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PREFACE

This book presents the principles and techniques of managing engineering and con-
struction projects from the conceptual phase, through design and construction, to
completion. It emphasi zes project management during theearly 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 stagesof development. Most books discuss
project management during construction, after the scope of work is fully defined,
the budget isfixed, and the completion date isfirm. It isthen too lateto make any
significant adjustments to the project toimprove quality, cost, or schedule to bene-
fit the owner.

Although each project i s unique, thereis certain information that must beidenti-
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 isemphasized 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 are covered from
the perspective of the engineer who is employed with either the owner's organiza-
tion or thedesign firm.

The intended audience of this book is students of university programsin engi-
neering and construction. It is also intended for persons in industry who aid the
owner in thefeasibility 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 experiencein working with hundreds of proj-
ect managersin the engineering and construction industry. Much of theinformation
in this book is based on formal and informa discussions with these project man-
agers, who are actively involved in the practice of project management. Although
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viii  PREFACE

the author has observed that no two project managers operate exactly the same,
there are common elementsthat 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 liketo 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 managersin industry who have shared their successes, and problems, and
who have influenced the author's thoughtsin the development of this book. Finally,
the author greatly appreciates the patience and tolerance of hiswife, Jana, and three
sons, Dan, Tim, and Ron, for their support and encouragement during the writing
and editing phases in producing thisfinished book.

Garold D. Oberlender
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INTRODUCTION

PURPOSE OF THIS BOOK

The purpose of thisbook is to present the principles and techniquesof 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 al project man-
agers and proiects. 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 develoyment to comyletion.

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 goa of completing the project for the owner. Even a small
project involves alarge number of people who work for different organizations. The
key to asuccessful project is the selection and coordination of people who have the
ability to detect and solve problems to compl ete the project.

Throughout this book theimportance of management skillsisemphasized to en-
able the user to develop his or her own styleof project management. Thefocusisto
apply project management at the beginning of the project, when it isfirst approved.
Too often the formal organization to manage a project isnot 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.

Theintended audience of thisbook is students enrolled in university programsin
engineering and construction. It isalso intended for the design firms which aid the
owner in thefeasibility study, coordinate the design effort, and witness construction
in thefield. This book isalso for persons in the owner's organization who arein-
volved in the design and construction process.

ARRANGEMENT OF THIS BOOK

Adiscussion of project management is difficult because there are many waysaproj-
ect can be handled. The design and/or 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
Determinedirect 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 alogical 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 " actua" 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 itssimplest form. In reality thereis
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 managementisfurther complicated because the responsibil -
ity for these steps usually involves many parties. Thus, the above steps must al 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 al 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. Theproject teamisagroup of diverse individuals, each with aspecia
expertise, that performs the work necessary to complete the project. Asleader of the
project team, the project manager acts as a coach to answer questions and to make
sure theteam understands what is expected of them and the desired outcome of the
project.

Chapter 3, Project Initiation, presents material that isgenerally performed by the
owner. However, the owner may contract the services of a design organizationto 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. Thisrequires
input from experienced technical people that represent every aspect of the proposed
project.

Chapter 4, Early Estimates, presents the technigques and processes of preparing
estimates in the early phase of a project. Preparation of early estimatesis a prereg-
uisite to project budgeting. For engineering and construction projects, the early cost
estimateis used by the owner in making economic decisions to approve the project.
Theearly cost estimateis akey project parameter for cost control during thedesign
process.

Chapter 5, Project Budgeting, appliesto al partiesin a project: the owner, de-
signer, and contractor. The budget must belinked 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 changesin a
project and to relate any changes to the budget.

Chapter 6, Development of Work Plan, applies to the project manager whoisre-
sponsible for management of the design effort. Generally, he or sheisemployed 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 isimportant 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, presentsthe process of preparing proposalsfrom the
design otganization to the owner. After the owner has defined the goals, objectives,
intended use, and desired outcome of the project, arequest for proposalsis 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 basisfor 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 isimportant because thereis always atendency 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 asindividual
components, because a change in any one component usualy will affect the other
two components.

Chapter 10, Design Coordination, applies to the project manager of the design
organization. Thequality, cost, and schedule of a project ishighly dependent onthe
effectiveness of thedesign effort. The end result of the design processisto produce
plans and specifications in atimely 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, i simportant because most of the cost of aproj-
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 theinitial 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 compl ete 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 iscompleted and ready for use. Alsoitis
sometimes difficult to close a project because there are always many small items
that must befinished.

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
electronicsindustries. 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 projectisfirst assigned to a proj-
ect manager, it isimportant 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 refersto costs, measured in dollars and/or
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 isan integral part of project management asillustrated in Figure 1-1.

Figure 1-1isshown asan equilateral triangle to represent an important principle
of project management: a balance is necessary between the scope, budget, and
schedule. For any given project thereisa certain amount of work that must be per-
formed and an associated cost and schedule for producing thework. Any increasein
the scope of work requires a corresponding increase in budget and schedule. Con-
versely, any decreasein scope of work resultsin acorresponding decreasein budget
and schedule. This principle applies between any and all of the threecomponents of
aproject. 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 i sfailure to properly de-
fine the project scope. Too often thefocusisjust 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.

Sincethe project scopedefines the work to beaccomplished, it should bethefirst
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
isthereverse order of defining a project and is not agood project management prac-
tice. It isthe 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.

¥/ MANAGEMEN
M N\

Budget 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 scheduleis thefinal 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 acontract. Certainly thesefactors
areapart 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 isthe responsibility of al participantsin 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?

RESPONSIBILITIESOF PARTIES

Each of the three principal partiesin 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
developsthat does not serve the best interest of anyone.

The owner is responsible for setting the operational criteriafor the completed
project. Examples are usage of a building, barrels per day of crude oil to berefined,
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 isalso 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 aternatives, computations,
drawings, and specifications that meet the needs of the owner. In addition there may
be other dutiesthat 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 al federal, state, and local codes; standards; and environmental and safety
regulations. In addition a budget for the design should be prepared, along with ade-
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 needsiit.

Generally the designers are not obligated under standard-form contractsto guar-
antee the construction cost of aproject, although there have been some cases where
the designer bas been held legally responsible for the construction price. As part of
their design responsibility, designers usualy prepare an estimate of the probable
construction cost for the design they have prepared. Mgjor 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 areinfluenced 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 bein thebest possibleform.

The construction contractor i sresponsiblefor the performance of all work in ac-
cordancewith the contract documentsthat have been prepared by the designer. This
includes furnishingall labor, equipment, material, and know-how necessary to build
the project. The construction phaseisimportant because most of the project budget
isexpended 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 arealistic construction schedule, and establish an effective project control
system for cost, schedule, and quality.

WHO DOES THE PROJECT MANAGER WORK FOR?

The project manager worksfor the project, although he or she may be employed by
the owner, designer, or contractor. For large projects ateam consisting of a project
manager for the owner, designer, and contractor formsagroup 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 ade-
sign consultant, or a professional construction manager, and assign an owner's rep-
resentative as aliaison to represent the owner's interest.

The Construction Industry Institute (Cll) has sponsored research and published
numerous papers on a variety of topics related to project management. Organizing
for Project Success, a CIT publication, provides a good description of theinterface
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 i sformed within the owner's organization to provide over-
all project control. The magjor functions, such as marketing, engineering, finance,
and manufacturing, are usually represented. A Project Executive usually leadsthe
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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acontract framthe owner. Their mission isto 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 heor she haslimited 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 verticaly through a chain of command, but in-
stead flows horizontally between people actualy involved in the work. It istheir re-
sponsibility to also work with their Project Manager and keep them informed. This
isfurther discussed in Chapters 2 and 11.

PURPOSE OF PROJECT MANAGEMENT
For the purpose of this book, project management may be defined as:

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

Much of thework of a project manager i sorganizing and working with peopleto
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 havethe 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 devel op a good working rela-
tionship with peoplein order to benefit from the best of their abilities.

It is theduty of aproject manager to organize a project team of peopleand coor-
dinate their efforts in a common direction to bring a project to successful comple-
tion. Throughout the project management process there are four questionsthat 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
i s 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 toforecast methods of achieving results. Thedrive
to achieve results must always be present. This attitude must also be instilled in
everyoneinvolved inthe project.
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Good communication skills are amust for a manager. The management of a proj-
ect reauires 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 isincorrect, inadequate, or too late. In someinstancesthe informa-
tion is Simply never received. It isthe responsibility of the project manager to bea
good communicator and to ensure that people involved in a project communicate
with each other.

TYPESOF 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 positionin adis-
ciplineclosely 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-
pertisefor asingle discipline. Career goals aredirected toward becoming a special-
istin aparticular 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 disciplinethey areed-
ucated in, but should focus on the project objectives.

A fundamental principle of project management isto organizethe 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 ateam of specialists who have the technical abil-
ity to perform the work. Table 1-1illustrates the relationship between project man-
agement and discipline management.
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TABLE1-1
DISTINGUISHING BETWEEN PROJECT AND DISCIPLINE MANAGEMENT

Project managementis Discipline managementis
concerned with concerned with

What must be done How it will be done
When it must be done Who will do it

How much it will cost How well it will be done
Coordinating overall needs Coordinating specific needs
Multi-discipline focus Single-discipline focus
Reliance on others Providing technical expertise
Project quality Technical quality
Administrative viewpoint Technical viewpoint

A generalist's approach A specialist'sapproach

FUNCTIONS OF MANAGEMENT

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

Planning is theformulation of acourse of action to guide a project to completion.
It starts at the beginning of aproject, with the scope of work, and continues through-
out thelife 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 partiesinvolved in a project. There must be
an explicit operational plan to guide the entire project throughout itslife.

Organizing isthe arrangement of resourcesin a systematic manner tofit 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.

Staffing 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 thelife of a project
are solved by people.

Directingisthe 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 effectiveteam. Although each person provides work in hisor her area of exper-
tise, the work that is provided by each must be collectively directed in acommon ef-
fort and in a common direction.

Controlling isthe establishment of asystem to measure, report, and forecast de-
viations in the project scope, budget, and schedule. The purpose of project control
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TABLE1-2
KEY CONCEPTS OF PROJECT MANAGEMENT

1. Ensure that one person, and only one person, is responsible for the project scope, budget,
and schedule

2. 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

10. Establish a work breakdown structure that divides the projectinto definable and measurable
units of work

11, Establish a project organizational chart that shows authority and responsibilitiesfor all team
members

12. Build the project staff into an effective team that works together as a unit

13. Emphasize that quality is a must, because if it doesn't work it is worthless, regardless of
cost or how fast it is completed

14. Budget all tasks; any work worth doing should have compensation

15. Develop a project schedule that provides logical sequencing of the work requiredto com-
plete the job

16. Establish a control system that will anticipate and report deviations on a timely basis so cor-
rective actions can be taken

17. Get problems out in the open with all persons involved so they can be resolved

18. Document all work, because what may seem irrelevant at one point in time may later be very
significant

19. Prepare a formal agreement with appropriate parties whenever there is a charge in the
project

20. Keep the clientinformed; they pay for everythingand will use the project upon completion

©oNoO AW

©

istodetermine and predict deviations in a project so corrective actions can be taken.
Project control requires the continual reporting of information in atimely 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 isdiscussed 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 istolead 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, staffing, directing, and controlling.

Project planning is the heart of good project management. It isimportant for the
project manager to realize that he or sheisresponsible for project planning, and it
must be started early in the project (beforestarting any work). Planningisacontin-
uous process throughout the life of the project, and to be effectiveit must be done
with input from the people involved in the project. The techniques and tools of
planning arewell established. Table 1-3 provides guidelinesfor 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 pridein the
work accomplished. Unorganized work leads to rework. Rework leadsto errors, low
productivity, and frustrated team members. Table 1-4 provides guidelines for
organizing.

Project staffing isimportant because people make things happen. Most individu-
alswill readily agreethat people are the most important resource on a project. They
createideas, solveproblems, produce designs, operate equipment, and install mate-
rials to produce the final product. Because each project is unique, the project

TABLE1-3
PROJECT MANAGER'S ROLE IN PLANNING

1. Develop planning focused on the work to be performed

2. Establish project objectives and performancerequirements early so everyone involved knows
what is required

3. Involve all discipline managers and key staff members in the process of planningand
estimating

4. Establishclear and weli-defined milestonesin the project so all concerned will know what is to
be accomplished,and whenit is to be completed

5. Build contingenciesinto the plan to provide a reserve in the schedule for unforeseen future
problems

6. Avoid reprogramming or replanningthe project unless absolutely necessary

7. Prepare formal agreements with appropriate parties whenever there is a changein the project
and establishmethods to control changes

8. Communicate the project plan to clearly define individual responsibilities, schedules, and
budgets

9. Remember that the best-preparedplans 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 al 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 theleader of the team to meet project objectives. Table
1-6 providesguidelines for directing the project.

Project control is a high priority of management and involves a cooperative ef-
fort of the entire project team. It isimportant for the project manager to establish a
control system that will anticipate and report deviations on atimely 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 adescription 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-
linesfor 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

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 problemsin a

cooperative manner

. 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, complimentthem for good work, guide themin
correcting mistakes, and build an effective team

N

TABLE 1-7
PROJECT MANAGER'S ROLE IN CONTROLLING

1. Maintain a record of planned and actual work accomplishedto 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. Keeprecords of meetings, telephone conversations,and agreements

5. Keep everyone informed, ensuring that no one gets any "surprises," and have solutions or
proposed solutionsto problems

PROFESSIONAL AND TECHNICAL ORGANIZATIONS

Dueto the increased cost and complexity of projects, theinterest 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 oroiect man-
agement in its Journal & Construction Engineering and Management.

The National Society of Professional Engineers (NSPE), founded in 1936, isthe
national engineering society of registered professional engineers fromall 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 engineersin
the construction industry.



The Project Management Institute (PM1), 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 d Knowledge
(PMBOK).

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) asaprofessiona service. CMAA publishes documents related to CM, includ-
ing the Standard CM Services and Practice.

The Construction Industry Institute (Cll), founded in 1983, isanational research
organization consisting of an equal number of owner and contractor member com-
panies, and research universities from across the United States. CITisorganizedinto
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 avariety of topics related to project management.

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

American Ingtitute 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 Vaue Engineers

QUESTIONS FOR CHAPTER 1—INTRODUCTION

1 Aspresentedin thischapter, quality isan integral part of project management. Because
there are different levels of quality, it isimportant for the owner, designer, and contrac-
tor to have a mutual understanding of the quality that isexpected in a project. Describe
methods that can be used to ensure that quality is adequately defined, understood, and
properly includedin a project.

2 Give examples of problemsthat may arise when an owner fails to fulfill hisor her re-
sponsibility of clearly defining the operational criteriaof aproject.

3 Giveexamplesof problemsthat 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 Giveexamplesd problemsthat may arise when a contractor fails to perform hisor her
work in accordance with the contract documents.

5 In actuality, there are at |east three project managersthat are involved in a project, one
each working for the owner, designer, and contractor. Since each of these individuals



worksfor a different organization, describe methods that you would suggest to ensure
good working relationshi psbetween thesethreeindividuals.

6 Interview threeproject managers, one working for an owner, designer, and contractor, re-
spectively, to identify factors that each manager believesisimportant for the successful
completionaf a project.

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

8 Consult publicationsfrom one or more of the referencesat 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
describethe role and functions of management, onefrom ajournal of business manage-
ment and one from a journal of engineering management. Compare the business per-
spectiveof management to the engineering perspectivedf management.

10 Throughout the project management process, there are four quertions that must be ad-
dressed: Who? Does what? When? and How much? Expand this list to include other
questionsthat may be appropriatefor some situationsin 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 aleader to guide the overall efforts. In many respectsthe proj-
ect manager acts asa 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 afacilitator 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 teamsisafundamental skill withinthe area
of human resources management. The Project Management I nstitute 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 i s 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. Theteam effort should accomplish morethan
the sum of theindividua efforts. Every team needs motivation. Team motivation is
the process by which project managers influence the team membersto do what it
takes to get thejob done. The key problem is'How do you motivate team members
when they are borrowed resources?’ Usually, members of the project team areindi-
viduals who are assigned from other departments to the project manager's project.
Because theseindividuals 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 presentsareal challengeto 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 aproject.
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 akey 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 thefew



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 iscrucial in completing the projectson time and within budget. Thereisless po-
tential for comprehensive look-ahead planning and attention to those functions not
currently experiencing problems. Theability to meet project deadlinesishighly de-
pendent on the schedules of others.

On engineering work, it is difficult to have a core discipline team assigned to
each project. As aconseguence, timeis wasted while team memberswait for infor-
mation. Since small projects have short durations, thereis often insufficient timefor
detailed planning and in-process correction of problems. Thelearning curvefor per-
sonnel isstill climbing when the project is over.

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

WORKING WITH 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-
ure2-1.

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 makefinal decisions and keep focus on the project. The owner's proj-
ect manager has overall responsibility and final authority for the total project. Serv-
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. Asillustrated in Figure 2-1 thereis 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 managersare 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
aparticular project. The teamiscomposed 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. Thisindi-
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 issuesrelated to the
project requirements and costs that will impact the sponsor's organization after the
project iscompleted, whenit 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 representativeis
sometimes not involved until the project getsinto trouble. Early involvement of the
Sponsor's representative can prevent future problems. The design project manager
must makethis individual feel that he or sheis part of the project team.

Selecting design team membersis 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 1o get the people on the project that he or she
wants. Chapter 6 presents various organization structures for design firms. Toillus-
trate selection of design team members, consider adesign firm that is organized as
shown in Figure 6-5. The project manager and his or her supervising manager will
review the project's needsto identify required disciplineexpertise and required per-
sonnel. Then, ameeting 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 hisor her project. However, the assignment of team membersis 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 i s 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. Dueto the relatively short life of aconstruction 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 alarge 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 al thediversity involved in aconstruction 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. Theseindividuals 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 of thefinal product.

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

The number of construction teamsfor a project depends upon the number of con-
tracts awarded by the owner. For each construction contractor, and subsequent tier
of subcontractors, aconstruction team isformed to perform the work in accordance
with the contract documentsissued 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. Therole 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 isinstilled
among team members and the project manager by creating an environment of un-
derstanding and teamwork. Open and honest communications are necessary toin-
il 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 murt have the common goal of creating
ateam that plans and executes the work with a clear knowledge of what they are go-
ing to do, whoisgoing to doit, and when it will be done. Sometimesit is necessary
to know where it will be done or how it will be done. For example, for some in-
stancesit may be necessary to know what method of analysis will beusedin adesign.

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 skillsare 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 themselvesto peak performance.

The project manager is responsible for resolving conflicts between team mem-
bersin 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 actsastheleader 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 isexpected to control project activities
within adefined 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 adirect impact on team performance. |n 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 processfor de-
cision making that matches the decision to be made. For example, the decision may
be to resolve the best way to perform adesign or produce drawings while another
may involve generating ideas, solving a problem with one correct answer, or decid-
ing issues with multiplecorrect answers. The project manager must develop alead-
ership style that is respected and accepted by the project team for decision making.

KEY FACTORSIN TEAM LEADERSHIP

Developing a culture where each team member feelsthat 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 asense 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 asignificant 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 theteam. Tn many respects the project manager isthe role model for the team. It
isdifficult 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
theseissuesinto producing quality work. The project manager must also keep mem-
bersinformed 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 beinformed. Regularly scheduled team
meetings are essential. There may be numerous meetings between key team mem-
bersto exchange detailed information, but aregularly scheduled weekly team meet-
ing should be held for sharing status, making decisions, and documenting
information. Because team member?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 aso alows 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 performancc. Theresult isasuc-
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 communicationsis essential to team building. In simple terms, effec-
tive communications means the other person hasreceived and understood theinfor-
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 i s expected.

All participants on the team have acommon 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 needsto 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 goalsand aspirations for the project and must set prior-
itiesrelated to cost, schedule, safety, and the expected level of quality. Everyoneon
the project must realize that the project sponsor paysfor 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 i s not the case. Sometimes
the project manager must help the project sponsor to understand the importance of



CHAPTER2: WORKING WITH PROJECTTEAMS 25

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

From thefirst 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 developmentsin 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 aproject. People experienced in construction can pro-
vide valuableinput in the constructability of a project.

Many private-sector projects are financed by lending institutions. Too often, for
these types of projects the lender is not an active participant in the team and every-
onesuffersfrom 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
beinvolved 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™ Everyoneis a contributor and winner on a successful team."
The team must stop worrying about the 1%that i swrong and focus on the 99% that
isright. 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 usualy
held in aresort setting to allow interaction of team membersrelated to their personal
interests. This allows everyone torealize that team membershave 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 thefirst 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 d needs. Maslow’s theory has been used by managers, as well as ed-
ucators, totry 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 materia things. Maslow proposed that the needs of humans
follow a hierarchy, beginning with comfort and basic survival, such asfood, cloth-
ing, and shelter. Once thisfirst 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 finaly self-
fulfillment. Self-fulfillment is the highest level of need and may include an urgeto
have increasing influence or give back to the world, such as establishing an endow-
ment. Figure 2-2 isagraphical representation of thefivelevelsin Maslow’s hierar-
chy of human needs.

As the lower levels of needs are satisfied, it isonly 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 timein aninformal set-
ting to build a relationship that provides understanding of what is important to a
team member. For example, ateam member may be concerned about having ade-
guate time to attend a child's school function or carefor anill 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 a 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
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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 sheis not respected or fully a part of the team. Conflict can
have anegative influence by fostering interpersona 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 usualy has many diverse personnel from both in-house
and subcontractors.

It should be recognized that conflicts are often aresult of changes, for example,
modification of drawings, reassignment of ateam member, or changesin 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 to 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 beneficia 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 apoor 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 inevitablefuture 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 partiesinvolved 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. Thedis-
puting parties make trade-offs that often fall short of ideal solutions. Too often,
compromising does not result in a definitive resolution and |eaves opportunities for



areoccurrence of the conflicts. Depending on the circumstances, however, compro-
mising may be the best method of resolving conflicts.

Confronting and problem solving is amethod of resolving conflictsthat requires
participation by all parties involved in the conflict. It requires an open dialogue to
identify the root problems and ajoint effort to use problem-solving techniques to
objectively resolve the conflict. The potential to find final, mutually acceptable so-
lutionsis usualy 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 aresolution of the conflict. Forcing a resolution can only be used
when the project manager has the authority and iswilling 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 nol 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
aconsensus 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 aconsensus. 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 specia effort to focus on what isbest overall for the project.

TEAM CONDUCT

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

Goalsfor 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 timeto do their work and the desired outcome of their work.

I'n addition to knowing the goals, the team must also know how it isexpected 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



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 providesfreedom to the team members to perform their work be-
cause they know what i s expected of them. Generally, when the rulesare 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 whereit fitsin 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. Theteam leader must be committed to
respecting team members, promoting openness and flexibility. Situations will arise
when compromises are hecessary to resolve issues.

QUESTIONS FOR CHAPTER 2—WORKING WITH
PROJECT TEAMS

1 Itisthe project manager's responsgibility to ensurethat each team member is assgned pri-
mary responghbility for discrete work. Recognizing there are numerous work itemsin a
project, describe methods for ensuring there will be no overlap or gapsin the work of a
project team.

2 Yau are the project manager of a team which has been newly formed. Supposeyou fedl
one d the team membersislacking in the required skills to perform the work. Discuss
methods you would use to assist the team member to ensurethat hisor her work will mest
your expectations,

3 The compostion of adesign team representsindividuals with diverse backgrounds, in-
cluding civil, mechanicd, eectrical, and structurd. What are methods that you would use
to ensure mutud respect among team members and to reinforce the understanding that
everyone on the team is an important player in the successof the project?

4 Maslow’s theory of hierarchy of needslistsfivelevelsdf needsthat are motivatorsof peo-
ple. As a project manager, list methods you would useto identify the needs of teeam mem-
bers so you can be responsive to those needsin motivating your team.

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

6 When ateam is formed that consists o people who have never worked together, team
building may be necessary. Describe methods of team building for adesign team that has
different engineering disciplinescombined with people from purchasing, qudity control,
and cost control.



7 Thereare numerousfactorsin teamleadership. List and briefly discussfactorsthat areim-
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 choicesof 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 i s important, selecting good-
quality peopleismoreimportant. A successful project isachieved by people work-
ing together with clear responsihilities.

Design and construction projects progress through three phases: project defini-
tion, design, and construction. It should be mentioned that for atotal 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 stagefor construction work. The project definition phaseinvolves dis-
covery to identify and analyze project requirements and constraints. Although the
initial focusis 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,



32  PROJECT MANAGEMENT FOR ENGINEERING AND CONSTRUCTION

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 ascity 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 contractsare created.

Process-sector projects include chemical plants, il 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 achemical 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 systemsto operate thefacility, such as piping and instrumentation drawings.
The contract documents are the final drawings and specificationsfor 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 amajor piece
of equipment, a purchase order may be issued to procure the equipment if itisa
long lead-timeitem that must be ordered in advance of construction to ensure that it
can heinstalled 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 devel op shop drawingsto 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 itemsthat will beinstalled at the job-site.
Site construction involveslabor, material, and construction equipment to physically
build the project.

For non-competitive—bid projects, the owner negotiates a contract with afirm to
provide engineering and/or construction services. Typically, the cost of the project
isnegotiated on some type of cost-reimbursable basis. The agreement &l so specifies
how the engineering design will beintegrated 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
activitiesin the design, fabrication, construction, and operation of constructed fa-
cilities. Magjor advancements in computer hardware and software have produced
two-dimensiona (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 design/construction process. The design intent may not befully re-
alized in thefield 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 materia
availability, work packaging, construction sequencing, and field changes.

PRIVATE VERSUS PUBLIC PROJECTS

Projects may aso 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 commercia retail stores, manufacturing fa-
cilities, industrial process plants, and entertainment facilities. Since the owner isa
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 gonstruction services. They are not restricted to accepting thelowest 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 usesthe competitive-hid 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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providethe overall direction of the project. The designer's team must develop a set
of contract documentsthat meets the owner's needs, budget, required leve 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 3-1illustrates thefundamental arrangementsin 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.

" Project Project
Owner

1
Designer General
A/E Contractor

Contractor l Contractor |7Conlr;u_'lor ‘

1

C - Construction Management (CM)

| O\;'nn:r : .




CHAPTER 3: PROJECT INITIATION 35

separate contracts are awarded, one to the designer and one to the contractor. Since
a complete design is prepared before conrtruction, 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 alump-sum, fixed-price bid before con-
struction, rather than during construction.

A design/build contract is often used to shorten the time required to complete a
project or to provide flexibility for the owner to make changesin the project during
construction. It is atwo-party arrangement between the owner and the designibuild
firm. Since the contract with the designlbuild firm is awarded before starting any
design or construction, acost-reimbursable arrangement is normally used instead of
alump-sum, fixed-cost arrangement. This method requires extensive involvement
of the owner for decisionsthat are made during the selection of design aternatives
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 afour-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 afi rmthat 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 owner/agent 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 al 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 havea need for
projects on a repetitive basis, normally have alimited project staff, and contract all
design and construction activities to outside organizations. They usualy handle
projects with adesign/bid/build 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 design/hid/build. For aprojectin
which they desire extensive involvement, a design/build, construction management,
or owner/agent contract arrangement is often used.

An owner can select a variety of ways to handle a project. The contract arrange-
ment that i s selected depends on the resources available to the owner, the amount of
project control the owner wishesto 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.



PHASES OF A PROJECT

A projectisinacontinual stateof change asit progressesfrom its start, asa need by
the owner, through design devel opment and, finally, construction. Figure 3-2 shows
the various phases during the life of a project. Asthe project movesfrom one phase
to another, additional parties become involved and moreinformation is ohtained 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"l can doit." 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 hisor her time or effectively manage when special requests
aremadefor work that is not well defined. If these conditions exist, the work should
be performed on a time and material basisfor actual work accomplished, until an
adequate scope, budget, and schedule can be determined. Another option is to de-
fine a scope, with amatching budget and schedule. Then when thereis a deviation
from the defined scope, the project manager can advise the owner of the readjusted
budget and schedul e 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 thereis 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 compl ete the contract documents at the earliest possible date. However, the
quality and completenessof the bid documentshavea great influence on the cost of
the project. Adequate time should be alocated to the designer to produce a design
for the project that is constrnctable 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 afacility
to produce a product or service. The need for afacility 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.

Thefirst requirement of the owner is objective setting. Thisisimportant because
it provides afocus 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 magnitudeof the owner's study varies widely, depending on the complexity
of aproject 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 firmi is utilized, the owner must still beinvolved to be certain hisor 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 leadsto changesduring
design and/or construction. Anincomplete scope leadsto costly change orders and,
frequently, to claims and disputes which lead to mgjor cost overruns, delays, and
other problems. Experienced managers agree the time to achieve savings and reduce
changesisin theearly life of the project, not at the start of construction. This con-
ceptisillustrated 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 activitiesthat lead to scope definition. A project manager cannot form the
project team to execute the project without a clear scope definition.

The pmcess of identifying owner needs and objectives requirestheinvolvement
of awide 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. Tt is
important that "what is needed be separated from "what is wanted." Without
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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 istheir 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 Lo define the owner needs. Vague owner needs lead to project changes, scope
growth, cost overruns, rework, and misunderstandings among t eammembers. 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 isconstructed.

The following paragraphs present a hypothetical example of the development of
an owner's needs. An owner may define acompany 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 servicefacility of each of itsfive
operating districts into asingle 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 afacility 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, whichisthe company's goal. Compromiseis often necessary to separate
"what is needed" from "what is wanted.” The end result should be afacility that
meets the needs of al five districts and can be operated more efficiently than five
separate service facilities. For example, agreement may be reached that the owner
needsafacility consisting of three buildings: an employee's office building, aware-
house, and a maintenance shop. Additionally, an outside heavy equipment 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 warehouseis 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 isfurther discussed in Chap-
ters 6, 8, 9 and Appendix A.

PROJECT SCOPE DEFINITION

Project scopeidentifies 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, awarehouse, and a maintenance shop. In addition, the proj-
ect may need a crushed aggregate area for storage of heavy equipment and bulk
materias. Each of the aboveitems should be defined in further detail, such as num-
ber of employeesin 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-
guired 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 3-1isan abbreviated check list
for project scope definition of a petrochemical project. Thetableis 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 valuableinput to assist
an owner in the development of acheck list for project scope.

Before design isstarted, scope must adequately define deliverables, that is, what
will befurnished. Examples of deliverablesaredesign drawings, specifications, as-
sistance during bidding, construction inspection, record drawings, and reimbursable
expenses. All this information must be known before starting design becauseit af-
fects the project budget and schedule. To accomplish this, the project manager from
the design organization must beinvolved 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.



TABLE 3-1
ABBREVIATED GHECK LIST FOR PROJECT SCOPE DEFINITION OF A
PETROCHEMICAL PROJECT

1. General
1.1 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 availablefor 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
45 Preservationsrestrictions

A realistic budget and schedule cannot be determined for a project without a
well-defined scope of work. Thus, the project scope should be devel oped first, then
a project budget and schedule developed that matches the scope. It is the responsi-
bility of all project managers to keep al 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 aproj-
ect and anxiousto begin work as soon as possible. This usualy occurs when anew
product is developed or agovernment official decides afacility should be built at
aparticular timeor 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 thisis not done, the project team isforced into defining scope while
work is being performed, which leads to frustration and adverse relationships.
The simple solution to this problem isto 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.

PROJECT STRATEGY

In the early stagesof project development the owner must develop the project strat-
egy, a plan to carry out tasksin atimely manner. Project strategy formsthe 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. Inthe 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 havealarge
engineering staff that can handle the entire project: design, procurement, and con-
struction. In other casesthe owner may only have alimited staff for projects, which
reguires the assignment of contractsto outside organizations that have the capabil-
ity to perform the necessary work.

Although alarge organization may have the in-house capability, it may not be
able to schedulethe work when it is needed dueto prior commitments. The owner's
organization must make a realistic assessment of the work that can be accomplished
in-house and an outsidefirm's capability to perform the work, and then evaluatethe
cost and schedul e trade-offs of purchasing outside services.

Thetype of contract chosen defines the allocation of responsibilities and risksfor
each party and influences the project schedule. If afast-track schedule isimportant
in order to obtain an early return on the project investment, then a cost-plus-fee con-
tracting strategy may bedesirable. Government projects of an emergency nature are
sometimes handled in this manner. If thereis ample time to complete the entire de-
sign, atraditional design/bid/build approach with alump-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-
terfaceoverall project activities: design, procurement, and construction. A workable
schedule must be developed that integrates the activities of all partiesinvolved in
the project. Any changein 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-
ingthetype, 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 al 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 asdis-
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
thedesign contract. For public-sector projects, selection of the designer dependson
the policiesand restrictions of the owner's organization. Generally, designers are se-
lected from alist 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, alist of prospective design organizationsisiden-
tified. Often thelist is compiled based on recommendations of other ownersor those
acquainted with design firms who are known to have the expertise required to design
the project. Generally thelist consists of at |east three design firms that appear to be
best qualified for the particular project. Each design firm is sent aletter that briefly
describes the proposed project and inquires about itsinterest 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 thefirm 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. Itisimportant for the owner to meet the specific people who
will be performing the design work to ensure compatibility of personalities.

Typically after al interviews are conducted, the owner lists the design firmsin
theorder 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 adeci-
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 statethat 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 bidis generally the criteriafor selection of a construc-
tion contractor when the design is 100% compl ete.

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 isselected 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 compl eted. When the construction contractor
is selected before design is completed, a procedure is established to review and
eval uate 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

Thecompetitiveenvironment and therigid 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 madefor the duration of the project.
Thus, contractors and vendors work themselves out of ajob.

A relatively new concept called partnering is an approach that focuses on mak-
ing long-term commitments, with mutual goalsfor al parties involved, to achieve
mutual success. The Construction Industry Institute (Cl1) established a task forceon
partnering to evaluate the feasibility of this method of doing businessin the con-
struction industry. AT Publication 17-1, entitled In Search of Partnering Excellence,
isareport 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 partiesin-
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 along-term commitment of trust and shared vision,
with an agreement to cooperateto an unusually high degree to achieve separate yet
complementary objectives. Partnering is not to be construed asalega " partnership™
with the associated joint liabilities.

Thefirst 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, thisfirst partnering relationship differed from
traditional contracts because the bureaucratic procedures were removed and al 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-
teriawas 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 isrequired by all partiesin apartnering relationship. Thethree
key elements of any successful partnering relationship aretrust, long-term commit-
ment, and shared vision. As these three elements are devel oped, other subelements
are achieved and the benefitsto all pasties are maximized. Both customer and sup-
plier can profit from reduced overhead and work load stability. Competitive advan-
tage isenhanced through improved cost, quality, and schedule. Growth and balance
ateimportant tothe 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 costsin a cost-plus relationship. Shared vi-
sion can expand to open sharing and mutual development of business objectives.

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

QUESTIONS FOR CHAPTER 3--PROJECT INITIATION

1 There are many contractual arrangementsfor handling a project. This chapter describes
the arrangementsin four basicforms: design/bid/build, design/build, construction man-
agement, and owner/agent. Describe the advantages and disadvantages of each of these
arrangements, considering factorssuch asthe cost, time, and level of involvement desired
by the owner of the project.

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

3 The various phasesfor development of a project are shown in Figure 3-2. Review each
phaseand identify the party that most likely would beinvolvedin performingthe work of
the phase, and the party whose work will be most influenced by theresultsdf the phase.
Identify parties as one of the following: owner, consultant to the owner, designer, con-
struction manager, or constructioncontractor.

4 A part of theowner's study isdefining the requirementsof the project. Identify and de-
scribe methodsthat can be used to assist an owner with thisimportant study assuming that
the owner does not have the expertiseto perform the study.

5 Review thelist of references at the end of thischapter and summarizethe processof set-
ting proj ect objectivesto assurethe successful completion of a project.

6 Describethe differencesbetween project objectivesand project scope definition. Define
the interactiverole of theowner 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 processof partnering,and list ma-
jor differencesbetween partnering and traditional methods of contracting strategies.
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EARLY ESTIMATES

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 basisfor 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 estimateis aso important to the project team because it becomes one of
the key project parameters. It helpsformulate execution strategies and provides a
hasis 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 successis
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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Sponsor's Preliminary Detailed Procurement Construction
Study Engineering Engineering
FIGURE 4-1

Estimates and Reestimates Through Phases of Project Development.

(i.e., beequal toor lessthan) theinitial estimates. However, too often thefinal proj-
ect costs exceed theinitial 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
genera, 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 companiesdefine estimate namesand 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 (CIL) shownin Figure 4-3.

In genera, 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 ClI publications.

FIGURE 4-2
AACE InternationalCost Estimation Classificaticns {18R-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 1% to 5% 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 Bid/Tender —15% to +20%

Class 1 50% to 100% Check Estimate or Bid/Tender —10% to +15%
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Estimate class Percentrange Description/methodology

Order-of-Magnitude +/—30 to 50% Feasibility study—cuost/capacity curves

Factored Estimate +/-25 to 30% Major equipment—factors applied for costs
Control Estimate +/—10t0 15% Quantities from mech/elect/civil drawings
Detailed or Definitive +/—<10% Based on detailed drawings

L

FIGURE 4-3

Construction Industry Institute Cost Estimate Definitions(Cll 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 aprocess to work effectively, key information must be defined and ac-
cumulated at critical times. The primary factors in preparing estimates are shownin
Table4-1.

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 communica-
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. Tt 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 wecceessful 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 islow compared to later estimates. There must be amutual understanding

TABLE 4-1
PRIMARY FACTORS IN PREPARING ESTIMATES.

. Standardization of the cost estimate preparationprocess

. Alignment of objectives betweenthe customer and team

. Selection of estimate methodology commensurate with the desired level of accuracy
. Collection of project data and confirmation of historical cost information

. Organizing the estimate into the desired format

. Documentationand communication of estimate basis, accuracy, etc.

. Review and checking of estimate
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. Feed-back from project implementation
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L essonsLearned for ContinuousImprovement

I Estimate Feed-Back for ContinuousImprovement l

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.
Theestimate work plan identifies the work that is needed to prepare the estimatein-
cluding whoisgoingtodoit, when it isto be done, and the budget for preparing the
estimate. The plan al so 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 responsiblefor 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-
guesting party must respond to questions that may arise from the estimating team.
The estimating process can assist the requesting party inidentifying areas of uncer-
tainty and additional information that may be needed or assumptions that must be
madein lieu of definitiveinformation 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-
muni cations among project participants, establishes a mechanism for estimate re-
views, and forms a basis for early project cost control. The estimating team should
develop astandard 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 estimateto
account for risk and uncertainty. Contingency is a real and necessary component of
an estimate. Assessing risk and assigning contingency to the base estimateis oneof
the most important tasks in preparing early estimates. Typicaly, risk analysis is
a prerequisite to assigning contingency. Based on the acceptable risks and the



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. Actua cost information from completed projects must be cap-
tured in afeed-back system that can be integrated into the cost database for use in
preparing future estimates. L essons 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 hetter standardsfor preparing future project estimates.

IMPORTANCE OF TEAM ALIGNMENT IN PREPARING
EARLY ESTIMATES

Early communication between the team and the customer i s essential to the success
of any estimate, particularly early estimates. This early communication i s necessary
to ensure a clear understanding of the customer's expectations and the team's abil-
ity to meet those expectations. Table4-2isalist of benefits of team alignment.

Toachieve alignment, aspecia effort must be madetoresolveall issuesthat 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. Establishesa clear understanding between the customer and the team of the project's
parameters

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

3. Enablesthe 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 pmject

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. Servesto 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 isexpectedin
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-ef the team and the type of decisions that will be made based on the esti-
mate. Critical questionsthat 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 potentia 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 DEFINITIONAND 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 arangeof accuracy (+/— percentage).
Theseranges narrow asthe quantity and quality of information increase through the
life of aproject. This infers that estimate accuracy is afunction of availableinfor-
mation (scope definition), agenerally accepted fact in engineering and construction.

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

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

. Whatis the level of scope definition of the project?

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

. What deliverablesare required from this effort?

. What decisions will be made based on the estimate?

. Does the project have unique or unusual characteristics?

. What is the estimate due date and the anticipated project start/completion date?

. What level of confidentiality is required by the team?
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. Who are the customer's contacts with the team?
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. What other organizationsneed to interface with the team?
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. Are there other information sourcesthat can aid the estimating team?
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. What is the budget for developing the estimate and who is paying for it?
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. Have similar projects/estimates been developed previously?

[
~

. What customer-furnished items are to be excluded from the estimate?
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. What customer-furnished costs are to be included in the estimate?
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. Are there specific guidelinesto be used in preparing the estimate?
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. Are there special permitting requirementsthat may affect the cost and schedule?
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. Are there any special funding requirementsthat might influence the final total installed cost?
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©

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

N
©

What level of effortis 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 isonly an
idea of the project sponsor for a product to be produced. Asengineering progresses,
the level of scope definition increases. Consequently, early estimates are often sub-
ject to high variability.

Although good scope definition isimportant in preparing estimates, the skillsand
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.

10.

Early estimatesthat are heavily influenced by a preconceived number developed by
individuals outside the estimating team

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

. Excessive constraints on the estimating team, such as inadequate time for preparing the

estimate or lack of cost data

. Failure to hold an estimate kick-off meeting
. Failure to identify information required of the estimatingteam to prepare the estimate

. Inadequate understandingof the expected accuracy based on the levsl of information,

estimate methodology, or other factors that impact the estimate

. Failure to identify costs and scope to be capturedin the estimate

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

Faiiure to communicatethe estimating methodology to be used in preparing the
estimate

Project Inception Project Completion

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

project's life, when thelevel of scope definition islow. The business unit must rely
on the experience and skills of the team to produce accurate early estimates, because
early inthe project the level of scope definitionislow and it isoften poorly defined.
The estimator must addresslimited scope definition and clearly communicateto the

customer thelevel of scope definition that was used in preparing the estimate.
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PREPARING EARLY ESTIMATES

Issuesthat should bediscussed, defined, and documented when preparing estimates
are shown in Table4-6. Asthe estimateis being prepared it i simportant 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

» Comparisonswith similar projects

» Comparisons with industry data ($/square foot, cost/megawatt, indirect/direct
Ccosts, €tc.)

» Check ratios such aslighting costs/fixture, fire protection, costs/sprinkler, etc.

Oncethe estimateis 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 isresponsible for initiating and leading the effort to de-
velop a plan for preparing the estimate. In almost al situations, higher-quality esti-
mates can be produced by professional cost estimators with an engineering or
technical background. Like any technical speciaty, estimating requires specific
skills, training, and experience. Involvement of the estimating team early in the
project isessential in the business devel opment process.

TABLE 4-6
ISSUES FOR PREPARING EARLY ESTIMATES

—_

. Work plan for preparing the estimate

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

. Estimating methodology, tools, and techniques

. Expected accuracy of the estimate

Impact of time allowed for preparing the estimate

information needed by the estimating team to prepare the estimate
Roles and responsibilitiesfor preparing the estimate

. Format for presehting the estimate to the customer
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. Schedule for preparing the estimatethat includes
a. Kick-off meeting, estimate reviews and approvals

b. Milestones for delivery of informationand 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 multiplelocations. 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 estimatei s prepared is not asimportant aswho is preparing
the estimate and the process used in preparing the estimate. It isimportant to im-
plement and maintain effective control over the estimating process. Procedures
must bein placefor

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

Timely exchange of information iscritical toensure current price data, databases,
and feed-back. Preparing estimates requires expertisefrom 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. Theleader of the estimating team isresponsible 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: whois going to do
it, when it is to bedone, 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 beincluded in an estimate work plan. The work plan should contain suf-
ficient detail to alow 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 asa 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 i s extremely important. The quality
of any estimate is governed by thefollowing major considerations:

» Quality and amount of information availablefor preparing the estimate
» Timeallocated to prepare the estimate

« Proficiency of the estimator and the estimating team

» Toolsand 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 Servicesto 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 estimateis 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 thetools 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, ahd contingency. Computer methods, including spreadsheets or
estimating programs, provide consistent formats for preparing and presenting esti-
mates. Uniform formats provide the following benefits:

» Reduceserrorsin preparing estimates

» Enhances the ability to compare estimates of similar projects

» Promotes a better understanding of the contentsof 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 asby 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 methodsfor preparing early estimates depends on thelevel of scope
definition, time alowed 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 ratiosraised to an exponent
Plant cost per unit of production
Equipment factored estimates
Computer-generated estimates

Cost-Capacity Curves

A cost-capacity curve issimply a graph that plots cost on the vertical axis and ca-
pacity on the horizontal axis. These curves are developed for avariety of individual
process units, systems, and services. The minimum information needed to prepare
an estimate by cost-capacity curvesis 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 feel 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 aregular ba-
sis. These curves are developed and updated utilizing return cost data from
completed jobs. Thisinformation is normalized to alocation, such as the U.S. Gulf
Coast, andfor aparticular time frame expressed as a baseline, such as December of
aparticular 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 i sthen read from the vertical y-axisby a straight linefrom
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the y-axis to the point where the x-axisintersects with the curve. The tota 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.

Example4-1

The figure shows cost-capacity curves for process units in a chemical plant.
What isthe 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

unitn N
=] |

$170 —l Pr.
Unit B

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 lineto the left to read the estimated cost as $153,000.

Capacity Ratios Raised to an Exponent

Capacity ratios raised to an exponent i s 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 Bl
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Essentiallv. this method is a mathematical solution to the cost-capacity curves
presented earlier in this section, which wasagraphical technique. The exponent rep-
resented bv 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 datacan be captured fromcompleted projects and aleast-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 astandard or typical exponent
for process plants.

Example 4-2

The cost of a320 cubic feet per hour (ft/h) process unit is $675,000. From his-
torical cost records, the capacity ratio exponent of a process unitis0.72. Estimate
the cost of asimilar process unit with a capacity of 450 ft3k.

Capacity of processunit A
Capacity of processunit B

Cost of processunit A = (Cost of processunit B) X f

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 isthe 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 ($1,000/kW) of production. Thus, for a future 300-megawatt (MW) co-
generation facility, the estimated cost would be calculated by multiplying the
$1,000/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 islinear and, therefore, would apply best within afairly narrow
range. |deally, 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.



This method of preparing early estimatesissimilar to the square-foot estimating
method used for projectsin the building sector. Thetotal estimated cost of a partic-
ular building project is determined by multiplying the average cost per square foot
of previous projects by the total squarefeet 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. Thefactors 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 materia costs
Subcontract costs

¢ Construction labor costs

¢ Construction indirect costs
* Home office services costs

Oneexample of the factoring techniqueisthe " equipment cost” to 'tota installed
cost" factor (TIC). Thisfactoring 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. Conditionsthat affect the equipment to T1C factors are

Equipment sizes

Pressure

Metallurgy

Degree of prefabrication

Site conditions

Equipment costs

Specia conditions (large structures, pits, buildings, etc.)
Explanation of engineering costsincluded

Another equipment factored estimating technique develops equipment costs
manually or by utilizing commercially available computer software systems. Bulk
material costsarefactored from the estimated equi pment costs, using historical cost
data for the same or similar type units. Field labor work-hours are estimated for
eachindividua eguipment item, and the work-hoursfor installing bulk materialsare
estimated as a percentage of the bulk material costsfor each category of materials.
Theresultant 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 mgjor categories by percentages of direct labor
costs. Home office costs are estimated as apercentage of thetotal installed cost. The
equipment factored estimating techniques described can be utilized when thereis
sufficient technical definitions available consisting of the following:

Processflow diagram

Equipment list

Equipment specifications

Project location

General site conditions (assumed if not specified)
Construction labor information

Project schedule

Computer-GeneratedEstimates

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 heavy/highway 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 moreflexible 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 alows 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 beintroduced
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

e Preliminary plot plans (if available) and information relating to pipe-rack,
structures, buildings, automation and control philosophy, etc.

* Adeguate 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
isrequired, 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
systemsin developing early estimates, the following should be considered:



¢ Index or benchmark the unit costs and installation work-hoursin 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 devel oped by owner/operator
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

e Listing information required to prepare the early estimate

e Listing miscellaneous other coststhat 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 reguirements.
For projectsin 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.

Typica examples of miscellaneous cost itemsfor projectsin the processindustry
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 duringinitial clientlcustomer meetings where they serve as
agendaitemsfor discussion. Check listsalso assist the estimator in preparing an es-
timate wor k 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 availablefor presentation, review, and future use of
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TABLE 4-7
CHECK LIST FOR AN EARLY ESTIMATE IN THE PROCESS INDUSTRY.

. Process unit description (delayedcoker, hydrogen plant, etc.)
. Process licenser

Feed capacity

. Production capacity

Product yield

. Utility levels at process unit location

Feedstock specifications

. Integration of multiple units

. Process pressure and temperature operating levels

. Provision for future expansion of capacity

. Provision for processing multiple or different feedstocks

. Single train vs. multi-train concept

. Projectlocation

Miscellaneous costs (spare parts, training, chemicals, etc.)
. Other items, such as unusually high or low recycle rate
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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 omissionsin the estimate, mis-
communicationsof project information, or non-aligned assumptions. Documenting
the estimate will minimize these inaccuracies by

e Improving communications among all project participants
« Establishing a mechanism for review of the estimate
« Forming asolid basisfor project controls

Asthe estimate is being devel oped, 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

Identifyingitems that require clarification

» Helping the estimator obtain and organizeinformation 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.

. Standard format for presenting cost categories {codesy—summary and backup levels
. Basis of estimate—clear understanding of what constitutes the estimate
Level of accuracy--expectedfor the estimate
. Basis for contingency —risk analysis, if applicable
. Boundaries of the estimate—limitations of the estimate
Scope of work—the level of scope definition used in preparing the estimate
. Labor rates —breakdown and basis of labor rate
. Assumed quantities — conceptualized,etc.
. Applied escalation--datesand basis of escalation
. Work schedule —shifts, overtime, etc., to match the milestones (not contradictory)
. Other backup information--quotes, supporting data, assumptions
. Check lists used—a list of completed check lists
. Description of cost categories —codes used in preparing the estimate
. Excluded costs —list of items excluded from the cost estimate
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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 devel oped 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 REVIEWS

Well-executed estimate reviews will increase the credibility and accuracy of thees-
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 isan important part
of the estimating process because it helps the customer to understand the contents
and level of accuracy of theestimate, 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 estimateand afinal 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.

Theinternal midpoint estimate review is brief. Typicaly 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 isintended as areality 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 thefollowingtwo 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 theteam the go ahead to proceed with the remaining estimate process
to complete the estimate.

Thefinal estimatereview isamore structured process. The depth of the review
depends on the type or class of estimate that is being prepared. The meeting isin-
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 i s represented in the estimate.

Thefinal estimate review may be alengthy meeting. For afinal estimatereview,
the attendees should include the lead estimator, process engineer, discipline en-
gineer, operations/maintenance 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 cometo the review
meeting prepared with the following information for comparisons:

 Historical data used in preparing the estimate
¢ 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-
torsfor the estimate review. The estimator needs to assess each estimate to deter-
mine the appropriate checks that should beincluded in an estimatereview meeting.

In some situations it may be desirable to use outside assistancefor estimate re-
views. For example, it may be helpful to obtain areview 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 athird 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 4-9is an illustrative
example of presentation itemsfor review of an early estimate for a project in the
process industry.

RISK ASSESSMENT

Assessing risk and assigning contingency to the base estimate isone of the most im-
portant tasksin preparing early estimates. Risk assessment is not the sole responsi-
bility of the estimators. Key members of the project management team must provide
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TABLE 4-9
PRESENTATIONITEMS FOR REVIEW OF AN EARLY ESTIMATE IN THE PROCESS INDUSTRY.

. Product mix, volume, and quality requirements
Facility location

Scope of work

. Simplified flow sheet

Key assumptions used

Major undecided alternatives

Historical data used

. Estimate exclusions

Estimator's experience and track record

Check lists used to prepare estimate
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input on critical issues that should be addressed by the estimatorsin 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 overal 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 thefinal estimate.

RISK ANALYSIS

Typicaly, risk analysis is a prerequisite to assigning contingency. Based on the ac-
ceptablerisks and the expected confidence level, a contingency isestablished for a
given estimate. Risk analysis and the resultant amount of contingency help the busi-
ness unit to determine thelevel 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 aready covered by
contractors.

Numerous publications have been written to define risk analysis techniques.
Generally, aformal risk anaysis involveseither aMonte Carlo simulation or asta-
tistical range analysis. There are also numerous software packages for risk analysis.
The lead estimator for a project must assess the unigqueness of each project and se-
lect the technique of risk analysisthat is deemed most appropriate. For very early
estimates, thelevel of scope definition and the amount of estimatedetail may bein-
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, omis-
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 simpleterms, contingency isthe amount of money that should be added to the
base estimate in order to predict the total installed cost of the project. Contingency
may beinterpreted 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.

CIl 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 confidencelevel 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 istoinvolve the project management team. Estimators have insights and can
assess imperfectionsin an estimate to derive an appropriate contingency. However,
theinteraction and group dynamics of the project management team provide an ex-
cellent vehicleto 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 confidencein thefinal 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 communi cate the method sel ected, 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 i s applied to the base estimate to derive the total contingency.
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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 isgoverned by company policy rather than by a nu-
merica analysis. Typically, the percentage used isbased on thelevel of scope defi-
nition or on the stage of project development.

In some situations, contingency isdetermined as a percentage of major cost items
rather than as a percentage of the total base estimate. This method typically relieson
the persona 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 "'fed" 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-
blerisk for each element, recognizing that it is unlikely that all the risk will occur
for al 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 analysisfor 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 isdefined and probability analysisisused
to form the basis of simulation. Using this method, non-critical elements can be
combined into one or afew meaningful elements.

Range estimating is probably the most widely used and accepted method of for-
mal risk analysis. In range estimating thefirst step requiresidentification of thecrit-
ical itemsin the estimate. The critical items are those cost items that can affect the
total cost estimate by a set percentage, for example +/—4%. Thus, arelatively small
item with an extremely high degree of uncertainty may be critical whereas a mgjor
equipment item for which afirm vendor quote has been obtained would not be con-
sidered critical. Typically, no morethan 20 critical items are used in the analysis. If
morethan 20 critical items areidentified, the set percentage can beincreased 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 thereisonly a1%
chance that the cost of the item would fall below that minimum. Similarly, an upper
value may beestablished 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 dightly higher than the average.

FIGURE 4-8
Expected Net Risk Analysis

Base Max. Max. Yo Expected

Element estimate cost risk probability net risk
#1 $400 $500 $.00 30% $ 30
#2 %80 $120 $ 40 80% $ 32
#3 $100 $200 $100 50% $ 50

Total $580 $820 $240 $112




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 acumulative probability graph,
commonly called an S-curve. The cumulative probability graph typically showsthe
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 decidethe
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 aproject when using rangeestimating. Thereisarisk of understating the
true risk of a project dueto statistical interdependenciesamong thecritical itemsin
the analysis. Whenever two or more cost items are positively correlated, meaning
they increase together or decrease together, the Monte Carle simulation may cause
oneto 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 adetailed 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 thereis not enough detailed information
or an adequate number of cost itemsfor a valid simulation.

Assessing Estimate Sensitivity

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

The sensitivity analysis evaluates theimpact of only onerisk element at atime.
It isfrequently 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
4-10 show a sample sensitivity analysis for a$3.000M 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
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% Change New base
Risk element from estimate estimate (SM)
Labor rate {$50/WH) 0 $3,000
Labor rate +10 3,100
Labor rate 5 2,950

Total work-hours (20,000 WH)
Total work-hours +
Total work-hours

Equipment ($1,200Mj)

Equipment
Equipment

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 analysisof 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 isinvolved in preparing the estimate, how the estimate is pre-
pared, what isknown about the project, and otherfactorsthat can influencethe cost
of aproject.

To measure theimpact 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 correl ate 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 projectsin the process industry. A breakdown of
the 4 divisions of the estimate scoring system isshown in Figure 4-11.

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 estimateinto ESPand then rate each of the 45 elements. ESP
automatically calculates the estimate score as the user rates each element. After the
scoreis 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 alows 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

| DIVISION 4 _FACTORS CONSIDERED WHILE PREPARING THE ESTIMATE l1'2"'"3"4 ' 5 |

FIGURE 4-11
Estimate Score Sheet.

the user can display various statistical information in the Satistics portion of the
software. The Satistics 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 resultsin the
Graphs portion of ESP. The Graphs portion enablesthe user to graphically view the
scatter plot and S-curvefor the current data set of completed projects as selected
from the Query. Figure 4-12is a screen copy of a scatter plot graph from the ESP
software program. Figure4-13isthe S-curve, whichisagraphical display of thecu-
mul ative probability curve based on the current data 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 4-13is 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 aso determinethe cost range, upper and lower lim-
its, of adesired 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 projectsin
the process industry. The research results showed asignificant 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 asa method of assigning contingency onitsown.

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 aproject. It also improvesteam alignment by
providing a better understanding of the estimate and the factors that can affect the
accuracy of an early estimate.

ESTIMATEFEED-BACK FOR CONTINUOUS IMPROVEMENT

It isunfortunate, but many people have the perception that the estimator's involve-
ment with a project is over when the estimate is finished. In redlity, it isan 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 phaseof aproject. Involvement of the estimator during project execution al-
lows theestimator to stay in touch with the project and providean 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 work/bid packages and for analyzing actual bids with
the recast estimate. The estimator can also assist in management of changes during
project execution, by assessing theimpact 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|earned 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 Proaram.
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practices. Feed-back from project completion also alows 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 aformat 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 isan extremely valuable document for improving esti-
mates because it provides areal feed-back to compare with the original cost esti-
mate. Pitfallsfor future estimates can be eliminated or minimized. Both theoriginal
estimate and thefinal project cost reports should be maintained at acentral location.
Acost reference with reports sorted by project location, type, size, etc., can be used
to update the cost databasefor future estimates.

The best source of data for estimators to develop and enhance the estimating
tools and techniquesis their own organization. There is an abundance of project
data that is available from completed projects and definitive estimates. The key to
success i s the establishment of a mechanism to capture and retrieve thisinformation
in aformat 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 processfor providing feed-back loopsis necessary for improv-
ing the accuracy of early estimates.

QUESTIONS FOR CHAPTER 4--EARLY ESTIMATES

1 Early estimates are extremely important to the owner. From the perspectiveof the owner,
give examples of problemsthat may ariseif an early estimate is significantly lower than
thefinal actual cost of aproject.

2 From the perspectiveof the owner, give examples of problemsthat may arise if an early
estimate is significantly lower than thefinal 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 ariseif an early estimate is significantly lower than the
final cost of aproject.

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

5 The cost of a540-ft3/h 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 ft¥/h.
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6 Below are cost-capacity curvesfor process unitsin arefinery. What is the estimated cost
for a project that has a process unit B with a capacity of 4,000 barrels per day?

Process _

Cost in $1Million D ™
4 Umt \‘

Capacity in Barrelsper Day
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PROJECT BUDGETING

PROJECT BUDGETS

Thediscussion of budgeting in this chapter is an extension of Chapter 4 on prepar-
ing early estimates. It isalso closely related to Chapter 7 on design proposals, which
presents the process of determining thecost of engineering design services for proj-
ects. The cost of construction work isamajor portion of the total cost of any project.
Much of the construction work on many projectsis 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
costsispresented in Estimating Gonst ructi on Cogts, 4thed., published by McGraw-
Hill, Inc.

The budget for a project isthe maximum amount of money the owner iswilling
to spend for design and construction to economically justify the project. Estimating
isa prerequisite to project budgeting. Chapter 4 presented the process of preparing
early estimates of projects. As presented in that chapter, after the base estimateis
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 fina 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-
ingisone of the most difficult tasksin project management becauseit must bedone
before the work is started. It is a process that involves a series of successive

78
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approximations beginning with the owner's feasibility study and continuing through
design devel opment 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 pat of the de-
sign process. The construction contractor's organization must determine the cost of
al material, 1abor, and equipment to build the project on the job-site.

Each contractor on a project must devel op 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 risksin 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. Asdiscussedin Chapter 3, the project budget isderived
from scope definition; therefore, aspecial 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 theearly 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. Aproject manager can play animportant role as mediator in
the early stages of the development of a project 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
scopeisnot well defined or the owner's organization does not have the expertiseto
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 fundsto allow
some flexibility in decision making during design devel opment.

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. Thisis necessary be-
fore completion of the contract documents. It isthe 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.



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 acost that is within the owner's approved budget because thisinformation is usu-
aly not known to the contractor. For negotiated cost-reimbursable projects the con-
tractor's organization works closely with the owner to determine construction
aternatives 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. Thereisnoindustry standard that has been agreed on regarding the amount of
plus or minus percentage that should be applied to an estimate. To discuss thisissue
itishelpful to divide projects into two general categories: building projects and in-
dustria 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
iscontracted by the owner to design the project and prepare the contract documents.
Thelevel 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 +350% 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 estimateis 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 isimportant 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 result in less than a 1% vari-
ation in the lowest two bids.

For petrochemical and processing projects, estimating is difficult because of the
widerange 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 thefeasibility plan. Estimates at this stage are commonly
referred to asorder & magnitudecost estimates. Theestimateis prepared asaratio
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. Thelevel of accuracy is usually *50%.

After the major equipment is identified and process flow sheets are devel oped,
an equipment factored estimate can be prepared. This estimateis 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 stageisusualy 235%.

After completion of piping and instrumentation drawings, a preliminary control
estimate can bedeveloped. The documents and datafor 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%.

Thefinal 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. Itis
based on process flow sheets, mechanical flow sheets, equipment layout, isometrics,
and building plans. Thelevel of accuracy of an AFE Definitive estimateis usualy
+10%.

OWNER'S ESTIMATE FOR BUDGETING

Every project must be shown as economically feasible beforeit is approved by the
owner's management. Economic feasibility i s determined by an economic analysis
for projectsin the private sector or by abenefit/cost ratio for projectsin 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 informationisknown about the proj-
ect. However, this cost estimateis 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 squarefeet of building area, number of carsin 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 budgetisusualy 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
Guideiscommonly used. The Richardson's manua for construction estimating is a



common referencefor petrochemical and processing projects. These pricing manu-
als provide costs per unit for various types of projects, such as cost per squarefoot
of building areafor offices, warehouses, and maintenance buildings. The costs are
derived from previous projects that have been completed at numerous geographic
locations. Figure 5-1illustrates examples of information that is available for sev-

FIGURE 5-1
lllustrative Examples of Cost-per-Square-FootInformation Available from Pricing Manuals.

l Office buildings | Motels

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

Foundation

Floors on grade

Superstructure

Roofing

Exterior walls

Partitions

Wall finishes

Floor finishes

Ceilingfinishes

Conveying systems

Specialties

Fixed equipment

Heat/vent/air cond.

Plumbing -

Electrical
Total $/SF

Secondary schools | Hospitals

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

Foundation
Floors on grade
Superstructure
Roofing
Exterior walls
Partitions
Wall finishes
Floor finishes
Ceiling finishes
Conveying systems
Specialties
Fixed equipment
Heat/vent/air cond.
Plumbing
Electrical

Total $/SF
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eral types of buildings. It shows the low, average, and high cost per sguare foot,
based on the level of quality. The budget for a proposed project can be calculated
by multiplying the cost per square foot by thetotal squarefeet 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 thedesignis 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 sourceof cost information is company records from previous projects.
Although thetotal 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
datato 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 datafrom
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 5-1illustrates the weighting procedure. The procedure can be applied
to other types of projects and their parameters. Examples are apartment units, mo-
tel rooms, milesof electric transmission line, barrels of crude oil processed per day,
and square yards of pavement.

Example5-1

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 «—— highestvalue
90 14,975
60 12,300
220 8.650 +—— lowest value
70 12,700
180 8,975

Total = $79,034
Average cost per car = $ 9,879 «—— 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 isnecessary 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 dueto 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 usein 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 acomprehensive dis-
cussion of estimating project costs.

Example5-2

Usethe timeand location indices below to calculate theforecast cost for abuild-
ing with 62,700 SF of floor area. The building is to be constructed 3 yearsfrom
now in city B. A similar type building that cost $2,945,250 and contained 38,500
SFwas completed 2 years ago in city D.

Year Index Location Index
3 yr ago 358 City A 1025
2 yr ago 359 City B 1170
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
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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
i sin the private sector or government sector. For a private project the economicfea-
sibility can be determined by an economic analysis of the monetary return onthein-
vestment to build the project. For a public government project the economic
feasibility isusually 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 isabrief 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 meansthat equal dollar amounts at different pointsin timedo not have equal
value. For example, the present worth of $100 today isequivalent to $107 one year
from now provided theinterest i s7%. Engineering economic analysisisthe process
of evaluating alternatives. The basic variables used in atime 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 » periods of timeat
i interest)
| = interest rate per interest period (usually one year)
n = number of periods of time (usually in years)

Single Payments

Thefollowing calculationsare provided to illustrate the rel ationship between P and
Ffor agiven:andn.

End of Interest earned Compound amount at end of year
year during the year (F= future value of money)

Thus, F=P(I ' Notethat Fisrelated to Pby afactor that dependsonly on
i and n. Thisfactor, (1 + i), is called the single-payment compound-amount fac-
tor, which makes Fequivalent to P. Rearranging terms, P = F/{1 + i)". The factor
1/(1 + {y" is known as the present-worth compound-amount factor, which makes
P equivalent to £ These two equations provide equivalent single payments, how



and in thefuture. There arefour parameters: P, F, i, and n. Given any three parame-
ters, the fourth can easily be calcul ated.

Uniform Payment Series

Instead of asingle amount of money of £ today and Fi n the future asillustrated pre-
vioudly, 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 aseriesof n equal payments, then the sum of these payments after n yearsat
i interest can be calculated as in the following equation:

Multiplying both sides of the equation by (1 +5 gives the following eguation:

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

F(ltH—-F=-A tA(Q i

Note that Fis related to A by a factor that depends only on i and n. This fac-
tor, [(1 + i)* — 1V is called the uniform-series compound-amount factor,
which makes the series of A payments equivalent to £ Rearranging terms, A =
F{li/(1 + i) — 1}, Thefactor [i#(1 T i)"] — Lisknown asthe uniform-series sink-
ing-fund factor. It represents the amount of money A that must beinvested over the
uniform series of payments to equate to the future amount F.

Substituting P(I + #¥*for Fi nthe uniform-seriessinking-fund equation givesthe
following equation:

_ Pty
A=T+ir-1

aFy =1

The equation A = P{[i(1 + i)1/[(1 + i)' — 1]} givesa uniform series of payments
A that is equivalent to the present worth of 2 Again, note that A isrelated to Pby a
factor that dependsonly on i and n. This factor, [i(1 + {*V[(1 + i)* — 1], iscalled
the uniform-series capital recovery. Rearranging terms, P = A{[{1 + i}" — 1)/
[i(1 + iy"]}. This gives the present worth P of the uniform series of A payments.



The factor, [(1 T i)' — 11/[i(1 + i)"], is called the uniform-series present-worth
factor.

For convenience, each of the six basic equations for economic analysis are
shownin Egs. 5.2-5.7.

Fundamental Equations of Time Value of Money

P=Present Worth

F
F= Future Sum AL A A A A A
A =Equal Payment Series (]) | 2 3 n=-2)(n-1) n
i =Annual Interest Rate 5 5 \/\ i " |
n = Study Period (years) P
Single Payment Series:
Compound Amount F=P[(l+1)] = P(”PE_") (Eq. 5.2)
Present Worth P=F [(—]—lﬁl — e (Eq.5.3)
Equal Payment Series.
Compound Amount ~ F=A [(—i%;l] - A (Eq.5.4)
Sinking Fund A=F ﬂ-—;ﬁl] R (Bq. 5.5)
Present Worth (Eqg. 5.6)
: N i1 i)
Capital Recovery A—D —— 7. (Eq.5.7)

Thefactor designation at the right of the preceding interest equations represents
an abbreviated form of theequation illustrated in the following:

M meansfind the Future Sum, 7 from aknown

Present Worth, £, and Interest Rate, i, during a
Study Period of n.

In general, an economic analysisinvolves the process of solving for one of the
variables. For example, capital recovery solvesfor A, pay back period solvesfor »,
and rate of return solvesfor i. A more complex analysis using one or more of the ba-
sic six equations isrequired when multiple sums of money are distributed over the
study period, or when tax advantages areincluded.



The capital recovery method evaluates the amount of annual money, A, that must
be obtained throughout the study life, », of aproject in order to obtain arecovery on
the original capital investment, P 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, », that a project
must be operated in order to obtain aninterest rate, i, for a given investment, £ with
an annual generated income, A. This method isillustrated in Example 5-4. A rate-
of-return analysis evaluates theinterest rate, i, that equates theinitial investment, 7
to the yearly net cash flow asillustrated in Example 5-5. A trial-and-error solution
is required in this exampl e because the annual payments are not uniform. All these
examples are simpleillustrations of the methods that can be used to determine the
economic feasibility of a project.

Example5-3

This exampleillustrates the capital recovery method for determining economic
feasibility. Suppose the feasibility estimate for a project is $7.0M 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 $7.0M, 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 $7.0M, or can be built to oper-
ate moreefficiently than $560K per year, it iseven more economically attractive.

Example5-4

This example illustrates the pay back period method for determining the eco-
nomic feasibility of aproject. The initial investment for a project is $18.0M. A
net annual profit of $3.5M isanticipated. Using a 15% desired rate of return on
theinvestment, what isthe pay back period for the project?

n = 10.5years



Example5-5

This example illustratesthe rate-of -returnmethod for determiningthe economic
feasibility of aproject. An initial projectinvestment of $1.05M is being consid-
ered for a5-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 totransfer the costsfrom each year to an equival ent present worth:;
Ty i = 15%.

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

PIFHO-| PIF10—2 PIF10—3 PIF10—4
P = [—$350(0.9090) _ $120(0.8264) + $420(0.7513) * $735(0.6830)

PIF10-5 PIF10—5
+ $680(0.6209) + $560(0.6209)] % 1,000

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

$1.05M = $1.06M; thereforetherate of returnis dlightly 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 thoseillustrated, is used by the owner to
approvethe project budget, which is the capital investment, . When a project ex-
ceedsits budget, then the economicjustificationthat was used by the owner to pro-
ceed with the project isimpaired.

A popular method for deciding on the economic justificationof a public project
is to computethe benefit/cost ratio, whichis simply the ratio of the benefits to the



90 PROJECT MANAGEMENT FOR ENGINEERING AND CONSTRUCTION

public divided by the cost to the government. If the ratiois 1, the equivalent bene-
fits and equivalent costs areequal. This represents the minimum justification for an
expenditure by a public agency. Generally, thefi st step isto determinethe benefits
that can be derived from a project. Thisisin contrast to the consideration of prof-
itability as afirst 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 questionis: 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 benefitsis sometimes difficult because they cannot a-
ways be expressed in dollars.

Many government agencies havealist 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 and/or producing contract documentsfor the project before the design
and construction phases begin. For many projects the magnitude of work that isre-
quired by the designer cannot be fully anticipated, because design is a creative
process that involvesthe evaluation of numerous aternatives. The evaluation of de-
sign alternatives isa 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 usualy 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, alump-sum design con-
tract is commonly used. Preparation of the design budget can be developed by
defining tasks, and grouping of tasks, in awork breakdown structure. The develop-
ment of a project work breakdown structure and design work packagesis discussed
in Chapter 6. A design work package, shownin 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 cal culations, 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. Figure5-2 illustrates the summary of ade-
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
lllustrative Design Engineering Budget.



CALCULATIONS

DRAWINGS 25% 25% 25% 25%
Drawing | Drawing Final
Drawings| Review |Submittals| Record Total
Reproduction 200 200 200 200 800
Dac. Control 200 200 200 200 800
400 400 400 400 1,600
SPECIFICATIONS
SPECIFICATIONS
| Doc. Control | 100 1 100 1 2001
I I 200! 200! 400!

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 whenit isdifficult
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 establishin-
formation that i s needed for the final design. The designer provides afee schedule
to the owner that lists the classification and salary costs of all personnel, and arate
schedule for all other coststhat are directly chargeable to the project. Work isthen
performed based on actual time expended in the design effort. A multiplier, usually
within arangefrom 2.0 to 3.0, isapplied 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% servicecharge.

The cost plus afixed payment method is used for projects that have ageneral de-
scription or statement of the scope of contemplated work, such asthe 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
plusafixed feethat is agreed on between the designer and owner. Thefixed fee usu-
ally varies from 10% for large projects to 25% for small projectsthat 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 ascommon today asit wasin the past.
Generally the percentageison adliding scale that decreases as the construction cost
increases. The percentage also varies depending on the level of design servicesthat
are provided, such asdesign 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 aguide to establish the approximate costs that may beincurred 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 superviselarge work forces who operate equipment, procure mate-
rials, and physically build the project. The cost of construction isdetermined 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 aslump-sum, unit-price, or acombination of lump-sum and unit-price.



94  PROJECT MANAGEMENT FOR ENGINEERING AND CONSTRUCTION

Cost-reimbursable contracts can be classified as cost plus afixed fee or cost plusa
percentage. An incentive is often built into cost-reimbursable contracts to control
thetotal cost of aproject. Examples of incentives are " target price” and " guaranteed
maximum price."

For projects with a complete set of plans and specificationsthat have been pre-
pared prior to construction, the contractor can prepare a detailed estimate for the
purpose of submitting alump-sum bid on the project. Only one total-cost figureis
guoted to the owner, and this figure represents the amount the owner will pay to the
contractor for the completed project, unless there are revisionsin the plansor 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 hisor her unique construc-
tion operations. Building contractors organize their estimates in a format that
closely follows the Construction Specification Institute's (CSI) masterformat. The
CSl masterformat organizes project information into 16 major divisions and is rec-
ognized as the industry standard for building construction. Appendix E provides
alisting 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

General requirement
Sie-work

Concrete

Masonry

Metals

Woods and plastics
Thermal and moisture
Doors and windows
Finishes

Specialties
Equipment
Furnishings

Special construction
Conveying systems
Mechanical
Electrical

Total direct costs

Material tax (5%) 2, 602, 910. 00
Labor tax (18%) 2,676, 523. 00
Contingency (2%) 53,530.00 2, 730,053.00
Bonds/Insurance 34,0910 2, 764, 144.00
Profit (1096} 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., asillustrated in
Figure 5-5.

Heavy engineering construction contractors generally organizetheir estimatesin
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 el ectric 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 L.S.
Excavation 8,800 yd®
Compaction 950 yd?®
Handwork 500 yd?
Termite control L.S.
Drilled piers 1,632 lin ft
Foundation drains 14 ea.
Landscape LS.
Paving 4,850 yd?

FIGURE 5-6

Example of Electric Power Construction Bid Summary Using the WBS Organization of Work.T

Group-level report

Labor and

No. Group Material equipment Subcontract Total
1100 Switch

station
2100 Transmission

line A
2300  Transmission

line B

3100  Substation at
spring creek
4200  Distribution

line A
4400 Distribution

line B
4500 Distribution

lineC

For large projects the costs are sometimesrounded to the nearest $100 or $1,000. Figures 5-6 to 5-8 show
full dollarsto 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 unitsthe owner will pay the contractor. The final cost
isdetermined by multiplying the bid cost per unit by the actual quantity of work that
isinstalled 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-
tiesare 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

FIGURE5-7
Example of Electric Power Construction Estimate Using the WBS Organization of Work.

DIVISION-LEVEL REPORT FOR TRANSMISSIONLINE A

Cost
item Description Material Labor Equipment Total

2100 TRANSMISSIONLINE A
2210  Fabrication of

steel towers $ 692,775.00
2370  Tower foundations 83,262.00
2570  Erection of

steel towers 0.00
2620 Insulators and

conductors 2,605,588.00
2650  Shield wire

installation 0.00

Total for 2100 $3,381,625.00

FIGURE5-8

Example of Electric Power Construction Estimate Using the WBS Organizationof Work.

COMPONENT-LEVELREPORT FOR TOWER FOUNDATIONS

Cost
Item Description Quantity Material Labor Equipment Total

2370 TOWER FOUNDATIONS
2372  Drilling

foundations 4196 linft $ 000  $25428.00  $44,897.00 $ 70,325.00
2374  Reinforcing

steel 37.5tons 28,9510 22,050.00 15,376.00 66,377.00
2376 Foundation

concrete 870 yd?® 53,306.00 13,831.00 10,143.00 77,280.00
2378  Stubangles 3,1421Ib 1,005.00 817.00 794.00 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 modificationsin the contract, or because
the project is unique with features that prevent a reasonable approximation of the
actual cost of construction. The estimatefor thistype of project is usually prepared
by the contractor as an approximate estimate. The owner and contractor agreeon a
cost ratefor all labor, equipment, and other services that may be charged to the proj-
ect by the contractor. The contractor is reimbursed for al costs that are accrued dur-
ing theconstruction phase of the project plus a percentage of the costsor afixedfee.

To maintain some degree of control over the tota cost of a project, anincentive
is often placed on cost-reimbursable contracts. For example, the contract may be
awarded on a cost plusbasiswith aguaranteed maximum price, commonly called a
GMP contract. For a GM Pcontract, the owner and contractor agree on a guaranteed
maximum price prior to the start of construction. They also agree on the distribution
of coststhat each will incur if the final cost isabove or below the guaranteed max-
imum price. Then, during construction, the contractor isreimbursed for actual costs
plus afixed fee or percentage of actual costs. If the actua final cost is above or be-
low the guaranteed maximum price, then the predetermined distribution of the dif-
ference of costsisdistributed between the owner and contractor. Toillustrate, if the
cost exceeds the guaranteed maximum price, the contractor may pay 70% of the
cost and the owner pays 30%0f the cost. If the cost i sless than the guaranteed max-
imum price, the contractor receives 60% of the reduced costs and the owner re-
ceives 40%.

QUESTIONS FOR CHAPTER 5--PROJECT BUDGETING

1 Usually each of the three principal parties (the owner, designer, and contractor) prepares
acost estimateat differenttimes duringthelifedf aproject. Describethe purposedf each
estimate and theimpact that estimatingerrors may have on the other two parties.

2 Why isit 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 datain 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 percentaged this cost would you recommend to definethe level
of accuracy?

4 Usethetimeand location indicesin Example5-2 to estimatethe cost of ahigh-quality of -
fice building that contains 64,500ft? of floor area. The building is to be constructed 2
yearsfrom now in city A. Thecost of asimilar type building that contains95,000 1> was
completedlast year in city C for acost 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 operatethe facility
after completionadf constructionwill be $250,000 per year. Assuming the owner must ob-
tain a return on theinitial investment of 15%, what net annual income must hereceived
to economically justify the project? Assume no salvage value after using thefacility for
12 years.

6 Thecost estimateaf a project is$3.5 million. Annua costsfor maintainingand operating
thefacility areforecast as$250,000per year After 8 years, it isanticipated thefacility will



besoldfor $2.0 million. If the owner requiresa 15% returnon his or her investment, what
net annual incone must be received to recover the capital investment of the project?

7 Theinitid investment for a project is $4.7 million. A net annual profit of $1.5 millionis
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

Thediscussion 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 ahility 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 timein the life of a project the scope of work is fully defined, the
budget isfixed, and the completion date isfirm. It is then too late to make any sig-
nificant adjustmentsin 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 isto gather
all the background material that has been prepared by the sponsoring organization.
Thisincludesthe 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 thisinitial review process is to become familiar with the own-
er's abjectives, the overall project needs, and to identify any additional information
that may be needed to begin the process of developing awork plan to manage the
project. To organize the review process it is best to divide the questions into
the threecategories that define a project: scope, budget, and schedule. To guidethis
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?
. What is the best way to do this?
What additional information is needed?
. What technical expertise is needed?
. How is the best way to handle construction?
What is the owner's expected level of quality?
. What codes and regulations are applicable?

0O~NOUIAW

Bud

D
-

. Doesthe budget seem reasonable?

. How was the budget determined?

Who prepared the budget?

When was the budget prepared?

Should any portion of the budget be rechecked?

. Has the budget been adjusted for time & location?

O wNPRQ

Schedule

. Does the schedule seem reasonable?
How was the schedule determined?

. When was the schedule prepared?

. Who prepared the schedule?

How firm is the completion date?

. Arethere penalties or bonuses?

S AN N

OWNER'S ORIENTATION

After the project manager has performed the initial project review and becomefa-
miliar with the project, the owner's authorized representative should be identified
and ameeting scheduled to set up the necessary coordination arrangements with the
owner. The owner's representative serves two rolesin a project: asa 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 thisinitial 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. X is understood that quality is an element that must be satis-
fied. The owner should set the level of quality that isexpected in the project. There
must be a mutual understanding of quality between the project manager and the
owner's representative. Scopeis 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 timeor cost isset by the owner. Frequently, timeisini-
tially set asa priority over cost. However, cost may take precedence over timeif the



CHAPTER6: DMLOPMENT OFWORK ALAN 101

market for the product changes or other conditions arise. If apriority 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 wantsto sign everything, then the
project manager must include time in the project schedule and cost into the budget
for the owner's involvement. Two-way communication isan absolute requirement.
The project manager should also inform the owner's representative of how heor she
plans to create a project team that will be coordinated to represent each part of the
project.

Thisinitial 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 othersin the owner's organization that may be concerned with the project.
I ssuesto discuss might include clarification of goalsand 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 al-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 givesthe 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 acompany can have alarge 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 acompany is product oriented, it will be organized around manufacturing and
marketing of the product, with the priority of decisionsfocused 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 existsto produce the product for the marketing group to sell. Questions related
to the engineering/construction of a project for this company would typically bedi-
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 adelay 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 afunctional organization is illustrated by the electrical power
company shown in Figure 6-2. The company emphasisis on generation, transmis-
sion, and distribution of electrical power services. Utilities and governmental agen-
cies are usually organized in functional departments. This type of organizationis
efficient for the design and construction of projectsinvolving asingle function, such
asthe design and construction of atransmission line or asubstation. However, if a
project involves design and construction of a unit of a power station, plus two trans-
mission linesand asubstation, it can be ditficult 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 scheduledelays. Even if asingle project manager isas-
signed, coordinating across departments lines can be difficult.

Figure 6-3 shows atypical work environment of a consulting engineering com-
pany that provides design servicesfor projects. The company emphasisis discipline
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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 interna 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
adual role, as both a designer and a project manager. As the number of disciplines
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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 structurefor aconsulting 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
thefunctional departmentsand serve on design teamsfor 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 thereis a declinein the number of
projects in one or more departments, one or more designers may be transferred
to another functional department. This can he 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 expertiseis 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 whileissues related to the project are addressed
horizontally.

The matrix organization provides a work environment with emphasis on the proj-
ect. Each project i s defined by a horizontal line on the matrix. The project manager
isresponsible 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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Matrix Organization (Design Firm).

disciplines are responsible for providing technical expertise, quality performance,
and the cost and schedule for their particular part of the uroiect. No one person
worksfor theother on the project team; instead everyoneworksfor the project. The
project manager isthe leader of the team and servesasafocal point for integrating
responsibility.

A matrix defineslines of communications but does not indicate the authority for
conflict resolution. A matrix mav be defined as a " strong matrix,” where project
managers have the authority to decide what is good for the overall project. At the
oppositeend of the spectrumisthe "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 problemsdue 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 isessential. The project manager relies on the expertise of each team mem-
ber and recognizes that everyone isakey player on theteam of asuccessful project.
A"cando" attitude must exist, withadriveto complete aquality project in an effi-
cient manner that meets the needs of the owner. What is good for the project isgood
for the entire company. Effective communications among team members is amust.

As a project moves from the design phase to the construction phase, a work
structure must be devel oped around the work that must be accomplished in thefield.
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

For 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 issimple; 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 & and 9 show how the WBS is used in project
scheduling and tracking.

AWBSisagraphical display of the project that shows the division of work in a
multi-level system. Figure 6-6 isa simpleillustrative example of aWBSfor a proj-
ect that has three mgjor 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 isfurther broken down so the components at each level are subsets of
the next higher level. The number of levelsin aWBSwill vary depending upon the
sizeand complexity of the project. The smallest unitin the WBS isawork package.
A work package must be defined in sufficient detail so the work can be measured,
budgeted, scheduled, and controlled. Development of work packagesis discussed
later in this chapter.

Thedevelopment of theWBSisacontinuing process that starts when the project
isfirst assigned to the project manager and continues until all work packages have
been defined. The project manager starts the procers 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
WBSis used from the start to thefinish of the project for planning and controlling.
It is an effective means of defining the whole project, by parts, and providing effec-
tive communication channelsfor exchange of information that isnecessary for man-
agement of the project.

TheWBSis thefoundation 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. Sincethe WBSis developed
jointly by the project team, the people that will actually perform the work, it isan
effectivetool for relating work activities to ensure that all work isincluded 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 isto organizethe project around the work to
be accomplished. After review of all backup material from the owner's study and dl
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 expertisethat will bere-
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 thework to be doneisknown. In essencethe project manager
must devel op a preproject work plan, which should bereviewed by hisor her super-
visor. This plan will be expanded into a final project work plan after the project
team isformed.

After the preparatory work iscomplete, the project manager isresponsiblefor 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 bedifficult because every project manager wants the best peo-
pleon hisor her team. Each project has a specific list of needs, but the overall utili-
zation of all peoplein the company must be considered. It is not practical to shift
key personnel from project to project; therefore compromise in the assignment of
peopleisrequired. 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 asleader of the team. All team members repre-
sent their respective discipline's area of expertise and are responsiblefor early de-
tection of potentia problems that can have an adverse effect on the project's
objectives, cost, or schedule. If aproblem occurs, each team member isto notify his
immediate supervisor and the project manager.

Itisimportant 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. Acooperativeworking relationship is necessary between all team members. Al-
though the project manager is the normal contact person for al discipline depart-
ments involved in the project, he or she may delegate contact responsibility tolead
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 oneof the most important meetings
in project management and is held prior to starting any work. The purpose of the
kick-off meeting isto get the team members together to identify who isworking the
project and to provide them with the same base of knowledge about the project so
they will feel likethey area part of the team. It isimportant for the project manager
to fully understand the project objectives, needs, budget, and scheduleand to trans-
mit thisinformation to team membersearly in the project. In particular the scope of
work must be closely reviewed.

The luck-off meeting allows the team to set priorities, identify problem aress,
clarify member responsibilities, and to provide general orientation so the team can
act asa unit with acommon set of goals. At the meeting the project manager should
present project requirements and theinitial 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 aproject 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 al documentsand 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 isshort in duration, but itisthefirst stepin understanding
what needs to be done, who is going to do it, when it is to be done, and what the
costs will be. Thisis 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
guestions 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 preliminay schedule & milestones

7. Reviewthe initial preject work plan:
How to handle design
How to handle procurement
How to handle construction

8. Discuss assignments to team members:

Ask each member of theteam - - - - =--=--=-—-=-—--— Xwho?)

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 threeimportant 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 theresponsibility of prepar-
ing work packagesfor thework 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. Tofacilitate 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 asillustrated 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 sheisto 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. Thisisimportant because a common problem in project management
is coordinating related work. Thereis arisk 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 basdline for
project scheduling, tracking, and cost control. The work package is extremely im-
portant for project management becauseit relates the work to be performed totime,
cost, and people. Asshown in the budget section of Figure 6-7, acode account num-
ber relates the work to the CBS. Likewise, the schedule section has a code number
that relatesthe work tothe OBS. The CBSi's used for management of project costs
and isfurther 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 thework packages to the WBS, OBS, and CBS.

The preparation of the budget portion of a work package requiresacareful 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 awork 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 anew project. The
failure of team membersto carefully integrate the schedule of all projectsfor which
they are assigned isacommon 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-UPWORK

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

Title:
WBS Code:

1. Scope
Required Scope of Work:

Servicesto Be Provided:

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

Services not included in thisWork 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

ORS
Code  Work Task Responsible Person Start Date  End Date

Work Package: Start Dae 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,
apart or al of hisor 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 luck-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 beresolved within the team, the
project manager must work with his or her supervisor to determine aworkable so-
[ution. If a solution cannot befound, the owner must be advised so an agreeabl e so-
[ution can he determined for a scope of work that matches the approved budget. It
isimportant to resolve issues of this nature at the beginning of the project, when
choicesof 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
therequired schedule cannot be achieved, then the owner must he 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 membersis necessary. There-
sults of the team assignments and definitions of work packages allow the project
manager tofinalize 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 todoit, whenitisto bedone, and
what the costs will be. Theleve 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 thereis no basisfor control. It isimportant that a partici-
patory approach be used and that team members understand project requirements,
jointly resolve conflicts, and eliminate overlaps or gapsin related work. There must
be agreements on priorities, schedule, and budget.

Upon receipt of al the team members' work packages the project manager can
assemblethefinal 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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TABLE6-3
COMPONENTS OF A PROJECT WORK PLAN

Directory
Projecttitle 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
Accomplishmentof 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 asummary of the costs from all work packages.

Once the work plan isfinalized 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, samplework pack-
age, and project schedule. Note the transfer of informatien from one component to
another toform theintegrated work plan.

Thefirst stepin organizing a project is development of aWBS. The WBS defines
the work to be accomplished. but does not definewhois responsiblefor performing
thework. A successful project depends on people to make things happen. However,
merely selecting good peopleis 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 iscomplete, the next stepisto link the OBS from the company to
therequired work that isdefined in theWBS. Figure 6-8illustratesthelinking of the
WBS and OBSto 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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FIGURE6-8
Linking the WBS and OBS.

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

Thelinking 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. Techniquesfor project schedul-
ing are discussed in Chapter 8.

After completion of the project framework, a coding system, often referred to as
aCost Breakdown System, can be devel oped to identify each component of the WBS.
Thecoding system provides a common code of accounts used by all participantsin
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J Project Project Project Project Tracking,
Definition Framework Scheduling Evaluationand Control
Scheduling Project Tracking
i Feasibility I Breakdown of Tasks Work, Time, Cost
Structure (WBS)
L Proj. Mgr, 17 Organizational <~ Schedulimg i— Eva uation of
_ Breakdown of Resources Project Status
Review Structure(OBS)
Oowner's Cost L Scheduling | Analysisof
Orientation Breakdown of Costs Project Trends
Meeting Structure (CBS)
Defined Project Project L Forecastingof
Scope, Budget and Team Costsand Schedules
Schedule at Completion

FIGURE 6-9
Phasesd Devdopment d Wak Rlan.

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.

Theintegration of the WBS, OBS, and CPM forms the project plan, whichis 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 beeffective, asystem of project management must integrateall 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 areillustrated 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 6—DEVELOPMENT OF
WORK PLAN

1 Asdiscussed in this chapter, the work environment of aproject manager can havea sig-
nificantimpact on hisor her ability to manage projects. Describefactorsthat may help or
hinder the work of a project manager in eech of the following organizational structures:
functional organization, disciplineorganization, and matrix organization.

2 Yau arethe project manager of aproject thet has thefollowing facilities: security entrance,
driveways, parking, landscape, smal office building, fabrication building, communication
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building, and arecreational building. Develop a preliminary work breakdown structurefor
the project. |dentify the engineering disciplines required for thedesign 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 completesit, and when it should be completed.

5 Asthe 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
optionsfor each of thefollowing situations: difficulty in defining the scope of work, dif-
ficulty in finding experienced personnel that can be assignedto tasksin thework package,
and difficulty in estimating the time that it may take to complete the work.

6 You arethe project manager for a project and have just compiled all thedesign 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 Table6-3. Identify the contents
that relate to the fundamental questions of Who? Doeswhat? When?and How much?

8 For the basic componentsof a project work plan shown in Table 6-3, idenlify the compo-
nentsthat relate to the organizationstructure, 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 thesefour 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 thischapter on engineering design isanillustrative exampleof 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 refersto the
cost for providing design services, and schedule refers to the schedule for perform-
ing the design work.

A projectisin acontinual stateof changeasit developsfrom conception to com-
pletion. Because there are perpetual changesin a project, the design project man-
ager should beinvolved at the beginning of the project and remain with the project
until final completion. Continuity of the design project manager iscrucia to a suc-
cessful project. In al instances, the project manager is the prime contact with the
sponsor of the project. Changesin a project are a mgjor 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 endsin arequest for proposal (RFP) to
further develop the project. At thistimein the development of a project there must
be a clear understanding of the proposal reguest 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-
guests the work and will use the work when it is completed. It isimportant for the
design team to haveaclear understanding of the desired outcome of the project and
the reasonsthe project is being undertaken by the sponsor.

PROJECT EXECUTION PLAN

Thefirst stepin developing adesign proposal isdevelopment 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 beinvolved 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 isinvolved in assisting project definition. Early
guestions 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 prereg-
uisiteto 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 Construc-
tion Industry Institute developed the Project Definition Rating Index (PDRI) asa
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 acol-
laborative manner (alignment) and performing the right work (scope definition)
during preproject planning.

The PDRI consistsof 70 elements, grouped into 15 categories, which are further
grouped into 3 broad sections (see Figure 7-1). To determinethe PDRI, each of the
elements are rated on ascale from 1 through 5. An element rating of 1 represents
compl ete definition whereas arating of 5 represents incomplete or poor definition
of the element. The sum of the element weights i s the composite weighted score of



120

| Basis of Project Decision G. Process/Mechanical {continued}
A Manufacturing Objectives Criteria G8. Plot Plan
Al. Reliability Philosophy G9. Mechanical Equipment List
A2, Maintenance Philosophy G10. LineList
A3 Operating Philosophy G11. Tie-in List
B. Business Objectives G12. Piping Specialty Iltems List
B1. Products H. Equipment Scope
B2. Market Strategy H1. Equipment Status
B3. Project Strategy H2. EquipmentLocation Drawing
B4. Affordability/Feasibility H3. Equipment Utility Requirements
B5. Capacities I Civil, Structural, &Architectural
B6. Future ExpansionConsiderations 11.  Civil/Structural Requirements
87. Expected Project Life Cycle 12.  Architectural Requirements
B8. Social Issues J. Infrastructure
C. Basic Data Research & Development Ji.  Water Treatment Requirements
C1. Technology J2. Loading/Unloading/Storage
C2. Processes Facilities Requirements
D. Project Scope J3.  Transportation Requirements
D1. Project Objectives Statement K. Instrument & Electrical
D2. Project Design Criteria K1. Control Philosophy
D3. Site Characteristics Availablevs. K2. Logic Diagrams
Required K3. Electrical Area Classifications
D4. Dismantling & Demolition K4. Substation Requirementsl
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 Il Execution Approach
Considered/Rejected L. Procurement Strategy
E3. Design for Constructability L1.  ProcurementStrategy Equipment
Ana|ysis & Materials
L2. ProcurementProcedures& Plans
Il Front End Definition L3. ProcurementResponsibility
F.  Site Information Matrix
F1. Site Location M. Deliverables
F2. Surveys &Soil Tests M1. CADD/Model Requirements
F3.  Environmental Assessment M2. DeliverableDefined
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
G1. Process Flow Sheets P1. Owner/Approval Requirements
G2. Heat & Material Balances P2.  Engr/Const. Plan&Approach
G3. Piping & Instrmt Diagrams P3. Shut Down/Turn-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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aproject, 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 thosethat scored greater than 200.

PROBLEMS IN DEVELOPING PROJECT DEFINITION

Too often, insufficient timeis devoted to defining the requirements of projects. Proj-
ect definition is usually performed by people outside engineering and construction.
These individuas 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 vagueidea of what the owner would like
from the expenditure of money. The owner may have awish list of what he or she
would like, but the only firminformation is the total amount of availablefunds. For
this type of situation, the designer must work closely with the owner toidentify 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 thefi-
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 peopleisanother problem in defining 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 goalsand 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 isaprerequisite to planning the work, be-
cause the team members must know what the project isbefore they can planit. 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 issuesrelated 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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bedeveloped in more detail at alater date, the project manager must be aware of all
aspects of the project.

The purpose of the proposal isto identify the scope and develop the budget and
schedule for preparing the design. The project proposal may be asformal asare-
quest for qualification for a new sponsor or asinformal as a brief outline of scope
for expansion of existing work.

During thisearly 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 thereis
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 schedul e based
on the designer's assumed scope of work. It isthen mandatory to document and
communicate to the sponsor the assumptions made and theimpact of the work on
the total project. This essentially locksin the scope of work at thistimein the proj-
ect. Then, at alater date when additional information is known, the assumed scope,
budget, and schedule for that portion of the work can be adjusted appropriately.

Figure 7-2is an illustrative example of a project proposal form. Project data
should include a brief description of the work. Tf 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 specia expertise. If the budget
or estimated fee for design is not known, then the magnitude of the project or esti-
mated construction cost should belisted. After the top portion of theformiscom-
pleted, it is submitted to management for review and approva. Anaysis of the
completed project proposal form will allow management to make decisions based
on fundamental project information.

The design project manager i sresponsible 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 managerstoidentify key personnel

Assistin 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 responsiblefor 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



PROJECTPROPOSAL FORM

U Continuationof ExistingWork |:| New Work

PROJECT DATA
Client Name:

Descriptionof Work

Location of Work:

Prepared By: Date:

DISCIPLINESINVOLVED:
[ Aren $ [ ] Mechanicd  $
Cciva $ [] structural $
[ ] Electrical $ [] other:

ESTIMATE

Fee § Work-Hours:

Start Date: CompletionDate:

Proposal Required: [ Ne [] Yes DueDate:

Comments

APPROVAL:

|:| No Further Action Required |:| Further Discussion Required [] 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 7-3illustrates 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 alist of proposed attendees, an agenda, and alist
of materials that will be used for the presentation: boards, photographs, slides, or
electronic media presentations, such as Power-point.

Asaminimum, the general scope of work for the project isincluded 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 apart 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 teamiscrucial to
asuccessful project.

To effectively manage the design effort, an organizational chart should be devel-
oped for each project. The organizational chart is effective for defining therolesand
responsibilities of the engineering manager and his or her team members during de-
sign. There must beaclear 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 astheir roles and responsi-
bilities. There must be alist 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 alist of technical expertise that may be needed for
engineering design. For thelist of particular technical expertise that is unique for
each project, the project manager should devel op an organizational chart that shows
the interrelationships, roles, and responsibilities of each member on the project
team.

SCOPE BASELINE FOR BUDGET

Project proposal detail sheetsasillustrated in Figure 7-5 help formulate abudget for
estimated design services. These forms also assist in developing the final work
breakdown structure (WBS) and organizational breakdown structure (OBS) for the



PROJECT PROPOSAL CHECK LIST

Project Manager:

Marketer:

PROJECT DATA

Client Name:

Descriptionof Work:

Location of Work:

Estimated Cost to PrepareProposal: 4

Estimated Work-Hours

PROPOSAL SUPPORT DOCUMENTATION

[] organizationChart
[ ] RateSchedule

|:| List of Projectsto Include

[] Listof Special Graphics
[ ] Listof Travel Expenses

[] proposal Sheets

[] vist of EmployeeResumes [] other:
CLIENT INTERVIEW
Dateof Interview: Rehearsal Date:
[] Listof Attendees [ Agenda
[] PresentationMateriasList [] other:

GENERAL SCOPE OF WORK

[ ] DrawingList

D Specia RequirementsList

[ ] SpecificationsList
[ ] other:

APPROVAL.:
Date:

President

Date:

Principal-in-Charge

FIGURE7-3
Proposal Check List for Design.
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Project Manager
Project Engineer
Schedule and Control Engineer
. Drafting Coordinator
Disciplines:
1. Architecture
a. Lead Architect
b. Architects
c. Draftsmen/CADD
2. Civil
a. Lead Civil Engineer
b. Civil Engineers
c. Civil Technicians
d. Draftsmen/CADD
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

oOow>

E. Clerical Personnel

F  Document Control Personnel

G. Reproduction Personnel FIGURE 7-4

H. Contract Administration lllustrative 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-
plineinvolved 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-
plineto thoroughly examine the project definition from the sponsoring organization
and convert project definition into engineering scopedefinition. A scope of work for
the discipline must be defined in sufficient detail to enable a reasonabl e estimate of
the work-hours required to complete the design work.

After the project data shown on the top of Figure 7-5is 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



PROJECT PROPOSAL DETAIL SHEET

Discipline:

PROJECT DATA

Project Manager: Marketer:

Proposal Number:
Client Name:

Descriptionof Work:

Location of Work:

Estimated Department Budget: ) Work-Hours:

SCOPE DEFINITION

CLIENT REFERENCESAND ATTACHMENTS

PERSONNEL CATEGORIESREQUIRED WITH WORK-HOURS

Do nat include Clerical, Reproduction,or Other Disciplines. Returnto PM by:

OUTSIDE COORDINATION/ OTHER REQUIREMENTS
[] SpecificationList
|:| DrawingList Total Number of Drawings:

|:| Other:

Prepared by: Date:

FIGURE 7-5
Detail Sheet for Design Pmposal.
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complete the scope of work requested. This estimate will require preparation of a
detailed scope outline, a Lig 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. Itisa
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 7-3. The completed form, plus all supporting documentation, is returned
to the project manager. An example of thiscompleted formisgivenin Figure5-3.

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. Thisform compiles all theinformation 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
isgivenin Figure 5-2.

A dollar budget can be computed using one of several methods. For smaller proj-
ects, or projectswithout well-defined scopes, an average unit cost per resource-hour
can be applied to al theidentified hours. For larger projects, or projects with well-
defined scopes, amore 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. Thetotal budget
for resource-hours (labor costs and expenses) forms the basis for establishing the
accounting systemfor 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.

Thedesign 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 |oad 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 isfound the project cannot
be completed in time or within budget because the resources are not available. Sim-
ple checks can reduce these types of problemsinengineering design.



DATE: / /
PROJECT PROPOSAL BUDGET FORM

Project Name:
’ RESOURCEHOURS

EXPENSESSUBTOTAL
TNTAI ||| TN

FIGURE 7-6
Budget Form for Design Proposal.



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 devel oped
in the design effort. Since they are hand drawn, they can be prepared quickly.

A complete set of mini-drawings for the project includestitle 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 showsfive plan views for each floor in abuilding in the top portion of
the page and provisions for text on the bottom portion of the sheet. I n 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-drawingsinvolves
working through each drawing and blocking out to scal e 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 effectivemeans of managing the design
effort.

Thefinal set of mini-drawings can be submitted to the discipline managersfor
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 isimportant 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 areliving documents that may shift and change during the design
process as changes occur. These documents must be kept up to date. Mini-drawings
provideearly establishment of drawing content and assist in defining drawing com-
pleteness. In addition, they provide the foll owing benefits:

» Establish an efficient and orderly layout of the drawings

e Determinean 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 schedul e personnel

L]

After aset of mini-drawings are completed, the number of anticipated drawings
are known, which provides a procedure for determining the cost for design. After
thelist of drawingsiscompleted, 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.

DEVELOPMENT OF THE DESIGN WORK PLAN

M ost 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. Typi-
cal examples include design calculations, writing specifications, preparing draw-
ings, conducting tests, or providing inspection. Many sponsoring organizations do
not compensate thedesigner's organization for developing adesign work plan. Asa
result, there may be little or no effort placed in developing an overall plan for de-
sign. However, thisis acritical mistake because even asmall 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
hel ps 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 asmall design project that must be completed in a short time abar chart that
shows each task in chronologic order is simple and easy to follow. The bar chartis
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 adiscussion 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 aso 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
incorporateall the required tasks, starting with athorough 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. Thedesign schedule should be construction driven, because construction is the
most costly component of most projects.

A common mistake in development of design schedules is thefailure to include
adequate contingency in the project schedule. Too often the design work plan in-
cludes everything that isknown to beaccomplished 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 beneficia to define the budget in work-hours rather thanin 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
simultaneoudly.

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 aregular 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, providesa projected outcome at the
current level of effort. Regular reviews provide a consistent reporting of overall
progress. This alows adjustments that may be necessary on atimely basistoensure
completion within the established time schedule and allocated budget.

After the work planis established and mini-drawings are completed, the project
manager must establish ground rulesfor the &sign team and outside consulting spe-
cialists. Standards for drawings and CADD work must be established. documented.
and reviewed with the entire team. The American Ingtitute of Architects (AIA) has
layering standards that are commonly used for projects in the building sector. Spon-
sorsor clients in the processindustry sector have drawing standards that are re-
quired of engineering firms 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 i s expected of him or her. In particular, a sys-
tem of checking design calculations and aprocedure for checking drawings i s nec-
essary to ensure minimum errors and constructability.

Thedesign budget is based on the contract for design services and related o the
work plan for producing the contract documents. Careful monitoring of actual costs
compared to the approved budget i s 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 changesin 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 al 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 beincluded 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 isacritical 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 changesin the engineering budget. The
cost control system must also include procedures for measuring productivity and
reporting cost performance.

PROGRESS MEASUREMENT OF ENGINEERING DESIGN

Thepurpose of the project plan isto successfully control the project to ensure com-
pletion within budget and schedule constraints. Measuring the progress of a project
supports management in establishing arealistic 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 establisha
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 timefor 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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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%
Quiality-control review #1 3%
Drawing complete 39%
Quality-control review #2 3%
Record drawings 5%

Total = 100%

Specifications: 8 total. 2 hours per swecification

B: 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-hoursand 60 CADD hours
Site-work details = 80 design-hours and 40 CADD hours

Drafting

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

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
Layout and methods established
Ready to start related drawings
Final drawings issued

25%
20%
35%
20%
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TABLE 7-1
EXAMPLE PROGRESS MEASUREMENT SYSTEM FOR ENGINEERING DESIGN
WORK PACKAGES-—continued

C Progress Measurement of Structural Engineering Design Work Packages — ontinued

Drafting = 60% of design effort

Borders and basic layout established 15%
Review of existinginformation 10%
Related design work at 80% complete 25%
Quality-controlreview #1 3%
Drawings complete 39%
Quality-controlreview #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%
Quiality-controlreview #1 3%
Drawing complete 39%
Quality-controlreview #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

EngineeringDesign = 40% of design effort

Design parameters identified 25%
Layout and methods established 20%
Ready to start related drawings 35%
Final drawingsissued 20%

Total = 100%
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TABLE 7-1
EXAMPLE PROGRESS MEASUREMENT SYSTEM FOR ENGINEERING DESIGN
WORK PACKAGES--continued
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Drafting = 60% of design effort

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

Total = 100%

F: Work Breakdown of Mechanical Engineering Design Work Packages
Mechanical engineering design = 496 design-hoursand 235 CADD hours

Drawings
P&ID drawing of existing plant 56 design-hoursand 20 CADD hours
Mechanical floor plan 60 design-hoursand 25 CADD hours
Details —Piping, feed water 120 design-hours and 60 CADD hours

Boiler piping schematic sheet #1 60 design-hours and 30 CADD hours
Boiler piping schematic sheet #2 60 design-hours and 30 CADD hours

Boiler stack details 80 design-hours and 40 CADD hours
Miscellaneous details 20 design-hours and 10 CADD hours
Develop equipment list 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%
Quiality-control review #1 3%
Drawings complete 39%
Quiality-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, theremay be a60% 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%af the electrical drawings, 25% of the mechanical draw-
ings, and initiation of the specification writing. Chapter 9 presents methods of
measuring design progress.

QUESTIONS FOR CHAPTER 7—DESIGN PROPOSALS

1 Itisimportantfor the design team to have aclear understanding of the desired outcomeof
the project and the reasons the project is being undertaken by the sponsor. As a project
manager of thedesign team, discussmethodsyou would useto ensurea clear understand-
ing of the project requirementsand expectationsof the project sponsor.

2 The purpose of a design proposal is to identify the scope and develop the budget and
schedulefor preparing the design. Discuss methodsyou would use to convert theowner's
needs and expectationsinto 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 isincorporatedinto adesign schedule.

4 Excessiveuse of computerscan lead to overdesigning, overwriting, and overdrafting. As
a project manager of the design team, what methods would you use to control excessive
use of computersduring the design effort?

5 Changesin scope area 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 datesfor each activity. Thus, project planning is
a prerequisite to project scheduling because there is no way to determine the se-
guence or start and finish dates of activities until they areidentified.

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 berearranged 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 plannet/scheduler 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 activitiesinto meaningful categories. For exam-
ple, the process of developing a well-defined work breakdown structure (WBS) as
presented in Chapter 6 results in alist of activities that must be performed to com-
plete a project.

After the activities areidentified, itisrelatively 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. Theplanner/scheduler must give adequatetime
and think through the planning before turning to the computer to generate the sched-
ule. Insimpleterms, it is better to be a good planner than to be proficient in com-
puter applications. The materia 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 coordinatesthe 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 (seeTable 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 changesin personnel, problems with
permits, changein amajor 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 efficiently pro-
duce their work because of interruptions and delays. The cause of this problem is
usually alack of planning, and in someinstances 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 reviewsand approvals.

TABLE 8-1
DESIRED RESULTS OF PROJECT PLANNING AND SCHEDULING

Finish the project on time

Continuous (uninterrupted)flow of work (no delays)

Reduced amount of rework (least amount of changes)
Minimize confusion and misunderstandings

Increased knowledge of status of project by everyone

. Meaningful and timely reports to management

You run the project instead of the project running you
Knowledge of scheduled times of key parts of the project
Knowledge of distribution of costs of the project

. Accountability of people, defined respansibility/autheority

. Clear understanding of who does what, when, and how much
. Integration of all work to ensure a quality project for the owner

o
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Another common complaint of many designers is the amount of rework they
must do because of changesin 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 thework is started. However, it must berec-
ognized that changes are anecessary part of project work, especialy intheearly 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 includethemin
the project planning.

Project planning and scheduling can serve as an effective means of preventing
problems. It can prevent delaysin work, a major cause of late project completion
and cost overrun, which oftenleadstolegal disputes. It can also prevent low worker
mora e and declinein productivity that is caused by lack of direction.

PRINCIPLES OF PLANNING AND SCHEDULING

There must bean 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.

Todevelop anintegrated 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. Oncethisis 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 isrequired. They aso have the abil-
ity to define the time and cost that will be required to produce the work. With this
information acomplete project plan can be devel oped.

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 thereisa change in the proj-
ect. There should beequal concern given to schedule and budget, and the two must
belinked. 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 principlesfor 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 ail 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

. Remember the schedule is the plan for doing the work, and it will never be precisely correct

. 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

o O




142  PROJECT MANAGEMENT FOR ENGINEERING AND CONSTRUCTION

RESPONSIBILITIESOF PARTIES

The principal parties of owner, designer, and contractor all have aresponsiblerole
in project planning and scheduling. It iserroneous to assumethisrole isthe 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 prioritiesfor
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 devel oping 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 adesign 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 extensiveinput from all designers
who will have principal rolesin thedesign process. Too often, a design scheduleis
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 al construction activi-
ties in accordance with the contract documents. It should include procurement and
delivery of materialsto thejob, coordination of labor and equi pment on thejob, and
interface the work of all subcontractors. The objective of the construction schedule
should beto 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 bedesirablefor 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 hisor 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 afew people who perform alimited 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 hasis not the management of any
one project at atime; instead, the problem is managing al the projects simultane-
ously. Thetask of simultaneously managing multiplesmall 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 asitisfor the management
of asinglelarge 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. Thisisnecessary because the staffing of small projectsre-
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 thistype 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 progressesfrom 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 completethe project. For projects of this type, the problem of
the project manager isidentifying and interfacing related tasksto ensure thework is
accomplished in acontinuous manner. He or she relies on the input of team mem-
berstodevelop 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 acontinuous 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 sheistoo
busy, there will be too many changes, or the projectistoo 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 issimple to use and iseasily interpreted by
al project participants. There are two general methods that are commonly used: the
bar chart (sometimes called the Garnir 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 |, is a graphical
time-scaleof the schedule. Itiseasy tointerpret; but it isdifficult to update, does not
show interdependences of activities, and does not integrate costs or resources with
the schedule. Itisan effectivetechniquefor overall project scheduling, but haslim-
ited application for detailed construction work because the many interrel ationships
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 itssimplicity, ease of use, and because it does not require extensiveinterrel ation-
ships of activities. However, it can require significant timefor updating sincethein-
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 doesit 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 adesign schedule. They usethis argument to support the use
of a bar chart. They will aso argue that resources change constantly on a design
project, resulting in a schedule that istoo difficult to maintain. Either of these situ-
ations may occur at times on some projects. However, if these situations exist
on every project, it islikely 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 Remington Rand as consultants, as adeterministic 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, Allen, & 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 alsois 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
becauseit 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 effectiveproject management. Using
anetwork 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 alogical sequencein
much greater detail than a bar chart. This up-front planning and scheduling helpsthe
project team to identify conflictsin 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. Thefollowing paragraphs and figures present the basic funda-
mentals of NASto guidethe project manager in the development of the project plan
and schedule. The basic definitions shownin Figure 8-1 are presented to clarify the
following paragraphs because there are variationsin terminology used in network
analyses.
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Activity — The performance of a task required to completethe project, such as, design
of foundations, review of design, procure steel contracts, or form concrete
columns. An activity requires tims, cost, or both time and cost.

Network — Adiagram to representthe relationship of activitiesto completethe project.
The network may be drawn as either an "arrow diagram" or a "precedence
diagram."

Arrow Diagram PrecedenceDiagram
Duration (D) — The estimated time required 1o perform an activity. The time should include

all resources that are assigned to the activity.
Early Start (ES) — The earliesttime 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.

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.

Total Float (TF} —The amount of time an activity may be delayed without delaying the comple-
tion date of the project.

Free Float{FF} — The amount of time an activity may be delayed without delaying the early
start time of the immediately following activity.

FF, = ES; — EF,, where the subscript/ represents the preceding activity and
the subscript j represents the following activity.

Critical Path — Aseries of interconnected activities through the network diagram, with each
activity having zero, free and total float time. The critical path determinesthe
minimum time to complete the project.

Dummy Activity — An activity (representedby 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 alarge num-
ber of computer programs are available to automate the work required of CPM
scheduling. The most difficult task inthe use of CPM isidentifying and interfacing
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the numerous activities that ar e required to complete a project, that is, devel opment
of the CPM network diagram. If awell-defined WBS is developed first, the task of
developing a CPM diagramis greatly simplified.

There are two basic methods of drawing CPM diagrams: the arrow diagram
(sometimescalled activity on arrow) and the precedencediagram (sometimescalled
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 8-2isasimple precedence diagram that i s presented to illustrate the time
computations for analysis of a project schedule by the CPM. Each activity is de-
scribed by asingleletter. The number at thetop of the activity isthe assigned activ-
ity number, and the number at the bottom of each activityrepresents thedurationin
working days. Alegend isshown in thelower left hand comer to definethegart 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 12 12 5 16 16 8 23 231129

LEGEND:

Backvard Pass: LS=LF - D
LS MN. LF
Activity
Description
B D H®
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After the CPM diagram has been prepared, the duration of each activity can be
assigned and theforward-pass cal cul ations performed to calculate theearly start and
early finish of each activity. Thelargest 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 activitiesis 12, the early start for activity H is 12. The forward-
pass calculations are performed on al activities from the first activity A to the last
activity Q. Theearly finish of thelast activity definesthe 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 activitiesin the project.

A backward pass can be performed to calculate the late start and late finish of
each activity. The smallest late start of al following activities defines the latefinish
of all preceding activities. For example activities H and | cannot both be started un-
til activity Fiscompleted. Since the smallest early start of the two following activ-
itiesis 16, thelatefinish for Fis 16. The backward-pass cal culations are performed
on al activities from the last activity Qto the first activity A.

The difference between starts and finishes determines the amount of free and to-
tal float. For example, thetotal float for activity M is9 days, the difference between
itslatestart (30) and early start (21). The freefloat for activity M is4 days, the dif-
ference between itsearly finish (23) and the early start (27) of theimmediately fol-
lowing activity P.

Thecritica path, as noted by the doubleline on Figure 8-2, is defined by the se-
riesof interconnected activitiesthat have zero total float. Since these activities have
nofloat 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 paralel 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 theresourcesthat are available.

DEVELOPMENT OF CPM DIAGRAM FROM THE WBS

Table8-3 provided thelist 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 WBSis an important first step that is often neglected. Attempting to
draw the CPM diagram without a WBS usually leads to numerousrevisionsto the
diagram.

Figure 8-3isan example of aWBSfor thedesign of aservicefacility project that
consists of two buildings, site-work, and on-site utilities. A discussion of atypical
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

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 interrelationshipof 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. Obtaininput 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 differencesbetween start and finish times to determine float time and
critical activities

5. Analyze costs and resources for the project
a. Computethe cost per day for each activity and for the entire project
b. Compute the labor-hours per day and/or other resources that are required to com-
plete the project

6. Communicatethe 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 isto 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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Regardiess 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 accomplishthistask istorecord each activity on a3 X 5index card and to usea
tack to post al activitieson 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 8-4isa CPM diagram that wasdeveloped from the WBSshown 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 areto
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 isto 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

TheCPM network diagram defines the activities, and sequencing of activities, to he
performed to accomplish the project; however, the anticipated time that i srequired
to completeeach activity must bedetermined in order to schedule the entire project.
Thedurations that are assigned to activities are important because the critical path,
timing of activities, distribution of costs, and utilization of resources areall afunc-
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
and/or 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
determinearealistic duration for each activity because the duration that is assigned
to activitiesin aCPM network diagram has alargeimpact on the schedule and over-
all management of a project.

Many activitiesin a project are routine in nature, which enables areasonably 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 isafunction of the number of individuas that are assigned
to the activity. A common mistake that is made by many peopleis to calculate the
time to accomplish an activity assuming a continuousflow of uninterrupted work.
However, all work is subject to delays, interruptions, or other events that can impact
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time. Thus, areasonable amount of time (allowance) must be added to the calcu-
lated time to determine arealistic durationfor each activity.

Generallv. 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 ol the person who will be per-
forming the work. It isoften desirable to determnine the probable duration by severa
methods so the results can be compared to detect any significant variationsthat may
occur.

The schedule for the design work isthetotal timeto 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 theindividual bar charts must be developed into activ-
itiesonthe 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. Thefollowing illustrates the evaluation of overlapping tasks
of the work package to determine the duration of an activity on the CPM diagram.

Tasksof Work Package Duration

Project Engineering 5 days
Structural Design 16 days
CADD Operator 9days
Total Design Days 30 days

Project Engineering
Sructural Design
CADD Operator

24 day duration for
CPM scheduling
control diagram |

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.

Thereare 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 isthe sameinformation. Theinformation 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. Theinput 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 estimatefor
aproject by the construction contractor. Thus, the computer application of CPM is
appropriate for both the design and construction phase of a project.

Theinformation that must be assembled for a CPM computer analysisisillus-
trated in Figures 8-5 and 8-6. Figure 8-5 isa simple CPM precedence network dia-
grain for a sewer and water lines construction project. Construction activities are
selected for thisillustrative example because they are easily recognizable by most
readers. Each activity in Figure 8-5 is shown with itstime and cost information. Re-
sources are excluded for simplicity of this presentation and are discussed in thefol-
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 thefollowing paragraphs. Thetimes that are shown on the diagram all rep-
resent end-of-day. A listing of the computer input data for this projectis shownin
Figure 8-6.

For this project, two surveying crews are available, which allows Activities 130
and 140 to occur simultaneously. Only onetrenching machineis 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. Thefirst 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-
guencing 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. Thefree and total floats are shown for each activity. Theletter " Cat theleft of
an activity denotesitisacritical activity; that is, it has zero total and free float.

SCHEDULE CODING SYSTEM

Oneof the advantages of CPM scheduling by computer methodsi s the ability to sort
specific activitiesfrom the complete list of activitiesfor the project. For example,
the project manager may only want information about sewer activities, thetimere-
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 activitiesrelated
tothe sewer lineare represented by the number <1 in thefirst digit. Water lineac-
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 pertainsto water line, laying pipe, and line A. The 4-digit code number for
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FIGURES8-7
Computer-GeneratedActivity 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-
pletelist of project activities by selecting those activities that havea 1" in the first
digit. A schedule report for these activitiesis 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 providesa 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



TABLE 8-4

CODING SYSTEM FOR SEWER AND WATER LINES PROJECT

CHAPTERE&:

PROJECT SCHEDULING

Code Digit | Code Digit 2 Code Digit 3 CodeDigit 4

0 - Unassigned ) —Unassigned 0 Unassigned ) —Unassigned
1- Sewer Line | —Surveying I -LineA 1-Unassigned
2-Water Lines 2 -Manholes 2-LineB 2 — Unassigned
3Water Meter 3-Trenching 3—Unassigned 3-Unassigned
4—Water Pump 4 -Laying Pipe 4—Unassigned 4 - Unassigned
5Milestones 5-Backfill 5—Unassigned 5 —Unassigned
6Unassigned 6—Unassigned 6—Unassigned 6-Unassigned
7—-Unassigned 7 -Unassigned 7 —Unassigned 7—-Unassigned
8 —Unassigned 8 —Unassigned 8-Unassigned 8Unassigned

9- Unassigned

Y - Unassigned

9Unassigned

9Unassigned

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. I n the preceding sections the scheduled early and | ate starts, and fin-
ishes, were calculated based on the duration and sequencing of activities. A cost
analysiscan also be performed by assigning the cost that i s 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 latefinish.

Because activities can occur over arange 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 |ate 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 thatisin progressis summed to obtain thetotal 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 iscalculated 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 alate start schedule
and target schedule.

Although the calculationsfor acost analysisaresimple, many arerequired, asil-
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 calculationsfor
cost analysisof a project with several hundred activitiesin less than two seconds.
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PROJECT: SEWER AHD WATEK LINES ** PAGE 1 *~
SCHEDULE POX SEWER LINE ACTIVITIES ONLY ACTIVITY SCHEDULE
ACTIVITY  ACTIVITY DURA- EARLY EARLY LATE LATE TOTAL FREE
NUMBER UESCRIPTION TION START FINISH STRPT FINISH FLOAT FZOAT
¢ an SURVEY SEWER LINES 4 4APR2002 9APR2002 4APR2002 9ADR2002 0 0
4 7 4 7
c 30 EXCAVATE FOR MANHOLES 3 10APR2Z002Z  12ABPR2002  10AZRZO0Z  12APR2002 0 0
8 10 8 10
c 40 INSTALL MANHOLE FORMWORK 5 SA 2 19APR2002  15APR2002  13APR2002 0 0
11 15 11 15
50 PLACE CONCPETE MANHOLES 5 22APR2002  26APR2002  23MAY2002  20MAY2002 23 0
i6 23 39 43
c 60 TRENCH SEWER LINE 10 22APR2002 IMAY2002  22APR2O02 IMAVZDOZ 0 3
16 25 16 25
70 STRIP MANHOLE FORMWORK 2 29APR2002Z  30APR2002  30MAY2002  31MAY2002 23 18
21 22 44 45
33 INSPECT WHOLES 1 27MAY2002  27MAV2002 3JUNRDO2 : 5
41 41 46 46
100 REMOVE TRENCHING EQUY PMENT 2 IMAY2002 2 002 31MAY2002 3TUN2002 4 4
41 42 45 46
c 110 BACKFILL SEWER TRENCH 6 27TMAY2002 3JUN2002  27MAY2002 3JUN2002 0 0
a1 46 41 46
FIGURE 8-8

Computer Printout of Sewer Line Activities Only (Sort of Activities List by Code Digit #1 Equal to One).
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TABLE 8-5

CALCULATIONSFOR PROJECT COSTS PER DAY ON AN EARLY START BASIS
TOTAL PROJECT DURATION = 94 WORKING DAYS

TOTAL PROJECT COST = $147,500.00

Cumulative
Project project

Day %-Time Activities In progress cost/day cost % Cost
1 1.06% Act. 10 $1,40013 = $466.67/Day $466.67 $466.67
2 2.12% o = $933.33
3 3.19% mon = $1,400.00
4 4.25%  Act. 20 $2,70014 = $675.00/Day $675.00 $2,075.00
5 5.32% "o = $2,750.00
6 6.38% "o = $3,425.00
7 7.45% " = $4.100.00
8 8.51%  Act. 30 $3,50013 = $1,167.67/Day $1,167.67 $5,267.67
9 9.57% " = $6,433.33
10 10.63% o $7,600.00
i1 11.70% Act.40  $600015 = $1,200.00/Day $1,200.00 $8,800.00
12 12.77% " " = $10,000.00
13 13.83% woow = $11,200.00
14 14.89% S = $12,400.00
15  15.96% o = $13,600.00

16 17.02%  Act. 50 $4,70015 = $940.00/Day

Act. 60 $12,600110 = $1,260.00/Day $2,200.00  $15,800.00
o = $18,000.00
' = $20,200.00
" = $22,400.00
" - $24,600.00

Act. 60  $12,600110 = $1,260.00/Day
Act. 70  $2,100/2 = $1,050.00/Day $2,310.00 $25,910.00

$147,500.00

Figure 8-10isacomputer printout of the daily distribution of costsfor 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 thedistribution of costson an early start, late start, and target
basisis presented in Figure 8-11. Thetarget scheduled costs are average values be-
tween the early and | ate start schedules. The right hand two columns of Figure 8-11
show the percentage-cost and percentage-time values for the target schedule. As
shown inthefigurethereisa non-linear relationship between the time and cost for
aproject.

The cumulativecost graph for a project iscommonly called the S-curve, because
it resemblesthe shape of theletter "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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CUMULATIVECOST % COST

1 APR2002 26APR2002 24MAY 2002 21JUN 2002 19JUL 2002 8 AUG 2002

FIGURE 8-12
lllustrative S-Curve for Cumulative Cost Curve 0n 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 iscritical 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 expertiseis available
when needed. Generally, design team members are assigned to the project by their
respective home departments. Sinceeach designer isofteninvolvedin several proj-
ects at the same time, the project manager must devel op a resource allocation plan
for each project. The plan should then bedistributed to each design team member's
home department to ensure that each resource will be available when needed.

The project manager can resourceload the project plan to include the number of
work-hours required for each design discipline. The resource plan issimilar 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 timefor 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. Thisisnecessary to ensure adeguate 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 along lead time from the fabricator. Thus, the
project plan should include material and equipment required by the construction
work force.

L abor representsa major cost of construction. The labor force on thejob operates
construction equipment and installs the materials. A resource alocation planis 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-hoursre-
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 atool to ensure arelatively 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 peoplein the crew for all labor in the project. The lower por-
tion of Figure 8-13 showsirregularity 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 daysearlier. The lower portion of
Figure 8-14 shows arelative uniform distribution of labor bv making these two mi-
nor adjustments in the project plan. A similar analysiscan be made for each craft of
labor to ensure uniform distribution of workers on the wraoiect. A resource allocation
for aparticular craft typically has aflat appearance on the graph, whereas aresource
alocation for al craftstypically 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 areasonable 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
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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
threedays. Using the CPM, the assignment of one duration to each activity provides
adeterministic processfor the start and finish dates of each activity and asinglefin-
ish date for the entire project.

For some projects it may be difficult to estimate areasonable single durationfor
one or more of the activitiesin the project schedule. There may be arange of dura-
tions that may apply to a particular activity, which makesit difficult to select just
one duration to assign to the activity. The Program Evaluation and Review Tech-
nique (PERT) method of scheduling uses three durationsfor each activity and the
fundamental statisticsto 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 ng the
risks of a schedule slippage of a project.

ThePERT method uses an arrow network diagram to show thelogical sequence
of activitiesin aproject, whereas the CPM uses a precedence diagram as discussed
in preceding sections of thisbook. In a PERT diagram, activities are represented by
arrows with circles at each end of the arrow. Thecircles are called eventsthat 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 isapplicablefor projects where thereis 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 awide 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 timeisthe shortest possible timein which the activity could pos-
sibly be completed, assuming that everything goes well. Thereisonly a very small
chance of completing the activity in lessthan this time. The pessimistic timeis the
longest time the activity could ever require, assuming that everything goes poorly.
Thereisonly avery small chance of expecting this activity to exceed thistime. 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 timeis the time the manager
would probably giveif asked for asingle time estimate. It isimportant 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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Aclivity Duration | Numbers | Workers Wdrk Day of Proje¢t
Number | inDays | ofCrews | inCrew [1 23 45 [ 67 8910 [1112131415 |16 17181920[2122232425
A 4 1 4 4 4 4 4
B 7 2 3 666 | 6666
c 9 1 2 2122222 (222
D 7 2 4 888888 |8
E 3 1 5 555
F 9 3 4 1212 (1212121212 | 1212
G 4 1 5 5555
H 8 3 6 1818 | 1818181818 18
| 1" 2 4 88|/88888|8888
J 4 3 2 61666
K 6 1 3 3(33333
Totals |441010161621213327 27191935353838262635351717113
FIGURE 8-13

Irregular Distribution of Labor.
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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 threetimesto find the overall project dura-
tion. Thisaverageiscalled the expected time, ¢,, and isfound by thefollowing sim-
ple equation:

where 7, i's 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 finishfor each activity inthe PERT network and atotal project
duration, similar to the CPM scheduling method. A backward passcan be performed
to calculate the last start and late finish for each activity. Totd float, free float, and
the critical path can be identified. At this stage of a PERT analysisitisidentical 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 measureof the spread of thedistribution iscalled
the standard deviation and is denoted by the Greek |etter o. To determinethe 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 isthe square of the standard deviation of the activity and can be calcul ated
using thefollowing equation:

where v isthe varianceof an activity.

Since the duration (z,) of each of the activitiesin the arrow network diagram is
uncertain, the time of occurrence of each event is also subject to uncertainty. The
expected time of an event isdenoted 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 activitiesin the
chain ahead of the event. For example, the T3, for thefinal event in a project has all
the critical path activities in the chain that lead up to thefinal event in the project.

The measure of uncertainty of thefinal event in a PERT diagramisthe standard
deviation of theexpected time, denoted asa  The o isthe square root of the sum
of the activitiesahead of the event. Thus, thea for the last event in a PERT dia-
gram is the square root of the sum of the variance of al activities along the critical
path. The o is calculated with the following equation:

where oy is the standard deviation of the expected time.
Thefinal calculation necessary to perform PERT calculations is the deviation,
which isdenoted by the symbol z in the following equation:

where z isthe deviation.



TABLE 8-6
PERT PROBABILITY TABLE

Value of Probability of
deviation z completion
-3.0 0.00
-2.5 0.01
-2.0 0.03
1.5 0.07
-14 0.08
-13 0.09
-1.2 011
-11 014
-1.0 0.16
0.9 0.18
-0.8 0.21
-0.7 0.24
-0.6 0.27
-0.5 031
-0.4 0.35
0.3 0.38
-0.2 042
-0.1 0.46
-0.0 0.50
0.1 054
0.2 0.58
0.3 0.62
04 0.66
0.5 0.69
0.6 0.73
0.7 0.76
0.8 0.79
09 0.82
1.0 0.84
11 0.86
12 0.88
13 0.90
14 0.92
15 0.93
2.0 0.98
25 0.99
3.0 100

Table 8-6 provides the value of z for various probabilities of certainty. Theterm
Ty is the expected time of the event, which is calculated from the PERT diagram,
and 7's isthe scheduled time.

Example 8-1

Thefollowing PERT diagram shows the optimistic time (a),the most likely time
(£,), and the pessimistic time (b) at the bottom of each activity. The number
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shown in parentheses below each activity isthe expected time (z,} for the activ-
ity, calculated fromthe equation, ¢, = (at 4m *+ b)/6. All timesdenote working
daysin the project.

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 datain 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 durationis 103 days, which followsthrough events 1, 2, 4, 5, 6, 9, 11, 13,
14, and 15.

The project duration (T) for event 15 can be cal culated by performing afor-
ward pass to calculate the start and finish times using the expected duration (z,)
of each activity. For thedatain this PERT diagram, the expected time of thelast
event number 15 is Ty = 81.3 days, whichfollowsthroughevents1, 2,4, 5,6, 9,
11, 13, 14, and 15.

In summary, for this PERT diagram the optimistic project durationis 48 days,
the pessimistic project duration is 103 days, and the expected project durationis
81.3 days. The probability of completing the project ahead or behind day 81.3
will depend on the o of event 15. The value of ¢+ can be calculated as the
sguare 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 oy for the final
event, number 15, isthe squareroot of the variances of these events, which can
be calculated asfollows:
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All the calculations necessary to perform an analysisof 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 asfollows:

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 asin 78 days, can be calculated
asfollows:

From Table 8-6, based on a deviation z of —0.811, the probability is0.21. Thus
thereisonly a21%o probability that the project will becompleted 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 is0.5333:

T, = 83.5days

Thus, thereis a 70% probability that the project will be completed by 83.5 days.
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Thefollowing isagraphical plot of the probability versus the project duration.
Thiscurve provides the full range of probabilities for assessing therisks of fin-
ishing the project ahead of or behind the expected duration of 81.3 days.

Prgj ect Durationin Working Days

Thisanalysisisbased on ag for event 15 based on the critical path activi-
ties. A full analysisis 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 ashorter T, for event 15 and a higher value for
a duetolarger variances in the activities in the non-critical path.

SUCCESSOR/PREDECESSOR RELATIONSHIPS

The CPM diagramisagraphical representation that shows the sequencing of activ-
itiesin the project. The purpose of the CPM diagram isto model thelogical flow of
work, showing each activity and one or more activitiesthat 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 afinish-to-start( FS) relationship of each activity is assumed. That is, the
preceding activity must be completed before starting the following activity. All the
CPM diagrams and cal culations presented earlier in this book are based onan S
relationship of activities to depict apure CPM logic network diagram.

Most commercially availablecomputer softwareprogramsfor CPM provide activ-
ity relationships other than F-S. These additional activity relationshipsinclude start-
to-start(S9, start-to-finish(SF, and finish-to-finish(FF). The S-S relationship
means the successor activity can start at the same time or later than the predecessor
activity. The F-Frelationship means the successor activity can finish at the sametime
asor later than the predecessor activity. The S F relationship means the predecessor
activity must start before the successor activity can finish. Thereisno practical appli-
cation of the S F relationship in the engineering and construction industry. It is pre-
sented herejust to show all possible successor/predecessor relationships.

Delaysinthe relationship of one activity to another is defined by lag. Lagisthe
amount of time that an activity follows or is delayed from the start or finish of its
predecessor. For example, an F-Srelationship with atwo-day lag means the start of
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- o Strip I
! in Forms ] Forms
D =4 days D =7 days

a. Model with Successor/Predecessor with F-3 = 3 daysof lag

CureTime Strip
for Concrete Forms
D =4 days D =3 days D =7 days

b. Model without Successor/Predecessor Relationships

FIGURE 8-15
Comparison of CPM Diagrams with and without a Finish-to-Start (F-S) Successor/Predecessor
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 i s 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
sequentia flow of work in the project.

A model of the F-S with lag relationship isillustrated in Figure 8-15a. An alter-
native of this model is shown in Figure 8-154, 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
asthe F-S relationship.

TheS-Srelationship i s 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 8-165 isamodel of the activities with-
out the S-S and F-F relationships. Thus, for any CPM diagramthe 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
aclearer understanding of the sequence of work.

As previoudly stated, there is no practical application of the S-F relationshipin
the engineering and construction industry. Some computer scheduling software
packages do not alow the use of the S-F relationship.

PROBLEMS USING SUCCESSOR/PREDECESSOR
RELATIONSHIPS

Successor/predecessor relationships between activities allow overlapping of con-
current activities, thereby reducing the number of activitiesin CPM precedence di-
agrams. However, misunderstandings, confusion, and serious problems have been



Set Formsand
| Footings | Place Steel

a. Mode with Successor/Predecessor S - S = 2daysand F - F =4 daysof lag

" Initial Excavation | Final Excavauon |
of Footings
Initial Setting of | \' Final Setting of
Formsand Steel *1 Forms and Steel
D =8 days D =4days

k. Model without Successor/Predecessor Relationships

FIGURE 8-16
Comparison of CPM Diagrams with and without a Start-to-Start (S-S) Successor/Predecessor
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
aschedule that isincoherent and unmanageabl e due to successor/predecessor rela-
tionshipsthat are assigned to activities, particularly during schedule updates.

In a pure CPM diagram, successor/predecessor activity relationships are not
used. During theforward pass, the path that yields thelargest early finish of thepre-
ceding activities becomesthe early start of thefollowing activities. During the back-
ward pass, the path that yieldsthe smallest late start of thefollowing activitiesisthe
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 areintroduced into aCPM 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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F-5=3days!

D, =4days Dy =7 days
F - F =15 days

FIGURE 8-17
Example of Multiple Successor/Predecessor Activity Relationships

successor/predecessor path must be evaluated to determine start and finish times. A
forward passfor the activitiesin Figure 8-17 shows Activity B can start asearly as
two daysor as |late as seven days after the start of Activity A, depending on the path
chosen. Also, depending on the successor/predecessor path chosen, the early finish
for Activity B is9, 12, 14, or 19 days. Similarly, abackward passwill resultin mul-
tiple late starts and | ate finishesfor these activities. All these multiple calculations
can cause confusion and alack of confidence in the project schedule.

Figure 8-18 isa CPM diagram with successor/predecessor relationships of con-
struction work related to foundation construction work. Figure 8-19 is a pure CPM
diagram, without successor/predecessor activity relationships, for the same con-
struction work. These figures are presented to illustrate the complexity of succes-
sor/predecessor calculations. As shown in Figure 8-18, the early start of 10 daysfor
Activity 30iscalculated by subtracting itsduration from the latest early finishtime.
Thelargest 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 rel ate the predecessor ac-
tivity toitssuccessor activities, the calculations of total and freefloat are very com-
plex and require a close examination of the relationships. Using multiple
relationships, itis possible to show activities that are critical, when they are really
not critical.

Areview of Figure8-18 indicatesthat all the activitiesarecritical, 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
thework i s actually non-critical, compared to that of Figure 8-18. For example, the
network of Figure 8-19 shows all formwork ascritical, but most of the excavation
work and placement of concreteis non-critical. A pure CPM diagram asillustrated
in Figure 8-19 provides an accurate description of the work without raising ques-
tions regarding start/finish times, total/free float, or critical path activities. Thus,
a pure CPM diagram is recommended, rather than modeling with successor/
predecessor activity relationships.

Unfortunately, there is no industry standard to define how to finalize the
early/late starts and finishes using successor/predecessors relationships with lags.
Each computer software devel oper defines the agorithm used by his or her software
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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 aclear understanding of the sequence
of work, thus preventing confusion and misunderstandings of the project schedule.

Thefollowing examples are presented to illustrate cal cul ationsbased 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 cal culations are performed by computer software,
itis possible to get project schedules that sometimes do not make logical sense.
Thus, itisimportant 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

Calculatethe start, finish, and float for each activity in thefollowing CPM prece-
dence network diagram. Activity C and E have an F-Srelationship with a 5-day
negativelag. The 5-day negativelagisequivalent 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 therédlationship: EF. = ES + 5. The useof negativelagsis not rec-
ommended because they lead to much confusion with respect to the meaning of
the relationship and the schedul e as discussed in the following paragraphs. The
following diagram and accompanying table show the early and |ate start, early
and latefinish, and the total and free float for each activity.

13 25

— Activity C i

LS LF For Activity C, the calculationsfor total and freefloat are:
| -
Activity FF=ES; - EFc- Lag
THq=2F- 2EF =18-20-(-5
ES D EF =5days = 3days
Early Early Late Late Total Free
Activity Duration start finish start finish float float

"Dandesaiticd adivities
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Based on the forward and backward pass calculations, the critical path is
through ActivitiesA, D, and F. Notetheimpact on the schedule and possible con-
fusion due to the F-Srelationship with five days of negative lag between Activ-
ity C and E. The EF¢ is 20 days (governed by the equation EF. = ES. + D = 10
+ 10 = 20). The EF. isnot governed by theequation EF. < ES, + 5= 18+5
= 23 days, because the ES, isgoverned by 18 from the EF;. Also, areview of
thediagram showsthe preceding activity EF. = 20, which is greater than thefol-
lowing activity ES; = 18, whichisillogical. A computer schedule that showsthe
ES of afollowing activity to be earlier than the EF of a preceding activity will
make no sense to workersin thefield and will cause them to lose confidence in
the schedule.

Similar confusion existsfor the free float of Activity C. The FE. isgoverned
by the equation FF~ = ESg — EF. — Lag = 18 — 20 — (—5) = 3 days. How-
ever, areview of thediagram showsthe EF = 20, whichis greater than the ESg
= 18. Thus, the use of F-Srelationships with negative lag is not recommended.

Example 8-3: Finish-to-Finish Activity Relationships

Calculate the start, finish, and float for each activity in thefollowing 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 20

F-F=7days
Activity C
10 10 20
0 __ 10 14 22 B
Activity A~ | —— Activity B
0] 10 10 10 8 18
|—-|I Activity D
LS LF For Activity C, thecalculationsfor total and freefloat are:
|
TF¢=LF¢ - EF. FFo= LFy - LFc- Lag
=20-20 =27-20-7

ES D EF =0days =0days
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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 Cis gov-
erned by the F-F relationship.

Example 8-4: Start-to-Start Activity Relationships

Caculate the start, finish, and float for each activity in thefollowing CPM prece-
dence network diagram. Activity C and E have an S-Srelationship with alag of
10days. Thefollowing diagram and accompanying table show the early and late
dart, early and latefinish, and the total and free float for each activity.

Activity C
§5-8 =10days
0 10
Activity A
0 10 10 10 X 18 20 5 25 25 5 30
P— — 25
Activity Dj

For Activity C, thecalculations for total and freefloat are:

| Activity TFe= LFc; EF, FFo=ES -ESc-Lag
=20-20 =20-10-10

=0days = 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 theforward and backward pass calculations, thecritical pathis through
ActivitiesA, C, D, E, and E. Notethefreefloat of Activity Cis governed by the S-5
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 alag of 7 days
between Activity C and E. Thefollowing diagram and accompanying table show
the early and late start, early and late finish, and the total and free float for each
activity.

ActivityC |
0 10 _ 25 30
Activity A Activity B Activity E Activity F
0 10 10 10 8 18 18 5 23 25 5 30
i |
10 15 25
LS LF For Activity C, thecalculationsfor total and freefloat are:

Activity , FF-=EFg —ESc- Lag
TFq= Bl 20F- =23-10-5

ES D EF = 10days =8days
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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 ActivitiesA, D,and E

QUESTIONS FOR CHAPTER 8—PROJECT SCHEDULING

1 Oneof the obviouspurposes of project planning and schedulingisto completea project
on time. Identify other benefits that can be derivedfrom good project planning. Alsode-
scribe typical problemsthat can be prevented by good planning and scheduling.

2 Alist of activitiesthat are required to completea projectis shown below. Draw a CPM
precedencediagramfor the projectand cal cul atethe project schedul e. Providethe sched-
ulein atabular form, showing early/late starts and finishes as well as the total and free
float for each activity. Denotethe critical path on the network.

Activity Duration Cost Preceded by Followed by
A 2 days $500 None B.C,D
B 3 days $900 A E
C 4 days $1,600 A F
D 5 days $500 A G
E 7 days $1,400 B H
F 7 days $1,500 C I L
G 8 days $2.400 D J. K
H 4 days $800 E L
| 2 days $1,000 F N
J 12 days $3,600 G M, O
K 5days $2,000 G P
L 6 days $1,200 FH Q
M 2 days $900 J N
N 2 days $700 I, M S
o 6 days $1,800 J RT
P 4 days $1,200 K T
Q 4 days $2,000 L u
R 4 days $1,600 (0] S
S 2 days $1,400 N. R Y
T 9 days $1,800 o,P Y
U 2 days $1,200 Q v
v 3 days $300 S, TU None
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3 Perform acost analysis based on an early start and late start schedule for the projectin
Question 2. Plot the S-curvefor theearly and late start costs. Show costs on the left-hand
ordinate and percent costs on the right-hand. Along the abscissa, show the timein work-
ing days and in percentageof 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 appropriatefor each
of thetwo techniques.

5 Providea brief summary of the responsibilitiesof the owner, designer, and contractor re-
lated to project planning and scheduling. Describe how the scheduleof each party should
be related, including the advantages and disadvantages of maintaining one common
schedulefor a project.

6 Aproject manager is usualy assigned the responsibility of either managingasinglelarge
project or many small projects at a time. Describe the different approaches to planning
and scheduling that must be used by thesetwo types of project managers.

7 Describe the purpose and use of acoding system for activitiesin 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 Thedatafor the CPM diagramfor a project are shown below. Performacost analysisfor
the project and present the resultsin tabular form showing the daily distribution costson
an early start, late start, and target schedule. Plot the three S-curves on one graph to show
theresultsof your analysis.

Activity Duration Cost Preceded by Followed by

o

2 days None
3days
8 days
6 days
8 days
9 days

12 days
5 days
3 days
2 days
5 days K
1 day
2 days
2 days
2 days
4 days
2 days
7 days
2 days
1 day
3 days
5 days

'OUJ>)>)>

D

mI QO

s}

G

z
om= =

zzrofo

<<c<4mmo;

5

9 The bar chart shown on the next pageisthe original baseline schedulefor aproject that
must be completed in 25 working days. The schedule was devel oped without regard to
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thedistributionof labor on the project. The number of crewsand the number of workers

in each crew are shown for each activity.

a Evauatetheallocation of labor by preparing a histogramof the distributionof 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 he changed. The start timefor the
remaining activitiescan be delayed a maximum of 2 days. Reschedulethe project to
reduce any irregularity in the distribution of labor, asillustrated in Figures8-13 and

8-14.
Aclivity | Duretion | Wwhkers | Workers Wilrk Day of Project
Number | inDays | cfCrews | in Crew 12345 | 67 8910 (1112131415 |16 17181920[2122232425
A 3 1 4 X X X
B 7 2 3 XX | XXXXX
Cc 9 1 2 X XXXXX [ XXX
D 7 2 5 X XXXXX |X
E 8 1 4 XX XX | XXXX
F 10 3 4 XX | XXXXX | XXX
G 9 1 5 X [XXXXX | XXX
H 8 3 6 XX | XXXXX | X
i 11 2 4 XX | XXXXX]| XXXX
J 4 3 2 X | XXX
K 6 1 3 X[ XX XXX

10 Below are thecritical activitiesof a PERT diagram. The optimistictime (a) ,most likely
time (m), and pessimistictime (b) are shown at the bottomof each activity. Calculatethe
most likely time (z,) 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 i s the expected number of daysfor com-
pletion? For a 1%oprobability, what isthe expected number of daysfor completion?
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TRACKING WORK

CONTROL SYSTEMS

Effective project management requires planning, measuring, eval uating, forecast-
ing, and controlling all aspects of a project: quality and quantity of work, costs, and
schedules. An all encompassing project plan must bedefined before starting a proj-
ect; otherwise thereis no basisfor control. Project tracking cannot be accomplished
without awell-defined work plan, budget, and schedul e as discussed in the previous
chaptersof 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 al participants. The tasks, costs,
and schedules of the project plan establish the benchmarks and check-pointsthat are
necessary for comparing actual accomplishments to planned accomplishments, so
the progress of a project can be measured, evaluated, and controlled.

At theend of any reporting period (N}, a project is expected to haveachieved an
amount of work (X) with alevel of quality (Q) at apredicted cost (C).Theobjective
of project control isto measure the actual vaues of thesevariablesand determineif
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
aquantitative and qualitative evaluation of a project that isin a continuous state of
change.

To be effective, a project control system must be simpleto administer and easily
understood by all participantsin a project. Control systems tend tofall 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



than integrating costs, schedules, and work accomplished. A control system must be
developed soinformation can be routinely collected, verified, evaluated, and com-
municated to all participantsin a project; so it will serve as atool 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. Thesmallest unitintheWBSis awork 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
fromthe 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 islinked to the cost breakdown structure (CBS) by the code of
accounts. Likewise, the WBSis 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 theen-
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 asingle activity or to develop asin-
gle work package into several activities. The process of developing the CPM
diagram requires good judgement with extensiveinvolvement of key participantsin
the project. Although the level of detail should be kept to a minimum, all activities
that may influencethe 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 thework. Thelevel of detail of the CPM diagram depends upon the com-
oleteness of the WBS.

The products of design are production drawings and specifications. As discussed
in Chapter 8, abar chart isfrequently preferred for scheduling individual design ac-
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tivities, However, for effective scheduling control of the whole project a composite
of theindividual bar charts must beintegrated 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. Cll 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
constructionfor many years. A detailed WBScan 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 packagesinthe WBS. Thework packages then becomeactivitieson
the CPM diagram. The purchase and delivery of long lead-time material must also
beincluded in the diagram. In addition, the work performed by subcontractorson
the iob must beintegrated with other work toform acomplete integrated CPM dia-
gram, For large projects, a separate CPM diagram can be prepared for each individ-
ual area of the project; then amaster CPM diagram can be developed that links the
individual areadiagrams.

The CPM diagram for an EPC project must interface the design work packages
with the procurement and construction activities. It is often best to devel op separate
individual working schedules for design, procurement, and construction. Then link
theindividual schedulesinto asummary EPC schedule that integrates the total sys-
tem. It isimperative to sequence all related activities that may influence the com-
pletion date of the project.

Toillustrate the linking of the WBS to the CPM, the WBS shownin Figure 9-1
isused todevelopthe CPM diagram in Figure9-2. This EPC project isan expansion
of the design project presented in Chapter 8, to now include the procurement and
construction activities. It is a servicefacility for maintenance operations and con-
sistsof site-work, on-site utilities, an employee's office building, and a maintenance
building. To handle this project, the contracting strategy isto 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 isdenoted asBuilding A and the office building as Building B onthe WBS
and CPM.

The contracting strategy for construction isto 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 beexpanded into more detail by each construction contractor as a
part of hisor 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 isfollowed by procurement and then construc-
tion. Likewise, design of the elevator for Building B islinked tothe respective pro-
curement and construction activities.
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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 isa part. Table 9-1isan illustrative ex-
ample of asimple4-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

+ 5 N

Digit | —Project phases Digit 2—Facilities Digit 3-Disciplines Digit 4 — Team Members
0 Unassigned 0 Unassigned 0 Unassigned  Unassigned
1 In-house engineering I Grading/subbase 1 Architectural | Tim Jones
2 Contract design 2 Concrete paving 2 Civil 2 Dan Mitchell
3 Vendor procurement 3 Aggregate parking 3 Structural 3 Ron Thomas
4 Contract procurement 4 Stormwater sewer 4 Mechanical 4 Fred Lewis
5 Site-workconstruction 5 Sanitary sewer 5 Electrica 5 Kathy Diehl
6 Office Building 6 Underground utilities 6 Landscape 6 Roy Hall
7 Industria building 7 Building A 7 Project engineering 7 }m Daniel
8 Unassigned 8 Building B 8 Unassigned 8 Unassigned
9 Unassigned 9 Landscape 9 Unassigned 9 Unassigned

~ e ~

WBS OBS

Table9-1 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 codeidentifies the activity asthe in-house structural
engineering for Building A involving structural design that is the responsibility of
team member Kathy Diehl. Table 9-2 is alist 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, al activitiesrelated to Building B can be obtained by selecting
activities that have an 8in 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, areport for all structural work
for Buildings A and B can be obtained by sorting activity code numbers that have a
codedigit 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 lessthan anumber.

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 a-
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 applicationsitis
moredifficult to sort letters on a greater than, equal to, and less than basis, thanitis
for a numeric coding system. A combination al pha-numeric coding system can be
designed using numbersinlocations of the code that require sorting multiple capa-
bilitiesand lettersin locations where sorting is not required.
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TABLE 9-2

EPC PROJECT ACTIVITY LIST

EXAMPLE EPC MAINTENANCE FACILITY PROJECT

CODE

ACTIVITY NESCRIPTION

PROJECT NOTICE APPROVAL
DEVELOP WORK FLAN

FORM PROJECT TEAM

DESIGN CONTRACTOR'S WORK
IN-HOUSE DESIGN WORR

DESIGN BRIEFING MEETING
PROJECT STTE-WCRK DESIGP,
ON-SITE UTILITIES DESIGN
DESIGN BUILDTHNG A

FLOCR PLAN BUILDING B

SITE GRADING PLAN

STORMWATER DESIGN

FLWR FLAM BUILDING A
FOUNDISTRUCT BUILDING B
ARCH FINISHES BUIIDTNG B
MECHIELECT BUILDING B
SUBBASE DESICN PELAN

SANITARY SEWER DESIGN
FOUND/STRUCT RUITDING A
DESIGN REVIEW BUILDING B
CONCRETE PAVTING ROADS
DOMESTIC WATER SYSTEM
NATURAL GAS SYSTFM
MECHIELECT BUILDING &
SPECIAL OVERLOAD CRANE
CONTRACT DESIGN COMPLLITE
CONCRETE PAVING PARKING/WALKS
UNDERGROUND ELECTRICAL
UNDERGROUND TELEPHONE SYSTEM
BUILDING A DESIGN REVIZW
AGGREGATE SURFACING DESIGN
UTILITIES DESIGN REVIEW
ENCING/LANDSCAPE/ IRRLGATION
STITE-WORK DESIGN REVIEW
PRGJECT DESIGN COMPLETE
PROCURE BUILDING ELEVATORS
PROCURE CONTRACTORS BILS
PROCURE OVERHEAD CRANE
EMPWYEE'S OFFICE BUILDING B
SITE-WORK/UTILITIES CONSTRUCTION
INDUSTRIAL/MAINTENANCE BLDG A
FOUND/STRUCT ®UTLDTING B
SITE-WORK/GRADING/DRAINAGE
FOUND/STRUCT BIUTLDING A
PLUMBING, HEAT, & AIR BLDG B
ELECTRTCAL/PHONFE. RUTLDING B
STCRMWATERS ATHAGE STRUCTURES
ELECTRICAL! PHONE BUILDING A
PLUMBING, HEAT. & AIR BLDG A

SANITARY SEWER SYSTEM

COECRLTE PAVING ROADS h DRIVES
ARCH FINISHES BUILDING A
WMESTIC WATER SYSTEM
CONCRETE PARKING & WALKWAYS
UDERGROUND ELECT h PHONE
CRUSHED AGGREGATE PARKING
LANDSCAPY TREES/PLANTS/GRASS
FINAL INSPECTION & APPROVAL

DURATION

CcosT

500.
12000.
850.
3000.
1500.
1200.
1400.
1200,
1500.
9900.
14003.
2000.
26000.
31200.
49500.
37300.
4000.
12000.
92700.
8000.
12000.
9000.
6000.
22200.
10800.
100C.
700C.
12000.
3000.
5000.
6000.
1100.
28000.
7000.
1000.
95000.
7000 .
55000.
1000.
1500.
1400.
195000.
85000.
390000.
285000.
215000.
22000.
167000.
192000.
260030.
10500.
33200.
185000.
175000.
13203.
35000.
47000.
76000.
62000.
3500.

TIM JONES
TIM JONES
TIM JONES
DAN MITCHELL
RON THOMAS
DAN MITCHELL
RON THOMAS
FRED LEWLS
KATHY DIEHL
DAN MITCHELL
RON THOMAS
FRED LEWLS
KATHY DIEHL
DAN MITCHELL
DAN MITCHELL
DAN MITCHELL
RON THOMAS
FRED LEWIS
KATW DIEHL
TIM JUNES
RON THOMAS
FRED LEWIS
FRED LEWIS
KATHY DIEHL
KATHY DIEHL
DAN MITCHELL
RON THOMAS
FRED LEWIS
FRED LEWIS
TIM JONES
RON THCMAS
TIM JONES
RON THOMAS
TI¥ JONES
TTN JONES
ROY HALL

ROY HAL:

ROY HALL
JIM DANIEL
JIM E
JIM DANIEL
DAN LITCHELL
RON THOMAS
KATHY DIEHL
DAN MITCHELL
DAN MITCHELL
FRED LEWIS
KATHY DIEHL
KATHY DIEHL
DAN MTTCHELT.
FRED LEWIS
FRED LEWTE
RON THOMAS
KATHY DIEHL
FRED LEWIS
RON THOMAS
FRED LEWIS
RON THOMAS
RON THOMAS
TIM JONES




CHAPTERS: TRACKING WORK 193

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 isrequired
to perform each activity can be obtained from the work packages of theWBSin 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
aredirectly related to the WBS, and their expenditureisdirectly related to the work
that is produced. To measure the progress of the project, the actual costsand dura-
tions are compared to these control costs and durations.

Thetotal cost for the project includes the direct costs (from the previous para-
graph) plusindirect costs, contingency reserve, and profit. A CBSfor the project in-
cludes al these costs. However, only thedirect 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 aso excluded from the project control system for monitoring costs and
managing work because these items are fixed at the beginning of the project and
they are independent of the work accomplished. The management of these costsis
generally afunction of the accounting department, because the project manager and
hisor her team usually do not have control of these costs. These costs are typicaly
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 WBSis
provided in ClI Publication 6-1, Project Control for Engineering. Figure 9-3isan
examplefrom the publication that illustrates a total engineering budget matrix. The
CBS includes dl elements in the budget matrix that have been given a dollar
amount. The total dollar value of al the elements is the total engineering budget.
The WBS for the project consists of budget items from the CBS for tasks that pro-
ducedeliverables: design calculations, drawings, and specifications.

For the example of Figure9-3, 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
itemsinto areas, systems, and subsystems that define the total project. For example,
thedeliverable to be produced by the electrical would be adrawing list that included
all drawings for electrical work. The number of work-hours (WH) 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 calculationsand design drafting. As discussed in Chapter
8 most engineers prefer a bar chart for scheduling individual design tasks. However,
for project control theindividual 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
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package. Thefollowing illustrates the evaluation of overlapping tasks of the work
package to determine the duration of an activity on the CPM diagram.

Tasksof 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 Pl anni ng for Fixed-Price Construction, provides
agood description of the relationship of the CBS and WBS for construction. Figure
9-4isan 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 asthe basisfor
direct labor, material, and equipment costs. The cost estimate should aso consider
the method of construction and the sequencing of work for development of the proj-
ect schedule.

The general superintendent who will be responsiblefor the project on the con-
struction job-site must beinvolved in developing the detailed construction schedule.
However, during the early stages of project development itisoften necessary to de-
velop a construction schedule before the construction contractor has been identified.
For this type of situation, theinitial 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, adetailed CPM diagram can be
developed by the construction personnel who will actually perform the work.

A construction contractor usually performs somework with direct-hire (force ac-
count) personnel and contracts 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 isdefined in sufficient detail so the subcontractor's
responsibilities and duties are clearly understood. The subcontract work package
must be compatible with the WBS; otherwise thereis no basisfor 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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Source: Constructionindustry Institute, Publication No. 6-4,

However, each subcontractor's work must beincluded in thetotal 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 acommon source of delays during
construction. A procurement plan must beincluded in the project schedule to guide
the purchase of contractor furnished materials. Although the contractor generally
obtains most of the material asa part of hisor 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 thelist 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 costsfor al design work. This curveis 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.



CHAPTER9: TRACKINGWORK 197

* CUMULATIVE COST CURVE **
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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 havea | in thefirst 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.

Table9-3isapartial listing of the project control schedulefor all activitiesinthe
project. Only thefirst and last portion of thetotal scheduleis shown toillustrate the
type of information that can be obtained for dl the 60 activitiesin thetotal project.
Critical activitiesarethose activitiesthat have zerofloat time and are denoted by the
letter "C" at theleft of the activity number. Major milestone events are also noted



198 PROJECT MANAGEMENTFOR ENGINEERING AND CONSTRUCTION

PRQJIECT: SERVI CE MAINTEMANCE FACILITY
DISTRIBUTION OF COSTS FOR ALL DESIGN ACTIVITIES - ISSUED TO TIM JONES ON 4/15/2002

PRCE 1
BASIS : EARLY START - Por 32 activities

FIGURE 9-6
Distribution of Daily Costs for All In-House Design Work.

on the schedule. This scheduleis 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. Thereis
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 he expended. However, at the end of the eleventh month,
64.1% of thetime, 54.3% of the costs are expected to be expended.
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TABLE 9-4
MONTHLY COST DISTRIBUTION FOR ALL ACTIVITIES IN THE PROJECT

PROJECT; SERVICE MAINTENANCE FACILITY
SCHEDULE FOR ALL ACI'TVITIEE - | SSUED 70 TIM JONES ON 4/15/2003 MONTHLY COST SCHEDULE
START DATR: 26 MAY 2003  FIWIsH DATE: 22 SEP 2004 - For all actiwvities -

1 WARTY  START

MONTH YEAR

X

I COST/MON CUMILATIVE | COST/MON CUMULATIVE Y TTHME $COST T

RELATIONSHIPSBETWEEN TIME AND WORK

Measurement of design work is difficult because design isacreative 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, al 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 asa unit of measure of
design work. The criteriafor determining the percent complete for measuring work
must bedeveloped and confirmed in writing with the project team membersprior 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 factorsis
1.0, which represents 100% of the total design effort. The determination of each
weight should beajoint effort between the project manager and the designer whois
responsiblefor 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 arefinished.
Likewise, final calculations are often not complete before thefinal production draw-
ings are started. The project manager and his or her team members can jointly de-
finethe overlap of related work to show the timing of tasks throughout the duration
of aproject. Table 9-5isan illustrative example that lists work items, weight multi-
plier, and estimated timing for each task required in adesign effort. Further division
of weight multipliers within each category may also be necessary.

Theinformation in Table 9-5is provided for illustrative purposes only. Because
each projectis 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. Thisinformation can be compiled from a summary of the
individual design work packages.

Tomanagethe overall design effort a work/time curve can be developed from the
information in Table 9-5, see Figure 9-7. The upper portion of Figure 9-7 isaseries
of graphs that represent each design task individually, arranged in the order of oc-
currence. The slope of each graph is theratio of the weight multiplier tothetimere-
quired for the work to be performed. The lower portion of Figure 9-7 is the
work/time curve for the entire design effort and is obtained by a composite, super-
position of theindividual 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 time/cost S-curve that was discussed in the
preceding section. This forms the overall integrated cost/schedule/work curve that
isdiscussed later in subsequent sectionsof this chapter.

Construction involves many types of different work that have different units of
measure, such as, cubicyards, squarefeet, pounds, or each. Thus, it isconvenienttouse
percentageas a unit of measurefor management and control of overall construction.

TABLE 9-5
ILLUSTRATIVE WEIGHT MULTIPLIERS FOR DESIGN WORK
Weight Project
Design work 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 0.10 90%-100%

1.00
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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).

Table9-6 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 1009 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 isagraphical display of the overlap and sequenceof each
of the three major facilities. Thelower portion istheintegrated work/time curvefor
the entire project and is obtained by acomposite superposition of the threeindivid-
ual graphs of each major facility.

The procedureis atop level summary of al facilities in the total project. This
same procedure can be used for each facility, or parts of afacility, depending upon
the complexity of the project and thelevel of control that isdesired 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,
"wirepulling" 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 piersinvolvesdrilling, setting steel, and placement of con-
crete. For a project that has 18 piers, a progress report may show all piersdrilled,
steel setin9 piers, and concrete placed in 3 piers. If cubic yardsisthe only measure
of control, only 3 of the 18 piers would bereported as complete, which would not
include thedrilling and steel work that is accomplished. For thissituation, aweight
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%

1.00
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construct the piers. As previously discussed the sum of all weightsmust equal 1.0 to
represent 100% of the work.

INTEGRATED COST/SCHEDULE/WORK

Experienced project managers are familiar with the problems of using only partial
information, such as only costs or timeto track the status of a project. Toillustrate,
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 aproj-
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 work/time for
project control. However, eval uating theserelationships separately does not provide
an accurate status of a project. A cost/schedule/work graph can be prepared that
shows theintegrated relationship of the three basic componentsof 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.
Theupper curveissimply the cost/time S-curve that hasbeen discussed in previous
sections of this book. The lower work/time 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 costsisdollars and the unit for schedule isdays, which areeasily de-
termined units of measure for any type of project. The unit of measurefor work is
represented as a percentage which provides acommon basefor 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
yardsfor the concrete building, pounds of steel for the steel building, and board feet
of lumber for the wood frame building. However, sinceit is not possible to add cu-
bit yardsto pounds or board feet, percent is adimensionless 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 building? 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 timeto complete the work. Themultiplier 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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Integrated Cost/Schedule/Work Graph.

Theactual 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 9-104. 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 thereisa cost overrun as noted on the upper curve of the graph. Thus,
thereis aschedule slippage and cost overrunfor the reporting period. Other scenar-
iosare possible asillustrated in Figure 9-10b to 9-104.

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 he developed, depending upon the complexity of the project
and thelevel of control desired by the project manager.

PERCENT COMPLETE MATRIXMETHOD

A very simple technique for determining the overall status of a project isthe percent
complele matrix method. It can be used for any size project and only requires amin-
imal amount of information that isreadily 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
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variables. cost, work-hours, or physical quantity of work. To describe this method,
only cost is used in the following paragraphs; however, the method can be just as
easily applied to work-hours or physical quantities of work. There may be times
when a project manager may wish to use all three measures to determine the status
of aproject.

The percent complete matrix method requires only two input variables for each
work package: estimated cost and percent complete. A spreadsheet can be devel-
oped on a small microcomputer that contains six pieces of information from the
work package for a given area (see Figure 9-11). Formulasin the spreadsheet cal-
culate the ' percent unit™ and " percent project™ based on the " estimated cost™ that is
entered for each work package. Likewise, formulasin the spreadsheet calculatethe
""cost to date™ and ' percent complete project” based on entry of the second input
variable, " percent complete."

Figure 9-12 is a spreadsheet that illustrates the percent complete matrix method
for aproject that consists of five buildings. Each building is defined by four sum-
mary level components: foundation/structural, mechanical/electrical, finishes/fur-
nishings, and specia equipment. The'total cost™ and "' percent of project' for each
building are shown in the righthand two columns of the spreadsheet. The total cost
of al buildingsin the project representsthe total project budget, $240,000. Formu-
lasin the spreadsheet cal culate the " total cost™ of each component in the project. For
example, $81,000 represents the budget costsfor al structural work.

The summary level components of each building contain the six pieces of infor-
mation fromthe work package discussed in Figure 9-11. For example, the work
packages for Building A structural is$15,000, which represents 30% of Building A
and 6% of the total $240,000 project budget. Upon entry in the spreadsheet of 70%
complete for Building A, theformulas automatically calculate the $10,500" cost to
date” and the 4%, which represents the percent complete for the total project. The
only entry required to obtain the project status is the cell of "*%-complete,” the en-
try highlighted by an underline in the spreadsheet illustrated in Figure 9-12.

FI QURE9-11
Work Package Information and Spreadsheet Formulas for %-Complete Matrix.
Work Package
Estimated Cost* Percent Unit
Percent Complete* Percent Project
Cost to Date % - Complete Project
Spreadsheet Formulas
Input from Estimate* Estimated Cost/ Totai Unit Cost
VariableInput by User* Estimated Cost/ Total Project Cost
Percent Completex Estimated Cost' |  Cost to Date/ Total Project Cost

*Required Input Data by User



FOUNDATION1 MECHANICAL/ FINISHES/ SPECIALS
STRUCTURAL ELECTRICAL FURNISHINGS EQUIPMENT
ESTIMATED  PERCENT ESTIMATED  PERCENT ESTIMATED  PERCENT ESTIMATED  PERCENT
COST UNIT COST UNIT COST UNIT COST UNIT
PERCENT PERCENT PERCENT PERCENT PERCENT PERCENT PERCENT PERCENT
COMPLETE  PROJECT COMPLETE  PROJECT COMPLETE  PROJECT COMPLETE  PROJECT
COSTTO  %-COMPLETE | COSTTO %-COMPLETE | COSTTO  %-COMPLETE | COSTTO  %-COMPLETE| TOTAL PERCENT
FACILITY DATE TOTAL DATE TOTAL DATE TOTAL DATE TOTAL COST  TOTAL
BUILDING A $15000. 30.% $ 8000. 16.% $10000. 20.% $17000. 4% $ 50000. 21.%
70.% 6.% 35.% 3.% 0.% 4% 0.% 7.%
$10500. 4.% $ 2800. 1.% 0. 0% 0. 0.%
BUILDING B $25000. 28.% $ 9000. 10.% $23000. 26.% $33000. 37.% $ 90000. 38.%
10.% 10.% 0.% 4% 0% 10.% Q% 14.%
$ 2500. 1% $ 0. 0.% 0. 0% 0. %
BUILDINGC $ 8000. 40.% $ 3000. 15.% $ 4000. 20.% $ 5000. 25% $ 20000. 8.%
100% 3% 80.% 1.% 0.% 2.% 0% 2%
$ 8000. 3% $ 2400. 1% 0. 0% 0. 0.%
BUILDING D $ 2000. 20.% $ 1000. 1.% 3 0 0% $ 7000. 70.% $ 10000, 4%
100.% 1% 100.% 0.% % 0.% 0.% 3%
$ 2000. 1% $ 1000, 0.% 0.% 0. 0.%
BUILDING E $31000. 44.% $18000. 26.% $21000. 30.% $ o 0.% $ 70000. 29.%
5% 13% 0.% 8% 0.% 9.% 0.% 0.%
$ 1550. 1.90 0. % 0. 0.% 0. 0%
SUMEST & %-PROJ $81000. 34.% $39000. 16.% $58000. 24.% 562000. 26.% $240000.  100.%
SUM COST TO DATE
&SUM %-COMPLETE $24550. 10.% 5 6200. 3% 0. 0% 0. 0% % 30750. 13.9%

FIGURE 9-12

Percent Complete Matrix for Project.
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Asentries are madefor each work package in the matrix, the total valuesfor each
component in the project are calculated at the bottom of the spreadsheet. For exam-
ple, al the " cost to date’ values in the vertical column under the heading of struc-
tural work sums to $24,550, which represents 10% of the total project. Similarly,
formulas in the spreadsheet sum al the total cost values of each component in the
bottom horizontal row to calculate the total project cost to date of $30,750, which
represents 13% compl ete for the entire project. This percentage can be used for the
evaluation of the integrated cost/time/work graphs that were discussed in the pre-
ceding section.

PROGRESS MEASUREMENT OF DESIGN

The percentage completion of asingle activity can usualy be determined by one of
four systems: Units Completed, Incremental Milestone, Start/Finish Percentages, or
Ratio. The Units Completed method may be suitablefor writing specifications, pro-
vided that each part of the specifications can be considered as having equal effort of
work. The measurement of work can be determined as a percentage that is calcu-
lated by dividing the number of specifications completed by the total number of
specifications that are to be produced.

ThelIncremental Milestone method i sappropriate for measurement of production
drawings or procurement activities that consist of easily recognized milestones. The
following percentages are typical examples of measurement of production for de-
velopment of production drawings and procurement.

Production drawings

Start drafting 0%

Drawn, not checked 20%

Complete for office check 30%

To owner for approval 70%

Firstissue 95%

Final issue 100%
Pmcurernent

Bidders list developed
Inquiry documents complete
Bids analyzed

Contract awarded

Vendor drawings submitted
Vendor drawings approved
Equipment shipped
Equipment received

The Start/Finish Percentage method is applicable to those activities that lack
readily definable intermediate milestones, or theeffort and timerequired isdifficult
to estimate. For these tasks 20% to 50% is given when the activity is started and
100% when finished. A percentageis assigned for starting to account for the long
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time between the start and finish when no credit is being given. This method is ap-
propriate for work such as planning, designing, model building, and studies. It can
also be used for specification writing.

The Ratio method is applicable to tasks such as project management or project
control that areinvolved throughout the duration of the project. Such tasks have no
particular end product and are estimated and budgeted on a bulk allocation basis,
rather than on some measure of production. It can also be used on tasksthat are ap-
propriate for the start/finish method. The percent complete at any point in timeis
found by dividing hours (or costs) spent to date by the current estimate of hours (or
costs) at completion.

Percent complete may be determined by one of the above described methods.
Earned-value techniquescan be used to summarize overal work status. The earned
value of any oneitem being controlled is

Earned work-hours = (Budgeted work-hours) X (Percent complete)

Budgeted work-hours equal original budget plus approved changes.
Overall percent complete of the project or of awork package can be calculated as

Sum of earned work-hours of tasks included
Sum of budgeted work-hours of tasksincluded

Percent complete =

Trends can betracked through variousindices, such as the Cost Performanceln-
dex (CPD) and the Schedule PerformanceIndex (SPI). The CPI provides a compar-
ison of the number of work-hours being spent on work tasks to the hours budgeted
and isanindicator of productivity. Theequation for CPl is

__Sum of earned work-hours of tasksincluded
~ Sum of Actual work-hours of tasks included

CPI

For the above to be atrueindicator of productivity, only those tasksfor which budg-
ets have been established should be included in summations. If for some reason
thereis no budget for an item and people are working on that item, the project man-
ager should prepare a change order for out of scope work. All actual work-hours
need to be properly reported to establish accurate historical recordsfor subsequent
projects of asimilar nature.

The SPI relatestheamount of work performed to the amount scheduled to a point
in time. The equation for SPI is

Sum of earned work-hours to date
Sum of scheduled work-hours to date

SPI =

Scheduled work-hoursin the above equation are summarizedfrom the task schedul es.
I'n both the CPI and SPI equations, anindex of 1.00r greater isfavorable. Trends
can be noted by plotting both"*this period" and ' cumulative' CPI and SPI valueson
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agraph. While the SPI for the total project, or for a work package, is somewhat of
anindicator of schedule performance, it only compares volume of work performed
to volume of work scheduled. There can be an SPI in excess of 1.0 that can till be
in danger of not meeting milestones and final completion dates if managersare ex-
pending effort on non-critical activities at the expense of critical activities. The SPI
does not show that work is being completed in the proper sequence. Thus, as part of
schedule control, the schedules of all included tasks in each work package must be
regularly examined so that any items behind schedule can beidentified and correc-
tive action taken to bring them back on schedule.

MEASUREMENT OF CONSTRUCTION WORK

A construction project requires completion of numerous tasks, beginning with ini-
tial clearing and site-work through thefinal punchlist and cleanup. Throughout the
duration of a project there must be a systematic reporting of the progress of work for
each part of the project. The following paragraphs describe six methods for meas-
uring progress during construction: Units Completed, Incremental Milestone,
Start/Finish, Supervisor Opinion, Cost Ratio, and Weighted Units. The system that
is selected depends upon the nature and complexity of the project and the desired
level of control by the project manager. Each of the six methods may be used on a
given project.

The U.S. Departments of Defense and Energy have established what isknown as
the Cost and Schedule Control Systems Criteria (C/SCSC) for control of selected
federal projects. While intended primarily for high-value, cost-reimbursable re-
search and development projects, it may be applied to selected construction proj-
ects. Various methods for measuring the status of a project that have become
common usagein the constructionindustry are describedin C/SCSC.

The Units Completed method of measuring progress during constructionis ap-
plicable to tasks that are repetitive and require a uniform effort. Generally, the task
is the lowest level of control so only one unit of work is necessary to define the
work. Toillustrate, the percent complete for installation of wireisdetermined as a
percentage, by dividing the number of feet installed by the total number of feet that
isrequired to beinstalled.

The Incremental Milestone method is applicable to tasks that include subtasks
that must be handled in sequence. For example, theinstallation of a major vessel in
anindustrial facility may include the sequential tasks as shown below. Completion
of any subtask is considered a milestone, which represents a certain percentage of
the total installation. The percentage may be established based upon the estimated
work-hours to accomplish the work.

Received and inspected 15%
Setting complete 35%
Alignment complete 50%
Internals installed 75%
Testing complete 90%

Accepted by owner 100%




214  PROJECTMANAGEMENTFOR ENGINEERING AND CONSTRUCTION

The Start/Finish method is applicable to tasks that do not have well-defined in-
termediate milestones or for which thetimerequired is difficult to estimate. For ex-
ample, the alignment of a piece of equipment may take afew hours to afew days,
depending upon the situation. The workers may know when the work will start and
when it is finished, but never know the percentage completion in between. For this
method, an arbitrary percent completeisassigned at the start of the task and a 100%
completeisassigned when it isfinished. A starting percentage of 20%to 30% might
be assigned for tasks that require a long duration, while 0% may be assigned for
tasks with a short duration.

The Supervisor Opinion method is a subjective approach that may be used for
minor tasks, such as construction support facilities, where development of a more
discrete method cannot be used.

The Cost Ratio method is applicable for administrative tasks, such as project
management, quality assurance, contract administration, or project control. These
tasksinvolvealong period of time or are continuous throughout the duration of the
project. Generally these tasks are estimated and budgeted as lump-sum dollars and
work-hours, rather than measurable quantities of production work. For this method
the percent complete can be calculated by the following equation.

Actual cost or work-hours to date
Forecast at completion

Percent complete =

The Weighted Units method is applicable for tasks that involve major efforts of
work that occur over along duration of time. Generally the work requires several
overlapping subtasks that each have a different unit of measurement of work. This
method isillustrated by the structural steel example shown in Figure 9-13. A com-
mon unit of measurefor steel istons. A weight is assigned to each subtask to repre-
sent the estimated level of effort. Work-hours is usually a good measure of the
required level of effort. As quantities of work are completed for each subtask, these
guantities are converted into equivalent tons and percent completeis calculated as
shownin Figure 9-13.

As presented in the previous paragraphs, there are many ways of measuring
progress of work for each task in a project. After determining the progress of the
different work tasks, the next step isto develop a method that combines the differ-
ent work tasks to determine the overall percent complete for the project. The
earned-valuesystem can used to define overall percent completefor the entire proj-
ect. Earned value can belinked to the project budget, which is expressed as work-
hours or dollars. For a single account, the earned value can be calculated by the
following equation.

Earned value = (Percent complete) X (Budget for that account)
A budgeted amount is" earned" as atask is completed, upto the total amount in that

account. For example, an account may be budgeted at $1 0,000 and 60 work-hours.
If the account is reported as 25% compl ete, as measured by one of the previously
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Quan Equiv Quantity Earned

Wi. Subtask UM total steelton to-date tons+

Run foundation bolts each

Shim %

Shakeout %

Columns each

Beams each

Cross-braces each

Girts & sag rods bay

Plumb & align %

Connections each

Punchlist %
1.00 STEEL TON 520.0

Quantity to date) (RelativeWeight)
(Total Quantity)
80.5tons _

= 0,
520 tons 15.5%

*Earned Tonsto Date = (

Percent Complete =

FIGURE 9-13
lllustrative Example of Weighted-Units Method for Measurementof Construction Work
Source Congruction industry Inditute Publication No. 6-5.

described methods, then the earned value is defined as $2,500 and 15 work-hours.
Thus, progressin all accounts can be reduced to earned work-hours and dollars,
which provides a method for summarizing multiple accounts and calculating over-
all progress for the total project. The equation for determining the overall project
percent completeis given below.

(Earned work-hours/dollar all accounts)
(Budgeted work-hours/dollars all accounts)

Percent complete =

The concepts discussed above provide a system for determining the percent
complete of asingle work task or combinations of tasks. This providesthe basisfor
analyzing the results to determine how well work is proceeding, as compared to
what was planned. The earned-value system provides a method for evaluating per-
formance of the project.

Previous paragraphs have only discussed budgeted and earned work-hours and
dollars. Actual work-hours and dollars must also be included to evaluate the per-
formance evaluation of the project. The following definitions are provided to de-
scribe the procedure for evauation of cost and schedul e performance.

» Budgeted work-hours or dollars to date represent what is planned to do. The
C/SCSC definesthis as Budgeted Cost for Work Scheduled (BCWS).

 Earned work-hours or dollars to date represent what was done. The C/SCSC
defines this as Budgeted Cost for Work Performed (BCWP).



» Actual work-hours or dollars to date represent what has been paid. The
C/SCSC defines this asActual Cost of Work Performed (ACWP).

Performance against scheduleisacomparison of what was planned against what
wasdone, that is, acomparison of budgeted and earned work-hours. If the budgeted
work-hours are less than the earned work-hours, it means more was done than
planned and the project is ahead of schedule. The opposite would indicate the proj-
ect is behind schedule.

Performance against budget is measured by comparing what was done to what
was paid. This compares earned work-hours to actual work-hours or cost. If more
was paid than isdone, then the project would have acost overrun of the budget. The
following variance and index equations can be used to calculatethese values.

Scheduled variance (SV) = (Earned work-hours or dollars)

— (Budgeted work-hours or dollars)
SV = BCWP - BCWS

(Earned work-hours or dollarsto date)
(Budgeted work-hours or dollars to date)
BCWP
BCWS

Schedul e Performance Index (SPI) =

SPI =

Cost variance (CV) = (Earned work-hours or dollars)
— (Actual work-hoursor dollars)
CV = BCWP - ACWP

__ (Earned work-hours or dollars to date)
Cost Performance Index (CPI) = (Actual work-hours or dollarsto date)
BCWP
ACWP

CPl =

A positive variance and anindex of 1.00r greater is afavorable performance.

PROJECT MEASUREMENT AND CONTROL

The purpose of the project planisto successfully control the project to ensure com-
pletion within budget and schedule constraints. The S-curve, which plots cost (or
work-hours) against time, provides a measure of schedule performance. Project el-
ementsof labor, materials, and equipment are usually evaluated in common units of
dollars. Schedule performance indicates the rate at which these project elements are
occurring as budgeted expenses. Performance measurements are based on
earned-value concepts and S-curve analysis. The earned-val ue concept providesa
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quantitative measure of the scheduled budget val ue of work compared to the actual
budgeted value of the work accomplished.

M easuring the progress of a project supports management in establishing areal-
istic plan for execution of a project and providesthe project manager and client with
aconsistent analysis of project performance. 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
ligt, instrument list, progress S-curve, and histogram of work-hours are used to de-
termine the project status and for continued planning. The project manager can use
progress curves and work-hour histograms for different levels of the work break-
down structure.

EARNED-VALUESYSTEM

The earned-value system is used to monitor the progress of work and compare ac-
complished work with planned work. The BCWS isthe amount of money that was
planned, or budgeted, at each time period in the project. It is determined by cost
loading the CPM diagram to determine the distribution of cost in accordance with
the project plan. The S-curvefor a project represents the BCWS. The ACWPisthe
actual amount of money that has been spent at any point in time during the project.
It isdetermined from accounting records or the responsible party that keeps records
of actual expenditure of money. The BCWPisthe amount of money earned based
on the work that has been completed. It is determined by multiplying the percent
completed by the budgeted amount for the work. Below is a summary of the terms
used in an earned-value analysis.

Earned-ValueAnalysis:

BCWS = Budgeted cost of work scheduled (Planned)
ACWP = Actua cost of work performed (Actual)
BCWP = Budgeted cost of work performed (Earned)

Variances

CV = BCWP - ACWP  (Cost variance = Earned — Actual)
SV = BCWP - BCWS  (Schedule variance = Earned — Planned)

Indices;

CPl =—— kCost Performance Index =

ACWP Actual/

1Y

SPl = ===
BCWS

(Schedule Performance Index = ]
Planned
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Forecasting:
BAC = Original project estimate (Budget at completion)
ETC = Iw (Estimate to complete)

EAC= (ACWP*+ETC)  (Estimate at completion)

Ratiosare used in the earned-va uesystem to predict the cost to complete aproj-
ect. The CPI isused to predict the magnitudeof apossiblecost overrun or underrun.
It adjuststhe budget based on past performance. The SPI i s used to predict the mag-
nitude of apossibletimeadvanceor delay. It adjuststhe schedul e based on past per-
formance. The following examples illustrate the calculations in an earned-vaue
analysis. The examples provide a progressive analysis of the project with an inter-
pretation of the results based on the earned-value system for assessing project per-
formance.

Example9-1

Providean earned-value analysisto evaluate the progress of the sewer and water
lines project shown in Figure 8-5. The original budget is $147,500 and the proj-
ect is scheduled to be completed in 94 working days. A status report after 10
working days into the project includes the following information:

Activity 10, 100% complete as scheduled, actual cost = $1,500
Activity 20, 100% compl ete as scheduled, actual cost = $2,200
Activity 30, 100% complete as scheduled, actual cost = $4,000
BCWP = $7,600
ACWP= $7,700
BCWS = $7,600
BAC = $147,500

The BCWS and BCWP shown above are the same values as shown on the tenth
workingday in Figure 8-11 because Activities 10, 20, and 30 wereall completed
according to theoriginal planned schedule.

Cost and Schedule Deviations:

Cost variance, CV = BCWP — ACWP
= $7,600 — $7,700
= —5%$100

A negative value of CV representsa cost overrun. Based on the status report the
actual cost is greater than earned by $100.
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Schedule variance, SV = BCWP — BCWS
= $7,600 — $7,600
=0

Since the SV is zero, the project is progressing as planned. The project is not
ahead of or behind the planned schedule.

Cog and Schedule Perfor mance:

BCWP
Cost Performance Index, CPl = ACWP

The CPI isless than 1.0, which indicates a poor cost performance. The earned
valueislessthan the actual costs.

BCWP

Schedul e Performance Index, SPI = BCWS

The SPI isequal to 1.0, which indicates the schedul e performance i s progressing
precisely as planned.

Forecagsing Cog at Completion:

BAC - BCWP

Estimate tocomplete, ETC =
! P CPI

Based on the analysis of the status report, the remaining cost to complete the
project is$141,743.

Estimate at completion, EAC = ACWP+ ETC
= $7,700 * $141,743
= $149,443
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Based on the analysis of the status report, the estimated cost of the project at
completionis $149,443, which is $1,943 over the original budget of $147,500.

Example 9-2

Provide an earned-valueanalysis to eval uate the progress of the sewer and water
lines project shown in Figure 8-5. The original budget is $147,500 and the proj-
ect is scheduled to be completed in 94 working days. A status report after 20
working daysinto the project includes the following information:

Previous period analysis:
BCWP = $7,600; ACWP = $7,700; BCWS = $7,600; BAC = $147,500
Current status report:

Activity 40, 100% complete, two days delayed, actual cost = $8,000
Activity 50, 60% complete, two days delayed, cost to date = $3,200
Activity 60, 50% complete, started out of sequence, cost to date = $6,300
BCWP = $22,720

ACWP = $25,200

BCWS = $22,400

BAC = $147,500

The BCWS shown above is different than the value shown on the twentieth
working day in Figure 8-11 because Activities 40, 50, and 60 have been com-
pleted at different times than the original planned schedule. The BCWS of
$22,400 shown aboveis based on an updated schedule for the project. Also, the
BCWPis based on the updated schedule.

Cost and Schedule Deviations;

Cost variance, CV = BCWP — ACWP
= $22,720 — $25,200
= —$§2,480

A negativevalue of CV representsacost overrun. Based on the statusreport the
actual cost is greater than earned by $2,480.

Schedule variance, SV = BCWP — BCWS
= $22,720 — $22,400
= $320
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The SV is $320 becausethe earned valueis greater than planned, indicating the
project is ahead of schedule.

Cos and Schedule Performance:

Cost Performancelndex, CPI = BCWP
ACWP

The CPI isless than 1.0, which indicates a poor cost performance. The earned
valueisless than the actual costsfor thisreporting period.

BCWP

Schedule Performancelndex, SPI = BCWS

The SPI is greater than 1.0, which indicates the schedule performanceis pro-
gressing better than planned. The project is ahead of schedule, whichis dlightly
better than the statusreport given in ExampleS-1.

ForecastingCogt at Completion:

BAC — BCWP

Estimateto complete, ETC =
CPl

Based on the analysis of the status report, the remaining cost to complete the
project is $138,644.

Estimateat completion, EAC = ACWP+ ETC
= $25,200 + $138,644
= $163,844

Based on the analysis of the status report, the estimated cost of the project at
completionis $163,844, whichis $16,344 over the original budget of $147,500.
The cost performanceis significantly worse compared to the previousstatus re-
port givenin Example9-1.
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Example9-3

Provide an earned-valueanalysis to evaluate the progress of the sewer and water
lines project shown in Figure 8-5. The original budget is $147,500 and the proj-
ect is scheduled to be completed in 94 working days. A status report after 25
working daysinto the project includes thefollowing information:

Previous period analysis:
BCWP = $22,720; ACWP = $25,200; BCWS = $22,400; BAC = $147,500
Current statusreport:

Activity 50, 100% compl ete, one more day delay, final actual cost = $6,200
Activity 60, 100% complete, no additional delays, final actual cost = $12,600
Activity 70, 100% complete, no delays, actual cost = $2,100

BCWP = $33,000

ACWP = $36,600 (Note: Includesfinal actual costsof Activities10-70.)
BCWS = $31,740

BAC = $147,500

Cost and ScheduleDeviations:

Cost variance, CV = BCWP - ACWP
= $33,000 — $36,600
= —$3,600

A negativevalue of CV represents acost overrun. Based on the status report the
actual cost is greater than earned by $3,600.

Schedule variance, SV = BCWP — BCWS
= $33,000 — $31,740
= $1,260

TheSV is$1,260becausethe earned valueis greater than planned, indicating the
projectis ahead of schedule.

Cost and Schedule Performance:

Cost Performancelndex, CPl = BCWP

ACWP



The CPlI isless thah 1.0, which indicates a poor cost performance, The earned
valueislessthan the actual costsfor thisreporting period.

Schedule Performance Index, SPI = BCWP
BCWS

The SPI is greater than 1.0, which indicates the schedule performance is pro-
gressing better than planned. The project is ahead of schedule, which is better
than the previous status report given in Example 9-2.

Forecasting Cost at Completion:

BAC — BCWP

Estimate to complete, ETC =
CPl

Based on the analysis of the status report, the remaining cost to complete the
project is$127,222.

Estimate at completion, EAC = ACWP + ETC
= $36,600 + $127,222
= $163,822

Based on the analysis of the status report, the estimated cost of the project at
completion is $163,822, which is $16,322 over the original budget of $147,500.
The schedule performance is about the same compared to the previous statusre-
port givenin Example 9-2.

Example9-4

Provide an earned-value analysis to eval uate the progress of the sewer and water
lines project shown in Figure 8-5. Theorigina budget is $147,500 and the proj-
ect is scheduled to be completed in 94 working days. A status report after 70
working daysinto the project includes the following information:

Previous period analysis:

BCWP = $33,000; ACWP = $36,600; BCWS = $31,740; BAC = $147,500
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Current status report:

Activity 80, 100% complete, actual cost = $14,000
Activity 90, 100% compl ete, actual cost = $800
Activity 100, 100% complete, actual cost = $1,400
Activity 110, 100% complete, actua cost = $5,000
Activity 130, 100% complete, actual cost = $4,500
Activity 140, 20% complete, actual cost = $680
Activity 160, 30% complete, actua cost = $2,100
BCWP = $56,830

ACWP = $65,080

BCWS = $102,800

BAC =$147,500

Cos and ScheduleDeviations:

Cost variance, CV = BCWP — ACWP
= $56,830 — $65,080
= —$8.250

A negativevalueof CV representsacost overrun. Based on the statusreport the
actual cost is greater than earned by $8,250.

Schedulevariance, SV = BCWP — BCWS
= $56,830 — $102,800
= —$45,970

The SV is a negative value of $45,970 because the earned value is greater than
planned, indicating the project is substantially behind schedule.

Cos and Schedule Performance;

Cost Performancelndex, CPT = BCWP

ACWP

The CPI isless than 1.0, which indicates a poor cost performance. The earned
valueislessthan the actual costsfor thisreporting period.



CHAPTER 9: TRACKINGWORK 225

BCWP

Schedule Performance Index, SPI =
BCWS

The SPI is less than 1.0, which indicates the schedule performance is signifi-
cantly worse than planned. The project is behind schedule, which indicates the
project will be completed significantly later than planned.

Forecasting Cost at Completion:

BAC - BCWP

Estimateto complete, ETC =
CPI

Based on the analysis of the status report, the remaining cost to complete the
projectis $104,218.

Estimate at completion, EAC = ACWP + ETC
= $65,080 + $104,218
= $169,298

Based on the analysis of the status report, the estimated cost of the project at
completionis $169,298, whichis $21,798 over the original budget of $147,500.
The projectis projected to have a significant cost overrun.

MONITORING PROJECT PERFORMANCE

The CPI and SPI providea quantity measurement of the progressof a project. Va-
ues of CPI or SPI that are greater than 1.0 indicate good project performance,
whereas values of CPl or SPI that are less than 1.0 indicate poor project perfor-
mance. Values of theseindicescan be plotted on a graph asshown in Figure9-14 to
eval uate project performanceduring routine reporting periods.

Asshownin Figure9-14, aproject begins with a CPI and SPI equal to 1.0. Proj-
ects are dynamic in nature due to events that can impact the cost and the schedule.
Therefore, it isexpected that these performanceindices will deviatefrom thisinitial
starting point of zero asthe project progressesfrom week to week. The project man-
ager should not overreact to slight changesin the CPI and SPI. For example, the
first two weeks of the project show small changesin the performanceindices, which
might be expected during the early progressaf the project.
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CP1

149 eWeek #7

Week#6 ' Week #4

SPI

‘ Week #14— |

Week #8

FIGURE9-14
Monitoring Project Performance--the CPI and SPI.

Although minor deviations are expected, major deviations from one report period
to the next should alert the project manager to investigate the reason for the signif-
icant changein the project performance. For example, the report between weeks 7
and 8 shows a dramatic change toward poor project performance. This type of re-
port merits the attention of the project manager to solicit team members to identify
what has happened in the project and the reason for this dramatic changein project
performance.

Concern should also beraised if the trend of the CPI and SPI is progressing to-
ward poor performance. For example, from week 2 through week 4, the project per-
formancetrend is toward good. However, significant changes in the project begin to
appear during weeks 6, 7, and 8.

Thus, the project manager must be continually alert to changes in the project. The
CPl and SPI provide the information needed by the project manager to monitor the
progress of work to ensure the project is moving in the right direction toward suc-
cessful completion.



INTERPRETATION OF PERFORMANCE INDICES

The graph shown in Figure 9-14 is avaluable tool for the project manager to moni-
tor project performance based on progress reports. Tt provides a measure of how
well the planned cost compares to actual expenditures and work accomplished. As
deviations occur between the values, several interpretations can be made.

Vauesof SPI greater than 1.0 indicate the project isahead of schedule. The proj-
ect may be progressing faster than expected if the original production rates were
predicted too low or the actual working conditions are better than originally antici-
pated. There may be more staffing on the project than anticipated, which would also
show the work as progressing ahead of schedule. Values of SPI less than 1.0 indi-
cate the project is behind schedule. The project schedule may slip due to weather
delays, understaffing, or disorganized work.

Vaues of CPT greater than 1.0 indicate good project cost performance. Good cost
performance may be reported if actual productivity is better than planned or if the
measured percent of completed work istoo high. Vaues of CPI less than 1.0 indi-
cate poor cost performance, which may be aresult of poorer than planned produc-
tivity or dueto an underestimate of the measured percent of completed work.

The project manager should seek information from team members to provide a
better interpretation of the meaning of project performanceindices. Figures 9-15
and 9-16 provide additional interpretations of CP1 and SFI data.

ANALYSIS TREE OF TOTAL FLOAT (TF) AND SCHEDULE
PERFORMANCE INDEX (SP1)

Thetotal float isameasure of slack timein the project, and the SPI is ameasure of
schedule performance. In a pure CPM precedence diagram, activities with zero to-
tal float are identified as critical, and these activitiesform the critical path in the
project schedule. However, using successor/predecessor activity constraints can
cause atotal float of greater than zero for activitieson thecritical path. Also, total
float values other than zero are often the result of updatesin the schedule when ac-
tual starts and finishesare introduced.

Understanding of the schedule can be further complicated when activities are
given aspecific calendar start or finish date, which can lead to atotal float of greater
or less than zero for activities on the critical path. For example, the scheduler may
specify atimecertain for an activity, such as specifying the activity tostart or finish
on a specific date, to start or finish not earlier than a specific date, or to start or fin-
ish not later than a specific date.

For any project the SPI may also be greater than, less than, or equal to 1.0. Va-
ues greater than 1.0 indicate good performance and values less than 1.0 indicate
poor perfarmance. Thus, the project manager's analysisof project performanceis
complicated due to various total float and schedule performance indices. Figure
9-17isan anaysis treefor assessment of total float with respect to SPI.
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CPI

Behind Schedule and Under Budget 4_1 Ahead of Schedule and Under Budget
1.4~

* Worse than estimated productivity | Better than estimated productivity
Delay instaling activities * Savingsin work-hours
* Poor productivity offset by fewer » Overly optimistic schedule
than planned quantities » Fewer quantities than estimated
» Unfavonble working conditions | 2 « Very favorable working conditions

g

0.9+

Behind Schedule and Over Budget 08 Aheed of Schedule and Over Budget

« Many possible causes, including « Overly optimistic work schedule
inaccurate estimates 07 " Overstaffing of work
« Possible weather delays ’ « Activities started earlier than planned
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FIGURE 9-15
Interpretationsof Cost Performance Index (CPI) and Schedul e Performance Index (SPI).

CAUSES OF COST/SCHEDULE VARIANCES

The earned-value system identifies the magnitude of cost and schedule deviations
from the original project plan. However, it does not identify the cause of the prob-
lem. The project manager and hisor her team must assess each status report to iden-
tify the reason the project is not progressing as planned. The problems can be the
result of numerous situations.

The original cost estimateis the BAC in the earned-value analysis. Therefore, if
the original cost estimatefor the project is incorrect, then al progress measurements
during execution of the project would be measured against an incorrect budget. The
system of recording costs charged against thejob must be consistent to providere-
alistic comparisons from one reporting period to another.

Also, the method of measuring work completed must also be consistently applied
from one reporting period to another; otherwise the predicted status of the job will
vary widely. Each project must be assessed based on the unique circumstances and
conditions that apply to the project in order to use the earned-value system to
manage the project. On the next pageisapartia list of itemsthat can cause the cost
or scheduleto vary from the original project plan.



Estimating errors

Technical problems

Design errors

Test data problems

Constructahility

Equipment problems

Management problems

Scope control (change orders)
Personnel skill level

Resource availahility

Organization structure
Economic/inflation

Delayed material deliveries

Delayed equipment deliveries

Poor production rates

Subcontractor interference and delays
Actsof God (weather, fire, flood, etc.)
Accidents during construction

TREND ANALYSIS AND FORECASTING

The preceding sections presented methods for measurement of planned and actual
costs, schedules, and accomplishment of work. To be effective, a project control
system must routinely collect and record the information from the start of the proj-
ect. At each reporting period theactua statuscan be compared to the planned status,

FIGURE 9-16
Various Interpretations of CPl and SPI.

If CPlis greater than 10:
Overestimatedamount of effort required.
Measurement of percent completeis too optimistic.
Better than planned productivity.

If CPlis less than 1.0:
Underestimate amount of effort required.
Measurement of percent complete is too pessimistic.
Poorer than planned productivity.

If SPIis greater than 10:
Started work prior to or out of sequence to logical constraints.
Better than planned productivity resulting in activities completing early.
Workingon critical activities.

If SPlis less than 1.0:
Understaffing or underequipping activities.
Delayedin starting of activities.
Work is more difficult than planned.
Improper sequencing of activities.
Work is disorganized.
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SPI > 1.0 Ahead of schedule on critical path; more work is being ac-
complishedthan planned.
TF>0 SPI=1.0 Ahead of schedule on critical path; some shortfallin work on
non-criticalactivities.
SPI < 1.0 Ahead of schedule on critical path; significant shortfallin
work on non-critical activities.

SPI>1.0 Criticai path on schedule; more work is being done on
non-critical activities than planned.
TF=10 SPI=1.0 Critical path on schedule; more work volume is being accom-
plished as planned.
8Pl < 1.0 Critical path on schedule; shortfallin work on non-critical
activities.

i SPI > 1.0 Critical path activities behind schedule; total work volume is
more than planned indicating excess attention to non-critical
activities.

TF<0 SPI = 1.0 Critical path activities behind schedule; total work volume is
being accomplished as planned, meaning too much attention
to non-critical activities.

L— SPl<10 Criticalpath activities behind schedule; total work volume is
less than planned, which means more overall effort is
needed.

FIGURE 9-17
Analysis Tree for Total Float and Schedule Performance Index.

so that necessary corrective actions can be taken. As the information is accumu-
lated, a trend analysis can be performed to evaluate the productivity and the vari-
ances in costs and schedules. Figure 9-18 is a graphical display of the schedule,
cost, and time variance at a particular progress reporting period.

A visual display of schedule statusisbest presented on a bar chart representation.
A sample of an excellent format for summary level reporting to management is
shown in Figure 9-19.

A project manager is always interested in knowing how the actual productivity
compares to the productivity that was used in planning the project and estimating
the budget. Although there is no industry standard for calculating productivity, the
following equation is a common expression of productivity.

Estimated unit rate

Productivity index =
Actual unit rate

Thisequation isvalid for calculating productivity for tasks that have measurable
units of work. Aproductivity valueof 1.0or greater i sfavorable, whereas a value of
less than 1.0is unfavorable. The equation can be used to calculate the productivity
of tasks at each reporting period. A productivity profile can then be produced for
key craftsby plotting productivity against timeasillustrated in Figure 9-20. Percent
complete can be used in lieu of timefor the abscissa of the graph.

Asindicated in 9-20, productivity variesover thelife of a project. Minor
variations are normal and should be expected due to the nature of project work. Sig-
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FIGURE 9-18
Cost and Schedule Variance Graph

nificant variations justify the attention of management to identify the source of the
problem and assist in any necessary corrective action. The problem may be dueto
low skill or morale of workers, insufficient staff, |ate delivery of material, unavail-
abletools or equipment, inadequate instruction, inclement weather conditions, tech-
nical difficulties, or poor field supervision. Since the productivity index includes an
estimated unit rate, the source of the problem may be due to poor initial estimates.
Trendsin the productivity index provide an effective tool for project management.

Almost everyone involved in a project i s concerned with costs. As presented in
previous sections, the work plan includes a distribution of costs that are anticipated
throughout the duration of a project. At each reporting period the actual coststo date
can be compared to the planned costsfor that periad in time. The cost ratioisthera-
tio of estimated costs to actual costs as defined below.

. Estimated cost
Cost ratio = Actual cost
This equation can be used to calcul ate the cost ratio at each reporting period and
plotted against timeto show cost trends for a project (see Figure 9-21). A cost ratio
of 1.0 or higher is favorable, whereas a value of less than 1.0is unfavorable. Cost
ratios can be calculated for tasks, grouping of tasks, or for the entire project. A sim-
ilar analysiscan be performed for the schedule.
As aproject progresses, the cost ratio trend can he used as an indicator to fore-
cast the probable total cost at completion. Likewise, a schedule variance trend can
be developed as an indicator to forecast the probable completion date of a project.
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FIGURE 9-21
Cost Ratio.

The cost and schedule forecasting can be accomplished by using one of the various
curvefitting techniques. Then, by extrapolating the datato produce a best fit curve,
the trend may be extended to the future date.

WORK STATUS SYSTEM

The Cost and Schedule Control Systems Criteria (C/SCSC) described earlier isan
effective method for managing the cost and schedule of a project. It requiresa well-
defined work breakdown structure and a detailed project schedule. It is only ef-
fective if the cost and schedule data are reported in a timely manner. For some
engineering design, thetota timeto complete a project is short; therefore the proj-
ect may be substantially complete before cost data is reported. For some project
managers, the C/SCSC method appears complicated and difficult to use.

An aternate method that is preferred by some project managersfor tracking en-
gineering design work is a work status system that tracks costs and work-hours.
Figure 9-22 isa cost status report and Figure 9-23 is a work-hour status report that
illustrates the work status system method for project tracking. For this example, the
project is divided into three general categories: direct engineering, indirect engi-
neering, and expenses. Thedirect engineering category is subdivided into the disci-
plines that are required to accomplish the work: architectural, civil, electrical,
mechanical, and structural. Likewise, major work that is required for indirect engi-
neering and expenses are subdivided as shown in Figures 9-22 and 9-23.



FIGURE 9-22
Cost Status Report.

EXAMPLE CLIENT
EXAMPLE BOILER REPLACEMENT

Example ProjectLocation
Example Cliemt Projact Numbers
Cost Status Report
As of July 20.2001






236  PROJECT MANAGEMENT FOR ENGINEERING AND CONSTRUCTION

The cost and work-hour data are entered in a computer spreadsheet program to
calculate thestatus of the project. Thetitlesat thetop of the columnsidentify theen-
triesin the spreadsheet. The first column (A) of data represents the original ap-
proved project budget, the second column (B) is the approved change orders, and
the third column (C) represents the growth in budget that i s required to complete the
work. Column (D) i sthe calculated total budget at the completion of the project and
iscalculated in the spreadsheet asthe sum of the datain the first three columns.

Columns (E), (F), and (G) represent the cumulative, current, and to-date expen-
diture of budget as defined by the titles at the top of the columns. The percent com-
pletefor the project is calculated by dividing the "' cost to date'™ by the " budget at
completion.”

It is necessary to report the costs and work-hours separately because there are
different wage rates for each classification of project personnel. In addition, there
are different wage rates within each discipline. Therefore, the status of a project
cannot be accurately determined by reporting only work-hours or only costs. Both
must be reported and analyzed.

QUESTIONS FOR CHAPTER 9—TRACKING WORK

1 You arethe project manager for a project and have worked with your team memberstoes-
tablish thefollowing criteriafor tracking the work of the project. Devel op the work/tirne
relationship curve for the project.

Weight Project
Task multiplier timing
Review backup materid 0.05 0%-10%
Prdiminary calculations 0.10 10%-25%
Initid drafting 025 15%-45%
Find calculations 020 35%~60%
Production drawings 0.30 50%-90%
Drawing approvas 010 90%-100%

2 Thedesign team for a project has met and determined the grouping of tasks required for
thedesign effort into six categories. The team hasal so agreed on the following criteriafor
the weight multipliersto be used to track the design effort. Prepare agraph that showsthe
rel ationship between work and time.

Weight Project

Design work multiplier timing

Intid configurations 0.15 0%-10%
Intid design calculations 0.10 5%-15%
Preiminary layouts 0.05 10%-25%
Fnd caculaions 0.25 20%-50%
CADD drawings 0.40 45%-80%

Design approva 0.05 90%-100%
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3 At 50%into the project duration, the status report for the project in Question 2 showsthe
following information. Prepare a graph that shows the time relationship of the planned
work and actual work. Isthe project ahead of or behind schedule?

Design work % Complete
Initid configurations 100%
Intid design calculations  100%
Prdiminary layouts 80%
Frd caculaions 70%
CADD drawings 10%
Design gpprova %

4 Thefollowing data represent the information that has been jointly compiled by thedesign
team for a project. These data represent the planned cost and the work anticipated during
thedesign phase. Prepare an integrated planned cost/time/wark graph for the project.

Expected Anticipated Planned
time cost work

5 The data shown below represent the planned time, cost, and work at the beginning of the
design of a project. Prepare the integrated time/cost/work graph.

Time Cost Work

Evaluate the status report for the above project for the following scenarios, assuming the
statusreport is issued at 70% of the project duration. For each scenario, determineif the
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project is behind or ahead of schedule.|s there a cost overrun or underrun, and, if so, by
how much?

A. Reported cost to date is 55% and work accomplishedis reported as 40%
B. Reportedcost to date is 75% and work accomplishedis reported as 50%
C. Reportedcost to date is 95% and work accomplishedis reported as 70%
D. Reportedcost to date is 85% and work accomplished|s reported as 80%

6 The following weight multipliers have been established for the construction phase of a
project. Prepare a graph that shows the relationship between accomplished work and time.

Weight Project
Facility multiplier timing
Site-work 0.10 0%-15%
Wood frame building 0.25 10%-25%
Concrete building 0.35 15%—40%
Metal building 0.20 25%-80%
Landscape 010 75%-100%

7 Calculate the percent complete value for the project shown below using the Weighted
Units method for measurement of work.

Quant. Equivalent Earned

Wit. Subtask UM total steel ton to date
Foundationbolts  Each
Shims %
Shakeout %
Columns Each
Beams Each
Cross-braces Each
Girts & sag rods Bay
Plumb &align %
Connections Each
Punchlist %
STEEL TON

8 The EPC project shown in Appendix A has an original planned schedule of 17 months

with a budget, excluding contingency, of $3,053,150. Below are update reports for the
first 8 months of the project.

Statusreport  Planned Earned Actual
for month (BCWS) (BCwWP) (ACWP)




Perform an earned-valueanalysisof theproject, similar to Examples 9-1 through 9-4. For
each report period, calculatethe variances (CV and SV}, the performanceindices(CPI and
SPI), the estimate to complete (ETC), and the estimate at completion (EAC). Prepare a
graph similar to Figure 9-14 to show trendsin the project performance. Use Figure 9-15
to guide your interpretationof the CPI and SPI for each reporting period.
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DESIGN COORDINATION

DESIGNWORK PLAN

Toeffectively coordinate the design process, the design team leader must develop a
work plan. The design work plan should be developed during the design proposal
preparation as discussed in Chapter 7. As presented in Chapter 6, any work plan
must include the scope, budget, and schedulefor performing the work. The design
work plan becomes the basis for integrating and interfacing the work to be per-
formed by the various design disciplines. The plan also forms the basis for moni-
toring scope, cost, and schedulesof the design effort.

For design, the scope of work defines the design deliverables, the drawings and
specifications, for each discipline in the design effort. The design cost is usually
measured in work-hours, rather than dollars of cost. Typically, a milestonebar chart
is used to schedule the design work packages. However, for large projects a CPM
schedule isrecommended.

After reviewing all backup material, the design team leader develops a work
breakdown structure that defines the various work packages required to generate the
design deliverables, the drawings and specifications. Then, the number of design-
hoursis assigned to each work package for each discipline, including architectural,
civil, structural, electrical, and mechanical. Then, amilestone bar chart is developed
for thedesign work packages. The milestone bar chart is cost |oaded as presented in
Chapter 8 by assigning the number of work-hourstoeach task in the bar chart. Out-
put from the cost loaded bar chart is usually produced on a weekly basisfor moni-
toring and coordinating the project during design. Then, a simple earned-value
analysis as presented in Chapter 9 can be performed for each week during the
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design process. By multiplying the percent complete times the budgeted design-
hours for each task, the earned value can be determined. The earned value can be
compared to actual design-hours billed to the job and the planned design-hoursto
measure the performance of the design process.

PRODUCING CONTRACT DOCUMENTS

The introduction of the computer for evaluating designs and producing contract
documents provides opportunities for evaluating numerous design alternatives that
were prohibitive using traditional hand methods of the past. However, the excessive
use of computers can lead to overdesigning, overwriting, and overdrafting. Exam-
ples are the process engineer or hydraulics engineer wanting to run one more simu-
lation, or the structural engineer wanting one more computer run for another load
check. Other examplesinclude the CADD operator wanting to see how a drawing
will look if another changeismade, or the specification writer continuing to cut and
paste a new section in the contract documents. Sometimes oversimulating, over-
designing, or overwriting can lead to errorsin the contract documents.

Thelead designers must devel op a system of monitoring the design effort to en-
sure the work is progressing without excessive billable hours, but is still producing
adequately defined plans and specifications for the contractors to execute the work
during construction. This will reduce construction contractor complaints of pretty
drawingsthat are full of errors and lack constructability.

MANAGING SCOPE GROWTH DURING DESIGN

Thereisatendency for some designers to make changes during design to please the
client without regard to the impact of the change on the project's cost and schedule.
Changes can be cataloged as either project development or scope growth. Project
development relates to changes that are needed to accommaodate the scope as cur-
rently defined. Scope growth relates to changes that ater the project's origina
scope, the scope that was approved before starting the design process.

For any design effort there must be a process to control scope growth. Both the
owner and the engineer must be committed to scope and change control. The owner
must be serious about freezing project scope after the conceptual design stage.
Every proposed change must be subjected to aformal review and approval process
that considers cost and schedule implications, plus consequential effects on other
activities. The authority to approve changes during design must be limited.

The owner and engineer should agree on a change management philosophy and
plan. For example, under what conditions will changes be considered: If it won't
work? If there are legal implications? If there are environmental impacts? When
changes are proposed, there must be an answer to such questions as. Does the
change add value and i s the change necessary? A "' no-later-than™ date for freezing
scope should be agreed to by the owner and the engineer.

Although freezing project scope after the conceptual design stage is the best
practice for successful project management, it should be recognized that on some
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pmjects the owner must operate in a very competitive market to produce a product.
In a competitive market environment the owner may want the flexibility to modify
the project scope during design, and even during construction, to best suit the func-
tionality of the completed project. For this type of situation the work of the design
team is more complicated and a special effort must be made to keep the owner in-
formed of thefull impact of scope changes. The cost of engineering and construction
for the scope change must be evaluated against the future financial benefits to the
owner, including revenues, operations, and maintenance of the completed facility.

The budget for the project should includea contingency for changesin scope and
amanagement reserve for scope growth. Any proposed change must be transmitted
to all discipline managers or others whose work may be affected by the change.
These managers then should determine and report the cost and schedule impactsif
the change isimplemented. Work must not proceed on the change until the above
impacts have been reviewed and approved by the owner's representative, the engi-
neering manager, and the project manager. Once a change has been approved, itis
important to communicate the reasons for the change to those affected by the
change.

MANAGING SMALL PROJECTS

It is common for a project manager of small projects to have simultaneous respon-
sibility for multiple projects. The problem is not the management of any one proj-
ect. The problem is the project manager's ability to give each project the attention
needed, which complicates schedule and resource control. For small projects, the
project manager must share resources with other project managers because minimal
staff isavailable. This meansthat thefew individuals that are assigned to the proj-
ect must take responsibility for multiple functions. Time management is crucial.
The project manager often finds himself or herself either waiting for information or
trying to address pressing needs of severa projects at the same time.

Therelatively short duration of small projects providesinsufficient timefor de-
tailed planning or correction of problems at the time the work is being performed.
Thelearning curve for personnel is generally still climbing by the time the project
is completed.

To manage multiple small projects, the project manager must develop a single
master schedule that contains all the projects under his or her responsibility. This
will assist in reducing situations when two or more support personnel are needed at
the sametime. The problemis scheduling the multiple tasks of the project manager,
rather than scheduling the tasks on only one of the projects.

There are more project managers managing small projects than large projects.
Many engineering companies create organizational units dedicated to project man-
agement of small projects. A special attitude and attention is needed by upper man-
agement to recognize the problems associated with management of small projects.
Table 10-1 provides attributes of project team personnel who work well in manag-
ing small projects.



TABLE 10-1
ATTRIBUTES OF SMALL PROJECTS TEAM PERSONNEL

Have a "can do" attitude

. Prefer a hands-on approachto Work

Dislike bureaucracy

Are decision makers

Need little or no supervision

Have a value system to make the customer satisfied

Are good communicators

. Prefer to talk out problems

Know when to stop an activity when things are going wrong

. Has the personality and people skills to coerce people to be responsive to his or her needs
. Has the ability to navigate through the various departments of his or her company to get
things done

POOO~NOTA~WDNPRP

P

PROJECT TEAM MEETINGS

Design is acreative process that involves diverse areas of expertise and numerous
decisions that have major impactson a project. Thework of each designer oftenin-
fluences the work of one or more other designers. A difficult task in design coordi-
nation is interfacing related work to ensure compatibility of the whole project.
Generally, the problemis not finding design people who know how to do the work,
it isinterfacing thework of all designers. This can only be accomplished through ef-
fective communications at regularly scheduled team meetings.

Team meetings should be held weekly throughout the duration of a project.
These meetings are necessary to keep the team acting as a unit and to ensure acon-
tinuous exchange of information. A typical project involves numerous conflicts. The
best way to resolve these conflictsin atimely manneris by input from all those who
are affected. This can only be achieved through open discussions and compromise.

The project manager is the leader of dl team meetings; however, he or she
should not dominate discussions. Often ateam member may be assigned therole of
leading discussionsto resolve a problem that i s related to his or her particular area
of expertise. Project managers need to use their own judgement and develop the
skillful art of knowing when to lead and when to let others |ead.

An agenda should be prepared to direct project team meetings to ensurethat im-
portant items are addressed and to conclude the meeting in the shortest time. The
agenda should include alist, in chronological order, of the items to he discussed, in-
cluding work completed, work in progress, work scheduled, and specia problems.
Each attendee should participate in team meetings. The project manager should pre-
pare and distribute minutes of the meeting to all participants.

The project manager must ensure that meetings are productive. Meetings arein-
evitable and important, but they can be a source of irritation and wasted timeif not
properly planned and conducted. Table 10-2 provides guidelines for conducting
team meetings.



TABLE 10-2
GUIDELINES FOR PRODUCTIVE MEETINGS

1. Develop and publish an agendain advance to permit better participation by attendees.

2. List unfinisheditems from previous meetings on the agenda, including the names of individu-
als who are responsible for reporting on status.

3. Restrict attendance only to individuals who need to attend.

4. Don't waste time by discussing events that do not pertain to the purpose of the meeting.

5. Pick a meeting leader who is a leader and facilitator, not a dictator, to ensure the meeting is
conducted in an informative environment.

6. Maintain strict agenda control; follow the items in order with set time limits for discussions.

7. Avoid interruptions, such as phone calls, as much as possible.

WEEKLY/MONTHLY REPORTS

Project management involves a never ending process of preparing reports. To be
meaningful, reports must be issued on a regular basis and should contain infor-
mation that is beneficial to the receiver. There is a tendency toinclude everything
in areport, which results in reports that are so bulky that important items may be
overlooked.

In general, the project manager should prepare two routine reports, a weekly
highlight report and a monthly report for each project. Much of the weekly highlight
report can be obtained from the minutes of the weekly team meetings. The report
should include: work completed, work in progress, work scheduled, and special
problems. Generally, the weekly report is used by the project manager and hisor her
team to coordinate the work in progress.

The monthly report for a project should contain milestones that have been
achieved, atabulation of coststo date compared toforecast costs, and an overlay of
planned and actual time schedules. Trend reports should also be included to show
the anticipated project completion date and aforecast of thetotal cost at completion.
Generdly, the monthly report is used by upper management and the owner's repre-
sentative and is a permanent record for the project file.

A format for both the weekly and monthly reports should be developed so all re-
ports will be consistent, to allow comparisons of the project status, and to evaluate
the progress of work and the performance of the team. In addition to communicat-
ing the status of a project, the reports serve as a means of individual accountability
and recognition of good performance.

DRAWING AND EQUIPMENT INDEX

Thefinal product of design workisaset of contract documents (drawings and spec-
ifications) to guide the physical construction of the project. As presented in Chap-
ters 6 and 7 the project manager must develop a project work plan before starting
design. A part of the work planincludes preparation of work packages by each de-
signer. Included in each work packageisalist of anticipated drawings and expected
completion dates.
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The project manager can develop adrawing index by assembling thelist of draw-
ings from all team members. This drawing index is extremely valuable to the proj-
ect manager becauseit can be used asa check list of how many drawings to expect,
when to expect them, and to assist in scheduling construction. Figure 10-1 illus-
trates the contents of a drawing index. Itis helpful to include the revision number
and date for each drawing because a common problem in design coordination is

keeping track of the most current issue of adrawing.

The drawing index is in a continuous state of change as design progresses. As
work progresses, the number of drawings may increase or decrease, depending upon
the final design configuration that is selected. Changesin drawings are a necessary
part of work and it is the duty of each designer to revise thelist as necessary and to

keep the project manager informed.

FIGURE 10-1
lllustrative Drawing Index.

Drawing Index
for X 'Y Z Project
Update as of: October 26,2001

Sheet Expected Actual Revision No.
No. Title date date 1234
Site-Work Drawings
" Plot Plan 09/15/2001 09/17/2001 1 - 10/05/2001
" Grading 10/01/2001 09/27/2001
" Paving, Sh1l 10/15/2001 107122001
" Paving,Sh2 10/20/2001 10/18/2001 3 - 10/24/2001
Architectural Drawings
" First Floor Plans 10/10/2001 10/09/2001
" Second Floor Plans 10/15/2001 10/16/2001
" Room Schedules 10/20/2001 10/20/2001
" Door/Wall Finishes 10/25/2001 10/24/2001
" Window Schedules 11/01/2001
Structural Drawings
" Foundation 10/15/2001 10/16/2001
" Floor Slabs 10/25/2001 10/28/2001
N Columns & Beams, Sh 1 11/01/2001
N Columns & Beams, Sh 2 11/05/2001
" Roof Framing Plan 11/10/2001
Mechanical Drawings
" Compressor 11/01/2001
" HVAC Ductwork 11/05/2001
Electrical Drawings
" Control Boxes 11/05/2001
" Wiring Diagram, Sh1 11/10/2001
" Wiring Diagram, Sh 2 11/15/2001
Plumbing Drawings
" Piping 10/10/2001 10/14/2001
" Fixtures 10/20/2001 10/18/2001
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Equipment Index
for XY Z Project
Update as of: May 25, 2001

Drawing Purchase Purchase Expected
Description number Vendor order No. order date delivery
Transformer Ei14 XYZ Company PO 73925 04/12/2001 07/15/2001
Switch Assy E19 ABC Company PO 83401 04/30/2001 08/01/2001
Compressor Mm12 CIB Company PO 84294 05/17/2001 07/20/2001
Pump Assy M3 BWA Company PO 17835 06/14/2001 08/15/2001

FIGURE 10-2
lllustrative Equipment Index.

Similar to the drawing index, an equipment index can be developed that lists ma-
jor equipment to beinstalled in the project. This equipment index is extremely valu-
able to the project manager becauseit can serve as areference document to track the
purchase and delivery of equipment and schedule installation in the field during
construction. Figure 10-2 illustrates the contents of an equipment index. Each ma-
jor piece of equipment is listed along with the drawing number, vendor, purchase
order date, and expected delivery date. The project manager can use thisindex as a
reference guide and check list to contact vendorsin advance of delivery datesto en-
sure the equipment will arrive on schedule. A common source of delay during con-
struction is late delivery of major equipment and material.

DISTRIBUTIONOF DOCUMENTS

Thedesign process requires the timely distribution of documentsand exchange of
information. Generally, there is a sense of urgency among team members to com-
plete work at the earliest possible date. When information is inefficiently distrib-
uted, it increases the work load of everyone and leads to delaysin work, inefficient
productivity, and frustration.

The project manager can develop a distribution of documents key sheet (refer-
ence Figure 10-3) that shows the routing of documents among team members and
other major participants in the project. This isan effective communication tool be-
causeit allows each person to know whoisreceiving a particular document. Too of-
ten, ateam member will receive adocument, review its contents, and determinethat
another team member should also be aware of the document. The distribution of
documents key sheet verifies the recipients, thereby eliminating the necessity of at-
tempting to contact another person who may not be readily available.

There should be a distribution of documents key sheet that is unique to each
project. It can be easily prepared on aword processor, duplicated, and bound in a
tablet form for use by al team members. It differsfrom atraditional company rout-
ing slip because it has the project title at the top of the sheet aong with the names
of the team membersso it easily identifies which project the document is directed
to and who is receiving the document.
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Distribution of Documents K ey Sheet
for XY Z Project
Send
to Name Title Address

Comments.

Action: See Me CalMe Review —

Digributed by: Date:
FIGURE 10-3

Distribution of Documents Key Sheet

AUTHORITY/RESPONSIBILITY CHECK LIST

A project manager is often responsible for one or more projects at a time. Some of
the projects may be in the early stage of development while others are in full
progress and some arein the close-out phase. The problem that confronts a project
manager who must handle multiple projects generally isnot the management of any
oneproject, butitisthedifficulty in handling all projects simultaneously. Thistype
of work condition requires some systematic means of knowing the work status of
numerous people.

Tofacilitate and keep track of team members the project manager can develop an
authority/responsibility check list for each project (reference Figure 10-4). Thislist
is continuoudly revised to show the status of completed, active, and pending work
of each team member. It is especialy useful in preparing agendas for team meet-
ings. It also assists the project manager in organizing his or her own work and
preparing reports to upper management and the owner's representative.

The authority/responsihility check list can be prepared as a computer word pro-
cessing file for each project. The project manager then can easily add, delete, or
modify theinformation as it becomes known. Each update of thefile can be saved
on thedisk under anew file name. with date. so arecord can bekept of each update.
This provides a thorough documentation of the history of the project, whichis valu-
ablefor future referencein retracing the eventsin a project. Thefile of each project
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Authority/Responsibility Check List
XY Z Project as of February 26,2001

Task/Work item Authority/Responsibility Status Date

Soil testing specifications John Smith, Civil Issued 02/26/2001
Confirmation of wind loads Tim Jones, Structural Pending 04/22/2001
Approval of shield wire angle Dan Banks, Owner's Rep. Approved 03/09/2001
Final tower configuration Tim Jones, Structural Expected 05/26/2001
Steel supplier's bid list Ron Mitchell, Purchasing Will Call 04/03/2001
Right of way hearings Joe Thomas, Legal Pending 06/01/2001

FIGURE 10-4
Autharity/Respensibility Check List for Project Manager.

can be merged into a singlefile to provide a composite listing of the information
that pertains to all projects for which the project manager is responsible.

A more effective means of managing the authority/responsibility check list can
be achieved by using a computer electronic spreadsheet. Each piece of information
can be entered into acell to enable the project manager to produce multiple sorts of
the data. For example, a sort can be obtained for all work that is pending by a spe-
cificdate, or asort can beobtained tolist all work of a particular person. The useof
aspreadsheet enables the project manager to perform any desired sort and is avalu-
abletool for management of any single project or multiple projects.

CHECK LIST OF DUTIES FOR DESIGN

Table 10-3 provides a comprehensive check list of duties for the design phase of a
project that is handled by the construction management (CM) type of contract. For
projects other than the CM typeof contract, the dutiesof the CM aredistributed be-
tween the owner and designer, depending upon the contract arrangement. The ar-
chitect is the principal design professional for a building type project, whereas the
engineer is the principal design professiona for aheavy/industrial type project.

TEAM MANAGEMENT

Effective teamwork is a key factor in the successful management of any project.
Usually, the project manager isinvolved in threeareas of responsibilities: within the
project team, between the team and the client, and between the team and other man-
agement of the project manager's organization. In each of these areas, numerous
situations often arise that can cause disruptions, conflicts, delays, and misunder-
standingsthat may affect theteam's performance. Itistheduty of a project manager
to coordinate the team in a manner that minimizes the development of these situa-
tions, to be able to identify problems immediately, and to act quickly to resolve
them in a satisfactory manner. Table 10-4isalist of typical problemsthat can arise
related to team management.



TABLE 10-3
CHECK LIST OF DUTIES FOR DESIGN PHASE

Design phase Owner CM Designer' Contractor
1. Projectteam Head Member Member X
2. Program information Provide Review Obtain/Approve X
3. informationrequired Provide Review Determine X

for design requirements
Obtain, approve
4. Meetings—Projectteam  Participate Organize, Particioate X
as required conduct,
record
5. Meetings—Design team Participate Participate, Organize, conduct X
as required as required document
6. Budget Provide Evaiuate Evaiuate X
7. Budget contingency Provide Recommend  Recommend X
8. Scheduling—Program Participate, Prepare, Participate, Comply
approve, monitor, approve, comply
comply enforce,
compiy
9. Scheduling—Milestone Review Provide Review, approve
10. Soil bearings Review & pay  Review Arrange, review &
recommend
11. Drawings—Preliminary Review, Review, Provide
comment, comment.
approve advise
12. Approvals—Design Approve Recommend  Issue documents
13. Drawings—--Schematic, Review, Review, Provide
design development & comment, comment.
working approve advise
14. Specifications — Review, Review, Provide X
Conceptual comment, comment,
approve advise
15. Specifications — Review, Review, Provide X
Technical approve comment,
advise
16. Design alternates Approve Recommend  Recommend, prepare
as required
17. Value engineering& Approve Provide Assist, review
value management as required
18. Estimating Approve Provide Assist, review
as required
19. Agency plan reviews Monitor Monitor Facilitate
20. Permits—-Not assigned Pay Arrange for Assist, consult
to contractorsin bid &obtain with agencies
documents
21. Insurance—All risk- Provide Assist. X
builders risk recommend
22. Insurance—Owner's Provide Assist. X
protective liability recommend
23. Cash flow projections Provide, Provide, Assist
utilize update
24. Specifications — Approve Provide Review & advise
Instructionsto bidders
25. Spacifications— Approve Provide Review & advise
Proposal section
26. Bidding alternates Approve Recommend, Recommend, review
as required review issue

Source: NSPEIPEC Repaorter, Vol. ViI, No. 2. ]
*The referenced NSPWPEC publication cited "Architect"; however, the term'Designer” is used here to

imply the architect may be the principal design professional for building projects, whereas the engineer may be
the principal design professional for heavy/industrial projects.
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TABLE 10-4
TYPICAL PROBLEMS IN TEAM MANAGEMENT

. Differing outlooks, priorities, interests, and judgements of t eammembers
. Project objectives become unclear to the team members

. Communication problems

. Scope changes by the owner

. Lack of coordination by team members

. Lack of management support

OO WN=

A team is a group of individuals, each of whom is usually responsiblefor per-
forming work on more than one project. Asthe number of projectsfor which ateam
member is involved increases, therisk of losing priorities also increases. The proj-
ect plan must include setting priorities at the start of the project. The project man-
ager must ensure that project objectives are known and clearly understood by team
members because project objectives can become unclear to the team, particularly
during the design phase of a project.

Poor communication is the most common source of problems related to team
management. Meetings must be held routinely to keep team membersinformed so
information can be exchanged. Team meetings should serve as forums for getting
problems out on the table so they can be resolved; however, the project manager
must also be accessible to team members who may not feel comfortable airing prob-
lems or potential problems in meetings.

Scope changes by the owner can adversely affect the project budget and sched-
ule. Team members must be cautious of expanding the scope of a project in an at-
tempt to please the owner. The scope must be locked in at the beginning of the
project and should not be changed without awritten agreement between the owner's
representative and the project manager, The written agreement must include an ap-
propriate changein the budget and schedul e that matches the change in scope.

The project manager is responsible for overall coordination of the entire project
team. However, individual coordination between team members is also necessary.
The project manager must instill an environment of cooperation that encourages the
free exchange of information among team members.

The project manager must have management support from his or her own orga-
nization. This can best be achieved by keeping management informed of the status
and needs of the project team. Assistance cannot be given unless the needis known.
Management should beincluded asanintegral part of project reviews.

To assist the project manager in his or her role of performing team management
responsibilities, the project work plan must be kept up to date. It must be formally
modified when changes are made in the scope of work, members of the project
team, services and tasks to be performed, individual responsibilities, schedule, and
budget.

The team must be managed in an open manner. Discussions of roles and
relationships, and the rationale behind project decisions, should be done in team
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meetings rather than private conversations. The project manager must be consistent
in making the day-to-day decisions that alter roles and relationships within the team.

The concept of " team should beinstilled in the attitude of ail individuals. The
project manager must emphasi ze commitment, clarity, and unity of the team to min-
imize the number of trivial conflicts. Since each person is unique, there can be dif-
fering outlooks, priorities, interests, and judgements. Because of the diversity of
individuals, the project manager must deal with the human aspectsin hisor her role
as leader of the project team. Some leadership qualities are inherent in a project
manager and others require development through training and experience.

EVALUATION OF DESIGN EFFECTIVENESS

Design is a complex process involving the application of technical knowledge to
creative ideas in order to produce a set of specific instructions for construction
of the project. It is the focal point of definition of the project and has a significant
impact on cost and schedule. Thus, it is essential to have the most effective design
possible.

Most of the efforts related to measurement and evaluation of productivity and
performance of project work have been directed toward the construction phase. The
Construction Industry Institute (CI1) has sponsored research and published numer-
ous papers on a variety of topics related to project management. Evaluation of De-
sign Effectivenessis aCll document that provides a thorough description of outputs,
or products, of the design process.

Thefollowing paragraphs are a summary of excerptsfrom the Cll report Evalu-
ation of Design Effectiveness. The report states this method is not intended to be,
nor should it be, used as an evaluation of adesigner or the design process. Itisin-
stead a measure of design effectiveness and an evaluation of design outputs.

Measurement of design productivity is perhaps more difficult than measuring
productivity in the construction phase. Simplistic measurements such as cost per
drawing or work-hours per drawing have obviouslimitations because of variations
in drawing size and content. Also there isincreasing realization that the true mea-
sures of the effectiveness of the design effort arefound in the construction of a proj-
ect and use of the project by the owner after construction iscomplete. Thus, it may
be more beneficia to develop a method for evaluating the effectiveness of design
rather than the productivity during the design activity itself.

The ability to measure design effectiveness using the following proposed method
represents an important step in a broader effort to improve thetotal design process.
Such an effort encompasses the identification of the effect on design effectiveness
of variousinputs to thedesign process and of the systems and techniques employed
by the designer.

CII researchers have suggested the use of atechnique called an objectives matrix
for productivity evaluation. The same concept can be used to develop an effective-
ness measurement for design. An objectives matrix consists of four main compo-
nents. criteria, weights, performance scale, and performanceindex.
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Thecriteria define what is to be measured. The weights determine the relative
importance of the criteria to each other and to the overall objective of the measure-
ment. The performance scale compares the measured valueof the criterion to a stan-
dard or selected benchmark value. Using these three components, the performance
index iscalculated, and theresult is used to indicate and track performance.

Use of the objectives matrix isillustrated in Figure 10-5. The seven criteria of de-
sign effectiveness are given as column headings; the criteria weightsare shown near
the bottom of each column. The performance scale of 0 to 10isgiven at theright of
the matrix. A score of 10 represents perfection, and a score of 3isaverage.

A score for each of the seven criteriaisrepresented by an™ Xinthe appropriate
box and is entered at the bottom of the matrix. Each criterion's scoreis multiplied

FIGURE 10-5
Design Evaluation Matrix.
Source: ConstructionIndustry Institute, Publication No. 8-1

PERFORMANCE CRITERIA
M 1

I I I I 1 1 pessg SCORES

|2 |6 |4 | 6 [6 ]2 [7 [SCORE
20

10 |15 | 5 |— WEIGHT
[50 Too 40 [120 | 60 |30 |35 |— VALUE




by its weight to obtain its value. The sum of all values constitutes the performance
index, which isshown at the bottom right of the matrix.

The scorefor acriterion can beobtained in at |east three ways: judgmental, based
upon a single guantitative measurement, or based upon a combination of several
subcriteria that are represented by amatrix.

Judgmental scoring can be used for some or all criteria. The scoring in Figure
10-5 isrepresentative of judgmental scoring. Although judgmental ratings have the
limitation of subjectivity, the objectivesmatrix approach still allowstheir appropri-
ate application with multiplecriteria of different weights.

For some criteria, quantitative measures can be used instead of judgements to de-
termine scores. For example, the accuracy of the design documents can be eval uated
by measuring the amount of drawing revisions per total drawings. The scorefor per-
formance against the schedule criterion can be determined by using the percent of
design document rel ease dates attained. This approach isillustrated in Figure 10-6,
in which these two criteria are represented by quantitative measures.

Inthe example of Figure 10-6 predetermined benchmark values are entered into
the boxes representing appropriate scoresfor each criterion. The benchmark value
for a score of 3isconsidered normal or average, while that for alevel of 0 repre-
sents the minimum level of accomplishment realized in recent years. The bench-
mark value for a level of 10 represents the ultimate expected in the foreseeable
future. The score of 3isusedfor normal rather than 5 to allow more opportunity for
improvement.

The performance value attained is entered at the top of each column. The appro-
priate score representing that performance is then determined and is circled in Fig-
ure 10-6. If a performance level falls between two scores, thelower scoreisused. A
scoreisnot given until it is attained.

A third approach is to measure each criterion through the use of several subecrite-
ria. The subcriteria themselves can have differing weights and measurements. These
can be combined into a single criterion score through the useof a submatrix for that
criterion.

Given the many complexities and variables of the total design process, no mea-
surement system can yield absolute quantitative resultsthat are applicable without
an interpretation of al the design situations and circumstances. However, the
method outlined can be utilized for three purposes: to develop a common under-
standing between the owner, designer, and contractor concerning the criteria by
which design effectiveness on a given project will be measured; to compare design
effectiveness of similar projects in a systematic and reasonable guantitative manner,
highlighting performance trends; and to identify opportunities to improve the effec-
tiveness of the entiredesign process as well asthe contributions toward the ultimate
result made by all participants.

CONSTRUCTABILITY

Traditionally, engineering and construction have been separated early in the project.
The adoption of new technology such as three-dimensiona computer aided drafting
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PERFORMANCE CRITERTA ]
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FIGURE 10-6
Design Matrix Using Quantitative Evaluation.
Source: Construction Industry Institute, Publication No. 8-1

and design (CADD), robotics, and automation in construction has generated in-
creased interest in the constructability of a project. With these new innovations, de-
signs can be configured to enable efficient construction, which places more
emphasis on merging engineering and construction to include constructability's in-
put in the design effort. The desired result isto facilitate the exchange of .ideasbe-
tween construction and design before and during design, rather than after design.
The CII has sponsored research and published reports related to constructability.
CII Publication No. 3-3, entitled Constructability Concepts H | e, provides a good
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description of constructability concepts related to conceptua planning, design and
procurement, and field operations. The following paragraphs contain excerpts from
thereport to illustrate the contents of the report.

There are at |east five factors that should be considered in constructability delib-
erations related to design configurations for eficient construction: simplicity, flex-
ibility, sequencing, substitution, and labor skill/availability.

Simplicity isadesirable element of any constructable design. Unwarranted corn-
plexity isnot in the best interest of anyone and markedly increases the probability of
an unsatisfactory finished product. Special drawings and instruction may berequired
to improve the constructability process, particularly for retrofit or rebuild projects.

Flexibility for thefield construction personnel to select alternative methods or in-
novative approaches is highly desirable. Designs should specify the desired results
and not limit approaches to attain these results. In the fully open and competitive
market, it is highly desirable to provide designs that do not limit the construction
methods or approaches.

Sequencing of installation is as much a design consideration asit is a procure-
ment and construction consideration. Many times designs have evolved that unnec-
essarily restrict installation sequences during construction. Design should include
careful consideration of layout and spacing of facilities so more than one construc-
tion operation can occur at atime.

Substitutions or alternatives warrant attention, but too often are neglected be-
cause the attitude prevails that it has always been done a particular way. |mproperly
considered material applications will impact constructability, resulting in costly
modifications. These impacts can belessened and eliminated when addressed dur-
ing the design phase by constructability programs.

L abor skill/availability are often not considered early enoughin a project life cy-
cle. Theavailability of labor and the skill level of the workers should be fully ex-
plored. The absence of either skill levels or availability of the work force can have
acostly impact on a project and require consideration during the design phase.

CI research has shown that company or project size is no barrier to con-
structability and theimplementation of a constructability program. Theinvolvement
of construction in thedesign phase results in better projects, lower costs, better pro-
ductivity, and earlier project completion. Amajor obstacle to theimplementation of
effective constructability programs is the concept that designs are merely reviewed
by construction to select the design that is easiest to build. Cll Publication No. 3-2
provides guidelines for implementing a constructability program.

POST DESIGN REVIEW

Evaluation is acontinuous process and necessary for improvement of project man-
agement. The system used by the project manager's organization to handle work
must be flexible enough to respond to differences in individua projects. At the
beginning of each project, the project manager must determine what modifica-
tions and improvements need to be made in the system that are appropriate for the
project.
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After completion of the design for each project, the project manager and his or
her team should conduct a complete and candid evaluation of the design effort and
the management of the design process. This evaluation should include each mem-
ber of the project team as well as other key participants that were involved in
design.

A check list should be prepared to evaluate all aspects of the project including
scope growth, match of quality and scope, owner's expectations and satisfaction,
conflicts within the team or other parties, excessive changesin schedules, compar-
ison of final costswith the original budget, and alist of precautionsfor management
of future projects.

After athorough discussion of the design process, a brief summary report should
be prepared by the project manager that should include alist of recommendations to
improve the system for future projects.

QUESTIONS FOR CHAPTER 10—DESIGN COORDINATION

1 Describethe purposedt adrawing index and an equipment index in the management of a
project. In your response, include the persons responsiblefor preparing these two docu-
ments and the persons who will use them.

2 Briefly describe the digtribution of documents key shest, for example, what is contained
 it, its purposeand usein the management of aproject, and how it isdifferent from a
traditiona muting shest.

3 Beow isthe scorefor each criterion df a design evaduation matrix. Use the weight vaue
in Figure 10-5 and calculatethe index.

Criteria Score
Acourary 4
Uszhility 5
Cost 2
Congtructability 7
Eoonomy 3
Schedule 4
Start-up 8

4 Destribe the authority/responsibility check list and its importance in the management of
multipleprojectsat the sametime.

5 A post design review can be extremely vauablein the design coordination of future proj-
ects, becausethelessonslearned can heidentified and shared with others. However, some
people are reluctant to perform this task a the end o every project. Why do you think
some people are reluctant to perform a post design review? As a project manager, how
would you resolvethis problem?
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CONSTRUCTION PHASE

IMPORTANCE OF CONSTRUCTION

Theconstruction phase isimportant because the quality of the completed project is
highly dependent on the workmanship and management of construction. The qual-
ity of construction depends on the completeness and quality of the contract docu-
ments that are prepared by the designer and three other factors: laborers who have
the skills necessary to produce the work, field supervisors who have the ability to
coordinate the numerous activities that are required to construct the project in the
field, and the quality of materials that are used for construction of the project.
Skilled laborers and effective management of the skilled laborers are both required
to achieve aquality project.

The construction phaseis also important because a majority of the total project
budget and schedule is expended during construction. As presented in previous
chapters, the design costs for a project generally range from 7%to 12%. Using a
10% medium value, then 90% of the cost of a project isexpended during construc-
tion. Thus, a 15%variation in design costs may impact the project by only 1.5%,
whereas a 15% variation in construction costs may impact the project by 13.5%.

Similar to costs, the time required to build a project is always disproportionally
greater than thetime reauired to design it. Most owners have aneedfor useof their
projects at the earliest possible date; therefore, any delay from aplanned completion
date can cause significant problems for both the owner and contractor. Due to the
risks that are inherent to construction, and the many tasks that must be performed,
the construction contractor must carefully plan, schedule, and manage the project in
the most efficient manner.

258
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ASSUMPTIONSFOR CONSTRUCTION PHASE

The objective during the construction phase is to build the project in accordance
with the plans and specifications, within budget and on schedule. To achieve this
objectivethere are three assumptions as shown inTable 11-1.

Although the assumptions are reasonabl e, there are often variations duetothe na-
ture of construction work. A project is a single, non-repetitiveenterprise. Because
each project is unique, its outcome can never be predicted with absolute confidence!
To construct a project the owner generally assigns a contract to a contractor who
provides al labor, equipment, material, and construction services to fulfill the re-
quirementsof the plans and specifications. Thisreguires simultaneously coordinat-
ing many tasksand operations, interpreting drawings, and contending with adverse
weather conditions.

Itisdifficult for someindividuals to acknowledgethefact that plans and specifi-
cations do have errors. The preparation of adesign requires many individuals who
must perform design calculations, coordinate related work, and produce many
sheets of drawingsthat have elevations, sections, details, and dimensions. Although
every designer strives to achieve a flawless set of plans and specifications, thisis
rarely achieved.

The owner generally accepts and approves the contract documents before com-
mencing construction. However, the plansand specifications don't always represent
what the owner wants. Theinterest of some owners, particularly non-profit organi-
zations or public agencies, is represented by individuals who are members of a
board of trustees, board of directors, or acommission. These individuals generally
have a background in business enterprises and/or professiona occupationswith lit-
tle or no knowledge of project work or interpretation of drawings. Thus, they may
approve the selection of a material or configuration of a project without fully un-
derstanding what it looks like until it is being installed during construction.

Serious problems can arise for both the owner and contractor if the contractor
submits a bid price that islower than required to build the project, with areasonable
profit. A contractor that has underbid a project can also cause significant problems
for the design organization. A construction company is a business enterprise that
must achieve a profit to continue operations. A careful evaluation of each contrac-
tor's bid is necessary before award of aconstruction contract; becauseif aprojectis
underbid by the construction contractor, the management of the project will be dif-
ficult regardless of the ability of theindividualsthat areinvolved.

TABLE 11-1
ASSUMPTIONS FOR CONSTRUCTION PHASE

Scope The design plans and specifications contain no errors and meet the owner's require-
ments and appropriate codes and standards.

Budget  The budget is acceptable;that is, it is what the owner can afford and what the con-
tractor can build it for, with a reasonable profit.

Schedule The scheduleis reasonable; that is, short enough to finish when the owner needs it
and long enough for the contractor to do the work.
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Conditions can arise that ater the project budget and schedule, such as changes
desired by the owner during construction, modifications of design, or differing site
conditions. To reduce the impact of these conditions, there should be areasonable
contingency to alow for thesetypesof variations that can adversely affect the proj-
ect budget and schedule.

Sufficient time must be allowed for contractors to perform their work. If area-
sonable timeis not allowed, the productivity of workers and quality of the project
will be adversely affected. There are always conditions that arise during construc-
tion that can disrupt the continuousflow of work, such as weather, delivery of ma-
terials, clarification of questions related to design, and inspection. The contractor
must plan and anticipate the total requirements of the project and develop a sched-
ule to allow for a reasonable variation of time that is inherent in the construction
process.

The project manager must contend with problems as described above. He or she
must always be alert to these situations and must continually plan. alter, and coor-
dinate the project to handle the situations as they arise.

CONTRACT PRICING FORMATS

The method that is selected to compensate the construction contractor can have a
large impact on a project's cost, schedule, and the level of involvement by the
owner and designer. Contract pricing may be divided into two general categories:
fixed price and cost reimbursable. For fixed-price contracts the contractor may be
compensated on a lump-sum or unit-price basis. Cost-reimbursable contracts may
include methods of payment by any one or combination of thefollowing: cost plus
a percentage or fixed fee, guaranteed maximum price, or incentive.

Many books and articles have been written that discuss the advantages, disad-
vantages, and conditions that arefavorablefor the use of the above methods of pay-
ment for construction services. The following paragraphs are presented as a
summary of what has already been written, to assist the project manager in his or
her role of management.

Theintent of lump-sum contracts is to fix the cost of the project by providing a
complete set of plans and specifications that are prepared by the designer prior to
construction. However, the contractor is entitled to extra compensation for any
changes that may be necessary during construction. For lump-sum contracts,
changes during construction are a major source of cost overruns. For these types of
projectsit isnecessary to ensure acomplete design that is as error free as possible
and to keep any owner changes to a minimum. There should be an adequate review
of the contract documents before bidding to detect any discrepancies that may exist
and to confirm the constructability of the project. The project manager should work
with the owner during construction to evaluate the full impact of a project change,
including the effect on the project's cost and schedule, because achange in one area
of the project often affectsother areas of the project. There should be arate sched-
ulefor labor and equipment for extrawork related to project changes that is agreed
upon before the construction contract is signed.



Unit-pricecontracts are awarded because the quantity of work may not be deter-
mined with adegree of accuracy to enable a contractor to submit alump-sum bid. A
major source of cost overruns for unit-price contractsis errorsin the estimated pay
quantities. Errorsin estimated pay quantities can lead to unbalanced bids by con-
tractors which can cause significant increases i n the expected cost of the project and
expensive legal disputes. There should be a thorough review of all estimated pay
guantities of unit-price contracts before the request of contractor's bids. After re-
ceipt of al the bids, acareful review of each unit-cost bid item should be performed
to detect any bid unbalancing. In particular there should be areview of large quan-
tity pay items and any unusually large unit-cost bid items to detect irregularities.

For some projectsit is desirableto start construction before design is complete,
for example, projects that are complex in nature, or projects that must be completed
due to emergency situations when it is not practical to produce a complete detailed
design of theentire project before starting construction. Cost-reimbursable projects
require extensive monitoring of material deliveries and measurement of work. The
owner's organi zation must establish afield officeto review and approve the costs of
material, labor, equipment, and other costs associated with the project. This method
of contracting can be efficient for owner organizations that need the flexibility of
modifying the project as required, during construction, to produce the best end re-
sultsto meet their needs. However, the owner must have extensive experience with
handling projects.

DESIGN/BID/BUILD METHOD OF PROJECT DELIVERY

Design/bid/build (D/B/B) is often considered the traditional project delivery
method. All design work is completed before starting the bid and construction
process. This delivery method is usually selected for projects when cost is primary,
schedule i s secondary, and the scopeiswell defined.

The D/B/B project delivery method is a three-party arrangement involving the
owner, designer, and contractor. The owner signs one contract with the designer for
design services and signs another contract with the contractor for construction ser-
vices. Both the designer and contractor work for the owner. The contractor does not
work for the designer; however, the owner usually designates the designer as their
representative during construction. The designer is usually paid based on a pre-
arranged fee or on a percentage of the construction contract. The contractor is paid
based on alump-sum amount.

Since design iscompleted before bidding, the owner hasthe opportunity to know
what the project will look like before proceeding into construction, when the biggest
costs will beincurred. The contractor also has a clear understanding of the project
requirements and i s thereby able to estimate the cost of construction with ahigh de-
gree of accuracy. This allows the owner to know the project cost before committing
tosign construction contracts. InD/B/B the responsibility, risk, and involvement of
all parties are well defined. The owner has a relatively high level of involvement
and control during design, but low involvement during construction because the
contract documents clearly define what the contractor must do.
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The biggest disadvantage of the D/B/B project delivery method is the extended
timethat may be required for completing the design and bidding the project before
starting actual construction. Changes made after the award of construction contracts
can be costly to the owner.

DESIGN/BUILD METHOD OF PROJECT DELIVERY

The design/build (D/B) project delivery method is often chosen to compress the
time to compl ete the project. The completion time usualy is reduced because con-
struction can start before al the design is completed. The owner has considerable
control and level of involvement throughout the project. This provides flexibility to
the owner for revision of the design during construction. The D/B project delivery
method is usually selected for projects when the schedule is primary, the cost is sec-
ondary, and the scopeis not well defined.

The D/B method of project delivery is a two-party arrangement, involving the
owner and the D/B company. A contract is signed between the owner and the D/B
firm to perform both design and construction services. All design, including con-
struction drawings, are done by the D/B contractor. All construction is done by the
D/B contractor, athough the D/B contractor may hire one or many subcontractors.
The D/B firm typically has an in-house design staff as well as experienced con-
struction personnel. This arrangement can reduce the conflicts between the designer
and contractor that often occur in the D/B/B delivery method. Sometimes a con-
struction contractor will team with a design firm or a design company will team
with a construction contractor to provide D/B work for the owner.

It is common to choose the D/B firm by a qualifications-based selection (QBYS)
procedure. The owner solicits proposals from a prequalified or prescreened list of
firms. An evaluation processis used to assess quality, safety record, schedule, cost
performance on past jobs, and other factors from each prospective D/B firm. Thus,
selection isbased on qualification rather than price. Thecost of the D/B servicesis
usually based on some type of cost-reimbursable arrangement, either cost plus a
fixed amount or cost plus a percentage.

For projects that have areasonably defined scope, the /B firm is sometimes se-
lected based on price. For incentives, the contract may be based on a guaranteed
maximum amount, with bonuses when the final cost is less than the guaranteed
amount and penalties when thefinal cost is more than the guaranteed amount.

Although the total project cost isamgor consideration, the total cost is not well
know at the beginning of aD/B project because the design has not been prepared.
Handling inspection is an issue that must be addressed early in the project, because
the designer is also the builder. If qualified individuals are available in the owner's
organi zation, the owner may perform inspection. In some situations, an independent
third party is used for inspection services.

CONSTRUCTIONMANAGEMENT METHOD OF
PROJECT DELIVERY

There are many variations of the construction management (CM) method of project
delivery. One variation of CM is caled agency CM, sometimes referred to as pure



CM in the engineering and construction industry. In this arrangement the CM isa
firm outside the owner's organization that acts as the agent for the owner. The
agency CM firm performs no design or construction but assists the owner in select-
ing one or more design firms and one or more construction contractors to build the
project. The agency CM firm assumes no risks because all contracts are signed be-
tween the owner and the designers and/or contractors. Generally the agency CM
works for afee.

Corporate CM is similar to agency CM, except the CM servicesare provided by
personnel inside the owner's organization. The design and construction is per-
formed by firms outside the owner's organization with the corporate CM staff man-
aging and coordinating overall effort.

CM at ri sk (CM@Risk) is another variation of CM. Theterm CM @Risk is used
because the CM firm will actually perform some of the project work, thereby ex-
posing themselves to risks associated with quality, cost, and schedule. The work
may include some or all of the design as well as some or all of the construction.
There aretwo subvariationsin CM@Risk, primarily construction firmsthat become
involved in CM and primarily design firms that becomeinvolved in CM. Construc-
tion contractors that do CM@Risk work typically focus on the construction aspects
of the project and hire the design work necessary to support the construction effort.
Sometimes this variation of CM is referred to as contractor CM. Design firms that
do CM@Risk are more closely affiliated with design than construction. Typically
they focus on the design aspects of the project and hire the construction work.
Sometimesthis variation of CM isreferred to as designer CM. The CM@Risk firm
may work on alump-sum, cost reimbursable, or aguaranteed maximum price basis.

Regardless of the variation of CM methods that is used for project delivery, CM
is a single-source management of the project that allows the owner to control hisor
her level of involvement. To be successful the CM must be involved at the begin-
ning of the project. Performing some of the design work without involvement of the
CM prevents taking advantage of CM services. Selection of the CM early in the
project increases the potential for reductions in costs by eliminating contract ad-
ministration costs from designers and contractors. There can also be potential sav-
ingsin time by integrating all parties from the start to the end of the project. This
allows the owner to concentrateon overall aspects of the project rather than on day-
to-day problems.

The CM must carefully monitor multiple construction contracts to ensure there
are no gaps or overlaps in work. Tracking the costs of multiple construction con-
tracts also requires careful attention. There also must be careful monitoring of the
project to prevent delays that can occur due to interference of contractor's work at
thejob-site.

BRIDGING PROJECT DELIVERY METHOD

Bridging is a hybrid method of project delivery for building type projects. The
contract documents are prepared by the owner's designer. These documents
define functional use and appearance requirements of the project. Performance
specifications are used to specify the construction technology. The details of
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construction are developed by the construction contractor. Final design, consisting
of the construction drawings, is done by an engineering/construction contractor,
who performsfinal design and provides construction services using subcontractors.

FAST-TRACK PROJECTS

Fast-track is the term commonly used for projects that must be completed in the
earliest possible time. Construction work overlaps design. As soon as a portion of
the design iscompl eted, then construction work i s started. Fast-track projects can be
performed under the D/B or CM methods of project delivery. Fast-track appliesto
projects that are schedule driven at the request of the owner. For example, the owner
may want to complete a process plant at the earliest possible datein order to pro-
duce and market a product before acompetitor. Or abusiness may want to complete
abuilding by a specific date to accommodate a special event.

TURN-KEY PROJECTS

Turn-key is the term commonly used for projects that are designed, built, and put
into operation before the project is turned over to the owner. The company provid-
ing the turn-key services may secure the land for the project, perform or coordinate
all aspects of the design, arrange and administer construction contracts, manage
construction of the project, staff and train the personnel to operate the facility, and
then turn the project over to the owner. Turn-key projects typically are manufactur-
ing or process plant typefacilities in remote locations.

DESIGN DEVELOPMENT AND PERFORMANCE
SPECIFICATIONS

Owner organizations that have some design capabilities, but not enough to design
the complete project, will solicit bids based on preliminary design development
drawings. For example, the design development drawings may only be developed
to the 30% to 50%level of detail of thefinal drawings. Then, performance specifi-
cations are written to describe what the systems must do in the project rather than
how the systems will perform. The construction drawing are completed by a D/B
contractor that has special expertise related to the project. Owner organizations in
the process industry sometimes handle projectsin this manner.

KEY DECISIONS FOR PROJECT DELIVERY

Thefollowing issues can have a significant impact on the success of any project and
should be considered in selecting the project delivery method:

1 Number of contracts

2 Selection criteria

3 Relationship of owner to contractor
4 Termsof payment



Number of Contracts

One Contract [ | Many Contracts

Asillustrated above, the number of contracts can vary from one to many, depending
on the chosen method of project delivery. For D/B/B projects, the owner awards
contracts to two parties. one to a designer, who may contract some of the design
work to other design firms, and one to the constmction contractor, who may con-
tract to numerous subcontractors who perform special construction work.

For D/B projects, the owner awards a contract to one party: the D/B firm, who
may in turn subcontract to many contractors. For CM projects, the owner awards
contracts to three parties. the constmction manager, designer, and construction con-
tractor. Under this scenario, there may be many subcontracts awarded under each of
these three principal parties.

Selection Criteria
Price [ | Qualifications

Asillustrated above, contractors may be selected on the basis of price or qualifica-
tion. Traditionaly, designers are selected based on qualification and contractors
based on price. However, thetrend in recent yearshas been to select designers based
on price. The selection criteriadepend on the services that are being procured. Typ-
ically priceis used for selection of products that are easily defined or services that
areeasily evaluated. Qualifications are used for unusual products, proprietary work,
or servicesthat require special expertise, knowledge, and judgement.

Contractual Relationship
Agent [ | Vendor

A contractor may be viewed asan agent or vendor. An agent represents the owner's
interest, works for afee, and usualy is selected based on qualifications. A vendor
delivers a specified product or service, worksfor aprice, and generally is selected
based on price. Traditionally, designers are at the agency end of the spectrum and
contractors are a the vendor end of the spectrum. Some owners ask contractors to
act asagentsin procuring and managing constmction and treat designers as vendors
of plans and specifications. When owners need advice or guidance, they typically
choose an agent relationship, whereas when owners know exactly what is required,
they may choose a vendor relationship.

Terms of Payment

Lump-Sum | cost-plus

Asillustrated above, the terms of payment can vary from fixed price to cost reim-
bursable. Fixed price is used when the detail s of the work are well understood. Cost
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reimbursable is used when the scope of work is unknown or not clearly defined.
There are ranges of terms of payment from fixed to cost reimbursable.

Under alump-sum arrangement for payment, the contractor is paid afixed sum
for the work based on executing the contract documents. For unit-price payments,
thecontractor i s paid based on a predetermined amount for each unit of material that
isinstalled.

For a cost-plus fee with a guaranteed maximum price (GMP), the contractor is
paid the actual cost plus afee. If the cost exceeds the GMP, the contractor incursthe
extracost. If thecost i sunder the GMP, the contractor sharesin the savings.

For a cost-plus fee with atarget price, the contractor is paid actual costs plusa
fee. Asanincentive to meet the target price, arrangements can be made for various
bonuses and a penalty if the final cost deviatesfrom the target price. For example,
the contractor may incur 80% and the owner 20% of all costs over the target price.
Or, the contractor may receive 70% and the owner 30% of the savingsif thefinal
cost is under the target price. Thus, the contractor shares in the savings under the
target price and pays part of the overrun if the cost is over the target price. The tar-
get price can be modified by the change order process.

For cost-plus projects, the contractor is paid actual costs plus afixed or percent-
age fee. The percentage fee can be asliding scale, depending on the arrangements
that are agreed to between the owner and the contractors.

The above payment terms may be combined into one contract, for example,
fixed-price, lump-sum with a unit price for ordinary soil excavation and cost-plus
fee for rock excavation. The terms of payment should be commensurate with the
amount of risk assumed by each party.

PROSPECTIVE BIDDERSAND BIDDING

The selection of the contractor is important because the successful completion of
the project is highly dependent upon the contractor. The owner and/or designer must
depend upon the contractor to provide labor, equipment, material, and know-how to
build the project in accordance with the plans and specifications. If the contractor
has problems, everyone has problems.

The owner generally requires prospective contractors to provide a bid bond be-
foreabidisaccepted. Before award of acontract, most owners require the contrac-
tor to submit amaterial and labor payment bond, and a performance bond. All bonds
are supplied to the owner from the contractor before commencing construction in
thefield. Although bonds provide some degree of protection to the owner, they do
not guarantee that construction will proceed in a smooth operation. In addition to
bond requirements, prospective bidders should be screened by a prequalification
process that evaluates their record of experience, financial capability, safety record,
and general character and reputation in the industry.

For competitive-bid projects at least three bids should be received to provide a
representive comparison of costs. Generally, a higher number of bidders will gener-
ate more competition, resulting inlower bids. However, the quality of the biddersis
moreimportant than the quantity of bidders. For private projectsit is possible to



control which companies are allowed to submit abid. In this type of situation itis
better to not allow companies to bidif their capabilities arein question or if they are
simply not wanted to build the project.

Careful consideration should be given to the length of timethat is allowed for
contractors to submit bids. The proposed due date should be adequate for biddersto
prepare athorough bid. If thereis uncertainty regarding what length of time would
be adequate, a reputable contractor can be consulted to assist in developing area-
sonabletimefor preparation of bids. If the timeistoo short, some bidders may de-
cline, or worse the bid may not be properly prepared. If the bid timeis too long,
thereis an unnecessary delay in construction.

An addendum is achange in the bid package during the bidding process to cor-
rect errors, clarify requirements of the project, or make changes before awarding a
contract to the contractor. Numerous addenda may discourage reputable, prospec-
tive bidders or place the bidders in a precarious " beware™ status regarding the qual -
ity of the plansand specifications, or the possibility of additional changesthe owner
may make during construction. These conditions can lead to costly change orders
that will adversely affect the final cost of a project.

A prebid conference should be held to clarify any unique aspects of aproject and
assist the biddersin their preparation of agood bid. This is an opportune time to
clarify scope, explain special working conditions, and answer questions of contrac-
tors. Any item that is clarified at the meeting, that is not in the bid documents,
should be confirmed in writing to all parties.

For any project, the party that will administer the contract should prepare a de-
tailed cost estimate from the same set of bid documentsthat the contractors are us-
ing to bid the project. This will assist in the evaluation of contractors' bids because
the process of preparing an estimate requires a close scrutiny of al aspects of the
project. Many problems associated with a project can be detected by thoroughly re-
viewing the bid documents and going through the process of preparing a detailed
cost estimate. There are numerous professional estimating companies that can per-
formthis serviceif the capability does not exist in the party's organization that will
administer the contract.

QUALIFICATION-BASEDSELECTION (QBS)

For lump-sum, fixed-price projects, construction contractorstypically are selected
based on the lowest and best-qualified bidder. Determining the lowest priceisrela-
tively simple since each contractor isrequired to submit a bid price. To ensure qual-
ification, often the contractors are required to submit a prequalification form prior
to bidding. Theform typically requestsinformation regarding the contractor's rep-
utation, financial stability, and capacity to perform the work. In addition most bid
documents require a bid bond when the bid i s submitted to the owner. Qualification
for bid bonds typically assures the owner that the contractor will also qualify for the
payment and performance bonds after the contract is signed.

For cost-reimbursable projects or negotiated contracts, contractors are often cho-
sen based on QBS, because the price o the project is unknown at the time the



contractor is being selected. The owner typically selectsashort list of contractors,
each of whom would belikely selectedfor thework. Meetings are held to give each
prospective contractor the opportunity to ask questions and receive clarifications re-
garding the extent of the proposed contract and the desired project outcome by the
owner. The meetings are informative in nature and may involve a visitation to the
project site. Then, formal requestsfor proposals {RFPs) are solicited from contrac-
tors. Typically, the RFPs request information regarding overall project management
and technical ahility, records of relevant past jobs and performance, and the ap-
proach to betaken in handling the project, including acost proposal. Afixed format
for the RFPisprovided to each contractor to allow the owner to compare proposals
on acommon basis.

Upon receipt of all RFPs, the owner performs an evaluation. An assessment is
made of each cost proposal. Since the actual cost is not known, the owner must de-
termineif each contractor's cost proposal isrealistic. The cost proposal may involve
afeeschedule for all labor, equipment, and indirect charges that would apply to the
job. Typically, the owner is not looking for the least cost, but a competitive cost
range. Costs are considered, but the final selection is based on the best and final
offer.

To determine the best and final offer, a weighted evaluation system is used to
provide a quantitative measure of each RFP. For example, the RFP isdivided into
categories, with aweight given to each category depending onitsimportance. Some
categories may be given the same weight, whereas others are given different
weights. Below is anillustrative example of categories for evaluation.

Management information system
Project schedule

Personnel

Contractor quality control
Management of subcontractors
Resource utilization

Health and safety approach
Financia capacity

Experience and references

The management information system may include software for CADD, schedul-
ing, cost estimating, accounting, submittal reporting systems, and other relevant
data. Thelevel of development of an effective management information systemisa
measureof afirm's ability to maintain a project budget during both design and con-
struction. An appropriate project schedule, either a bar chart or network, that shows
major milestones required to complete the project should be provided. A cost esti-
mate should be required because price is a consideration in selecting contractors.
Although the final cost is not known at the time a contractor is chosen, the cost es-
timate does givean indication of thefinal cost.

Thecaliber of personnel isextremely important in choosing contractors by QBS.
Resumes of key personnel should demonstrate a team composition that is capable



of performing the work required in the project. Formal education, project experi-
ence, and professional registration of key team personnel areindicators of their abil-
ity to perform the work. Each proposal should contain alist of personnel, resources,
and magjor subcontractors to be utilized for the project.

Engineering and construction projects regquire management of multiple subcon-
tractors. Solicitation of RFPsfor choosing contractors by QBS should include a plan
for acquiring material, equipment, services, and subcontractors. The owner should
provide a list of their preferred vendors before requesting RFPs from prospective
contractors. Any QBS process should also provide information about resource uti-
lization, including a detailed description of the staffing plan to accommodate nor-
mal fluctuating work load to ensure an experienced work force throughout the
project, including periods of work buildup and decline.

A quality assurance and quality control (QA/QC) program should befully docu-
mented in the RFPfor choosing contractors by the QBS process. The system should
include quality control during development of design drawings and specifications
and throughout the construction process including testing, inspection, and safety.

The factors to be considered in evaluating proposals for QBS of contractors
should be tailored to each project. Generally, final selection is based on a combina-
tion of quality, technical merits, schedule, and cost. Quality may be expressed in
terms of technical excellence, management capability, personnel qualifications,
prior experience, past performance, and schedule compliance. Although the lowest
price is appropriate for deciding on a contractor, thefinal selection may be based on
the proposal that offersthe greatest value to the owner interms of performance.

For cost-reimbursablecontracts, the cost proposa should not bethe controlling
factor since advance estimates of cost may not be a valid indicator of final actual
costs. Typically, cost-reimbursable contracts are not awarded based on the lowest
proposed cost or lowest total proposed cost plus a fee. The award of cost-
reimbursable contracts primarily on the basis of estimated costs may encourage
the submission of unrealistically low estimates and increase the likelihood of cost
overruns. The primary consideration should be which firm has the proposal to
perform the contract in a manner most advantageous to the owner, as determined
by evaluation of proposals according to the established evaluation criteria.

Numerical weights are applied to each factor in consideration by the owner. Typ-
icaly, thevalue of the weightsis not disclosed to the firms submitting proposals.
However, the RFP may inform prospective contractors of the minimum require-
ments that apply to particular evaluation factors or subfactors. During the evalua-
tion process, the owner assigns a score to each factor, based on the weight of the
factor. The selection of the contractor is based on which RFP receives the best score.
The contractor is then notified and an advance agreement is made. After final
arrangements are made, a contract is signed.

CHECK LIST FOR BIDDING

Table 11-2 provides acheck list of duties for the bidding and award phase of a proj-
ect that ishandled by the CM type of contract. For projects other than the CM type
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TABLE 11-2
CHECK UST OF DUTIES FOR BIDDING AND AWARD PHASE
Bidding &
award phase Owner CM Designer* Contractor
1. Procedures— Approve Formulate Advise, comply
Contracting asrequired issue
2. Bidders list Approve Prepare Assist, approve
3. Bid documents estimate  Approve Prepare Review, advise
4. Bid division Review, Prepare Review, approve
descriptions approve
5. Proposal forms Approve Prepare Review, advise Complete
6. Specifications— Approve Prepare Review, advise Respond
Advertisement for bids
7. Preparation of bid Pay printing  Provide Print &distribute Receive
documents & dist. cost  required
forms &
bidders list
Participate  Organize, Participate Participate
as required  conduct
9. Addenda Approve Recommend, Recommend, Acknowledge
review draft & issue
10. Bid Openings Attend as Organize, Attend X
required conduct
Attend as Organize, Attend Attend
required conduct
12. Letter of intent to Approve, Prepare,issue Recommend, Respond
award sign approve
13. Bonds —Performance, Review, file  Review & Review & advise Provide
labor & material approve
14. Insurance—liability & Specify & Advise. Include Provide
property damage approve monitor &file  requirementsin
certificates bid documents
15. Notice to proceed Approve, Prepare, issue Recommend, Respond
sign approve
16. Award of contracts Award Recommend Recommend Receive

Source: NSPE/PEC Reporter; Vol. vil, No. 2.

“The referenced NSPWPEC publication cited "architect"; however, the term "designer” is used here to imply
the architect may be the principal design professionalfor building projects, whereas the engineer may be the
principal design professional for heavy/industrial projects.

of contract, the duties of the CM are distributed between the owner and designer,
depending upon the contract arrangement.

KEYS TO A SUCCESSFUL PROJECT

There are several factors that are important in order to achieve a successful project
during construction. A good field construction representative must be present to rep-
resent the interests of the owner and designer. He or she must know the require-
ments of the project and be readily available to answer questions and respond to



situations as they arise. The field construction representative's authority and re-
sponsibility must be clearly defined toal partiesincluding the owner, designer, and
contractor. It should be recognized that thisindividual isan asset available to all the
parties involved in the project: the owner, designer, and contractor.

Another important factor isagood, detailed construction schedule that is devel-
oped and used by the contractor who is performing the work, not the owner or de-
signer. The owner should only define the start and/or end date of the project.
Contractors know their capabilities, resources, and how they plan to coordinatethe
many activities required to build the project in the field. Thus, they are best quali-
fied to develop a schedul e to guide the numerous construction operations.

A good project control system must be developed to monitor, measure, and eval-
uate the cost, schedule, labor-hours, and quality of work. Chapter 9 provided a de-
tailed discussion of project tracking and control.

The most important key factor in a successful projectis good communication.
Most experienced project managersreadily agreethat the source of most problems
can betraced to poor communications. Peopledon't intend to do poor work or make
mistakes. These types of problems are aresult of misunderstanding of what is to be
done and when it is to be done because of poor communications. There must be
open lines of communications so the right people are available to respond when
they are needed.

A project organizational chart normally shows vertical lines of authority. How-
ever, strictly following vertical lines of authority sometimes is not responsive to
dissemination of information in a timely manner. Thus, there is a need for com-
munications that flow horizontally between people who are actualy involved in the
work.

Figure 11-1 shows a project organizational chart with dotted Linesthat represent
the horizontal communications that are necessary for a project during the construc-
tion phase. The horizontal communications between the various organizations are
the most difficult to monitor and control because they are primarily verbal and of-
ten not documented, which can result in misunderstandings and possible law suits.
Therefore, horizontal communications should be restricted to sharing of informa-
tion, but no decision making. Although these horizontal communications are neces-
sary, it is the responsibility of al individuals to keep their immediate supervisor
informed.

CONSTRUCTIONSCHEDULES

The purpose of scheduling a construction project is to ensure adequate planning
of thework soit can be effectively and efficiently managed. A schedule must show
all theactivities required to complete the work, organized in alogical sequence, and
generally presented in atime scale for easy interpretation. The purpose isto ensure
that al activities necessary to complete the work are properly planned and coordi-
nated. Adjustments in the schedule must be made as changes occur. The construc-
tion contractor must plan the work, and work the plan.

It isimperative for the job-site superintendent to be involved in preparing the
schedule. The superintendent will beinvolved in the day-to-day supervision of the
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Project |

Project Manager | | and/or User |

Design I 1 Contractorl 1 1 Contractor2 | | Contractor1 | | Contractor2 |

Designer 1 Designer 2

f - Denotes Continued Breakdown

FIGURE 11-1
Effective Horizontal Communication Channels Necessary during Construction. (Note: Horizontal

dashed lines denote exchange of information only and vertical solid lines denote decision-making
authority.)

work, so he or she has a better idea as to how the work will be put in place. If the
superintendent isinvolved in preparing the schedule, the schedule will be used to
manage the work because the superintendent will have bought into the schedule.
Schedules that are prepared without the superintendent are seldom successful. The
person that estimated the job and the contractor's project manager are valuable re-
sources for providing information and assisting the job-site superintendent in



preparing schedules, but the superintendent is the person who must plan the se-
guence of activities the way he or she plans to work the project.

A good construction scheduleisin the bestinterest of all parties. the owner, de-
signer, and contractors. First and foremost, the construction schedule must be read-
able and easily understood by thefield personnel who are involved in supervising
the work. Too often, construction schedules are developed with excessive details
that are of little value to the workers in thefield. The schedule should only contain
enough detail to enable the field supervisors to know what is expected of them.
Then, area foremen in the field can develop a daily or weekly work schedule for
their respective work. For example, the schedule can show an activity of ' second
floor painting" ; then the foreman of the paint crew can develop adaily work sched-
ule that shows the specific rooms to be painted for the week specified in the con-
struction schedule.

Material and equipment delivery datesare extremely important during construc-
tion becauselate delivery isoften the cause of delays. Delivery datesfor critical ac-
tivities must be closely monitored to ensure arrival of materials and equipment
when needed at the job-site.

PROBLEMS WITH CONSTRUCTION SCHEDULES

In some situations a contractor may avoid giving any schedule to the owner withthe
concept that without a schedule, the owner cannot demonstrate that the contractor
failed to properly plan or coordinate the work. An ancillary theory isthat an absence
of aschedule on the job allows the contractor to build an as-planned versus an ac-
tual schedule at theend of thejob to serve theinterest of the contractor for any dis-
putesor claims.

One method of enticing the contractor to develop an appropriate construction
schedule istoincludethe construction schedule asaspecific pay item in the contract
documents. Then, the contractor would beentitled to bill for this pay item only after
submittal of the baseline schedule and each monthly schedule update. For example,
submission of the construction schedule can be tied to the mobilization payment.
Thus, the contractor would not be paid mobilization costs until the construction
schedule is submitted. Thisis easy to incorporate in the construction contract be-
cause most contracts providefor mobilization payments to the contractor.

Unfortunately, in recent years there has been a trend toward using construction
schedulesto help build claims against the owner for additional timeand cost. Some
contractors prepare a schedule only because it is required in the contract. It iscom-
mon practice in construction contracts to tiethe coststo the schedul e, which impacts
the monthly payment to the contractor. Some contractors prepare a schedule based
on the concept that it will help their chances of recovering more money and/or time
from the owner in change orders and claims. Thus, the schedule is sometimes not
used solely as a planning tool to manage the project, but as a tool to obtain addi-
tiona timeor money.

There are risks involved in requiring, reviewing, and accepting schedulesfrom
contractors. Approved or accepted schedules can produce legal implications to the
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owner. For example, the owner can be placed at risk when he or she accepts a sched-
ule, because the schedule can later be used as documentation of claims against the
owner. However, thereis also arisk in not requiring construction schedules. When
no schedul e exists, the contractor may not plan the job properly and the owner has
no way of measuring progress or checking on coordination. Most experienced con-
struction managers agree that there arefewer risks when construction schedulesare
required.

Whoever is assigned the responsibility of reviewing or approving construction
schedules should exercise caution because a number of problems can arise with re-
spect to construction scheduling. Some of these precautions are presented in thefol-
lowing paragraphs.

PRECAUTIONS FOR CONSTRUCTION SUBMITTALS

Submittals are documents that are transmitted from the contractor to the owner or
designer for their review and/or approval. Sometimes the contract documents spec-
ify that the engineer will review contractor submittals within a reasonable period of
time so as not to delay progress on the work. Contractors usually show submittal re-
view timesin the schedule asthree or five days. If the schedule is accepted, thetime
shown in the schedul e establishes the definition of "' reasonable period of time." Any
review that takes more timeisthen considered as “unreasonable” by definition, thus
establishing a case for delay or impact claims.

In other situations there may be no submittal dates shown in the schedule. Instead
the submittals are considered to start on the same day, or next day, of the construc-
tion activity. Then, the contractor can raise adelay claim for any time the start of
an activity isdelayed while the engineer reviews the submittal for that construction
activity.

To avoid problems associated with submittal review times, a provision can be
written in the contract documents that states the allowable timefor submittal review.
For example, a paragraph can beincluded that states the engineer shall have a min-
imum of twenty calendar days, from receipt of a submittal, to review and respond to
acontractor's submittal. Additionally, the contract documents can stipulatethat re-
submittals of the contractor's submittalsshall have the same review time astheini-
tial submittal. This clarifies entirely the issue of whether the owner and engineer
should have a single time framein which to review the submittal and al resubmit-
tals, or whether the starting timefor submittal review should start over again with
each resubmittal. Thisis an equitable assignment of therisk of providing unaccept-
able submittals.

A contract that requires submittal reviews in the construction schedule can help
avoid many problems related to submittal reviews and the impact of review times.
Aprovision can beincluded in the contract that stipulates that the contractor prepare
a construction schedule of all submittals required on the project, including when
each submittal will be provided for review. Thishelps to ensure that the contractor
has a plan for al submittals. It also allows the owner and engineer to plan their
staffing and work load appropriately for the review process. A master list of all



required submittals, provided by the designer, will assistinincorporating submittals
in the schedule.

DELIVERY DATES OF OWNER-FURNISHED EQUIPMENT
OR MATERIALS

It is common in the construction industry for owners to procure and furnish long
lead-time equipment or materials. This is done to save time and money for the
owner. The delivery dates of owner-furnished equipment or material are typically
shown on the construction schedule. If the owner-furnished equipment or material
delivery dates are shown on the schedule and the schedule i s accepted by the owner,
then this establishes an informal warranty that theitems will be delivered nolater
than the date shown on the schedule. Tf the owner is unable to meet the previously
scheduled and agreed-upon delivery dates, then the contractor may fileaclaim for
extra cost due to delay of work and impact claims.

Another problem can arise when the construction schedule shows very early de-
livery datesfor al owner-furnished items. This provides more opportunitiesfor a
delay claim against the owner if the owner-furnished items arrivelate. To help avoid
this type of problem, the contract documents can stipulate the earliest possible de-
livery dates for al owner-furnished items. These dates can be based on delivery
dates established by the manufacturer, plus an appropriate contingency for time. An-
other approach to addressing theissue of claimsrelated to owner-furnished itemsis
to make provisions in the contract documents that states owner-furnished itemswill
be delivered not earlier than a certain date but not later than another date. In this
manner, the contractor is given some assurance of when to expect theitems on the
job-site. Providing a window of expected delivery dates reduces risk related to
owner-furnished items.

SCHEDULING CONTRACTOR PROCURED AND
INSTALLED EQUIPMENT

The construction schedule that simply shows installation of equipment as one ac-
tivity in the schedule does not provide an adequate description of the 