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PREFACE 

This book pfesents the principles and techniques of managing engineering and con- 
struction projects from the conceptual phase, through design and construction, to 
completion. It emphasizes project management during the early stages of project de- 
velopment because the ability to influence the quality, cost, and schedule of a proj- 
ect can best be achieved during the early stages of development. Most books discuss 
project management during construction, after the scope of work is fully defined, 
the budget is fixed, and the completion date is firm. It is then too late to make any 
significant adjustments to the project to improve quality, cost, or schedule to bene- 
fit the owner. 

Although each project is unique, there is certain information that must be identi- 
fied and organized at the beginning of a project, before any work is started. Numer- 
ous tables and graphs are presented and discussed throughout this book to provide 
guidelines for management of the three basic components of a project: scope, 
budget, and schedule. Throughout this book, achieving project quality to meet the 
owner's satisfaction is emphasized as an integral part of project management. 

This second edition of the book has three new chapters: Working with Project 
Teams, Early Estimates, and Design Proposals. The topics in these chapters are ex- 
tremely important to achieving a successful project. These topics ar-  covered from 
the perspective of the engineer who is employed with either the owner's organiza- 
tion or the design firm. 

The intended audience of this book is students of university programs in engi- 
neering and construction. It is also intended for persons in industry who aid the 
owner in the feasibility study, coordinate the design effort, and witness construction 
in the field. A common example is used throughout this book to illustrate project 
management of the design and construction process. 

This book is based on the author's experience in working with hundreds of proj- 
ect managers in the engineering and construction industry. Much of the information 
in this book is based on formal and informal discussions with these project man- 
agers, who are actively involved in the practice of project management. Although 
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the author has observed that no two project managers operate exactly the same, 
there are common elements that apply to all projects and all project managers. The 
author presents these common elements of effective project management that have 
been successfully applied in practice. 

McGraw-Hill and the author would like to thank Martin Fischer of Stanford Uni- 
versity and C. William Ibbs of the University of California at Berkeley for their 
many comments and suggestions. The author would also like to thank the many 
project managers in industry who have shared their successes, and problems, and 
who have influenced the author's thoughts in the development of this book. Finally, 
the author greatly appreciates the patience and tolerance of his wife, Jana, and three 
sons, Dan, Tim, and Ron, for their support and encouragement during the writing 
and editing phases in producing this finished book. 
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INTRODUCTION 

PURPOSE OF THIS BOOK 

The purpose of this book is to present the principles and techniques of project man- 
agement beginning with the conceptual phase by the owner, through coordination of 
design and construction, to project completion. 

Experienced project managers agree that the procedures used for project man- 
agement vary from company to company and even among individuals within a 
company. Although each manager develops his or her own style of management, 
and each project is unique, there are basic principles that apply to all project man- 
agers and projects. This book presents these principles and illustrates the basic 
steps, and sequencing of steps, to develop a work plan to manage a project through 
each phase from conceptual development to completion. 

Project management requires teamwork among the three principal contracting 
parties: the owner, designer, and contractor. The coordination of the design and con- 
struction of a project requires planning and organizing a team of people who are 
dedicated to a common goal of completing the project for the owner. Even a small 
project involves a large number of people who work for different organizations. The 
key to a successful project is the selection and coordination of people who have the 
ability to detect and solve problems to complete the project. 

Throughout this book the importance of management skills is emphasized to en- 
able the user to develop his or her own style of project management. The focus is to 
apply project management at the beginning of the project, when it is first approved. 
Too often the formal organization to manage a project is not developed until the be- 
ginning of the construction phase. This book presents the information that must be 
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assembled and managed during the development and engineering design phase to 
bring a project to successful completion for use by the owner. 

The intended audience of this book is students enrolled in university programs in 
engineering and construction. It is also intended for the design firms which aid the 
owner in the feasibility study, coordinate the design effort, and witness construction 
in the field. This book is also for persons in the owner's organization who are in- 
volved in the design and construction process. 

ARRANGEMENT OF THIS BOOK 

A discussion of project management is difficult because there are many ways a proj- 
ect can be handled. The design andlor construction of a project can be performed by 
one or more parties. Regardless of the method that is used to handle a project, the 
management of a project generally follows these steps: 

Step 1: Project Definition (to meet the needs of the end user) 
Intended use by the owner upon completion of construction 
Conceptual configurations and components to meet the intended use 

Step 2: Project Scope (to meet the project definition) 
Define the work that must be accomplished 
Identify the quantity, quality, and tasks that must be performed 

Step 3: Project Budgeting (to match the project definition and scope) 
Define the owner's permissible budget 
Determine direct and indirect costs plus contingencies 

Step 4: Project Planning (the strategy to accomplish the work) 
Select and assign project staffing 
Identify the tasks required to accomplish the work 

Step 5: Project Scheduling (the product of scope, budgeting, and planning) 
Arrange and schedule activities in a logical sequence 
Link the costs and resources to the scheduled activities 

Step 6: Project Tracking (to ensure the project is progressing as planned) 
Measure work, time, and costs that are expended 
Compare "actual" to "planned" work, time, and cost 

Step 7: Project Close Out (final completion to ensure owner satisfaction) 
Perform final testing and inspection, archive documents, and confirm 
payments 
Turn over the project to the owner 

These steps describe project management in its simplest form. In reality there is 
considerable overlap between the steps, because any one step may affect one or 
more other steps. For example, budget preparation overlaps project definition and 
scope development. Similarly, project scheduling relates project scope and budget 
to project tracking and control. 

The topic of project management is further complicated because the responsibil- 
ity for these steps usually involves many parties. Thus, the above steps must all be 
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integrated together to successfully manage a project. Subsequent chapters of this 
book describe each of these steps. 

Chapter 1 defines general principles related to project management. These basic 
principles must be fully understood because they apply to all the remaining chap- 
ters. Many of the problems associated with project management are caused by fail- 
ure to apply the basic management principles that are presented in Chapter 1. 

Chapter 2, Working with Project Teams, presents the human aspects of project 
management. The project team is a group of diverse individuals, each with a special 
expertise, that performs the work necessary to complete the project. As leader of the 
project team, the project manager acts as a coach to answer questions and to make 
sure the team understands what is expected of them and the desired outcome of the 
project. 

Chapter 3, Project Initiation, presents material that is generally performed by the 
owner. However, the owner may contract the services of a design organization to as- 
sist with the feasibility study of a project. The project manager should be involved 
at the project development or marketing phase to establish the scope. This requires 
input from experienced technical people that represent every aspect of the proposed 
project. 

Chapter 4, Early Estimates, presents the techniques and processes of preparing 
estimates in the early phase of a project. Preparation of early estimates is a prereq- 
uisite to project budgeting. For engineering and construction projects, the early cost 
estimate is used by the owner in making economic decisions to approve the project. 
The early cost estimate is a key project parameter for cost control during the design 
process. 

Chapter 5, Project Budgeting, applies to all parties in a project: the owner, de- 
signer, and contractor. The budget must be linked to the quantity, quality, and sched- 
ule of the work to be accomplished. A change in scope or schedule almost always 
affects the budget, so the project manager must continually be alert to changes in a 
project and to relate any changes to the budget. 

Chapter 6, Development of Work Plan, applies to the project manager who is re- 
sponsible for management of the design effort. Generally, he or she is employed by 
the professional design organization, which may be an agency of the owner or un- 
der contract by the owner to perform design services. The material presented in this 
chapter is important because it establishes the work plan which is the framework for 
guiding the entire project effort. The information in this chapter relates to all the 
project management steps and chapters of this book. 

Chapter 7, Design Proposals, presents the process of preparing proposals from the 
design organization to the owner. After the owner has defined the goals, objectives, 
intended use, and desired outcome of the project, a request for proposals is solicited 
from the design organization. The design organization must convert the owner's ex- 
pectations of the project into an engineering scope of work, budget, and schedule. 

Chapter 8, Project Scheduling, provides the base against which all activities are 
measured. It relates the work to be accomplished to the people who will perform 
the work as well as to the budget and schedule. Project scheduling cannot be 
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accomplished without a well-defined work plan, as described in Chapter 6, and it 
forms the basis for project tracking, as described in Chapter 9. 

Chapter 9, Tracking Work, cannot be accomplished without a well-defined work 
plan, as described in Chapter 6, and a detailed schedule, as described in Chapter 8. 
This chapter is important because there is always a tendency for scope growth, cost 
overrun, or schedule delays. A control system must simultaneously monitor the 
three basic components of a project: the work accomplished, the budget, and the 
schedule. These three components must be collectively monitored, not as individual 
components, because a change in any one component usually will affect the other 
two components. 

Chapter 10, Design Coordination, applies to the project manager of the design 
organization. The quality, cost, and schedule of a project is highly dependent on the 
effectiveness of the design effort. The end result of the design process is to produce 
plans and specifications in a timely manner that meet the intended use of the proj- 
ect by the owner. The product of design must be within the owner's approved 
budget and schedule. and must be constructable by the construction contractor. 

Chapter 11, Construction Phase, is important because most of the cost of a proj- 
ect is expended in the construction phase, and the quality of the final project is 
highly dependent upon the quality of work that is performed by the construction 
contractors. Most of the books that have been written on project management have 
been directed toward a project in the construction phase. This book emphasizes 
project management from the initial conception of the project by the owner, through 
coordination of design and development of the construction documents, and into the 
construction phase until project close out. 

Chapter 12, Project Close Out, discusses the steps required to complete a project 
and turn it over to the owner. This is an important phase of a project because the 
owner will have expended most of the budget for the project, but will not receive 
any benefits from the expenditures until it is completed and ready for use. Also it is 
sometimes difficult to close a project because there are always many small items 
that must be finished. 

Chapter 13, Personal Management Skills, addresses the human aspects of project 
management. Although the primary emphasis of this book is on the techniques of 
project management, it is the project manager working with his or her people who 
ensures the successful completion of a project. 

Chapter 14, Total Quality Management, presents the management philosophy 
that has gained much attention in the engineering and construction industry. Most of 
the attention has been attributed to the success of TQM in the manufacturing and 
electronics industries. However, many of the topics related to TQM are applicable 
to good project management of design and construction. 

DEFINITION OF A PROJECT 

A project is an endeavor that is undertaken to produce the results that are expected 
from the requesting party. For this book a project may be design only, construction 
only, or a combination of design and construction. A project consists of three 
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components: scope, budget, and schedule. When a project is first assigned to a proj- 
ect manager, it is important that all three of these components be clearly defined. 
Throughout this book, the term Scope represents the work to be accomplished, i.e., 
the quantity and quality of work. Budget refers to costs, measured in dollars andlor 
labor-hours of work. Schedule refers to the logical sequencing and timing of the 
work to be performed. The quality of a project must meet the owner's satisfaction 
and is an integral part of project management as illustrated in Figure 1-1. 

Figure 1-1 is shown as an equilateral triangle to represent an important principle 
of project management: a balance is necessary between the scope, budget, and 
schedule. For any given project there is a certain amount of work that must be per- 
formed and an associated cost and schedule for producing the work. Any increase in 
the scope of work requires a corresponding increase in budget and schedule. Con- 
versely, any decrease in scope of work results in a corresponding decrease in budget 
and schedule. This principle applies between any and all of the three components of 
a project. For example, any adjustment in budget and/or schedule requires a corre- 
sponding adjustment in scope. This simple concept of a balance between scope, 
budget, and schedule is sometimes not fully recognized during early project devel- 
opment as well as during design and construction. 

The source of many problems associated with a project is failure to properly de- 
fine the project scope. Too often the focus is just on budget or schedule. Not only 
should the scope, budget, and schedule be well defined, but each must be linked to- 
gether since one affects the other, both individually and collectively. 

Since the project scope defines the work to be accomplished, it should be the first 
task in the development of a project, prior to the development of either the budget 
or the schedule. Experienced project managers agree that the budget and schedule 
are derived from the scope. Too often, top management specifies a project budget or 
schedule and then asks the project team to define a scope to match the budget. This 
is the reverse order of defining a project and is not a good project management prac- 
tice. It is the duty of a project manager to ensure that the project scope, budget, and 
schedule are linked together. 

Budgeting is important because it establishes the amount of money the owner 
will spend to obtain the project and the amount of money that the design and con- 
struction organizations will be compensated for performing the work. Each party is 

FIGURE 1-1 
Quality is an Integral Part of Scope, 
Budget, and Schedule. 
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concerned about project cost overrun because it adversely affects profitability and 
creates adverse relationships between the parties. 

Scheduling is important because it brings together project definition, people, 
cost, resources, timing, and methods of performing work to define the logical 
sequencing of activities for the project. The schedule is the final product of scope 
definition, budgeting, and planning and forms the base against which all activities 
are measured. Project tracking and control cannot be accomplished without a good 
plan and schedule. 

Quality is an element that is integrated into and between all parts of a project: 
scope, budget, and schedule. It should not be construed as merely creating drawings 
with a minimum number of errors, furnishing equipment that meets specifications, 
or building a project to fulfill the requirements of a contract. Certainly these factors 
are a part of quality, but it involves much more. Quality is meeting the needs and 
satisfaction of the ultimate end user of the project, the owner. 

Quality is the responsibility of all participants in a project, including all levels of 
management and workers in each of the principal parties. An attitude of achieving 
quality must be instilled in everyone and perpetuate throughout the work environ- 
ment. The attitude should not be "what can we do to pass quality control or final in- 
spection?' Instead, it should be "what can we do to improve our work and what is 
the best way we can furnish a project that meets the needs and satisfaction of the 
owner?' 

RESPONSIBILITIES OF PARTIES 

Each of the three principal parties in a project has a role to fulfill in the various 
phases of design development and construction. A team approach between the 
owner, designer, and contractor must be created with a cooperative relationship to 
complete the project in the most efficient manner. Too often an adverse relationship 
develops that does not serve the best interest of anyone. 

The owner is responsible for setting the operational criteria for the completed 
project. Examples are usage of a building, barrels per day of crude oil to be refined, 
millions of cubic feet per hour of gas to be transported in a pipeline, and so on. Any 
special equipment, material, or company standards that are to apply to the project 
must also be defined. Owners also need to identify their level of involvement in the 
project, e.g., the review process, required reports, and the levels of approval. The 
owner is also responsible for setting parameters on total cost, payment of costs, ma- 
jor milestones, and the project completion date. 

The designer is responsible for producing design alternatives, computations, 
drawings, and specifications that meet the needs of the owner. In addition there may 
be other duties that are delegated to the designer by the owner, e.g., on-site or peri- 
odic inspection, review of shop drawings, and in some instances the acquisition of 
land and/or permits. It is the duty of the designer to produce a project design that 
meets all federal, state, and local codes; standards; and environmental and safety 
regulations. In addition a budget for the design should be prepared, along with a de- 
sign schedule that matches the owner's schedule. The design schedule should be 
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directly correlated to the construction schedule so the project can be completed by 
the construction contractor when the owner needs it. 

Generally the designers are not obligated under standard-form contracts to guar- 
antee the construction cost of a project, although there have been some cases where 
the designer has been held legally responsible for the construction price. As part of 
their design responsibility, designers usually prepare an estimate of the probable 
construction cost for the design they have prepared. Major decisions by the owner 
to proceed with the project are made from the designer's cost estimate. 

The cost and operational characteristics of a project are influenced most, and are 
more easy to change, during the design phase. Because of this, the designer plays a 
key role during the early phase of a project by working with the owner to keep the 
project on track so the owner/contractor relationship will be in the best possible form. 

The construction contractor is responsible for the performance of all work in ac- 
cordance with the contract documents that have been prepared by the designer. This 
includes furnishing all labor, equipment, material, and know-how necessary to build 
the project. The construction phase is important because most of the project budget 
is expended during construction. Also, the operation and maintenance of the com- 
pleted project is highly dependent on the quality of work that is performed during 
construction. The contractor must prepare an accurate estimate of the project, de- 
velop a realistic construction schedule, and establish an effective project control 
system for cost, schedule, and quality. 

WHO DOES THE PROJECT MANAGER WORK FOR? 

The project manager works for the project, although he or she may be employed by 
the owner, designer, or contractor. For large projects a team consisting of a project 
manager for the owner, designer, and contractor forms a group of people who work 
together to manage the design, procurement, and construction activities. For small 
projects the owner may delegate overall project management responsibility to a de- 
sign consultant, or a professional construction manager, and assign an owner's rep- 
resentative as a liaison to represent the owner's interest. 

The Construction Industry Institute (CII) has sponsored research and published 
numerous papers on a variety of topics related to project management. Organizing 
for Project Success, a CII publication, provides a good description of the interface 
between project managers for the owner, designer, and contractor. The following 
paragraphs are a summary of the project management teams that are discussed in 
the publication. 

After commitment has been made by an owner to invest in a project, an Invest- 
ment Management Team is formed within the owner's organization to provide over- 
all project control. The major functions, such as marketing, engineering, finance, 
and manufacturing, are usually represented. A Project Executive usually leads the 
team and reports to the head of the business unit which made the decision to pro- 
ceed with the project. A member of this team is the Owner's Project Manager. 

The Owner's Project Manager leads a Project Management Team which consists 
of each Design Project Manager and Construction Project Manager that is assigned 
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a contract from the owner. Their mission is to accomplish the work, including coor- 
dinating the engineering, procurement, and construction phases. The Owner's Proj- 
ect Manager leads this team, which is one of the most important management 
functions of the project. The Owner's Project Manager is responsible for the ac- 
complishment of all work, even though he or she has limited resources under his or 
her direct control because the work has been contracted to various organizations. 

Reporting to each Design Project Manager and Construction Project Manager are 
the Work Managers who fulfill the requirements of their contracts. Each Design and 
Contractor Project Manager reports to the Owner's Project Manager for contractual 
matters and to his or her parent organization for business matters. 

The Work Managers are the design leaders and supervisors who lead the teams 
actually accomplishing the work. They are directly responsible for the part of the 
contract assigned to them by their Project Manager. They must also communicate 
and coordinate their efforts with Work Managers from other organizations. Usually 
this communication does not flow vertically through a chain of command, but in- 
stead flows horizontally between people actually involved in the work. It is their re- 
sponsibility to also work with their Project Manager and keep them informed. This 
is further discussed in Chapters 2 and 1 1. 

PURPOSE OF PROJECT MANAGEMENT 

For the purpose of this book, project management may be defined as: 

The art and science of coordinating people, equipment, materials, money, and schedules 
to complete a specified project on time and within approved cost. 

Much of the work of a project manager is organizing and working with people to 
identify problems and determine solutions to problems. In addition to being orga- 
nized and a problem solver, a manager must also work well with people. It is peo- 
ple who have the ability to create ideas, identify and solve problems, communicate, 
and get the work done. Because of this, people are the most important resource of 
the project manager. Thus, the project manager must develop a good working rela- 
tionship with people in order to benefit from the best of their abilities. 

It is the duty of a project manager to organize a project team of people and coor- 
dinate their efforts in a common direction to bring a project to successful comple- 
tion. Throughout the project management process there are four questions that must 
be addressed: Who? Does what? When? and How much? 

The work required often involves people outside of the project manager's orga- 
nization. Although these individuals do not report directly to the project manager, it 
is necessary that effective working relationships be developed. 

A manager must be a motivated achiever with a "can do" attitude. Throughout a 
project there are numerous obstacles that must be overcome. The manager must 
have perspective with the ability to forecast methods of achieving results. The drive 
to achieve results must always be present. This attitude must also be instilled in 
everyone involved in the project. 
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Good communication skills are a must for a manager. The management of a proj- 
ect requires coordination of people and information. Coordination is achieved 
through effective communication. Most problems associated with project manage- 
ment can be traced to poor communications. Too often the "other person" receives 
information that is incorrect, inadequate, or too late. In some instances the informa- 
tion is simply never received. It is the responsibility of the project manager to be a 
good communicator and to ensure that people involved in a project communicate 
with each other. 

TYPES OF MANAGEMENT 

Management may be divided into at least two different types: functional manage- 
ment (sometimes called discipline management) and project management. Func- 
tional management involves the coordination of repeated work of a similar nature 
by the same people. Examples are management of a department of design engineer- 
ing, surveying, estimating, or purchasing. Project management involves the coordi- 
nation of one time work by a team of people who often have never previously 
worked together. Examples are management of the design and/or construction of a 
substation, shopping center, refinery unit, or water treatment plant. Although the ba- 
sic principles of management apply to both of these types of management, there are 
distinct differences between the two. 

Most individuals begin their career in the discipline environment of manage- 
ment. Upon graduation from college, a person generally accepts a position in a dis- 
cipline closely related to his or her formal education. Typical examples are design 
engineers, estimators, schedulers, or surveyors. The work environment focuses on 
how and who will perform the work, with an emphasis on providing technical ex- 
pertise for a single discipline. Career goals are directed toward becoming a special- 
ist in a particular technical area. 

Project management requires a multi-discipline focus to coordinate the overall 
needs of a project with reliance on others to provide the technical expertise. The 
project manager must be able to delegate authority and responsibility to others and 
still retain focus on the linking process between disciplines. Project managers can- 
not become overly involved in detailed tasks or take over the discipline they are ed- 
ucated in, but should focus on the project objectives. 

A fundamental principle of project management is to organize the project around 
the work to be accomplished. The work environment focuses on what must be per- 
formed, when it must be accomplished, and how much it will cost. Career develop- 
ment for project managers must be directed toward the goal of becoming a 
generalist with a broad administrative viewpoint. 

The successful completion of a project depends upon the ability of a project 
manager to coordinate the work of a team of specialists who have the technical abil- 
ity to perform the work. Table 1 - 1 illustrates the relationship between project man- 
agement and discipline management. 
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TABLE 1-1 
DISTINGUISHING BElWEEN PROJECT AND DISCIPLINE MANAGEMENT 

Project management is 
concerned with 

What must be done 
When it must be done 
How much it will cost 
Coordinating overall needs 
Multi-discipline focus 
Reliance on others 
Project quality 
Administrative viewpoint 
A generalist's approach 

Discipline management is 
concerned with 

How it will be done 
Who will do it 
How well it will be done 
Coordinating specific needs 
Single-discipline focus 
Providing technical expertise 
Technical quality 
Technical viewpoint 
A specialist's approach 

FUNCTIONS OF MANAGEMENT 

Management is often summarized into five basic functions: planning, organizing, 
staffing, directing, and controlling. Although these basic management functions 
have been developed and used by managers of businesses, they apply equally to the 
management of a project. 

Planning is the formulation of a course of action to guide a project to completion. 
It starts at the beginning of a project, with the scope of work, and continues through- 
out the life of a project. The establishment of milestones and consideration of pos- 
sible constraints are major parts of planning. Successful project planning is best 
accomplished by the participation of all parties involved in a project. There must be 
an explicit operational plan to guide the entire project throughout its life. 

Organizing is the arrangement of resources in a systematic manner to fit the proj- 
ect plan. A project must be organized around the work to be performed. There must 
be a breakdown of the work to be performed into manageable units, which can be 
defined and measured. The work breakdown structure of a project is a multi-level 
system that consists of tasks, subtasks, and work packages. 

StafSing is the selection of individuals who have the expertise to produce the 
work. The persons that are assigned to the project team influence every part of a 
project. Most managers will readily agree that people are the most important re- 
source on a project. People provide the knowledge to design, coordinate, and con- 
struct the project. The numerous problems that arise throughout the life of a project 
are solved by people. 

Directing is the guidance of the work required to complete a project. The people 
on the project staff that provide diverse technical expertise must be developed into 
an effective team. Although each person provides work in his or her area of exper- 
tise, the work that is provided by each must be collectively directed in a common ef- 
fort and in a common direction. 

Controlling is the establishment of a system to measure, report, and forecast de- 
viations in the project scope, budget, and schedule. The purpose of project control 
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TABLE 1-2 
KEY CONCEPTS OF PROJECT MANAGEMENT 

Ensure that one person, and only one person, is responsible for the project scope, budget, 
and schedule 
Don't begin work without a signed contract, regardless of the pressure to start 
Confirm that there is an approved scope, budget, and schedule for the project 
Lock in the project scope at the beginning and ensure there is no scope growth without 
approval 
Make certain that scope is understood by all parties, including the owner 
Determine who developed the budget and schedule, and when they were prepared 
Verify that the budget and schedule are linked to the scope 
Organize the project around the work to be performed, rather than trying to keep people 
busy 
Ensure there is an explicit operational work plan to guide the entire project 
Establish a work breakdown structure that divides the project into definable and measurable 
units of work 
Establish a project organizational chart that shows authority and responsibilities for all team 
members 
Build the project staff into an effective team that works together as a unit 
Emphasize that quality is a must, because if it doesn't work it is worthless, regardless of 
cost or how fast it is completed 
Budget all tasks; any work worth doing should have compensation 
Develop a project schedule that provides logical sequencing of the work required to com- 
plete the job 
Establish a control system that will anticipate and report deviations on a timely basis so cor- 
rective actions can be taken 
Get problems out in the open with all persons involved so they can be resolved 
Document all work, because what may seem irrelevant at one point in time may later be very 
significant 
Prepare a formal agreement with appropriate parties whenever there is a charge in the 
project 
Keep the client informed; they pay for everything and will use the project upon completion 

is to determine and predict deviations in a project so corrective actions can be taken. 
Project control requires the continual reporting of information in a timely manner so 
management can respond during the project rather than afterwards. Control is often 
the most difficult function of project management. 

KEY CONCEPTS OF PROJECT MANAGEMENT 

Although each project is unique, there are key concepts that a project manager can 
use to coordinate and guide a project to completion. A list of the key concepts is 
provided in Table 1-2. 

Each of the key concepts shown in Table 1-2 is discussed in detail in subsequent 
chapters of this book. It is the responsibility of the project manager to address 
each of these concepts from the beginning of a project and through each phase un- 
til completion. 
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ROLE OF THE PROJECT MANAGER 

The role of a project manager is to lead the project team to ensure a quality project 
within time, budget, and scope constraints. A project is a single, non-repetitive en- 
terprise, and because each project is unique, its outcome can never be predicted with 
absolute confidence. A project manager must achieve the end results despite all the 
risks and problems that are encountered. Success depends on carrying out the re- 
quired tasks in a logical sequence, utilizing the available resources to the best 
advantage. The project manager must perform the five basic functions of manage- 
ment: planning, organizing, st

affi

ng, directing, and controlling. 
Project planning is the heart of good project management. It is important for the 

project manager to realize that he or she is responsible for project planning, and it 
must be started early in the project (before starting any work). Planning is a contin- 
uous process throughout the life of the project, and to be effective it must be done 
with input from the people involved in the project. The techniques and tools of 
planning are well established. Table 1-3 provides guidelines for planning. 

A project organizational chart should be developed by the project manager for 
each project. The chart should clearly show the appropriate communication chan- 
nels between the people working on the project. Project team members must know 
the authority of every other team member in order to reduce miscommunications 
and rework. Organized work leads to accomplishments and a sense of pride in the 
work accomplished. Unorganized work leads to rework. Rework leads to errors, low 
productivity, and frustrated team members. Table 1-4 provides guidelines for 
organizing. 

Project staffing is important because people make things happen. Most individu- 
als will readily agree that people are the most important resource on a project. They 
create ideas, solve problems, produce designs, operate equipment, and install mate- 
rials to produce the final product. Because each project is unique, the project 

TABLE 1-3 
PROJECT MANAGER'S ROLE IN PLANNING 

1. Develop planning focused on the work to be performed 
2. Establish project objectives and performance requirements early so everyone involved knows 

what is required 
3. Involve all discipline managers and key staff members in the process of planning and 

estimating 
4. Establish clear and well-defined milestones in the project so all concerned will know what is to 

be accomplished, and when it is to be completed 
5. Build contingencies into the plan to provide a reserve in the schedule for unforeseen future 

problems 
6. Avoid reprogramming or replanning the project unless absolutely necessary 
7. Prepare formal agreements with appropriate parties whenever there is a change in the project 

and establish methods to control changes 
8. Communicate the project plan to clearly define individual responsibilities, schedules, and 

budgets 
9. Remember that the best-prepared plans are worthless unless they are implemented 
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TABLE 1-4 
PROJECT MANAGER'S ROLE IN ORGANIZING 

1. Organize the project around the work to be accomplished 
2. Develop a work breakdown structure that divides the project into definable and measurable 

units of work 
3. Establish a project organization chart for each project to show who does what 
4. Define clearly the authority and responsibility for all project team members 

manager must understand the work to be accomplished by each discipline. The proj- 
ect manager should then work with his or her supervisor and appropriate discipline 
managers to identify the persons who are best qualified to work on the project. 
Table 1-5 provides guidelines for project staffing. 

The project manager must direct the overall project and serve as an effective 
leader in coordinating all aspects of the project. This requires a close working rela- 
tionship between the project manager and the project staff to build an effective 
working team. Because most project team members are assigned (loaned) to the 
project from their discipline (home) departments, the project manager must foster 
the development of staff loyalty to the project while they maintain loyalty to their 
home departments. The project manager must be a good communicator and have 
the ability to work with people at all levels of authority. The project manager must 
be able to delegate authority and responsibility to others and concentrate on the 
linking process between disciplines. He or she cannot become overly involved in 
detailed tasks, but should be the leader of the team to meet project objectives. Table 
1-6 provides guidelines for directing the project. 

Project control is a high priority of management and involves a cooperative ef- 
fort of the entire project team. It is important for the project manager to establish a 
control system that will anticipate and report deviations on a timely basis, so cor- 
rective action can be initiated before more serious problems actually occur. Many 
team members resist being controlled; therefore the term monitoring a project may 
also be used as a description for anticipating and reporting deviations in the project. 
An effective project control system must address all parts of the project: quality, 
work accomplished, budget, schedule, and scope changes. Table 1-7 provides guide- 
lines for project control. 

TABLE 1-5 
PROJECT MANAGER'S ROLE IN STAFFING 

1. Define clearly the work to be performed, and work with appropriate department managers in 
selecting team members 

2. Provide an effective orientation (project goals and objectives) for team members at the 
beginning of the project 

3. Explain clearly to team members what is expected of them and how their work fits into the 
total project 

4. Solicit each team member's input to clearly define and agree upon scope, budget, and 
schedule 
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TABLE 1-6 
PROJECT MANAGER'S ROLE IN DIRECTING 
p~ - 

1. Serve as an effective leader in coordinating all important aspects of the project 
2. Show interest and enthusiasm in the project with a "can do" attitude 
3. Be available to the project staff, get problems out in the open, and work out problems in a 

cooperative manner 
4. Analyze and investigate problems early so solutions can be found at the earliest possible date 
5. Obtain the resources needed by the project team to accomplish their work to complete the 

project 
6. Recognize the importance of team members, compliment them for good work, guide them in 

correcting mistakes, and build an effective team 

TABLE 1-7 
PROJECT MANAGER'S ROLE IN CONTROLLING 

1. Maintain a record of planned and actual work accomplished to measure project performance 
2. Maintain a current milestone chart that displays planned and achieved milestones 
3. Maintain a monthly project cost chart that displays planned expenditures and actual 

expenditures 
4. Keep records of meetings, telephone conversations, and agreements 
5. Keep everyone informed, ensuring that no one gets any "surprises," and have solutions or 

proposed solutions to problems 

PROFESSIONAL AND TECHNICAL ORGANIZATIONS 

Due to the increased cost and complexity of projects, the interest in developing and 
applying good project management principles has gained considerable attention by 
owners, designers, and contractors. Numerous organizations have made significant 
contributions related to project management by conducting research, sponsoring 
workshops and seminars, and publishing technical papers. The following para- 
graphs describe some of these organizations. 

The American Society of Civil Engineers (ASCE), founded in 1852, is the oldest 
national engineering society in the United States. Membership comprises over 
100,000 civil engineers working in government, education, research, construction, 
and private consulting. The construction division of ASCE has many councils and 
technical committees that have published technical papers related to project man- 
agement in its Journal of Construction Engineering and Management. 

The National Society of Professional Engineers (NSPE), founded in 1936, is the 
national engineering society of registered professional engineers from all disciplines 
of engineering. NSPE membership comprises over 50,000 engineers who are or- 
ganized in five practice divisions: construction, education, government, industry, 
and private practice. The construction practice division has numerous committees 
that have contributed to contract documents and legislation related to engineers in 
the construction industry. 
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The Project Management Institute (PMI), founded in 1969, consists of members 
from all disciplines and is dedicated to advancing the state-of-the-art in the profes- 
sion of project management. PMI has a certification program for project manage- 
ment professionals and publishes a Project Management Book of Knowledge 
(PMB OK). 

The Construction Management Association of America (CMAA), founded in 
1981, is an organization of corporate companies, public agencies, and individual 
members who promote the growth and development of construction management 
(CM) as a professional service. CMAA publishes documents related to CM, includ- 
ing the Standard CM Services and Practice. 

The Construction Industry Institute (CII), founded in 1983, is a national research 
organization consisting of an equal number of owner and contractor member com- 
panies, and research universities from across the United States. CII is organized into 
committees, councils, and research teams which are comprised of owners, contrac- 
tors, and academic members who work together to conduct research and produce 
publications on a variety of topics related to project management. 

The following list of organizations is provided to the reader as sources for infor- 
mation related to project management: 

American Institute of Architects 
American Society of Civil Engineers 
American Society of Military Engineers 
Association for Advancement of Cost Engineering, International 
Construction Industry Institute 
Construction Management Association of America 
Design Build Institute of America 
National Society of Professional Engineers 
Project Management Institute 
Society of American Value Engineers 

QUESTIONS FOR CHAPTER 1-INTRODUCTION 

1 As presented in this chapter, quality is an integral part of project management. Because 
there are different levels of quality, it is important for the owner, designer, and contrac- 
tor to have a mutual understanding of the quality that is expected in a project. Describe 
methods that can be used to ensure that quality is adequately defined, understood, and 
properly included in a project. 

2 Give examples of problems that may arise when an owner fails to fulfill his or her re- 
sponsibility of clearly defining the operational criteria of a project. 

3 Give examples of problems that may arise when a designer fails to give adequate atten- 
tion to the impact of a design selection on the cost or schedule during the construction 
phase. 

4 Give examples of problems that may arise when a contractor fails to perform his or her 
work in accordance with the contract documents. 

5 In actuality, there are at least three project managers that are involved in a project, one 
each working for the owner, designer, and contractor. Since each of these individuals 
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works for a different organization, describe methods that you would suggest to ensure 
good working relationships between these three individuals. 

6 Interview three project managers, one working for an owner, designer, and contractor, re- 
spectively, to identify factors that each manager believes is important for the successful 
completion of a project. 

7 A definition of project management is given in this chapter. Review this definition and 
expand it to include additional items that you feel are important to the function of proj- 
ect management. 

8 Consult publications from one or more of the references at the end of this chapter to 
compare and contrast the differences between "project management" and "functional 
management." 

9 The five basic functions of management discussed in this chapter are derived from the 
basic principles of business management. Review two sources of publications that 
describe the role and functions of management, one from a journal of business manage- 
ment and one from a journal of engineering management. Compare the business per- 
spective of management to the engineering perspective of management. 

10 Throughout the project management process, there are four questions that must be ad- 
dressed: Who? Does what? When? and How much? Expand this list to include other 
questions that may be appropriate for some situations in the management of a project. 
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WORKING WITH PROJECT 
TEAMS 

PROJECT TEAMS 

Project teams must be assembled to accomplish the work necessary to complete en- 
gineering and construction projects. Team members are vital to the success of the 
project. The project manager depends on the team because he or she typically does 
not have the expertise to do all the work required to complete the project. For any 
team, there must be a leader to guide the overall efforts. In many respects the proj- 
ect manager acts as a coach, answering questions, making sure the team understands 
the desired outcome of the project, and ensuring that team members know what is 
expected of them and the importance of sharing information. The project manager 
must make sure that his or her team understands and is focused on the desired out- 
come of the project. The project manager also acts as a facilitator in project com- 
munications for conflict resolution and team performance. 

Project teams are made up of all the participants in the project, including 
in-house personnel and outside consultants. Team members report either part-time 
or full-time to the project manager and are responsible for some aspect of the proj- 
ect's activities. Teamwork must be well coordinated with effective interaction to 
achieve the shared objective of completing the scope, budget, and schedule con- 
straints of the project. Managing project teams is a fundamental skill within the area 
of human resources management. The Project Management Institute defines human 
resources management as the art and science of directing and coordinating human 
resources throughout the life of a project, by using administrative and behavioral 
knowledge to achieve predetermined project objectives of scope, cost, time, quality, 
and participant satisfaction. 
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For a successful project, the project manager must build and lead an effective 
project team. Team building is the process of influencing a group of diverse indi- 
viduals, each with his or her own goals, needs, and perspectives, to work together 
effectively for the good of the project. The team effort should accomplish more than 
the sum of the individual efforts. Every team needs motivation. Team motivation is 
the process by which project managers influence the team members to do what it 
takes to get the job done. The key problem is "How do you motivate team members 
when they are borrowed resources?' Usually, members of the project team are indi- 
viduals who are assigned from other departments to the project manager's project. 
Because these individuals are borrowed from other departments or hired from out- 
side organizations, the project manager must devise a method to motivate them to 
be dedicated to the project while remaining loyal to their home departments and or- 
ganizations. This presents a real challenge to the project manager. 

TEAMWORK 

Teamwork is not a new concept; it is just being revisited after two decades of 
worker isolation due to extensive emphasis on technical specialization. Reorganiza- 
tion and downsizing of businesses also has created a renewed emphasis on team- 
work because the in-house capabilities of many businesses have been reduced, 
causing outsourcing of work to finish projects. Everyone agrees that teamwork is 
important; the real task is organizing a successful team for a successful project. 

Teamwork starts with the sponsor of the project who defines goals, objectives, 
needs, and priorities. For successful projects, teamwork starts with the team's for- 
mation at the beginning of the project and continues throughout the life of a project. 
A well-organized team resolves disputes, solves problems, and communicates ef- 
fectively. Effective teamwork discourages fault finding and accusations and pro- 
motes unity and a common focus on the same set of project goals and priorities. 
Although everyone is a key player on a successful team, every team must have a 
leader. The project manager is the leader of the team. 

TEAMS FOR SMALL PROJECTS 

A team is two or more people working together to accomplish a common goal. 
When managing multiple small projects, the project manager is usually required to 
share team members with other project managers. Generally the project duration is 
short with minimal contact between the project manager and team members. Some- 
times the team members are specialists who are hired by contracts from outside 
sources to perform a specific task or function. 

Since the project manager of a project is generally responsible for managing 
multiple projects at the same time, it is often difficult for him or her to give the 
needed attention to each project, which complicates scheduling and resource con- 
trol. Only minimal staffs can be afforded on small projects. This means that the few 
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individuals assigned must take responsibility for multiple functions. In this type of 
work environment, the skill of the project manager to maneuver through the various 
departments within his or her organization to get people to do the work on the proj- 
ect is crucial in completing the projects on time and within budget. There is less po- 
tential for comprehensive look-ahead planning and attention to those functions not 
currently experiencing problems. The ability to meet project deadlines is highly de- 
pendent on the schedules of others. 

On engineering work, it is difficult to have a core discipline team assigned to 
each project. As a consequence, time is wasted while team members wait for infor- 
mation. Since small projects have short durations, there is often insufficient time for 
detailed planning and in-process correction of problems. The learning curve for per- 
sonnel is still climbing when the project is over. 

Although managing multiple small projects may not have the formality of man- 
aging a single large project, the principles of working with people in the spirit of co- 
operation and teamwork still applies. Typically the project manager relies on 
frequent phone calls or e-mail in lieu of formal face-to-face team meetings. 

WORKING WlTH MULTIPLE TEAMS 

As a project progresses through design into construction, the work of the owner's, 
designer's, and contractor's teams must merge into a collective effort. Although 
each of these teams have their own objectives, the diverse expertise that each 
possesses must converge into an overlapping environment as illustrated in Fig- 
ure 2- 1. 

Each triangle in Figure 2-1 represents a team. Although each team performs a 
different function, each team must develop an attitude of shared ownership in the 
project. The project manager from each organization must create and foster an en- 
vironment where team members contribute to solving problems and doing their jobs 
well, rather than trying to do just what they feel is necessary to get by. The team 
building and teamwork that was started at the beginning of the project must be con- 
tinued into the construction. 

Regardless of the size and number of teams, there must be a single head project 
manager to make final decisions and keep focus on the project. The owner's proj- 
ect manager has overall responsibility and final authority for the total project. Sew- 
ing on the owner's project management team are project managers who are 
responsible for leading lower levels of teams that are responsible for engineering 
design and construction of the project. As illustrated in Figure 2-1 there is a project 
manager for in-house design, a project manager for each design contractor, and a 
project manager for each construction contractor. Each of these project managers 
leads the team for his or her organization. Below these managers are lower tiers of 
teams who are led by work managers. As shown in Figure 2-1, the manager of the 
lower-level team serves as a member of the higher-level team. There must be one 
head of each team. 
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............... 

............... 

FIGURE 2-1 
Overlapping Environment of Multiple Teams. 

DESIGN TEAMS 

Members of the design team are selected based on the specific expertise needed for 
a particular project. The team is composed of individuals with diverse backgrounds, 
including design disciplines [architectural, civil, mechanical, electrical, structural, 
computer aided design and drafting (CADD), etc.], project control individuals (cost 
control, estimating, quality control, safety, etc.), non-technical people (purchasing, 
legal, financial, permitting, regulatory, etc.), and the sponsor's representative. 

Every design team must have a sponsor's representative, who may be the 
owner's project manager or appointed by the owner's project manager. This indi- 
vidual must communicate to the project team the corporate policies and the funding 
limit of the sponsoring organization. He or she must have the responsibility and au- 
thority to act on behalf of the sponsoring organization. 
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The sponsor's representative plays a key role in resolving issues related to the 
project requirements and costs that will impact the sponsor's organization after the 
project is completed, when it will be used by the sponsor. He or she reviews and ap- 
proves the evolving scope, budget, and schedule. As a team member, the sponsor's 
representative approves any changes in scope, budget, and schedule before com- 
mitments are made. This individual should be an active participant on the design 
team, answering questions and providing information needed by the team to ac- 
complish the work. Unfortunately, the sponsoring organization's representative is 
sometimes not involved until the project gets into trouble. Early involvement of the 
sponsor's representative can prevent future problems. The design project manager 
must make this individual feel that he or she is part of the project team. 

Selecting design team members is an important step in project management be- 
cause it begins the team building process. How team members are selected varies, 
depending on the policies of the design project manager's organization and the per- 
suasiveness of the project manager to get the people on the project that he or she 
wants. Chapter 6 presents various organization structures for design firms. To illus- 
trate selection of design team members, consider a design firm that is organized as 
shown in Figure 6-5. The project manager and his or her supervising manager will 
review the project's needs to identify required discipline expertise and required per- 
sonnel. Then, a meeting is arranged with the manager of appropriate discipline man- 
agers to request team members. The people assigned to the project are selected by 
the department manager of engineers for each respective discipline. 

Obviously, the project manager always wants the best and most qualified work- 
ers assigned to his or her project. However, the assignment of team members is of- 
ten based on who is available at the time assignments are made. If the project 
manager feels a person who is assigned to the team lacks the required skills, then 
the project manager must act as a coach to assist the team member and/or make 
arrangements for additional training to ensure the work can be completed. 

CONSTRUCTION TEAMS 

The work environment and culture of a construction project is unique compared to 
most working conditions. A typical construction project consists of groups of peo- 
ple, normally from several organizations, that are hired and assigned to a project to 
build the facility. Due to the relatively short life of a construction project, these peo- 
ple may view the construction project as accomplishing short-term tasks. However, 
the project manager of the construction team must instill in the team that building 
long-term relationships is more important in career advancement than trying to ac- 
complish short-term tasks. 

Even small-sized construction projects involve a large number of people. Orga- 
nizing their efforts is complex, even if they all work for the same organization. 
Sources of information, location, timing, and problem complexity change as people 
enter the project, perform their assigned duties, and depart. 
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With all the diversity involved in a construction project, people must be managed 
so they work together efficiently to accomplish the goal. This requires skilled peo- 
ple who are willing to sacrifice short-term gratification for the long-term satisfac- 
tion of achieving a larger goal. Common sense and flexibility are essential to 
working with construction teams. The key to a successful construction project is 
properly skilled construction managers. These individuals possess the ability to rec- 
ognize the degree of uncertainty at any point in the execution of the project and to 
manage the efforts of others to achieve clearly defined objectives that result in suc- 
cessful completion ~f the final product. 

The organizational chart for a construction project consists of lines and boxes 
that show the division of work and the relationship of the workers to formal author- 
ity. The boxes in the chart depict the tasks to be performed and the lines depict the 
coordination required. 

The number of construction teams for a project depends upon the number of con- 
tracts awarded by the owner. For each construction contractor, and subsequent tier 
of subcontractors, a construction team is formed to perform the work in accordance 
with the contract documents issued by the owner. 

TEAM MANAGEMENT 

Successful team management requires the team to be an integral unit of the organi- 
zation. A team must have a well-defined mission with common goals, objectives, 
and strategies. The role of each team member must be clearly defined. The project 
manager must learn the needs of team members and encourage team participation. 
Team members will put extra effort into accomplishing work when they know the 
project manager cares about them and their careers. This can be accomplished only 
by effective communications and feedback throughout the project. Trust is instilled 
among team members and the project manager by creating an environment of un- 
derstanding and teamwork. Open and honest communications are necessary to in- 
still integrity and support for each other. Trust is essential to effective and successful 
teams. 

It is the project manager's responsibility to ensure that individuals are assigned 
primary responsibility for discrete work. Most workers want to do what is expected 
of them and will do the work, provided there are clear instructions and understand- 
ings. This requires a collective culture of mutual agreements between the project 
manager and team members. All individuals must have the common goal of creating 
a team that plans and executes the work with a clear knowledge of what they are go- 
ing to do, who is going to do it, and when it will be done. Sometimes it is necessary 
to know where it will be done or how it will be done. For example, for some in- 
stances it may be necessary to know what method of analysis will be used in a design. 

TEAMS AND THE PROJECT MANAGER'S RESPONSIBILITIES 

When working with team members, the project manager must cross many bound- 
aries in the organizational structure to develop the project team into a cohesive 
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group. This must be done quickly in spite of constraints imposed by others. The 
project manager must combine administrative and behavioral knowledge to work 
well with people. People skills are vital for effective management of team members. 
The project manager must create a cordial environment that enables the team to 
work together so members will motivate themselves to peak performance. 

The project manager is responsible for resolving conflicts between team mem- 
bers in addition to organizing, coordinating, and directing the project. The project 
manager is the team leader who is responsible for developing the project require- 
ments. This is accomplished by effective communications. 

When working with teams, the project manager acts as the leader in acquiring re- 
sources, selecting team members, developing the sponsor's requirements, defining 
scope and quality, defining budgets, and determining schedules. The project man- 
ager must establish a control system to complete the project in accordance with the 
expected requirements. The project manager is expected to control project activities 
within a defined scope, budget, and schedule. Situations will arise when design dif- 
ferences must be resolved. Trade-offs will have to be made to comply with the 
budget and schedule. 

An important responsibility of the project manager is decision making. During 
team meetings, numerous decisions must be made. The process used in making de- 
cisions can have a direct impact on team performance. In some situations the deci- 
sion can be made solely by the project manager, possibly with input from one or 
more team members. However, there are other situations when the decision making 
should involve the entire team. The project manager must establish a process for de- 
cision making that matches the decision to be made. For example, the decision may 
be to resolve the best way to perform a design or produce drawings while another 
may involve generating ideas, solving a problem with one correct answer, or decid- 
ing issues with multiple correct answers. The project manager must develop a lead- 
ership style that is respected and accepted by the project team for decision making. 

KEY FACTORS IN TEAM LEADERSHIP 

Developing a culture where each team member feels that he or she is a part of the 
team and wanted by the team is essential to a successful team. Individuals who feel 
they are an important part of the team will develop a sense of pride because they are 
a part of the team and will become enthusiastic and motivated to assist others to en- 
sure the successful performance of the entire team. 

The behavior and leadership style of the project manager has a significant influ- 
ence on the team. The project manager must have high ethics and a sense of fairness 
and honesty while dealing with members of the team as well as others who are not 
on the team. In many respects the project manager is the role model for the team. It 
is difficult for people to be highly motivated and productive when they do not have 
the respect of their leader. The project manager must communicate the desired 
goals, objectives, values, and outcomes of the project. The team can then translate 
these issues into producing quality work. The project manager must also keep mem- 
bers informed of the status of the project. 
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Team communications are vital to a successful team because highly motivated 
and dedicated workers want, and need, to be informed. Regularly scheduled team 
meetings are essential. There may be numerous meetings between key team mem- 
bers to exchange detailed information, but a regularly scheduled weekly team meet- 
ing should be held for sharing status, making decisions, and documenting 
information. Because team members are frequently located at different physical lo- 
cations, regular face-to-face meetings are necessary to keep the sense of team unity. 

A well-defined scope for the team guides the progress of work and provides clear 
goals that can be used as guidelines for decision making. The project manager must 
ensure the scope is defined and understood by each team member before work is 
started. A firm scope that is clearly understood provides empowerment to team 
members. It also allows more independence and autonomy of individual team mem- 
bers to perform their work in the most efficient and expeditious manner because 
their assigned work and desired outcome is known. Individuals who know their re- 
sponsibilities and the required outcome of their work are free to be innovative and 
creative, thereby producing high-quality work with performance. The result is a suc- 
cessful project. 

TEAM BUILDING 

Effective teamwork is a key element in any successful project. Teamwork must be 
started early in the process, and it must be continuous throughout the life of a proj- 
ect. Experienced engineers and project managers all agree that teamwork is neces- 
sary, but the real question is "How does one organize a successful team?" 

Effective communications is essential to team building. In simple terms, effec- 
tive communications means the other person has received and understood the infor- 
mation that is being given to him or her. The giver of information must obtain 
feedback from the receiver to ensure effective communications. The project team 
cannot function when there are breakdowns in communications. Misinformation or 
incomplete information is a major deterrent to team building. Effective communi- 
cations ensures that everyone knows what is expected and when it is expected. 

All participants on the team have a common customer, the sponsor or user of the 
finished project. Team building starts with the sponsoring organization, with its 
project charter and mission statement. The project sponsor must be informed on es- 
tablished objectives, and he or she needs to be clear in their commitments. The proj- 
ect sponsor must have a good prequalification process for selecting designers, 
contractors, and other third-party participants. In addition, the sponsor must know 
and communicate his or her goals and aspirations for the project and must set prior- 
ities related to cost, schedule, safety, and the expected level of quality. Everyone on 
the project must realize that the project sponsor pays for everything and is therefore 
the common customer of all parties. 

Designers want an educated sponsor who is knowledgeable in the process of de- 
signing and constructing the project, but sometimes that is not the case. Sometimes 
the project manager must help the project sponsor to understand the importance of 



sequencing work and the impact of decisions that must be made in designing and 
constructing the project. - 

From the first day of the project, there must be continuity in the project team. 
High turnover of team members creates wasted time in educating new people and 
lost knowledge of previous developments in the project. The contractor should be 
brought into the project at the earliest possible date. Construction contractors have 
excellent knowledge of costs and methods of construction that are extremely help- 
ful during the design phase of a project. People experienced in construction can pro- 
vide valuable input in the constructability of a project. 

Many private-sector are financed by lending institutions. Too often, for 
these types of projects the lender is not an active participant in the team and every- 
one suffers from it. Unfortunately, the lender stays too far from the project and does 
not become involved until problems arise. There are other parties that are some- 
times not brought into the team from the beginning of the project. For example, the 
purchasing agent is an important participant in teams that must procure large 
amounts of material or major equipment. Early involvement of the person who will 
be involved in issuing purchase orders, tracking vendors' shipping dates and deliv- 
ery dates, and receipt of procured material and equipment has a significant impact 
on meeting installation deadlines in a project. 

Key words for team building are pressure, responsibility, honesty, kindness, re- 
spect, and communications. Engineering and construction projects usually require 
tight schedules which create pressure on the project team to complete the work at 
the earliest possible date. This requires cooperation among team members who must 
assume responsibility and perform their work in the most expeditious manner. The 
ground rule should be "Everyone is a contributor and winner on a successful team." 
The team must stop worrying about the 1 % that is wrong and focus on the 99% that 
is right. The project team must have open communications and avoid hiding mis- 
takes and pointing blame. A successful team can achieve a successful project and 
have fun doing it. 

Some companies have begun the team building process by holding a week-end 
retreat for team members, including their family members. The retreat is usually 
held in a resort setting to allow interaction of team members related to their personal 
interests. This allows everyone to realize that team members have similar aspirations 
and common interests. For example, understanding that others on the team have 
children with special talents or must care for elderly parents can provide a sense of 
bonding and mutual respect, which is the first step in effective team building. 

MOTIVATING TEAMS 

For years managers and supervisors have struggled with methods of motivating 
workers. In the early 1950s A. H. Maslow developed a theory of motivation called 
the hierarchy of needs. Maslow's theory has been used by managers, as well as ed- 
ucators, to try to understand why people behave the way they do, how to motivate 
them, and how to enlist their commitment. 
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Maslow proposed that humans are a wanting animal and their wants become 
needs. It is the quest to satisfy their needs that drives or motivates people. The needs 
include basic physical and psychological needs, which are perceived in the human 
mind and satisfied by material things. Maslow proposed that the needs of humans 
follow a hierarchy, beginning with comfort and basic survival, such as food, cloth- 
ing, and shelter. Once this first need is satisfied, humans seek to satisfy the next 
higher level of need: safety and security. After this need is satisfied, individuals seek 
progressively higher levels of need, including belonging, ego, and finally self- 
fulfillment. Self-fulfillment is the highest level of need and may include an urge to 
have increasing influence or give back to the world, such as establishing an endow- 
ment. Figure 2-2 is a graphical representation of the five levels in Maslow's hierar- 
chy of human needs. 

As the lower levels of needs are satisfied, it is only natural for a person to be- 
come motivated to achieve the next higher level in Maslow's hierarchy of needs. A 
project manager must use his or her skills to determine the specific needs of team 
members in order to motivate them to their full potential. 

Determining the needs of people is not easy to accomplish in the day-to-day 
work environment. Sometimes it may be necessary to spend time in an informal set- 
ting to build a relationship that provides understanding of what is important to a 
team member. For example, a team member may be concerned about having ade- 
quate time to attend a child's school function or care for an ill family member. A 
team member in this situation may be motivated by being allowed flexible work 
hours with the understanding that the time will be made up at nights or on 
week-ends. 

The project manager must also realize that the needs of people can change. For 
example, personal finances or problems within the family can change the needs of 
a person rapidly. Each project manager must devise a way to ascertain the needs 

FIGURE 2-2 
Maslow's Hierarchy of Needs. 
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of their team members. Once the needs are identified, then an appropriate method 
of motivation can be determined. Attempting to motivate without sincerity or in- 
tegrity can cause teams to fragment or disintegrate. Thus, the project manager must 
use good people skills to motivate team members. 

CONFLICT MANAGEMENT 

Due to the dynamic nature of project environments, it is inevitable that conflicts 
among team members will arise. Conflicts can arise over the distribution of re- 
sources, access to information, disagreement about decisions, or the perception by 
an individual that he or she is not respected or fully a part of the team. Conflict can 
have a negative influence by fostering interpersonal hostility, reduced performance, 
and dissension in the team. 

Conflicts can arise due to different agendas among team members since some of 
the team members may work for different companies. For example, on the owner's 
project management team there will be members from one or more design firms as 
well as one or more construction companies. Likewise, the design team's project 
manager may have team members who are in-house as well as design consultants 
who are under contract to perform special parts of the design. The construction con- 
tractor's project manager usually has many diverse personnel from both in-house 
and subcontractors. 

It should be recognized that conflicts are often a result of changes, for example, 
modification of drawings, reassignment of a team member, or changes in meeting 
dates that are not communicated to other team members. The project manager and 
team should evaluate each conflict resolution to capture lessons learned, both posi- 
tive and negative, for the benefit of future project work. A good project manager 
must and can manage conflicts. 

To manage conflict the project manager must use techniques t o  deal with dis- 
agreements, both technical and personal in nature, that inevitably develop among 
team members. Project managers and team members may perceive that conflicts are 
bad, shouldn't exist, are caused by troublemakers, or should be avoided. However, 
all project participants should recognize that conflicts are inevitable and actually 
can be beneficial if resolved in an appropriate manner. Resolution of conflicts can 
lead to innovation and to ideas about how to improve work efficiency. 

Withdrawal or giving up is a poor way of managing conflicts. It is a stopgap at- 
tempt to resolve a conflict and does not solve the problem. Withdrawal is a passive 
approach to solving a problem and only temporarily delays the inevitable future re- 
occurrence of the problem. Another method, smoothing, is a more active technique 
to managing conflicts. However, smoothing only temporarily avoids the conflict by 
appeasing one or more of the parties involved in the conflict. Smoothing does not 
provide long-lasting solutions. 

Compromising is another approach to settling conflicts. This approach involves 
bargaining between the disputing parties to reach an acceptable agreement. The dis- 
puting parties make trade-offs that often fall short of ideal solutions. Too often, 
compromising does not result in a definitive resolution and leaves opportunities for 
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a reoccurrence of the conflicts. Depending on the circumstances, however, compro- 
mising may be the best method of resolving conflicts. 

Confronting and problem solving is a method of resolving conflicts that requires 
participation by all parties involved in the conflict. It requires an open dialogue to 
identify the root problems and a joint effort to use problem-solving techniques to 
objectively resolve the conflict. The potential to find final, mutually acceptable so- 
lutions is usually higher when the project manager and team use this method. 

For some situations it may be necessary for the project manager to exercise au- 
thority to force a resolution of the conflict. Forcing a resolution can only be used 
when the project manager has the authority and is willing to use his or her power to 
settle the conflict without producing hurt feelings. The project manager must un- 
derstand that forcing a solution may create resentment or other adverse reactions 
that can affect the team's future performance. 

DEVELOPING A CONSENSUS 

Sometimes multiple solutions to a problem exist, each of which may yield the same 
result. Team members may not agree on any one particular solution. Some members 
may be indifferent regarding a particular solution, while others may have strong 
feelings about a solution. The project manager must work with the team to develop 
a consensus regarding selection of the best solution. For these situations, the project 
manager must help the team members to focus on solving the problem. 

Voting, trading, or averaging can be helpful in reaching a consensus. The project 
manager must lead the team in seeking facts to avoid dilemmas and indecisions. 
During discussions, conflict should be accepted as helpful and every effort should 
be made to prevent threats, offensive comments, or defensive actions. Team mem- 
bers should avoid personal interests and behaviors that exclude the opinions and po- 
sitions of other team members. Instead, they should exhibit mutual respect for each 
other with a special effort to focus on what is best overall for the project. 

TEAM CONDUCT 

A team is most simply defined as two or more people who, by working together, ac- 
complish more than if they worked separately. Projects typically consist of multiple 
design and construction packages, each with specific assignments and responsibili- 
ties. For a successful team, specific rules are required. 

Goals for a particular team explicitly direct the project requirements of each spe- 
cific group. For example, the safety team should know that it is supposed to keep 
health and accident incidents to a quantified level, or the scheduling team should 
know the number of days allowed to develop the CPM schedule. Teams need to 
know the required time to do their work and the desired outcome of their work. 

In addition to knowing the goals, the team must also know how it is expected to 
operate. The design and construction teams should know from the beginning the ex- 
tent of their power and authority to act. For example, some teams may be expected 
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only to solve problems, while others are only required for routine reviews, and 
others exist to make decisions. 

Every project requires a set of rules to be obeyed. Without rules, disorder and 
frustration will likely occur. Rules should not be viewed as restrictive. Instead, a 
good set of rules provides freedom to the team members to perform their work be- 
cause they know what is expected of them. Generally, when the rules are unclear or 
absent, teams limit themselves from reaching their full potential. 

Working relationships must be clearly defined and understood. To be effective, 
each team should know where it fits in the overall scheme of other operating teams. 
The leader of each team must answer questions regarding internal team relation- 
ships. Team members must show trust and respect for other team members, but 
close personal friendship is not always necessary. In engineering and construction 
projects, teams often function on the basis of professional relationships. Interrela- 
tionships between teams is the responsibility of upper management. 

Personal values of individual team members often play an important role in 
teams. Each team member brings his or her own set of principles and values to the 
team. The extent and determination to which they hold these values influences how 
well the team will be able to work together. Team members should not have to com- 
promise their personal values and principles. The team leader must be committed to 
respecting team members, promoting openness and flexibility. Situations will arise 
when compromises are necessary to resolve issues. 

QUESTIONS FOR CHAPTER 2-WORKING WITH 
PROJECT TEAMS 

1 It is the project manager's responsibility to ensure that each team member is assigned pri- 
mary responsibility for discrete work. Recognizing there are numerous work items in a 
project, describe methods for ensuring there will be no overlap or gaps in the work of a 
project team. 

2 You are the project manager of a team which has been newly formed. Suppose you feel 
one of the team members is lacking in the required skills to perform the work. Discuss 
methods you would use to assist the team member to ensure that his or her work will meet 
your expectations. 

3 The composition of a design team represents individuals with diverse backgrounds, in- 
cluding civil, mechanical, electrical, and structural. What are methods that you would use 
to ensure mutual respect among team members and to reinforce the understanding that 
everyone on the team is an important player in the success of the project? 

4 Maslow's theory of hierarchy of needs lists five levels of needs that are motivators of peo- 
ple. As a project manager, list methods you would use to i d e n w  the needs of team mem- 
bers so you can be responsive to those needs in motivating your team. 

5 Conflict between team members often is a result of changes. List changes during a proj- 
ect that could potentially lead to conflicts. For each change, how would you attempt to re- 
solve the conflict? 

6 When a team is formed that consists of people who have never worked together, team 
building may be necessary. Describe methods of team building for a design team that has 
different engineering disciplines combined with people from purchasing, quality control, 
and cost control. 
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7 There are numerous factors in team leadership. List and briefly discuss factors that are im- 
portant in successful team leadership. 
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PROJECT INITIATION 

DESIGN AND CONSTRUCTION PROCESS 

Early in a project, the owner must select a process for design and construction. 
There are many choices of processes, each with advantages and disadvantages. The 
process selected affects financing; selection of team members; and the project cost, 
quality, and schedule. Although the process selected is important, selecting good- 
quality people is more important. A successful project is achieved by people work- 
ing together with clear responsibilities. 

Design and construction projects progress through three phases: project defini- 
tion, design, and construction. It should be mentioned that for a total project there 
are business planning steps that precede design and there is an operations and main- 
tenance phase that follows construction. This book focuses on the design and con- 
struction of projects. Project definition sets the stage for design work, and design 
work sets the stage for construction work. The project definition phase involves dis- 
covery to identify and analyze project requirements and constraints. Although the 
initial focus is on the owner's requirements and constraints, it must be recognized 
that the owner's requirements and constraints carry over to both the designer and 
contractor. Integration of the owner's requirements and constraints provides a de- 
scription of the project and helps identify a plan for the time and cost of delivering 
the project. 

Projects can generally be classified into three sectors: buildings, infrastructure, 
and process. Examples of building-sector projects include commercial buildings, 
schools, office buildings, and hospitals. For building-sector projects, where the ar- 
chitect is the prime designer, the design follows three stages: schematic design, 
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design development, and contract documents. The schematic design produces the 
basic appearance of the project, building elevations, layout of floors, room 
arrangements within the building, and overall features of the project. At the con- 
clusion of schematic design the owner can review the design configuration and the 
estimated cost before giving approval to proceed into design development. Design 
development defines the functional use and systems in the project in order to 
produce the contract documents, the plans and specifications for constructing the 
project. 

Infrastructure-sector projects include transportation systems, such as city streets, 
county roads, state and federal highways, airports, or navigational waterways. The 
infrastructure sector also includes utility projects, such as water and sewer line sys- 
tems, gas distribution lines, electrical transmission and distribution, telephone, and 
cable lines. For these types of projects the owner may be a private company or an 
agency of the government. The prime designer is the engineer, who generally pre- 
pares a complete design before construction contracts are created. 

Process-sector projects include chemical plants, oil refining, pharmaceuticals, 
pulp and paper, and electrical generating. Engineers are the prime designers of 
process-sector projects. The stages of design include preliminary engineering, de- 
tailed engineering, and development of the contract documents. For example, pre- 
liminary engineering may involve designing the process flow sheets and mechanical 
flow sheets for a chemical processing plant. The preliminary engineering produces 
the major processes and major equipment required in the project. Detailed engi- 
neering involves the actual sizing of pipes that will connect to the equipment and 
control systems to operate the facility, such as piping and instrumentation drawings. 
The contract documents are the final drawings and specifications for constructing 
the project. 

Depending on the project delivery method, procurement may start during the de- 
sign phase. For example, as soon as the specification is completed for a major piece 
of equipment, a purchase order may be issued to procure the equipment if it is a 
long lead-time item that must be ordered in advance of construction to ensure that it 
can be installed without delaying the project. Procurement is not restricted only to 
equipment. Procurement may also apply to long lead-time acquisition of bulk ma- 
terial or procurement of construction contractors. 

In the current practice of competitive-bid projects, contractors bid the project af- 
ter the contract documents are completed. After accepting the bid, the contractor 
must develop shop drawings to build the project. Shop drawings are prepared by the 
contractor and submitted to the designer for approval. The shop drawings show the 
detailed fabrication and installation that will be used during construction. Thus, 
the contractor is also involved in design. The production of shop drawings impacts 
the quality of fabrication of manufactured items that will be installed at the job-site. 
Site construction involves labor, material, and construction equipment to physically 
build the project. 

For non-competitive-bid projects, the owner negotiates a contract with a firm to 
provide engineering andlor construction services. Typically, the cost of the project 
is negotiated on some type of cost-reimbursable basis. The agreement also specifies 
how the engineering design will be integrated with the construction process. 
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ADVANCES IN THE ENGINEERING AND 
CONSTRUCTION PROCESS 

The construction industry has matured and continued to enhance the integration of 
activities in the design, fabrication, construction, and operation of constructed fa- 
cilities. Major advancements in computer hardware and software have produced 
two-dimensional (2-D) and three-dimensional (3-D) computer aided design (CAD) 
systems. The CAD technology has progressed to versatile modeling systems that 
can be used throughout the design, engineering, and construction phases to greatly 
improve the capability to detect and prevent interference during field construction. 
The result is more efficient construction operations and less rework. 

The biggest improvement using CAD is better coordination of activities within 
an integrated process, rather than automating individual activities within the exist- 
ing fragmented designtconstruction process. The design intent may not be fully re- 
alized in the field using traditional information flow to the field through the use of 
drawings and other hardcopy documents. Traditional paper-based construction doc- 
uments do not permit field personnel to interact with the 3-D model to extract in- 
formation that meets their needs. Communication that uses 3-D modeling coupled 
with improved representation of design intent and other supplemental information 
can help alleviate many typical construction problems associated with material 
availability, work packaging, construction sequencing, and field changes. 

PRIVATE VERSUS PUBLIC PROJECTS 

Projects may also be classified as private-sector or public-sector projects. The 
owner of a private-sector project is typically a business that provides goods and 
services for a profit. Examples include commercial retail stores, manufacturing fa- 
cilities, industrial process plants, and entertainment facilities. Since the owner is a 
private business, the business administrators have the flexibility to choose any en- 
gineering and construction services that suit their specific needs. For example, they 
can competitive bid the project or select a sole source firm to provide engineering 
and construction services. They are not restricted to accepting the lowest bid for the 
work and can choose any form of payment for services. 

The owner of public-sector projects is typically a government agency, such as 
city, county, state, or federal. Examples include local school boards, state highway 
departments, or the federal department of energy or defense. For public-sector proj- 
ects the owner typically uses the competitive-bid method based on the lowest bid 
price for securing engineering and construction services. However, in recent years 
there has been an increase in qualification-based selection (QBS) for securing engi- 
neering and construction services. Using the QBS process, the owner selects 
engineering and construction services based on specific qualifications and other fac- 
tors, rather than only price. 

CONTRACTUAL ARRANGEMENTS 

Project management requires teamwork among the three principal contracting par- 
ties. Members of the owner's team must provide the project's needs, the level of 
quality expected, a permissible budget, and the required schedule. They must also 
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provide the overall direction of the project. The designer's team must develop a set 
of contract documents that meets the owner's needs, budget, required level of qual- 
ity, and schedule. In addition, the work specified in the contract documents must 
be constructable by the contractor. The contractor's team must efficiently manage 
the physical work required to build the project in accordance with the contract 
documents. 

There are numerous combinations of contract arrangements for handling a proj- 
ect. Figure 3-1 illustrates the fundamental arrangements in their simplest form. Each 
of these arrangements is briefly described in the following paragraphs. 

A design/bid/build contract is commonly used for projects that have no unusual 
features and a well-defined scope. It is a three-party arrangement involving the 
owner, designer, and contractor. This method involves three steps: a complete 
design is prepared, followed by solicitation of competitive bids from contractors, 
and the award of a contract to a construction contractor to build the project. Two 

FIGURE 3-1 
Contracting Arrangements. 
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separate contracts are awarded, one to the designer and one to the contractor. Since 
a complete design is prepared before construction, the owner knows the project's 
configuration and approximate cost before commencing construction. Considerable 
time can be required because each step must be completed before starting the next 
step. Also changes during construction can be expensive because the award of the 
construction contract is usually based upon a lump-sum, fixed-price bid before con- 
struction, rather than during construction. 

A desigdbuild contract is often used to shorten the time required to complete a 
project or to provide flexibility for the owner to make changes in the project during 
construction. It is a two-party arrangement between the owner and the desigdbuild 
firm. Since the contract with the desigdbuild firm is awarded before starting any 
design or construction, a cost-reimbursable arrangement is normally used instead of 
a lump-sum, fixed-cost arrangement. This method requires extensive involvement 
of the owner for decisions that are made during the selection of design alternatives 
and the monitoring of costs and schedules during construction. 

A construction management (CM) contract can be assigned to a CM firm to co- 
ordinate the project for the owner. The CM contract is a four-party arrangement in- 
volving the owner, designer, CM firm, and contractor. During the past twenty years 
there has been considerable debate regarding the CM process and the amount of re- 
sponsibility assigned to the CM firm by the owner. The basic CM concept is that the 
owner assigns a contract to a firm that is knowledgeable and capable of coordinat- 
ing all aspects of the project to meet the intended use of the project by the owner. 
The CM method of contracting is discussed further in Chapter 11. 

An ownerlagent arrangement is sometimes used for handling a project. Some 
owners perform part of the design with in-house personnel and contract the balance 
of design to one or more outside design consultants. Construction contracts may be 
assigned to one contractor or to multiple contractors. Although uncommon, an 
owner may perform all design and construction activities with in-house personnel. 
When a project is handled in this manner, it is sometimes referred to as a force- 
account method. 

There are two general types of owners: single-builder owners and multiple- 
builder owners. Single-builder owners are organizations that do not have a need for 
projects on a repetitive basis, normally have a limited project staff, and contract all 
design and construction activities to outside organizations. They usually handle 
projects with a designhidlbuild or construction management contract. 

Multiple-builder owners are generally large organizations that have a continual 
need for projects, and generally have a staff assigned to project work. They typically 
will handle small-sized, short-duration projects by desigdbidlbuild. For a project in 
which they desire extensive involvement, a desigdbuild, construction management, 
or ownerlagent contract arrangement is often used. 

An owner can select a variety of ways to handle a project. The contract arrange- 
ment that is selected depends on the resources available to the owner, the amount of 
project control the owner wishes to retain, the amount of involvement desired by the 
owner, the amount of risk that is shared between the owner and contractor, and the 
importance of cost and schedule. 
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PHASES OF A PROJECT 

Aproject is in a continual state of change as it progresses from its start, as a need by 
the owner, through design development and, finally, construction. Figure 3-2 shows 
the various phases during the life of a project. As the project moves from one phase 
to another, additional parties become involved and more information is obtained to 

FIGURE 3-2 
Phases of a Project. 
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better identify scope, budget, and schedule. There are times when a project recycles 
through a phase before gaining management approval to proceed to the subsequent 
phase. During each phase, it is the responsibility of the project manager to keep all 
work within the approved scope, budget, and schedule. 

In the early phases of design development, there may not be sufficient informa- 
tion to define the scope accurately enough to know the work to be performed. A 
characteristic of most project managers is "I can do it." This characteristic often 
leads to assignment of work to the project manager before the work is completely 
defined or officially approved. This applies to the project manager in either the 
owner, designer, or contractor organization. The people who work around the proj- 
ect manager include clients, subordinates, project team members, upper manage- 
ment, and colleagues who are themselves project managers. A project manager 
cannot efficiently utilize his or her time or effectively manage when special requests 
are made for work that is not well defined. If these conditions exist, the work should 
be performed on a time and material basis for actual work accomplished, until an 
adequate scope, budget, and schedule can be determined. Another option is to de- 
fine a scope, with a matching budget and schedule. Then when there is a deviation 
from the defined scope, the project manager can advise the owner of the readjusted 
budget and schedule caused by the change in scope and obtain the owner's approval 
before proceeding with the work. 

During the development of conceptual configurations and alternatives, the qual- 
ity and total cost of the project must be considered. This can only be achieved 
through extensive input from the owner who will ultimately use the project, since 
the cost to operate and maintain the facility after completion is a major factor in 
project design. Sometimes the budget is a controlling factor, which causes the 
owner's contemplated scope to be reduced, or expanded. If this condition exists, 
care must be exercised to ensure the project meets the minimum needs of the owner 
and there is a clear understanding of the level of quality that is expected by the 
owner. It is the duty of the project manager to ensure that project development 
meets the owner's expectations. 

The owner's authorization to proceed with final design places pressure on the de- 
signer to complete the contract documents at the earliest possible date. However, the 
quality and completeness of the bid documents have a great influence on the cost of 
the project. Adequate time should be allocated to the designer to produce a design 
for the project that is constructable and will perform for the owner with the least 
amount of maintenance and operating costs. 

For large projects the procurement of bulk material and special equipment has a 
large impact on the construction schedule. The project manager must ensure that 
long lead-time purchase items are procured. This must be coordinated with the 
owner's representative on the project'team. 

The type of contract chosen and the contractors selected to bid the project influ- 
ence cost, schedule, and quality. The project manager plays an important role in 
process of qualifying of contractors, the evaluation of bids, and recommendations 
of the award of construction contracts. 



OWNER'S STUDY 

A project starts as a need by the owner for the design and construction of a facility 
to produce a product or service. The need for a facility may be recognized by an op- 
erating division of the owner, a corporate planning group, a top executive, a board 
of directors, or an outside consulting firm. Generally one or more persons within the 
owner's organization are assigned to perform a needs assessment to study the mer- 
its of pursuing the project. 

The first requirement of the owner is objective setting. This is important because 
it provides a focus for scope definition, guides the design process, and influences 
the motivation of the project team. The process of setting objectives involves an op- 
timization of quality, cost, and schedule. The owner's objectives must be clearly 
communicated and understood by all parties and serve as a benchmark for the nu- 
merous decisions that are made throughout the duration of the project. 

The magnitude of the owner's study varies widely, depending on the complexity 
of a project and the importance of the project to the owner. It is an important study 
because the goals, objectives, concepts, ideas, budgets, and schedule that are devel- 
oped will greatly influence the design and construction phases. 

The owner's study must conclude with a well-defined set of project objectives 
and needs, the minimum requirements of quality and performance, an approved 
maximum budget, and a required project completion date. Failure to provide any of 
the above items starts a project in the wrong direction and leads to future problems. 
Sometimes an owner will contract parts of the study to an outside consulting firm. 
If an outside fm is utilized, the owner must still be involved to be certain his or her 
needs are represented. 

The thoroughness and completeness of the owner's study has a significant impact 
on total project cost. An inadequately defined project scope leads to changes during 
design and/or construction. An incomplete scope leads to costly change orders and, 
frequently, to claims and disputes which lead to major cost overruns, delays, and 
other problems. Experienced managers agree the time to achieve savings and reduce 
changes is in the early life of the project, not at the start of construction. This con- 
cept is illustrated in Figure 3-3. 

OWNER'S NEEDS AND PROJECT OBJECTIVES 

An owner must know his or her needs and objectives before any productive project 
work can be started. If the owner doesn't know what the project requires, then no 
one knows what to do. Defining owner needs is the first step in a broad range of 
preproject activities that lead to scope definition. A project manager cannot form the 
project team to execute the project without a clear scope definition. 

The process of identifying owner needs and objectives requires the involvement 
of a wide range of people within the owner's organization. This includes top man- 
agers and investors, financial personnel, and in particular the people who will use 
and/or operate the project after it is constructed. The process of identifying owner 
needs and objectives usually involves numerous activities and discussions. It is 
important that "what is needed" be separated from "what is wanted." Without 
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FIGURE 3-3 
Importance of Clear Project Definition During the Early Phases of a Project. 

constraints of cost and schedule, focus easily shifts from what is needed to what is 
wanted. This makes a project unaffordable and non-feasible. Because there are al- 
ways constraints of cost and schedule, the owner must develop a project definition 
based upon need. This process involves an optimization of quantity, quality, cost, 
and schedule. 

Members of the owner's organization must realize that it is their responsibility to 
resolve all issues related to project needs and objectives before assigning the proj- 
ect to the project manager. It is not the duty of the project manager or the project 
team to define the owner needs. Vague owner needs lead to project changes, scope 
growth, cost overruns, rework, and misunderstandings among team members. The 
best way to determine needs, and information related to needs, is to talk to the peo- 
ple who will use the facility after it is constructed. 

The following paragraphs present a hypothetical example of the development of 
an owner's needs. An owner may define a company goal of centralization of its op- 
erations to streamline operating efficiency. To achieve this goal, company manage- 
ment may set the objective of consolidating the service facility of each of its five 
operating districts into a single location. Thus, there is a need to design and build a 
service facility that will serve the five operating districts. Key people, from each 
district, must meet and agree on what is needed in a facility that satisfies the in- 
tended usage by each operating district. Negotiations between the people should fo- 
cus on what is best overall for the company in order to achieve efficiency of 
operations, which is the company's goal. Compromise is often necessary to separate 
"what is needed" from "what is wanted." The end result should be a facility that 
meets the needs of all five districts and can be operated more efficiently than five 
separate service facilities. For example, agreement may be reached that the owner 
needs a facility consisting of three buildings: an employee's office building, a ware- 
house, and a maintenance shop. Additionally, an outside heavy eqhipment and bulk 
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materials storage area may be needed. These minimum requirements of the facility 
then initiate the process of project definition and scope. 

A part of the owner's needs and objectives study is assessment of the total proj- 
ect budget because management generally will not approve starting the design of a 
project unless the probable total cost is known. The project budget at this stage of 
development is based on parameter costs, such as cost per square foot of building or 
cost per acre of site development. If the anticipated project cost exceeds the amount 
that management is willing to approve, then it is necessary to reduce the scope of 
work. For example, the employee's office building and maintenance shop may be 
retained in the project and the warehouse eliminated. This decision would be made 
if the warehouse is the lowest priority of the three buildings. Consideration would 
be given to adding the warehouse at a future date when funds are available, after 
completion of the site-work, the employee's office building, and the maintenance 
shop. The project management of this type of project is further discussed in Chap- 
ters 6, 8,9 and Appendix A. 

PROJECT SCOPE DEFINITION 

Project scope identifies those items and activities that are required to meet the needs 
of the owner. For example, a project may need three buildings consisting of an em- 
ployee's office building, a warehouse, and a maintenance shop. In addition, the proj- 
ect may need a crushed aggregate area for storage of heavy equipment and bulk 
materials. Each of the above items should be defined in further detail, such as num- 
ber of employees in each building, type and amount of storage needed in the ware- 
house, type of maintenance required, and size and weight of equipment. This type 
of information is needed by the project manager and team to define the work re- 
quired to meet the owner's needs and objectives. 

The purpose of project scope definition is to provide sufficient information to 
identify the work to be performed, to allow the design to proceed without signifi- 
cant changes that may adversely affect the project budget and schedule. Just to state 
that a project consists of three buildings and an outside storage area is not enough. 
information to start the design phase. To assist the owner in this effort, a compre- 
hensive check list of items should be prepared. Table 3-1 is an abbreviated check list 
for project scope definition of a petrochemical project. The table is provided for il- 
lustrative purposes only and does not include all the items that should be consid- 
ered. A similar check list should be prepared for other types of projects. 
Experienced design and construction personnel can provide valuable input to assist 
an owner in the development of a check list for project scope. 

Before design is started, scope must adequately define deliverables, that is, what 
will be furnished. Examples of deliverables are design drawings, specifications, as- 
sistance during bidding, construction inspection, record drawings, and reimbursable 
expenses. All this information must be known before starting design because it af- 
fects the project budget and schedule. To accomplish this, the project manager from 
the design organization must be involved early in the project; and he or she will re- 
quire input from experienced technical people to represent every aspect of the pro- 
posed project. 
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TABLE 3-1 
ABBREVIATED CHECK LIST FOR PROJECT SCOPE DEFINITION OF A 
PETROCHEMICAL PROJECT 

1. General 
1 .I Size of plant capacity 
1.2 Process units to be included 
1.3 Type of plant feedstock 
1.4 Products to be made, initial and future 
1.5 Should plant be designed for minimum investment 
1.6 Horizontal vs. stacked arrangement of equipment 
1.7 Layout and provisions for future expansion 
1.8 Any special relationships (e.g., involvements of other companies) 

2. Site information 
2.1 Access to transportation: air, waterway, highway, railway 
2.2 Access to utilities: water, sewer, electrical, fire protection 
2.3 Climate conditions: moisture, temperature, wind 
2.4 Soil conditions: surface, subsurface, bearing capacity 
2.5 Terrain: special precautions for adjacent property 
2.6 Acquisition of land: purchase, lease, expansion potential 
2.7 Space available for construction 

3. Buildings 
3.1 Number, types, and size of each 
3.2 Occupancy: number of people, offices, laboratories 
3.3 Intended usage: offices, conferences, storage, equipment 
3.4 Special heating and cooling requirements 
3.5 Quality of finish work and furnishings 
3.6 Landscaping requirements 
3.7 Parking requirements 

4. Regulatory requirements 
4.1 Permits: construction, operation, environmental, municipal 
4.2 Regulations and codes: local, state, federal 
4.3 Safety: detection systems, fires, emergency power 
4.4 Environmental: air, liquids, solids, wetlands 
4.5 Preservations restrictions 

A realistic budget and schedule cannot be determined for a project without a 
well-defined scope of work. Thus, the project scope should be developed first, then 
a project budget and schedule developed that matches the scope. It is the responsi- 
bility of all project managers to keep all work within the approved scope, and all 
costs and schedule within approved limits. 

There are times when an owner may become excited about the merits of a proj- 
ect and anxious to begin work as soon as possible. This usually occurs when a new 
product is developed or a government official decides a facility should be built at 
a particular time or location. The project manager must thoroughly review the proj- 
ect scope and be certain that it is sufficiently well defined before starting work on 
the project. If this is not done, the project team is forced into defining scope while 
work is being performed, which leads to frustration and adverse relationships. 
The simple solution to this problem is to lock in the scope at the beginning of the 
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project, before starting work, to make certain all parties know the full extent of the 
required work. 

I PROJECT STRATEGY 

In the early stages of project development the owner must develop the project strat- 
egy, a plan to carry out tasks in a timely manner. Project strategy forms the frame- 
work for handling the project. It includes the contracting strategy, the roles and 
responsibilities of the project team, and the schedule for design, procurement, and 
construction. 

Contract strategy identifies the overall organizational structure and the allocation 
of risk among the contracting parties. In the early stages of project development the 
owner must decide the work that can be performed by in-house personnel and the 
work that must be contracted to outside organizations. The owner may have a large 
engineering staff that can handle the entire project: design, procurement, and con- 
struction. In other cases the owner may only have a limited staff for projects, which 
requires the assignment of contracts to outside organizations that have the capabil- 
ity to perform the necessary work. 

Although a large organization may have the in-house capability, it may not be 
able to schedule the work when it is needed due to prior commitments. The owner's 
organization must make a realistic assessment of the work that can be accomplished 
in-house and an outside firm's capability to perform the work, and then evaluate the 
cost and schedule trade-offs of purchasing outside services. 

The type of contract chosen defines the allocation of responsibilities and risks for 
each party and influences the project schedule. If a fast-track schedule is important 
in order to obtain an early return on the project investment, then a cost-plus-fee con- 
tracting strategy may be desirable. Government projects of an emergency nature are 
sometimes handled in this manner. If there is ample time to complete the entire de- 
sign, a traditional designlbidlbuild approach with a lump-sum contract may be de- 
sirable. The owner must evaluate all possibilities, identify the advantages and 
disadvantages, and consider what best meets his or her needs, objectives, budget 
constraints, and schedule requirements. 

The project strategy includes a schedule for the timing of design, procurement, 
and construction tasks. The purpose of the owner's schedule is to identify and in- 
terface overall project activities: design, procurement, and construction. A workable 
schedule must be developed that integrates the activities of all parties involved in 
the project. Any change in the project schedule should be approved by all parties. 

SELECTION OF DESIGN FIRMS AND CONSTRUCTION 
CONTRACTORS 

Selection of the designer and constructor varies depending on many factors includ- 
ing the type, size, and complexity of the project; the owner's knowledge in handling 
engineering and construction projects, and how soon the owner wants the project 
completed. The method of selection depends on the owner's project strategy and the 
contract arrangement chosen by the owner. 
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When the owner plans to complete all the design before selecting a construction 
contractor, then a procedure must be initiated for selecting the designer. Typically, 
an owner selects a designer that he or she has used before and with which he or she 
has had a satisfactory experience. For private-sector projects, owners can simply 
choose their preferred designer or they may desire to obtain proposals from several 
design organizations that they have used in the past. A request for proposal (RFP) is 
issued to the prospective designers who then each prepare a design proposal as dis- 
cussed in Chapter 7. After the design organizations have submitted their proposals, 
the owner can review and evaluate the proposals and make a decision for award of 
the design contract. For public-sector projects, selection of the designer depends on 
the policies and restrictions of the owner's organization. Generally, designers are se- 
lected from a list of prequalified firms. Chapter 5 presents methods of compensation 
for professional design services. 

If the owner has no prior experience in working with designers, a procedure must 
be established to select the designer. After the owner has studied the proposed proj- 
ect and its need for design services, a list of prospective design organizations is iden- 
tified. Often the list is compiled based on recommendations of other owners or those 
acquainted with design f m s  who are known to have the expertise required to desigp 
the project. Generally the list consists of at least three design firms that appear to be 
best qualified for the particular project. Each design fm is sent a letter that briefly 
describes the proposed project and inquires about its interest in the project. Upon re- 
ceipt of confirmation that the design firm is interested in the project, the owner then 
conducts a separate interview of each design firm. At the interview the owner re- 
views the qualifications and records of the firm to assess its capability to complete 
the work within the allotted time and to review specific key personnel that would be 
assigned to the project. It is important for the owner to meet the specific people who 
will be performing the design work to ensure compatibility of personalities. 

Typically after all interviews are conducted, the owner lists the design firms in 
the order of their desirability, taking into account their location, reputation, size, ex- 
perience, financial stability, available personnel, quality of references, work load, 
and other factors related to the proposed project. Based on the evaluation, one or 
more additional interviews of the top design firms may be conducted before a deci- 
sion is made on the final selection. 

If the design is 100% complete, the owner may issue requests for bids (RFB) to 
construction contractors. For most private-sector projects the contract documents 
generally state that selection of the construction contractor will be based on the low- 
est and best bid. Typically for public-sector projects the contract documents state 
the selection of the construction contractor will be based on the lowest qualified 
bidder. However, the lowest bid is generally the criteria for selection of a construc- 
tion contractor when the design is 100% complete. 

Sometimes the owner may desire to start construction before design is com- 
pleted. For example, the construction contractor may be chosen after 70% design 
completion, or the construction contractor may be selected at the same time the de- 
signer is selected in order to take advantage of the contractor's knowledge of build- 
ing the project. When the owner desires to start construction before design is 
complete, selection of the construction contractor cannot be made on price alone 
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because the design documents are not completed. When the construction contractor 
is selected before design is completed, a procedure is established to review and 
evaluate prospective construction contractors similar to the procedures presented in 
preceding paragraphs for selection of the designer. A more detailed discussion of 
project delivery methods for construction is presented in Chapter 11. 

PARTNERING 

The competitive environment and the rigid requirements of contracts have, at times, 
caused adverse relationships in the construction industry. Traditionally, contractors 
and vendors have been selected on a competitive-bid basis to provide construction 
services, under formal contracts, to meet the requirements specified in the drawings 
and specifications. A short-time commitment is made for the duration of the project. 
Thus, contractors and vendors work themselves out of a job. 

A relatively new concept called partnering is an approach that focuses on mak- 
ing long-term commitments, with mutual goals for all parties involved, to achieve 
mutual success. The Construction Industry Institute (CII) established a task force on 
partnering to evaluate the feasibility of this method of doing business in the con- 
struction industry. CII Publication 17-1, entitled In Search of Partnering Excellence, 
is a report that discusses the research findings on partnering practices. The follow- 
ing paragraphs are excerpts from the report. 

Partnering is a business strategy that offers many advantages to the parties in- 
volved; however, its success depends on the conduct of the parties and their ability 
to overcome barriers related to doing business differently than in the past. Compa- 
nies agree to share resources in a long-term commitment of trust and shared vision, 
with an agreement to cooperate to an unusually high degree to achieve separate yet 
complementary objectives. Partnering is not to be construed as a legal "partnership" 
with the associated joint liabilities. 

The first known partnering relationship in the construction industry was between 
an oil company and a contractor. The owner approached the contractor and pro- 
posed that some of the existing engineering blanket work be accomplished using a 
new set of relationships and accountabilities. Hence, both agreed to enter into a 
"partnering relationship" to perform multiple projects in different locations. The 
services provided by the contractor included project-execution related services, 
while the owner provided technical assurance and approved only primary funding 
documents and scoping documents developed by the contractor. Twenty-five differ- 
ent projects were performed with this relationship. 

From a contractual point of view, this first partnering relationship differed from 
traditional contracts because the bureaucratic procedures were removed and all is- 
sues were open for negotiations. In this relationship the owner agreed to carry the 
financial burden of any risks that might occur during the duration of the relation- 
ship. The parties agreed to set performance evaluation criteria for major areas that 
were important to the projects. An incentive system based on the performance cri- 
teria was utilized, including monetary awards given by the owner to the contractor 
for doing a good job. Contractor incentives to employees included both monetary 
and non-monetary incentives. 
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A cultural change is required by all parties in a partnering relationship. The three 
key elements of any successful partnering relationship are trust, long-term commit- 
ment, and shared vision. As these three elements are developed, other subelements 
are achieved and the benefits to all parties are maximized. Both customer and sup- 
plier can profit from reduced overhead and work load stability. Competitive advan- 
tage is enhanced through improved cost, quality, and schedule. Growth and balance 
are important to the continual improvement of the partnering agreement. For exam- 
ple, in developing long-term commitment, a partnering agreement may grow from 
single to multiple projects. Likewise, trust may evolve from competitive bidding 
through complete disclosure of project costs in a cost-plus relationship. Shared vi- 
sion can expand to open sharing and mutual development of business objectives. 

The CII publication discusses applications of partnering to small businesses and 
projects, guidelines on selecting partners, and guidelines for implementing a part- 
nering relationship. 

QUESTIONS FOR CHAPTER %PROJECT INITIATION 

1 There are many contractual arrangements for handling a project. This chapter describes 
the arrangements in four basic forms: design/bid/build, designlbuild, construction man- 
agement, and ownerlagent. Describe the advantages and disadvantages of each of these 
arrangements, considering factors such as the cost, time, and level of involvement desired 
by the owner of the project. 

2 Review one of the references at the end of this chapter, or choose another reference, and 
briefly describe the many forms of construction management that are currently being used 
in the engineering and construction industry. 

3 The various phases for development of a project are shown in Figure 3-2. Review each 
phase and identify the party that most likely would be involved in performing the work of 
the phase, and the party whose work will be most influenced by the results of the phase. 
Identify parties as one of the following: owner, consultant to the owner, designer, con- 
struction manager, or construction contractor. 

4 A part of the owner's study is defining the requirements of the project. Identify and de- 
scribe methods that can be used to assist an owner with this important study assuming that 
the owner does not have the expertise to perform the study. 

5 Review the list of references at the end of this chapter and summarize the process of set- 
ting project objectives to assure the successful completion of a project. 

6 Describe the differences between project objectives and project scope definition. Define 
the interactive role of the owner and designer in this process to ensure a well-defined un- 
derstanding between the two parties. 

7 Review published articles that describe the concept and process of partnering, and list ma- 
jor differences between partnering and traditional methods of contracting strategies. 
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EARLY EST1 MATES 

IMPORTANCE OF EARLY ESTIMATES 

For engineering and construction projects, accurate early cost estimates are ex- 
tremely important to the sponsoring organization and the engineering team. For the 
sponsoring organization, early cost estimates are often a basis for business unit de- 
cisions, including asset development strategies, screening of potential projects, and 
committing resources for further project development. Inaccurate early estimates 
can lead to lost opportunities, wasted development effort, and lower than expected 
returns. 

An early estimate is also important to the project team because it becomes one of 
the key project parameters. It helps formulate execution strategies and provides a 
basis to plan engineering and construction. The early estimate often serves as a 
baseline for identifying changes as the project progresses from design to construc- 
tion. In addition, the performance of the project team and overall project success is 
often measured by how well the final cost compares to the early cost estimate. 

CLASSIFICATION OF EARLY ESTIMATES 

There are many estimates and reestimates for a project, based on the stage of proj- 
ect development. Estimates are performed throughout the life of a project, begin- 
ning with the first estimate through the various phases of design and into 
construction as shown in Figure 4-1. Initial cost estimates form the basis to which 
all future estimates are compared. Future estimates are often expected to agree with 
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FIGURE 4-1 
Estimates and Reestimates Through Phases of Project Development. 

(i.e., be equal to or less than) the initial estimates. However, too often the final proj- 
ect costs exceed the initial estimates. 

Various names have been given to estimates by several organizations. However, 
there is no industry standard that has been established for defining estimates. In 
general, an early estimate is defined as an estimate that has been prepared after the 
business unit study but prior to completion of detailed design. 

Individual companies define estimate names and percent variations that they use. 
Various organizations have also defined classifications of cost estimates. Two ex- 
amples are the cost estimate classifications by the Association for Advancement of 
Cost Engineering (AACE) International shown in Figure 4-2 and by the Construc- 
tion Industry Institute (CII) shown in Figure 4-3. 

In general, an early estimate is defined as an estimate that has been prepared be- 
fore completion of detailed engineering. This definition applies to class 5, class 4, 
and early class 3 estimates of AACE International. This definition also applies to 
order-of-magnitude and factored estimates described in CII publications. 

FIGURE 4-2 
AACE International Cost Estimation Classifications (1 8R-97). 

Estimate Level of project End usage Expected 
class definition (Typical purpose of estimate) accuracy range 

Class 5 0% to 2% Concept Screening -50% to 100% 
Class 4 l%to5% Study or Feasibility -30% to +50% 
Class 3 10% to 40% Budget, Authorization, or Control -20% to +30% 
Class 2 30% to 70% Control or BidKender -15% to +20% 
Class 1 50% to 100% Check Estimate or BidKender -10% to +15% 
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Estimate class Percent range Description/methodology 

Order-of-Magnitude +I-30 to 50% Feasibility study--cosWcapacity curves 
Factored Estimate +I-25 to 30% Major equipment-factors applied for costs 
Control Estimate +/-I 0 to 15% Quantities from mech1elecWcivil drawings 
Detailed or Definitive +/-<lo% Based on detailed drawings 

FIGURE 4-3 
Construction Industry Institute Cost Estimate Definitions (CII SD-6). 

ESTIMATING WORK PROCESS 

Estimating is a process, just like any endeavor that requires an end product. Infor- 
mation must be assembled, evaluated, documented, and managed in an organized 
manner. For a process to work effectively, key information must be defined and ac- 
cumulated at critical times. The primary factors in preparing estimates are shown in 
Table 4- 1. 

These concepts are illustrated in the estimating work process of Figure 4-4. The 
first step in the estimating work process is alignment. Alignment between the cus- 
tomer and the estimating team must be established before starting an estimate. As 
discussed on the following pages alignment is accomplished by early comrnunica- 
tions to ensure a clear understanding of the customer's expectations and the esti- 
mating team's ability to meet those expectations. Close alignment helps mitigate 
estimate inaccuracies that can result from misunderstandings and miscommunica- 
tions. It also enables establishment of the estimate work plan and staffing require- 
ments. The estimate kick-off meeting provides an excellent forum for establishing 
alignment. 

A successful process provides a clear understanding of the work to be performed 
and the products that will be produced. The level of scope definition for early 
estimates is low compared to later estimates. There must be a mutual understanding 

TABLE 4-1 
PRIMARY FACTORS IN PREPARING ESTIMATES. 

1. Standardization of the cost estimate preparation process 

2. Alignment of objectives between the customer and team 

3. Selection of estimate methodology commensurate with the desired level of accuracy 

4. Collection of project data and confirmation of historical cost information 

5. Organizing the estimate into the desired format 

6. Documentation and communication of estimate basis, accuracy, etc. 

7. Review and checking of estimate 

8. Feed-back from project implementation 
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FIGURE 4-4 
Estimating Work Process. 

between the business unit and the estimator regarding the level of scope definition. 
The estimator must communicate to the business unit the expected range of accu- 
racy based on the level of scope definition. 

Prior to starting the estimate, a work plan for preparing the estimate should be 
developed. The work plan can be developed after alignment and scope definition. 
The estimate work plan identifies the work that is needed to prepare the estimate in- 
cluding who is going to do it, when it is to be done, and the budget for preparing the 
estimate. The plan also includes the tools and techniques that are appropriate for the 
level of scope definition and the expected accuracy of the estimate. The leader of 
the estimating team is responsible for developing the estimate work plan which is 
discussed in the following pages. 

While preparing an estimate, there must be two-way communications between 
the estimating team and the party that requested the estimate. The estimating team 
must keep the requesting party informed of the work being performed, and the re- 
questing party must respond to questions that may arise from the estimating team. 
The estimating process can assist the requesting party in identifying areas of uncer- 
tainty and additional information that may be needed or assumptions that must be 
made in lieu of definitive information about the project. 

After the estimate is completed, a document should be prepared that defines the 
basis of the estimate. Estimate documentation is essential for presentation, review, 
and future use of the estimate. The documentation for an estimate improves com- 
munications among project participants, establishes a mechanism for estimate re- 
views, and forms a basis for early project cost control. The estimating team should 
develop a standard cost estimate presentation format that is easily understood by in- 
ternal business and engineering management. 

Contingency is the amount of money that must be added to the base estimate to 
account for risk and uncertainty. Contingency is a real and necessary component of 
an estimate. Assessing risk and assigning contingency to the base estimate is one of 
the most important tasks in preparing early estimates. Typically, risk analysis is 
a prerequisite to assigning contingency. Based on the acceptable risks and the 
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expected confidence level, a contingency is established for a given estimate. The 
lead estimator for a project must assess the uniqueness of each project and select the 
technique of risk analysis that is deemed most appropriate. 

No estimating process is complete without the continuous feed-back loops 
shown in Figure 4-4. To improve early estimates, the estimating process must be a 
continuous cycle. Actual cost information from completed projects must be cap- 
tured in a feed-back system that can be integrated into the cost database for use in 
preparing future estimates. Lessons learned during project execution must also be 
documented and incorporated into estimating standards and procedures. The lessons 
learned during construction must be communicated back to the estimating team, to 
enable them to establish better standards for preparing future project estimates. 

IMPORTANCE OF TEAM ALIGNMENT IN PREPARING 
EARLY ESTIMATES 

Early communication between the team and the customer is essential to the success 
of any estimate, particularly early estimates. This early communication is necessary 
to ensure a clear understanding of the customer's expectations and the team's abil- 
ity to meet those expectations. Table 4-2 is a list of benefits of team alignment. 

To achieve alignment, a special effort must be made to resolve all issues that can 
impact the team's work and the customer's understanding of the contents of the es- 
timate. This can be accomplished by two-way, open communications before start- 
ing the estimating process. 

TABLE 4-2 
BENEFITS OF TEAM ALIGNMENT. 

1. Establishes a clear understanding between the customer and the team of the project's 
parameters 

2. Assists in determining the level of effort required of the estimating team to deliver the 
estimate 

3. Enables the estimating team to establish a work process and staffing plan to provide the 
deliverables required to meet the customer's expectations 

4. Highlights issues that might not otherwise have been considered in the development of the 
estimate 

5. Improves and documents the level of scope definition and the information that is known about 
the project 

6. Assists the customer's understanding of what is included in the estimate and what is not 
included in the estimate 

7. Establishes the responsibility of all project team members and the customer in the preparation 
of the estimate 

8. Serves to establish a cohesiveness between the project team and the customer 
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TABLE 4-3 
CRITICAL QUESTIONS FOR PREPARING EARLY ESTIMATES. 

1. How thorough is the scope definition of the project? 

2. What level of accuracy and detail is the customer expecting? 

3. What deliverables are required from this effort? 

4. What decisions will be made based on this estimate? 

The level of scope definition of the project is one of the key issues that must be 
resolved early, because the accuracy of the estimate is dependent on scope defini- 
tion. The customer must provide the level of accuracy and detail that is expected in 
the estimate. The estimating team must clearly communicate to the customer what 
will be provided in the estimate. The customer must also define the required deliv- 
erable~ of the team and the type of decisions that will be made based on the esti- 
mate. Critical questions that must be addressed early are shown in Table 4-3. 

The estimate kick-off meeting is an effective method of achieving alignment by 
addressing the issues shown in Table 4-4. The estimate kick-off meeting between 
the customer and the team provides an exchange of information regarding the cus- 
tomer's expectations and the team's ability to meet those expectations. Regularly 
scheduled progress meetings after the kick-off meeting ensure continued alignment 
throughout the estimating process. 

Project management should initiate open communication between the customer 
and the team to assist in identifying and documenting the issues to be resolved. 
Early involvement of the customer reduces the potential of giving conflicting in- 
structions and directions to the team. Alignment requires a cooperative effort be- 
tween the team and the customer. Common pitfalls in alignment of early estimates 
are shown in Table 4-5. 

SCOPE DEFINITION AND EARLY ESTIMATES 

Good scope definition is extremely important in preparing estimates. However, 
early estimates are usually prepared based on very limited scope definition and 
scant information regarding specific needs of the proposed project. 

It is common knowledge that the accuracy of any estimate depends on the 
amount of information that is known about the project when the estimate is pre- 
pared. Any cost estimate usually is assigned a range of accuracy (+I- percentage). 
These ranges narrow as the quantity and quality of information increase through the 
life of a project. This infers that estimate accuracy is a function of available infor- 
mation (scope definition), a generally accepted fact in engineering and construction. 

During the past thirty years, numerous papers have been published, emphasizing 
the importance of scope definition. The lack of scope definition has been identified 
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TABLE 4-4 
CHECK LIST OF ISSUES FOR THE ESTIMATE KICK-OFF MEETING. 

1. What are the customer's driving principles and expectations? 

2. What is the level of scope definition of the project? 

3. What level of accuracy and detail is the customer expecting? 

4. What deliverables are required from this effort? 

5. What decisions will be made based on the estimate? 

6. Does the project have unique or unusual characteristics? 

7. What is the estimate due date and the anticipated project starVcompletion date? 

8. What level of confidentiality is required by the team? 

9. Who are the customer's contacts with the team? 

10. What other organizations need to interface with the team? 

11. Are there other information sources that can aid the estimating team? 

12. What is the budget for developing the estimate and who is paying for it? 

13. Have similar projects/estimates been developed previously? 

14. What customer-furnished items are to be excluded from the estimate? 

15. What customer-furnished costs are to be included in the estimate? 

16. Are there specific guidelines to be used in preparing the estimate? 

17. Are there special permitting requirements that may affect the cost and schedule? 

18. Are there any special funding requirements that might influence the final total installed cost? 

19. Are there other issues that could affect the cost or schedule of the project? 

20. What level of effort is required to meet the desired accuracy? 

as the root cause of cost overruns, late completion dates, excessive rework, unnec- 
essary disputes, poor team alignment, and other problems associated with engineer- 
ing and construction projects. 

It should be recognized that determining the level of scope definition is a pro- 
gressive activity. It starts at the inception of the project, when the project is only an 
idea of the project sponsor for a product to be produced. As engineering progresses, 
the level of scope definition increases. Consequently, early estimates are often sub- 
ject to high variability. 

Although good scope definition is important in preparing estimates, the skills and 
experience of the project team and the estimating procedure also play an important 
role. Figure 4-5 illustrates the importance of having the team involved early in a 
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TABLE 4-5 
COMMON PITFALLS IN TEAM ALIGNMENT FOR PREPARING EARLY ESTIMATES. 

1. Early estimates that are heavily influenced by a preconceived number developed by 
individuals outside the estimating team 

2. Failure to include the business decision maker early in the estimating process 

3. Failure to resolve issues early 

4. Excessive constraints on the estimating team, such as inadequate time for preparing the 
estimate or lack of cost data 

5. Failure to hold an estimate kick-off meeting 

6. Failure to identify information required of the estimating team to prepare the estimate 

7. Inadequate understanding of the expected accuracy based on the level of information, 
estimate methodology, or other factors that impact the estimate 

8. Failure to identify costs and scope to be captured in the estimate 

9. Failure to identify the scope that is not to be included in the estimate 

10. Failure to communicate the estimating methodology to be used in preparing the 
estimate 

High 

Project Inception Project Completion 

RGURE 4-5 
Relative Impact of Team's Skills and Estimating Procedures on Estimate Accuracy. 

project's life, when the level of scope definition is low. The business unit must rely 
on the experience and skills of the team to produce accurate early estimates, because 
early in the project the level of scope definition is low and it is often poorly defined. 
The estimator must address limited scope definition and clearly communicate to the 
customer the level of scope definition that was used in preparing the estimate. 
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PREPARING EARLY ESTIMATES 

Issues that should be discussed, defined, and documented when preparing estimates 
are shown in Table 4-6. As the estimate is being prepared it is important to perform 
periodic "reality checks" to make sure the costs developed are within reason. Based 
on estimator experience and familiarity with the project, this may include 

Simple "intuitive" checks for reasonableness 
Comparisons with similar projects 
Comparisons with industry data ($/square foot, costlmegawatt, indirectldirect 
costs, etc.) 
Check ratios such as lighting costs/fixture, fire protection, costs/sprinkler, etc. 

Once the estimate is complete, a detailed review should be made of the entire esti- 
mate package, including the backup materials, assumptions, unit prices, and pro- 
ductivity rates. The estimate should also be checked against the project schedule 
requirements to ensure they are compatible, such as overtime rates assumed during 
outages, and price escalation. 

ORGANIZING TO PREPARE ESTIMATES 

The lead project estimator is responsible for initiating and leading the effort to de- 
velop a plan for preparing the estimate. In almost all situations, higher-quality esti- 
mates can be produced by professional cost estimators with an engineering or 
technical background. Like any technical specialty, estimating requires specific 
skills, training, and experience. Involvement of the estimating team early in the 
project is essential in the business development process. 

TABLE 4-6 
ISSUES FOR PREPARING EARLY ESTIMATES. 

1. Work plan for preparing the estimate 

2. Costs/scope to be included, or excluded, in this estimate 

3. Estimating methodology, tools, and techniques 

4. Expected accuracy of the estimate 

5. Impact of time allowed for preparing the estimate 

6. Information needed by the estimating team to prepare the estimate 

7. Roles and responsibilities for preparing the estimate 

8. Format for presenting the estimate to the customer 

9. Schedule for preparing the estimate that includes 

a. Kick-off meeting, estimate reviews and approvals 

b. Milestones for delivery of information and deliverables 
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Cost estimates for projects in the engineering and construction industry are pre- 
pared by individuals with many different job titles, responsibilities, and functions. 
Depending on the size and needs of each company, those preparing cost estimates 
may be working alone or as part of a group. They may be centralized in one loca- 
tion or in multiple locations. In some situations they may be integrated with differ- 
ent organizations or they may work in one homogeneous group. 

There are advantages and disadvantages to centralizing or decentralizing the es- 
timating staff. Where an estimate is prepared is not as important as who is preparing 
the estimate and the process used in preparing the estimate. It is important to im- 
plement and maintain effective control over the estimating process. Procedures 
must be in place for 

Disseminating knowledge and sharing expertise among the estimating staff 
Assigning and sharing the work load among estimators to improve efficiency 
Reviewing, checking, and approving work for quality control 

Timely exchange of information is critical to ensure current price data, databases, 
and feed-back. Preparing estimates requires expertise from multiple disciplines. An 
effective organization includes members of key disciplines, estimators, and man- 
agement personnel who are knowledgeable in estimating. An effective team must be 
organized to prepare, review, check, and approve the work. This same team must 
also capture lessons learned to improve the estimating process and improve 
efficiency. 

ESTABLISHING AN ESTIMATE WORK PLAN 

Effective management of the estimating effort requires planning, scheduling, and 
control. The leader of the estimating team is responsible for developing an estimate 
work plan for the project. The estimate work plan is a document to guide the team 
in preparing accurate estimates and improving the estimating process. It identifies 
the work that needs to be accomplished to prepare the estimate: who is going to do 
it, when it is to be done, and the budget for preparing the estimate. 

The estimate work plan is unique for each project, based on specific project pa- 
rameters and requirements. Figure 4-6 illustrates the type of information that 
should be included in an estimate work plan. The work plan should contain suf- 
ficient detail to allow all members of the estimating team to understand what is 
expected of them. After the work plan is finalized, it serves as a document to 
coordinate the estimating work and as a basis to control and maintain the estimating 
process. 

In preparing early estimates, the skill level of the estimator and his or her expe- 
rience with the type of facility to be estimated is extremely important. The quality 
of any estimate is governed by the following major considerations: 

Quality and amount of information available for preparing the estimate 
Time allocated to prepare the estimate 
Proficiency of the estimator and the estimating team 
Tools and techniques used in preparing the estimate 
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Estimate Work Plan 

Project Name: 
Project Number: 
Customer's Name: 

Type of Estimate Required 
Desired Level of Accuracy 
Level of Effort Required 
Deliverables of Estimate 

Estimating Services to Be Provided 
Deliverables of Estimate by In-House Resources 
Deliverables of Estimate by Outside Resources 

Budget for Preparing Estimate 
Anticipated work-hours for estimating staff 
Dollars budget for non-salary estimating work 

Required Staffing for Preparing Estimate 
Principle Estimate (leader of estimating team) 
In-House and Outside Resources 
Availability of Personnel for Staffing 

Schedule for Preparing Estimate 
Anticipated Start Date 
Requirements of Review Date 
Customer Due Date 

Estimating Methodology 
Tools 
Technique 
Method 
Procedures 

Estimate Control 
Level of Scope Definition 
Check Lists 
Review Process 

Presentation 
Format for Presenting Estimate 
Audience of Presentation 

FIGURE 4-6 
Typical Information to be Addressed in the Estimate Work Plan. 

Typically, the technical definition and the completion date for an estimate is de- 
termined by others outside of the estimating team. Therefore, these two elements 
may be beyond the control of the estimator. However, the estimator does have con- 
trol over the selection of the tools and methodology to be used in preparing the es- 
timate. The approach to selecting the method of estimating should be commensurate 
with the owner's expected level of accuracy and constraints of time. 

The estimating team should develop a standard cost estimate presentation for- 
mat that includes the level of detail and summary of engineering design, engi- 
neered equipment, bulk materials, construction directs and indirects, owner's costs, 
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escalation, taxes, and contingency. Computer methods, including spreadsheets or 
estimating programs, provide consistent formats for preparing and presenting esti- 
mates. Uniform formats provide the following benefits: 

Reduces errors in preparing estimates 
Enhances the ability to compare estimates of similar projects 
Promotes a better understanding of the contents of an estimate 
Provides an organized system for collecting future cost data 

Presentation of the estimate is important. The estimating team must develop a 
format that is easily understood by business managers and engineering managers, as 
well as by external clients. Using a standard format for presentations promotes bet- 
ter communication among all participants in the project and a better understanding 
of what is included in the estimate. This understanding is necessary so good deci- 
sions can be made based on the estimate. 

METHODS AND TECHNIQUES 

Selection of the methods for preparing early estimates depends on the level of scope 
definition, time allowed to prepare the estimate, desired level of accuracy, and the 
intended use of the estimate. For projects in the process industry, the following 
methods are commonly used: 

Cost capacity curves 
Capacity ratios raised to an exponent 
Plant cost per unit of production 
Equipment factored estimates 
Computer-generated estimates 

Cost-Capacity Curves 

A cost-capacity curve is simply a graph that plots cost on the vertical axis and ca- 
pacity on the horizontal axis. These curves are developed for a variety of individual 
process units, systems, and services. The minimum information needed to prepare 
an estimate by cost-capacity curves is the type of unit and capacity. For example, 
the type of unit may be a coker unit or hydrogen unit and the capacity may be bar- 
rels per day or cubic feet per hour. Examples of additional information that can en- 
hance the quality of the estimate may include adjustments for design pressure, 
project location, and project schedule. 

Cost-capacity curves are normally prepared by a conceptual estimating special- 
ist who develops, maintains, and updates the cost-capacity curves on a regular ba- 
sis. These curves are developed and updated utilizing return cost data from 
completed jobs. This information is normalized to a location, such as the U.S. Gulf 
Coast, and for a particular time frame expressed as a baseline, such as December of 
a particular year. 

The estimated cost is determined by locating the capacity on the horizontal 
x-axis and then following a straight line up to the point of intersection with the 
curve. The estimated cost is then read from the vertical y-axis by a straight line from 
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the y-axis to the point where the x-axis intersects with the curve. The total installed 
cost derived from the curve may be adjusted for escalation to the present day or to 
some point in the future and may be further adjusted to reflect other geographic 
locations. 

Example 4-1 

The figure shows cost-capacity curves for process units in a chemical plant. 
What is the estimated cost for a project that has a process unit C with a capacity 
of 6,000 barrels per day? 

Cost in $1,000 Process 

$200 f uNt I 

Capacity in Barrels per Day 

Locating the 6,000 barrels per day capacity along the abscissa, draw a vertical 
line upward until it intersects the process unit C cost curve. Then, draw a hori- 
zontal line to the left to read the estimated cost as $153,000. 

Capacity Ratios Raised to an Exponent 

Capacity ratios raised to an exponent is another estimating technique for conceptual 
estimating. This approach takes into account the effect of economy of scale on the 
total installed cost. For example, if the cost of process unit B with capacity B is 
known, then the estimated cost of process unit A is calculated by multiplying the 
cost of process unit B times the ratio of the process unit capacities raised to an ex- 
ponent (X) as shown in the following equation: 

Capacity of process unit A 
Cost of process unit A = (Cost of process unit B) X Capacity of process unit 
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Essentially, this method is a mathematical solution to the cost-capacity curves 
presented earlier in this section, which was a graphical technique. The exponent rep- 
resented by X is mathematically derived from historical records from completed 
projects. It represents the non-linear relationship between cost with size, based on 
economies of scale. 

Historical data can be captured from completed projects and a least-squares fit of 
the data or other methods of curve fitting can be used to determine an appropriate 
value of X for similar types of projects. Thus, the exponent distinguishes the curve 
of one process unit from another. Typically the range of the exponent X is between 
0.55 and 0.88, depending on the type of process unit. When utilizing this equation 
to develop a cost estimate, if the exponent for the particular process unit is un- 
known, an exponent of 0.6 is used, which represents a standard or typical exponent 
for process plants. 

Example 4-2 

The cost of a 320 cubic feet per hour (ft3/h) process unit is $675,000. From his- 
torical cost records, the capacity ratio exponent of a process unit is 0.72. Estimate 
the cost of a similar process unit with a capacity of 450 ft3/h. 

Capacity of process unit A 
Cost of process unit A = (Cost of process unit B) X 

Capacity of process unit B 

Plant Cost per Unit of Production 

This conceptual estimating technique is used to estimate the total plant cost based 
on the average plant costs per unit of production on previously completed projects. 
This is a very simple and broad estimating approach where the only information 
available is the product description and the plant capacity. For example, cost records 
may show the average cost per unit for cogeneration facilities to be $1,000 per 
kilowatt ($1,00O/kW) of production. Thus, for a future 300-megawatt (MW) co- 
generation facility, the estimated cost would be calculated by multiplying the 
$1,00O/kW times the 300 MW of power to derive a total estimated cost of 
$300,000,000. 

This estimating technique assumes that the relationship between plant cost and 
production capacity is linear and, therefore, would apply best within a fairly narrow 
range. Ideally, average plant costs per unit of production capacity are best developed 
over various capacity ranges so that the estimator can select the relationship that is 
applicable for his or her estimate. 
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This method of preparing early estimates is similar to the square-foot estimating 
method used for projects in the building sector. The total estimated cost of a partic- 
ular building project is determined by multiplying the average cost per square foot 
of previous projects by the total square feet in the proposed building. 

Equipment Factored Estimates 

For the process industry, equipment factored estimates are derived by applying var- 
ious factoring techniques to estimated equipment costs. The factors used are devel- 
oped and updated utilizing return cost data from completed projects. This 
information is normalized to a location, usually the U.S. Gulf Coast, and for a par- 
ticular time frame, such as December of a particular year. The estimated total in- 
stalled cost of a normalized unit is defined to include the following costs: 

Direct equipment costs 
Direct bulk material costs 
Subcontract costs 
Construction labor costs 
Construction indirect costs 
Home office services costs 

One example of the factoring technique is the "equipment cost" to "total installed 
cost" factor (TIC). This factoring technique is relatively simple for projects where 
equipment costs have been estimated. As the name implies, TIC factors are devel- 
oped by dividing the equipment costs of a particular process unit into the total 
installed cost of that unit. The estimated cost of the project is determined by multi- 
plying the equipment costs by the TIC factor, or multiplier. The factors for process 
plants generally range between 2.5 to 6.0, depending on the nature of the process 
unit. Conditions that affect the equipment to TIC factors are 

Equipment sizes 
Pressure 
Metallurgy 
Degree of prefabrication 
Site conditions 
Equipment costs 
Special conditions (large structures, pits, buildings, etc.) 
Explanation of engineering costs included 

Another equipment factored estimating technique develops equipment costs 
manually or by utilizing commercially available computer software systems. Bulk 
material costs are factored from the estimated equipment costs, using historical cost 
data for the same or similar type units. Field labor work-hours are estimated for 
each individual equipment item, and the work-hours for installing bulk materials are 
estimated as a percentage of the bulk material costs for each category of materials. 
The resultant field labor work-hours are adjusted for productivity and labor costs by 
applying local labor rates to the estimated construction work-hours. Construction 
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indirect costs are developed for the major categories by percentages of direct labor 
costs. Home office costs are estimated as a percentage of the total installed cost. The 
equipment factored estimating techniques described can be utilized when there is 
sufficient technical definitions available consisting of the following: 

Process flow diagram 
Equipment list 
Equipment specifications 
Project location 
General site conditions (assumed if not specified) 
Construction labor information 
Project schedule 

Computer-Generated Estimates 

There are numerous commercially available computer software systems for esti- 
mating capital costs for a number of different types of industries, including the 
process industry, building construction industry, and the heavyhighway infrastruc- 
ture industries. These systems can be simple or very sophisticated. Most of the soft- 
ware packages can operate on a personal computer and are furnished with a cost 
database, which is updated on an annual basis. The more flexible systems allow the 
purchaser to customize the database. 

Sophisticated software packages are available to assist the estimator in generat- 
ing detailed material quantities as well as equipment and material costs, construc- 
tion work-hours and costs, field indirects and engineering work-hours and costs. 
The detailed quantity and cost output allows early project control, which is essen- 
tial in the preliminary phases of a project, before any detail engineering has started. 
The accuracy of an estimate can be improved because some systems allow vendor 
costs, takeoff quantities, project specifications, site conditions, etc., to be introduced 
into the program. To maximize the benefits of these software programs, the use of 
system defaults should be minimized and replaced with the following definitions: 

Specifications, standards, basic practices, and procurement philosophy 
Engineering policies 
Preliminary plot plans (if available) and information relating to pipe-rack, 
structures, buildings, automation and control philosophy, etc. 
Adequate scope definition 
Site and soil conditions 
Local labor conditions relating to cost, productivity, and indirect costs 
Subcontract philosophy 

To become proficient in the use of computer software programs, frequent usage 
is required, and the user should compare the computer-generated results with other 
estimating techniques to determine the limitations and shortcomings of the pro- 
grams. Once the shortcomings are known, corrective action to eliminate or mini- 
mize the shortcomings can be taken. To maximize the benefits of the use of software 
systems in developing early estimates, the following should be considered: 



Index or benchmark the unit costs and installation work-hours in the computer 
software's databases to match the company's cost databases. 
Establish system defaults that correspond to the company's engineering and 
design standards. 
Create a program that allows conversion of the output of the software pro- 
grams to the company's account codes and format. 

By adopting the above recommendations, confidence in the output of estimating 
software systems will improve. This will result in more consistency and reliability 
of computer-generated estimates. 

There are other non-commercial computer software systems that are used in 
preparing early estimates, in particular spreadsheet programs. Some of these sys- 
tems, although not commercially available, have been developed by ownerloperator 
companies and contractors. 

ESTIMATE CHECK LISTS 

Check lists are valuable tools to reduce the potential of overlooking a cost item. 
Check lists act as reminders to the estimator by 

Listing information required to prepare the early estimate 
Listing miscellaneous other costs that may be required in the estimate 
Listing the project scope that may be required but not identified in the defini- 
tion provided for the estimate 

A listing of information required to prepare an estimate in the process industry 
may include type of unit, feed capacity, and project location. For a computer- 
generated estimate, the required information includes soil and site data, building 
requirements, plot plan dimensions, and other specific engineering requirements. 
For projects in the building sector, a listing of information to prepare an estimate 
may include type of building, functional use of building, number of occupants, and 
project location. 

Typical examples of miscellaneous cost items for projects in the process industry 
may include spare parts, catalyst and chemicals, permits, and training. Typical scope 
items that may be required, but not identified in the definition provided for the esti- 
mate, may include certain utility and auxiliary systems. Examples are special steam 
systems, refrigeration, lube and seal oil systems, and flare systems. 

Check lists are useful during initial client/customer meetings where they serve as 
agenda items for discussion. Check lists also assist the estimator in preparing an es- 
timate work plan by identifying important points to emphasize in the write-up for 
the execution of the estimate. Table 4-7 is an illustrative example of an early esti- 
mate check list for a project in the process industry. 

ESTIMATE DOCUMENTATION 

Effective communication is necessary during the estimating process. A support doc- 
ument should be developed and available for presentation, review, and future use of 
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TABLE 4-7 
CHECK LIST FOR AN EARLY ESTIMATE IN THE PROCESS INDUSTRY. 

1. Process unit description (delayed coker, hydrogen plant, etc.) 
2. Process licenser 
3. Feed capacity 
4. Production capacity 
5. Product yield 
6. Utility levels at process unit location 
7. Feedstock specifications 
8. Integration of multiple units 
9. Process pressure and temperature operating levels 

10. Provision for future expansion of capacity 
11. Provision for processing multiple or different feedstocks 
12. Single train vs. multi-train concept 
13. Project location 
14. Miscellaneous costs (spare parts, training, chemicals, etc.) 
15. Other items, such as unusually high or low recycle rate 

the estimate. A thorough documentation of the estimate forms a baseline for project 
control, so decisions during project execution can be made with a better awareness 
of the budget, thereby improving the overall outcome of the project. 

Inaccurate cost estimates are often the result of omissions in the estimate, mis- 
communications of project information, or non-aligned assumptions. Documenting 
the estimate will minimize these inaccuracies by 

Improving communications among all project participants 
Establishing a mechanism for review of the estimate 
Forming a solid basis for project controls 

As the estimate is being developed, the act of preparing documentation facilitates 
communications among the parties involved: estimators, scope developers, project 
managers, and customers. Estimate documentation improves the outcome of the es- 
timate through 

Sharing information 
Identifying items that require clarification 
Helping the estimator obtain and organize information needed for the estimate 
Avoiding confusion over what is covered and not covered by the estimate 
Providing useful information for future estimates 
Highlighting weak areas of the estimate 
Increasing the credibility of the estimate 

A portion of the documentation may be developed by sources other than the 
estimator. For example, written scopes are developed by those who are defining 
the project, quotes may be obtained by procurement personnel, and labor informa- 
tion may be obtained from field personnel. However, the estimator has overall 



TABLE 4-8 
RECOMMENDED DOCUMENTATION OF EARLY ESTIMATES. 

1. Standard format for presenting cost categories (codes)-summary and backup levels 
2. Basis of estimate--clear understanding of what constitutes the estimate 
3. Level of accuracy--expected for the estimate 
4. Basis for contingency--risk analysis, if applicable 
5. Boundaries of the estimate-limitations of the estimate 
6. Scope of work-the level of scope definition used in preparing the estimate 
7. Labor rates-breakdown and basis of labor rate 
8. Assumed quantities-conceptualized, etc. 
9. Applied escalation--dates and basis of escalation 

10. Work schedule--shifts, overtime, etc., to match the milestones (not contradictory) 
11. Other backup information--quotes, supporting data, assumptions 
12. Check lists used-a list of completed check lists 
13. Description of cost categories--codes used in preparing the estimate 
14. Excluded costs-list of items excluded from the cost estimate 

responsibility for collecting and organizing this information. Reviewing and clari- 
fying the information with the originator improves the estimate accuracy. 

A standard default format or outline should be developed to organize and prepare 
documentation for the cost estimates. A different standard can be developed for dif- 
ferent types of estimates. The process of developing, utilizing, and storing the doc- 
umentation for future use should be built into the cost estimate work process. The 
items that should be documented are shown in Table 4-8. 

ESTIMATE RNlEWS 

Well-executed estimate reviews will increase the credibility and accuracy of the es- 
timate. They also help the team and project management to know the level of scope 
definition and the basis of the estimate. The review of estimates is an important part 
of the estimating process because it helps the customer to understand the contents 
and level of accuracy of the estimate, allowing the customer to make better business 
decisions. 

The number of reviews will vary depending on the size of the project, type of es- 
timate, length of time allowed for preparing the estimate, and other factors. For any 
estimate, there should be at least two reviews: an internal review during develop- 
ment of the estimate and a final review at or near the completion of the estimate. 

About halfway through the development of the estimate, a "reality check" should 
be scheduled. The purpose of the midpoint check is to avoid spending unnecessary 
time and money in pursuing an estimate that may be unrealistic or based on as- 
sumptions that are no longer valid. 

The internal midpoint estimate review is brief. Typically the lead estimator, en- 
gineer, and project manager are involved. There may be times when it is advan- 
tageous to include the customer. This review is intended as a reality check of the 
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data being developed to assess whether to proceed with the estimate. This is a 
"go-no-go" point where the results of the review will guide the estimator and the 
team to one of the following two steps: 

1 Recycle back to the scope of work because the capital or scope have gotten 
outside of the boundaries established as a target for the project. 

2 Give the team the "go ahead" to proceed with the remaining estimate process 
to complete the estimate. 

The final estimate review is a more structured process. The depth of the review 
depends on the type or class of estimate that is being prepared. The meeting is in- 
tended to validate assumptions used in preparing the estimate, such as construction 
sequence, key supplier selection, and owner's cost. Engineering and the customer 
must accept ownership of the scope that is represented in the estimate. 

The final estimate review may be a lengthy meeting. For a final estimate review, 
the attendees should include the lead estimator, process engineer, discipline en- 
gineer, operationslmaintenance representative, engineering manager, and con- 
structability leader. To be effective, the final estimate review meeting should be 
conducted with a written agenda. The meeting should be documented with written 
minutes that are distributed to all attendees. The estimator must come to the review 
meeting prepared with the following information for comparisons: 

I 
, Historical data used in preparing the estimate 
I 

Actual total installed costs (TIC) of similar projects 
Percent of TIC on key cost accounts 

Comparisons of the estimate with the above information provide useful indica- 
tors for the estimate review. The estimator needs to assess each estimate to deter- 
mine the appropriate checks that should be included in an estimate review meeting. 

In some situations it may be desirable to use outside assistance for estimate re- 
views. For example, it may be helpful to obtain a review of the estimate by an ex- 
perienced peer group to validate assumptions, key estimate accounts, construction 
sequence, potential omissions, etc. In other situations, it may be advantageous to en- 
gage a third party to perform an independent review. This will provide a check to 
compare the estimate with past similar estimates from the perspective of a different 
team. 

Estimate reviews should focus on the big picture and follow Pareto's law, sepa- 
rating the significant few from the trivial many. Generally an estimate is prepared 
bottoms up, whereas the review is conducted top down. Table 4-9 is an illustrative 
example of presentation items for review of an early estimate for a project in the 
process industry. 

RISK ASSESSMENT 

Assessing risk and assigning contingency to the base estimate is one of the most im- 
portant tasks in preparing early estimates. Risk assessment is not the sole responsi- 
bility of the estimators. Key members of the project management team must provide 



TABLE 4-9 
PRESENTATION ITEMS FOR REVIEW OF AN EARLY ESTIMATE IN THE PROCESS INDUSTRY. 

1. Product mix, volume, and quality requirements 
2. Facility location 
3. Scope of work 
4. Simplified flow sheet 
5. Key assumptions used 
6. Major undecided alternatives 
7. Historical data used 
8. Estimate exclusions 
9. Estimator's experience and track record 

10. Check lists used to prepare estimate 

input on critical issues that should be addressed by the estimators in assessing risk. 
Risk assessment requires a participatory approach with involvement of all project 
stakeholders including the business unit, engineering, construction, and the esti- 
mating team. 

The business unit is responsible for overall project funding and for defining the 
purpose and intended use of the estimate. Engineering design is responsible for pro- 
viding input on the design criteria and factors that are susceptible to changes that 
may impact the cost of the project. The estimator is responsible for converting the 
information from the business unit and engineering into an appropriate procedure 
for assessing risk and assigning contingency. The estimator must communicate the 
risk, contingency, and level of accuracy that can be expected of the final estimate. 

RISK ANALYSIS 

Typically, risk analysis is a prerequisite to assigning contingency. Based on the ac- 
ceptable risks and the expected confidence level, a contingency is established for a 
given estimate. Risk analysis and the resultant amount of contingency help the busi- 
ness unit to determine the level of economic risk involved in pursuing a project. The 
purpose of risk analysis is to improve the accuracy of the estimate and to instill 
management's confidence in the estimate. 

Since the owner's organization has overall project funding responsibility, it must 
consider both the contractor's and owner's risks. The owner's contingency should 
cover the entire project risk, after adjusting for any risk already covered by 
contractors. 

Numerous publications have been written to define risk analysis techniques. 
Generally, a formal risk analysis involves either a Monte Carlo simulation or a sta- 
tistical range analysis. There are also numerous software packages for risk analysis. 
The lead estimator for a project must assess the uniqueness of each project and se- 
lect the technique of risk analysis that is deemed most appropriate. For very early 
estimates, the level of scope definition and the amount of estimate detail may be in- 
adequate for performing a meaningful cost simulation. 
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CONTINGENCY 

Contingency is a real and necessary component of an estimate. Engineering and 
construction are risk endeavors with many uncertainties, particularly in the early 
stages of project development. Contingency is assigned based on uncertainty and 
may be assigned for many uncertainties, such as pricing, escalation, schedule, ornis- 
sions, and errors. The practice of including contingency for possible scope expan- 
sion is highly dependent on the attitude and culture, particularly that of the business 
unit, toward changes. 

In simple terms, contingency is the amount of money that should be added to the 
base estimate in order to predict the total installed cost of the project. Contingency 
may be interpreted as the amount of money that must be added to the base estimate 
to account for work that is difficult or impossible to identify at the time a base esti- 
mate is being prepared. In some owner or contractor organizations, contingency is 
intended to cover known unknowns. That is, the estimator knows there are addi- 
tional costs, but the precise amount is unknown. However, sometimes an allowance 
is assigned for known unknowns and a contingency is assigned for unknown 
unknowns. 

CII Source Document 41 defines contingency as "A sum of money to cover costs 
which are forecast but are difficult or impossible to identify when proposing." 
AACE International Document 18R-97 defines contingency as "An amount of 
money or time (or other resources) added to the base estimate to (a) achieve a spe- 
cific confidence level or (b) allow for changes that experience shows will likely be 
required." 

TRADITIONAL METHODS OF ASSIGNING CONTINGENCY 

The most effective and meaningful way to perform risk analysis and assign contin- 
gency is to involve the project management team. Estimators have insights and can 
assess imperfections in an estimate to derive an appropriate contingency. However, 
the interaction and group dynamics of the project management team provide an ex- 
cellent vehicle to assess the overall project risk. The integration of the project man- 
agement team's knowledge and the estimator's ability to assign contingency 
provides management with an appreciation and confidence in the final estimate. The 
end result is an estimate that represents the judgment of the project management 
team, not just the estimator's perspective. 

Figure 4-7 illustrates the risk assessment process. The estimator must select the 
method deemed most appropriate for each project, based on information provided 
by the project management team and based on the intended use of the estimate by 
the business unit. The estimator must communicate the method selected, risk, accu- 
racy, and contingency for the estimate. 

Percentage of Base Estimate 

For some situations, contingency may be assigned based on personal past experi- 
ence. A percentage is applied to the base estimate to derive the total contingency. 
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T 
Risk Analysis Method Select Contingency 
* % of Base Estimate to Match the Sensitivity 

C 

Expected Net Risk Desired Confidence Analysis 

Simulation Level 

FIGURE 4-7 
Risk Assessment Process. 

Although this is a simple method, the success depends on extensive experience of 
the estimator and historical cost information from similar projects. It is less accurate 
than other more structured methods. 

Some organizations use standard percentages for contingencies based on the 
class of estimate. This method is governed by company policy rather than by a nu- 
merical analysis. Typically, the percentage used is based on the level of scope defi- 
nition or on the stage of project development. 

In some situations, contingency is determined as a percentage of major cost items 
rather than as a percentage of the total base estimate. This method typically relies on 
the personal experience and judgment of the estimator, but the percentage can also 
be from established standard percentages based on historical data. This method has 
the advantage of considering risk and uncertainty at a lower level than that used 
when contingency is based on a percentage of the total base estimate. 

The personal experience and judgment of the estimators and engineers should 
not be overlooked in the process of assigning contingency. Even the most advanced 
computers are not a substitute for the knowledge and experience of the human 
mind. Estimators with many years of experience with a particular type of facility 
can often be quite accurate in assigning contingency based on how they "feel" about 
the level of uncertainty and risk associated with a project, the cost data used in 
preparing the estimate, and the thoroughness of the effort in preparing the base 
estimate. 

Expected Net Risk 

The estimator may determine contingency based on expected maximum risk and 
likelihood. After the evaluation of normal contingency of each estimate element, an 
individual element may also be evaluated for any specific unknowns or potential 
problems that might occur. The first step involves determining the maximum possi- 
ble risk for each element, recognizing that it is unlikely that all the risk will occur 
for all elements. 
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The next step involves assessing the percentage probability that this risk will oc- 
cur. The expected net risk then becomes a product of the maximum risk times the 
probability. The sum of all the expected net risks provides the total maximum risk 
contingency required. Figure 4-8 illustrates an expected net risk analysis. 

Simulation 

A formal risk analysis for determining contingency is usually based on simulation. 
A simulation of probabilistic assessment of critical risk elements can be performed 
to match the desired confidence level. Monte Carlo simulation software packages 
are useful tools for performing simulation. However, a knowledge of statistical 
modeling and probability theory are required to use these tools properly. 

Range estimating is a powerful tool that embraces Monte Carlo simulation to es- 
tablish contingency. Critical elements are identified that have a significant impact 
on the base estimate. For many estimates there are less than twenty critical ele- 
ments. The range of each critical element is defined and probability analysis is used 
to form the basis of simulation. Using this method, non-critical elements can be 
combined into one or a few meaningful elements. 

Range estimating is probably the most widely used and accepted method of for- 
mal risk analysis. In range estimating the first step requires identification of the crit- 
ical items in the estimate. The critical items are those cost items that can affect the 
total cost estimate by a set percentage, for example +/-4%. Thus, a relatively small 
item with an extremely high degree of uncertainty may be critical whereas a major 
equipment item for which a firm vendor quote has been obtained would not be con- 
sidered critical. Typically, no more than 20 critical items are used in the analysis. If 
more than 20 critical items are identified, the set percentage can be increased to re- 
duce the number of critical items. 

Once the critical items are identified, a range and a target are applied to each 
item. For example, the range may include a minimum value so there is only a 1% 
chance that the cost of the item would fall below that minimum. Similarly, an upper 
value may be established so there will be only a 1 % chance of going over that value. 
The target value represents the anticipated cost for that item. The target value does 
not need to be the average of the minimum and maximum values. Usually the target 
value is slightly higher than the average. 

FIGURE 4-8 
Expected Net Risk Analysis. 

Base Max. Max. YO Expected 
Element estimate cost risk probability net risk 

#I $400 $500 $1 00 30% $ 30 
#2 $ 80 $1 20 $ 40 80% $ 32 
#3 $1 - 00 $200 $1 00 50% $50 - - 

Total $580 $820 $240 $1 12 



After the critical items have been identified and ranged, a Monte Carlo simula- 
tion is performed. The Monte Carlo analysis simulates the construction of the proj- 
ect numerous times, as many as 1,000 to 10,000, based on the ranges given to the 
critical items and the estimated values of the non-critical items. The results of the 
simulation are rank ordered and then presented in a cumulative probability graph, 
commonly called an S-curve. The cumulative probability graph typically shows the 
probability of underrun on the horizontal x-axis and either the total project cost or 
contingency amount on the vertical y-axis. The decision maker can then decide the 
amount of contingency to add based on the amount of risk. 

Caution also must be exercised because it is possible to seriously underestimate 
the cost of a project when using range estimating. There is a risk of understating the 
true risk of a project due to statistical interdependencies among the critical items in 
the analysis. Whenever two or more cost items are positively correlated, meaning 
they increase together or decrease together, the Monte Carlo simulation may cause 
one to be high and the other low, thus canceling each other out. Thus, the true risk 
would be understated. Also, underestimating the ranges on the critical items can 
have a profound impact on the results, also leading to an understatement of the true 
risks inherent in the design and construction of the project. 

When used properly, formal risk analysis using Monte Carlo simulation range es- 
timating can be an extremely valuable tool because it requires a detailed analysis of 
the components of the estimate, a process that can identify mistakes and poor as- 
sumptions. However, precautions must be used when using simulation methods for 
early estimates. For many early estimates there is not enough detailed information 
or an adequate number of cost items for a valid simulation. 

~ s s e b s i n ~  Estimate Sensitivity 

The contingency added to an estimate includes the combined impact of all risk ele- 
ments. The accuracy of an estimate can be improved by assessing high-cost impact 
factors, increasing the level of scope definition, or a combination of both. A sensi- 
tivity analysis can be performed to illustrate how a specific risk element can impact 
the total estimate. 

The sensitivity analysis evaluates the impact of only one risk element at a time. 
It is frequently used in conjunction with an economic analysis. During the process 
of determining contingency, risk elements that have the maximum impact on the 
total installed cost are prime candidates for sensitivity analysis. Figures 4-9 and 
4110 show a sample sensitivity analysis for a $3,00OM base estimate. 

FIGURE 4-9 
Base Estimate Summary ($M). (WH = work-hours.) 

Equipment cost $1,200 
Material cost $ 600 
Labor cost $1,000 - (= $50/WH X 20,000 WH) 
Subcontractor cost $ 200 

Total base estimate $3,000 



r 
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% Change New base 
Risk element from estimate estimate ($M) 

Labor rate ($5O/WH) 0 $3,000 
Labor rate +10 3,100 
Labor rate -5 2,950 

Total work-hours (20,000 WH) 0 $3,000 
Total work-hours +15 3,150 
Total work-hours - 7 2,930 

Equipment ($1,20OM) 0 $3,000 
Equipment +5 3,060 
Equipment - 5 2,940 

FIGURE 4-10 
Sensitivity Analysis. (WH = work-hours.) 

For any estimate, it is necessary to add a contingency to the base estimate. The 
method used for assigning contingency will vary depending on analysis of risk and 
other factors that can impact the cost of a project. This section has presented tradi- 
tional methods used for assigning contingency. 

ASSIGNING CONTINGENCY BASED ON THE QUALITY AND 
COMPLETENESS OF THE ESTIMATE 

The accuracy of an estimate is measured by how well the estimated cost compares 
to the actual total installed cost. The accuracy of an early estimate depends on four 
determinants: who is involved in preparing the estimate, how the estimate is pre- 
pared, what is known about the project, and otherfactors that can influence the cost 
of a project. 

To measure the impact of these four determinants with respect to estimate accu- 
racy, a research team of the Construction Industry Institute developed an estimate 
scoring system that evaluates 45 elements, organized in 4 divisions. The research 
team collected data to correlate estimated cost with actual total installed cost, based 
on the score of an estimate. Data was collected from 72 projects, representing $5.6 
billion in total installed costs from projects in the process industry. A breakdown of 
the 4 divisions of the estimate scoring system is shown in Figure 4-1 1. 

The Estimate Score Program (ESP) is a computer software package developed 
by the research team to automate the scoring procedure and to assess accuracy and 
predict contingency based on historical cost data. After completing the estimate, the 
user can enter the base estimate into ESP and then rate each of the 45 elements. ESP 
automatically calculates the estimate score as the user rates each element. After the 
score is calculated, the user can then query the historical database of ESP to view 
the estimate scores of previously completed projects. 

The Query portion of the ESP software allows the user to filter the database 
to compare the estimate with similar type projects. After querying the database, 
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Estimate Score Sheet 

FIGURE 4-11 
Estimate Score Sheet. 

the user can display various statistical information in the Statistics portion of the 
software. The Statistics portion of ESP enables the user to view up to 15 different 
combinations of statistical information about the current set of completed projects 
as selected from the Query. 
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After querying the database, the user can also view graphs of the results in the 
Graphs portion of ESP. The Graphs portion enables the user to graphically view the 
scatter plot and S-curve for the current data set of completed projects as selected 
from the Query. Figure 4-12 is a screen copy of a scatter plot graph from the ESP 
software program. Figure 4-13 is the S-curve, which is a graphical display of the cu- 
mulative probability curve based on the current datc set and score of the estimate. 

The ESP software provides a means of assigning contingency to the base esti- 
mate. The S-curve in Figure 4-13 is a cumulative probability curve based on proj- 
ects selected in the query and the value of the estimate .score. The user can 
determine the confidence level, in percent, for a predicted level of cost overrun or 
underrun. The confidence level for a desired cost range, upper or lower limit, can 
also be obtained. The user can also determine the cost range, upper and lower lim- 
its, of a desired confidence level. 

This method of assigning contingency is based on two years of study by the re- 
search team that correlated estimate scores with total installed costs for projects in 
the process industry. The research results showed a significant positive correlation 
between estimated costs and total installed costs, based on the score of an estimate. 
ESP can be used as a tool to "check" the amount of contingency determined by 
other methods, as well as a method of assigning contingency on its own. 

Thus, ESP allows the user many choices of analysis to determine the amount of 
contingency to be applied to the base estimate. It can benefit the business unit and 
the team by providing information to enable the business unit to make a better de- 
cision on the economic feasibility of a project. It also improves team alignment by 
providing a better understanding of the estimate and the factors that can affect the 
accuracy of an early estimate. 

ESTIMATE FEED-BACK FOR CONTINUOUS IMPROVEMENT 

It is unfortunate, but many people have the perception that the estimator's involve- 
ment with a project is over when the estimate is finished. In reality, it is an advan- 
tage to the management of a project, and in the best interest of the customer, for the 
estimator to remain connected to the project during execution. 

The estimator can be an important asset to project management during the exe- 
cution phase of a project. Involvement of the estimator during project execution al- 
lows the estimator to stay in touch with the project and provide an early warning for 
any potential cost overruns. Including the estimator in the distribution list of 
monthly project reports can provide input to the project management team members 
to enable them to make good decisions related to costs. 

During project execution the estimator can also be a valuable resource for re- 
casting the cost estimate into workhid packages and for analyzing actual bids with 
the recast estimate. The estimator can also assist in management of changes during 
project execution, by assessing the impact of changes on cost. 

No estimating process is complete without the continuous feed-back loops 
shown in Figure 4-4. Feed-back from project execution provides lessons learned to 
the estimator that allows the estimating team to modify estimating standards and 
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FIGURE 4-12 
Scatter Plot from ESP Software Program. 

FIGURE 4-13 
Cumulative Probability Curve from ESP Software Program. 
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practices. Feed-back from project completion also allows the estimating team to up- 
date the database for improving the accuracy of future estimates. Terminating the 
estimator's involvement when the estimate is finished prevents continuous im- 
provement of the estimating process. 

To provide meaningful feed-back, the estimator must explore how the cost will 
be tracked during project execution. An estimate should be prepared with cost 
breakdowns in a format that allows easy future cost tracking. A standard code of ac- 
counts enables an organization to simplify the estimating process, update the data- 
base, and facilitate cost control. This benefits both the estimating team and the 
project management team. 

A final project cost report is an extremely valuable document for improving esti- 
mates because it provides a real feed-back to compare with the original cost esti- 
mate. Pitfalls for future estimates can be eliminated or minimized. Both the original 
estimate and the final project cost reports should be maintained at a central location. 
A cost reference with reports sorted by project location, type, size, etc., can be used 
to update the cost database for future estimates. 

The best source of data for estimators to develop and enhance the estimating 
tools and techniques is their own organization. There is an abundance of project 
data that is available from completed projects and definitive estimates. The key to 
success is the establishment of a mechanism to capture and retrieve this information 
in a format that can be useful in developing statistical relationships, such as per- 
centage of breakdowns of total installed cost by cost category, total installed cost to 
equipment cost ratios, and construction indirect costs to direct labor cost ratios. 
When a project is completed, the actual total installed costs can be added to the 
database. Estimate feed-back is an integral part of the estimating process. It is not 
an add-on feature. A process for providing feed-back loops is necessary for improv- 
ing the accuracy of early estimates. 

QUESTIONS FOR CHAPTER "EARLY ESTIMATES 

1 Early estimates are extremely important to the owner. From the perspective of the owner, 
give examples of problems that may arise if an early estimate is significantly lower than 
the final actual cost of a project. 

2 From the perspective of the owner, give examples of problems that may arise if an early 
estimate is significantly lower than the final actual cost of a project. 

3 Early estimates are important to the designer. From the perspective of the designer, give 
examples of problems that may arise if an early estimate is significantly lower than the 
final cost of a project. 

4 Describe the purpose of a kick-off meeting for preparing an early estimate of a project. 
What are typical items that should be addressed and confirmed before starting estimate 
preparation? 

5 The cost of a 540-ft3h process unit is $850,000. From historical cost records, the capac- 
ity ratio exponent of a process unit is 0.6. Use the capacity ratios raised to an expo- 
nent method to determine the estimated cost of a similar process unit with a capacity of 
490 ft3k. 
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6 Below are cost-capacity curves for process units in a refinery. What is the estimated cost 
for a project that has a process unit B with a capacity of 4,000 barrels per day? 

Cost in $1 Million 

4 unit D A, 

Process 
Unit C 

Unit B 

Unit A 

$13 1 I I I I I I I - )  

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 

Capacity in Barrels per Day 
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PROJECT BUDGETING 

PROJECT BUDGETS 

The discussion of budgeting in this chapter is an extension of Chapter 4 on prepar- 
ing early estimates. It is also closely related to Chapter 7 on design proposals, which 
presents the process of determining the cost of engineering design services for proj- 
ects. The cost of construction work is a major portion of the total cost of any project. 
Much of the construction work on many projects is performed by subcontractors 
who are awarded a contract by the general contractor. This chapter presents an 
overview of construction costs. A more detailed coverage of estimating construction 
costs is presented in Estimating Construction Costs, 4th ed., published by McGraw- 
Hill, Inc. 

The budget for a project is the maximum amount of money the owner is willing 
to spend for design and construction to economically justify the project. Estimating 
is a prerequisite to project budgeting. Chapter 4 presented the process of preparing 
early estimates of projects. As presented in that chapter, after the base estimate is 
completed, a risk assessment must be performed. The purpose of the risk assess- 
ment is to determine an appropriate amount of contingency funds that should be 
added to the base estimate in order to reasonably predict the final cost of the proj- 
ect. Thus, the budget can be considered to be the base estimate plus contingency. 

DEVELOPMENT OF PROJECT ESTIMATES FOR BUDGETING 

The preparation of estimates, assessing risk, and assigning contingency for budget- 
ing is one of the most difficult tasks in project management because it must be done 
before the work is started. It is a process that involves a series of successive 
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approximations beginning with the owner's feasibility study and continuing through 
design development and construction. 

The preparation of cost estimates for budgeting is important to each party be- 
cause the decision to proceed, at each phase in the project, is based on the estimated 
cost that was determined in the preceding phase. The owner's organization must de- 
termine a realistic maximum and minimum cost of the entire project, which in- 
cludes the cost of design and construction. The designer's organization must 
determine the cost of performing design tasks and producing the contract docu- 
ments. It must also determine the probable cost of construction as a part of the de- 
sign process. The construction contractor's organization must determine the cost of 
all material, labor, and equipment to build the project on the job-site. 

Each contractor on a project must develop a base estimate, consider risk, and as- 
sign contingency for the work they will be performing on a project. Since the 
owner's organization has overall project funding responsibility, the owner's man- 
agement must consider both the contractor's and owner's risks in order to determine 
the overall budget for the project. 

Project estimating and budgeting begins with the owner during the study of 
needs, priorities, and scope. As discussed in Chapter 3, the project budget is derived 
from scope definition; therefore, a special effort should be made early in the devel- 
opment of a project to define the scope as detailed and accurately as possible. The 
control of project scope growth and cost overruns can be greatly enhanced if the 
owner obtains the early advice and expertise of experienced design and construction 
professionals, who have the knowledge of construction costs. All parties must real- 
ize that the estimated cost, at any time, is based upon the amount of information that 
is known about the project when the estimate was prepared. Too often this concept 
is not fully recognized. A project manager can play an important role as mediator in 
the early stages of the development of aproject by testing, scrutinizing, and identi- 
fying the variances that should be applied to an estimate. 

The owner's organization must prepare estimates to determine the overall proj- 
ect budget, which includes the approved cost for design and construction. If the 
scope is not well defined or the owner's organization does not have the expertise to 
perform such an estimate, the owner can enlist a designer to perform these services 
on a cost-reimbursable basis. Because this budget is prepared prior to any detailed 
design work, it should include a reasonable amount of contingency funds to allow 
some flexibility in decision making during design development. 

The designer's organization must prepare a budget based on the estimated costs 
to provide design services. In addition, as a part of the design process the designer 
must prepare the estimated construction costs of the various design alternatives that 
are being evaluated to meet the owner's needs for the project. This is necessary be- 
fore completion of the contract documents. It is the designer's responsibility to keep 
design costs and estimated construction costs within the owner's overall approved 
project budget. This requires extensive cooperation and involvement with the owner 
because the scope must sometimes be readjusted to meet the owner's approved 
budget, or the budget must be readjusted to meet the owner's needs. This decision 
must be made by the owner's organization. 



80 PROJECT MANAGEMENT FOR ENGINEERING AND CONSTRUCTION 

The construction contractor's organization must prepare a bid that is submitted 
to the owner, based on the estimated costs to build the project in accordance with 
the contract documents. For competitive-bid projects, the contractor is not obligated 
to a cost that is within the owner's approved budget because this information is usu- 
ally not known to the contractor. For negotiated cost-reimbursable projects the con- 
tractor's organization works closely with the owner to determine construction 
alternatives with costs that are within the owner's overall approved budget. 

LEVELS OF ACCURACY 

A range of accuracy, usually a plus or minus percentage, should be assigned to any 
estimate by the estimator based on his or her best assessment of the project's true 
cost. There is no industry standard that has been agreed on regarding the amount of 
plus or minus percentage that should be applied to an estimate. To discuss this issue 
it is helpful to divide projects into two general categories: building projects and in- 
dustrial projects. 

Building projects generally have two types of estimates: approximate estimates 
(sometimes called preliminary, conceptual, or budget estimates) and detailed esti- 
mates (sometimes called final, definitive, or contractor's estimates). For large owner 
organizations the approximate estimate is prepared by the owner during the feasi- 
bility study of the project's needs, priorities, and scope definition. For small owner 
organizations it is usually prepared in cooperation with the design organization that 
is contracted by the owner to design the project and prepare the contract documents. 
The level of accuracy of the approximate estimate can vary significantly, depending 
upon the amount of information that is known about the project. With no design 
work it may range from +50% to -30%. After preliminary design work, it may 
range from +30% to -20%. On completion of detailed design work it may range 
from + 15% to - 10%. 

For building projects, the detailed estimate is prepared by the construction con- 
tractor from a complete set of contract documents prior to submittal of the bid or 
formal proposal to the owner. The detailed estimate is important to both the owner 
and the contractor because it represents the bid price, the amount of money the 
owner must pay for completion of the project, and the amount of money the con- 
tractor will receive for building the project. For a building project that has a com- 
plete set of well-defined contract documents and no unusual features, the 
competitive bidding of numerous contractors will often resplt in less than a 1% vari- 
ation in the lowest two bids. 

For petrochemical and processing projects, estimating is difficult because of the 
wide range of variations in the number and sizes of piping, instrumentation, equip- 
ment, and other components that are required to process the product that the plant is 
built to produce. Because of the complexity of the project, estimating is done in 
stages as the design progresses and more information becomes known about the 
project. 

Although there is no industry agreement, the petrochemical and processing 
industry generally develops project budget estimates in stages. For example, the 
feasibility estimate is the first estimate and is usually done within an owner's 
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organization as a part of the feasibility plan. Estimates at this stage are commonly 
referred to as order of magnitude cost estimates. The estimate is prepared as a ratio 
of costs of previously completed similar projects, contractor quotes, or owner cost 
records, such as cost per horsepower, cost per barrel of throughput, or cost per 
pound of finished product. The level of accuracy is usually 550%. 

After the major equipment is identified and process flow sheets are developed, 
an equipment factored estimate can be prepared. This estimate is based on applying 
factors to in-house priced major equipment in order to compensate for piping, in- 
strumentation, electrical, and other construction costs that are required to complete 
the cost estimate. The level of accuracy at this stage is usually 535%. 

After completion of piping and instrumentation drawings, a preliminary control 
estimate can be developed. The documents and data for this estimate usually include 
equipment sizing and layout, process flow sheets, piping and instrumentation draw- 
ings, building sizes, and a milestone schedule. The level of accuracy is usually 
? 15%. 

The final estimate is performed near the end of engineering design when most of 
the costs have been identified and is called the definitive estimate, commonly re- 
ferred to as an Approved for Expenditure estimate or AFE Definitive estimate. It is 
based on process flow sheets, mechanical flow sheets, equipment layout, isometrics, 
and building plans. The level of accuracy of an AFE Definitive estimate is usually 
+ 10%. 

OWNER'S ESTIMATE FOR BUDGETING 

Every project must be shown as economically feasible before it is approved by the 
owner's management. Economic feasibility is determined by an economic analysis 
for projects in the private sector or by a benefitlcost ratio for projects in the govern- 
ment sector. An economic analysis can be performed once an owner's estimate has 
been prepared. 

Estimating costs during the inception of a project by the owner, prior to any de- 
sign, is difficult because only limited detailed information is known about the proj- 
ect. However, this cost estimate is important because it is used to set the maximum 
project budget that will be approved for design and construction. At this stage of 
project development the only known information is the number of units or size of 
the project, such as number of square feet of building area, number of cars in a park- 
ing garage, number of miles of 345-kilovolt (kV) transmission line, or number of 
barrels of crude oil processed per day. At some point in time an estimate has to be 
frozen and converted to a project budget. 

Preparation of the owner's estimate requires knowledge and experience of the 
work required to complete the project. Cost information from professionals who are 
knowledgeable about design and construction is essential. Cost information for 
preparation of the owner's budget is usually derived from one of two sources: cost 
records from previous projects of similar type and size, or pricing manuals that are 
published annually by several organizations. 

For buildings, public works, and heavy construction projects, the Means Cost 
Guide is commonly used. The Richardson's manual for construction estimating is a 
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common reference for petrochemical and processing projects. These pricing manu- 
als provide costs per unit for various types of projects, such as cost per square foot 
of building area for offices, warehouses, and maintenance buildings. The costs are 
derived from previous projects that have been completed at numerous geographic 
locations. Figure 5-1 illustrates examples of information that is available for sev- 

FIGURE 5-1 
Illustrative Examples of Cost-per-Square-Foot Information Available from Pricing Manuals. 

Office buildings Motels 

Low Median High Low Median High 
Component $/SF $/SF $/SF $/SF $/SF $/SF 

Foundation 3.95 4.00 4.80 0.90 1.40 1.60 
Floors on grade 3.10 3.15 3.90 3.95 5.00 5.40 
Superstructure 14.90 16.90 20.25 10.95 13.30 21.70 
Roofing 0.20 0.25 0.30 2.40 3.40 3.45 
Exterior walls 4.90 9.75 13.00 2.80 4.45 5.55 
Partitions 4.35 5.30 7.05 2.60 3.65 5.25 
Wall finishes 2.35 3.75 5.00 0.75 2.60 2.75 
Floor finishes 2.05 3.90 5.1 5 2.40 3.55 4.55 
Ceiling finishes 1.55 2.80 3.75 2.05 4.60 4.90 
Conveying systems 5.55 6.70 8.25 1.15 1.80 2.35 
Specialties 0.65 0.80 2.65 1.10 1.35 4.00 
Fixed equipment 1.05 2.80 3.75 1.15 1.65 1.95 
HeaVvenVair cond. 8.85 9.50 12.20 3.10 5.55 6.25 
Plumbing 3.50 3.80 4.85 4.45 5.40 6.1 5 
Electrical 4.60 4.75 6.25 4.20 7.45 8.20 

Total $/SF $61.55 $78.10 $101.15 $43.95 $65.1 5 $84.05 

Secondary schools Hospitals 

Low Median High Low Median High 
Component $/SF $/SF $/SF $/SF $/SF $/SF 

Foundation 1.35 1.85 2.70 4.35 4.80 6.65 
Floors on grade 3.65 4.40 6.00 0.30 0.40 0.60 
Superstructure 10.95 12.30 17.25 17.05 18.55 25.50 
Roofing 1.70 2.05 2.45 3.25 3.70 5.20 
Exterior walls 3.75 5.55 8.00 16.00 18.55 25.10 
Partitions 5.90 6.55 8.50 7.20 11 .OO 24.70 
Wall finishes 3.05 3.40 5.15 6.75 7.95 11.10 
Floor finishes 3.1 0 3.95 5.25 2.60 2.75 4.00 
Ceiling finishes 3.20 3.65 4.65 2.1 5 2.20 3.55 
Conveying systems 0.00 0.00 0.00 12.95 13.00 19.55 
Specialties 1.70 1.90 2.60 3.1 0 3.25 4.60 
Fixed equipment 2.85 3.35 6.00 5.20 5.25 7.65 
HeaVvenVair cond. 9.05 10.45 14.45 21.65 25.50 36.05 
Plumbing 5.05 6.00 9.20 9.10 10.65 16.45 
Electrical 10.25 12.00 16.50 13.45 17.50 24.40 

Total $/SF $69.55 $77.40 $1 08.70 $125.10 $145.05 $215.10 



era1 types of buildings. It shows the low, average, and high cost per square foot, 
based on the level of quality. The budget for a proposed project can be calculated 
by multiplying the cost per square foot by the total square feet in the project. The 
cost of land, permits, and design fees should be added to the calculated cost of con- 
struction. A reasonable percentage multiplier should also be applied for contin- 
gency since the design is not prepared for the project during the owner's budgeting 
process. Adjustments for time and location should also be made as discussed in the 
following paragraphs. 

The other source of cost information is company records from previous projects. 
Although the total cost of previously completed projects will vary between projects, 
unit costs can be calculated to forecast the cost of future projects. The term of 
weighting is commonly used to refer to the procedure of analyzing historical cost 
data to determine a unit cost for forecasting future project costs. A unit cost should 
be developed that emphasizes the average value, yet accounts for extreme maxi- 
mum and minimum values. Equation 5.1 can be used for weighting cost data from 
previous projects: 

where UC = forecast unit cost 
A = minimum unit cost of previous projects 
B = average unit cost of previous projects 
C = maximum unit cost of previous projects 

Example 5- 1 illustrates the weighting procedure. The procedure can be applied 
to other types of projects and their parameters. Examples are apartment units, mo- 
tel rooms, miles of electric transmission line, barrels of crude oil processed per day, 
and square yards of pavement. 

Example 5-1 

Cost information from eight previously completed parking garage projects is 
given in the following table. 

Project Total cost No. cars Unit cost 

150 $ 9,250 
80 11,200 

120 14,975 t highest value 
90 14,975 
60 12,300 

220 8,650 t lowest value 
70 12,700 

180 8,975 
Total = $79,034 

Average cost per car = $ 9,879 t average value 
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From Eq. 5.1 the forecast unit cost can be calculated as 

For a project with 135 cars the estimated cost can be calculated as 

135 cars @ $10,524 = $1,420,673 

It is necessary to adjust the cost information from previously completed projects 
for differences in size, time, and location. The previous example illustrates adjust- 
ment relative to size. Time adjustments represent variation in costs due to inflation, 
deflation, interest rates, etc. Location adjustments represent variation in costs be- 
tween locations due to geographical differences in costs of materials, equipment, 
and labor. 

An index can be used to adjust previous cost information for use in preparation 
of the owner's estimate. Various organizations publish indices that show economic 
trends. The Engineering News Record (ENR) annually publishes indices of con- 
struction costs for both time and location. Example 5-2 illustrates the combination 
of adjustments of cost estimates for size, time, and location. Estimating Construc- 
tion Costs, 4th ed., published by McGraw-Hill, Inc., presents a comprehensive dis- 
cussion of estimating project costs. 

Example 5-2 

Use the time and location indices below to calculate the forecast cost for a build- 
ing with 62,700 SF of floor area. The building is to be constructed 3 years from 
now in city B. A similar type building that cost $2,945,250 and contained 38,500 
SF was completed 2 years ago in city D. 

Year Index Location Index 

3 yr ago 358 City A 1025 
2 yr ago 359 City B 11 70 
1 yr ago 367 City C 1260 
Current year 378 City D 1240 

An equivalent compound interest can be calculated based on the change in the 
cost index during the 3-year period: 

Estimated Previous Time Location Size 
cost cost adjustment adjustment adjustment 



ECONOMIC FEASIBILITY STUDY 

Regardless of its size or type, a project must be economically feasible. There are at 
least two ways to determine economic feasibility, depending on whether the owner 
is in the private sector or government sector. For a private project the economic fea- 
sibility can be determined by an economic analysis of the monetary return on the in- 
vestment to build the project. For a public government project the economic 
feasibility is usually determined by a benefit/cost ratio. 

There are three methods that are commonly used by the private sector to evalu- 
ate the monetary return on a potential investment: capital recovery, pay back period, 
and rate of return. Each method uses the fundamental equations of time value of 
money. There are numerous books that have been published that describe the de- 
velopment and use of these equations for economic analysis. Below is a brief intro- 
duction to the equations. 

Money can earn value when invested over time. For example, $100 invested to- 
day at 7% interest will be worth $107 one year from now. Thus, the time value of 
money means that equal dollar amounts at different points in time do not have equal 
value. For example, the present worth of $100 today is equivalent to $107 one year 
from now provided the interest is 7%. Engineering economic analysis is the process 
of evaluating alternatives. The basic variables used in a time value analysis for eco- 
nomic feasibility are 

P = present-worth amount (the value of money today) 
F = compound amount (the future value of money after n periods of time at 

i interest) 
i = interest rate per interest period (usually one year) 
n = number of periods of time (usually in years) 

Single Payments 

The following calculations are provided to illustrate the relationship between P and 
F for a given i and n. 

End of Interest earned 
year during the year 

0 
1 Pi 
2 P(1 + i)i 
3 P(l + i)2i 
n P(l + i)3i 

Compound amount at end of year 
(F = future value of money) 

= P 
P + Pi = P(l + i )  
P(l + i )  + P(l + i)i = P(l + i)' 
P(l + i)2 + P(l + i)2i = P(l + i)3 
P(l + i)3 + P(l + = P(l + i)" 

Thus, F = P(l + i)". Note that F is related to P by a factor that depends only on 
i and n. This factor, (1 + i)", is called the single-payment compound-amount fac- 
tor, which makes F equivalent to I? Rearranging terms, P = Fl(1 + i)". The factor 
141 + i)" is known as the present-worth compound-amount factor, which makes 
P equivalent to E These two equations provide equivalent single payments, now 
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and in the future. There are four parameters: P, K i, and n. Given any three parame- 
ters, the fourth can easily be calculated. 

Uniform Payment Series 

Instead of a single amount of money of P today and F in  the future as illustrated pre- 
viously, a series of equal payments may occur at the end of succeeding annual in- 
terest periods. The sum of the compound amounts of the series of equal payments 
may be calculated by using the single-payment compound-amount factor. If A rep- 
resents a series of n equal payments, then the sum of these payments after n years at 
i  interest can be calculated as in the following equation: 

Multiplying both sides of the equation by (1 + i )  gives the following equation: 

F(l  + i )  = A( l  + i )  + A( l  + i)2 + . . . + A( l  + i)"-' + A ( l  + i)" 

Subtracting the first equation from the second gives the compound amount of the 
uniform series of payments as follows: 

F( l  + i )  - F = - A + A( l  + i)" 

F =  A [ ( l  + y - I ]  

Note that F is related to A by a factor that depends only on i  and n. This fac- 
tor, [(I  + i)" - llli,  is called the uniform-series compound-amount factor, 
which makes the series of A payments equivalent to I;: Rearranging terms, A = 
F{ [il( 1 + i)"] - 1 } . The factor [il( 1 + i)"] - 1 is known as the uniform-series sink- 
ing-fund factor. It represents the amount of money A that must be invested over the 
uniform series of payments to equate to the future amount E 

Substituting P ( l  + i)" for F in  the uniform-series sinking-fund equation gives the 
following equation: 

A = 
P(l  + i)" i  

( 1  + i ) " -  1 

The equation A = P { [ i ( l  + i )"]/[( l  + i)" - 1 1 )  gives a uniform series of payments 
A that is equivalent to the present worth of P. Again, note that A is related to P by a 
factor that depends only on i  and n. This factor, [ i ( l  + i)"]l[(l + i)" - 11, is called 
the uniform-series capital recovery. Rearranging terms, P = A { [ ( l  + i)" - 111 
[ i ( l  + i)"] }. This gives the present worth P of the uniform series of A payments. 
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The factor, [ ( I  + i)" - l ] l [ i ( l  + i)"], is called the uniform-series present-worth 
factor. 

For convenience, each of the six basic equations for economic analysis are 
shown in Eqs. 5.2-5.7. 

Fundamental Equations of Time Value of Money 

P = Present Worth F 
F = Future Sum A A A A A A  , 1 7 G y 2 ) ( n i l )  7 A = Equal Payment Series 0 
i = AnnuaI Interest Rate 
n = Study Period (years) P 

Single Payment Series: 

Compound Amount F = P [(I + i)"] = p T P n )  

Present Worth 

Equal Payment Series: 

1 P = F [-I = F(nn-n) 
(1 + i)" 

(1 + iy - I ]  = A(FIAi-n) Compound Amount F = A [ 
Sinking Fund 

Present Worth p = A  [ ( l  + - ' 1  = Ari-n) 
i(l  + i)" 

Capital Recovery A = ' [ ( I  i ( l  + i)" + i)" - l ]  
= p(*IPi-n) 

(Eq. 5.2) 

(Eq. 5.3) 

(Eq. 5.5) 

(Eq. 5.6) 

(Eq. 5.7) 

The factor designation at the right of the preceding interest equations represents 
an abbreviated form of the equation illustrated in the following: 

means find the Future Sum, E from a known 
Present Worth, R and Interest Rate, i, during a 
Study Period of n. 

In general, an economic analysis involves the process of solving for one of the 
variables. For example, capital recovery solves for A, pay back period solves for n, 
and rate of return solves for i. A more complex analysis using one or more of the ba- 
sic six equations is required when multiple sums of money are distributed over the 
study period, or when tax advantages are included. 
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The capital recovery method evaluates the amount of annual money, A, that must 
be obtained throughout the study life, n, of a project in order to obtain a recovery on 
the original capital investment, F! A simple illustration is given in Example 5-3. 
There may be other considerations that should be evaluated, such as tax advantages, 
non-uniform generation of revenue, and the disposal of the facility after its useful 
life. The pay back period method evaluates the number of years, n, that a project 
must be operated in order to obtain an interest rate, i, for a given investment, P, with 
an annual generated income, A. This method is illustrated in Example 5-4. A rate- 
of-return analysis evaluates the interest rate, i, that equates the initial investment, P, 
to the yearly net cash flow as illustrated in Example 5-5. A trial-and-error solution 
is required in this example because the annual payments are not uniform. All these 
examples are simple illustrations of the methods that can be used to determine the 
economic feasibility of a project. 

Example 5-3 
This example illustrates the capital recovery method for determining economic 
feasibility. Suppose the feasibility estimate for a project is $7.OM with an ex- 
pected operating life of 12 years. Annual maintenance and operating expenses 
are forecast as $560K per year. Using a 10% interest rate, what net annual in- 
come must be received to recover the capital investment of the project? 

= $1.588M per year 

If the project can be built for $7.OM, operated for $560K per year, and earn 
$1.5876M per year, the project is economically feasible, neglecting any tax ad- 
vantages. If the project can be built for less than $7.OM, or can be built to oper- 
ate more efficiently than $560K per year, it is even more economically attractive. 

Example 5-4 

This example illustrates the pay back period method for determining the eco- 
nomic feasibility of a project. The initial investment for a project is $18.OM. A 
net annual profit of $3.5M is anticipated. Using a 15% desired rate of return on 
the investment, what is the pay back period for the project? 

n = 10.5 years 



Example 5-5 

This example illustrates the rate-of-return method for determining the economic 
feasibility of a project. An initial project investment of $1.05M is being consid- 
ered for a 5-year study period. It is anticipated the project will be sold after the 
5-year period for $560K. Determine the rate of return with the anticipated net 
profit shown below. 

End of year Net profit ($1,000) 

Using Eq. 5.2 to transfer the costs from each year to an equivalent present worth: 
Try i = 15%. 

PIF15-1 PIF15-2 PIF15-3 PIF15-4 

P = [-$350(0.8695) - $120(0.7562) + $420(0.6575) + $735(0.5718) 

$1.05M > $0.92M; therefore try a lower rate of return. 
Try i = 10%. 

$1.05M < $1.17M; therefore try a higher rate of return. 
Try i = 12%. 

$1.05M = $1.06M; therefore the rate of return is slightly over 12%. 

It is important for the project manager and his or her team to realize that an 
owner's economic study, similar to one of those illustrated, is used by the owner to 
approve the project budget, which is the capital investment, P. When a project ex- 
ceeds its budget, then the economic justification that was used by the owner to pro- 
ceed with the project is impaired. 

A popular method for deciding on the economic justification of a public project 
is to compute the benefitlcost ratio, which is simply the ratio of the benefits to the 
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public divided by the cost to the government. If the ratio is 1, the equivalent bene- 
fits and equivalent costs are equal. This represents the minimum justification for an 
expenditure by a public agency. Generally, the first step is to determine the benefits 
that can be derived from a project. This is in contrast to the consideration of prof- 
itability as a first step in evaluating the merits of a private enterprise. The second 
step in evaluating a public project involves an analysis of cost to the governmental 
agency. When a public project is being considered, the question is: Will this project 
result in the greatest possible enhancement of the general welfare in terms of eco- 
nomic, social, environmental, or other factors that serve the needs of the general 
public? The measurement of benefits is sometimes difficult because they cannot al- 
ways be expressed in dollars. 

Many government agencies have a list of projects that are waiting for approval, 
but for which funds are not yet available. The decision as to which project to ap- 
prove may be based upon the amount of money that is allocated in a fiscal year, 
rather than economic feasibility. 

DESIGN BUDGETS 

The design organization has a difficult task of estimating the cost of providing de- 
sign services andlor producing contract documents for the project before the design 
and construction phases begin. For many projects the magnitude of work that is re- 
quired by the designer cannot be fully anticipated, because design is a creative 
process that involves the evaluation of numerous alternatives. The evaluation of de- 
sign alternatives is a necessary part of the design process required to select the best 
design that satisfies the owner's need for the project. 

Compensation for design services is usually by one of the following methods: 
lump-sum, salary cost times a multiplier, cost plus a fixed payment, or percent of 
construction. The method that is used depends on the accuracy of the scope defini- 
tion that is provided to the design organization. 

For projects that have a well-defined scope with no unusual features, and are 
similar to projects that a designer has handled in the past, a lump-sum design con- 
tract is commonly used. Preparation of the design budget can be developed by 
defining tasks, and grouping of tasks, in a work breakdown structure. The develop- 
ment of a project work breakdown structure and design work packages is discussed 
in Chapter 6. A design work package, shown in Figure 6-7, can then be prepared for 
each task. Based upon the past experience of the designer with similar projects, the 
estimated labor-hours of design calculations, number of drawings, labor-hours per 
drawing, travel, and other expenses can be estimated for each task. The total cost for 
design can be calculated by adding the cost of all design work packages. The final 
design budget is usually broken down by discipline with the labor-hours based on 
the number of drawings to be produced. Figure 5-2 illustrates the summary of a de- 
sign engineering budget. Figure 5-3 shows an example of time distribution for de- 
sign calculations as well as the development of drawings and specifications for a 
project. Chapter 7 presents the process of developing design proposals and design 
budgets. Reference Figures 7-5 and 7-6 for gathering the information necessary to 
prepare the budget forms shown in Figures 5-2 and 5-3. 
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PROJECT BUDGET FORM 

FIGURE 5-2 
Illustrative Design Engineering Budget. 
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FIGURE 5-3 
Example of Time Distribution for Design Calculations, Drawings, and Specifications. 
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The salary cost times a multiplier method is used for projects when it is difficult 
to accurately define the scope of work at the time the designer is retained for the 
project. For these types of projects, preliminary services, such as process studies, 
development of alternate layout plans, or other services are required to establish in- 
formation that is needed for the final design. The designer provides a fee schedule 
to the owner that lists the classification and salary costs of all personnel, and a rate 
schedule for all other costs that are directly chargeable to the project. Work is then 
performed based on actual time expended in the design effort. A multiplier, usually 
within a range from 2.0 to 3.0, is applied to direct salary costs that compensate the 
design organization for overhead, plus a reasonable margin for contingencies and 
profit. A larger multiplier may be used for unusual projects that require special ex- 
pertise, or for projects of short duration or small size. Travel, subsistence, supplies, 
and other direct non-salary expenses are generally reimbursed at actual costs, plus 
a 10% to 15% service charge. 

The cost plus a fixed payment method is used for projects that have a general de- 
scription or statement of the scope of contemplated work, such as the number, size, 
and character of buildings or other facilities and the extent of utilities. The design 
organization is reimbursed for the actual cost of all salaries, services, and supplies 
plus a fixed fee that is agreed on between the designer and owner. The fixed fee usu- 
ally varies from 10% for large projects to 25% for small projects that are short in 
duration. 

Design work may also be compensated based on a percentage of the construction 
costs of a project, although this method is not as common today as it was in the past. 
Generally the percentage is on a sliding scale that decreases as the construction cost 
increases. The percentage also varies depending on the level of design services that 
are provided, such as design only, design and preparation of drawings, or full design 
services which include design, preparation of drawings, and observation during 
construction. The percentage generally will range from 5% to 12% of the antici- 
pated construction cost. 

The percentage data given in the above paragraphs are not fixed, nor should the 
ranges be considered as absolute maximums or minimums. Instead, they are pre- 
sented as a guide to establish the approximate costs that may be incurred for the de- 
sign of a project. 

CONTRACTOR'S BID 

Most of the cost of a project is expended during the construction phase when the 
contractor must supervise large work forces who operate equipment, procure mate- 
rials, and physically build the project. The cost of construction is determined by the 
contractor's bid that has been accepted by the owner before starting the construction 
process. Depending on the completeness of the design and the amount of risk that is 
shared between the owner and contractor, there are many methods that have been 
developed to compensate the construction contractor. 

The pricing format for providing construction services can be divided into two 
general categories: fixed price and cost reimbursable. Fixed price contracts usually 
are classified as lump-sum, unit-price, or a combination of lump-sum and unit-price. 
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Cost-reimbursable contracts can be classified as cost plus a fixed fee or cost plus a 
percentage. An incentive is often built into cost-reimbursable contracts to control 
the total cost of a project. Examples of incentives are "target price" and "guaranteed 
maximum price." 

For projects with a complete set of plans and specifications that have been pre- 
pared prior to construction, the contractor can prepare a detailed estimate for the 
purpose of submitting a lump-sum bid on the project. Only one total-cost figure is 
quoted to the owner, and this figure represents the amount the owner will pay to the 
contractor for the completed project, unless there are revisions in the plans or spec- 
ifications. The contractor's bid is prepared from a detailed estimate of the cost of 
providing materials, labor, equipment, subcontract work, overhead, and profit. 

The preparation of lump-sum detailed estimates generally follows a systematic 
procedure that has been developed by the contractor for his or her unique construc- 
tion operations. Building contractors organize their estimates in a format that 
closely follows the Construction Specification Institute's (CSI) masterformat. The 
CSI masterformat organizes project information into 16 major divisions and is rec- 
ognized as the industry standard for building construction. Appendix E provides 
a listing of the CSI Masterformat level 2 titles and numbers. A typical summary of 
an estimate of a building construction project is shown in Figure 5-4. Each major 

FIGURE 5-4 
Example of Building Construction Project Bid Summary Using the CSI Organization of Work. 

Item Division Material Labor Subcontract Total 

1 General requirement $ 16,435.00 $ 36,355.00 $ 4,882.00 $ 57.672.00 
2 Site-work 15,070.00 20,123.00 146,186.00 181,389.00 
3 Concrete 97,176.00 51,524.00 0.00 148,700.00 
4 Masonry 0.00 0.00 212,724.00 212,724.00 
5 Metals 212,724.00 59,321 .OO 0.00 272,045.00 
6 Woods and plastics 38,753.00 10,496.00 4,908.00 54,157.00 
7 Thermal and moisture 0.00 0.00 138,072.00 138,072.00 
8 Doors and windows 36,821 .OO 32,115.00 0.00 68,936.00 
9 Finishes 172,587.00 187,922.00 0.00 360,509.00 

10 Specialties 15,748.00 11,104.00 9,525.00 36,377.00 
11 Equipment 0.00 0.00 45,729.00 45,729.00 
12 Furnishings 0.00 0.00 0.00 0.00 
13 Special construction 0.00 0.00 0.OC 0.00 
14 Conveying systems 0.00 0.00 0.PO 0.00 
15 Mechanical ' 0.00 0.00 641,673.00 641,673.00 
16 Electrical 0.00 0.00 354,661 .OO 354,661 .OO 

Total direct costs $605,314.00 $408,960.00 $1,558,360.00 $2,572,644.00 

Material tax (5%) 30,266.00 2,602,910.00 
Labor tax (1 8%) 73,613.00 2,676,523.00 
Contingency (2%) 53,530.00 2,730,053.00 
Bonds/lnsurance 34,091 .OO 2,764,144.00 
Profit (1 0%) 276,414.00 3,040,558.00 

Bid price = $3,040,558.00 
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division is subdivided into smaller items of work referred to as either broad scope, 
medium scope, and narrow scope. For example, the work required for division 2, 
site-work, is subdivided into clearing, excavation, compaction, etc., as illustrated in 
Figure 5-5. 

Heavy engineering construction contractors generally organize their estimates in 
a work breakdown structure (WBS) that is unique to the project to be constructed. 
An example of the WBS organization of an estimate for an electric power construc- 
tion project is illustrated in Figures 5-6 to 5-8. Each group is subdivided into 

FIGURE 5-5 
Division 2 Estimate for Site-work. 

Cost 
code Description Quantity Material Labor Subcontract Total 

Clearing 
Excavation 
Compaction 
Handwork 
Termite control 
Drilled piers 
Foundation drait 
Landscape 
Paving 

L.S. 
8,800 yd3 

950 yd3 

500 yd2 

L.S. 
1,632 lin it 
14 ea. 
L.S. 
4,850 yd2 

FIGURE 5-6 
Example of Electric Power Construction Bid Summary Using the WBS Organization of Work.7 

Group-level report 

Labor and 
No. Group Material equipment Subcontract Total 

1100 Switch 
station 

21 00 Transmission 
line A 

2300 Transmission 
line B 

31 00 Substation at 
spring creek 

4200 Distribution 
line A 

4400 Distribution 
line B 

4500 Distribution 
line C 

*For large projects the costs are sometimes rounded to the nearest $100 or $1.000. Figures 5-6 to 5-8 show 
full dollars to illustrate the transfer of costs among the component, division, and group levels of an estimate. 
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divisions of the work required to construct the group; likewise, each division of that 
work is subdivided into the components shown in Figures 5-7 and 5-8. 

The unit-price bid is similar to the lump-sum bid, except that the contractor sub- 
mits a cost per unit of work in place, such as a cost per cubic yard of concrete. The 
contract documents define the units the owner will pay the contractor. The final cost 
is determined by multiplying the bid cost per unit by the actual quantity of work that 
is installed by the contractor. Thus, the price that the owner will pay to the contrac- 
tor is not determined until the project has been completed, when the actual quanti- 
ties are known. 

Cost-reimbursable contracts for construction may be used for several reasons; to 
start construction at the earliest possible date, to allow the owner to make changes 

FIGURE 5-7 
Example of Electric Power Construction Estimate Using the WBS Organization of Work. 

DIVISION-LEVEL REPORT FOR TRANSMISSION LlNE A 

Cost 
item Description Material Labor Equipment Total 

21 00 TRANSMISSION LlNE A 
221 0 Fabrication of 

steel towers $ 692,775.00 $ 0.00 $ 0.00 $ 692,775.00 
2370 Tower foundations 83,262.00 62,126.00 71,210.00 21 6,598.00 
2570 Erection of 

steel towers 0.00 144,141 .OO 382,998.00 527,139.00 
2620 Insulators and 

conductors 2,605,588.00 183,l 63.00 274,744.00 3,063,495.00 
2650 Shield wire 

installation 0.00 78,164.00 63,291 .OO 141,455.00 

Total for 2100 $3,381,625.00 $467,594.00 $792,243.00 $4,641,462.00 

FIGURE 5-8 
Example of Electric Power Construction Estimate Using the WBS Organization of Work. 

COMPONENT-LEVEL REPORT FOR TOWER FOUNDATIONS 

Cost 
Item Description Quantity Material Labor Equipment Total 

2370 TOWER FOUNDATIONS 
2372 Drilling 

foundations 4,196linft $ 0.00 $25,428.00 $44,897.00 $ 70,325.00 
2374 Reinforcing 

steel 37.5 tons 28,951 .OO 22,050.00 15,376.00 66,377.00 
2376 Foundation 

concrete 870 yd3 53,306.00 13,831 .OO 10,143.00 77,280.00 
2378 Stub angles 3,142 Ib 1,005.00 81 7.00 794.00 2,616.00 

Total for 2370 $83,262.00 $62,126.00 $71,210.00 $216,598.00 
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in the scope of work without substantial modifications in the contract, or because 
the project is unique with features that prevent a reasonable approximation of the 
actual cost of construction. The estimate for this type of project is usually prepared 
by the contractor as an approximate estimate. The owner and contractor agree on a 
cost rate for all labor, equipment, and other services that may be charged to the proj- 
ect by the contractor. The contractor is reimbursed for all costs that are accrued dur- 
ing the construction phase of the project plus a percentage of the costs or a fixed fee. 

To maintain some degree of control over the total cost of a project, an incentive 
is often placed on cost-reimbursable contracts. For example, the contract may be 
awarded on a cost plus basis with a guaranteed maximum price, commonly called a 
GMP contract. For a GMP contract, the owner and contractor agree on a guaranteed 
maximum price prior to the start of construction. They also agree on the distribution 
of costs that each will incur if the final cost is above or below the guaranteed max- 
imum price. Then, during construction, the contractor is reimbursed for actual costs 
plus a fixed fee or percentage of actual costs. If the actual final cost is above or be- 
low the guaranteed maximum price, then the predetermined distribution of the dif- 
ference of costs is distributed between the owner and contractor. To illustrate, if the 
cost exceeds the guaranteed maximum price, the contractor may pay 70% of the 
cost and the owner pays 30% of the cost. If the cost is less than the guaranteed max- 
imum price, the contractor receives 60% of the reduced costs and the owner re- 
ceives 40%. 

QUESTIONS FOR CHAPTER &PROJECT BUDGETING 

1 Usually each of the three principal parties (the owner, designer, and contractor) prepares 
a cost estimate at different times during the life of a project. Describe the purpose of each 
estimate and the impact that estimating errors may have on the other two parties. 

2 Why is it important to define the range of accuracy, in percentage, that should be applied 
to any estimate? Who should set this range and who should be informed of the selected 
range? 

3 Prepare a cost estimate for the construction of a small, high-quality office building that 
contains 18,525 ft2 of floor area. Use the data in Figure 5-1 to prepare the estimate. As- 
sume the cost of design for the project is 7% of construction, and a site-work cost of 
$180,000. What range of percentage of this cost would you recommend to define the level 
of accuracy? 

4 Use the time and location indices in Example 5-2 to estimate the cost of a high-quality of- 
fice building that contains 64,500 ft2 of floor area. The building is to be constructed 2 
years from now in city A. The cost of a similar type building that contains 95,000 ft2 was 
completed last year in city C for a cost of $7,790,000. 

5 During the feasibility study of a project, the initial estimated cost for design and con- 
struction is $3.7 million. It is anticipated that the cost to maintain and operate the facility 
after completion of construction will be $250,000 per year. Assuming the owner must ob- 
tain a return on the initial investment of 15%, what net annual income must be received 
to economically justify the project? Assume no salvage value after using the facility for 
12 years. 

6 The cost estimate of a project is $3.5 million. Annual costs for maintaining and operating 
the facility are forecast as $250,000 per year. After 8 years, it is anticipated the facility will 
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be sold for $2.0 million. If the owner requires a 15% return on his or her investment, what 
net annual income must be received to recover the capital investment of the project? 

7 The initial investment for a project is $4.7 million. A net hnual  profit of $1.5 million is 
anticipated. Using a 12% desired rate of return on the investment, what is the pay back pe- 
riod for the project? 
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DEVELOPMENT OF 
WORK PLAN 

PROJECT MANAGER'S INITIAL REVIEW 

The discussion of developing the project work plan in this chapter is based on han- 
dling the project in its early stage of development, prior to design. It is presented 
from this perspective because the ability to influence the overall quality, cost, and 
schedule of a project can best be achieved during design. Most books and articles 
discuss project management during the construction phase, after design is com- 
pleted. At this time in the life of a project the scope of work is fully defined, the 
budget is fixed, and the completion date is firm. It is then too late to make any sig- 
nificant adjustments in the project to improve quality, cost, or schedule to benefit 
the owner. 

When a project manager is assigned to a project, his or her first duty is to gather 
all the background material that has been prepared by the sponsoring organization. 
This includes the owner's study and the contract that has been signed by the project 
manager's organization. These documents must be thoroughly reviewed to be cer- 
tain there is a well-defined scope, an approved budget, and a schedule that shows 
major milestones for the project, in particular the required completion date. 

The purpose of this initial review process is to become familiar with the own- 
er's objectives, the overall project needs, and to identify any additional informati02 
that may be needed to begin the process of developing a work plan to manage the 
project. To organize the review process it is best to divide the questions into 
the three categories that define a project: scope, budget, and schedule. To guide this 
initial review, the project manager should continually ask questions like those 
shown in Table 6- 1. 
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TABLE 6-1 
GUIDELINES FOR PROJECT MANAGER'S INITIAL 
PROJECT REVIEW 

Scope 
1. What is missing? 
2. Does it seem reasonable? 
3. What is the best way to do this? 
4. What additional information is needed? 
5. What technical expertise is needed? 
6. How is the best way to handle construction? 
7. What is the owner's expected level of quality? 
8. What codes and regulations are applicable? 

Budget 
1. Does the budget seem reasonable? 
2. How was the budget determined? 
3. Who prepared the budget? 
4. When was the budget prepared? 
5. Should any portion of the budget be rechecked? 
6. Has the budget been adjusted for time & location? 

Schedule 
1. Does the schedule seem reasonable? 
2. How was the schedule determined? 
3. When was the schedule prepared? 
4. Who prepared the schedule? 
5. How firm is the completion date? 
6. Are there penalties or bonuses? 

OWNER'S ORIENTATION 

After the project manager has performed the initial project review and become fa- 
miliar with the project, the owner's authorized representative should be identified 
and a meeting scheduled to set up the necessary coordination arrangements with the 
owner. The owner's representative serves two roles in a project: as a participant in 
providing information and clarifying project requirements, and as a reviewer and 
approver of all team decisions. The owner must be considered an integral part of the 
project team, beginning at the start of the project and continuing through all phases 
until completion. 

During this initial meeting, the owner's authorized representative should set pri- 
orities for the project. There are four elements of concern for a project: quality, 
scope, time, and cost. It is understood that quality is an element that must be satis- 
fied. The owner should set the level of quality that is expected in the project. There 
must be a mutual understanding of quality between the project manager and the 
owner's representative. Scope is the fixed quantity of work to be performed. It may 
be expanded or reduced by the owner as the project proceeds, generally depending 
on the costs. The priority of time or cost is set by the owner. Frequently, time is ini- 
tially set as a priority over cost. However, cost may take precedence over time if the 
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market for the product changes or other conditions arise. If a priority is not set, the 
project manager must attempt to optimize time and cost. 

The level of involvement required by the owner's representative must be deter- 
mined at the beginning of the project. If he or she wants to sign everything, then the 
project manager must include time in the project schedule and cost into the budget 
for the owner's involvement. n o - w a y  communication is an absolute requirement. 
The project manager should also inform the owner's representative of how he or she 
plans to create a project team that will be coordinated to represent each part of the 
project. 

This initial meeting also gives both the owner's representative and the project 
manager the opportunity to meet each other. At this meeting it may be desirable to 
visit with others in the owner's organization that may be concerned with the project. 
Issues to discuss might include clarification of goals and requirements, desired level 
of quality, any uniqueness about the project, financing, regulatory agencies, and ap- 
proval process. 

In some instances this meeting may be the project manager's first introduction to 
the owner's representative. Because many owners expect an all-knowing project 
manager, some precautions need to be taken. Since the project team has not yet been 
formed, all discussions should focus on the work to be performed rather than on 
work that has been completed. Ideally, the project manager should have assisted in 
the proposal preparation that was approved by the owner to proceed with the proj- 
ect. This gives the project manager a better understanding of the history behind the 
project and previous contact with the owner's representative. 

ORGANIZATIONAL STRUCTURES 

Each project manager is affected by the environment in which he or she works. The 
organization of a company can have a large impact on the ability to manage a proj- 
ect. Figures 6-1 through 6-5 show various organizational structures of companies. A 
project manager may work for a company that is organized as shown in these fig- 
ures, or he or she may manage a project for a client whose company organization is 
similar to one of these organizational structures. 

If a company is product oriented, it will be organized around manufacturing and 
marketing of the product, with the priority of decisions focused on products. A com- 
pany that is service oriented will be organized around providing customer service. 
The design and construction of a project is a means to an end for the company to 
provide a product or service and does not represent the primary function of that 
company. This secondary emphasis on a project can hamper the work of a project 
manager. 

The organizational structure shown in Figure 6-1 is an example of a business 
with an emphasis on manufacturing and marketing of products. The engineering 
portion of the company exists to support the manufacturing operation. Manufactur- 
ing exists to produce the product for the marketing group to sell. Questions related 
to the engineeringlconstruction of a project for this company would typically be di- 
rected to the engineering department. However, the answers to these questions often 
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FIGURE 6-1 
Traditional Management Organization (Production Line/Business Oriented). 

come from the manufacturing department, which in turn may have to obtain input 
from the marketing group. This requires a channel of communications between var- 
ious parties that can cause misinterpretation of information and a delay in obtaining 
answers. A project manager performing work for a company that is organized as 
shown in Figure 6-1 should include a contingency in the project schedule for delays 
of owner responses, and should be alert to the potential for scope growth. 

An example of a functional organization is illustrated by the electrical power 
company shown in Figure 6-2. The company emphasis is on generation, transmis- 
sion, and distribution of electrical power services. Utilities and governmental agen- 
cies are usually organized in functional departments. This type of organization is 
efficient for the design and construction of projects involving a single function, such 
as the design and construction of a transmission line or a substation. However, if a 
project involves design and construction of a unit of a power station, plus two trans- 
mission lines and a substation, it can be difficult to identify the project within the or- 
ganization. There is a tendency for the project to pass from one department to 
another if a single project manager is not assigned overall responsibility. This can 
lead to lost information and schedule delays. Even if a single project manager is as- 
signed, coordinating across departments lines can be difficult. 

Figure 6-3 shows a typical work environment of a consulting engineering com- 
pany that provides design services for projects. The company emphasis is discipline 
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FIGURE 6-2 
Functional Organization (Electrical Power Company). 
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FIGURE 6-3 
Discipline Organization (Design Firm). 

oriented, involving a group of specialists who share knowledge and technical ex- 
pertise. Overemphasizing separate disciplines can encourage competition and con- 
flicts at the expense of the whole organization, resulting in focus on internal 
department operations rather than external relations and project work. When em- 
phasis is focused on internal departments, decision making and communication 
channels tend to be vertical, rather than horizontal, with little attention paid to costs, 
schedules, and coordination. 

Many consulting engineering companies are organized as shown in Figure 6-3. 
For small projects with short durations this type of organization is efficient. How- 
ever, project management can be hindered because some of the engineers have 
a dual role, as both a designer and a project manager. As the number of disciplines 
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FIGURE 6-4 
Functional Organization (Design Firm). 

increases, coordination of complex projects becomes more difficult. For example, a 
complex project may involve architectural, civil, structural, mechanical, and elec- 
trical engineering work. The work may begin with the architectural layout, followed 
by the various engineering designs. As the work moves from discipline to disci- 
pline, the project identity can be lost and it becomes difficult to know where the 
project is or what its status is. By the time the project reaches the last discipline 
there may not be enough budget left to complete the work. Discipline organizations 
develop a strong resistance to change. 

Another type of organizational structure for a consulting engineering company is 
shown in Figure 6-4. The company is organized into functional departments: build- 
ings, heavy/civil, process, and transportation. The disciplines are dispersed among 
the functional departments and serve on design teams for projects that are assigned 
to the department. Lead designers are appointed as team leaders to manage the de- 
sign effort. Each designer remains in his or her functional department to provide 
technical expertise for the project. However, if there is a decline in the number of 
projects in one or more departments, one or more designers may be transferred 
to another functional department. This can be disruptive to the management of 
projects. 

To increase emphasis on project cost, schedule, and general coordination, a ma- 
trix organization as shown in Figure 6-5 is often used. The objective is to retain the 
design disciplines in their home departments so technical expertise is not lost, and 
to create a projects group that is responsible for overall project coordination. To ac- 
complish this the designer has two channels of communications, one to the techni- 
cal supervisor and another to the project manager. Issues related to technical 
expertise are addressed vertically while issues related to the project are addressed 
horizontally. 

The matrix organization provides a work environment with emphasis on the proj- 
ect. Each project is defined by a horizontal line on the matrix. The project manager 
is responsible for overall project coordination, interfacing of disciplines, client re- 
lations, and monitoring of overall project costs and schedules. The various design 
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FIGURE 6-5 
Matrix Organization (Design Firm). 

disciplines are responsible for providing technical expertise, quality performance, 
and the cost and schedule for their particular part of the project. No one person 
works for the other on the project team; instead everyone works for the project. The 
project manager is the leader of the team and serves as a focal point for integrating 
responsibility. 

A matrix defines lines of communications but does not indicate the authority for 
conflict resolution. A matrix may be defined as a "strong matrix," where project 
managers have the authority to decide what is good for the overall project. At the 
opposite end of the spectrum is the "weak matrix," where discipline managers have 
the authority in decision making. A discipline supervisor may be more concerned 
with his or her technical area than the overall project. Designers are usually con- 
cerned with producing the best design possible, sometimes at the expense of project 
cost or schedule and without regard to the effect on other departments. 

The success of project management in the matrix organization depends on the 
philosophy of the company and the attitude of the employees. Too much emphasis 
on disciplines can lead to time and cost problems. Likewise, too much emphasis on 
projects can lead to inefficiencies and quality problems due to losing control of and 
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contact with the technical departments. Therefore, there must be a balance between 
managing the project and providing technical expertise. Mutual respect among dis- 
ciplines is essential. The project manager relies on the expertise of each team mem- 
ber and recognizes that everyone is a key player on the team of a successful project. 
A "can do" attitude must exist, with a drive to complete a quality project in an effi- 
cient manner that meets the needs of the owner. What is good for the project is good 
for the entire company. Effective communications among team members is a must. 

As a project moves from the design phase to the construction phase, a work 
structure must be developed around the work that must be accomplished in the field. 
A project organization must be developed that is matched to the project to be con- 
structed. Management of the project is best performed in the field, where the actual 
work is being performed. 

WORK BREAKDOWN STRUCTURE 
-- - -  .. . 

Far any size project, large or small, it is necessary to develop a well-defined work 
breakdown structure (WBS) that divides the project into identifiable parts that can 
be managed. The concept of the WBS is simple; in order to manage a whole proj- 
ect, one must manage and control each of its parts. The WBS is the cornerstone of 
the project work plan. It defines the work to be performed, identifies the needed ex- 
pertise, assists in selection of the project team, and establishes a base for project 
scheduling and control. Chapters 8 and 9 show how the WBS is used in project 
scheduling and tracking. 

A WBS is a graphical display of the project that shows the division of work in a 
multi-level system. Figure 6-6 is a simple illustrative example of a WBS for a proj- 
ect that has three major facilities: site-work, utilities, and buildings. Each major 
facility is subdivided into smaller components. For example, the major facility of 
buildings is subdivided into three buildings: office, maintenance, and warehouse. 
The project is further broken down so the components at each level are subsets of 
the next higher level. The number of levels in a WBS will vary depending upon the 
size and complexity of the project. The smallest unit in the WBS is a work package. 
A work package must be defined in sufficient detail so the work can be measured, 
budgeted, scheduled, and controlled. Development of work packages is discussed 
later in this chapter. 

The development of the WBS is a continuing process that starts when the project 
is first assigned to the project manager and continues until all work packages have 
been defined. The project manager starts the process of developing the WBS by 
identifying major areas of the project. As members of the project team define the 
work to be performed in more detail, the WBS is adjusted accordingly. Thus, the 
WBS is used from the start to the finish of the project for planning and controlling. 
It is an effective means of defining the whole project, by parts, and providing effec- 
tive communication channels for exchange of information that is necessary for man- 
agement of the project. 

The WBS is the foundation of a project management system. Code numbers can 
be used to relate the WBS to the Organizational Breakdown Structure (OBS) for 
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management of people. Code numbers can also be used to relate the WBS to the 
Cost Breakdown Structure (CBS) for management of costs. Similarly, code num- 
bers can relate the WBS to the Critical Path Method (CPM) schedule to manage 
time. Thus, the WBS provides a systematic approach for identifying work, compil- 
ing the budget, and developing an integrated schedule. Since the WBS is developed 
jointly by the project team, the people that will actually perform the work, it is an 
effective tool for relating work activities to ensure that all work is included and that 
work is not duplicated. Most importantly, it provides a basis for measurement of 
performance. 

FORMING THE PROJECT TEAM 

A key concept in project management is to organize the project around the work to 
be accomplished. After review of all backup material from the owner's study and all 
other information that is known about the project, the project manager should de- 
velop a preliminary WBS that identifies the major tasks that must be performed. A 
detailed list of tasks should be prepared and grouped into phases that show the se- 
quencing of tasks and the interdependences of work. This provides identity for the 
project to assist in selection of resources and the technical expertise that will be re- 
quired of the project team. A time schedule should be attached to each task. All this 
preparatory work is required because the project manager cannot effectively form 
the project team until the work to be done is known. In essence the project manager 
must develop a preproject work plan, which should be reviewed by his or her super- 
visor. This plan will be expanded into a final project work plan after the project 
team is formed. 

After the preparatory work is complete, the project manager is responsible for or- 
ganizing the project team to achieve project objectives. The project manager and ap- 
propriate discipline managers are jointly responsible for selecting team members. 
This can sometimes be difficult because every project manager wants the best peo- 
ple on his or her team. Each project has a specific list of needs, but the overall utili- 
zation of all people in the company must be considered. It is not practical to shift 
key personnel from project to project; therefore compromise in the assignment of 
people is required. The assignment of appropriate staff for a project must take into 
consideration the special technical expertise needed and personnel available on a 
company-wide basis. 

The project team consists of members from the various discipline departments 
(architectural, civil, structural, mechanical, electrical, etc.), project controls (esti- 
mating, planning and scheduling, quality control, etc.), and the owner's representa- 
tive. The number of team members will vary with the size and complexity of the 
project. The project manager serves as leader of the team. All team members repre- 
sent their respective discipline's area of expertise and are responsible for early de- 
tection of potential problems that can have an adverse effect on the project's 
objectives, cost, or schedule. If a problem occurs, each team member is to notify his 
immediate supervisor and the project manager. 

It is important that each team member clearly understands the project objectives 
and realizes his or her importance in contributing to the overall success of the proj- 
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ect. A cooperative working relationship is necessary between all team members. Al- 
though the project manager is the normal contact person for all discipline depart- 
ments involved in the project, he or she may delegate contact responsibility to lead 
members of the team. Since the initiative and responsibility to meet project objec- 
tives, costs, and schedules rests with the project manager, he or she should be kept 
fully advised and informed. 

The project manager must organize, coordinate, and monitor the progress of team 
members to ensure the work is completed in an orderly manner. He or she should 
also maintain frequent contact with the owner's representative. 

KICK-OFF MEETING 

After formation of the project team, the project manager calls the first team meet- 
ing, commonly called the kick-off meeting. It is one of the most important meetings 
in project management and is held prior to starting any work. The purpose of the 
kick-off meeting is to get the team members together to identify who is working the 
project and to provide them with the same base of knowledge about the project so 
they will feel like they are a part of the team. It is important for the project manager 
to fully understand the project objectives, needs, budget, and schedule and to trans- 
mit this information to team members early in the project. In particular the scope of 
work must be closely reviewed. 

The kick-off meeting allows the team to set priorities, identify problem areas, 
clarify member responsibilities, and to provide general orientation so the team can 
act as a unit with a common set of goals. At the meeting the project manager should 
present project requirements and the initial work plan, discuss working procedures, 
and establish communication links and working relationships. Every effort should 
be made to eliminate any ambiguities or misunderstandings related to scope, 
budget, and schedule. These three elements of a project cannot be changed without 
approval of both the project manager and the owner's representative. 

Prior to the meeting the project manager should prepare general project informa- 
tion data, including the project name (that will be used for all documents and corre- 
spondence), project location, job account number, and other information needed by 
the project team. Standards, CADD requirements, policies, procedures, and any 
other requirements should also be presented. It is important to provide this infor- 
mation to key people on the project so they know the project is approved for work 
and feel that they are a part of the team. The project manager should visit with key 
team members prior to the meeting to identify and resolve any peculiar problems 
and clarify any uncertainties. 

In general the meeting is short in duration, but it is the first step in understanding 
what needs to be done, who is going to do it, when it is to be done, and what the 
costs will be. This is not a design meeting but an orientation meeting. The project 
manager must keep the meeting moving and not get overly involved in details. Min- 
utes of the meeting must be recorded and distributed to team members. In particu- 
lar, there should be documentation of the information that is distributed, the 
agreements among the team members, and the identification of team concerns or 
questions that require future action by the project manager or team members. 
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TABLE 6-2 
KICK-OFF MEETING CHECK LIST 

1. Review the agenda and purpose of the meeting 

2. Distribute the project title, account number, and general information needed by the 
project team 

3. Introduce team members and identify their areas of expertise and responsibility 

4. Review project goals, needs, requirements, & scope (including guidelines, 
limitations, problems) 

5. Review the project feasibility estimate of the owner & the approved budget for the 
project team 

6. Review the project preliminary schedule & milestones 

7. Review the initial project work plan: 
How to handle design 
How to handle procurement 
How to handle construction 

8. Discuss assignments to team members: 
Ask each member of the team - - - - - - - - - - - - - -> (who?) 
To review the scope of work required in their area - - -> (what?) 
To develop a preliminary schedule for their work - - - -> (when?) 
To develop a preliminary estimate for their work - - - - > (how much?) 

9. Ask each team member to prepare design work packages for their responsible work and 
report this information to the project manager within two weeks 

10. Establish the next team meeting, write minutes of kick-off meeting, and distribute to each 
team member and management 

There are three important purposes of the kick-off meeting: to orient team mem- 
bers regarding project objectives and needs, to distribute the project manager's 
overall project plan, and to assign to each team member the responsibility of prepar- 
ing work packages for the work required in his or her area of expertise. Work pack- 
ages should be prepared and returned to the project manager within two weeks of 
the kick-off meeting. To facilitate orderly conduct of the meeting and to ensure that 
important items are covered, the project manager should use a check list for the 
kick-off meeting as illustrated in Table 6-2. 

WORK PACKAGES 

The project manager is responsible for organizing a work plan for the project; how- 
ever he or she cannot finalize the project plan without extensive input from each 
team member. The kick-off meeting should serve as an effective orientation for 
team members to learn the project requirements and restrictions of budget and 
schedule. At that meeting the project manager assigns each team member to 
review the scope of work required of his or her respective expertise, to identify 
any problems, and to develop a budget and schedule required to meet the scope. 
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This can be accomplished by preparing a design work package that describes the 
work to be provided. 

Each team member is responsible for the development of one or more work 
packages for the work he or she is to perform. A work package provides a detailed 
description of the work required to meet project needs and to match the project 
manager's initial work plan. The work packages should be assembled by each 
team member and supplied to the project manager within two weeks of the kick-off 
meeting. 

A work package is divided into three categories: scope, budget, and schedule. 
Figure 6-7 illustrates the contents of a work package. The scope describes the re- 
quired work and services to be provided. It should be described in sufficient detail 
so other team members, who are providing related work, can interface their work 
accordingly. This is important because a common problem in project management 
is coordinating related work. There is a risk of the same work being done by two 
persons, or work not being done at all, because two people are each thinking the 
other person is providing the work. Team members must communicate among 
themselves during the process of preparing the work packages for a project. 

A work package is the lowest level in the WBS and establishes the baseline for 
project scheduling, tracking, and cost control. The work package is extremely im- 
portant for project management because it relates the work to be performed to time, 
cost, and people. As shown in the budget section of Figure 6-7, a code account num- 
ber relates the work to the CBS. Likewise, the schedule section has a code number 
that relates the work to the OBS. The CBS is used for management of project costs 
and is further discussed in Chapter 9. The OBS code number identifies and links the 
work to the people. Many articles have been published that discuss the relationship 
of the work packages to the WBS, OBS, and CBS. 

The preparation of the budget portion of a work package requires a careful eval- 
uation of all resources needed to produce the work. All work tasks and items must 
be budgeted, including personnel, computer services, reproduction expenses, travel, 
expendable supplies, and incidental costs. 

Team members must consider their overall work load when they prepare the 
schedule portion of a work package. Since team members are generally assigned to 
one or more projects, their other assigned duties and future commitments to other 
projects must be considered when preparing a work package for a new project. The 
failure of team members to carefully integrate the schedule of all projects for which 
they are assigned is a common source of late completion of projects. Too often team 
members overcommit their time without making allowances for potential inter- 
ruptions and unforeseen delays in their work. All tasks should be identified and 
scheduled. 

FOLLOW-UP WORK 

After the exchange of information at the kick-off meeting and a review of the re- 
quired work by each team member, there may be a need to readjust the work break- 
down structure of the initial project plan. A team member may have the capability 
to perform the work, but may determine that the magnitude of the work is in excess 
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Work Package 

Title: 

WBS Code: 

1. Scope 

Required Scope of Work: 

Services to Be Provided: 

Services not included in this Work Package, but included in another work package: 

Services not included in this Work Package, but will be performed by: 

2. Budget CBS 
Work- Code Computer Services 

Personnel Assigned to Job Hours $-Cost Acct. Type Hours $-Cost 
------ 
------ 
------ 

Total Work-Hours = - Personnel Costs = $ 
Computer Hours = - Computer Costs = $ 

Travel Reproduction Other 
Expenses Expenses Expenses 

- + - - + - $- 
Total Budget = $-Labor + $-Computer + $-Other = $ - 

3. Schedule 

OBS 
Code Work Task Responsible Person Start Date End Date 
- -- 
- -- 
- -- 

Work Package: Start Date: End Date: 

Additional Comments: 

Prepared by: Date: 

Approved by: Date: 

FIGURE 6-7 
Team Member's Design Work Package. 
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of what he or she can schedule because of prior commitment to other projects. Thus, 
a part or all of his or her portion of the project may require assignment to outside 
contract work. Another option would be a restaffing of the project based on the 
overall available resources of the project manager's organization. These situations 
should be resolved within two weeks of the kick-off meeting. 

An accumulation of the budgets from all the team's work packages provides an 
estimated cost for the total project. If the estimated cost exceeds the approved 
budget, the project manager is made aware of this situation early in the project, 
within two weeks of the kick-off meeting. The team as a whole must then work to- 
gether to determine alternative methods of handling the project to keep the esti- 
mated cost within the approved budget. If it cannot be resolved within the team, the 
project manager must work with his or her supervisor to determine a workable so- 
lution. If a solution cannot be found, the owner must be advised so an agreeable so- 
lution can be determined for a scope of work that matches the approved budget. It 
is important to resolve issues of this nature at the beginning of the project, when 
choices of alternatives can be made, rather than later when it is too late. 

After receipt of all work packages, the project manager must integrate the sched- 
ules of all team members to develop a schedule for the entire project. If the project 
schedule exceeds the required completion date, the team as a whole must work to- 
gether to determine alternative methods of scheduling the work. If the discrepancy 
between the planned schedule and required schedule cannot be resolved within the 
team, the project manager must then resolve the issue with his or her supervisor. If 
the required schedule cannot be achieved, then the owner must be advised so that 
acceptable agreements can be reached. 

Issues related to project scope, budget, and schedule must be resolved early. Ef- 
fective communication and cooperation among team members is necessary. The re- 
sults of the team assignments and definitions of work packages allow the project 
manager to finalize the work breakdown structure that forms the foundation of the 
project work plan. After receipt of all information, the project manager can finalize 
the overall plan to manage the project. 

PROJECT WORK PLAN 

The project manager must develop a written work plan for each project that identi- 
fies the work that needs to be done, who is going to do it, when it is to be done, and 
what the costs will be. The level of detail should be sufficient to allow all project 
participants to understand what is expected of them in each phase and time period 
of the project; otherwise there is no basis for control. It is important that a partici- 
patory approach be used and that team members understand project requirements, 
jointly resolve conflicts, and eliminate overlaps or gaps in related work. There must 
be agreements on priorities, schedule, and budget. 

Upon receipt of all the team members' work packages the project manager can 
assemble the final project work plan. Table 6-3 provides the basic components of a 
work plan: the directory, tasks, schedule, and budget. The project directory contains 
all pertinent information, such as project title, number; objectives, and scope. The 
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TABLE 6-3 
COMPONENTS OF A PROJECT WORK PLAN 

Directory 
Project tile and number 
Project objectives and scope 
Project organizational chart 

Tasks 
Detailed listing of tasks 
Grouping of tasks 
Work packages 

Schedule 
Sequencing and interdependencies of tasks 
Anticipated duration of each task 
Calendar start and finish dates of tasks 

Budget 
Labor-hours and cost of staff for each task 
Other expenses anticipated for each task 
Billing approach and anticipated revenue by month 

Measurement 
Accomplishment of tasks 
Completion of work packages 
Number of drawings produced 

project organization chart shows all participants, including the owner's representa- 
tive. The detailed list of tasks, and grouping of tasks, is derived from the work 
breakdown structure. The sequencing and scheduling of tasks can be obtained by in- 
tegrating the schedules of work packages provided by team members. Likewise, the 
budget can be obtained from a summary of the costs from all work packages. 

Once the work plan is finalized it serves as a document to coordinate all work 
and as a guide to manage the overall effort of the project. It becomes the base for 
control of all work. Appendix A illustrates the components of a work plan for a 
project: work breakdown structure, project organizational chart, sample work pack- 
age, and project schedule. Note the transfer of information from one component to 
another to form the integrated work plan. 

The first step in organizing a project is development of a WBS. The WBS defines 
the work to be accomplished, but does not define who is responsible for performing 
the work. A successful project depends on people to make things happen. However, 
merely selecting good people is not enough. A key function in project management 
is to organize the project around the work to be accomplished and then select the 
right people to perform the work within the approved budget and schedule. 

After the WBS is complete, the next step is to link the OBS from the company to 
the required work that is defined in the WBS. Figure 6-8 illustrates the linking of the 
WBS and OBS to identify the various disciplines that are responsible for each part 
of the WBS. The project manager, with the assistance of discipline managers, can 
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FIGURE 6-8 
Linking the WBS and 06s. 

then begin the process of selecting individuals from the various discipline depart- 
ments who will form the project team. 

The linking of the WBS and OBS establishes the project framework for manage- 
ment of the project. After the project framework is defined, a project schedule can 
be developed to guide the timing of activities and interface-related work. The time 
and cost required to accomplish each activity can be obtained from the work pack- 
ages. The CPM technique is the most common network scheduling system that is 
used in the engineering and construction industry. Techniques for project schedul- 
ing are discussed in Chapter 8. 

After completion of the project framework, a coding system, often referred to as 
a Cost Breakdown System, can be developed to identify each component of the WBS. 
The coding system provides a common code of accounts used by all participants in 
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Phases of Development of Work Plan. 

the project because it is directly related to the WBS, that is, the work to be per- 
formed. Coding systems are discussed in Chapters 8 and 9. 

The integration of the WBS, OBS, and CPM forms the project plan, which is the 
base for project tracking and control. A code of accounts can be developed that re- 
lates the required work (defined in the WBS) to the people (shown on the OBS) who 
will do the work in accordance with the schedule (shown on the CPM) to complete 
the project. Thus, the WBS, OBS, and CPM must be linked together to form an all- 
encompassing project plan. 

To be effective, a system of project management must integrate all aspects of the 
project; the work to be done, who is going to do it, when it is to be done, and what 
the cost will be. Actual work can then be compared to planned work, in order to 
evaluate the progress of a project and to develop trends to forecast at completion 
costs and schedules. 

The development phases of the project work plan are illustrated in Figure 6-9. 
Topics related to project definition were discussed in Chapters 3 and 5. Project 
framework is presented in this chapter. Project scheduling and tracking is presented 
in Chapters 8 and 9, respectively. 

QUESTIONS FOR CHAPTER &DEVELOPMENT OF 
WORK PLAN 

1 As discussed in this chapter, the work environment of a project manager can have a sig- 
nificant impact on his or her ability to manage projects. Describe factors that may help or 
hinder the work of a project manager in each of the following organizational structures: 
functional organization, discipline organization, and matrix organization. 

2 You are the project manager of a project that has the following facilities: security entrance, 
driveways, parking, landscape, small office building, fabrication building, communication 
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building, and a recreational building. Develop a preliminary work breakdown structure for 
the project. Identify the engineering disciplines required for the design of the project. 

3 Describe the purpose of a kick-off meeting for a project. What are typical items that are 
presented and discussed during the meeting, including specific assignments that a project 
manager should ask of team members? 

4 Briefly describe the contents of a design work package, who assigns it, when it is as- 
signed, who completes it, and when it should be completed. 

5 As the project manager for a project, discuss options that might be considered for one of 
your team members who is having difficulty completing a design work package. Discuss 
options for each of the following situations: difficulty in defining the scope of work, dif- 
ficulty in finding experienced personnel that can be assigned to tasks in the work package, 
and difficulty in estimating the time that it may take to complete the work. 

6 You are the project manager for a project and have just compiled all the design work pack- 
ages and found that the costs exceed the approved budget. Describe the options that you 
would consider to manage the discrepancy. 

7 The basic contents of a project work plan are shown in Table 6-3. Identify the contents 
that relate to the fundamental questions of Who? Does what? When? and How much? 

8 For the basic components of a project work plan shown in Table 6-3, identify the compo- 
nents that relate to the organization structure, work breakdown structure, cost breakdown 
structure, and the Critical Path Method for project scheduling. 

9 The development of a work plan for a project follows four phases: project definition, 
framework, schedule, and tracking. Identify and briefly describe the parts that make up 
each of these four phases. 
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DESIGN PROPOSALS 

EVOLUTION OF PROJECTS 

This chapter is written from the perspective of the project manager who is respon- 
sible for managing the design effort. Therefore, the use of project manager in this 
chapter refers to the design project manager. The material presented and discussed 
in this chapter on engineering design is an illustrative example of applying the prin- 
ciples and techniques of project management presented in Chapter 6. For example, 
scope refers to the scope of work required for the design effort, budget refers to the 
cost for providing design services, and schedule refers to the schedule for perform- 
ing the design work. 

A project is in a continual state of change as it develops from conception to com- 
pletion. Because there are perpetual changes in a project, the design project man- 
ager should be involved at the beginning of the project and remain with the project 
until final completion. Continuity of the design project manager is crucial to a suc- 
cessful project. In all instances, the project manager is the prime contact with the 
sponsor of the project. Changes in a project are a major issue for the design team. 
Changes occur as a project progresses through the following phases: 

Sponsor's development phase 
Project organization phase 
Engineering phase 
Procurement phase 
Construction phase 
System testing and start-up phase 
Project completion and contract close-out phase 
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The sponsor's development phase usually ends in a request for proposal (RFP) to 
further develop the project. At this time in the development of a project there must 
be a clear understanding of the proposal request and the sponsor's goals. Various 
names are given to the sponsor, including owner, business unit, operating group, 
client, customer, and end user. Essentially, the sponsor is the organization that re- 
quests the work and will use the work when it is completed. It is important for the 
design team to have a clear understanding of the desired outcome of the project and 
the reasons the project is being undertaken by the sponsor. 

PROJECT EXECUTION PLAN 

The first step in developing a design proposal is development of the project execu- 
tion plan to manage the design process. The plan must include the scope of work 
covered in the RFP and interfaces with others who will be involved in the project, 
including both in-house and contract personnel. Too often, RFPs have vaguely de- 
fined scopes of work that will later cause unforeseen additional work, which ad- 
versely impacts the budget and schedule. 

The plan must also include a milestone schedule that shows major phases and 
areas of work, including critical due dates. An overall preliminary budget must be 
developed to guide the project to ensure there are no unexpected surprises as the 
project develops. 

PROJECT DEFINITION 

Although project definition is primarily the responsibility of the sponsor's organi- 
zation, often the design organization is involved in assisting project definition. Early 
questions of the design team include: What do we know about the project? What are 
we trying to do? What work do we need to do? The answers to these questions 
depend on a good definition of the project. It is not possible to define the scope of 
design work without a good definition of the project. Project definition is a prereq- 
uisite to engineering design. 

Poor project scope definition is the source of project changes, rework, schedule 
delays, and cost overruns. The preproject planning research team of the Construe- ' 
tion Industry Institute developed the Project Definition Rating Index (PDRI) as a 
tool to measure the level of definition of a project (see Figure 7-1). It allows a proj- 
ect team to quantify, rate, and assess the level of scope development on projects 
prior to authorization for detailed design or construction. The central premise of the 
research team effort was that teams must be working on the right project in a col- 
laborative manner (alignment) and performing the right work (scope definition) 
during preproject planning. 

The PDRI consists of 70 elements, grouped into 15 categories, which are further 
grouped into 3 broad sections (see Figure 7-1). To determine the PDRI, each of the 
elements are rated on a scale from 1 through 5. An element rating of 1 represents 
complete definition whereas a rating of 5 represents incomplete or poor definition 
of the element. The sum of the element weights is the composite weighted score of 



I Basis of Project Decision G. Process/Mechanical (continued) 
A. Manufacturing Objectives Criteria G8. Plot Plan 

A1 . Reliability Philosophy G9. Mechanical Equipment List 
142. Maintenance Philosophy G1 0. Line List 
A3 Operating Philosophy G1 1. Tie-in List 

B. Business Objectives G12. Piping Specialty Items List 
B1. Products H. Equipment Scope 
B2. Market Strategy HI. Equipment Status 
B3. Project Strategy H2. Equipment Location Drawing 
B4. Affordability/Feasibility H3. Equipment Utility Requirements 
B5. Capacities I. Civil, Structural, &Architectural 
B6. Future Expansion Considerations 11. Civil/Structural Requirements 
87. Expected Project Life Cycle 12. Architectural Requirements 
B8. Social Issues J. Infrastructure 

C. Basic Data Research & Development J1. Water Treatment Requirements 
C1. Technology J2. Loading/Unloading/Storage 
C2. Processes Facilities Requirements 

D. Project Scope J3. Transportation Requirements 
Dl. Project Objectives Statement K. Instrument & Electrical 
D2. Project Design Criteria K l  . Control Philosophy 
D3. Site Characteristics Available vs. K2. Logic Diagrams 

Required K3. Electrical Area Classifications 
D4. Dismantling & Demolition K4. Substation Requirements/ 

Requirements Power Sources Identified 
D5. Lead/Discipline Scope of Work K5. Electric Single Line Diagrams 
D6. Project Schedule K6. Instrument & Electrical 

E. Value Engineering Specifications 
El. Process Simplification 
E2. Design & Material Alternatives 111 Execution Approach 

ConsideredIRejected L. Procurement Strategy 
E3. Design for Constructability L1. Procurement Strategy Equipment 

Analysis & Materials 
L2. Procurement Procedures & Plans 

II Front End Definition L3. Procurement Responsibility 
F. Site Information Matrix 

F1. Site Location M. Deliverables 
F2. Surveys & Soil Tests MI. CADDIModel Requirements 
F3. Environmental Assessment M2. Deliverable Defined 
F4. Permit Requirements M3. Distribution Matrix 
F5. Utility Sources with Supply N. Project Control 

Conds. N1. Project Control Requirements 
F6. Fire Protection & Safety N2. Project Accounting Requirements 

Considerations N3. Risk Analysis 
G. Process/Mechanical P. Project Execution Plan 

GI. Process Flow Sheets PI. Owner/Approval Requirements 
G2. Heat & Material Balances P2. Engr./Const. Plan &Approach 
G3. Piping & lnstrmt Diagrams P3. Shut Downnurn-Around 

(P&IDs) Requirements 
G4. Process Safety Mgmt. (PSM) P4. Pre-Commissioning Turnover 
G5. Utility Flow Diagrams Sequence Requirements 
G6. Specifications P5. Startup Requirements 
G7. Piping System Requirements P6. Training Requirements 

FIGURE 7-1 . 
Project Definition Rating Index (PDRI)--Sections, Categories, and Elements. 
Source: Construction Industry Institute. 
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a project, which can range up to 1,000 points, with lower points as a better score and 
higher points as a worse score. Based on an analysis of 40 projects, the research 
team found that projects scoring less than 200, out of 1,000 total points, were sig- 
nificantly more successful than those that scored greater than 200. 

PROBLEMS IN DEVELOPING PROJECT DEFINITION 

Too often, insufficient time is devoted to defining the requirements of projects. Proj- 
ect definition is usually performed by people outside engineering and construction. 
These individuals generally have job responsibilities involving finances or manag- 
ing a business unit in the sponsor's organization. Their job responsibilities and ex- 
pertise are often not related to defining requirements of a project in terms that can 
be converted to engineering design and construction. 

Sometimes the only fixed known information about the project is the amount of 
money the owner has to spend, with only a vague idea of what the owner would like 
from the expenditure of money. The owner may have a wish list of what he or she 
would like, but the only firm information is the total amount of available funds. For 
this type of situation, the designer must work closely with the owner to identify the 
desired operational criteria of the project: what the owner wants to do with the proj- 
ect when it is completed. The designer must assist the owner in separating what he 
or she needs from what he or she wants. The designer must convert the owner's 
needs into engineering scope of work and the construction costs to produce the fi- 
nal project. A cost for each element in the project must be determined to ensure the 
project will not exceed the owner's available funds. 

High turnover of people is another problem in defrning objectives. Many owner 
organizations frequently promote and reassign personnel. Turnover of people can 
lead to changing priorities. By the time a project reaches the approval stage, the 
people who established the initial project definition may no longer be involved. 
Members of the current operating group that will use the project when it is com- 
pleted should be involved in confirming that the established project definition will 
meet their goals and objectives. The goals and objectives must be adequately quan- 
tified and documented. This requires coordination between the sponsor's organiza- 
tion and the project team. 

A well-defined definition of the project is a prerequisite to planning the work, be- 
cause the team members must know what the project is before they can plan it. Too 
often there is a rush into the implementation phase even before there is a good 
understanding and agreement of project definition. Getting an early team agreement 
on definition prevents the project scope from creeping out of control. 

DESIGN PROPOSALS 

Upon receipt of a request for proposal (RFP) the design project manager should 
carefully review it to become familiar with the global issues related to environmen- 
tal and community relations, hazardous waste, bidding strategy, required permits 
and regulations, expectations, and goals of the customer. Although these issues will 
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be developed in more detail at a later date, the project manager must be aware of all 
aspects of the project. 

The purpose of the proposal is to identify the scope and develop the budget and 
schedule for preparing the design. The project proposal may be as formal as a re- 
quest for qualification for a new sponsor or as informal as a brief outline of scope 
for expansion of existing work. 

During this early stage in project development, the design engineer must convert 
the sponsor's project definition into an engineering scope of work. However, the de- 
sign engineer may feel the sponsor's definition is inadequate or may feel there is 
missing information. The sponsor should be contacted for clarifications. However, 
sometimes the sponsor is unable to fully clarify or respond to rectify the discrepan- 
cies. For these situations, the design engineer must define the scope of engineering 
work to the best of his or her ability and then develop a budget and schedule based 
on the designer's assumed scope of work. It is then mandatory to document and 
communicate to the sponsor the assumptions made and the impact of the work on 
the total project. This essentially locks in the scope of work at this time in the proj- 
ect. Then, at a later date when additional information is known, the assumed scope, 
budget, and schedule for that portion of the work can be adjusted appropriately. 

Figure 7-2 is an illustrative example of a project proposal form. Project data 
should include a brief description of the work. If needed, the space under "Com- 
ments" may be used to relay information important to the proposal. All disciplines 
that will be involved in the project should be identified, including architectural, 
civil, electrical, mechanical, and structural, or other special expertise. If the budget 
or estimated fee for design is not known, then the magnitude of the project or esti- 
mated construction cost should be listed. After the top portion of the form is com- 
pleted, it is submitted to management for review and approval. Analysis of the 
completed project proposal form will allow management to make decisions based 
on fundamental project information. 

The design project manager is responsible for managing the overall coordination 
of the proposal effort. Specific duties include 

Defining the scope of work for the project 
Establishing a work plan, including budget and schedule, for the proposal 
effort 
Monitoring the work plan to ensure effective communication among team 
members 
Communicating with discipline managers to identify key personnel 
Assist in preparation of the proposal documents 
Attend the sponsor's interview 
Participate in establishing a rate schedule 
Assimilating the list of project deliverables 

The discipline managers are responsible for providing technical support for the 
proposal. This support may include assigning personnel, establishing preliminary 
designs, reviewing sponsor information, and performing quality-control review of 
proposal documents. The discipline managers are also responsible for establishing 
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PROJECT PROPOSAL FORM 

0 Continuation of Existing Work 0 New Work 

PROJECT DATA 
Client Name: 
Description of Work: 
Location of Work: 

Prepared By: Date: 

DISCIPLINES INVOLVED: 

$ 0 Mechanical $ 

civil $ 0 Structural $ 

0 Electrical $ 0 Other: 

ESTIMATE 

Fee: $ Work-Hours: 

Start Date: Completion Date: 

Proposal Required: 0 No 0 Yes, Due Date: 

Comments 

APPROVAL: 

No Further Action Required 0 Further Discussion Required 0 Proceed 

Date: 

DISTRIBUTION 
President 
Principal-in-Charge 
Project Manager 
Marketer 
Document Control 

FIGURE 7-2 
Project Proposal Form for Design. 
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the total work-hours needed for the project, to ensure that adequate technical ex- 
pertise will be available when necessary to meet the project schedule. 

Figure 7-3 illustrates a project proposal check list. The project data can be the 
same as listed on the project proposal form. Prior to the sponsor's interview, the 
project manager should compile a list of proposed attendees, an agenda, and a list 
of materials that will be used for the presentation: boards, photographs, slides, or 
electronic media presentations, such as Power-point. 

As a minimum, the general scope of work for the project is included in the space 
provided. Additional information, such as drawing lists, equipment lists, specifica- 
tion lists, or special sponsor requirements, can be attached to the form. The com- 
pleted form, plus attachments, is submitted to management prior to preparation of 
the proposal. 

ENGINEERING ORGANIZATION 

Members of the design team should be involved in the project at the earliest possi- 
ble date, preferably during the proposal preparation phase. The design engineers 
that will actually be doing the work can be extremely valuable for defining scope, 
identifying potential problems, and preparing realistic budgets and schedules for 
performing the work. Too often the designers are not a part of the proposal prepara- 
tion or do not become involved until the proposal is presented to and approved by 
the owner. By then, the scope, budget, and schedule may be fixed, but it may not 
represent the actual work that is necessary to complete the project the way the 
owner expects. Getting input and early involvement of the design team is crucial to 
a successful project. 

To effectively manage the design effort, an organizational chart should be devel- 
oped for each project. The organizational chart is effective for defining the roles and 
responsibilities of the engineering manager and his or her team members during de- 
sign. There must be a clear understanding of the reporting relationships of all mem- 
bers of the engineering team. If external consultants are involved, there must be a 
clear description of their reporting relationships as well as their roles and responsi- 
bilities. There must be a list of key members of the engineering team, including con- 
sultants where applicable, along with their telephone numbers, fax numbers, and 
e-mail addresses. 

Figure 7-4 is an example of a list of technical expertise that may be needed for 
engineering design. For the list of particular technical expertise that is unique for 
each project, the project manager should develop an organizational chart that shows 
the interrelationships, roles, and responsibilities of each member on the project 
team. 

SCOPE BASELINE FOR BUDGET 

Project proposal detail sheets as illustrated in Figure 7-5 help formulate a budget for 
estimated design services. These forms also assist in developing the final work 
breakdown structure (WJ3S) and organizational breakdown structure (OBS) for the 



PROJECT PROPOSAL CHECK LIST 

I Project Manager: Marketer: I 
PROJECT DATA 

Client Name: 
Description of Work: 
Location of Work: 

I Estimated Cost to Prepare Proposal: $ I 
Estimated Work-Hours 

PROPOSAL SUPPORT DOCUMENTATION 

n Organization Chart 0 List of Special Graphics 

0 Rate Schedule List of Travel Expenses 

n List of Projects to Include 0 Proposal Sheets 

u List of Employee Resumes 0 Other: 

CLIENT INTERVIEW 

Date of Interview: Rehearsal Date: 

List of Attendees 0 Agenda 

n Presentation Materials List 0 Other: 

GENERAL SCOPE OF WORK 

Drawing List 0 Specifications List 

0 Special Requirements List 0 Other: 

APPROVAL: 

Date: Date: 
President Principal-in-Charge 

FIGURE 7-3 
Proposal Check List for Design. 
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Project Manager 
A. Project Engineer 
6. Schedule and Control Engineer 
C. Drafting Coordinator 
D. Disciplines: 

1. Architecture 
a. Lead Architect 
b. Architects 
c. Draftsmen/CADD 

2. Civil 
a. Lead Civil Engineer 
b. Civil Engineers 
c. Civil Technicians 
d. DraftsmedCADD 

3. Electrical 
a. Lead Electrical Engineer 
b. Electrical Engineers 
c. Electrical Technicians 
d. Draftsmen/CADD 

4. Mechanical 
a. Lead Mechanical Engineer 
b. Mechanical Engineers 
c. Mechanical Technicians 
d. Draftsmen/CADD 

5. Structural 
a. Lead Structural Engineer 
b. Structural Engineers 
c. Structural Technicians 
d. Draftsmen/CADD 

E. Clerical Personnel 
F. Document Control Personnel 
G. Reproduction Personnel 
H. Contract Administration 

FIGURE 7-4 
Illustrative Example of Expertise Required 
for Design. 

project. Thus, the project proposal detail sheet forms the basis for setting up and 
managing the project. 

The design project manager initiates one of these forms for each design disci- 
pline involved in the project. The scope definition and estimated budgets should be 
as complete and accurate as possible. It is the responsibility of each design disci- 
pline to thoroughly examine the project definition from the sponsoring organization 
and convert project definition into engineering scope definition. A scope of work for 
the discipline must be defined in sufficient detail to enable a reasonable estimate of 
the work-hours required to complete the design work. 

After the project data shown on the top of Figure 7-5 is completed, each form 
and any supporting documentation should be reviewed with the appropriate disci- 
pline manager and the lead discipline representative. These two individuals should 
estimate the required design work-hours for each personnel category required to 
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PROJECT PROPOSAL DETAIL. SHEET 

Discipline: 

PROJECT DATA 

Project Manager: Marketer: 
Proposal Number: 
Client Name: 
Description of Work: 
Location of Work: 
Estimated Department Budget: Work-Hours: 

SCOPE DEFINITION 

CLIENT REEXRENCES AND ATTACHMENTS 

PERSONNEL CATEGORIES REQUIRED WITH WORK-HOURS 

Do not include Clerical, Reproduction, or Other Disciplines. Return to PM by: 

OWSIDE COORDINATION 1 OTHER REQUIREMENTS 

0 Specification List 

0 Drawing List Total Number of Drawings: 

0 Other: 

Prepared by: Date: 

FIGURE 7-5 
Detail Sheet for Design Proposal. 
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complete the scope of work requested. This estimate will require preparation of a 
detailed scope outline, a list of required specifications, and a preliminary drawing 
list. Preparation of mini-drawings as discussed later in this chapter is an effective 
method of preparing the drawing list. The number of drawings to be produced pro- 
vides a basis for the number of required design work-hours. 

The discipline manager should complete the project proposal detail sheet by 
summarizing the estimated design work-hours on the sheet. The personnel cate- 
gories with design work-hours should be completed by the design manager. It is a 
summary of the hours required for each classification of work, including adminis- 
tration, specifications, engineering, and drawings. Depending on the uniqueness of 
the project it may be necessary to add to or delete some of the classifications shown 
in Figure 7-5. The completed form, plus all supporting documentation, is returned 
to the project manager. An example of this completed form is given in Figure 5-3. 

After the design project manager has collected and reviewed the project pro- 
posal detail sheets from the design disciplines, the project budget form shown in 
Figure 7-6 can be completed. This form compiles all the information received from 
the discipline managers plus information supplied by the design project manager. 
The resource-hours for clerical, reproduction, project support, and project manage- 
ment are added to complete the design budget. An example of this completed form 
is given in Figure 5-2. 

A dollar budget can be computed using one of several methods. For smaller proj- 
ects, or projects without well-defined scopes, an average unit cost per resource-hour 
can be applied to all the identified hours. For larger projects, or projects with well- 
defined scopes, a more detailed dollar budget can be obtained by breaking down the 
hours by each personnel classification so the hourly rate can be applied more accu- 
rately and competitively, rather than using an average hourly rate. The total budget 
for resource-hours (labor costs and expenses) forms the basis for establishing the 
accounting system for the project during design. 

During the budgeting process, checks should be made to reduce the possibility of 
major oversights in the budget and to ensure the design effort can be completed 
within the budget. Examples of checks may include number of expected drawings 
per building, anticipated number of design work-hours per drawing, expected time 
duration anticipated by design discipline, percent of design costs per total cost of 
project, and number of design hours per major piece of equipment. Simple checks 
of these ratios based upon data from past projects can be made to prevent significant 
errors in the design budget. 

The design project manager must also communicate with the design managers of 
the various disciplines to ensure that the resources shown in the budget will be 
available when needed. A simple check of the average number of resources needed 
over the expected time duration of the design effort is an indication of the future 
work load expected of the design team. The discipline managers can compare this 
demand for resources with their normal availability of designers. Too often, a 
budget is established for a design effort and then later it is found the project cannot 
be completed in time or within budget because the resources are not available. Sim- 
ple checks can reduce these types of problems in engineering design. 



PROJECT PROPOSAL BUDGET FORM 

TOTAL $0 

FIGURE 7-6 
Budget Form for Design Proposal. 
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MINI-DRAWINGS 

For design proposals, mini-drawings are an effective and organized method of 
defining the design deliverables: the design drawings and specifications. Mini- 
drawings, sometimes called cartoons or stick drawings, are sketches that are hand 
drawn on 8% X 11 paper to represent the full-size drawings that will be developed 
in the design effort. Since they are hand drawn, they can be prepared quickly. 

A complete set of mini-drawings for the project includes title page, plan views, 
elevations, sections, schedules, and details in the order they will appear in the final 
drawings. Figure 7-7 is an illustrative example of one page from a set of mini- 
drawings. It shows five plan views for each floor in a building in the top portion of 
the page and provisions for text on the bottom portion of the sheet. In the full set of 
mini-drawings, there would be one page for each full-size drawing that is expected 
to be produced in the design effort. Development of the mini-drawings involves 
working through each drawing and blocking out to scale each anticipated sheet for 
size and location. 

Design schedules, such as the room finish schedule, are also identified and as- 
signed to locations on the drawings. Details can be determined, counted, and as- 
signed locations within the typical detail sheet grid. Copies of the mini-drawings 
can be given, with instructions, to the draftsperson or CADD operator. As con- 
ditions change during design, the mini-drawings can easily be referred to, 
changed, and reorganized. This provides an effective means of managing the design 
effort. 

The final set of mini-drawings can be submitted to the discipline managers for 
review and approval prior to starting design. The mini-drawings communicate the 
manner in which the design team intends to document the design and produce the 
design deliverables. Therefore, it is important that the mini-drawings be complete 
because they become a communications tool to management and the design team, 
for their reference throughout the design process. 

Mini-drawings are living documents that may shift and change during the design 
process as changes occur. These documents must be kept up to date. Mini-drawings 
provide early establishment of drawing content and assist in defining drawing com- 
pleteness. In addition, they provide the following benefits: 

Establish an efficient and orderly layout of the drawings 
Determine an early count of the anticipated number of drawings 
Identify the required areas of technical expertise needed for the design effort 
Assist in determining the work-hours required in design 
Provide a system for delegating drafting or CADD assignments 
Enable the department and discipline managers to schedule personnel 

After a set of mini-drawings are completed, the number of anticipated drawings 
are known, which provides a procedure for determining the cost for design. After 
the list of drawings is completed, a summary sheet can be prepared for each design 
discipline that shows the number of hours anticipated to produce the drawing. 
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Based on the number of design-hours needed per drawing and the rate schedule for 
the designers, a design cost and budget can be determined. In addition to planning 
drawing content the mini-drawings can be used during actual design for project 
team communications and for keeping records of hours charged to the job. 

DMLOPMENT OF THE DESIGN WORK PLAN 

Most design organizations work on billable hours. In simple terms, billable hours 
are hours that can be charged to, and are paid by, the sponsor's organization. Qpi-  
cal examples include design calculations, writing specifications, preparing draw- 
ings, conducting tests, or providing inspection. Many sponsoring organizations do 
not compensate the designer's organization for developing a design work plan. As a 
result, there may be little or no effort placed in developing an overall plan for de- 
sign. However, this is a critical mistake because even a small amount of planning 
before starting work can prevent many future problems, including overspending on 
the design effort and late completion of design work. A good work plan for design 
helps also to reduce rework that can lead to errors in design. Every design effort 
should have a written work plan, even if the cost will not be reimbursed by the 
sponsoring organization. 

The level of detail of the work plan depends on the time schedule and the allo- 
cated budget for preparing the design and contract documents. Preparation of the 
schedule should begin during proposal preparation or immediately after the contract 
award date. A CPM schedule as presented and discussed in Chapter 8 is recom- 
mended for larger or more complex projects because this format provides a better 
level of detail and a clearer definition of the order and interdependency of the work 
tasks. Using the CPM method of scheduling forces the user to think through and 
clearly define the interdependency and interrelationships of activities between the 
various design disciplines. This results in a more detailed design schedule. 

For a small design project that must be completed in a short time a bar chart that 
shows each task in chronologic order is simple and easy to follow. The bar chart is 
less detailed and more useful for small, less complicated design projects. However, 
it may be advantageous to roll all the individual design bar charts into an overall 
master CPM diagram to schedule the entire design effort. 

Chapter 8 presents a discussion and example of CPM scheduling for engineering 
design, and Chapter 9 presents integration of the CPM design schedule with pro- 
curement and construction. Appendix A also presents an illustrative example of 
linking the schedule of design, procurement, and construction of a project. 

Regardless of the methods used, either CPM or bar charts, the schedule should 
incorporate all the required tasks, starting with a thorough review of all backup ma- 
terial that was used in preparing the proposal. In particular, the schedule should in- 
clude review of backup material to identify conditions that can affect the design 
work, including the sponsoring organization's special requirements, applicable 
codes, and regulatory agencies. The schedule should also show key progress 
reviews, final checking and corrections, work to be performed by outside consul- 
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tants, and any particular issue that may impact the successful completion of the de- 
sign. The design schedule should be construction driven, because construction is the 
most costly component of most projects. 

A common mistake in development of design schedules is the failure to include 
adequate contingency in the project schedule. Too often the design work plan in- 
cludes everything that is known to be accomplished but fails to include a reasonable 
allowance to compensate for unforeseen delays that inevitably will arise during the 
design effort. Examples include delays in acquisition of permits, responses from 
regulatory agencies, reviews of design by clients, delays in responses from vendors, 
and requests for information (RFI) from outside organizations that supply informa- 
tion to the design team. 

The design budget should be integrated with the design schedule. For design 
work it is more beneficial to define the budget in work-hours rather than in dollars 
of cost, because design is driven by hours. Integrating the total staff hours into the 
schedule provides a systematic method of managing the budget and schedule 
simultaneously. 

After the work plan is established, a progress schedule can be developed using 
information in the work plan, including the mini-drawings that forecast the full- 
scale drawings. Each group of drawings should be allocated hours for completion 
determined by complexity, reusability from production design, and work-hour data 
based on past experience on similar projects. The progress schedule should be re- 
viewed and updated on a regular reporting period, usually coinciding with the sub- 
mittal of time cards. A review of actual progress, based on an analysis of the degree 
of completeness of each drawing or group of drawings or tasks, relative to the allo- 
cated hours versus estimated hours to complete, provides a projected outcome at the 
current level of effort. Regular reviews provide a consistent reporting of overall 
progress. This allows adjustments that may be necessary on a timely basis to ensure 
completion within the established time schedule and allocated budget. 

After the work plan is established and mini-drawings are completed, the project 
manager must establish ground rules for the design team and outside consulting spe- 
cialists. Standards for drawings and CADD work must be established, documented, 
and reviewed with the entire team. The American Institute of Architects (AIA) has 
layering standards that are commonly used for projects in the building sector. Spon- 
sors or clients in the process industry sector have drawing standards that are re- 
quired of engineering f m s  that perform design work on their projects. Many 
specify the particular CADD system that must be used for the design of their proj- 
ects. The management system for handling the project should be reviewed with the 
team to ensure everyone knows what is expected of him or her. In particular, a sys- 
tem of checking design calculations and a procedure for checking drawings is nec- 
essary to ensure minimum errors and constructability. 

The design budget is based on the contract for design services and related to the 
work plan for producing the contract documents. Careful monitoring of actual costs 
compared to the approved budget is necessary to ensure profitable completion of the 
construction documents. 
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ENGINEERING PROJECT CONTROLS 

For any design effort there must be a process to control changes in scope. The scope 
change process should ensure that when scope changes occur, the impact of the 
change on project cost and schedule is fully understood by all members of the proj- 
ect team, in particular the sponsor's organization. The adverse impact of late 
changes in scope must be communicated to the sponsor. 

A system must be established for progress measurement and schedule control. 
The system should include the WBS for engineering, including the roles and re- 
sponsibilities of the engineering manager and the engineering team with respect to 
progress measurement and schedule control. The roles and responsibilities of out- 
side consultants should also be included in the system. 

A system must also be established for cost control. The system should describe 
the roles and responsibilities of the engineering manager and team members, in- 
cluding outside consultants. The system should include the CBS for engineering. 
The cost contingency for engineering and how it will be managed is a critical factor 
in cost control of the design effort. A system for cost control must define the process 
that will be used for obtaining approval for changes in the engineering budget. The 
cost control system must also include procedures for measuring productivity and 
reporting cost performance. 

PROGRESS MEASUREMENT OF ENGINEERING DESIGN 

The purpose of the project plan is to successfully control the project to ensure com- 
pletion within budget and schedule constraints. Measuring the progress of a project 
supports management in establishing a realistic plan for execution of a project and 
provides the project manager and client with a consistent analysis of project per- 
formance. Progress measurement also provides an early warning system to identify 
deviations from the project plan and scope growth. To control engineering work, a 
drawing list, specification list, equipment list, and instrument list are used to deter- 
mine the project status and continued planning. 

After completion of the project proposal, the project manager should establish a 
system of measuring the progress of engineering design. The deliverables of design 
include performing calculations, producing drawings, and writing specifications 
for the project. These deliverables are defined in the scope of work, organized in 
the work breakdown structure, and used in determining the budget for design. 
Table 7-1 is an illustrative example of a progress measurement system for engi- 
neering design. The system is broken down into work packages by disciplines of 
engineering, including architectural, civil, structural, electrical, instrumentation, and 
mechanical engineering. The system includes the hours required to produce draw- 
ings as well as a breakdown of the percent of time for producing design calculations 
and drawings for each discipline. The information in this table forms the basis for 
measuring cost and schedule performance, which are discussed in Chapter 9. 

Measuring progress of design is difficult because design is a creative process. 
Sometimes considerable time may be expended in the design effort without seeing 
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TABLE 7-1 
EXAMPLE PROGRESS MEASUREMENT SYSTEM FOR ENGINEERING DESIGN 
WORK PACKAGES 

A: Work Breakdown of Architectural Design Work Packages 

Architectural design = 300 design-hours and 180 CADD hours 
Drawings: 83 hours per drawing 

Design = 40% of design effort 
Design parameters identified 25% 
Layout and methods established 20% 
Ready to start related drawings 35% 
Final drawings issued 20% 

Total = 100% 

Drafting = 60% of design effort 
Borders & basic layout established 15% 
Review of completed information 10% 
Related design work at 80% complete 25% 
Quality-control review #1 3% 
Drawing complete 39% 
Quality-control review #2 3% 
Record drawings - 5% 

Total = 100% 

Specifications: 8 total, 2 hours per specification 

6: Work Breakdown of Civil Engineering Design Work Packages 

Civil engineering design = 171 design-hours and 100 CADD hours 
Drawings: 135 hours per drawing 

Site grading and drainage = 91 design-hours and 60 CADD hours 
Site-work details = 80 design-hours and 40 CADD hours 

Drafting 
Field survey 8% 
Site base drawing 35% 
Quality-control review #1 3% 
Contract engineering 26% 
Complete site drawing and details 20% 
Quality-control review #2 3% 
Record drawings 5% 

Total = 100% 

Specifications: 7 total, 1 hour per specification 

C: Progress Measurement of Structural Engineering Design Work Packages 

Structural engineering = 480 design-hours and 240 CADD hours 
Drawings: 80 hours per drawing 

Engineering design = 40% of design effort 
Design parameters identified 25% 
Layout and methods established 20% 
Ready to start related drawings 35% 
Final drawings issued 20% 
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TABLE 7-1 
EXAMPLE PROGRESS MEASUREMENT SYSTEM FOR ENGINEERING DESIGN 
WORK PACKAGE-ontinued 

C: Progress Measurement of Structural Engineering Design Work Packages-continued 

Drafting = 60% of design effort 
Borders and basic layout established 15% 
Review of existing information 10% 
Related design work at 80% complete 25% 
Quality-control review #1 3% 
Drawings complete 39% 
Quality-control review #2 3% 
Record drawings 5% 

Specifications: 4 total, 1 hour per specification 

D: Work Breakdown of Electrical Engineering Design Work Packages 

Electrical engineering design = 72 design-hours and 42 CADD hours 
Drawings: 18 hours per drawing 

Engineering design = 40% of design effort 
Design parameters identified 25% 
Layout and methods established 20% 
Ready to start related drawings 35% 
Final drawings issued 20% 

Total = 100% 

Drafting = 60% of design effort 
Borders and basic layout established 15% 
Review of complete information 10% 
Related design work at 80% complete 25% 
Quality-control review #1 3% 
Drawing complete 39% 
Quality-control review #2 3% 
Record drawings 5% 

Total = 100% 

Specifications: 4 total, 1 hour per specification 

E: Progress Measurement of Instrumentation Design Work Packages 

Instrumentation design = 124 design-hours and 84 CADD hours 

Drawings: 121 hours per drawing 

Engineering Design = 40% of design effort 
Design parameters identified 25% 
Layout and methods established 20% 
Ready to start related drawings 35% 
Final drawings issued 20"/0 

Total = 100% 
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TABLE 7-1 
EXAMPLE PROGRESS MEASUREMENT SYSTEM FOR ENGINEERING DESIGN 
WORK PACKAGES-continued 

Drafting = 60% of design effort 
Borders and basic layout established 15% 
Review of complete information 10% 
Related design work at 80% complete 25% 
Quality-control review #1 3% 
Drawings complete 39% 
Quality-control review #2 3% 
Record drawings 5% 

Total = 100% 

F: Work Breakdown of Mechanical Engineering Design Work Packages 

Mechanical engineering design = 496 design-hours and 235 CADD hours 

Drawings 
P&ID drawing of existing plant 
Mechanical floor plan 
Details--Piping, feed water 
Boiler piping schematic sheet #1 
Boiler piping schematic sheet #2 
Boiler stack details 
Miscellaneous details 
Develop equipment list 

56 design-hours and 20 CADD hours 
60 design-hours and 25 CADD hours 

120 design-hours and 60 CADD hours 
60 design-hours and 30 CADD hours 
60 design-hours and 30 CADD hours 
80 design-hours and 40 CADD hours 
20 design-hours and 10 CADD hours 
40 design-hours and 20 CADD hours 

Engineering design = 40% of design effort 
Design parameters identified 25% 
Layout and methods established 20% 
Ready to start related drawings 35% 
Final drawing issued 20% 

Total = 100% 

Drafting = 60% of design effort 
Borders and basic layout established 15% 
Review of information complete 10% 
Related design work at 80% complete 25% 
Quality-control review #1 3% 
Drawings complete 39% 
Quality-control review #2 3% 
Record drawings 5% 

Total = 100% 

Specification 
Boiler specification = 132 design-hours 
Base specification marked up 25% 
Related information reviewed 15% 
Typed, ready for review 20% 
Issue for client review 20% 
Revise per client review 10% 
Final issue 10% 

Total = 100% 

Other specifications: 19 total, 1 hour per specification 
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any physical results. For example, numerous computer simulations may be neces- 
sary during a design analysis. Significant amounts of work and time may be ex- 
pended in the simulation effort, but if the simulations are not completed, there will 
be no produced drawings to show any physical results of the design effort. Simi- 
larly, numerous drawings may be near complete, yet none of them completely fin- 
ished. It is difficult to define a half-finished drawing. Thus, measuring design 
progress by counting the number of completed drawings may not fully measure the 
progress of the design effort. 

Most sponsors request milestones in the design schedule for reviews. For exam- 
ple, there may be a 60% design complete milestone that is designated for review by 
the sponsor. There must be agreement between the sponsor and the design team on 
how to define and measure the 60% design complete. For example 60% design 
complete may be defined as completion of all architectural work and structural 
work, completion of 50% of the electrical drawings, 25% of the mechanicaI draw- 
ings, and initiation of the specification writing. Chapter 9 presents methods of 
measuring design progress. 

QUESTIONS FOR CHAPTER 7-DESIGN PROPOSALS 

1 It is important for the design team to have a clear understanding of the desired outcome of 
the project and the reasons the project is being undertaken by the sponsor. As a project 
manager of the design team, discuss methods you would use to ensure a clear understand- 
ing of the project requirements and expectations of the project sponsor. 

2 The purpose of a design proposal is to identify the scope and develop the budget and 
schedule for preparing the design. Discuss methods you would use to convert the owner's 
needs and expectations into engineering scope, budget, and schedule. 

3 A common mistake in the development of design schedules is the failure to include ade- 
quate contingency in the project schedule. List steps you would use to ensure adequate 
contingency is incorporated into a design schedule. 

4 Excessive use of computers can lead to overdesigning, overwriting, and overdrafting. As 
a project manager of the design team, what methods would you use to control excessive 
use of computers during the design effort? 

5 Changes in scope are a common problem during the design. As project manager of the de- 
sign team, what methods would you use to monitor and control scope during the design 
process? 
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PROJECT SCHEDULING 

PROJECT PLANNING AND PROJECT SCHEDULING 

Project planning is the process of identifying all the activities necessary to success- 
fully complete the project. Project scheduling is the process of determining the se- 
quential order of the planned activities, assigning realistic durations to each activity, 
and determining the start and finish dates for each activity. Thus, project planning is 
a prerequisite to project scheduling because there is no way to determine the se- 
quence or start and finish dates of activities until they are identified. 

However, the terms of project planning and scheduling are often used synony- 
mously because planning and scheduling are performed interactively. For example, 
a specific list of activities may be planned and scheduled for a project. Then, after 
the schedule is reviewed, it may be decided that additional activities should be 
added or some activities should be rearranged in order to obtain the best schedule of 
events for the project. 

Planning is more difficult to accomplish than scheduling. The real test of the 
project plannerlscheduler is his or her ability to identify all the work required to 
complete the project. The preceding chapters of this book focused on identifying 
work activities and grouping those activities into meaningful categories. For exam- 
ple, the process of developing a well-defined work breakdown structure (WBS) as 
presented in Chapter 6 results in a list of activities that must be performed to com- 
plete a project. 

After the activities are identified, it is relatively easy to determine the schedule 
for a project. Many methods and tools have been developed for scheduling. The 
computer is universally used to perform the calculations for a project schedule. 
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However, adequate attention must be given to both planning and scheduling. Some- 
times a project schedule becomes non-workable due to too much emphasis on get- 
ting a computer-generated schedule. The plannerlscheduler must give adequate time 
and think through the planning before turning to the computer to generate the sched- 
ule. In simple terms, it is better to be a good planner than to be proficient in com- 
puter applications. The material presented and discussed in the preceding chapters 
has set the stage for developing a good project schedule. 

DESIRED RESULTS OF PLANNING 

Project planning is the heart of good project management because it provides the 
central communication that coordinates the work of all parties. Planning also estab- 
lishes the benchmark for the project control system to track the quantity, cost, and 
timing of work required to successfully complete the project. Although the most 
common desired result of planning is to finish the project on time, there are other 
benefits that can be derived from good project planning (see Table 8-1). 

Planning is the first step to project scheduling. Planning is a process-and not a 
discrete activity. As changes occur, additional planning is required to incorporate 
the changes into the schedule. There are many situations or events that can arise that 
can impact a project schedule. Examples are changes in personnel, problems with 
permits, change in a major piece of equipment, or design problems. Good planning 
detects changes and adjusts the schedule in the most efficient manner. 

A common complaint of many design engineers is they cannot eff~ciently pro- 
duce their work because of interruptions and delays. The cause of this problem is 
usually a lack of planning, and in some instances no planning at all. Planning should 
clearly identify the work that is required by each individual and the interface of 
work between individuals. It should also include a reasonable amount of time for 
the exchange of information between project participants, including the delay time 
for reviews and approvals. 

TABLE 8-1 
DESIRED RESULTS OF PROJECT PLANNING AND SCHEDULING 

- - - 

1. Finish the project on time 
2. Continuous (uninterrupted) flow of work (no delays) 
3. Reduced amount of rework (least amount of changes) 
4. Minimize confusion and misunderstandings 
5. Increased knowledge of status of project by everyone 
6. Meaningful and timely reports to management 
7. You run the project instead of the project running you 
8. Knowledge of scheduled times of key parts of the project 
9. Knowledge of distribution of costs of the project 

10. Accountability of people, defined responsibility/authority 
11. Clear understanding of who does what, when, and how much 
12. Integration of all work to ensure a quality project for the owner 
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Another common complaint of many designers is the amount of rework they 
must do because of changes in the project. This also leads to confusion and misun- 
derstandings that further hinder productive work. Planning should include a clear 
description of the required work before the work is started. However, it must be rec- 
ognized that changes are a necessary part of project work, especially in the early de- 
velopment phases. If changes in the work are expected, or probable, then project 
planning should include provisions for a reasonable allowance of the anticipated 
changes. Too often people know that changes will occur, but fail to include them in 
the project planning. 

Project planning and scheduling can serve as an effective means of preventing 
problems. It can prevent delays in work, a major cause of late project completion 
and cost overrun, which often leads to legal disputes. It can also prevent low worker 
morale and decline in productivity that is caused by lack of direction. 

PRINCIPLES OF PLANNING AND SCHEDULING 

There must be an explicit operational plan to guide the entire project. The plan must 
include and link the three components of the project: scope, budget, and schedule. 
Too often, planning is focused only on schedule without regard to the important 
components of scope and budget. 

To develop an integrated total project plan, the project must be broken down into 
well-defined units of work that can be measured and managed. This process starts 
with the WBS. Once this is completed, the project team members who have the ex- 
pertise to perform the work can be selected. Team members have the ability to 
clearly define the magnitude of detail work that is required. They also have the abil- 
ity to define the time and cost that will be required to produce the work. With this 
information a complete project plan can be developed. 

The project plan and schedule must clearly define individual responsibilities, 
schedules, budgets, and anticipated problems. The project manager should prepare 
formal agreements with appropriate parties whenever there is a change in the proj- 
ect. There should be equal concern given to schedule and budget, and the two must 
be linked. Planning, scheduling, and controlling begin at the inception of the proj- 
ect and are continuous throughout the life of the project until completion. Table 8-2 
lists key principles for planning and scheduling. 

TABLE 8-2 
KEY PRINCIPLES FOR PLANNING AND SCHEDULING 

1. Begin planning before starting work, rather than after starting work 
2. Involve people who will actually do the work in the planning and scheduling process 
3. Include all aspects of the project: scope, budget, schedule, and quality 
4. Build flexibility into the plan, include allowance for changes and time for reviews and 

approvals 
5. Remember the schedule is the plan for doing the work, and it will never be precisely correct 
6. Keep the plan simple, eliminate irrelevant details that prevent the plan from being readable 
7. Communicate the plan to all parties; any plan is worthless unless it is known 
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RESPONSIBILITIES OF PARTIES 

The principal parties of owner, designer, and contractor all have a responsible role 
in project planning and scheduling. It is erroneous to assume this role is the respon- 
sibility of any one party. Each must develop a schedule for his or her required work 
and that schedule must be communicated and coordinated with the other two par- 
ties, because the work of each affects the work of the others. 

The owner establishes the project completion date, which governs the scheduling 
of work for both the designer and contractor. The owner should also set priorities for 
the components that make up the project. For example, if the project consists of 
three buildings, the relative importance of the buildings should be identified. This 
assists the designer in the process of organizing his or her work and developing the 
design schedule to produce drawings that are most important to the owner. It also 
assists in the development of the specifications and contract documents that com- 
municate priorities to the construction contractor. 

The design organization must develop a design schedule that meets the owner's 
schedule. This schedule should include a prioritization of work in accordance with 
the owner's needs and should be developed with extensive input from all designers 
who will have principal roles in the design process. Too often, a design schedule is 
produced by the principal designer, or the project manager of the design organiza- 
tion, without the involvement of those who will actually do the work. 

The construction contractor must develop a schedule for all construction activi- 
ties in accordance with the contract documents. It should include procurement and 
delivery of materials to the job, coordination of labor and equipment on the job, and 
interface the work of all subcontractors. The objective of the construction schedule 
should be to effectively manage the work to produce the best-quality project for the 
owner. The purpose of construction scheduling should not be to settle disputes re- 
lated to project work, but to manage the project in the most efficient manner. 

For some projects, it may be desirable for one party to maintain the schedule and 
the other parties to participate in monitoring it. Ultimately each one of the parties 
will be responsible for his or her portion of the schedule. Maintaining one common 
schedule as a cooperative effort between parties can reduce problems associated 
with maintaining three separate schedules. 

PLANNING FOR MULTIPLE PROJECTS 

Many project managers are assigned the responsibility of simultaneously managing 
several small projects that have short durations. A small project is usually staffed 
with a few people who perform a limited number of tasks to complete the project. 
For projects of this type, there is a tendency for the project manager to forgo any 
formal planning and scheduling because each project is simple and well defined. 
However, the problem that the project manager has, is not the management of any 
one project at a time; instead, the problem is managing all the projects simultane- 
ously. The task of simultaneously managing multiple small projects can be very dif- 
ficult and frustrating. Thus, the need for good planning and scheduling is just as 
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important for the management of multiple small projects as it is for the management 
of a single large project. 

To manage multiple small projects, the project manager must develop a plan and 
schedule that includes all projects for which he or she is assigned, even though the 
projects may be unrelated. This is necessary because the staffing of small projects re- 
quires assigning individuals to several projects at the same time so they will have a 
full-time work load. Thus, their work on any one project affects the work on other 
projects. For this type of work environment the project manager must develop a plan 
and schedule that interfaces the work of each individual that is working on all the 
projects for which the project manager is responsible. In particular, the plan should 
clearly show how the work of each person progresses from one project to another. 

A large project is commonly assigned to one project manager who has no other 
responsibilities than management of the single project at one time. It is staffed by 
persons who provide the diverse technical expertise that is required to accomplish 
the numerous tasks to complete the project. For projects of this type, the problem of 
the project manager is identifying and interfacing related tasks to ensure the work is 
accomplished in a continuous manner. He or she relies on the input of team mem- 
bers to develop the project plan and schedule. Much of the work of the project man- 
ager involves extensive communications with team members to ensure that work is 
progressing in a continuous and uninterrupted manner. 

Regardless of the project size, large or small, planning and scheduling must be 
done. Perhaps the greatest mistake a project manager can make is to assume that 
planning and scheduling are not required for some reason, such as, he or she is too 
busy, there will be too many changes, or the project is too small. 

TECHNIQUES FOR PLANNING AND SCHEDULING 

The technique used for project scheduling will vary depending upon the project's 
size, complexity, duration, personnel, and owner requirements. The project manager 
must choose a scheduling technique that is simple to use and is easily interpreted by 
all project participants. There are two general methods that are commonly used: the 
bar chart (sometimes called the Gantt chart) and the Critical Path Method (some- 
times called CPM or network analysis system). 

The bar chart, developed by Henry L. Gantt during World War I, is a graphical 
time-scale of the schedule. It is easy to interpret; but it is difficult to update, does not 
show interdependences of activities, and does not integrate costs or resources with 
the schedule. It is an effective technique for overall project scheduling, but has lim- 
ited application for detailed construction work because the many interrelationships 
of activities, which are required for construction work, are not defined. Many proj- 
ect managers prefer the bar chart for scheduling engineering design work because 
of its simplicity, ease of use, and because it does not require extensive interrelation- 
ships of activities. However, it can require significant time for updating since the in- 
terrelationships of activities are not defined. A change in one activity on the bar 
chart will not automatically change subsequent activities. Also, the bar chart does 
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not integrate costs with the schedule, nor does it provide resources, such as labor- 
hours, that are important for management of design. 

Some designers argue that they cannot define the interrelationships between the 
activities that make up a design schedule. They use this argument to support the use 
of a bar chart. They will also argue that resources change constantly on a design 
project, resulting in a schedule that is too difficult to maintain. Either of these situ- 
ations may occur at times on some projects. However, if these situations exist 
on every project, it is likely that the projects are not well planned, managed, or 
controlled. 

The Critical Path Method (CPM) was developed in 1956 by the DuPont Com- 
pany, with Rernington Rand as consultants, as a deterministic approach to schedul- 
ing. The CPM method is commonly used in the engineering and construction 
industry. A similar method, Program Evaluation and Review Technique (PERT), 
was developed in 1957 by the U.S. Navy, with Booz, AIIen, & Hamilton Manage- 
ment consultants, as a probabilistic approach to scheduling. It is more commonly 
used by the manufacturing industry; however, it can be used for risk assessment of 
highly uncertain projects. Both methods are often referred to as a network analysis 
system. The CPM provides interrelationships of activities and scheduling of costs 
and resources. It also is an effective technique for overall project scheduling and de- 
tailed scheduling of construction. However, it does have some limitations when ap- 
plied to detailed engineering design work during the early stages of a project 
because it requires an extensive description of the interrelationships of activities. 

Although the CPM technique requires more effort than a bar chart, it provides 
more detailed information that is required for effective project management. Using 
a network schedule to plan a project forces the project team to break a project down 
into identifiable tasks and to relate the tasks to each other in a logical sequence in 
much greater detail than a bar chart. This up-front planning and scheduling helps the 
project team to identify conflicts in resources before they occur. The project man- 
ager must use his or her own judgement and select the method of scheduling that 
best defines the work to be done and that communicates project requirements to all 
participants. 

NETWORK ANALYSIS SYSTEMS 

A network analysis system (NAS) provides a comprehensive method for project 
planning, scheduling, and controlling. NAS is a general title for the technique of 
defining and coordinating work by a graphical diagram that shows work activities 
and the interdependences of activities. Many books and articles have been written 
that describe the procedures and applications of this technique. It is not the purpose 
of this book to present the details of network methods because so much material has 
already been written. The following paragraphs and figures present the basic funda- 
mentals of NAS to guide the project manager in the development of the project plan 
and schedule. The basic definitions shown in Figure 8-1 are presented to clarify the 
following paragraphs because there are variations in terminology used in network 
analyses. 
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Activity -The performance of a task required to complete the project, such as, design 
of foundations, review of design, procure steel contracts, or form concrete 
columns. An activity requires time, cost, or both time and cost. 

Network - A diagram to represent the relationship of activities to complete the project. 
The network may be drawn as either an "arrow diagram" or a "precedence 
diagram." 

Arrow Diagram Precedence Diagram 

Duration (D) -The estimated time required to perform an activity. The time should include 
all resources that are assigned to the activity. 

Early Start (ES) -The earliest time an activity can be started. 

Early Finish (EF) -The earliest time an activity can be finished and is equal to the early start 
plus the duration. 

EF = ES + D 

Late Finish (LF) -The latest time an activity can be finished. 

Late Start( (LS) -The latest time an activity can be started without delaying the completion 
date of the project. 

LS = LF - D 

Total Float (TF) -The amount of time an activity may be delayed without delaying the comple- 
tion date of the project. 

TF = LF - EF = LS - ES 

Free Float (FF) -The amount of time an activity may be delayed without delaying the early 
start time of the immediately following activity. 
FFi = ESj - EF,, where the subscript i represents the preceding activity and 
the subscript j represents the following activity. 

Critical Path - A series of interconnected activities through the network diagram, with each 
activity having zero, free and total float time. The critical path determines the 
minimum time to complete the project. 

Dummy Activity -An activity (represented by a dotted line on the arrow network diagram) that 
indicates that any activity following the dummy cannot be started until the 
activity or activities preceding the dummy are completed. The dummy does 
not require any time. 

FIGURE 8-1 
Basic Definitions for CPM. 

For project management the CPM is the most commonly used NAS method. The 
concept is simple, the computations only require basic arithmetic; and a large num- 
ber of computer programs are available to automate the work required of CPM 
scheduling. The most difficult task in the use of CPM is identifying and interfacing 
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the numerous activities that are required to complete a project, that is, development 
of the CPM network diagram. If a well-defined WBS is developed first, the task of 
developing a CPM diagram is greatly simplified. 

There are two basic methods of drawing CPM diagrams: the arrow diagram 
(sometimes called activity on arrow) and the precedence diagram (sometimes called 
activity on node). Although both methods achieve the same results, most project 
managers prefer the precedence method because it does not require the use of 
dummy activities. The precedence method can also provide the start-to-start, finish- 
to-finish, start-to-finish, and finish-to-start relationship of activities, which can sig- 
nificantly reduce the number of activities that are required in a network diagram. 
However, many individuals prefer to not use these relationships because of poten- 
tial confusion in the network scheduling. 

Figure 8-2 is a simple precedence diagram that is presented to illustrate the time 
computations for analysis of a project schedule by the CPM. Each activity is de- 
scribed by a single letter. The number at the top of the activity is the assigned activ- 
ity number, and the number at the bottom of each activity represents the duration in 
working days. A legend is shown in the lower left hand corner to define the start and 
finish days. All calculations for starts and finishes are based on end-of-day. 

FIGURE 8-2 
Time Computations for Simple Precedence Diagram. 

9 2 1 2  1 2 5 1 6  1 6 8 2 3  2 3 1 1 2 9  

Act. H Act. K 

2 7 1 9  1 9 6 2  

9 15 36 36 17 41 
Act. 0 

1 8 2 9  2 9 7 3  

0 13 32 32 16 36 
Act. M Act. P 

LEGEND: 
Act. N 

21 6 27 
Backward Pass: LS = LF - D 

LS No. LF 

ES D EF 

Fonvard Pass: EF = ES + D 
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After the CPM diagram has been prepared, the duration of each activity can be 
assigned and the forward-pass calculations performed to calculate the early start and 
early finish of each activity. The largest early finish of all preceding activities de- 
fines the early start of all following activities. For example, activity H cannot be 
started until activities E and F are both completed. Since the largest early finish of 
the two preceding activities is 12, the early start for activity H is 12. The forward- 
pass calculations are performed on all activities from the first activity A to the last 
activity Q. The early finish of the last activity defines the project completion, which 
is 41 days for this particular project. This project duration is a calculated value 
based upon the duration and interdependences of all activities in the project. 

A backward pass can be performed to calculate the late start and late finish of 
each activity. The smallest late start of all following activities defines the late finish 
of all preceding activities. For example activities H and I cannot both be started un- 
til activity F is completed. Since the smallest early start of the two following activ- 
ities is 16, the late finish for F is 16. The backward-pass calculations are performed 
on all activities from the last activity Q to the first activity A. 

The difference between starts and finishes determines the amount of free and to- 
tal float. For example, the total float for activity M is 9 days, the difference between 
its late start (30) and early start (21). The free float for activity M is 4 days, the dif- 
ference between its early finish (23) and the early start (27) of the immediately fol- 
lowing activity P. 

The critical path, as noted by the double line on Figure 8-2, is defined by the se- 
ries of interconnected activities that have zero total float. Since these activities have 
no float time available, any delay in their completion will delay the completion date 
of the project. Therefore, they are called critical activities. 

Table 8-3 lists the basic steps to guide the process of developing a CPM diagram 
for project planning and scheduling. It is not always possible to complete a step 
without some readjustments. For example, the CPM diagram of step 2 may need 
readjusting after evaluation of the time and resources of steps 4 and 5. Some activ- 
ities that were originally planned in a series may need to occur in parallel to meet a 
time requirement. Each project manager and his or her team must work together to 
develop a project plan and schedule that achieve the required project completion 
date with the resources that are available. 

DEVELOPMENT OF CPM DIAGRAM FROM THE WBS 

Table 8-3 provided the list of basic steps that can be used to guide the process of de- 
veloping a network analysis system for project planning and scheduling. The devel- 
opment of the WBS is an important first step that is often neglected. Attempting to 
draw the CPM diagram without a WBS usually leads to numerous revisions to the 
diagram. 

Figure 8-3 is an example of a WBS for the design of a service facility project that 
consists of two buildings, site-work, and on-site utilities. A discussion of a typical 
owner's study for this type of project was presented in Chapter 3. To handle this 
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TABLE 8-3 
STEPS IN PLANNING AND SCHEDULING 

1. Develop a work breakdown structure (WBS) that identifies work items (activities) 
a. Consider activities that require time 
b. Consider activities that require cost 
c. Consider activities that you need to arrange 
d. Consider activities that you want to monitor 

I 2. Prepare a drawing (network diagram) that shows each activity in the order it must be per- 
formed to complete the project 

a. Consider which activities immediately precede each activity 
b. Consider which activities immediately follow each activity 
c. The interrelationship of activities is a combination of how the work must be done 

(constraints) and how you want the work to be done 

3. Determine the time, cost, and resources required to complete each activity 
a. Review work packages of the WBS 
b. Obtain input from project team members 

4. Compute the schedule to determine start, finish, and float times 
a. Perform a forward pass to determine early starts and finishes 
b. Perform a backward pass to determine late starts and finishes 
c. Determine the differences between start and finish times to determine float time and 

critical activities 

5. Analyze costs and resources for the project 
a. Compute the cost per day for each activity and for the entire project 
b. Compute the labor-hours per day andlor other resources that are required to com- 

plete the project 

6. Communicate the results of the plan and schedule 
a. Display time schedule for activities 
b. Display cost schedule for activities 
c. Display schedule for other resources 

project the contracting strategy is to use in-house personnel to design the on- 
site utilities, site-work, and the industrial maintenance building (denoted as Build- 
ing A). This is commonly called performing work by the force-account method. 
A contract is assigned to an outside design organization for design of the commer- 
cial building (denoted as Building B), which is to be used as an employee's office 
building. 

The WBS identifies the tasks and activities that must be performed, but does not 
provide the order in which they must occur. The CPM network diagram is prepared 
to show the sequencing and interdependences of the activities in the WBS. The di- 
agram can be prepared by traditional drafting techniques or it can be prepared using 
the computer. The development on a computer can use either a computer aided 
drafting and design (CADD) program, or a software package that is specifically 
written for CPM scheduling. 
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Regardless of the method that is used, the initial logic of the diagram must be 
arranged by the person who is developing the diagram. In simple terms, a person 
must tell a draftsman, or the computer, how to draw the diagram. An efficient way 
to accomplish this task is to record each activity on a 3 X 5 index card and to use a 
tack to post all activities on a bulletin board or office wall. The activities can then 
be easily rearranged and reviewed by key participants before development of the 
formal diagram. 

Figure 8-4 is a CPM diagram that was developed from the WBS shown in Figure 
8-3. Note that each activity on the CPM is derived from the work tasks that are 
shown on the WBS. Thus, the project manager plans the project around the work to 
be performed, which has been defined by the people who will perform the work. 
Activities that are related are grouped together and arranged in the order they are to 
be performed. For example, the architectural floor plans are developed before the 
structural, mechanical, and electrical designs. A careful planning of the interface of 
activities at the start of the project is necessary for successful management of a 
project. 

The purpose of CPM is to plan the work to guide the progress of a project and 
provide a baseline for project control. Chapter 9 discusses linking the WBS to the 
CPM for project control by expanding Figures 8-3 and 8-4 to include procurement 
and construction activities. 

ASSIGNING REALISTIC DURATIONS 

The CPM network diagram defines the activities, and sequencing of activities, to be 
performed to accomplish the project; however, the anticipated time that is required 
to complete each activity must be determined in order to schedule the entire project. 
The durations that are assigned to activities are important because the critical path, 
timing of activities, distribution of costs, and utilization of resources are all a func- 
tion of activity durations. 

The assignment of the duration that is required to accomplish an activity will 
vary depending on many factors: quantity and quality of work, number of people 
andlor equipment that is assigned to the activity, level of worker skills, availability 
of equipment, work environment, effectiveness of supervision of the work, and 
other conditions. Although these variations exist, a special effort must be made to 
determine a realistic duration for each activity because the duration that is assigned 
to activities in a CPM network diagram has a large impact on the schedule and over- 
all management of a project. 

Many activities in a project are routine in nature, which enables a reasonably ac- 
curate determination of the probable time of completion. For these types of activi- 
ties the duration can be determined by dividing the total quantity of work by the 
production rate, which is a function of the number of individuals that are assigned 
to the activity. A common mistake that is made by many people is to calculate the 
time to accomplish an activity assuming a continuous flow of uninterrupted work. 
However, all work is subject to delays, interruptions, or other events that can impact 
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time. Thus, a reasonable amount of time (allowance) must be added to the calcu- 
lated time to determine a realistic duration for each activity. 

Generally, the duration of an activity can be determined by one of three methods; 
by analyzing historical records from previously completed projects, by referencing 
commercially available manuals that provide costs and production rates for various 
types of work, or from the experience and judgement of the person who will be per- 
forming the work. It is often desirable to determine the probable duration by several 
methods so the results can be compared to detect any significant variations that may 
occur. 

The schedule for the design work is the total time to produce the final drawings, 
including the overlap of design calculations and design drafting. As previously dis- 
cussed most engineers prefer a bar chart for scheduling individual design tasks. 
However, for project control the individual bar charts must be developed into activ- 
ities on the CPM diagram to develop the total project schedule. The start and finish 
of each activity of the CPM engineering design schedule is a composite of all tasks 
of the work package. The following illustrates the evaluation of overlapping tasks 
of the work package to determine the duration of an activity on the CPM diagram. 

Tasks of Work Package Duration 
Project Engineering 5 days 
Structural Design 16 days 
CADD Operator 9 days 
Total Design Days 30 days 

Project Engineering 
Structural Design 

CADD Operator 

COMPUTER APPLICATIONS 

The CPM network diagram, by itself, identifies the sequencing of activities but does 
not provide the scheduled start and finish dates, the distribution of costs, or the al- 
location of resources. This information can easily be determined by assigning the 
duration, cost, and resources that are required of each activity. 

There are many CPM computer programs available to perform the numerous cal- 
culations necessary to determine the scheduled time, cost, and resources of activi- 
ties. Although the number, type, and format of the computer-generated output 
reports vary widely, depending on the software, the basic input data required for 
each is the same information. The information required for the input data consists of 
activity number, description, duration, cost, and resources, such as, labor-hours. The 
sequencing, or interrelationship of activities, is defined by the CPM network dia- 
gram. The input data are the same information that is compiled during preparation 
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of the design work packages for the WBS, or during preparation of the estimate for 
a project by the construction contractor. Thus, the computer application of CPM is 
appropriate for both the design and construction phase of a project. 

The information that must be assembled for a CPM computer analysis is illus- 
trated in Figures 8-5 and 8-6. Figure 8-5 is a simple CPM precedence network dia- 
gram for a sewer and water lines construction project. Construction activities are 
selected for this illustrative example because they are easily recognizable by most 
readers. Each activity in Figure 8-5 is shown with its time and cost information. Re- 
sources are excluded for simplicity of this presentation and are discussed in the fol- 
lowing section. A hand analysis of starts and finishes is shown in Figure 8-5 to 
illustrate the calculations and to relate them to the computer output reports dis- 
cussed in the following paragraphs. The times that are shown on the diagram all rep- 
resent end-of-day. A listing of the computer input data for this project is shown in 
Figure 8-6. 

For this project, two surveying crews are available, which allows Activities 130 
and 140 to occur simultaneously. Only one trenching machine is available; therefore 
trenching work for Water Line A, Activity 170, is planned before trenching of Wa- 
ter Line B, Activity 190. Other similar constraints are shown in the network to il- 
lustrate that planning must be done before project scheduling can be accomplished. 

The input data required for a computer scheduling analysis are shown in Figure 
8-6. The first part of the input data defines information related to each activity. The 
second part defines the order in which the activities are performed, that is, the se- 
quencing or interfacing of activities. The project title is shown above the activity 
list, and the project start date is shown at the end of the sequence list. 

Figure 8-7 shows the activity schedule report for the project that is typically 
available from a CPM computer program. Both calendar and work days are shown. 
Start dates represent beginning of the day while finish dates represent end of the 
day. The free and total floats are shown for each activity. The letter "C" at the left of 
an activity denotes it is a critical activity; that is, it has zero total and free float. 

SCHEDULE CODING SYSTEM 

One of the advantages of CPM scheduling by computer methods is the ability to sort 
specific activities from the complete list of activities for the project. For example, 
the project manager may only want information about sewer activities, the time re- 
quired for trenching equipment, or the assignment of the surveying crew. The sort- 
ing of these activities can easily be accomplished by a coding system. 

Table 8-4 is a simple 4-digit coding system to illustrate sorting capabilities for 
the sewer and water lines project that is shown in Figure 8-5. All activities related 
to the sewer line are represented by the number "1" in the first digit. Water line ac- 
tivities are represented by the number "2." The second code digit represents the 
type of work, such as, surveying, forming manholes, trenching, laying pipe, and 
backfilling. Thus, a 4-digit code is assigned to each activity in the project. For ex- 
ample, the code for activity number 180 is 2410. This code indicates that the ac- 
tivity pertains to water line, laying pipe, and line A. The 4-digit code number for 
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** INPUT DETAILS ** 
. . . . . . . . . . . . . . . . . . . . .  

PROJECT: SEWER & WATER LINE 

ACTIVITY LIST: 
NUMBER CODE DESCRIPTION DURATION 
........................................................... 

1 0  5000 MOVE ON SITE 3 
2 0  1 1 0 0  SURVEY SEWER LINES 4 
3 0  1 2 0 0  EXCAVATE FOR MANHOLES 3 
4 0  1 2 0 0  INSTALL MANHOLE FORMWORK 5 
50  1200 PLACE CONCRETE MANHOLES 5 
60 1300 TRENCH SEWER LINE 1 0  
7 0  1200 STRIP MANHOLE FORMWORK 2 
80 1400 LAY SEWER PIPE 1 5  
90  1 2 0 0  INSPECT MANHOLES 1 

1 0 0  1 3 0 0  REMOVE TRENCHING EQUIPMENT 2 
1 1 0  1 5 0 0  BACKFILL SEWER TRENCH 6 
1 2 0  5000 SEWER LINE COMPLETE 0 
1 3 0  2110 SURVEY WATER LINE A 6 
1 4 0  2120 SURVEY WATER LINE B 5 
1 5 0  3000 UNDERGROUND ELECTRICAL 5 
1 6 0  4000 DRILL WATER WELL 1 2  
1 7 0  2310 TRENCH WATER LINE A 9 
1 8 0  2410 LAY PIPE FOR WATER LINE A 7 
1 9 0  2320 TRENCH WATER LINE B 1 6  
200 2510 BACKFILL WATER LINE A 2 
210 2420 LAY PIPE FOR WATER LINE B 1 4  
2 2 0  2520 BACKFILL WATER LINE B 3 
230 3000 INSTALL WATER METERS 1 
240 4000 SETWATERPUMP 2 
250 5000 PROJECT COMPLETE 0 

SEQUENCE OF ACTIVITIES: 
FROM TO 

- - - - - - - - - - - - 
1 0  2 0  
2  0  3 0  
3 0  4 0  
4  0  50  
4  0  6  0  
5  0  7 0  
6  0  8  0  
7 0  9  0  
8  0  90  
8  0  1 1 0  
80 1 0 0  
90  12  0  

1 0 0  1 2 0  
1 1 0  1 2 0  
1 2 0  1 3 0  
1 2 0  1 6 0  
1 2 0  1 5 0  
1 2 0  1 4 0  
1 3 0  1 7 0  
1 4 0  1 9 0  
1 5 0  2 3 0  
1 6 0  2 4 0  
1 7 0  1 8 0  
1 7 0  1 9 0  
1 8 0  200 
1 8 0  210 
1 9 0  210 
200 220 
210 2 2 0  
220 2 5 0  
230 2 5 0  
240 2 5 0  

PROJECT START DATE: APRIL 1, 2002 
FIVE-DAY WORK WEEK 

NO ASSIGNED HOLIDAYS 

FIGURE 8-6 
Computer Input Data File for Sewer and Water Lines Project. 

COST ASSIGNED START 
...................... 

1400.  
2700.  
3500. 
6000. 
4700.  

1 2 6 0 0 .  
2 1 0 0 .  

1 1 2 5 0 .  
800. 

1400.  
3600. 
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............................ 
" ACTIVITY SCHEDULE " ............................ 

PROJECT: SEWER AND WATER LINES 
SCHEDULE FOR ALL ACTIVITIES 

'. PAGE 1 " 
ACTIVITY SCHEDULE 

ACTIVITY ACTIVITY D m -  EARLY EARLY LATE LATE TOTAL FREE 
NUMBER DESCRIFTION TION START FINISH START FINISH FLOAT FLOAT ....................................................................................................................... 

C 10 MOVE ON SITE 3 1APR2002 3APR2002 1APR2002 3APR2002 0 0 
1 3 1 3 

C 20 SURVEY SNIER LINES 4 4APR2002 9APR2002 4APR2002 9APR2002 0 0 
4 7 4 7 

C 30 EXCAVATE FOR MANHOLES 3 lOAPR2002 12APR2002 10APR2002 12APR2002 0 0 
8 10 8 10 

C 40 INSTALL MANHOLE FORMWORK 5 15APR2002 19APR2002 15APR2002 19APR2002 0 0 
11 15 11 15 

50 PLACE CONCRETE MANHOLES 5 22APR2002 26APR2002 23MAY2002 29MAY2002 23 0 
16 20 39 43 

C 60 TRENCH SEWER LINE 10 22APR2002 3MAY2002 22APR2002 3MAY2002 0 0 
16 25 16 25 

70 STRIP MANHOLE FORMWORK 2 29APR2002 30APR2002 30MAY2002 31MAY2002 23 18 

C 80 

90 

100 

C 110 

C EVENT 120 

C 130 

140 

150 

160 

LAY SEWER PIPE 

INSPECT MANHOLES 

REMOVE TRENCHING EQUIPMENT 

BACKFILL S m R  TRENCH 

SEWER LINE COMPLETE 

SURVEY WATER LINE A 

SURVEY WATER LINE B 

UNDERGROUND ELECTRICAL 

DRILL WATER WELL 
47 58 81 92 

230 INSTALL WATER METERS 1 llJW2002 llJUN2002 8AUG2002 8AUG2002 42 42 
52 52 94 94 

C 170 TRENCH WATER LINE A 9 12JUN2002 24JUN2002 12JUN2002 24JUN2002 0 0 
53 61 53 61 

240 SET WATER PUHP 2 20JUN2002 21JIM2002 7AUG2002 8AUG2002 34 34 
'19 6n 93 94 -. 

180 LAY PIPE FOR WATER LINE A 7 25JUN2002 3JUL2002 8JUI.2002 16JUL2002 9 9 
62 68 71 77 

C 190 TRENCH WATER LINE B 16 25JUN2002 16JUL2002 25JUN2002 16JUL2002 0 0 
62 77 62 77 

200 BACKFILL WATER LINE A 2 4JUL2002 5JUL2002 2AUG2002 5AUG2002 21 21 
69 70 90 91 

C 210 LAY PIPE FOR WATER LINE B 14 17JUL2002 5AUG2002 17JUL2002 5AUG2002 0 0 
78 91 78 91 

C 220 BACKFILL WATER LINE B 3 6AUG2002 8AUG2002 6AUG2002 8AUG2002 0 0 
92 94 92 94 

C EVENT 250 PROJECT COMPLETE 0 8AUG2002 8AUG2002 8AUG2002 8AUG2002 0 0 
94 94 94 94 

FIGURE 8-7 
Computer-Generated Activity Schedule for Sewer and Water Lines Project. 

each activity in the sewer and water lines project is shown in the activity list of 
Figure 8-6. 

The coding system provides numerous options for selection of activities by the 
project manager. For example, all sewer line activities can be sorted from the com- 
plete list of project activities by selecting those activities that have a "1" in the first 
digit. A schedule report for these activities is shown in Figure 8-8. A project man- 
ager may also print a bar chart for these activities as shown in Figure 8-9. A coding 
system provides a means of obtaining many other reports. For example, a sort of all 
activities related to trenching and laying pipe can be obtained by selecting activities 
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TABLE 8-4 
CODING SYSTEM FOR SEWER AND WATER LINES PROJECT 

Code Number X X X X 

Code Digit I Code Digit 2 Code Digit 3 Code Digit 4 

0 -Unassigned 
1 - Sewer Line 
2 - Water Lines 
3 -Water Meter 
4 -Water Pump 
5 -Milestones 
6 -Unassigned 
7 -Unassigned 
8 -Unassigned 
9 -Unassigned 

0 -Unassigned 
1 - Surveying 
2 -Manholes 
3 -Trenching 
4 -Laying Pipe 
5 - Backfii 
6 - Unassigned 
7 -Unassigned 
8 -Unassigned 
9 -Unassigned 

0 -Unassigned 
1 - L i e A  
2 - Line B 
3 - Unassigned 
4 -Unassigned 
5 - Unassigned 
6 - Unassigned 
7 -Unassigned 
8 - Unassigned 
9 - Unassigned 

0 - Unassigned 
1 - Unassigned 
2 - Unassigned 
3 - Unassigned 
4 - Unassigned 
5 - Unassigned 
6 - Unassigned 
7 -Unassigned 
8 -Unassigned 
9 - Unassigned 

that have a second code digit number that is greater than "2" and less than "5" (ref- 
erence Table 8-4). 

COST DISTRIBUTION 

The distribution of costs, with respect to time, must be known to successfully man- 
age a project. In the preceding sections the scheduled early and late starts, and fin- 
ishes, were calculated based on the duration and sequencing of activities. A cost 
analysis can also be performed by assigning the cost that is anticipated to complete 
each activity. The cost of an activity may be distributed over the duration of the ac- 
tivity; however, the activity may be performed over a range of time, starting from 
the early to late start and ending from the early to late finish. 

Because activities can occur over a range of time, a cost analysis must be per- 
formed based on activities starting on an early start, late start, and target schedule. 
The target schedule is the midpoint between the early start and late start. Table 8-5 
illustrates the early start cost analysis calculations for the sewer and water lines 
project shown in Figure 8-5. For each day in the project, the cost per day of each ac- 
tivity that is in progress is summed to obtain the total cost of the project for that day. . 
Cumulative project costs are divided by the total project cost of $147,500 to obtain 
the percentage cost for each day. The percentage time for each day is calculated by 
dividing the number of the working days by the total project duration of 94 days. 
Similar calculations can be performed for activities starting on a late start schedule 
and target schedule. 

Although the calculations for a cost analysis are simple, many are required, as il- 
lustrated by the small sewer and water lines project that has only 25 activities and a 
94-day project duration. A small microcomputer can perform all the calculations for 
cost analysis of a project with several hundred activities in less than two seconds. 
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" ACTIVITY SCHEDULE * *  
*t***************tt*.*t***** 

PROJECT: SEWER AND WATER LINES 
SCHEDULE FOR SEWER LINE ACTIVITIES ONLY 

'* PAGE 1 ** 
ACTIVITY SCHEDULE 

ACTIVITY ACTIVITY 
NUMBER DESCRIPTION 

DURA- EARLY EARLY LATE LATE TOTAL FREE 
TION START FINISH START FINISH FLOAT FLOAT 

C 20 SURVEY SEWER LINES 4 4APR2002 9APR2002 4APR2002 9APR2002 0 0 
4 7 4 7 

C 30 EXCAVATE FOR MANHOLES 3 10APR2002 12APR2002 10APR2002 12APR2002 0 0 
8 10 8 10 

C 40 INSTALLMANHOLEFORMWORK 5 15APR2002 19APR2002 15APR2002 19APR2002 0 0 
11 15 11 15 

50 PLACE CONCRETE MANHOLES 5 22APR2002 26APR2002 23MAY2002 29MAY2002 23 0 
16 2 0 3 9 43 

C 60 TRENCH SEWER LINE 10 22APR2002 3MAY2002 22APR2002 3MAY2002 0 0 
16 2 5 16 25 

70 STRIP MANHOLE FORMWORK 2 29APR2002 30APR2002 30MAY2002 31MAY2002 23 18 
2 1 22 44 45 

C 80 LAY SEWER PIPE 15 6MAY2002 24MAY2002 6MAY2002 24MAY2002 0 0 
2 6 40 2 6 40 

90 INSPECT MANHOLES 1 27MAY2002 27MAY2002 3JUN2002 3JUN2002 5 5 
41 4 1 46 4 6 

100 REMOVE TRENCHING EQUIPMENT 2 27MAY2002 28MAY2002 31MAY2002 3JUN2002 4 4 
41 42 45 4 6 

C 110 BACKFILL SEWER TRENCH 6 27MAY2002 3JUN2002 27MAY2002 3JUN2002 0 0 
41 4 6 41 46 

*r********************t*.**.*"******t*t*****..*** END OF SCHEDULE ............................................. 

FIGURE 8-8 
Computer Printout of Sewer Line Activities Only (Sort of Activities List by Code Digit #I Equal to One). 
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*+ BAR CHART ** 
.. . . . . . . . . . . . . . . . . . .  

PROJECT: SEWER AND WATER LINES 
SCHEDULE FOR SEWER LINE ACTIVITIES ONLY 

* *  PAGE 1 " 
BAR CHART 

1 10 2 0 3 0 4 0 50 60 

ACTIVITY DESCRIPTION DURATION 1APR2002 12APR2002 26APR2002 10MAY2002 24MAY2002 7JUN2002 21JUN2002 
+ .........+.........+.........+.........+.........+......... + 

C 20 SURVEY SEWER LINES 4 *XXX . . . . . . . . . . . . .  
C 30 EXCAVATE FOR MANHOLES 3 *XX . . . . . . . . . . . .  
C 40 INSTALL MANHOLE FORMWORK 5 "XXXX . . . . . . . . . . . . .  

50 PLACE CONCRETE MANHOLES 5 Xxxxx------------------*---- 
. . . . . . . . . . . . .  

C 60 TRENCH SEWER LINE 10 *XXXXXXXXX . . . . . . . . . . . . .  
70 STRIP MANHOLE FORMWORK 2 xx---------------------*- 

. . . . . . . . . . . . .  
C 80 LAY SEWER PIPE 15 'XXXXXXXXXXXXXX 

. . . . . . . . . . . . .  
90 INSPECT MANHOLES 1 x----* 

. . . . . . . . . . . . .  
100 REMOVE TRENCHING EQUIPMENT 2 xx--*- 

. . . . . . . . . . . . .  
C 110 BACKFILL SEWER TRENCH 6 *XXXXX . . . . . . . . . . . . .  

WORK DAYS 1 10 2 0 3 0 40 50 60 
CALENDAR DATES 1APR2002 12APR2002 26APR2002 10MAY2002 24MAY2002 7JUN2002 21JUN2002 

FIGURE 8-9 
Computer-Generated Bar Chart for Sewer Line Activities Only. 
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TABLE 8-5 
CALCULATIONS FOR PROJECT COSTS PER DAY ON AN EARLY START BASIS 
TOTAL PROJECT DURATION = 94 WORKING DAYS 
TOTAL PROJECT COST = $147,500.00 

Activities In progress 
Project 

costlday 

Cumulative 
project 
cost % Cost 

Act. 10 
I S  I, 

I, ,I 

Act. 20 
11 81 

8 ,  9, 

,. ,, 

Act. 30 
9 ,  0, 

u ,  9, 

Act. 40 
8 ,  ,, 
,, ,, 
99 ,, 
,, 9 ,  

Act. 50 
Act. 60 

9 ,  8 ,  

,, 3, 

,, ,, 
11 11 

Act. 60 
Act. 70 

Figure 8-10 is a computer printout of the daily distribution of costs for the calcu- 
lations illustrated in Table 8-5. A similar analysis can be performed for other re- 
sources, such as labor and equipment. For example, a daily distribution of 
labor-hours, similar to Figure 8-10, can be used to detect periods of time when the 
need for labor is high or low. The project manager and his or her team can detect 
this problem early and appropriately adjust the project plan or acquire additional 
personnel if needed and available. 

A tabular format of the distribution of costs on an early start, late start, and target 
basis is presented in Figure 8-1 1. The target scheduled costs are average values be- 
tween the early and late start schedules. The right hand two columns of Figure 8-1 1 
show the percentage-cost and percentage-time values for the target schedule. As 
shown in the figure there is a non-linear relationship between the time and cost for 
a project. 

The cumulative cost graph for a project is commonly called the S-curve, because 
it resembles the shape of the letter "S." The early, late, and target cumulative distri- 
bution of costs can be superimposed onto one graph to form the envelope of time 
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FIGURE 8-10 
Computer Printout of Daily Distribution of Costs for Sewer and Water Lines Project. 
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FIGURE 8-11 
Computer Printout of Daily Costs for All Activities of Sewer and Water Lines Project. 

over which costs may be distributed for the project (reference Figure 8-12). This 
graph links two of the basic elements of a project, time and cost. The third element, 
accomplished work, must also be linked to time and cost. Chapter 9 discusses link- 
ing accomplished work to the S-curve. 

The type of reports presented in this section are typical examples of the reports 
that can be obtained from the many computer software programs that are available. 
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FIGURE 8-12 
lllustrat~ve S-Curve for Cumulative Cost Curve on an Early Start, Late Start, and Target Basis. 

The only input data that a project manager must prepare, to obtain the described 
analyses, are shown in Figure 8-6. 

RESOURCE ALLOCATIONS FOR DESIGN 

Efficient utilization of resources is critical to successful management. The primary 
resource during design is the work-hours of the design team. The project manager 
depends on the design team to create design alternatives, produce drawings, and 
write specifications for the proposed project. To properly coordinate all aspects of 
the design effort, the project manager must ensure the correct expertise is available 
when needed. Ge'nerally, design team members are assigned to the project by their 
respective home departments. Since each designer is often involved in several proj- 
ects at the same time, the project manager must develop a resource allocation plan 
for each project. The plan should then be distributed to each design team member's 
home department to ensure that each resource will be available when needed. 

The project manager can resource load the project plan to include the number of 
work-hours required for each design discipline. The resource plan is similar to the 
cost distribution analysis presented earlier in this chapter, except work-hours are 
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used in place of dollars of cost. Thus, the resource plan is simply a histogram of 
work-hours versus time for each design discipline. The project manager should pro- 
vide the resource plan for each project to the design team's manager. The design 
managers can then integrate the resource plans of all active projects into their de- 
partment's demand for technical expertise. This is necessary to ensure adequate re- 
sources are available for the projects when required. 

RESOURCE ALLOCATIONS FOR CONSTRUCTION 

During the construction phase, the primary resources are labor, materials, and 
equipment. The correct quantity and quality of material must be ordered and deliv- 
ered to the job-site at the right time to ensure efficiency of labor. Equipment to be 
installed in the project often requires a long lead time from the fabricator. Thus, the 
project plan should include material and equipment required by the construction 
work force. 

Labor represents a major cost of construction. The labor force on the job operates 
construction equipment and installs the materials. A resource allocation plan is re- 
quired to ensure high efficiency and productivity during construction. The project 
manager can resource load the project plan to include the number of work-hours re- 
quired for each craft of construction labor. The resource plan is a histogram of 
work-hours versus time, similar to the cost distribution analysis presented earlier in 
the chapter. 

The construction plan shows the desired sequence of work. However, to be work- 
able, the plan must also show the distribution of resources, such as the required la- 
bor for each craft on the job The demand for labor should be uniformly distributed 
for each craft on the project, to prevent irregularities. The resource plan can be used 
as a tool to ensure a relatively uniform distribution of labor on the project. Figure 
8-13 is a simple bar chart for a project, showing each work activity, number of 
crews, and number of people in the crew for all labor in the project. The lower por- 
tion of Figure 8-13 shows irregularity in the distribution of workers per day during 
the middle of the project. 

Figure 8-14 illustrates the same project as Figure 8-13, except Activity F is 
started one day later and Activity H is started two days earlier. The lower portion of 
Figure 8-14 shows a relative uniform distribution of labor by making these two mi- 
nor adjustments in the project plan. A similar analysis can be made for each craft of 
labor to ensure uniform distribution of workers on the project. A resource allocation 
for a particular craft typically has a flat appearance on the graph, whereas a resource 
allocation for all crafts typically has a bell-shaped graph as shown in Figure 8-14. 

PROGRAM EVALUATION AND REVIEW TECHNIQUE (PERT) 

In the Critical Path Method of scheduling projects, the duration of each activity is 
usually defined with a reasonable degree of certainty. For most projects the type and 
amount of work is known, which enables the project manager to establish the 
approximate duration for each work activity. For example, the time to produce 



drawings may be four weeks, the time to perform a soil investigation to gather and 
test soil samples may be two weeks, or the time to erect forms for concrete may be 
three days. Using the CPM, the assignment of one duration to each activity provides 
a deterministic process for the start and finish dates of each activity and a single fin- 
ish date for the entire project. 

For some projects it may be difficult to estimate a reasonable single duration for 
one or more of the activities in the project schedule. There may be a range of dura- 
tions that may apply to a particular activity, which makes it difficult to select just 
one duration to assign to the activity. The Program Evaluation and Review Tech- 
nique (PERT) method of scheduling uses three durations for each activity and the 
fundamental statistics to determine the probability of a project finishing earlier or 
later than expected. Although the PERT method is not used extensively in engi- 
neering and construction projects, it provides valuable information for assessing the 
risks of a schedule slippage of a project. 

The PERT method uses an arrow network diagram to show the logical sequence 
of activities in a project, whereas the CPM uses a precedence diagram as discussed 
in preceding sections of this book. In a PERT diagram, activities are represented by 
arrows with circles at each end of the arrow. The circles are called events that rep- 
resent an instant in time. The circle at the beginning of the activity represents the 
start of an activity, and the circle at the end of the arrow represents the finish of the 
activity. 

The major difference between the PERT method and CPM is the estimation of 
durations of activities. PERT is applicable for projects where there is a high degree 
of uncertainty about how long any given activity will take to complete, where even 
the most experienced manager can give only an educated guess of the estimated 
time, and that guess is subject to a wide margin of error. Using PERT there are three 
durations that are assigned to each activity: 

a = optimistic time 

b = pessimistic time 

m = most likely time 

The optimistic time is the shortest possible time in which the activity could pos- 
sibly be completed, assuming that everything goes well. There is only a very small 
chance of completing the activity in less than this time. The pessimistic time is the 
longest time the activity could ever require, assuming that everything goes poorly. 
There is only a very small chance of expecting this activity to exceed this time. The 
most likely time is the time the activity could be accomplished if it could be re- 
peated many times under exactly the same conditions. It is the time that it would 
take more often than any other time. The most likely time is the time the manager 
would probably give if asked for a single time estimate. It is important to note that 
the optimistic time and the pessimistic time may not deviate the same amount from 
the most likely time. In simple mathematical terms, a and b may not be symmetri- 
cal about m. 
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Activity Duration Numbers Workers Work Day of Project 
Number in Days of Crews in Crew 1 2 3 4 5 6 7 8 9 10 11 12131415 16 171819 20 21 22232425 

A 4 1 4 4 4 4 4  

B 7 2 3 6 6 6  6 6 6 6  

C 9 1 2 2 2 2 2 2 2  2 2 2  

D 7 2 4 6 8 8 8 6 8  6 

E 3 1 5 5 5 5 

F 9 3 4 1212 1212121212 1212 

G 4 1 5 5 5 5 5  

H 6 3 6 1818 1818181818 18 

I 11 2 4 8 8  8 8 8 8 8  6 6 8 8  

J 4 3 2 6 6 6 6  

K 6 1 3 3 3 3 3 3 3  

Totals 441010161621213327 27191935353836262635351717113 

Number of Workers 3838 
per Day 38 38 

38 38 
35 3535 38 38 35 35 

35 35 38 38 35 35 
33 35 35 38 38 35 35 
33 35 35 38 38 35 35 
33 35 35 38 38 35 35 

30 33 35 35 38 38 35 35 
33 35 35 38 38 35 35 
33 35 35 38 38 35 35 
33 27 27 35 35 38 38 35 35 
33 27 27 35 35 38 3826 2635 35 

25 33 27 27 35 35 38 3826 2635 35 
33 27 27 35 35 38 38 26 26 35 35 
33 27 27 35 35 38 38 26 2635 35 
33 27 27 35 35 38 38 26 2635 35 

21 21 33 27 27 35 35 38 3826 2635 35 
20 21 21 33 27 27 35 35 38 38 26 26 35 35 

21213327 2719193535 3838262635 35 
21213327 2719193535 3838262635 35 
21213327 2719193535 3838262635 351717 

16 1621213327 2719193535 3838262635 351717 
15 16 1621213327 2719193535 3838262635 351717 

16 1621213327 2719193535 3838262635 351717 
16 1621213327 2719193535 3838262635 351717 
16 1621213327 2719193535 3838262635 351717 
16 1621213327 2719193535 3838262635 35171711 

10 1010 16 16 2121 3327 2719193535 38 38262635 35171711 
101016 1621213327 2719193535 3838262635 35171711 
101016 1621213327 2719193535 3838262635 35171711 
101016 1621213327 2719193535 3838262635 35171711 
101016 1621213327 2719193535 3838262635 35171711 

5 101016 1621213327 2719193535 3838282635 35171711 
4 4101016 1821213327 2719193535 3838262635 35171711 
4 4101016 1621213327 2719193535 3838262635 35171711 3 
4 4101016 1621213327 2719193535 3838262635 35171711 3 

1 4 4101016 1621213327 2719193535 3838262635 35171711 3 

FIGURE 8-13 
Irregular Distribution of Labor. 
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A c t i i  Duration Number Workers Work Day of Project 

Number in Days of Crews in Crew 1 2 3 4 5 6 7 8 9 10 11 12131415 16 171819 20 21 22232425 
A 4 1 4 4 4 4 4  

B 7 2 3 6 6 6  6 6 6 6  

C 9 1 2 2 2 2 2 2 2  2 2 2  

D 7 2 4 8 8 8 8 8 8  8 

E 3 1 5 5 5 5  

F 9 3 4 12 1212121212 121212 

G 4 1 5 5 5 5 5  

H 8 3 6 16181818 18181818 

I 11 2 4 8 8  8 8 8 8 8  8 8 8 8  

J 4 3 2 6 6 6 6  

K 6 1 3 3 3 3 3 3 3  

Totals 441010161621212127 27373738383838382617171717113 

Number of Workers 3838 383838 
per Day 3737 38 38 38 38 38 

3737 38 38 38 38 38 
35 3737 38 38 38 38 38 

37 37 38 38 38 38 38 
37 37 38 38 38 38 38 
37 37 38 38 38 38 38 
3737 38 38 38 38 38 

30 3737 38 38 38 38 38 
37 37 38 38 38 38 38 
37 37 38 38 38 38 38 

27 2737 37 38 38 38 38 38 
27 273737 38 38 38 38 38 26 

25 27 2737 37 38 38 38 38 38 26 
27 273737 38 38 38 38 38 26 
27 2737 37 38 38 38 38 38 26 
27 273737 38 38 38 38 38 26 

21 21 21 27 273737 38 38 38 38 38 26 
20 21 21 33 27 273737 38 38 38 38 38 26 

21 21 33 27 273737 38 38 38 3838 26 
21 21 33 27 273737 38 38 38 38 38 26 
21213327 2737373838 3838382617 171717 

16 1621213327 2737373838 3838382617 171717 
15 16 1621213327 2737373838 3838382617 171717 

16 1621213327 2737373838 3838382617 171717 
16 1621213327 2737373838 3838382617 171717 
16 1621213327 2737373838 3838382617 171717 
16 1621213327 2737373838 3838382617 17171711 

10 101016 16 21213327 2737373838 3838382617 17171711 
101016 1621213327 2737373838 3838382617 17171711 
101016 16 2121 3327 2737373838 3838382617 17171711 
101016 1621213327 2737373838 3838382617 17171711 
1010 16 16 21213327 2737373838 3838382617 17171711 

5 1010 16 16 21 213327 2737373838 3838382617 17171711 
4 4101016 1621213327 2737373838 3838382617 17171711 
4 4101016 1621213327 2737373838 3838382617 17171711 3 
4 4101016 1621213327 2737373838 3838382617 17171711 3 

1 4 4101016 1621213327 2737373838 3838382617 17171711 3 

FIGURE 8-14 
Distribution of Labor after Starting Activity F Two Days Later and Activity H Two Days Earlier. 
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PERT uses a weighted average of the three times to find the overall project dura- 
tion. This average is called the expected time, t,, and is found by the following sim- 
ple equation: 

where t, is the expected time of an activity. 
The above equation is used to calculate a single duration for each activity in the 

PERT network diagram. Then a forward pass can be performed to calculate the 
early start and early finish for each activity in the PERT network and a total project 
duration, similar to the CPM scheduling method. A backward pass can be performed 
to calculate the last start and late finish for each activity. Total float, free float, and 
the critical path can be identified. At this stage of a PERT analysis it is identical to 
the CPM analysis. 

The three time estimates of PERT can be used to measure the degree of uncer- 
tainty involved in the activity. The measure of the spread of the distribution is called 
the standard deviation and is denoted by the Greek letter a. To determine the prob- 
ability of the project completing earlier or later than expected using PERT, the vari- 
ance of each activity along the critical path must be calculated. The variance of an 
activity is the square of the standard deviation of the activity and can be calculated 
using the following equation: 

where v is the variance of an activity. 
Since the duration (t,) of each of the activities in the arrow network diagram is 

uncertain, the time of occurrence of each event is also subject to uncertainty. The 
expected time of an event is denoted as T,. Although the distribution of uncertainty 
of individual activities may not necessarily be symmetrical, the distribution for 
event times is assumed symmetrical because there are numerous activities in the 
chain ahead of the event. For example, the TE for the final event in a project has all 
the critical path activities in the chain that lead up to the final event in the project. 

The measure of uncertainty of the final event in a PERT diagram is the standard 
deviation of the expected time, denoted as UTE. The a, is the square root of the sum 
of the activities ahead of the event. Thus, the a, for the last event in a PERT dia- 
gram is the square root of the sum of the variance of all activities along the critical 
path. The a, is calculated with the following equation: 

where a, is the standard deviation of the expected time. 
The final calculation necessary to perform PERT calculations is the deviation, 

which is denoted by the symbol z  in the following equation: 

Ts - TE z = -  
UTE 

where z  is the deviation. 
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TABLE 8-6 
PERT PROBABILITY TABLE 

Value of Probability of 
deviation z completion 

Table 8-6 provides the value of z for various probabilities of certainty. The term 
TE is the expected time of the event, which is calculated from the PERT diagram, 
and Ts is the scheduled time. 

Example 8-1 

The following PERT diagram shows the optimistic time (a), the most likely time 
(t,), and the pessimistic time (b) at the bottom of each activity. The number 
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shown in parentheses below each activity is the expected time (re) for the activ- 
ity, calculated from the equation, te = (a + 4m + b)/6. All times denote working 
days in the project. 

(1 1.0) (11.5) 

The optimistic duration of the project can be calculated by performing a for- 
ward pass to calculate the start and finish times using the optimistic duration 
(smallest duration) of each activity. For the data in this PERT diagram, the opti- 
mistic project duration is 48 days, which follows through events 1, 2 ,4 ,5 ,6 ,9 ,  
12, 13, 14, and 15. 

The pessimistic duration of the project can be calculated by performing a 
forward pass to calculate the start and finish times using the pessimistic (largest 
duration) of each activity. For the data in this PERT diagram, the pessimistic 
project duration is 103 days, which follows through events 1,2,4,5,6,9, 11, 13, 
14, and 15. 

The project duration (TE) for event 15 can be calculated by performing a for- 
ward pass to calculate the start and finish times using the expected duration (t,) 
of each activity. For the data in this PERT diagram, the expected time of the last 
event number 15 is TE = 81.3 days, which follows through events 1,2,4,5,6,9, 
11, 13, 14, and 15. 

In summary, for this PERT diagram the optimistic project duration is 48 days, 
the pessimistic project duration is 103 days, and the expected project duration is 
81.3 days. The probability of completing the project ahead or behind day 81.3 
will depend on the a, of event 15. The value of a, can be calculated as the 
square root of the sum of the variances of all activities along the critical path. 
Based on the expected time of each activity, the critical path for this PERT net- 
work follows events 1, 2, 4, 5, 6, 9, 11, 13, 14, and 15. The a, for the final 
event, number 15, is the square root of the variances of these events, which can 
be calculated as follows: 
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All the calculations necessary to perform an analysis of the project finishing 
ahead or behind the expected project duration of 81.3 days can be determined 
from the deviation equation. For example, it may be desired to determine the 
probability of the project finishing later than expected, i.e., later that 81.3 days. 
The probability of completing the project by the eighty-fourth day can be calcu- 
lated as follows: 

From Table 8-6, based on a deviation z of 0.663, the probability is 0.75. Thus, 
there is a 75% probability that the project will be completed by the eighty- 
fourth day. 

Other probability scenarios can be calculated. For example, the probability of 
the project finishing earlier than expected, such as in 78 days, can be calculated 
as follows: 

From Table 8-6, based on a deviation z of -0.8 11, the probability is 0.2 1. Thus 
there is only a 21% probability that the project will be completed by the seventy- 
eighth day. 

It may be desired to calculate the number of days to complete the project 
based on a 70% probability. This scenario can be calculated as follows. For a 
70% probability the value of z from Table 8-6 is 0.5333: 

Ts = 83.5 days 

Thus, there is a 70% probability that the project will be completed by 83.5 days. 



172 PROJECT MANAGEMENT FOR ENGINEERING AND CONSTRUCTION 

The following is a graphical plot of the probability versus the project duration. 
This curve provides the full range of probabilities for assessing the risks of fin- 
ishing the project ahead of or behind the expected duration of 81.3 days. 

Probability 
of Completion 

Risk 
0% 

Project Duration in Working Days 

This analysis is based on a a, for event 15 based on the critical path activi- 
ties. A full analysis is more complex if all near-critical paths are analyzed. For 
example, it is possible to have another path through the PERT diagram that is 
near critical, which would yield a shorter TE for event 15 and a higher value for 
a, due to larger variances in the activities in the non-critical path. 

SUCCESSOWPREDECESSOR RELATIONSHIPS 

The CPM diagram is a graphical representation that shows the sequencing of activ- 
ities in the project. The purpose of the CPM diagram is to model the logical flow of 
work, showing each activity and one or more activities that follow each activity. In 
the activity relationships, the preceding activity is called the predecessor activity 
and the following activity is called the successor activity. In a pure CPM network 
diagram a finish-to-start (F-S) relationship of each activity is assumed. That is, the 
preceding activity must be completed before starting the following activity. All the 
CPM diagrams and calculations presented earlier in this book are based on an F-S 
relationship of activities to depict a pure CPM logic network diagram. 

Most commercially available computer software programs for CPM provide activ- 
ity relationships other than F-S. These additional activity relationships include start- 
to-start (S-s), start-to-finish (S-F), and finish-to-finish (F-F). The S-S relationship 
means the successor activity can start at the same time or later than the predecessor 
activity. The F-F relationship means the successor activity can finish at the same time 
as or later than the predecessor activity. The S-F relationship means the predecessor 
activity must start before the successor activity can finish. There is no practical appli- 
cation of the S-F relationship in the engineering and construction industry. It is pre- 
sented here just to show all possible successor/predecessor relationships. 

Delays in the relationship of one activity to another is defined by lag. Lug is the 
amount of time that an activity follows or is delayed from the start or finish of its 
predecessor. For example, an F-S relationship with a two-day lag means the start of 
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Place Concrete F - S = 3 
in Forms 

D=4days D=7days 

a. Model with Successor/Predecessor with F-S = 3 days of lag 

Place Concrete Cure Time Strip * 
in Fonns for Concrete 

C 
Forms 

D = 4 days D = 3 days D = 7 days 

b. Model without SuccessorlPredecessor Relationships 

FIGURE 8-15 
Comparison of CPM Diagrams with and without a Finish-to-Start (F-S) Successor1Predecessor 
Relationship. 

the successor activity cannot occur until two days after the finish of the predecessor 
activity. Lag can be assigned to any activity relationship, including F-S, F-F, S-S, 
and S-F. In addition, the lag can also be a negative number. Lead is the opposite of 
lag, which is the amount of time that an activity precedes the start or finish of its 
successor. Thus, the use of successor/predecessor relationships provides many op- 
tions for modeling the network logic to show constraints between activities and the 
sequential flow of work in the project. 

A model of the F-S with lag relationship is illustrated in Figure 8-15a. An alter- 
native of this model is shown in Figure 8-15b, which shows the same results with- 
out using the F-S with lag relationship. Thus, adding one intermediate activity 
between the successor and predecessor activities clearly produces the same results 
as the F-S relationship. 

The S-S relationship is used to overlap activities, allowing the successor activity 
to start before the predecessor activity is completed. To tie the finish of the prede- 
cessor activity to the successor activity, the F-F relationship is normally used to- 
gether with the S-S relationship. Figure 8-16a illustrates S-S and F-F with lag 
relationships between two activities. Figure 8-16b is a model of the activities with- 
out the S-S and F-F relationships. Thus, for any CPM diagram the S-S and F-F ac- 
tivity relationships can be eliminated by adding additional activities. Although 
additional activities may appear as a disadvantage, the additional activities provide 
a clearer understanding of the sequence of work. 

As previously stated, there is no practical application of the S-F relationship in 
the engineering and construction industry. Some computer scheduling software 
packages do not allow the use of the S-F relationship. 

PROBLEMS USING SUCCESSORIPREDECESSOR 
RELATIONSHIPS 

Successor/predecessor relationships between activities allow overlapping of con- 
current activities, thereby reducing the number of activities in CPM precedence di- 
agrams. However, misunderstandings, confusion, and serious problems have been 
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Excavate I I Set Forms and 
Footings Place Steel 

a. Model with SuccessorlPredecessor S - S = 2 days and F - F = 4 days of lag 

Initial Excavation Final Excavation 
of Footings of Footings 

Initial Setting of Final Setting of 
Forms and Steel Forms and Steel 

D =  8 days D =4days 

b. Model without SuccessorlPredecessor Relationships 
FIGURE 8-16 
Comparison of CPM Diagrams with and without a Start-to-Start (S-S) Successorffredecessor 
Relationship. 

created by assigning successor/predecessor relationships to activities in the project 
schedule. Too often a good CPM schedule at the beginning of the project becomes 
a schedule that is incoherent and unmanageable due to successor/predecessor rela- 
tionships that are assigned to activities, particularly during schedule updates. 

In a pure CPM diagram, successor/predecessor activity relationships are not 
used. During the forward pass, the path that yields the largest early finish of the pre- 
ceding activities becomes the early start of the following activities. During the back- 
ward pass, the path that yields the smallest late start of the following activities is the 
late finish of the preceding activities. Thus, in a pure CPM diagram there are no 
questions regarding the start and finish times of activities. 

When successor/predecessor activity relationships are introduced into a CPM di- 
agram, the start, finish, and float times may be governed by the successor and pre- 
decessor relationships, which makes the calculations more complex. Using 
successor/predecessor activity relationships with positive or negative lag provides 
numerous opportunities to model the network logic, but it can also create numerous 
opportunities for creating errors, confusion, and misunderstandings in the project 
schedule. 

Figure 8-17 illustrates problems that can occur in calculating the start and finish 
dates when modeling multiple successor/predecessor activity relationships. Each 
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S - F = 12 days 
I I 

F-S=3days  
Activity A Activity B 

DA = 4  days DB = 7 days 

F-F=15&ys . 
FIGURE 8-17 
Example of Multiple Successor/Predecessor Activity Relationships. 

successorlpredecessor path must be evaluated to determine start and finish times. A 
forward pass for the activities in Figure 8-17 shows Activity B can start as early as 
two days or as late as seven days after the start of Activity A, depending on the path 
chosen. Also, depending on the successorlpredecessor path chosen, the early finish 
for Activity B is 9,12, 14, or 19 days. Similarly, a backward pass will result in mul- 
tiple late starts and late finishes for these activities. All these multiple calculations 
can cause confusion and a lack of confidence in the project schedule. 

Figure 8-18 is a CPM diagram with successorlpredecessor relationships of con- 
struction work related to foundation construction work. Figure 8-19 is a pure CPM 
diagram, without successorlpredecessor activity relationships, for the same con- 
struction work. These figures are presented to illustrate the complexity of succes- 
sorlpredecessor calculations. As shown in Figure 8-18, the early start of 10 days for 
Activity 30 is calculated by subtracting its duration from the latest early finish time. 
The largest early finish of Activity 30 is 16 days, which is governed by the F-F re- 
lationship between Activities 20 and 30. 

When multiple S-S and F-F relationships are used to relate the predecessor ac- 
tivity to its successor activities, the calculations of total and free float are very com- 
plex and require a close examination of the relationships. Using multiple 
relationships, it is possible to show activities that are critical, when they are really 
not critical. 

A review of Figure 8-18 indicates that all the activities are critical, although that 
is not the case. Figure 8-19 is a pure CPM diagram for the same work shown in 
Figure 8-18. Figure 8-19 eliminates the S-S and F-F relationships by splitting ac- 
tivities to show the actual sequencing of work. As shown in Figure 8-19 much of 
the work is actually non-critical, compared to that of Figure 8-18. For example, the 
network of Figure 8-19 shows all formwork as critical, but most of the excavation 
work and placement of concrete is non-critical. A pure CPM diagram as illustrated 
in Figure 8- 19 provides an accurate description of the work without raising ques- 
tions regarding startlfinish times, totallfree float, or critical path activities. Thus, 
a pure CPM diagram is recommended, rather than modeling with successor1 
predecessor activity relationships. 

Unfortunately, there is no industry standard to define how to finalize the 
earlyllate starts and finishes using successorlpredecessors relationships with lags. 
Each computer software developer defines the algorithm used by his or her software 
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Excavate F - F = 4 El-, 
and Rebar 

10 30 16t 
Erect Steel 

Concrete Columns 
10 6 16 16 25 41 

FIGURE 8-18 
Successor/Predecessor Activity Relationships. (Note all activities appear critical.) 

0 10 2 6 12 8 8 14 10 

4 34 16 16 40 41 
Final Erect Steel 

Concrete Columns 
6 2 8 10 2 12 14 2 16 16 25 41 

FIGURE 8-19 
Pure CPM Diagram without Successor/Predecessor Activity Relationships. (Double arrows de- 
note path of critical activities: 10, 20,22,24,34, and 40.) 

to determine start and finish dates using successor/predecessor activity relation- 
ships. Since different software packages handle the calculations differently, it is 
possible to get different results in the schedule, depending on the software used, 
which creates problems in understanding and interpreting project schedules. There- 
fore, take extreme caution when using successor/predecessor activity relationships 
because serious problems can arise. To prevent these problems, a pure CPM dia- 
gram can be developed without successor/predecessor relationships by simply 
adding additional activities. Although additional activities may appear as a disad- 
vantage, adding additional activities provides a clear understanding of the sequence 
of work, thus preventing confusion and misunderstandings of the project schedule. 

The following examples are presented to illustrate calculations based on each of 
the successor/predecessor activity relationships, F-S, S-S, F-F, and S-F. These ex- 
amples show how each path must be carefully investigated to determine the start, 
finish, and float times. When the calculations are performed by computer software, 
it is possible to get project schedules that sometimes do not make logical sense. 
Thus, it is important to understand the calculations and be able to check the results 
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of computer outputs to ensure the results are presented as intended by the person 
who prepared the schedule as well as by the persons who will be interpreting and 
using the schedule. 

Example 8-2: Finish-to-Start Activity Relationships 

Calculate the start, finish, and float for each activity in the following CPM prece- 
dence network diagram. Activity C and E have an F-S relationship with a 5-day 
negative lag. The 5-day negative lag is equivalent to a 5-day lead, which means 
the finish of Activity C must occur no later than 5 days after the start of Activity 
E, given by the relationship: EFc 5 ESE + 5. The use of negative lags is not rec- 
ommended because they lead to much confusion with respect to the meaning of 
the relationship and the schedule as discussed in the following paragraphs. The 
following diagram and accompanying table show the early and late start, early 
and late finish, and the total aid free float for each activity. 

0 12 20 20 25 25 30 

Activity B Activity E Activity F 

0 10 10 10 8 18 18 5 23 25 5 30 

LS LF For Activity C, the calculations for total and free float are: 

Activity E I  TFc= LFc - EFc FFc = ESE - EFc - Lag 
=25-20 = 18 - 20 - (-5) 

ES D EF = 5 days = 3 days 

Early Early Late Late Total Free 
Activity Duration start finish start finish float float 

A* 10 0 10 0 10 0 0 
B 8 10 18 12 20 2 0 
C 10 10 20 15 25 5 3 
D' 15 10 25 10 25 0 0 
E 5 18 23 20 25 2 2 
F' 5 25 30 25 30 0 0 

*Denotes critical activities. 



178 PROJECT MANAGEMENT FOR ENGINEERING AND CONSTRUCTlON 

Based on the forward and backward pass calculations, the critical path is 
through Activities A, D, and F. Note the impact on the schedule and possible con- 
fusion due to the F-S relationship with five days of negative lag between Activ- 
ity C and E. The EFc is 20 days (governed by the equation EFc = ESc + D = 10 
+ 10 = 20). The EFc is not governed by the equation EFc 4 ESE + 5 = 18 + 5 
= 23 days, because the ESE is governed by 18 from the EFB. Also, a review of 
the diagram shows the preceding activity EFc = 20, which is greater than the fol- 
lowing activity ESE = 18, which is illogical. Acomputer schedule that shows the 
ES of a following activity to be earlier than the EF of a preceding activity will 
make no sense to workers in the field and will cause them to lose confidence in 
the schedule. 

Similar confusion exists for the free float of Activity C. The FF, is governed 
by the equation FFc = ESE - EFc - Lag = 18 - 20 - (-5) = 3 days. How- 
ever, a review of the diagram shows the EFc = 20, which is greater than the ESE 
= 18. Thus, the use of F-S relationships with negative lag is not recommended. 

Example 8-3: Finish-to-Finish Activity Relationships 
Calculate the start, finish, and float for each activity in the following CPM prece- 
dence network diagram. Activity C and E have an F-F relationship with a lag of 
7 days. The following diagram and accompanying table show the early and late 
start, early and late finish, and the total and free float for each activity. 

10 10 20 

0 10 14 22 22 27 32 

Activity A Activity B Activity E Activity F 

0 10 10 10 8 18 22 5 27 27 5 32 

Activity D L L  
LS LF For Activity C, the calculations for total and free float are: 

Activity E z l  TFc= LFc - EFc FFc = LFE - LFc - Lag 
=20-20 =27-20-7 

ES D EF = 0 days = 0 days 
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Early Early Late Late Total Free 
Activity Duration start finish start finish float float 

'Denotes critical activities. 

Based on the forward and backward pass calculations, the critical path is 
through Activities A, C, E, and F. Note that the free float of Activity C is gov- 
erned by the F-F relationship. 

Example 8-4: Start-to-Start Activity Relationships 

Calculate the start, finish, and float for each activity in the following CPM prece- 
dence network diagram. Activity C and E have an S-S relationship with a lag of 
10 days. The following diagram and accompanying table show the early and late 
start, early and late finish, and the total and free float for each activity. 

10 20 

-' Activity C 

10 10 20 
S-S=lOdays  

0 10 12 20 20 25 25 30 

0 10 10 10 8 18 20 5 25 25 5 30 

10 25 - Activity D 

10 15 25 

Activity a For Activity C, the calculations for total and free float are: 

TFc= LFc - EFc FF,=ES,-ES,-Lag 
=20-20 =20-10-10 
= 0 days = 0 days 



Early Early Late Late Total Free 
Activity Duration start finish start finish float float 

*Denotes critical activities. 

Based on the forward and backward pass calculations, the critical path is through 
Activities A, C, D, E, and E Note the free float of Activity C is governed by the S-S 
relationship between Activity C and E. 

Example 8-5: Start-to-Finish Activity Relationships 
Although the start-to-finish relationship is seldom used, this example is pre- 
sented to illustrate the calculations for an S-F relationship with a lag of 7 days 
between Activity C and E. The following diagram and accompanying table show 
the early and late start, early and late finish, and the total and free float for each 
activity. 

Activity C 

0 10 25 30 

Activity A Activity B Activity E Activity F 

0 10 10 10 8 18 18 5 23 25 5 30 

10 25 

LS LF For Activity C, the calculations for total and free float are: 

Activity t I  TFc = LFc - EFc FFc = EFE - ESc - Lag 
=30-20 ~ 2 3 - 1 0 - 5  

ES D EF = 10 days = 8 days 
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Early Early Late Late Total Free 
Activity Duration start finish start finish float float 

"Denotes critical activities. 

Based on the forward and backward pass calculations, the critical path is 
through Activities A, D, and F. 

QUESTIONS FOR CHAPTER &PROJECT SCHEDULING 

1 One of the obvious purposes of project planning and scheduling is to complete a project 
on time. Identify other benefits that can be derived from good project planning. Also de- 
scribe typical problems that can be prevented by good planning and scheduling. 

2 A list of activities that are required to complete a project is shown below. Draw a CPM 
precedence diagram for the project and calculate the project schedule. Provide the sched- 
ule in a tabular form, showing earlynate starts and finishes as well as the total and free 
float for each activity. Denote the critical path on the network. 

Activity Duration Cost Preceded by Followed by 

2 days 
3 days 
4 days 
5 days 
7 days 
7 days 
8 days 
4 days 
2 days 

12 days 
5 days 
6 days 
2 days 
2 days 
6 days 
4 days 
4 days 
4 days 
2 days 
9 days 
2 days 
3 days 

None 
A 
A 
A 
B 
C 
D 
E 
F 
G 
G 
F, H 
J 

1, M 
J 
K 
L 
0 

N, R 
0, p 

Q 
S,T u 

6, C, D 
E 
F 
G 
H 

I, L 
J, K 
L 
N 

M, 0 
P 
Q 
N 
S 

R, T 
T 
U 
S 
v 
v 
v 

None 



3 Perform a cost analysis based on an early start and late start schedule for the project in 
Question 2. Plot the S-curve for the early and late start costs. Show costs on the left-hand 
ordinate and percent costs on the right-hand. Along the abscissa, show the time in work- 
ing days and in percentage of project duration. 

4 Describe advantages and disadvantages of each of the two basic techniques of project 
scheduling: bar charts and CPM networks. Include situations most appropriate for each 
of the two techniques. 

5 Provide a brief summary of the responsibilities of the owner, designer, and contractor re- 
lated to project planning and scheduling. Describe how the schedule of each party should 
be related, including the advantages and disadvantages of maintaining one common 
schedule for a project. 

6 A project manager is usually assigned the responsibility of either managing a single large 
project or many small projects at a time. Describe the different approaches to planning 
and scheduling that must be used by these two types of project managers. 

7 Describe the purpose and use of a coding system for activities in a CPM project sched- 
ule. Include factors that should be considered in the development of the coding system 
and describe how the coding system can relate to the work breakdown structure, organi- 
zational breakdown structure, and the cost breakdown structure. 

8 The data for the CPM diagram for a project are shown below. Perform a cost analysis for 
the project and present the results in tabular form showing the daily distribution costs on 
an early start, late start, and target schedule. Plot the three S-curves on one graph to show 
the results of your analysis. 

Activity Duration Cost Preceded by Followed by 

2 days 
3 days 
8 days 
6 days 
8 days 
9 days 

12 days 
5 days 
3 days 
2 days 
5 days 
1 day 
2 days 
2 days 
2 days 
4 days 
2 days 
7 days 
2 days 
1 day 
3 days 
5 days 

None 
A 
A 
A 
B 

C, D 
D 
D 
H 
E 

F, G 
G 
G, I 
J 
L 
M 
N 

J, K, M, 0 
P 
Q 
S 

R, T, U 

B, C, D 
E 
F 

F, G, H 
J 
K 

K, L, M 
I 
M 

N, R 
R 
0 

P, R 
Q 
R 
S 
T 
v 
U 
v 
v 

None 

9 The bar chart shown on the next page is the original baseline schedule for a project that 
must be completed in 25 working days. The schedule was developed without regard to 
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the distribution of labor on the project. The number of crews and the number of workers 
in each crew are shown for each activity. 
a Evaluate the allocation of labor by preparing a histogram of the distribution of labor, 

similar to Figure 8- 13. 
b Assume that the completion date of 25 working days cannot be changed and that the 

start of Activity A and finish of Activity K cannot be changed. The start time for the 
remaining activities can be delayed a maximum of 2 days. Reschedule the project to 
reduce any irregularity in the distribution of labor, as illustrated in Figures 8-13 and 
8-14. 

Activity Duration Workers Workers Work Day of Pmject 
Number in Days of Crews increw 1 2 3 4 5 6 7 8 9 10 11 12131415 16 17181920 21 22232425 

A 3 1 4 X X X  

B 7 2 3 X X  X X X X X  

C 9 1 2 X  X X X X X  X X X  

D 7 2 5 X  X X X X X  X  

E 8 1 4 X X X X  X X X X  

F 10 3 4 X X  X X X X X  X X X  

X  X X X X X  X X X  

K 6 

10 Below are the critical activities of a PERT diagram. The optimistic time (a), most likely 
time (m), and pessimistic time (b) are shown at the bottom of each activity. Calculate the 
most likely time (t,) for each activity. What is the optimistic, pessimistic, and expected 
time for completing the project? What is the probability that this project can be com- 
pleted in 37 days? What is the probability that this project will be completed by the 
thirty-second day? For a 99% probability, what is the expected number of days for com- 
pletion? For a 1% probability, what is the expected number of days for completion? 
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TRACKING WORK 

CONTROL SYSTEMS 

Effective project management requires planning, measuring, evaluating, forecast- 
ing, and controlling all aspects of a project: quality and quantity of work, costs, and 
schedules. An all encompassing project plan must be defined before starting a proj- 
ect; otherwise there is no basis for control. Project tracking cannot be accomplished 
without a well-defined work plan, budget, and schedule as discussed in the previous 
chapters of this book. 

The project plan must be developed with input from people who will be per- 
forming the work, and it must be communicated to all participants. The tasks, costs, 
and schedules of the project plan establish the benchmarks and check-points that are 
necessary for comparing actual accomplishments to planned accomplishments, so 
the progress of a project can be measured, evaluated, and controlled. 

At the end of any reporting period (N), a project is expected to have achieved an 
amount of work (X) with a level of quality (Q) at a predicted cost (C). The objective 
of project control is to measure the actual values of these variables and determine if 
the project is meeting the targets of the work plan, and to make any necessary ad- 
justments to meet project objectives. Project control is difficult because it involves 
a quantitative and qualitative evaluation of a project that is in a continuous state of 
change. 

To be effective, a project control system must be simple to administer and easily 
understood by all participants in a project. Control systems tend to fall into two cat- 
egories; they are either so complex that no one can interpret the results that are ob- 
tained, or they are too limited because they apply to only costs or schedules rather 
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than integrating costs, schedules, and work accomplished. A control system must be 
developed so information can be routinely collected, verified, evaluated, and com- 
municated to all participants in a project; so it will serve as a tool for project im- 
provement rather than reporting flaws that irritate people. 

Since the introduction of small personal computers in the early 1980s, the au- 
tomation of the concept of an integrated project control system has become widely 
discussed. Many papers have been written that describe different, but similar, 
approaches to integrated project control systems. Common among the approaches 
is development of a well-defined work breakdown structure (WBS) as a starting 
point in the system. The smallest unit in the WBS is a work package, which defines 
the work in sufficient detail so it can be measured, budgeted, scheduled, and 
controlled. 

The Critical Path Method (CPM) is used to develop the overall project schedule 
from the WBS by integrating and sequencing the work in accordance with the work 
packages. A coding system is designed that identifies each component of the WBS 
so information from the WBS can be related to the project control system. To con- 
trol costs the WBS is linked to the cost breakdown structure (CBS) by the code of 
accounts. Likewise, the WBS is linked to the organizational breakdown structure 
(OBS) to coordinate personnel to keep the project on schedule. A coding system al- 
lows sorting of information to produce a variety of reports that are subsets of the en- 
tire project. 

This general concept of project control was presented by the Department of En- 
ergy for federal and energy projects. Since that time, several modifications have 
been suggested to simplify the process of transferring information from the WBS to 
the CPM, linking the WBS and OBS to the coding system, and measurement of 
work accomplished. 

LINKING THE WBS AND CPM 

The work packages of the WBS provide the information necessary to develop a 
CPM logic network diagram. With a well-defined detailed WBS a single work 
package often becomes one activity on the diagram. However, sometimes it is nec- 
essary to combine several work packages into a single activity or to develop a sin- 
gle work package into several activities. The process of developing the CPM 
diagram requires good judgement with extensive involvement of key participants in 
the project. Although the level of detail should be kept to a minimum, all activities 
that may influence the project completion date must be included in the diagram. 

A CPM diagram for project scheduling and control can be classified as one of 
three types: design, construction, or engineering/procurement/construction (EPC). 
For each, the WBS defines the project framework for planning, scheduling, and 
control of the work. The level of detail of the CPM diagram depends upon the com- 
pleteness of the WBS. 

The products of design are production drawings and specifications. As discussed 
in Chapter 8, a bar chart is frequently preferred for scheduling individual design ac- 
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tivities. However, for effective scheduling control of the whole project a composite 
of the individual bar charts must be integrated into a CPM diagram that shows the 
interrelationship and sequencing of related work. Thus, a CPM diagram for design 
is often a summary level schedule. CII Publication 6-1, Project Control for Engi- 
neering, provides a good description of current industry practice of scheduling and 
control of design. 

CPM logic diagrams have been successfully used for scheduling and control of 
construction for many years. A detailed WBS can be developed as a cooperative ef- 
fort of the estimating, project control, and field operations management personnel. 
The estimate must be prepared so that costs, durations, and resources can be as- 
signed to work packages in the WBS. The work packages then become activities on 
the CPM diagram. The purchase and delivery of long lead-time material must also 
be included in the diagram. In addition, the work performed by subcontractors on 
the job must be integrated with other work to form a complete integrated CPM dia- 
gram. For large projects, a separate CPM diagram can be prepared for each individ- 
ual area of the project; then a master CPM diagram can be developed that links the 
individual area diagrams. 

The CPM diagram for an EPC project must interface the design work packages 
with the procurement and construction activities. It is often best to develop separate 
individual working schedules for design, procurement, and construction. Then link 
the individual schedules into a summary EPC schedule that integrates the total sys- 
tem. It is imperative to sequence all related activities that may influence the com- 
pletion date of the project. 

To illustrate the linking of the WBS to the CPM, the WBS shown in Figure 9-1 
is used to develop the CPM diagram in Figure 9-2. This EPC project is an expansion 
of the design project presented in Chapter 8, to now include the procurement and 
construction activities. It is a service facility for maintenance operations and con- 
sists of site-work, on-site utilities, an employee's office building, and a maintenance 
building. To handle this project, the contracting strategy is to use in-house person- 
nel to design the on-site utilities, site-work, and the maintenance building. A sepa- 
rate contract is assigned for design of the employee's building. The maintenance 
building is denoted as Building A and the office building as Building B on the WBS 
and CPM. 

The contracting strategy for construction is to assign one contract to a heavy con- 
struction contractor to build all on-site utilities and site-work activities. Two build- 
ing contractors will be used, one for the office building and the other for the 
industrial maintenance building. The construction activities are limited on the EPC 
schedule but will be expanded into more detail by each construction contractor as a 
part of his or her contractual requirements. 

As shown in Figure 9-2, the appropriate design activities are directly linked to 
the procurement activities for materials and equipment. For example, the design of 
the overhead crane for Building A is followed by procurement and then construc- 
tion. Likewise, design of the elevator for Building B is linked to the respective pro- 
curement and construction activities. 
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FIGURE 9-1 
WBS for EPC of Service Facility Project. 

CODING SYSTEM FOR PROJECT REPORTS 

A coding system can be developed that identifies each component of a project to al- 
low the sorting of information in order to produce a variety of reports for project 
monitoring and control. A code number can be assigned to each work item that iden- 
tifies a variety of information, such as, phase of project, type of work, responsible 
person, or facility of which the work item is a part. Table 9-1 is an illustrative ex- 
ample of a simple 4-digit coding system for the project shown in Figure 9-2. 



TABLE 9-1 
CODING SYSTEM FOR THE PROJECT IN FIGURE 9-2 

Code Number X X X X 

Digit 1 -Project phases 

0 Unassigned 
1 In-house engineering 
2 Contract design 
3 Vendor procurement 
4 Contract procurement 
5 Site-work construction 
6 Office Building 
7 Industrial building 
8 Unassigned 
9 Unassigned 

+ 
Digit 2 - Facilities 

0 Unassigned 
1 Gradinglsubbase 
2 Concrete paving 
3 Aggregate parking 
4 Stormwater sewer 
5 Sanitary sewer 
6 Underground utilities 
7 Building A 
8 Building B 
9 Landscape 

Digit 3 - Disciplines 

0 Unassigned 
1 Architectural 
2 Civil 
3 Structural 
4 Mechanical 
5 Electrical 
6 Landscape 
7 Project engineering 
8 Unassigned 
9 Unassigned 

Digit 4 -Team Members 

0 Unassigned 
1 Tim Jones 
2 Dan Mitchell 
3 Ron Thomas 
4 Fred Lewis 
5 Kathy Diehl 
6 Roy Hall 
7 Jim Daniel 
8 Unassigned 
9 Unassigned 

L 2 \ J 
V Y 

WBS OBS 

Table 9-1 can be used to assign a code number that is unique to each activity in 
the CPM diagram of Figure 9-2 to link the WBS to the OBS and CPM. For exam- 
ple, Activity 95 (Design of Foundations and Structure for Building A) is assigned 
the code number of 1735. This code identifies the activity as the in-house structural 
engineering for Building A involving structural design that is the responsibility of 
team member Kathy Diehl. Table 9-2 is a list of the code numbers assigned to each 
activity in the project. 

Using the coding system of Table 9-1, a schedule report can be obtained for all 
structural work by selecting activities that have a 3 in the third digit of their code 
number. Similarly, all activities related to Building B can be obtained by selecting 
activities that have an 8 in the second digit of their code number. 

Multiple sorting of code numbers enables a project manager to obtain various 
levels of reports for project control. This can be accomplished even with a simple 
4-digit coding system as just described. For example, a report for all structural work 
for Buildings A and B can be obtained by sorting activity code numbers that have a 
code digit 3 equal to 3, and code digit 2 greater than 6 and less than 9. Thus, many 
types of sorts can be obtained by selecting combinations of code digits that are 
greater than, equal to, or less than a number. 

A coding system can also be designed using letters, rather than numbers. Using 
letters there are 27 characters that can be designated (one for each letter in the al- 
phabet), for each location in the code, instead of 10 numbers that can be designated 
for each digit in a pure numeric system. However, for computer applications it is 
more difficult to sort letters on a greater than, equal to, and less than basis, than it is 
for a numeric coding system. A combination alpha-numeric coding system can be 
designed using numbers in locations of the code that require sorting multiple capa- 
bilities and letters in locations where sorting is not required. 
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FIGURE 9-2 
CPM Diagram for EPC Project (continued on following page). 
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TABLE 9-2 
EPC PROJECT ACTIVITY LIST 
EXAMPLE EPC MAINTENANCE FACILITY PROJECT 

NO. CODE ACTIVITY DESCRIPTION 

PROJECT NOTICE APPROVAL 
DEVELOP WORK PLAN 
FORM PROJECT TEAM 
DESIGN CONTRACTOR'S WORK 
IN-HOUSE DESIGN WORK 
DESIGN BRIEFING MEETING 
PROJECT SITE-WORK DESIGN 
ON-SITE UTILITIES DESIGN 
A/E DESIGN BUILDING A 
nooR PLAN BUILDING B 
SITE GRADING PLAN 
STORMWATER DESIGN 
FUX)R PLAN BUILDING A 
FOUND/STRUCT BUILDING B 
ARCH FINISHES BUILDING B 
MECH/ELECT BUILDING B 
SUBBASE DESIGN PLAN 
SANITARY SEWER DESIGN 
FOUND/STRUCT BUILDING A 
DESIGN REVIEW BUILDING B 
CONCRETE PAVING ROADS 
DOMESTIC WATER SYSTEM 
NATURAL GAS SYSTEM 
MECH/ELECT BUILDING A 
SPECIAL OVERLOAD CRANE 
CONTRACT DESIGN COMPLETE 
CONCRETE PAVING PARKING/WALKS 
UNDERGROUND ELECTRICAL 
UNDERGROUND TELEPHONE SYSTEM 
BUILDING A DESIGN REVIEW 
AGGREGATE SURFACING DESIGN 
UTILITIES DESIGN REVIEW 
FENCING/LANDSCAPE/IRRIGATION 
SITE-WORK DESIGN REVIEW 
PROJECT DESIGN COMPLETE 
PROCURE BUILDING ELEVATORS 
PROCURE CONTRACTORS' BIDS 
PROCURE OVERHEAD CRANE 
EMPLOYEE'S OFFICE BUILDING B 
SITE-WORK/UTILITIES CONSTRUCTION 
INDUSTRIAL/MAINTENANCE BLM: A 
FOUND/STRUCT BUILDING B 
SITE-WORK/GRADING/DRAINAGE 
FOUND/STRUCT BUILDING A 
PLUMBING, HEAT, & AIR BLM: B 
ELECTRICAL/PHONE BUILDING B 
STORMWATERlDRAINAGE STRUCTURES 
ELECTRICAL/ PHONE BUILDING A 
PLUMBING, HEAT, & AIR BLDG A 
ARCH FINISHES BUILDING B 
UNDERGROUND NATURAL GAS 
SANITARY SEWER SYSTEM 
CONCRETE PAVING ROADS & DRIVES 
ARCH FINISHES BUILDING A 
DOMESTIC WATER SYSTEM 
CONCRETE PARKING & WALKWAYS 
UNDERGROUND ELECT & PHONE 
CRUSHED AGGREGATE PARKING 
LANDSCAPE TREES/PLANTS/GRASS 
FINAL INSPECTION & APPROVAL 

DURATION COST TEAM MEMBER 

TIM JONES 
TIM JONES 
TIM JONES 
DAN MITCHELL 
RON THOMAS 
DAN MITCHELL 
RON THOMAS 
FRED LEWIS 
KATHY DIEHL 
DAN MITCHELL 
RON THOMAS 
FRED LEWIS 
KATHY DIEHL 
DAN MITCHELL 
DAN MITCHELL 
DAN MITCHELL 
RON THOMAS 
FRED LEWIS 
KATHY DIEHL 
TIM JONES 
RON THOMAS 
FRED LEWIS 
FRED LEWIS 
KATHY DIEHL 
KATHY DIEHL 
DAN MITCHELL 
RON THOMAS 
FRED LEWIS 
FRED LEWIS 
TIM JONES 
RON THOMAS 
TIM JONES 
RON THOMAS 
TIM JONES 
TIM JONES 
ROY HALL 
ROY HALL 
ROY HALL 
JIM DANIEL 
JIM DANIEL 
JIM DANIEL 
DAN MITCHELL 
RON THOMAS 
KATHY DIEHL 
DAN MITCHELL 
DAN MITCHELL 
FRED LEWIS 
KATHY DIEHL 
KATHY DIEHL 
DAN MITCHELL 
FRED LEWIS 
FRED LEWIS 
RON THOMAS 
KATHY DIEHL 
FRED LEWIS 
RON THOMAS 
FRED LEWIS 
RON THOMAS 
RON THOMAS 
TIM JONES 
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CONTROL SCHEDULES FOR TIME AND COST 

The CPM network diagram shows the sequencing of activities that represent the 
work packages identified by the WBS. The expected time and cost that is required 
to perform each activity can be obtained from the work packages of the WBS in or- 
der to establish the parameters for control of cost and time. For each activity of the 
EPC project shown in Figure 9-2, Table 9-2 provides the cost and duration along 
with the team member who is responsible for the activity. These costs and durations 
are directly related to the WBS, and their expenditure is directly related to the work 
that is produced. To measure the progress of the project, the actual costs and dura- 
tions are compared to these control costs and durations. 

The total cost for the project includes the direct costs (from the previous para- 
graph) plus indirect costs, contingency reserve, and profit. A CBS for the project in- 
cludes all these costs. However, only the direct costs that are tied to the WBS are 
used for project control purposes to manage the accomplishment of work. Indirect 
costs include support personnel, equipment, and supplies that are not directly 
chargeable to the project. The cost of insurance, bonds, general office overhead, 
etc., are also excluded from the project control system for monitorihg costs and 
managing work because these items are fixed at the beginning of the project and 
they are independent 8f the work accomplished. The management of these costs is 
generally a function of the accounting department, because the project manager and 
his or her team usually do not have control of these costs. These costs are typically 
distributed over a specified period of time and will expand or contract with the 
schedule. 

A good description of the relationship between engineering CBS and WBS is 
provided in CII Publication 6-1, Project Control for Engineering. Figure 9-3 is an 
example from the publication that illustrates a total engineering budget matrix. The 
CBS includes all elements in the budget matrix that have been given a dollar 
amount. The total dollar value of all the elements is the total engineering budget. 
The WBS for the project consists of budget items from the CBS for tasks that pro- 
duce deliverables: design calculations, drawings, and specifications. 

For the example of Figure 9-3, the functions that are chosen for work control are 
shaded in the matrix and are design and drawings, specifications, procurement sup- 
port, and field support. The detailed WBS would be expanded from these budget 
items into areas, systems, and subsystems that define the total project. For example, 
the deliverable to be produced by the electrical would be a drawing list that included 
all drawings for electrical work. The number of work-hours (WI-I) for each drawing 
and the number of WH of calculations that are required to produce the drawings 
would represent the budget. 

The schedule for the work is the total time to produce the final drawings, includ- 
ing the overlap of design calculations and design drafting. As discussed in Chapter 
8 most engineers prefer a bar chart for scheduling individual design tasks. However, 
for project control the individual bar charts must be developed into activities on the 
CPM diagram for the total project schedule. The start and finish of each activity 
of the CPM engineering design schedule is a composite of all tasks of the work 



Engineering Budget Matrix 

FIGURE 9-3 
Engineering Cost Breakdown Structure and Work Breakdown Structure. 
Source: Construction Industry Institute, Publication No. 6-1. 
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package. The following illustrates the evaluation of overlapping tasks of the work 
package to determine the duration of an activity on the CPM diagram. 

Tasks of Work Package Duration 
Project Engineering 7 days 
Electrical Engineering 19 days 
CADD Operator 8 days 
Total Budgeted Days = 34 days 

Project Engineering 
Electrical Engineering 

CADD Operator 

for CPM scheduling 

CII Publication 6-4, Contractor Planning for Fixed-Price Construction, provides 
a good description of the relationship of the CBS and WBS for construction. Figure 
9-4 is an example from the publication that shows the WBS is the direct cost por- 
tion of the CBS. The WBS includes work that is budgeted, scheduled, and con- 
trolled. The estimate should be prepared in the same organizational format as the 
WBS. The quantity takeoff from the plans and specifications is used as the basis for 
direct labor, material, and equipment costs. The cost estimate should also consider 
the method of construction and the sequencing of work for development of the proj- 
ect schedule. 

The general superintendent who will be responsible for the project on the con- 
struction job-site must be involved in developing the detailed construction schedule. 
However, during the early stages of project development it is often necessary to de- 
velop a construction schedule before the construction contractor has been identified. 
For this type of situation, the initial CPM diagram for construction must be devel- 
oped without excessive constraints in the sequencing of activities. The CPM sched- 
ule should show the sequencing of major areas of the project and identify the 
general flow of work. Then, prior to construction, a detailed CPM diagram can be 
developed by the construction personnel who will actually perform the work. 

A construction contractor, usually performs some work with direct-hire (force ac- 
count) personnel and contra'cts portions of the work to one or more subcontractors. 
Since many subcontractors do not have an elaborate project control system, the as- 
signment of work to a subcontractor should be a work package that has a scope of 
work, budget, and schedule that is defined in sufficient detail so the subcontractor's 
responsibilities and duties are clearly understood. The subcontract work package 
must be compatible with the WBS; otherwise there is no basis for control. 

Milestone dates that are required for the start and completion of each subcon- 
tractor's work should be clearly defined, including any hold in work that may be 
necessary in order to schedule the work of other subcontractors. Each subcon- 
tractor is an independent company and not an employee of the general contractor. 
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FIGURE 9-4 
WBS vs. CBS. 
Source: Constmction Industry Institute, Publication No. 6-4. 

However, each subcontractor's work must be included in the total project schedule 
since the work of any one contractor usually affects the work of other contractors on 
the job, which can impact the completion date of the project. 

The unsuccessful procurement of material is a common source of delays during 
construction. A procurement plan must be included in the project schedule to guide 
the purchase of contractor furnished materials. Although the contractor generally 
obtains most of the material as a part of his or her construction contract, many proj- 
ects require the procurement of special material and equipment that is unique to 
the project. Also, the owner may procure equipment or bulk materials that will 
be installed by the construction contractor. The project schedule should identify 
and sequence all activities that can impact the delivery of special equipment and 
material. 

The previous sections presented the list of activities, costs, durations, and coding 
system for the EPC project shown in Figure 9-2. The preparation of this data pro- 
vides the base for a project monitoring and control system. For example, to evalu- 
ate the engineering design phase of the project, an S-curve, see Figure 9-5, can be 
produced that shows the distribution of costs for all design work. This curve is ob- 
tained using the coding system of Table 9-1, by selecting all activities in which the 
first digit of their code is greater than zero and less than 3. 
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f*f**t**.tft*tf*....*.*.**t** 

** CUMULATIVE COST CURVE " ............................. 
PROJECT: mIXTENANCE SERVICE FACILITY 
S-CURVE FOR ALL DESIGN ACTIVITIES - ISSUED TO TIM JONES ON 4/15/2003 

BRSIS : EARLY START - POT 32 activities - , PAGE 1 

FIGURE 9-5 
S-Curve for All Design Work (Sort by Code Digit 1 Greater Than 0 and Less Than 3). 

Additional reports can be computer generated as discussed in Chapter 8. For ex- 
ample, Figure 9-6 shows the graph of daily cost for all in-house engineering design. 
It can be obtained by selecting all activities that have a 1 in the first digit of their 
code number. A similar curve can be obtained for work-hours which would show 
the personnel requirements needed to perform the work. 

Table 9-3 is a partial listing of the project control schedule for all activities in the 
project. Only the first and last portion of the total schedule is shown to illustrate the 
type of information that can be obtained for all the 60 activities in the total project. 
Critical activities are those activities that have zero float time and are denoted by the 
letter " C  at the left of the activity number. Major milestone events are also noted 
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*******tt*.*************"******* 

** COST EVERY DAY HISTOORAM '* 
................................ 

PROJECT: SERVICE MARUTENANCE FACILITY 
DISTRIBUTION OF COSTS FOR ALL DESIGN ACTMTTES - ISSUED TO TIM JONES ON 4/15/2003 

PAGE 1 
BASIS : EARLY START - For 32 activities - 

S 10000. + 

1 10 20 30 40 50 60 70 80 90 100 
26UAY2003 6JUN2003 20JUN2003 4JVL2003 18JUL2003 1AUG2003 15AUG2003 29AUG2003 12SEP2003 26SEP2003 100CT2003 

FIGURE 9-6 
Distribution of Daily Costs for All In-House Design Work. 

on the schedule. This schedule is a summary-level schedule report that integrates 
engineering, procurement, and construction. 

Table 9-4 is a monthly cost schedule for the entire project. The distribution of 
costs are shown on an early start, late start, and target basis. The percentage-time 
and percentage-cost distribution are shown in the two rightmost columns. There is 
a non-linear distribution between costs and time. For example, at the end of the 
sixth month, which represents 33.0% of the time of completion, only 17.9% of the 
costs are anticipated to be expended. However, at the end of the eleventh month, 
64.1% of the time, 54.3% of the costs are expected to be expended. 
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TABLE 9-3 
SCHEDULE OF ALL ACTMTIES 

............................ 
" ACTIVITY SCHEDULE " 
............................ 

PROJECT: SERVICE UPdNTRiANCE FACILITY 
SCHEDULE FOR ALL ACTIVITIES - ISSUED TO TIM JONES ON 4/15/2003 

" PAGE 1 '* 
ACTIVITY SCHEDULE 

ACTIVITY DESCRIFTION D m -  EARLY EARLY LATE LATE TOTAL FREE 
NUMBER TION START FINISH START FINISH FLOAT &OAT 

C 5 PROJECT NOTICE APPROVAL 3 26MAY2003 28MAY2003 26MAY2003 28MAY2003 0 0 
1 3 1 3 

C 10 DEVEMP WORK PLAN 7 29MAY2003 6JUN2003 29MAY2003 6JUN2003 0 0 
4 10 4 10 

C 15 FORM PROJECT TERM 5 9JUNZ003 13JUN2003 9JUN2003 13JUN2003 0 0 
11 15 11 15 

20 DESIGN CONTRACTOR'S WORK 2 16JUN2003 17JUN2003 25JUN2003 26JUN2003 7 0 
16 17 23 24 

C 25 IN-HOUSE DESIGN WORK 3 16JUN2003 18JUN2003 16JUN2003 18JUN2003 0 0 
16 18 16 18 

30 DESIGN BRIEFING MEETING 1 l8JUN2003 18JUN2003 27JUN2003 27JUN2003 7 0 
18 18 25 25 

35 PROJECT SITE-WORK DESIGN 1 19JUN2003 19JUN2003 25JUN2003 25JUNZOO3 4 0 

40 ON-SITE UTILITIES DESIGN 1 19JUN2003 19JUN2003 7AUG2003 7AUG2003 35 0 
19 19 54 54 

C 45 AIE DESIGN BUILDING A 1 19JUN2003 19JUN2003 19JUN2003 19JUN2003 0 0 

L9 19 19 19 
50 FLOOR PLAN BUILDING B 10 19JIh2003 2JUL2003 30JUN2003 llJUL2003 7 3 

19 28 26 35 
55 SITE GRADING PLAN 12 20JUN2003 7JUL2003 26JUN2003 llJUL2003 4 0 

20 31 24 35 
60 I STORM-WATER I DESIGN i ,  20JUN2003 3JUL2003 , 8AUG2003 , 21AUG2003 , I ,  35 

SANITARY SEWER SYSTEM 21 

CONCRETE PAVING ROADS & DRIVES 60 

PLUMBING, HEAT. & AIR BLDG B 75 

ELECTRICALIPHONE BUILDING B 60 

WMESTIC WATER SYSTEM 7 

UNDERGROUND ELECT & PHONE 14 

CONCRETE PARKING AND WALKWAYS 15 

ELECTRICALIPHONE BUILDING A 65 

PLUMBING, HEAT, & AIR BLDG A 85 

290 CRUSHED AGGREGATE PARKING 40 12APR2004 4JUN2004 28JUN2004 20AUG2004 55 0 
231 270 286 325 

250 ARCH FINISHES BUILDING B 50 27APR2004 5JUL2004 12JUL2004 17SEP2004 54 54 
242 291 296 345 

295 LANDSCAPE TREESIPLANTSIGRASS 20 7JUN2004 2JUL2004 23AUG2004 17SEP2004 55 55 
271 290 326 345 

C 270 ARCH FINISHES BUILDING A 30 9AUG2004 17SEP2004 9AUG2004 17SEP2004 0 0 
316 345 316 345 

C 300 FINAL INSPECTION & APPROVAL 3 20SEP2004 22SEP2004 20SEP2004 22SEP2004 0 0 
346 348 346 348 
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TABLE 9-4 
MONTHLY COST DISTRIBUTION FOR ALL ACTIVITIES IN THE PROJECT 

............................. 
" MONTHLY COST SCHEDULE **  ............................. 

PROJECT: SERVICE HRIt?CENANCE FACILITY 
SCHEDULE FOR ALL ACTMTIES - ISSUED TO TIM JDNeS ON 4/15/2003 
START DATE: 26 MAY 2003 FINISH DATE: 22 SEP 2004 

MONTHLY COST SCHEnnE 
- For all activities - 

................................................................................................................................ 
I I E&BLY START I LATE START I TARGFT SCREOULE I 
1 NO, YEU( 1-----------------.-----..-..1.--.-......-.---------------1---------...-.-...-----------------------------* 

I I COST/MON CURDIATIVE I COSTIMON CUHTLATIVE I COSTIMON CUIQLATIXE %TIME %COST I 
I I COST I COST I COST I 
................................................................................................................................. 

: 1 MAY2003 : $ 3929. $ 3929. : $ 3929. 5 3929. : $ 3929. $ 3929. 1.4% .I%: 

: 2 JUN2003 : 5 48841. $ 52770. : $ 34645. 5 38573. : $ 41743. $ 45672. 7.5% 1.5%: 

: 3 JUL 2003 : 5 177261. $ 230031. : 5 101204. $ 139778. : $ 139233. $ 184904. 14.1% 6.1% : 

: 4 AUG 2003 : 5 130583. $ 360614. : 5 130838. $ 270616. : $ 130711. $ 315615. 20.1% 10.3% : 

: 5 SEP 2003 : $ 166931. 5 527545. : 5 160525. $ 431141. : $ 163728. $ 479343. 26.4% 15.7% : 

: 7 NOV 2003 

: 8 DEC 2003 

: 9 JAN 2004 

: 10 FEE 2004 

: 11 MAR 2004 

: 12 APR 2004 

: 13 HRY 2004 

: 14 JUN 2004 

: 15 JUL 2004 

: 16 AUG 2004 

: 17 SEP 2004 

RELATIONSHIPS BETWEEN TIME AND WORK 

Measurement of design work is difficult because design is a creative process that in- 
volves ideas, calculations, evaluation of alternatives, and other tasks that are not 
physically measurable quantities. Considerable time and cost can be expended in 
performing these tasks before end results such as drawings, specifications, reports, 
etc., which are measurable quantities of work, are ever seen. 

The measurement of design is further complicated because of the diversity of 
work. For example, all the design calculations may be complete, half of the draw- 
ings may be produced, and yet only one-fourth of the specifications may be written. 
For this situation it is difficult to determine how much work has been accomplished 
because the work that is produced does not have a common unit of measure. Be- 
cause of this, a percentage of completion is commonly used as a unit of measure of 
design work. The criteria for determining the percent complete for measuring work 
must be developed and confirmed in writing with the project team members prior to 
commencing design. This provides a common basis for the monthly evaluation of 
progress. 
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A weighting multiplier can be assigned to design tasks to define the magnitude 
of effort that is required to achieve each task. The sum of the weighting factors is 
1.0, which represents 100% of the total design effort. The determination of each 
weight should be a joint effort between the project manager and the designer who is 
responsible for performing the work. This should be done before starting work. 

A significant amount of overlap work is necessary during the design process. For 
example, initial drafting normally starts before the design calculations are finished. 
Likewise, final calculations are often not complete before the final production draw- 
ings are started. The project manager and his or her team members can jointly de- 
fine the overlap of related work to show the timing of tasks throughout the duration 
of a project. Table 9-5 is an illustrative example that lists work items, weight multi- 
plier, and estimated timing for each task required in a design effort. Further division 
of weight multipliers within each category may also be necessary. 

The information in Table 9-5 is provided for illustrative purposes only. Because 
each project is unique, it is necessary to define the weight multipliers that are ap- 
propriate for each individual project. The timing of design work depends upon the 
availability of personnel. This information can be compiled from a summary of the 
individual design work packages. 

To manage the overall design effort a worwtime curve can be developed from the 
information in Table 9-5, see Figure 9-7. The upper portion of Figure 9-7 is a series 
of graphs that represent each design task individually, arranged in the order of oc- 
currence. The slope of each graph is the ratio of the weight multiplier to the time re- 
quired for the work to be performed. The lower portion of Figure 9-7 is the 
workltime curve for the entire design effort and is obtained by a composite, super- 
position of the individual graphs. This curve represents the planned accomplishment 
of work and serves as a basis of control for comparison of actual work accom- 
plished. It can be superimposed onto the timelcost S-curve that was discussed in the 
preceding section. This forms the overall integrated cost/schedule/work curve that 
is discussed later in subseqent sections of this chapter. 

Construction involves many types of different work that have different units of 
measure, such as, cubic yards, square feet, pounds, or each. Thus, it is convenient to use 
percentage as a unit of measure for management and control of overall construction. 

TABLE 9-5 
ILLUSTRATIVE WEIGHT MULTIPLIERS FOR DESIGN WORK 

Design work 
Weight Project 

multiplier timing 

Review backup material 0.05 0%- 10% 
Design calculations 0.10 10%- 25% 
Initial drafting 0.25 15%- 45% 
Final calculations 0.20 35%- 60% 
Production drawings 0.30 50%- 90% 
Drawing approval 0.1 0 90%-100% - 

1 .OO 





The procedure used for measurement of design can also be applied to construc- 
tion. For example, a project may consist of three major facilities; site-work, a con- 
crete office building, and a preengineered metal building. A weight multiplier can 
be applied to each of the three major facilities, along with their planned sequence of 
occurrence (reference Table 9-6). 

Table 9-6 only lists three major parts of the project. A more accurate definition of 
the planned work can be achieved by dividing each of the major facilities into 
smaller components. For example, site-work can be divided into grading, drainage, 
paving, landscaping, etc. Likewise, each of the two buildings can be divided into 
smaller components. Regardless of the level of detail of the project, the sum of all 
the weight multipliers would be equal to 1.0, to represent 100% of the project. The 
weight and timing of each major facility is established by key participants of the 
project team, before starting construction, to serve as a basis of control during 
construction. 

Figure 9-8 shows the composite of the planned accomplishment of work. The up- 
per portion of Figure 9-8 is a graphical display of the overlap and sequence of each 
of the three major facilities. The lower portion is the integrated worldtime curve for 
the entire project and is obtained by a composite superposition of the three individ- 
ual graphs of each major facility. 

The procedure is a top level summary of all facilities in the total project. This 
same procedure can be used for each facility, or parts of a facility, depending upon 
the complexity of the project and the level of control that is desired by the project 
manager. 

At the lowest level it may be possible to use a unit of measure of work that can 
be physically measured at the job-site, rather than using a percentage. For example, 
"wire pulling" can be easily measured in linear feet or "concrete piers" can be mea- 
sured in cubic yards. However, some precautions must be used when physical quan- 
tities are used to represent work in place of a percentage. To illustrate, the 
construction of concrete piers involves drilling, setting steel, and placement of con- 
crete. For a project that has 18 piers, a progress report may show all piers drilled, 
steel set in 9 piers, and concrete placed in 3 piers. If cubic yards is the only measure 
of control, only 3 of the 18 piers would be reported as complete, which would not 
include the drilling and steel work that is accomplished. For this situation, a weight 
multiplier system must be developed to account for each task that is required to 

TABLE 9-6 
ILLUSTRATIVE WEIGHT MULTIPLIER FOR 
CONSTRUCTION 

Weight Project 
Facility multiplier timing 

Site-work 0.25 0%- 35% 
Concrete building 0.40 15%- 75% 
Metal building 0.35 - 65%-100% 
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construct the piers. As previously discussed the sum of all weights must equal 1.0 to 
represent 100% of the work. 

INTEGRATED COSTISCHEDULWORK 

Experienced project managers are familiar with the problems of using only partial 
information, such as only costs or time to track the status of a project. To illustrate, 
half of a project budget may be expended by the mid-point of the scheduled dura- 
tion, but only 20% of the work may be accomplished. A monitoring of only time 
and cost would indicate the project is going well; however, upon completion of the 
project there would likely be a cost overrun and a delay in schedule because the 
measurement of work was not included in the project control system. Thus, a proj- 
ect manager must develop an integrated cost/schedule/work system which provides 
meaningful feedback during the project rather than afterwards. The status of a proj- 
ect can then be determined and corrective actions taken when corrections can be 
made at the least cost. 

The preceding sections presented the relationships of cost/time and workltime for 
project control. However, evaluating these relationships separately does not provide 
an accurate status of a project. A cost/schedule/work graph can be prepared that 
shows the integrated relationship of the three basic components of a project: scope 
(work), budget (cost), and schedule (time). Figure 9-9 is a graph that links costs on 
the left-hand ordinate, time on the abscissa, and work on the right-hand ordinate. 
The upper curve is simply the cost/time S-curve that has been discussed in previous 
sections of this book. The lower workltime curve shows the relationship between 
work and time throughout the duration of the project. Thus, the graph is simply a 
composite overlay of the information previously presented. 

The unit for costs is dollars and the unit for schedule is days, which are easily de- 
termined units of measure for any type of project. The unit of measure for work is 
represented as a percentage which provides a common base for all parts of the proj- 
ect. As previously discussed, a project may have three types of buildings: concrete, 
steel, and wood frame. An appropriate unit of measure for work would be cubic 
yards for the concrete building, pounds of steel for the steel building, and board feet 
of lumber for the wood frame building. However, since it is not possible to add cu- 
bic yards to pounds or board feet, percent is a dimensionless unit of measure that 
can conveniently be used to represent work. 

Although percentage provides a common unit of measure for work, a multiplier 
is necessary to define the distribution of work for each part of the project. For ex- 
ample, the project with three buildings of the previous paragraph may use a multi- 
plier of 45% for the concrete structure, 35% for the steel structure, and 20% for the 
wood structure which when combined, represents 100% for the total project. Fac- 
tors that may be considered for determining the multiplier include work-hours, 
costs, and/or the time to complete the work. The multiplier that is selected involves 
both a quantitative and qualitative evaluation of the project, based upon good judge- 
ment, and should be determined as a joint effort by key participants of the project 
team. 
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FIGURE 9-9 1 
Integrated Cost/Schedule/Work Graph. 

The actual cost and work accomplished can be superimposed onto the curves to 
compare with the planned cost and work in order to determine the status of the proj- 
ect; see Figure 9-10a. For this example the actual accomplished work curve is 
below the planned work curve, which shows a schedule slippage. For the same re- 
porting period there is a cost overrun as noted on the upper curve of the graph. Thus, 
there is a schedule slippage and cost overrun for the reporting period. Other scenar- 
ios are possible as illustrated in Figure 9-lob to 9-10d. 

An integrated cost/schedule/work graph provides a good summary level report 
for the status of the overall project. Lower level graphs, that is, the concrete build- 
ing only, can be prepared to evaluate the status of a part of the total project. Thus, 
multiple graphs can be developed, depending upon the complexity of the project 
and the level of control desired by the project manager. 

PERCENT COMPLETE MATRIX METHOD 

A very simple technique for determining the overall status of a project is the percent 
complete matrix method. It can be used for any size project and only requires a min- 
imal amount of information that is readily available in the work packages. The over- 
all status can be measured as a percent complete matrix, based upon the budget for 
each work package in a project. The budget can be measured as any one of three 




