ ($150,000 − $78,000)] = .94
Considering all of this data, the project team should be pleased with the all‐
around performance of this task.
It is essential to reiterate that all of the previously shown forecast calculations
have a common theme, and that is they are based on no changes to the current

140  Recognizing Trends and Forecasting Performance
conditions and that past performance is representative of future performance. Any
change of the status quo will impact the forecasted values.
It should also be noted that, despite the word “completion” found in EAC, ETC,
VAC, and TCPI, they can all be calculated for various percentages complete of the
task or project. The process is the same. So, for example, to calculate the expected
values at 75 percent complete, the project manager would use the following:
ACWP75 = cumulative cost of work performed at 75%
BCWP75 = cumulative budgeted cost of work performed at 75%
BCWS75 = cumulative budgeted cost of work scheduled at 75%

Project Percentage Analysis
Another class of performance measurement is for an overall status calculation.
It is used for comparing the planned percent complete to the percent complete to
the percent of cost. It is traditionally reserved for overall project analysis but also
lends itself to task analysis. The formulas are as follows:
Percent Schedule (Planned) = (BCWSc / BAC) ×100
Percent Complete (Earned) = (BCWPc / BAC) ×100
Percent Spent (Actual Cost) = (ACWPc / BAC) ×100
The formulas can be used in practice with the following given data for a specific
status date:
BAC = $150,000
BCWSc = $ 80,000
BCWPc = $ 82,000
Therefore:

ACWPc = $ 78,000

Percent Schedule (Planned) = ($80,000 / $150,000) × 100 = 53.33%
Percent Complete (Earned) = ($82,000 / $150,000) × 100 = 54.66%
Percent Spent (Actual Cost) = ($78,000 / $150,000) × 100 = 52.00%
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From this data the project manager can conclude that, as of the status date,
the project was scheduled to be 53.33 percent complete, but actually determined
by measurement to be 54.66 percent complete. Additionally, the team spent on
52 percent to achieve 54.66 percent completion. All in all, it is a favorable report.

Summary
One of the tangible benefits of the comprehensive collection and analysis of data
is its use in forecasting future performance. There are several key values that aid
the project team in predicting future cost and schedule performance. The main one
is the EAC, which defines the anticipated cost based on current and past performance. The ETC is the amount required to complete the task, measured in dollars
or in labor‐hours. The VAC is the variance at completion, and it is the difference
in dollars or labor‐hours between the baseline value and forecasted value. These
values can be calculated not only at completion but also as various percentages of
completion of the project.
The To‐Complete Performance Index (TCPI) is a ratio of work remaining to
remaining cost. Another overall status frame of reference is project percentage
analysis, which is the measure of planned earnings and costs.
Chapter 10—Productivity will explore performance and some of the factors that
affect it.

Chapter

10

Productivity

For most construction projects, the biggest concern and focus of project control
analysts is labor. While the management of materials and equipment is crucial, labor has been and will remain the deciding factor in most projects. When we discuss
efficiency factors like CPI and SPI, we are almost always looking to productivity
as the influencing factor. This chapter will discuss the concept of productivity and
the factors that affect it.

Understanding Productivity
Productivity, as it relates to the construction process, can be loosely defined as the
measure of the efficiency of the work being produced. It is the measure of output or
return for each unit of input. To be more precise, it is the amount of work (output)
produced per unit of labor (input). Productivity is the rate of work as measured per
unit of time, or in other words, units of work per labor hour. Productivity in both
private and government published data is expressed in this way. Whether it is noted
as units/labor‐hour or labor‐hours/unit, it is still a measure of efficiency.
Productivity in construction is not uniform and does not remain constant over
the execution of a task. Productivity in most applications is based on the average
production of the crew or individual for the workday. Daily outputs for crews or
individuals, used for estimating, are developed over time and are referred to as
historical data. It is this data that represents the average productivity for the task
under specific conditions.
In many manufacturing applications, productivity does remain constant because
it is often automated. This is not the case in the construction industry. It is, however, the goal of management in both office and field to stabilize productivity to the
point that it can be repeated with regularity and reliability.
Frequently, the terms “production” and “productivity” are taken to be synonymous. This is incorrect. Production is the measure of output (units of work produced), whereas productivity is the rate of production (units of work per unit of
time). Given this distinction, it is possible for a task to meet planned production for
a workday while not achieving its planned productivity.
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For example, consider a utility contractor that achieves the plan to install 100 feet
of water line in a day, but requires twice the labor to do it. The contractor would
be achieving 100 percent of the production, but only 50 percent of the expected
productivity. Therefore, production and productivity are not reciprocal. Since contractors are paid by performance, not necessarily by direct hour of labor, productivity
is related to earned value and ultimately the profitability of the contractor.
To accurately discuss productivity, a production model is a helpful visual tool.
A production model is a mathematical expression of the production process that is
based on collected data, measured in the form of quantities of inputs and outputs.
In the construction industry, production is typically measured at the execution
level or in the field. Here is an example of a production model for the water line
installation that was mentioned earlier where LF is linear feet:
Daily Output = 100 LF / 8‐hr workday
To further expand the same model, consider the inputs that created the daily output to arrive at the productivity. If the crew consisted of two laborers, each working
an eight‐hour workday, then:
Productivity = 100 LF / 16 labor‐hours
or
Productivity = 6.25 LF per labor‐hour
So, for every labor‐hour expended (input), the contractor’s return is 6.25 linear
feet of water line (output).

Productivity Index
As with all phases of project control, productivity is about the comparison of actual values to planned values. When the project was estimated, the labor portion of
the estimate was based on a specific daily output by a specific crew under a specific
set of conditions. It is the responsibility of the project team to analyze productivity
as part of the control process. The comparison of planned output to actual output
is called the productivity index (PI) and is represented by the following expression:
Productivity Index (PI) = planned output / actual output
Or, as a formula in work hours:
PI = BWH/AWH*
It should be noted that there is another common form of PI, which is AWH/BWH. Either form is
acceptable so long as the practitioner understands the results.

*
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where
BWH = Budgeted Work Hours
AWH = Actual Work Hours
For example, if Task A had a cumulative total of 1,234 labor‐hours at completion and the total budgeted labor‐hours are 1,300, then PI is calculated using the
following formula:
PI = 1,300 L‐hrs / 1,234 L‐hrs = 1.053 ≈ 1.05
A productivity index of 1.05 in the previous example indicates that the crew
performed Task A 5 percent more efficiently than anticipated when Task A was
estimated.
The productivity index is most accurate when used at the cost element level
of the CBS. This is especially true when applied to labor cost and hours. At the
cost account level or above, the PI is influenced by the material and equipment
costs in the cost account summary. While this may be acceptable in some applications, it is not quite a pure snapshot of labor productivity. When the root cause
analysis of a variance points to labor, it is recommended that the PI be calculated
using, first, cumulative labor‐hours, and second, cumulative labor dollars. The
distinction is that labor hours are not impacted by wage increases whereas labor
dollars are.
The PI can be calculated for any date in the scheduled duration of a task.
The project manager need only determine the anticipated or budgeted amount
of labor‐hours and the actual labor‐hours accumulated to that date. The calculations of the PI in the early stages of completion (5–10 percent) may be less than
accurate due to the learning curve process and should be reported with some
tempering.

Factors Affecting Construction Productivity
As mentioned on previous occasions in this book, the major deciding factor in the
success or failure of almost any construction project is the successful management
of labor. Labor is the quintessential “wild card” in the construction hand. The reason is its susceptibility to all sorts of factors with seemingly little if any warning or
provocation. Minimizing fluctuations in productivity by managing the controllable
aspects affecting labor is no small feat.
A bevy of previous research has attempted to identify and categorize the
wide range of factors affecting construction productivity. In general, the factors can be separated into external (uncontrollable) and internal (controllable)
factors.
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Controllable Factors Affecting Productivity
Controllable factors are those that the project team can influence through proper
management, planning, incentives, and coordination. They include:
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●

Ambient conditions within an enclosed space
Proper planning and task analysis
Sufficient materials on hand to perform the work without interruption
Avoidance of repeated interruptions or changes to task scope
Minimizing of disruptions to work flow by crew changes
Efficient relationship of staging area to work area
Proper tools and equipment to perform the task
Proper maintenance/repair/replacement of tools and equipment as required
Effective training and familiarity with the task
Positive leadership or supervisory skills on the part of managers
Limits on absenteeism (including late starts and early departures)
Clear communication of instructions to the workforce
Encouragement of initiative on the part of workforce personnel
Efficient setup and breakdown for work
Clear understanding of scope and limits of work to perform
Crew size and skill level appropriate for tasks
Discouragement of substance or alcohol abuse on (or off) the job
Elimination of unsafe working conditions
Consideration of coworker compatibility issues
Mindfulness of technique; means and methods

Uncontrollable Factors Affecting Productivity
There are many factors affecting productivity that, despite all of the professional
management and planning skills, are beyond the manager control. Some of the
more well‐known ones include:
●●
●●
●●
●●
●●
●●
●●
●●

Personal ambivalence or apathy of the worker
Outside weather conditions: precipitation, temperature, etc.
Personal problems (unrelated to work) diverting attention from work
Minor health problems: colds, fatigue, aches and pains
Economic conditions in the region
Strikes or work stoppages
Material shortages or unavailability
Frequent scope changes by owner/client

Once can clearly see that the controllable factors far outweigh the uncontrollable ones.
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Recommendations for Improving Productivity
Not every moment of the workday is spent producing tangible work. According
to RSMeans Building Construction Cost Data2012, a typical eight‐hour shift
for a journeyman is only 64 percent productive (the average percentage of
time spent doing the primary work). The remaining time consists of the
following:
●●
●●
●●
●●
●●
●●
●●
●●

Studying plans (3 percent)
Material procurement (3 percent)
Receiving and storing of materials (3 percent)
Mobilization (5 percent)
Site movement (5 percent)
Layout and marking (8 percent)
Cleanup (3 percent)
Breaks and nonproductive time (6 percent)

This means up to 36 percent, over one‐third, of the shift is spent doing things
other than the primary task. However, many of these things are an essential part of
the work process. The goal of the successful management of labor is to reduce or
remove impediments to improving the 64 percent. The following are some general
recommendations for improving productivity:
●●

●●

●●

●●

●●
●●
●●
●●

●●
●●
●●
●●
●●

Plan appropriately; schedule work whenever possible to take advantage of the
weather or any ambient condition.
Order materials and equipment and confirm delivery before scheduling workforce personnel.
Ensure that supervisors, foremen, and tradespersons understand the full scope
of the task and what is expected of them.
Implement workforce management procedures and measure communication
and performance.
Minimize interference and disruption to production cycles.
Encourage initiative and cooperation among workforce personnel.
Maintain safety equipment and promote a safe work environment.
Whenever possible, ensure that staging areas are as close to work areas as
practical.
Ensure that personnel are adequately trained for the task.
Provide proper tools and equipment to perform the task.
Provide sufficient crew personnel and mix for the task.
Promote pride and ownership in workmanship.
Promote quality assurance practices and procedures to reduce re‐work.
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Summary
Productivity is a measure of the efficiency of labor. The productivity index compares planned production to actual production. There are numerous factors that
affect productivity, many of which are within the control of the project team and
most of which center around management and conditions of the worksite.
In Chapter 11—Acceleration and Schedule Compression, the discussion will
focus on the decision‐making process of trading costs to accelerate performance.

Chapter

11

Acceleration and Schedule
Compression

Construction projects always have delivery dates. Some are dictated by the owner,
and some are dictated by the contractor. Most delivery dates are contractual. There
are a multitude of reasons, but the most prominent one is that a project needs a
delivery date for control. Without a delivery date, there is no goal and human
nature’s proclivity toward procrastination takes over. In construction, the age‐old
adage of “time is money” becomes very apparent for all parties when the work is
delayed. Many contracts include the phrase “time is of the essence” to establish the
criticality of time management as it relates to economic significance. Lost revenue,
extended overhead, additional financing, and pending damages can all change the
dynamics of the project and, as such, must be managed very carefully. Beyond
money, there are the logistical considerations that are part of a delay. What happens to a restaurant grand opening that is rescheduled due to construction delay or
the first day of school that has to be postponed? Both have a far‐reaching impact.
Schedule is important and, on occasion, more important than cost. Every project
manager will at one time or another face a project that has fallen behind schedule.
The project manager may have to consider acceleration of the work to make up the
time or may be requested to compress the schedule to deliver early. Both are fairly
common and must be understood fully to manage and control.

Acceleration
Delivering on time or ahead of schedule is important for all parties, from subcontractors all the way up to the owner. Finishing within or under budget is another
important goal. The real achievement, however, is doing both simultaneously.
Unfortunately, this may not always be possible; in fact, it is fundamental knowledge that shortening the schedule costs money, sometimes significant amounts of
money. At the point where an accelerated pace of the work is diagnosed as the cure
for delay, the project manager may have to make the decision to spend money.
Acceleration is defined as the addition of resources or work hours to a task
or project. Acceleration results in schedule compression or reducing the duration
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of the task or shortening the entire project without diminishing the scope of the
project. For the project schedule to be compressed, the acceleration must be applied
to the critical path or a critical task. To accelerate a noncritical task rarely benefits
the schedule. However, it should be remembered that if ignored long enough, all
tasks can become critical and end up on the critical path.
While a small amount of delay can be expected on all but the simplest, most
repetitive types of projects, the delay of too many tasks can end in a complete abandonment of the project schedule. It results in trades working on top of each other,
damage or the compromise of quality, irresponsible expenditures, and general anarchy and chaos. It always ends in delays to milestones or, worse, delays to Substantial
Completion. In the final tally, it produces mistakes that inevitably have to be corrected. Avoiding excessive delay is one of the principle purposes for project control.
There are three different types of acceleration that the average project may potentially encounter. Acceleration is issued in the form of written direction from the
owner to the contractor and can be classified in three categories: actual, constructive, and forced.

Actual Acceleration
The first of the three categories is actual acceleration. Actual acceleration is the
directive to complete the project ahead of the accepted or contractual schedule.
This directive comes from the owner to the contractor through the architect, and is
then passed on to the subcontractors. It also implies that compensable acceleration
costs will be borne by the owner via a change order. When mutually agreed upon,
this is fairly straightforward. Actual acceleration is based on the premise that the
critical path is correct or, more accurately, reasonable, and to compress the schedule any further will require additional work hours either in the form of overtime, a
second shift, or weekend work.
Actual acceleration requires an in‐depth analysis of the remaining work, remaining
duration, and the available resources. It is no small challenge and often requires the
input of other team members, especially the subcontractors that will perform on the
accelerated schedule. Since changing the Substantial Completion date is a contract
modification, it requires a change order. Change orders are final once executed, and do
not allow for a “second bite of the apple” if the acceleration is not calculated correctly.

Constructive Acceleration
The second category of acceleration is called constructive acceleration.
Constructive acceleration occurs when the contractor requests an extension of time
and is denied. If the delay that resulted in the request for an extension of time is
an excusable delay, the extension should be granted. A classic example results
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from the issuing of change order(s) near the Substantial Completion date, without
allowing an extension of time for the contractor to perform the work.
Unfortunately, it may not be possible to grant the time extension, and the contractor may be required to accelerate progress so as to achieve the original date.
This will typically result in approved change orders being performed at additional
costs due to premium wages. Constructive acceleration exists when the following
conditions occur:
●●
●●
●●
●●
●●
●●

There is an excusable delay to the project.
The contractor requests a justifiable extension of time for the excusable delay.
The request for an extension is denied.
The contractor is directed to achieve the original completion date.
The contractor actually accelerates the work to meet the original date.
The contractor incurs additional costs for acceleration.

If these conditions exist, the contractor may have a valid claim for additional
costs as a result of constructive acceleration.

Forced Acceleration
There is also a need for acceleration when delay occurs as a result of nonperformance. This type of acceleration is sometimes referred to as forced acceleration.
This occurs frequently when a subcontractor on the critical path is falling behind.
While this is not acceleration in the truest sense of the definition, it does require
an increase in production. This type of acceleration is typically not compensable.
Most project managers would prefer to never pay acceleration costs to an underperforming subcontractor; however, one must acknowledge that it should be a
business decision and not an emotional one. If the subcontractor is unable to accelerate the work for financial reasons, but can guarantee schedule recovery with
the acceleration, it may be worth discussing.
Formal acknowledgement of “being behind” by the defaulting party is rare due to
the downstream consequences. Acknowledged or not, the project manager must act
to correct the delay. The cooperative subcontractor or nonperforming party should
be allowed to concur with and assist in the development of the acceleration plan.
The project manager should also remember that most contracts provide for the augmentation or supplementing of a subcontractor’s workforce if the subcontractor
is failing to remedy the delay by accelerating the work. Caution is urged when
supplementing a subcontractor’s workforce as it is viewed as an invasion of the
subcontractor’s proprietary business and may exacerbate an already bad situation.
It should be noted that each of the forms of acceleration is not limited to the
relationship between the owner and the contractor. Acceleration directives can,
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and frequently do, occur between the contractor and the subcontractor. It should
be further noted that occasionally the contractor decides to deliver early without
the direction or compensation of the owner. In this scenario, the contractor will
pay acceleration costs to the subcontractors/vendors as well as premium wages to
employees to deliver early.
Most seasoned project managers know that schedule slippage does occur on every
project to some degree. Many proactively consider phases or tasks that can be accelerated even in the early stages of the schedule or in the planning phase. This provides
a preconceived plan for recovering the schedule to be ready when needed.
Lastly, the project manager is advised to secure in writing from the architect,
with the owner’s concurrence, a directive to accelerate the work that stipulates exactly what costs are compensable. Most acceleration techniques are labor‐based,
and, as a result, costs can go exponential quickly.

Schedule Compression
The decision to accelerate work and incur costs must have a tangible benefit to
the project. Schedule compression is not always about the shortest duration of
the task. It is more about the balance of getting the shortest duration for the least
cost. It is about the “biggest bang for the buck.” Schedule compression is generally defined as modifying the plan and/or schedule to complete critical tasks or the
project early. Schedule compression is the resequencing or rescheduling of tasks
with minimal or no cost impact. Crashing the schedule, in contrast to compressing the schedule, is the addition of resources or accelerating the work to shorten
the duration of the task or the project itself. Crashing the schedule is often viewed
as a more extreme measure arriving at maximum reduction of the schedule. It is
often a complete disregard of financial control in favor of time and always has cost
implications.
Since schedule compression is common, the techniques employed are part of the
skill set of the professional project manager. The Construction Industry Institute
conducted a study of schedule compression through Colorado State University
and issued their findings in a report. This report, entitled Concepts and Methods
of Schedule Compression, listed nearly 100 techniques for consideration when
compressing a schedule. The techniques run the full spectrum from management
functions to constructability to productivity improvement. The following are a
sampling of some techniques with a track record for shortening construction phase
schedules:
●●
●●

Timely review and response to submittals and documents
Detailed review and analysis of baseline schedule for possible logic or
duration flaws

Time‐Cost Trade‐off Analysis
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
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Improved materials procurement and delivery management
Additional production personnel added to existing crew
Additional hours of work; overtime and weekend work
Additional shifts; providing labor resources to work a second shift
Special crews to handle and stock materials to work locations
Application of new technology
Provision of incentives for improved performance
Location of project managers at the jobsite
Improved and accelerated change order management
Off‐site fabrication to reduce installation time
Maintenance of high workforce morale
Constructability review in advance of performing work
Valuing of engineering proposals
Substitutions based on availability
Resequencing of tasks to take advantage of float
Accelerating of tasks with the least acceleration cost

Time‐Cost Trade‐off Analysis
The reasons for acceleration can be numerous and unique to each project; however, professional contractors do not as a rule enjoy spending money on acceleration without a distinct benefit. To that end, most project managers compress
the schedule in increments or steps starting with the least expensive methods. To
decide which tasks offer the most time‐savings for the least costs requires careful
analysis. This process is called time‐cost trade‐off analysis.
The analysis begins with a review of tasks on the critical path. The two criteria
that often provide the best opportunity for the optimal time‐cost tradeoff are tasks
with the longest duration and tasks that are labor‐intensive. Short duration tasks
are often difficult to compress without significant cost if even possible. Schedule
compression is a trial and error process, with many options being reviewed before
one is selected and implemented.
Costs for schedule compression are a combination of the contractor’s (and subcontractor’s) direct and indirect expenses or costs. Direct costs are for production
or overhead that is directly related to the individual project. For example, on‐site
material, labor, equipment, and subcontractors involved in the work are considered
direct costs. So are the superintendent’s salary and other project overhead costs
because they are directly related to that one project. Indirect costs are for items that
support or are ancillary to the production work, and are indirectly related to the
project. Indirect costs are part of the contractor’s cost to operate the company as a
whole, rather than one specific project. Indirect costs are shared among all projects
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in proportion to their duration and cost. An example of an indirect cost is the rent
for the home office.
All costs, direct and indirect, can be either fixed or time‐sensitive. An example of
a fixed direct cost is a building permit. The fee for the permit is paid once regardless
of the length of time it takes to complete the work. An example of a time‐sensitive
cost is the superintendent’s salary: the longer the superintendent is on–site, the more
cost is incurred by the project. Other time‐sensitive costs may originate in the home
office. Home office overhead is indirect and almost always time‐sensitive.

Time‐Cost Trade‐off Concepts
As the schedule is shortened, the fixed and time‐sensitive costs, both direct and
indirect, are affected differently. As time decreases, so do time‐sensitive costs. Any
shortening of the critical path not only has the value of an improved schedule, but
it has the benefit of reducing time‐sensitive project overhead costs and potentially
home office overhead as well. Direct costs for materials, labor, and equipment that
are not time‐sensitive, but are fixed due to quantity and available resources, are impacted as more work must be completed in a shorter window of time. Direct costs
often increase with schedule compression through overtime expenses on labor or
expediting of materials.
Time‐cost decision making centers around two key factors:
1. The difference between the original duration for the task as identified by
the baseline schedule called the normal duration and the accelerated duration referred to as the crash duration.
2. The difference between the original cost for the task as identified by the
baseline budget called the normal cost and the accelerated cost referred to
as the crash cost.
The ratio of cost incurred per day saved or the time‐cost ratio can be expressed
in the following formula:
Time‐Cost Ratio = (Costc − Costn)/(Durationn − Durationc)
where
Costc = crash cost expressed in dollars
Costn = normal cost expressed in dollars
Durationn = normal duration expressed in workdays
Durationc = crash duration expressed in workdays
For example, if the following data was provided for Task A, then
Costc = $7,600.00
Costn = $5,500.00

Time‐Cost Trade‐off Analysis
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Costs

Indirect Project Costs

Project Duration

Figure 11.1 Indirect Cost Graph

Durationn = 10 workdays
Durationc = 7 workdays
Time‐Cost Ratio for Task A = ($7,600‐ − $5,500) / (10 workdays − 7workdays)
TCRA = $2,100/3 workdays = $700 per workday
Once the candidate tasks have been analyzed, the tasks with the lowest cost per
unit of time (workday) should be shortened first. As additional time is required,
the project manager should select tasks with an increasing TCR. The only exception to this is when a crashed task with a lower cost per day has more risk (to be
discussed in Chapter 13—Risk Management). Using this method of analysis, the
project manager can work through the critical path tasks starting with the longest
duration tasks until sufficient schedule compression has been achieved.
Indirect costs are linear in exposure. Most indirect costs are time‐sensitive. As the
work is accelerated, the duration decreases, and the indirect costs are reduced. This
can be seen in Figure 11.1, which is a graph of indirect costs as a function of time.
Direct costs increase in a nonlinear fashion as the work is accelerated. The concept is that the more the work is accelerated, the more expensive is the cost of
each saved day. This is partly due to the use of more expensive technologies or
techniques to save time. Also, as noted earlier, the time‐cost tradeoff starts with
the tasks that have the least expensive TCR followed by the selection of more expensive ones if more days are necessary. The costs are not linear; in fact, they can
increase quite rapidly as the duration is reduced. Figure 11.2 is a graph of direct
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Costs

Direct Project Costs

Project Duration

Figure 11.2 Direct Cost Graph

costs plotted as a function of time. Note that as the work is accelerated and duration decreases, direct costs increase.
Direct and indirect costs can be combined to represent total project costs and
then be plotted as a function of time. Figure 11.3 illustrates the total project cost
versus project duration. The total project costs can be calculated for a series of different task (or project) durations to determine the optimal point on the graph. The
optimal point is the lowest point in the curve and represents the least cost with the
least cost duration.

Total Project Costs

Optimum point for
cost and time

Costs

Direct Project Costs

Indirect Project Costs

Project Duration

Figure 11.3 Total Project Cost Graph
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The total project cost graph starts with normal duration and cost. As the work
accelerates, the total costs decreases at a nonlinear (decreasing) rate, because the
direct cost is increasing at a nonlinear (increasing) rate. Indirect costs are decreasing at a linear (constant) rate. Eventually the total cost curve will start to increase
again due to direct costs increasing exponentially. This is the optimal point.
It should be noted that the shape and slope of the direct cost curve will differ on
a project by project basis.
Time‐Cost Model Assumptions
The time‐cost model previously discussed relies on three key assumptions:
●●
●●

●●

The normal cost (costn) for a task is less than the compressed cost (costc).
The normal duration (durationn) for a task is longer than the compressed
duration (durationc).
Indirect overhead costs are linear.

It is a noteworthy fact, that when critical tasks are shortened, it can have the
unintended result of changing the primary critical path by making noncritical tasks
critical. Before any schedule compression is implemented, the project manager is
urged to review the changes and their impact on the primary critical path to ensure
it is the same or that the newly revealed critical path is acceptable.
Making the Case for Acceleration
For many companies, the decision to accelerate the work and incur the associated
costs is a decision that requires concurrence of executive management. Project
managers are required to demonstrate the benefits that a project will receive from
acceleration in clear, concise, and financial terms, similar to a cost‐benefit analysis
that one might prepare when considering a value engineering proposal. Too often
the cost far exceeds the benefits returned or never fully becomes known until the
task or project is complete. The practice of analyzing the financial impact and the
benefits from schedule compression is an essential part of a project manager’s
duties, worthy of the time invested. This is called “making the case” for acceleration, or more formally, presenting a business case for the action. It should be noted
that we are not referring to the occasional overtime needed to get a task finished
or caught up. Presenting a business case for schedule compression is for sizeable
commitments of money and resources to substantially impact the project schedule
or reverse a negative trend on a major phase or task.
Experience has shown that developing a business case for acceleration and the
ensuing discussion among team members or upper management can often pose
questions or concerns beyond a single viewpoint. A plan that survives the challenges of senior management can often garner the support needed to ensure its
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success. A project manager that can calculate and present the case for spending
$20,000 now to save $100,000 later is a valuable asset to any team or company.
One final note on acceleration: While it is almost always perceived as positive to
finish early, the project manager is directed to discuss any schedule compression that
would deliver the project early with the owner and the architect. Accelerating the
work, even if the costs are borne by the contractor, will reflect in increased earned
value per billing period in the Applications for Payment. Unprepared owners may be
unable or unwilling to fund the increased cash being paid out, especially if they have
structured a loan based on the original cash flow illustrated by the baseline.
In addition, an unprepared owner may be unable to accept the project due to
budgetary or staffing concerns. Early delivery can also create concerns for warranties if their terms will partially expire before the project has been occupied.
Early delivery before budgets are funded could leave a project unheated or without
electricity, thereby voiding warranties for products with temperature and humidity
thresholds.

Recovery Schedule
In reality, project schedules slip. Part of the project manager’s duties, once the
slipped tasks and the responsible party have been identified, is to revise the schedule with the corrective measures. This type of revision to the schedule is called a
recovery schedule and is a necessity for the successful completion of any project.
Schedule recovery planning requires both the acknowledgement of the parties
who are responsible and their cooperation in getting it back on track. The acknowledgement is more problematic than it might first appear. Any delay can have a
chain reaction that affects all work and subcontractors downstream from the delay.
Most, if not all, subcontractors are reluctant to own up to a nonperformance issue
for fear of the potential for financial repercussions. On the other hand, it is not
within the project manager’s jurisdiction to indemnify the nonperforming party
from claims that may result. The most effective method of schedule recovery is to
focus on a solution rather than finger pointing as to the cause.
Many contracts require that a contractor whose project has slipped the schedule
by 10 percent or more, or has repeatedly failed to achieve schedule deadlines, must
demonstrate through the preparation of a recovery schedule how they will get the
project back on schedule.
It is the author’s experience that many contractors are unwilling to label a plan
a recovery schedule for fear of the legal consequences of acknowledgement that
the project is behind. Regardless of the title, some modification or adjustment to
the schedule is necessary to get the project back on track. The recovery schedule
should employ one of the aforementioned accepted methods for compression.
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Scheduling, especially CPM scheduling, is done almost exclusively by computer
with sophisticated software. While the initial learning curve may be cumbersome,
the time saved and the ability to try multiple scenarios for compression is enormous. (Remember before making any adjustments to always save a copy of the
baseline, or current schedule.) However, when calculating the least cost duration,
it should be done manually. That requires that for each day saved, the net increase
in direct cost is subtracted from the decrease in indirect cost to arrive at a total
cost per day. These calculations can often be performed with Microsoft Excel™ or
similar spreadsheet applications.

Summary
The requirement for schedule compression can occur for many reasons. To reduce
the duration requires that the work be accelerated. There are three forms of acceleration: actual, constructive, and forced. Each has unique conditions that are
required for its use. Deciding on which activities to crash is part of Time‐Cost
Trade‐off Analysis in which the lowest cost per day task is crashed first, then proceeding to more expensive tasks. The exception to this is when lower cost tasks
offer more risk for failure. In this circumstance, higher cost tasks are selected.
Making the case for acceleration requires careful and thorough calculations of
savings and increased costs as well as any potential areas of high risk. There must
be a distinct reduction in schedule for any funds expended.
Early delivery of a project is almost always desirable; however, discussion and
approval of other parties, especially the owner, is essential to avoid an unprepared
or unwilling owner.
Recovery schedules are often contractually required when a project exceeds
established thresholds of delay.
Chapter 12—Resource Management will explore the timely and efficient use of
labor and equipment resources as a means to control costs and schedule.
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Resource Management

From the very beginning, this text has stressed the value of planning. Planning is
not limited to the earliest phases of the project, but is the continual mantra throughout the entire process. Right up to the very end, the project manager must plan
for the project closeout. Initial planning for baseline controls is considered the
long‐term planning aspect of the project. However, there is still a need to plan
for resources to execute the work in the short term. This part of project control is
called resource management. Resource management has two key goals: to insure
that the correct resource is available at the correct time and in sufficient quantity,
and to insure that the resource is used efficiently.
Shortages and mismanagement of resources are frequent causes of substantial delays. Most project managers have watched tradesmen standing idly by due
to lack of materials, or experienced delays due to the wrong piece of equipment
used in performing a task. Proper management of resources—materials, labor, and
equipment—can minimize or even eliminate these types of inefficiencies.

Resources
In the construction industry, resources are defined as the labor, materials, and
equipment necessary to perform the work of the contract. The three categories can
be further explained.
Labor can be subdivided into two types:
●●

●●

Salaried personnel typically consist of supervisory or management staff. They
are paid a fixed salary exclusive of the commitment of time. They are not generally tied to a single task.
Hourly wage personnel are tradespersons that are hired to perform a specific
task(s) based on their experience and skill set. They are paid for hours worked.

Labor is the primary resource and is of the greatest concern due to its flexibility
and the fact that performance is affected by a wide variety of factors. Labor is and
always has been the predominant concern of the project manager when it comes
to cost.
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Material covers a wide range of items and can be classified as one of two types:
●●

●●

Support materials are not incorporated in the work, but provide support for the
work. An example is the formwork, tarps, scaffolding, and enclosure materials needed for weather protection.
Installed materials are permanently incorporated in the work. Examples are
concrete, bricks, lumber, and wire. This can be broadened to include equipment such as water heaters, roof top units, and permanent generators. For
budgeting and estimating purposes, these types of equipment are classified as
materials.

The third category of resources is the types of equipment used to perform work
that have no permanent status in the project:
●●

Examples are cranes, excavation and backfill equipment, temporary power
generators, and temporary heaters. Once the need has been satisfied, the
equipment is removed from the project. It frequently has a direct correlation
to labor, since without operators much of the equipment is useless.

Resource Allocation
Scheduling and coordinating resources so that they arrive on‐site as needed and
are removed when not needed is called resource allocation or resource loading.
When performed properly, it is the effective and efficient utilization of all resources.
Shortages of material or scheduling the wrong piece of equipment will inevitably
lead to a delay in performing the task and may delay the project itself. Allocating
too many tradespersons to the crew will leave some underutilized and increase the
cost per unit of work. Inversely, too small a crew will result in less being produced
per unit of time. Neither condition is desirable. It is the goal of resource allocation to
maintain sufficient resources to allow the work to proceed in a smooth or even flow.
The estimate (budget) tells us how much labor is needed for a task, but does not
tell us when it is needed or in what proportions. For that we need to refer to the
schedule. The estimate is also silent about conflicting demands for labor or equipment resources. For example, a single piece of equipment and its crew may be
scheduled for two tasks at the same time. Many construction companies have limited resources and are reluctant to hire and invest in training new personnel only
to lay them off when they are no longer needed. So to supplement the immediate
need, they often subcontract scopes of work. This can offer advantages and disadvantages of varying proportions depending on the application and how the subcontractor is managed. Subcontracting allows the prime contractor to assign the risk
via the subcontract and also to fix the cost of the work. With self‐performed labor,
the cost of which is variable, a measure of control is added. If the crew needs to
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be increased or has to work longer hours, those are internal decisions that do not
require the compliance of the subcontractor.
The availability or unavailability of labor, materials, and equipment will influence the manner in which projects are scheduled and thereby managed. Most
scheduling methods require that the project manager classify the project as either
time‐constrained or resource‐constrained.
A time‐constrained project has a defined delivery date that is mandated by contract. If required, resources can be added to meet the delivery date. The delivery
date takes precedence over resource availability and it is implied that additional
resources will be added to accelerate the work if required. Most everyday construction projects fit the description of a time‐constrained project.
A resource‐constrained project assumes that the resources available to do the
project are limited or cannot be exceeded or overallocated. If production falls behind, the delivery date is extended. This is considered acceptable practice for a
resource‐constrained project. An example of a resource‐constrained project would
be a historical preservation, where the artisans/craftsmen required to perform historically accurate aspects of the project are in short supply.
Another way to define the difference between the two is this: A time‐constrained
project’s delivery date is fixed but the resource levels are flexible. A resource‐
constrained project has fixed resources, but with a flexible delivery date. The overwhelming majority of construction projects are time‐constrained.

Resource Management
The decision‐making process in which tasks are prioritized and scheduled so the
utilization of resources is expended efficiently is called resource management.
While it is extremely difficult to create a perfect utilization of labor and equipment
and still meet the critical path of the schedule, much of the lost productivity or
wasted time can be eliminated.
Crews that remain constant develop a rhythm or efficiency resulting from repetition and familiarity. If that crew is constantly in flux, it is impossible to develop a
rhythm, not to mention the impact on morale. It is extremely counterproductive for
skilled labor to be constantly shifted between tasks or moved from project to project. Productivity requires regularity and extended periods of undisturbed work.
Despite every effort by the project manager, there will be times of peak labor demand and other times when there is little work; it is the nature of the business. The
demand for a specific resource will fluctuate with the work scheduled for that day.
Minimizing the fluctuations of resources on a day‐by‐day basis is called resource
leveling. Resource leveling is done by resequencing noncritical tasks within their
available float, so that the resource can be available for critical path tasks that have
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no float. The goal of the resource leveling process is to make the daily utilization
of a resource, principally labor, as uniform as possible. This allows patterns of productivity to develop. The scheduling of time‐constrained projects is geared toward
resource utilization. When demand for a specific resource fluctuates, it presents a
management challenge to optimize utilization. Practical remedies to this utilization problem include resource leveling techniques that attempt to balance the need
for a resource. The general theory is that resource leveling techniques reschedule
noncritical tasks to use their positive float. This reduces peak demands by scheduling the noncritical tasks to absorb the low demand periods for the resource.
The disadvantage of resource leveling is the redirected focus from schedule
delivery to resource absorption. Additionally, but maybe more importantly, there
is the loss of flexibility caused by reducing the positive float in noncritical tasks.
This has the resultant impact of creating more critical or near‐critical tasks. In extreme cases of near perfect utilization, project risk increases as each task becomes
critical.
When a contractor cannot supply the needed personnel to satisfy peak demand
and there is no additional labor to contribute, a resource‐constrained problem is
created. If no recovery plan is instituted, the start of the task is delayed as is the
overall project. The goal now focuses on allocating resources based on priority
of need. Concurrent tasks are evaluated based on their physical relationships or
overall importance to the task chain. The idea is to minimize the anticipated delay
while using the resources available and maintaining the physical relationship of
the tasks.
Not every task is a candidate for leveling; however, some are clearly suited to
the process. Consider a crane scheduled for the project. It makes perfect sense to
reschedule noncritical tasks whenever possible to make use of the crane for the entire day rather than incur the costs of multiple trips to the project if not necessary. It
makes good economic sense. Materials do not need to be leveled, but are managed
with a different process as discussed in the next section.

Resource Profile
A task’s workforce starts small and increases as the need grows. It increases to an
ideal or optimal crew, and then as the task reaches completion, the workforce is
relocated to another task. If there is no further need for that workforce (e.g., the
project is completed), they can be moved to another project or laid off. Figure 12.1
is a graph of a workforce over the life of the task or the project.
The period of peak performance is the center of the graph represented by the
relatively flat line. It should be the goal of the project manager to get to that point
as quickly as possible.
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Figure 12.1 Workforce Versus Time Graph

The starting point for resource management is the critical path on the baseline
schedule. Analyzing resource needs requires that the project manager be able to create the pattern of labor usage for a particular task. This pattern of resources needs to
be graphed as a function of time and is called a resource profile graph. It is a day‐
by‐day demand for a particular resource based on a defined schedule for the project.
Sometimes called a histogram, the resource profile allows the project manager to
visualize graphically the needs of a particular resource for the project (Figure 12.2).
The development of the Resource Profile goes through four distinct steps:
Step 1—Calculate the required quantities of the resources by using the estimate
and the schedule together to define the amount of a single resource needed for
a given period of time.
Step 2—Distribute the resources to the appropriate crews and activities in the
hours they are needed.
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Figure 12.2 Resource Profile

Step 3—Summarize the resource usage by time period (day) for the specific resource over the given period being analyzed.
Step 4—Plot the resulting profile of the resource usage per time.
The project manager can then analyze the plotted values and adjust the usage as
needed to ensure the continuity of production. This can be done by adjusting some
of the noncritical tasks within their available float to abate some of the peak period
of resource demand.

Splitting Tasks
Another scheduling method to increase resource utilization is called splitting
tasks. The idea behind splitting an activity is to utilize the resource just enough to
accomplish sufficient work on the primary task to avoid delay. The resource is then
shifted to the next critical task. When this second task is sufficiently progressed,
the resource(s) is then shifted back to the primary task. In reality, this is a fairly
common practice that experiences great success, especially if the primary task
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does not have excessive mobilization or demobilization costs. It also has its greatest applicability where the learning curve is not required to be remastered when the
crew returns to the primary task.

Material Management
The careful planning and procurement of material is called material management.
Material management starts with the correct and timely submission of submittals
as well as the tracking of the review/approval process. The project manager must
remember that this process must also be monitored and controlled for the subcontractors as well. It requires the coordination of the scheduled need with the material required to perform the work. This includes the research and identification of
lead times. Lead time is the time between the receipt of approved submittals and/
or shop drawings and the delivery of the product to the site. The project manager
must define when the material is required and its availability based on that need.
If a product is unavailable to meet the schedule, the work must be rescheduled to
meet the availability or an alternate product must be researched and proposed as a
substitution. Rescheduling of a critical path task may not be an option especially
for tasks that have a physical relationship to the subsequent work.
Proper material management also provides more time for the procurement
process. The more immediate the need for the product, the less chance it can be
obtained at a reasonable price. Expediting fees for both fabrication and shipping
can often result in costs exceeding the budget.
The function of material management starts with the identification of critical
items to be purchased in the planning phase and ends with the closeout process
when ownership is transferred to the client.
The key objectives of material management are as follows:
●●
●●

●●
●●

●●
●●
●●

The early identification of critical purchases and lead times
Timely and correct submission of submittals, samples, shop drawings, and
mock‐ups for approval
Tracking and monitoring of all submissions
Purchase of the item at reasonable or best value pricing, including shipping
and storage costs
Coordination of delivery with the scheduled need
Minimizing of storage costs and rehandling efforts
Timely closeout documentation: warranties on materials, etc.

While the process may seem rather straightforward, experience has shown
that many times materials are overlooked and it takes a Herculean effort to
avoid the resulting delay. One effective way in which to reduce the amount of
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missed materials is through the development of a submittal log. This requires
that the project team review the technical specifications section of the project
manual and create a list of the required submittals, shop drawings, samples, and
mock‐up panels. Once the list is complete, the project manager should prioritize
the submittals based on the schedule. While there are some excellent software
programs that are set up for the submittal tracking, a simple spreadsheet can be
created on Microsoft Excel™ that works well with manual tracking.

Material Management in Practice
The actual management of materials can be separated into two competing schools
of thought:
1. Deliver the materials just prior to installation. Proponents of this practice
claim that it reduces inventory, storage costs, damage due to exposure,
and theft/vandalism, and it prevents a premature outlay of funds to pay for
stored materials.
2. Provide an adequate supply of materials to be maintained on‐site. Special
materials/fabrications are ordered and delivered well in advance of need.
This requires that they be stored and protected until installed. It also allows
special items to be checked for conformance before installation.
Neither is fail proof and a combination of the two practices is probably the most
prudent. Certainly, an argument can be made for stocking some of the more common materials needed so that there is no downtime waiting for materials. However,
when storage areas are non‐existent or preciously guarded, maintaining an inventory may be impractical. This also can be said for stored products exposed to damaging weather conditions. A counterargument can be made that the chance for
theft or vandalism increases with the amount of time a product is stored on‐site.
Balancing the need and the cost is always the goal. Most contracts provide for the
payment of stored materials as shown in AIA G703, a contract document of the
American Institute of Architects. On the opposite hand, an undisputed professionalism is displayed when key items arrive with enough time to check them out, not
to mention the added peace of mind.
For tight sites, where storage areas are unavailable, an acceptable option is to
rent a storage facility close to the site. Another is to make a deal with local suppliers to keep a reasonable supply of materials on hand for short notice shipments
to the site.
Another factor that influences the choice of method is the availability of
materials. For remote sites, it may be more practical and more economical to have
materials stored on‐site.
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Summary
The availability and efficient use of resources, especially labor, is always of paramount concern to project managers when trying to control costs. Early attention
to the limitations of the available resources and periods of high demand can often
be planned for in the scheduling of resources. Even though appropriate durations
have been scheduled in the CPM, problems can still arise when demand for the
same resource occurs at the same time.
Projects can be classified as either a time‐constrained or resource‐constrained
project. Time‐constrained projects focus on the fixed delivery date while resource‐
constrained projects work around a fixed amount of resources with a more flexible
delivery date. While resource management is fairly precise on large labor‐intensive
projects, its applicability to smaller projects should not be discounted. Resource
management is a valuable tool in project control even if the precision is unattainable.
Resource leveling uses float available in noncritical tasks to absorb the labor
available after periods of high demand. While resource leveling is a desirable practice, excessive attention on leveling can refocus the team away from the goal of the
scheduled delivery.
Resource management also includes the appropriate and timely management of
material and equipment. This starts in the early phases of the construction process
with timely and correct submittals.
Chapter 13—Risk Management will consider the impact of risk on project control and various ways to reduce or allocate risk with other parties.

Chapter

13

Risk Management

All projects contain some amount of risk. Construction project risk is defined
as the chance of an uncertain event or condition occurring, one that can have a
positive or negative effect on the goals of the project. A risk has a cause, and if it
occurs, a consequence. Experienced project managers realize it is impossible to
eliminate all risk from a project.
Although some risks can have a positive impact, the vast majority and the main con
cern of the project manager are the risks with negative consequences. Some potential
risks can be identified in advance and a plan to deal with them can be developed and
implemented if they occur. Others can never be anticipated or adequately mitigated.
The sources of risk in construction are numerous. Some are within the control of the
project team and others, such as extreme weather events, economic changes, and ma
terial shortages, are clearly outside of the team’s best efforts to control.
It is the goal of a proactive risk management process to identify potential risks,
reduce their chance of occurring, and minimize their impact if they do occur. The
successful management of project risk can provide better control for the life of the
project and can substantially improve the likelihood of achieving the project goals
of time and budget.

Components of Risk Management
As previously noted, all construction projects experience some level of risk or neg
ative consequences during their execution. As such, the industry has recognized
the need for preemptive measures and has developed a process for managing the
risks, both prior to the occurrence and after it happens. This process is called risk
management. It is the prime objective of the risk management process to identify,
analyze, plan for, and manage potential risks. As this text has noted, any event that
has been planned for has a far greater chance for successfully being managed.
Risk management attempts to identify a wide variety of potential risks that
could occur for a specific project. It is a proactive process to deal with likely and
less‐likely scenarios. Once the risk has been identified, it can be eliminated or
a plan can be developed to mitigate the impact resulting from the risk should it
occur. For the risks that do develop into active events, the goal of the process is to
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control the ensuing event to completion with as little disruption to the project as
possible while maintaining cost and schedule control over the response process.
Clearly, risk management is not without its share of challenges. Any good risk
management plans starts with a comprehensive estimate and a realistic schedule.
Risk that is identified early has the best chance to be eliminated through careful
planning. Risks that occur early in the process have the best chance for managing
and mitigating the results. This is also true about the cost of the mitigation. The
cost impact is less when it occurs early rather than near the end of the project life.
Early problems provide greater opportunities to minimize their impact.
Risks can come from a variety of sources: owners, design professionals, con
tractors, local regulatory agencies, subcontractors, weather, and even the site itself.

Risk Identification
The risk management process is initiated by compiling a list of all potential risks
to the project. Ideally, this is done in the planning phase where adjustments to
schedule and budget can be made to accommodate the risk. Project team members
generate as many risks as possible. Critical thinking is considered positive in this
process. They are encouraged to consider even the less likely risk events. The
potential risk can be grouped into internal and external risks. Internal risks are
those typically within the control of the project team and external risks are outside
any realistic control process. They can also be separated into technical and man
agement categories. The risk identification process can be expanded beyond the
immediate team to other stakeholders whose performance, or lack of performance,
can impact the success of the project.
Team members focus on the risk events that produce the negative consequences,
instead of the overall broad scope of events. The WBS is used as a guideline to
make sure nothing is overlooked. Potential risks are considered for macro levels of
the WBS and then drilled down to the micro level tasks.
Another tool of the risk management team is the risk profile. A risk profile is a
list of questions that have been classified in traditional areas of known construction
risk. Risk profiles are updated and refined continually based on prior events from
past projects. The historical management experience of the company determines
the questions. Risk profiles acknowledge the unique management characteristics
of the company and the managers. It is meant to challenge the assumptions that
may have been made at bid time.

Risk Assessment
Once the list of potential risks has been identified, the next step is to assess both
the likelihood of the event and the severity of the impact. Some of the risks can
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be discounted as insignificant, while others require a more in‐depth evaluation.
The project team will require a method of qualifying the risks as inconsequential
or significant. The significant risks will be classified based on the probability and
range of the impact.
The most frequently employed method of rating the significance of the risk is
through the scenario analysis. The scenario analysis classifies the significance of
the risk in terms of the likelihood or probability that the risk will develop into an
event, and the severity of the impact if the risk does develop into an event.
It is a recognized fact that there is an important distinction between the prob
ability and impact factors of a risk. Impact is generally considered a more detri
mental factor than probability. As an illustration of this point, a 10 percent chance
of losing $100,000 is a more serious threat than a 90 percent chance of losing
$1,000. As a result, there needs to be a way to rate both probability and impact
independently. Considering all of the threats to a successful project that a team
could develop in the identification phase, there must be a methodology for rating
risks according to severity. The impact scale provides just such a rating system.
It allows the project manager to prioritize what risks are in need of attention. The
impact scale employs a numerical value ranging from a very low (1) likelihood to
a very high (5) likelihood. The same applies to the impact: very low (1) impact to
very high (5) impact. This is done for each significant risk to cost and schedule
goals. Table 13.1 is an example of an impact scale for a fixed price contract.
The impact scale is developed on a project‐by‐project basis with varying
delineation. Additional goals, beyond cost and schedule, may be added depending
on the type of contract delivery or the nature of the risk. The impact scale can then
be used as the basis for a comparison that allows the project manager to assemble
and rate the risk based on a numerical scale. This is called a risk severity matrix.
The matrix is organized around the probability and impact of the risk event. More
weight is given numerically to an event that has a high likelihood and high impact
than one with low values for both. The matrix can be color coded to reflect the
Table 13.1 Impact Scale for a Fixed Price Contract
Numerical Impact Scale

Category

1

2

3

4

5

Very Low

Low

Moderate

High

Very High

Cost

Insignificant
cost increase

<10% cost
increase

10–19% cost
increase

20–49% cost
increase

Greater than 50%
increase in cost

Time

Insignificant
time increase

<5% time
increase

5–9% cost
increase

10–19% cost
increase

Greater than 20%
increase in time
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severity of the event. It is divided into red, yellow, and green zones, represent
ing severe, moderate, or minor threats, respectively. The lower left corner is the
green range which represents low likelihood, low impact. The yellow range ex
tends down the center of the matrix and identifies risks that expose the project to a
moderate likelihood and moderate impact. The red zone is the top right corner and
is for risks with high likelihood and high impact. The use of the traffic light colors
conveys the importance of the risk with a recognized color scheme. Figure 13.1
is an example of a risk assessment matrix for identified risks to project schedule
and cost.
The risk severity matrix provides a basis for deciding on which risks require
further evaluation and a possible response plan. The red zones receive the first pri
ority, with yellow zones next. Green zones may be considered a less than serious
consideration and are marginalized, or even ignored.
Another consideration in the assessment process is how easily the risk can be
detected. In addition to the probability and impact, the team must consider how
ease of detection can affect the risk. Detection can be defined as how easily the

5

5- Short term
inclement
weather
delays
16-Fabrication
delays due to
shop drawing
review

Likelihood

4

9-Reduced
productivity due
to weather

3

4-Steel
package
delivered late

2

1
1

2

3

4

Impact
Minor Risk
Moderate Risk
Severe Risk

Figure 13.1 Risk Assessment Matrix
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risk can be discovered as imminent. Risks that are easily detectible pose less of a
complication to the threat than those that are difficult to detect. To analyze the ease
of detection for a threat, an impact scale for detection is created. The scale rates
easy detection with a value of 1, and risks with a high difficulty of detection at 5.
To use this added dimension requires the emergence of another formula. The
formula is called the Failure Mode and Effects Analysis (FMEA), and includes the
detection into the factoring of risk severity:
Probability × Impact × Detection = Risk Severity Value
In this formula, each of these three factors is rated on a 1‐to‐5 scale with 1 as the
lowest and 5 as the highest. The risk can be prioritized based on the overall score.
Consider Risk A and Risk B in the following example where the value of each fac
tor of the impact scale is as follows;
Risk A = 2 × 2 × 4 = 16
Risk B = 2 × 5 × 1 = 10
By this simple example one would surmise, based on the mathematical calcula
tion alone, that Risk A posed the greater threat to the project cost or schedule. This
demonstrates the flaw of using the numerical value of the FMEA without common
sense or a further review. While Risk A is extremely difficult to detect, its probabil
ity and impact are low. Risk B by comparison presents a formidable impact should
it occur, even with a low probability. Risk B would require further attention due to
the rating of 5 on the impact scale.

Risk Response Plan
When a risk event has been identified, assessed, and discussed, the next step is to
decide on a plan for responding to the event should it actually occur. A response
plan must be specific to the event and can be managed in five ways. The decision
of the project team will be focused on which method of risk response provides
the least impact in terms of cost and schedule: mitigating, avoiding, transferring,
sharing, or retaining.
Mitigating Risk
Ideally, the best method to deal with risk is by its elimination. If that is not possible
or practical, a second option is to reduce the likelihood that the event will occur
and the impact of the event if it does. This is called mitigating risk and is tradition
ally the first option of the project team. The focus of mitigation is on reducing the
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probability that the event will occur since this may actually render a plan to reduce
its impact unnecessary. A good starting point is to determine the cause of the risk.
Understanding the cause can often be critical to mitigation.
The next best technique is to reduce the impact of the event if it occurs. This
strategy focuses on what factors drive the cost up and delay the schedule. Providing
alternatives to the process, product, or entity driving the risk event helps to reduce
its impact.
Avoiding Risk
Avoiding the risk altogether is similar to eliminating it. Avoidance may require a
rethinking of the project plan. Changing specific products and processes to ones
that are tried and true can help avoid risk. Avoiding risk is often limited to those
within the control of the project team. The ultimate avoidance of risk is not to bid
the project. While this may seem extreme, every estimator has reviewed bid docu
ments that are incomplete, contradictory, and for all intents and purposes defective,
yet still put out to bid. While it is acknowledged that there is always some con
tractor that will bid the work, sometimes it is best to decline. This is typically the
result of an upper management decision not to expose the company to the risk or
the inevitable legal harangue that will follow.
Transferring Risk
One of the most common response plans is to transfer risk to another party. The
risk still exists; however, it is the responsibility of others. This is essentially what
occurs when a prime contractor subcontracts a portion of work to a subcontrac
tor. The key to transferring risk is that the receiving party is in a superior position
to deal with the risk. This superior position, for example, can be better training,
experience, or the most technologically advanced equipment. The simple act of
transferring the risk may in and of itself improve the chance to mitigate the risk.
The important consideration is to ensure that the receiving party is capable of as
suming the risk. Risk can also be transferred through exculpatory language in the
contract. There are many examples of exculpatory language meant to transfer risk
such as the No‐Damage‐for‐Delay clause that makes the contractor’s sole remedy
for delay an extension of time. Other similar contract language may have disclaim
ers on the plans or in the specifications shifting the risk to the contractor. Examples
that come to mind include the responsibility to verify the dimensions in the field,
or the standard disclaimer that avows any responsibility for the soils reports.
Sharing Risk
The act of sharing risk involves multiple parties assuming different responsibili
ties in relation to the risk event. Sharing risk is intended to ensure that the unique
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talents of each party prevail in managing the risk. The joint venture is a classic
example of sharing risk between two (or more) companies. Two contractors com
bine talents to better execute the project and, in turn, share the risk. The success
of the joint venture lies in defining the responsibilities of each party. On some
projects, the risk is shared between the owner and the contractor through special
contract provisions. As a result, the cost to perform the work can be less since
the owner shares the burden of risk with the contractor in lieu of the traditional
relationship. In most traditional delivery methods, a disproportionate amount of
the risk is retained by the contractor. In the shared relationship, called partnering,
each party to the contract is allowed some flexibility in cost and schedule pa
rameters in order to bring the best value to the project. The partnering relation
ship encourages improved performance based upon the expertise that each party
brings to the project.
Retaining Risk
In some circumstances, the risk impact is too large to transfer or share within
reasonable economic terms. The risk may also be better suited to stay with the
originating party for its ability to detect and control the risk. In this situation the
risk is retained especially if the probability of the risk is miniscule. The risk is
contained or managed by developing a way in which to handle the event should it
materialize. In retaining the risk, the party responsible for the risk develops a plan
to manage the risk so that time is not wasted while a plan is developed.
The more time spent on risk response in the planning phase, the more successful
a team can be in handling the risk.

Risk Response Control
The final step in the risk management process is risk response control. Risk
response control is implementing the risk response strategy developed by the team.
The control process requires that the impending risk event be carefully monitored
for threshold events that would warrant the start of the response. Once the response
has been set in motion, it must be monitored to assure it is having the intended ef
fect on the risk. The response may require minor tweaking to arrive at the desired
outcome or may require that another plan be considered.
Risk response control is analogous to the progress tracking that goes on in the
project control cycle. The status of the risk under control must be updated regu
larly at meetings and in reports until the event has been eliminated or mitigated, or
the period of concern has passed. The team must be vigilant for new unanticipated
risks that may develop, especially on large and complex projects. This is also true
for projects of long duration (years) where complacency and management fatigue
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can set in. For projects of this nature, the risk identification, assessment, and con
trol cycle is repeated regularly until completion.
Another focus of risk control is clear assignment of responsibility for the team
members. Identified risks that will require a response must be assigned to a team
member. Clear assignments of responsibility go a long way toward eliminating “I
thought you were handling that!” statements that accompany missed opportuni
ties to manage risk. The assignments must be made by mutual agreement and not
assumed by default. If the management of the risk is not formally assigned and
accepted, human nature has shown that the risk will be ignored.
The risk management cycle must be an ongoing process from the planning stage
to the closeout. Team members must keep one eye on identified risk and one eye
on potential new threats. As new threats develop their potential probability and
impact must be assessed and managed to completion.

Risk Contingency Planning
It is often necessary for the project team to create a risk contingency plan to deal
with the impending threat should it become a reality. The contingency plan is in
tended to reduce or neutralize the unwanted or negative impact of the risk. Like
all planning, the more thorough the investigation, the more accurate and effective
the planned response can be. Failing to create and agree upon a contingency plan
will delay the implementation of a response. This can, and often does, add to the
magnitude of the impact. Lack of a plan when the risk event occurs will lead to
the adoption of a poorly thought‐out risk response. Contingency planning well in
advance of the occurrence allows time for review and evaluation of the proposed
response, not to mention an estimate of its cost. It allows sufficient time for the
best option to surface and its smooth implementation.
Thresholds for triggering the implementation of the plan must be spelled out
clearly and accepted prior to the occurrence of the event. This prevents debates
when action is what’s needed. Each party to the plan must know what their level of
functional authority is and when it can be executed. Experienced project manag
ers establish protocols for enacting the response plan well in advance of the need.
The contingency plan by definition disrupts the normal flow of work and, as
a result, has a cost and schedule impact, both of which must be planned for in
advance. Specifically, how will the delay caused by the response be accommodat
ed in the schedule and where will the funding to pay for the response come from?

Contingency Plan Funding
For all risk contingency plans, there must be a source of funding to pay for the re
sponse and a “work‐around” or rescheduling to accommodate the delay. For many
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responses, the work‐around in the schedule is often part of the cost estimate for the
response. In short, the response to the delay is some form of acceleration that in
creases cost. For a risk caused by the prime contractor in a stipulated sum contract,
the funding may come from the profit column. The funding can also be sourced
from the difference between the estimated profit and the target profit. It can also be
funded from the savings due to skillful management of the project to date.
For owner‐caused risk events the funding may be their responsibility. In this
case, the source of the funding may be a special reserve fund created for this
purpose.
Regardless of the ownership of the cost, the source of funding must be known
and agreed to in advance of the need. To fail to establish a source of funding can
render the plan moot. Contractors or owners that refuse to establish contingency
funds until the risk has occurred are being unrealistic. To make the assumption that
if the money is available it will be spent does not recognize the nature of construc
tion. Safeguards or check‐and‐balances can be established so that the contingency
fund does not become a remedy for poor management. Reserves for risks that have
been identified, estimated for, and deemed likely to occur have established budget
reserves. Budget reserves are funds set aside for what appears to be the inevitable.
They should be established on a risk‐by‐risk basis and should not be estimated as a
percentage of the project. These budget reserves actually comprise a portion of the
Management Reserve discussed in Chapter 8—Analyzing and Reporting Variances
in Schedule and Cost. The unknown and highly unanticipated risks that materialize
into full‐blown events need to have a contingency as well. Contingencies for these
types of events are also added to the management reserves totals. Management re
serves are often set aside based on a percentage of the total project cost. Percentages
can range from 2–3 percent for simple new construction to a whopping 30 percent for
complex renovations. The agreed‐upon percentage is often supported by historical
cost and schedule data and the uniqueness of the project. Projects with incomplete
documents also rate a higher percentage of management reserve.

Probability Analysis
A risk response can have a cost impact associated with it, but it can also have a
schedule impact. Most professionals acknowledge that the main use of the critical
path schedule is for project control. More to the point, the management of risk
may be encountered during the control process. There is an analytical technique
available to the project manager in which risk’s impact on the schedule can be
analyzed. It is intended for critical path tasks with potentially high schedule risk.
This technique is called Program Evaluation and Review Technique (PERT), and
can be used in the planning phase to evaluate the duration of specific tasks on the
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schedule. Adjusting the time of the critical path task through this kind of proba
bility analysis can reduce risk. It can also be used to determine the schedule risk of
the project as a whole based on a likelihood of outcome projection. PERT assumes
a statistical distribution based on optimistic and pessimistic projections. It can then
be used to predict the most realistic duration for a task.
PERT simulation is not unique to the construction industry; it has broad appeal
in many industries. Used in conjunction with other previously mentioned tech
niques, it can be valuable in analyzing the full impact of risks on specific critical
path tasks. High‐risk tasks that lie on the critical path have zero float and are at
greater threat of failure. To reduce this threat and improve the chances of success
on the high‐risk tasks, the project manager analyzes the likelihood or probability
that the subject task will complete in the specified duration.
PERT was formulated by the Department of Defense in the late 1950s during
the development of the Polaris nuclear submarine. Having no previous historical
data to use as a guideline for determining the project timeline, the Navy devel
oped PERT as an aid in predicting duration. PERT is a statistical analysis of tasks
along the critical path to determine the probability of a task or the project in the
prescribed duration. PERT is not without its flaws since it ignores the impact of
near‐critical path tasks. However, limitations notwithstanding, it adds some dis
tinct value to the control process.
There are three key pieces of information necessary to start a PERT analysis:
●●
●●
●●

The most likely duration for completing the task.
The most optimistic duration for completing the task if the work proceeds ideally.
The most pessimistic duration for completing the task if the work experiences
delay as a result of the task experiencing difficulty.

With this information, the PERT formula can be used to calculate the PERTMean,
which is a “weighted average” since the most likely time estimate is weighted
four times as much as the optimistic and pessimistic values. The formula for the
PERTMean is as follows:
PERTMean =

O + 4M + P
6

where
O = the most optimistic duration for completing the task if the work
proceeds ideally
M = the most likely duration for completing the task given the normal
course of events
P = the most pessimistic duration for completing the task if the work
experienced delays as a result of things going wrong
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The PERTMean is affected slightly by either the optimistic or pessimistic value
depending on which one is farthest from the most likely value. This results in mov
ing the PERTMean toward the value farthest from the most likely value M. It should
be noted that the project manager should develop a list of criteria that is the basis
of the things that could go wrong and raise the pessimistic value P.
The next step in the PERT analysis is the calculation of the PERTStandard Deviation,
which is defined as the variability of the calculation of each task. It is determined by
subtracting the optimistic value from the pessimistic value and then dividing by six:
PERTStandard Deviation =

P−O
6

where
O = the most optimistic duration for completing the task if the work
proceeds ideally
P = the most pessimistic duration for completing the task if the work
experienced delays as a result of things going wrong
A large PERT Standard Deviation is viewed as a wide range between the optimistic
and pessimistic estimates. If the standard deviation is small, it means the opti
mistic and pessimistic durations would be relatively close in range. The larger
the PERTStandard Deviation, the less confidence there is in the estimate of the duration.
The standard deviation’s size can then be used in comparing the relative risk one
task has to another. Here is an example of an analysis for Task A in which the
PERTMean and PERTStandard Deviation are calculated in terms of workdays for the case
where O =10 days, M = 12 days, and P = 16 days:
PERTMean A =

O + 4M + P 10 + 48 + 16
=
= 12.33 days ≈ 13 days
6
6

PERTStandard Deviation A =

P − O 16 − 10
=
= 1 day
6
6

The values for PERTMean and PERTStandard Deviation can then be used to calculate the
likelihood that Task A will finish within 13 days.
The formulas for calculating the probability are derived from a statistical analy
sis that is intended to help improve the decision process in assigning the duration
of a high‐risk task.
The previous results can be used with the normal distribution that forms the basis
of statistical distribution theory. Normal distribution, also called the Gaussian distribution, represented by the bell‐shaped curve, is the work of Carl F. Gauss, an early
nineteenth century German mathematician. The bell‐shaped curve can be used to de
scribe physical events such as task duration on a construction schedule (Figure 13.2).
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Figure 13.2 Bell‐Shaped Curve

According to Gauss, the mean represents a 50‐50 chance. He also noted that
68 percent of the data he collected fell within one standard deviation of the mean
(Figure 13.3). Applying Gauss’ theory to the values for Task A noted before, it can
be concluded that there is a 68 percent chance that the duration of Task A will fall
within plus or minus one day of the PERTMean A of 13 days. If the mean represents a
50‐50 chance of finishing on that date (day 13), then it can be concluded that half of
the 68 percent will fall on either side of the mean. This results in an 84 percent chance
(50 percent plus 34 percent) that Task A will finish in 14 days. Conversely, there is a
16 percent chance (50 percent minus 34 percent) that Task A will finish in 12 days.
Gauss went on to calculate the amount of data that was inclusive in the bell‐shaped
curve based on multiples of the standard deviation. He concluded that slightly
more than 95 percent (95.4 percent) of the data collected falls within the range of
two standard deviations, and that a little more than 99 percent (99.6 percent) of the
data collected falls within the range of three standard deviations.
If this is applied to the Task A example, then it could be stated that the prob
ability for Task A being completed in 15 days (13 days + two standard deviations
of one day each) is slightly more than 97.5 percent (95% ÷ 2 = 47.5% + 50%).
The actual number Gauss used is 95.4 percent which divided in two (47.7 percent)
and added to the mean is 97.7 percent. If we deduct 47.7 percent from the mean of
50 percent, it results in a 2.3 percent probability that Task A will finish in 11 days
(13 days minus 2 days standard deviation).
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Figure 13.3 Range of Data on a Bell‐Shaped Curve

If the range for three standard deviations is calculated, a little more than
99 percent (actually 99.6 percent) of the data collected falls within the curve. With
half of the 99.6 percent on either side of the mean, then there is a 99.8 percent
chance (99.6 percent ÷ 2 + 50 percent) that Task A will finish in 16 days (13 days +
3 days standard deviation). On the other side of the mean, there is a −0.2 percent
chance (99.6 percent ÷ 2 minus 50 percent) that Task A will finish in 10 days.
What does all this mean for the project manager? Simply stated:
●●
●●
●●
●●

Task A has a 50 percent chance of being completed in 13 days.
Task A has an 84 percent chance of being completed in 14 days.
Task A has a 97.7 percent chance of being completed in 15 days.
Task A has a 99.8 percent chance of being completed in 16 days.

The project manager and the project team can decide if the potential reduction
in risk is worth the extra day(s) to the schedule’s critical path.
Merge Bias
One of the principal objections to the use of PERT for calculating the probability
of the entire project is that an analysis technique can only be used on a single path
through the schedule. The summation rule of statistics assumes that data under
analysis is “mutually exclusive,” which is understood to mean that no other task in
the schedule will impact the analysis. Project managers know that this is not the
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case in construction. Activities that merge to finish at a milestone can have an im
pact on concurrent and succeeding activities. It is also routine for multiple critical
paths to exist in a project as well as near critical or subcritical paths. Subcritical
paths are distinct independent strings of activities with small total float. As float is
reduced on these subcritical path tasks, the probability of completing the project
on time is reduced because the likelihood that the subcritical path will cause delay
increases.
The concept of PERT merge bias can be defined as the probability that delay
to the schedule increases significantly in proportion to the number of critical or
subcritical paths with minimal float. The PERT analysis process ignores the lower
tier critical paths or the subcritical paths in the calculations. As a result, the risk is
underestimated for convergence points of multiple activities.
PERT can calculate the probability of any number of paths independently;
however, rarely does a project schedule consist of one critical path. At points where
two or more paths converge, a statistical sum is required to represent the outcome
probabilistically. The statistical sum considers the impact one path has on another.
The formula for a statistical sum in the case of PathA and PathB is
P (PathA + PathB) = P (PathA) × P (PathB)
where
P
= Probability in percentage (x/100)
PathA = Critical or near critical PathA converging with PathB
PathB = Critical or near critical PathB converging with PathA
To illustrate the point, assume that PathA has a 50 percent chance that it will
finish on the milestone date. Now assume that PathB has an 84 percent chance (this
assumes PathB has float, which is equivalent to one standard deviation). To calcu
late the likelihood that both of them will reach the milestone together, multiply the
percentages:
0.50 × 0.84 = .42
There is a 42 percent that they will finish on the same milestone date. Now
multiply this with another merging task that has a float equal to two standard
deviations (97.7%):
0.50 × 0.84 × .977 = .41 or 41%
The percentages decay even further as additional paths are added. This illus
trates merge bias and shows why many experts warn against its use as a schedule
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risk analysis technique. Despite the limitations caused by merge bias, perform
ing a PERT analysis for high‐risk tasks or the entire project is a step in the right
direction. It is a step toward improving the chances of success for the project.
Monte Carlo Simulation
Another more widely accepted method of calculating the probability of project
success is to create a simulation of multiple possible scenarios. This method is
called the Monte Carlo Simulation after the city in Monaco famous for its games
of chance. It is a probabilistic approach to determining the confidence levels in
finishing tasks on time using a statistical distribution. The Monte Carlo Simulation
emulates the random outcomes common to games of chance by randomly select
ing variable values to simulate real life. This exercise provides a multitude of sce
narios that can be used to address schedule risk. It randomly assigns durations
from predetermined values for optimistic, most likely, and pessimistic durations
similar to the PERT analysis. The expected statistical distribution in the Monte
Carlo Simulation, however, uses the beta distribution instead of a bell curve. The
beta distribution differs from the bell‐shaped curve in that it favors increased dis
tribution to the right of the mean (Figure 13.4).
The beta distribution is said to better represent tasks in a schedule since tasks
that improve their scheduled duration do so in small increments, whereas tasks that
slip their schedule often do so by larger increments.
Monte Carlo simulations are performed by computer and are not practical to
execute by hand, due to the sheer volume of calculations. For each sequence, the
software assigns durations randomly from the optimistic, most likely, and pes
simistic estimates of duration provided for each task. The software applies the
distribution and runs calculations for each task in the CPM. As a result of each
sequence run, the end date of the project is tabulated then expressed as a probable

Mean

Beta Distribution theory
favors data placement to
the right of the mean which
tends to better represent
tasks in a real schedule.

Figure 13.4 Beta Distribution Curve
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outcome. The results are typically listed in 5 percent increments from 5 percent to
100 percent, each defining the confidence level in the project’s finish by a specific
date. The confidence level is a measure of the statistical reliability of the predicted
outcome, in this case project completion. Table 13.2 is an illustration of the ex
pected trial results.
The results of Table 13.2 allow the project team to select a completion date
based on the confidence percentage that provides the desired comfort level.

Contract Modifications and Impact on Risk
The majority of contract delivery methods provide that an owner has a unilateral
right to make changes throughout the project. As many seasoned project managers
will attest, many owners wait until the latest possible time in which to exercise this
right. Many project managers have experienced the bevy of change orders that are
authorized in the eleventh hour when owners see their window of opportunity to
get the work done closing. This late stage flurry of change orders can often have
a previously unrecognized risk component when change orders are vying for the
same limited resources and remaining schedule. It is wise for the project manager
to preserve the rights of the contracting team by reviewing the risk component
of the combined change orders prior to accepting them. This is especially true
if the conditions have changed from the period in which the change order was
priced. Proposed changes priced early in the process often must be revisited and
Table 13.2 Trial Results for Monte Carlo Simulation
Probability Table for Project Completion
Probability

Substantial Completion

Probability

Substantial Completion

5%

12/10/2012

55%

1/3/2013

10%

12/12/2012

60%

1/5/2013

15%

12/16/2012

65%

1/7/2013

20%

12/17/2012

70%

1/10/2013

25%

12/19/2012

75%

1/12/2013

30%

12/21/2012

80%

1/13/2013

35%

12/23/2012

85%

1/14/2013

40%

12/26/2012

90%

1/16/2013

45%

12/28/2012

95%

1/18/2013

50%

12/29/2012

100%

1/19/2013
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reviewed for impact on cost and schedule in real time. Proposed changes that are
not accepted till later in the project can have an adverse impact on other scopes
of work that were not an issue when the work was priced. This goes beyond the
in‐sequence and out‐of‐sequence argument. It is often advisable to create a micro
schedule of the change orders and then insert it into the updated baseline schedule
to determine the full impact.
One final note about risk contingency planning: Risk is inherently increased as a
project or task is crashed. The risk is not always linear and can sometimes change the
dynamic of the task or project in unperceivable ways. In Chapter 11—Acceleration
and Schedule Compression it was stressed that selecting a task to crash is often
based on the cost to crash the task. There are factors that must be considered
beyond simply cost. Some tasks pose higher risks than others when crashed.
Crashing a more expensive task that may pose less of a risk should be an option
for consideration.

Summary
The primary responsibility of the project manager is to identify and manage risk.
Each process or discipline in the project control spectrum focuses on reducing the
negative occurrences that can sink a project. Despite the best efforts, risk can never
fully be eliminated, so a plan to manage or minimize its impact must be developed
and implemented if the event occurs. The primary take‐away is that risk manage
ment is limited by the assumptions on which the calculations are based.
As with all parts of the project control process, risk must be recognized in the
early planning stages so that a plan can be developed to address it in the most
economical way possible. The concept of planning for risk helps compensate for
the inevitability of some risks occurring. The risk identification process follows
the Work Breakdown Structure as an outline to avoid omission. It forces a detailed
analysis of what can go wrong and what is its impact should it occur.
Experience has shown that using a structured process for dealing with the
known and unknowns of the construction project minimizes delay, manages cost,
and reduces personnel fatigue. In general, risk management adds value to the con
trol process. Risk management is predicated on the project or company’s tolerance
for risk. How much confidence is the project willing to pay for?
Chapter 14—Project Closeout will consider the final stages of project control
that deal with the analysis of performance through the lessons learned process.
In addition, all of the data from the project must be saved, archived, and made
available as a guide to future performance so that mistakes are not repeated and
achievements are.

Chapter

14

Project Closeout

The final step in the construction project life cycle is the project closeout. While
project closeout occurs at the end of the project, planning for closeout starts in
the initial pre‐construction phase. The information and documentation needed for
closeout are collected from the very early stages, beginning even before the execution of the work. The physical construction work is clearly the largest phase of the
construction process; however, it is not the only phase. There is administrative and
contractual paperwork that play a large part in the transferring of the project from
the construction team to the owner’s team. Project closeout is not a complicated
process, but it can be time‐consuming.

Initiation of Project Closeout
Project closeout begins in the pre‐construction phase of the project. It is initiated
with a closeout meeting that lays out the contractual requirements with the subcontractors, vendors, and all participants in the process. While it may seem premature, it is quite the opposite. This early introduction to the project closeout process
allows the team to develop a system for collecting the necessary documents and
information during the execution rather at the very end of the project.
A helpful technique to start the project closeout process is a careful study of
Section 01 70 00—Execution and Closeout Requirements in the Division 1—
General Requirements section of the technical specifications. Section 01 70 00
provides a detailed checklist of the items required for closeout compliance for each
individual project. The section includes, but is not limited to:
●●
●●
●●
●●
●●
●●
●●
●●

Closeout procedures
Final cleaning
Starting of systems
Demonstration and instruction
Protection of installed construction
Punchlist and Certificate of Substantial Completion
Project change order log
Warranty items in process of correction
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●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●

Project record documents; final inspections, as‐builts, etc.
Closeout submittals
Lien releases/Lienwaivers
Operations and maintenance data
Preventative maintenance instructions
Maintenance contracts
Manual for equipment and systems
Spare parts and maintenance products
Testing and commissioning reports
Product warranties and product bonds
Surety bond releases
Completed operations insurance policies
Final site survey (if applicable)
Extra stock materials

Once the project team is aware of the general requirements outlined in 01 70 00,
the next step is to create a matrix of what is required for closeout in each of the
technical specifications. This can often be found in Part 1—General of each technical specification section. It is recommended that the project team members
review Part 2—Products and Part 3—Execution as well, to ensure nothing has
been omitted.
The matrix should include a description of the closeout item, and also provide
the submission date, date requested, dated received and disposition of the closeout
item, date forwarded to the owner/architect, and the name of the recipient. The
project team member heading up the project closeout should always retain copies of all closeout submissions for archiving, as well as signatures acknowledging
the receipt. While this may seem a bit drastic, more than one owner’s team has
misplaced an original document, which had to be replaced by the contractor or subcontractor because there was no proof of transfer. On the opposite side of the table,
this prevents the dispute over what was received and what has not been received.

Objectives of the Closeout Process
The objective of the closeout process is to create an orderly and documented transition of the project, from possession by the construction team to possession by
the owner or end‐user.
To achieve a successful closeout, there needs to be acknowledgment that the
closeout process means different things to different parties. To the owner it can
often be a time of great anxiety and apprehension as the operation of the facility
becomes their responsibility. Creating a smooth and orderly transition can often
cement an already beneficial business relationship, while a hasty exit can leave a
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lasting impression of abandonment. It is not uncommon for an owner to respond
to the abandonment by holding onto the last vestiges of the contract—the contract
retainage.
Architects with construction administration duties have often exercised the
owner’s contractual rights when the contractor has failed to focus on the completion of the punchlist and closeout procedures in a timely manner. These rights have
included:
●●
●●

●●

●●

The withholding of payment for failing to submit closeout documentation
Refusing the release of retainage until all closeout documentation has been
reviewed and accepted
Assessing the prime contractor for the A/E firm’s time and expenses for
prematurely requesting Substantial Completion
Or for extending the project closeout procedures ad infinitum

All of these actions can be counterproductive to a smooth transition. To keep all
participants on target for a seamless project closeout, updates to the process should
be incorporated in the regularly scheduled progress meeting minutes from the time
the project is approximately 75 percent complete. In some circumstances, this may
be later than ideal.
Project closeout procedures can be separated into two main categories: contract
closeout and administrative closeout. There is no specific preference as to which
proceeds first. In fact, there is no reason that prevents the two from proceeding
simultaneously.

Contract Closeout
Contract closeout involves the fulfillment of the obligations under the agreement(s)
that has governed the project. This includes both the prime contract with the owner
and lower tier contracts with subcontractors. It is also common to verify that the
maintenance or service agreements that were part of the original contract are in
order and scheduled. Contract closure is a simple but essential part of project
closeout. It often involves a careful review of the governing contract to reconcile
items such as allowances and unit prices that were part of the agreement. It should
include a careful review of approved change orders to ensure contract sums are
correct. This is also done as part of the administrative closeout. The duplication
of this task in two different processes acts as a check and balance against error.
Contract closeout may also include the matching of purchase orders to invoices to
reconcile vendor payments. Any termination of vendors or subcontractors during
the construction process should contain an explanation (reasons) of the termination and a reference to the supporting documentation in the event any actions arise
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from the termination. It should be noted that what seems like a sufficiently detailed
explanation at the time of closeout may be woefully inadequate months or years
later. A narrative is a method for ensuring that crucial details are not lost.

Administrative Closeout
The administrative closure procedure focuses on the collection, preparation, and
archiving of administrative type documents. Administrative documents are best
classified as the financial accounting summary: payment histories to ensure subs/
vendors/suppliers have been paid, regular updating of the closeout matrix, the
archiving of lower tier documents, and the creation and distribution of lessons‐
learned documentation.
Administrative closeout also includes the financial reconciliation of the project
and the review of accounts, both internal and external, to verify they have been
closed for the project. Approved change orders are tabulated to verify contract
sums and payments made. Disputed amounts that have yet to be resolved are held
in abeyance for later disposition. The final job cost report is produced and distributed for review.

Archiving Project Files
Historical project data is a priceless source of information for future projects.
All project records—cost, schedule, record documentation— should be stored
electronically according the company record retention guidelines. As part of
the archiving process, a detailed key to where specific files are stored must be
developed. Whenever possible or appropriate, files should be categorized either
chronologically or sequentially for ease of access at a later date. Archived files
should contain at a minimum the following:
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●

Contract documents: plans and specification
Contract modifications; Change Orders and CCDs
Correspondence by recipient party and type
Subcontractor contracts
Purchase Order logs for vendors and suppliers
Transmittal logs
Submittal logs; completed
Applications for Payment
RFI Log complete with responses
Final cost accounting and payment record
Baseline and regular updated schedules
Meeting minutes; on‐site and in‐house

Lessons Learned Meeting
●●
●●
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Project closeout log
Lessons learned report

It would be naive to not acknowledge the some projects end with unresolved
issues that may require the involvement of a third party professional. For projects
with unresolved claims, that may mean “going legal” and the documents must be
made readily available. This should not, however, prevent some archiving from
proceeding, the limits of which may be best discussed with counsel.

Lessons Learned Meeting
Lessons learned is the discussion and documentation of the experience gained on
the project. Lessons are learned from working with or solving real‐life problems
that projects often give birth to. It is the review of the positive and negative situations and how the project team dealt with them throughout the life cycle of the
project. It is intended to provide insight for future projects so that the positive
experiences are replicated and improved and the negative experiences are not
repeated.
Lessons learned meetings are typically conducted like any other meeting.
An agenda is written and distributed well in advance for any additions by team
members. Key stakeholders, such as the project team and the project manager,
superintendent, senior executive managers, financial personnel, and in many cases
stakeholders outside the immediate team are in attendance. Sufficient notice of
the meeting should be provided to allow participants to collect their thoughts and
create notes in advance. The meeting should be chaired by someone other than
the project manager responsible for the execution of the project. This prevents a
one‐sided view of the project or glossing over of problem performance. For the
lessons‐learned meeting to have value, the discussion must be frank and honest.
Participants must be able to openly present their comments, positive or negative,
without fear of reprisals. Lesson learned sessions are not a finger‐pointing opportunity nor are they intended to be punitive.
Responsibility for problem performance is essential to developing useful recommendations for future projects of a similar nature. Lessons learned meeting are
intended to focus on major issues, both bad and good. Participants should avoid
personal attacks or “nit‐picking” that might be interpreted as a personal attack.
One of the most commonly overlooked lessons to come from a completed
project is the cost comparison analysis: the actual costs and how they were
expended as compared to the estimated costs at the time of bid. The same is
true about schedule. Both are often archived without the benefit of comparing the final costs to the estimated costs or final task duration to the estimated
duration. Both offer key learning results that have the potential to improve future
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performance in either category. Sometimes this comparative analysis goes beyond the normal lessons learned meeting and may be best served by limiting
it to the estimating and scheduling departments. This may also include the circumstances that contributed to the difference, if any. The project team must remember that not all lessons learned are tactical; some are simply arithmetical.
It would be imprudent to continue to estimate a task at $5.00 per SF for labor if
we had data that supported an actual labor cost of $5.50 per SF. Use the data as
a source of improving future performance.
Remember to recognize superior performance by members of the project
team. Positive reinforcement can be extremely satisfying and rewarding to team
members. Team members are generally proud to share positive public recognition by senior management when the project is successful. It can be an enormous
motivator for future performance.
Lessons learned meetings can also be the best opportunity to discuss new techniques that were tried, products or processes used, or first‐time subcontractors
employed. These are critical bits of information that will help improve the second
use of a product or subcontractor, or more importantly, prevent a repeat of a bad
experience. Lessons learned sessions are a valuable closure mechanism for team
members.

Lessons Learned Documentation
There are numerous formats for lessons learned documentation. Typically, each
lesson can be committed to a separate piece of paper, or can be part of a single
report for the project. The lesson learned can follow a narrative format, but must
address the following:
●●
●●

●●
●●
●●

●●

●●

Describe in sufficient detail the issue that occurred.
Summarize any triggers or thresholds for recognizing that the issue was
occurring.
Outline in detail the impact (cost and/or schedule) of the issue.
Outline in detail the root cause of the issue.
Provide references or sources of information for diagnosing the issue or
applying the corrective actions (if a negative issue).
Identify the corrective actions taken and the results needed to remedy the
problem.
Provide any actions for exploiting the issue (if a positive issue or opportunity).

Lessons learned and comments regarding project assessments should be
documented in detail and openly discussed with the intent of eliminating future
occurrences of avoidable issues.
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Project Closeout Report
The project closeout report documents the completion of the closeout process.
The report provides a historical summary of the project: baselines, achievements,
and most important lessons learned as a result of its execution. The report should
identify variances from the baseline costs and schedule metrics set at the planning
phase of the project. The project closeout report is intended as a frank, concise
evaluation of the project and the performance of its team.
Team members are encouraged to provide input to the project manager who
generally writes the report. People who perform different functions during the
process may have very different perspectives of the successes and failures of the
project and, as a result, may provide helpful insight for future projects.
The closeout report is written after the project is fully completed and all closeout tasks have been finalized, yet while memories of the project are still fresh in
the mind of team members. Sixty to ninety days after closeout is a typical window
for creating the report.

Summary
Of equal importance to the planning phase of the project is the closeout of the
project. To prevent critical information learned during execution from being forgotten, the closeout process begins almost immediately with the start of the work.
Setting specific criteria for monitoring and reporting closeout early on helps create value in the process and eliminates the crisis management that occurs in the
absence of a protocol. Establishing a plan early helps prevent “holes” or the inevitable omissions that occur near the end of each project.
Project closeout can be classified into two categories, contract and administrative, each with its own field of focus. Overlapping duties in each can often provide
a check and balance to the process, thereby ensuring a complete transition. The
final documentation is archived for future use.
The closeout process is aimed at creating a smooth transition between the
contractor and the owner during the turnover. This turnover must be orderly and
professional and must demonstrate the contractor’s commitment right to the end.
Ideally each project imparts some practical wisdom on the participants. It is the
by‐product of experiencing and solving real life problems or creating opportunities that are part of every project. Documenting and sharing this wisdom to help
improve future projects is part of the lessons‐learned process and crucial to the
growth of any project manager or company he or she serves.

Appendix

A

Practice Review Questions

The following is a list of problems or questions that both the practicing professional or the student can use to better understand the material covered in the text.
The questions/problems are organized by chapter.

Chapter 1: The Basics
1. Name the two key principles described in Gantt’s 1919 book Organizing
for Work.
2. Gantt was one of the first to recognize that in order for a team of workers
to produce efficiently and to maintainable standards, what was required?
3. Fayol’s book General and Industrial Management published in 1916 outlined a flexible theory of management that could be applied to most industries. What was the theme of the book?
4. Gantt is recognized for what visual tool which measures actual progress
against planned progress?
5. Name the six management functions that Fayol is credited with that are still
the basis of project management today.
6. Identify the five steps in the traditional approach to project management.
7. Name the five approaches to managing projects.
8. What is the most tangible benefit of the pre‐construction planning process?
9. Define the components of the Monitoring and Controlling process.
10. Explain the role of the contract documents in the control process.

Chapter 2: Introduction to Project Control
1. Project control is the function of integrating cost and schedule data to
establish a baseline or guidance system for monitoring, measuring, and
controlling performance. True or False?
2. Control systems are established for what six factors in the management
process?
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3. The gathering of information that will be used during the analysis portion
of the control process is called?
4. What is the name of the time and cost parameters that the project team sets
as the metrics to measure performance?
5. Deviations from planned performance are called?
6. What is the name of the decomposition process the breaks the project down
into its element components of work?
7. Identify the acronym ACWP and provide a definition.
8. Identify the acronym BCWS and provide a definition.
9. Identify the acronym BCWP and provide a definition.
10. Define the formula for Schedule Performance Index (SPI) and explain
what it is a measure of?

Chapter 3: Pre‐Construction Planning
1. Successful construction companies have policies and procedures for managing a project. Policies and procedures are designed to control an action
in order to provide a predictable outcome. True or False?
2. The Pre‐Construction phase is intended to evaluate the constructability of
the project and the documents that will be used as the guidance system for
that process. True or False?
3. Define the responsibilities of the project manager.
4. Define the term “means and methods”.
5. Many of the costs associated with a construction project are time sensitive.
Define what is meant by time sensitive in this context and provide some
examples.
6. Explain the difference between the plan and the schedule.
7. What is the baseline for time management and control on a project?
Explain.
8. The initial schedule that is published for use as a management tools is called?
9. The project estimate is broken down in to costs for measuring fiscal performance. This breakdown process is called?
10. Name three key components of a good communication plan.

Chapter 4: The Schedule
1. The construction schedule measures work as a function of time. True or
False?
2. The incremental parts or work of the schedule are called?
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3. What are required to measure incremental progress toward completion?
4. A velocity diagram is used for scheduling what type of work?
5. What type of scheduling assumes a high degree of variability in task durations?
6. Define the basic concept of CPM scheduling. Cite the relationships between tasks and why it is pertinent in construction.
7. Define the term float. Explain how it can benefit the project.
8. Tasks can be classified into three types. What are the three types?
9. Task durations are measured in work days, overall schedules are measured
in calendar days. Explain the difference.
10. Explain the difference between the Daily Production Rate method and the
Labor‐Hour Productivity method for calculating durations.

Chapter 5: The Budget
1. Define the term “cost” and explain how it is affected by its frame of reference.
2. Specifications are qualitative in nature and set the acceptable standards that
the quality of the project will be measured against. True or False?
3. Which type of estimating is the methodology by which bid documents are
broken down into its incremental components for pricing?
4. The compilation of the estimated costs for a project becomes the budget for
the project. True or false?
5. Explain what CSI MasterFormat is and how it is used in the construction
industry.
6. What type of information is contained in Part 1‐ General section of a technical specification section?
7. By what methods are products contained in the technical specifications
specified?
8. What is a cost element?
9. What is the purpose of the project job costs report?
10. Additions or deletions from the original budget by approved change order
are reflected in the updated budget called?

Chapter 6: Integrating the Schedule and the Budget
1. What is a Schedule of Values and what does it represent?
2. The full value of a line item in the Schedule of Values represents the value
of the scope of work at 100 percent complete. True or False?
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3. The practice of placing a greater percentage of profit, or inflating the value
of tasks, occurring early in the project is called?
4. What are the five values that must remain constant in order to compare
actual to planned value?
5. The Schedule of Values is used in determining the value of the work that
has been completed in a specific period. True or False?
6. The scheduled value of the task distributed over the duration of the task is
called?
7. The dollar value of the work scheduled to be accomplished in a specific
time period is called?
8. The BCWP is the actual dollar amount earned based on what was scheduled to be earned. True or False?
9. Combining the scheduled value of the work in dollars from the Schedule
of Value with the anticipated progress predicted in the schedule, the project
manager can forecast earnings from this task at any point along the schedule. True or False?
10. Average daily production can be used to forecast future production if conditions remain unchanged. True or False?

Chapter 7: Calculating and Analyzing Progress
1. There are generally six recognized methods for calculating progress on a
construction task. Identify all six.
2. Explain how the Start/Finish approach assigns percentages of completion
to a task.
3. What are the disadvantages of the Experience/Opinion approach to determining per cent complete?
4. The process for determining the progress on an individual task or the project as a whole is called?
5. Earned Value Analysis can only be applied to contracts with fixed budgets.
True or False?
6. What is the formula for determining the earned value (EV) of a task?
7. Define Quantity Adjusted Budget and explain when it is used.
8. Explain the difference in the AWCP and the BCWP.
9. What does a Schedule Performance Index (SPI) of less than 1.00 tell the
project manager?
10. Is it possible to have a SPI of less than 1.00 and a CPI of more than 1.00?
What does it represent?
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Chapter 8: Analyzing and Reporting Variances in Schedule and Cost
1. The Earned Value S‐Curve graphs the dollar value of three separate parameters as a function of time. What are those parameters?
2. The Budget at Completion (BAC) never changes from the beginning of the
project. True or False?
3. The Budget at Completion (BAC) plus the Management Reserve (MR) is
called?
4. Please explain why the BAC ends at Substantial completion on the
S‐Curve.
5. The completion line on the Earned Value S‐Curve should move to the right
as extensions of time are granted to the contract. True or False?
6. Large initial separations on the EV S‐Curve between the lines for ACWP
and BCWP with BCWP above the ACWP may be an indicator of excessive
front loading. True or False?
7. Earned Value S‐ Curves can be produced for a single task or for the entire
project. True or False?
8. Explain the purpose of a Control Chart.
9. SPI and CPI charts are used to graph the respective efficiency factors so
that they can be tracked over time. True or False?
10. Variance thresholds are a measure of tolerance for SPI and CPI efficiencies. Explain.

Chapter 9: Recognizing Trends and Forecasting Performance
1. Trend analysis can be used to forecast future labor requirements. True or
False?
2. There are four considerations that trigger when data becomes an effective
basis for forecasting. Define them.
3. What are trend charts used for? Give an example.
4. One of the most sought after forecasted values is the total anticipated cost
of the project when it is complete. This is called?
5. The amount of money required to complete the project under the current
terms and trend is called?
6. The Budget at Completion (BAC) less the Estimate at Completion (EAC)
is called?
7. A negative VAC tells the project team that the costs are under budget, while
a positive value means the costs have exceeded the current target budget.
True or False?
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8. The TCPI is the recommended performance from the status date going forward. For TCPIs greater than 1.00 there is more work remaining than there
is budget to pay for it. True or False?
9. Is an SPI of 1.023 acceptable? Explain.
10. What basic information can be derived from an SPI of 1.02 and a CPI of 0.97?

Chapter 10: Productivity
1. Explain the difference between productivity and production.
2. Productivity is the measure of output or return for each unit of input. True
or False?
3. Productivity in construction is uniform and remains constant over the execution of a task. True or False?
4. What is a production model and how is it used?
5. The comparison of planned output to actual output is called?
6. Explain what a productivity index (PI) of 1.034 indicates.
7. Factors that affect productivity can be separated into external (uncontrollable) and internal (controllable) factors. True or False?
8. Statistics show that crews are productive about 95 percent of the workday.
True or False?
9. Why is labor hours a better basis for a productivity index (PI) than dollars?
10. Identify five controllable and five uncontrollable factors that can affect
productivity.

Chapter 11: Acceleration and Schedule Compression
1. Define the three types of acceleration.
2. What is an excusable delay? Provide an example and explain.
3. Explain why most contracts provide that a general contractor can supplement a subcontractor’s workforce even if he/she is an independent entity.
4. Define the term Schedule Compression.
5. Schedule compression rarely results in the increase of labor resources or
labor hours. True or False?
6. What is time‐cost trade off analysis?
7. Explain the difference between a direct cost and an indirect cost on a project.
8. Explain the term crash duration.
9. It is the purpose of the time‐cost model to identify the task with the least
cost per crash day. True or False?
10. Why are contractors reluctant to produce a recovery schedule?
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Chapter 12: Resource Management
1. What are the two goals of resource management?
2. Labor resources can be divided into two types. What are these two types?
3. Material resources can be separated into two types. What are these two
types?
4. Scheduling and coordinating resources so that they arrive on site as needed
and removed when not needed is called?
5. It is the goal of resource allocation to maintain sufficient resources to allow
the work to proceed in a smooth or even flow. True or False?
6. Define the term time‐constrained resource.
7. It is not the goal of the resource leveling process to make the daily utilization of labor, as uniform as possible. True or False?
8. What is one disadvantage of resources leveling in construction?
9. What can the project manager expect to see from a resource profile?
10. The actual management of materials can be separated into two competing
schools of thought. Explain them.

Chapter 13: Risk Management
1. All risk can be eliminated from a project through aggressive mitigation
plans. True or False?
2. Risk can have a positive or negative effect on the project goals. True or
False?
3. What is the purpose of the risk management process?
4. The first step in the risk management process is risk identification. True or
False?
5. Probability is generally considered a more detrimental factor than impact.
True or False?
6. What is the purpose of an impact scale?
7. The impact scale can then be used as the basis for a comparison that allows
the project manager to assemble and rate the risk based on a numerical
scale. This scale is called?
8. The Failure Mode and Effects Analysis (FMEA) introduces what additional factor to the severity matrix?
9. The process to reduce the likelihood that the event will occur and the impact of the event if it does is called?
10. PERT analysis of a task is used to identify the most probable duration of
the task. True or False?
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Chapter 14: Project Closeout
1. What is the objective of the project closeout process?
2. Project closeout begins at the end of the project. True or False?
3. Project closeout procedures can be separated into two main categories.
Define each.
4. Lessons learned meetings are used to avoid repeating the same mistakes
and to improve performance on the project. True or False?
5. Explain how job cost reports are part of the project closeout and lessons
learned meeting.
6. Name five items that one would expect to see in lessons learned documentation.
7. Why is it essential for the report to contain viewpoints other than those of
the project manager?
8. What is the purpose of archiving files?
9. Explain where a project team member would find what is required for
closeout.
10. The estimator(s) should be part of the project closeout process. True or
False?

Appendix B
Answers to Practice Review
Questions
The following is a list of answers to the questions in Appendix A— Practice
Review Questions. The answers are organized by chapter and correspond to the
numbers of the questions in Appendix A.

Chapter 1: The Basics
1. 1.) Measure activities by the amount of time needed to complete them (task
duration) and 2.) The space on the chart can be used to represent the quantity of the task that should have been done in that time (daily output).
2. The team needed an intelligent leader that could solve or pre‐empt problems.
3. The book stressed the importance of planning as a way to improve efficiency.
4. The Gantt Chart.
5. 1.) Forecasting, 2.) Planning, 3.) Organizing, 4.) Commanding, 5.)
Coordinating, and 6.) Monitoring
6. In the traditional approach there are five distinct steps; Initiation, Planning,
Execution, Monitoring and Controlling, and Completion.
7. The five approaches to project management are; traditional, critical chain
project management, extreme project management, agile project management, and event chain methodology.
8. Pre‐construction planning forces detail thinking about the project and the
assumption made during bid time.
9. The Monitoring and Controlling process consist of a series of steps to observe the executing process. It is the establishment of a guidance system or
a set of metrics by which actual performance can be measured and compared to planned performance.
10. The contract documents form the basis of the performance measurement
baseline. It is the basis of the costs and schedule model.
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Chapter 2: Introduction to Project Control
1. True.
2. Control systems are established for: 1.) schedule, 2.) cost, 3.) contract
modifications, 4.) risk, 5.) quality, and 6.) resources.
3. Project performance measurement.
4. The performance measurement baseline is the time and cost parameters
that the project team sets as the metrics to measure performance.
5. Variances.
6. Work Breakdown Structure (WBS).
7. ACWP is the Actual Cost of Work Performed. ACWP is the actual cost
incurred in the performance of the work for a given time period.
8. BCWS is the Budgeted Cost of Work Scheduled. BCWS is the value of
the work planned or scheduled to be accomplished within a specific time
period as illustrated in the schedule.
9. BCWP is the Budgeted Cost of Work Performed. BCWP is the value of the
work completed measured in terms of the planned value of the work. It is
the Earned Value for a task.
10. Schedule Performance Index (SPI) = BCWP ÷ BCWS. SPI is the budgeted
cost of work performed (BCWP) divided by the budgeted cost of work
scheduled (BCWS). It is a ratio of the earned value to the planned value.
Values greater than 1.0 are considered favorable, values less the 1.0 are
unfavorable.

Chapter 3: Pre‐Construction Planning
1. True.
2. True.
3. The project manager is the lead on the project team. He or she is the decision‐maker in the feedback cycle and is responsible for overall project
performance; success or failure. They report to senior management, and are
responsible for all team members receiving regular updates on project status. In many companies they are also the project scheduler and the project
control’s analyst. The PM works with the estimator and other team members
to arrive at the Detailed Cost Accounts that will be the basis of the project cost control. The PM assembles the periodic billing, reviews it with the
Architect or Owner’s rep and sees to it that it is approved and paid. The PM
also approves or rejects payments to subs, vendors, and suppliers. Any value
engineering initiatives, while not always initiated by the PM, are directed by
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4.

5.

6.
7.
8.
9.
10.
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the PM. The project manager chairs the meetings in the office and on‐site.
With the contributions of team members, the PM sets the meeting agenda to
ensure that pertinent issues are discussed and resolved in a timely manner.
Means and methods is the “detail behind how the project is to be built”. It
is the action, the result in the execution of the plan that will fulfill the contract obligations. It is based on the means and method that was the basis of
the estimate.
Time sensitive means that the longer a cost is exposed on a project the
greater the amount. Superintendent salary is an example of a time sensitive
costs. The longer the superintendent is on the project site the more he or
she costs.
The plan is the roadmap as to how the work will be executed. The schedule
is the plan set to time.
The initial schedule is the baseline for time management and control. It
sets the standard by which time performance is measured.
The initial schedule is called the as‐planned or target schedule. It is the
performance baseline for time.
The Cost Breakdown Structure or the CBS.
1.) the information needs required by the group, 2.) source of the information, and 3.) the frequency of the distribution of the information.

Chapter 4: The Schedule
1.
2.
3.
4.

5.
6.

7.
8.

True.
Tasks or activities.
Milestones.
Velocity diagrams are a type of schedule used for work that is linear in
nature without clear segments of work that can be analyzed. Construction
of a highway is an example of a linear type of project.
Program Evaluation and Review Technique or PERT.
The theory behind the CPM schedule is that there are a series of sequential
tasks that are linked from the start to the end of the project. If any one of
these tasks is delayed, it will delay the finish date of the project as a whole.
It is based on the fact that these tasks, called critical tasks are separate but
inextricably linked by their interdependency.
Float is measured in workdays. It is the difference between the time
required to perform the tasks and time available to perform the work.
Tasks can be classified into 1.) administrative tasks, 2.) procurement tasks,
and 3.) production tasks.
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9. Workdays are typically Monday to Friday, exclusive of holidays or other
non‐working days. Workdays can be Monday to Sunday if the project runs
seven days a week. Calendar days are Monday to Sunday including holidays and non‐working days.
10. The Daily Production Rate method is based on the productivity of a specific crew and the assumption that the productivity of this crew will remain
constant over the life of the task provided that the conditions under which
the work is performed do not change. The Labor‐Hour Productivity focuses less on the crew size, than the time it takes to install a single unit of
the task. It is based on the fact there is a direct correlation between the cost
and the labor‐hours to perform the task.

Chapter 5: The Budget
1. Cost is defined as the price paid to acquire, produce, accomplish or maintain something. It varies based on its frame of reference. For the owner,
who will pay the general contractor, cost includes the contractor’s profit.
For the general contractor who will perform the work, cost is everything
but the profit.
2. True.
3. Unit price estimating.
4. True .
5. CSI MasterFormat is an organization structure that groups similar types of
tasks in sections. The technical specifications for CSI MasterFormat and
consequently the estimate is organized by its divisions and sections.
6. Part 1, the general section of the specifications, provides a summary of the
work included within that particular section. It ties the technical section
to the General Conditions and Supplementary General Conditions of the
Contract, an essential feature in maintaining continuity between the general contractor and subcontractors. Part 1 identifies the applicable agencies
or organizations by which quality assurance will be measured. It defines
the scope of work that will be governed by this technical section, including,
but not limited to items to be furnished by this section only, or furnished
by others and installed under this section. It also identifies other technical
sections that have potential coordination requirements with this section,
and defines the required submittals or shop drawings for the scope of work
described in this section. Part 1 also establishes critical procedures for the
care, handling, and protection of work within this section, including such
ambient conditions as temperature and humidity.
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7. Products can be specified by; 1.) name or proprietary specifying, 2.) performance specifying, and 3.) descriptive specifying.
8. A cost element is the lowest level of the costs breakdown structure (CBS).
9. The job costs report provides the project manager/team with a regular summary of the costs incurred on a project in performance of the work.
10. The current budget.

Chapter 6: Integrating the Schedule and the Budget
1. The Schedule of Values (SOV) is the decomposition of the contract into
tasks or groups of tasks that have a dollar value assigned to them. The total
of the SOV must equal the contract price including the fee.
2. True.
3. Front loading the schedule of values.
4. 1.) All tasks are being performed by professional tradespersons, 2.) the
tradespersons have the appropriate materials, tools, equipment and training
to perform the task, 3.) the crew assigned to perform the task is the optimal
crew. All crew members are contributing to the production, 4.) work is being performed continuously without any interruptions or delays, and 5.) the
work‐day remains constant 8 hours per day.
5. True.
6. The planned value (PV) of the task.
7. The Budgeted Cost of Work Scheduled (BCWS).
8. True.
9. True.
10. True.

Chapter 7: Calculating and Analyzing Progress
1. 1.) Units Completed, 2.) Incremental Milestones, 3.) Start/Finish, 4.) Cost
Ratio, 5.) Experience /Opinion, and 6.) Weighted or Equivalent Units.
2. The Start/Finish approach assigns values to be earned at the start and finish
of the task only. Usually based on a percentage of the value.
3. The Experience/Opinion approach is highly subjective with very little, if
any tangible or factual information on which to base the percent complete.
It is highly subject to human error.
4. Earned Value Analysis (EVA).
5. False.
6. Earned Value (EV) = Percent Complete × Maximum Budget
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7. For projects with a variable budget the quantities of the tasks change as the
result of adding or deducting work from the project. As a result the budget
changes to accommodate the changing scope of work. This is called the
Quantity Adjusted Budget (QAB).
8. The AWCP is the dollar amount (or labor hours) that it costs the contractor
to perform the work, while the BCWP is the dollar amount (or labor hours)
that the contractor earned as a result of performing the work.
9. A Schedule Performance Index (SPI) of less than 1.00 indicates that the
work is behind schedule.
10. Yes, it is possible to have a SPI of less than 1.00 and a CPI of more than
1.00. It indicates that tasks are being completed behinds schedule but it is
costing less to do the work.

Chapter 8: Analyzing and Reporting Variances in Schedule and Cost
1.
2.
3.
4.

5.
6.
7.
8.

9.
10.

The BCWS, BCWP, and the ACWP.
False.
The Total Allocated Budget or TAB.
The Budget at Completion (BAC) line ends at Substantial Completion because it would not be contractually correct to show that the project ends
late before it has started.
True.
True.
True.
A control chart tracks past and current performance by regular update and
can be used to predict future performance of each indictor with modest
accuracy.
True.
Variance thresholds measure what is an acceptable deviation for both SPI
and CPI. It is traditionally agreed upon at the planning stage. Thresholds
may vary with the risk that is assessed for various tasks.

Chapter 9: Recognizing Trends and Forecasting Performance
1. True.
2. The four considerations for using data to forecast are; 1.) any learning period for the task must have expired, 2.) the crew(s) executing the work
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must be fixed, 3.) the production rate for the task has stabilized, and 4.) a
minimum of three reporting periods of data has been collected.
Trend charts are used to track performance and forecast future performance.
Estimate at Completion (EAC).
Estimate to Complete (ETC).
Variance at Completion (VAC).
False.
True.
An SPI of 1.023 indicates that the work is proceeding 2.3 percent faster
than planned. It provides no indication of cost performance.
An SPI of 1.02 indicates that the work is proceeding 2 percent faster than
planned. A CPI of 0.97 indicates that the work is costing 3 percent more
than planned.

Chapter 10: Productivity
1. Production is the measure of output (units of work produced), whereas
productivity is the rate of production (units of work per unit of time).
2. True.
3. False.
4. A production model is a mathematical expression of the production process that is based on collected data, measured in the form of quantities of
inputs and outputs. It establishes the basis for measuring performance.
5. The productivity index or PI.
6. A productivity index (PI) of 1.034 indicates that the crew is 3.4 percent
more efficient than planned in the estimate.
7. True.
8. False.
9. Labor‐hours as a standard are not affected by increases in the rate of pay.
10. Five controllable factors; ambient conditions within an enclosed space,
proper planning and task analysis, sufficient materials on hand to
performance the work without interruption, repeated interruptions or
changes to task scope, and disruptions to work flow by crew changes. Five uncontrollable factors; personal ambivalence or apathy of the
worker, outside weather conditions; precipitation, temperature, etc.,
personal problems (unrelated to work) diverting attention from work,
minor health problems; colds, fatigue, aches and pains, and economic
conditions in the region.
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Chapter 11: Acceleration and Schedule Compression
1. The three types of acceleration are; actual, constructive, and forced acceleration.
2. An excusable delay is beyond the control of the contractor. Inclement
weather that prevents the work from proceeding is an excusable delay.
3. Contracts provide that the contractor has the responsibility and the right to
fulfill his/her contractual obligations even if a portion of the work is subcontracted. In addition most contracts between the Owner and the GC do
not recognize subcontractors.
4. Schedule compression is the shortening of the duration of a task or the
shortening the entire project.
5. False.
6. The process by which the project team decides which tasks offer the most
time savings for the least cost.
7. A direct cost is directly related to one project and that project only. An indirect cost is a cost relative to operation of the company and applies to all
projects.
8. Maximum schedule compression is called crashing. As a result a crash
duration is the shortest amount of time in which a task can be performed.
9. True.
10. By producing a recovery schedule a contractor is admitting to being behind
schedule and thereby opening himself/herself up to a claim for delay.

Chapter 12: Resource Management
1. Resource management has two key goals; a.) to insure that the correct
resource is available at the correct time and in sufficient quantity, and b.) to
insure that the resource used efficiently.
2. Hourly and salaried wages.
3. Materials can be; support materials are not incorporated in the work, but
provide support for the work, or installed materials are permanently incorporated in the work.
4. Resource allocation.
5. True.
6. A resource‐constrained project assumes that the resources available to do
the project are limited or cannot be exceeded.
7. False.
8. The disadvantage of resource leveling is the redirected focus from schedule
delivery to resource absorption.
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9. A resource profile shows graphically the day‐by‐day demand for a particular resource based on a defined schedule for the project.
10. The actual management of materials; 1.) deliver the materials just prior
to installation, or 2.) provide an adequate supply of materials to be maintained on site.

Chapter 13: Risk Management
1. False.
2. True.
3. The purpose of the risk management process to identify potential risks,
reduce their chance of occurring and minimize their impact if they do
occur.
4. True.
5. False.
6. An impact scale provides a numerical rating for judging the severity of the
risk against predetermined factors.
7. The impact scale can then be used as the basis for a comparison that allows
the project manager to assemble and rate the risk based on a numerical
scale.
8. FMEA introduces detection to the severity matrix.
9. Risk mitigation.
10. True.

Chapter 14: Project Closeout
1. The objective of the closeout process is to create an orderly and documented transition of the project, from possession by the construction team
to possession by the owner or end‐user.
2. False.
3. Project closeout procedures can be separated into two main categories;
contract closeout and administrative closeout.
4. True.
5. Job costs reports represent the cost component of the administrative closeout.
6. 1.) describe in sufficient detail the issue that occurred, 2.) summarize any
triggers or thresholds for recognizing the issue was occurring, 3.) outline in
detail the impact (cost and/or schedule) of the issue, 4.) outline in detail the
root cause of the issue, and 5.) provide references or sources of information
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7.
8.
9.
10.

for diagnosing the issue or applying the corrective actions (if a negative
issue).
So that the report is evenly balanced and less biased.
Store them for future reference.
Refer to Section 01 70 00‐ Execution and Closeout Requirements in
Division 1 ‐General Requirements section of the technical specifications.
True.
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