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PREFACE

Thisbook presents the principles and techniquesof managing engineeringand con-
struction projects from the conceptual phase, through design and construction, to
completion. It emphasi zes project management during the early stagesof project de-
velopment because the ability to influencethe quality, cost, and scheduleof a proj-
ect can best be achieved during the early stagesof devel opment. Most booksdiscuss
project management during construction, after the scope of work isfully defined,
the budget isfixed, and the completiondate is firm. It is then too late to make any
significant adjustmentsto the project to improve quality, cost, or scheduleto bene-
fit the owner.

Although each projectis unique, thereis certaininformationthat must beidenti-
fied and organized at the beginning of a project, beforeany work is started. Numer-
ous tables and graphsare 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 satisfactionisemphasized 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 topicsin these chaptersare ex-
tremely important to achieving a successful project. Thesetopicsare covered from
the perspectiveadf the engineer who is employed with either the owner's organiza-
tion or thedesignfirm.

The intended audience of this book is students of university programsin engi-
neering and construction. It is also intended for personsin industry who aid the
owner in thefeasibility study, coordinatethe design effort, and witness construction
in the field. A common exampleis 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 hundredsof proj-
ect managersin the engineeringand constructionindustry. Much of theinformation
in this book is based on formal and informal discussions with these project man-
agers, who are actively involved in the practice of project management. Although

Vii
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the author has observed that no two project managers operate exactly the same,
there are common elementsthat apply to all projectsand all project managers. The
author presents these common elements of effective project management that have
been successfully applied in practice.

McGraw-Hill and the author would like to thank Martin Fischer of Stanford Uni-
versity and C. William Ibbs of the University of Californiaat 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 haveinfluenced the author's thoughtsin the development of thisbook. Finally,
theauthor 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 phasesin producing thisfinished book.

Garold D. Oberlender
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INTRODUCTION

PURPOSE OF THIS BOOK

The purposeof thisbook isto present the principlesand techniquesof project man-
agement beginning with the conceptual phase by theowner, 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 projects. This book presents these principles and illustrates the basic
steps, and sequencing of steps, to develop awork plan to managea project through
each phasefrom conceptual development to completion.

Project management requires teamwork among the three principal contracting
parties: the owner, designer, and contractor. The coordination of thedesign and con-
struction of a project requires planning and organizing a team of people who are
dedicated to a common goal of completing the project for the owner. Even a small
projectinvolvesalarge number of peoplewho work for different organizations. The
key to asuccessful project isthe selection and coordination of peoplewho havethe
ability to detect and solve problemsto completethe project.

Throughout this book the importance of management skillsis emphasizedto en-
ablethe user to develop hisor her own styleof project management. Thefocusisto
apply project management at the beginning of the project, when it isfirst approved.
Too often theformal organi zation to manage a project is not developed until the be-
ginning of the construction phase. This book presents the information that must be
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assembled and managed during the devel opment and engineering design phase to
bring a project to successful completionfor use by the owner.

Theintended audienceaf this book isstudentsenrolledin university programsin
engineering and construction. It isalso intended for the design firms which aid the
owner in thefeasibility study, coordinatethe design effort, and witness construction
in thefield. This book is also for personsin the owner's organization who arein-
volved in thedesign and construction process.

ARRANGEMENT OF THIS BOOK

A discussionof project management isdifficult because thereare many waysa proj-
ect can be handled. The design and/or constructionof aproject can be performed by
one or more parties. Regardlessof 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 needsof theend user)
Intended use by the owner upon completion of construction
Conceptual configurationsand componentsto meet theintended use
Step 2 Project Scope (to meet the project definition)
Define the work that must be accomplished
| dentify the quantity, quality, and tasks that must be performed
Step 3: Project Budgeting (to match the project definitionand scope)
Definethe owner's permissible budget
Determinedirect and indirect costs plus contingencies
Step 4 Project Planning (the strategy to accomplishthe work)
Select and assign project staffing
| dentify the tasks required to accomplishthe work
Step 5: Project Scheduling (the product of scope, budgeting, and planning)
Arrangeand schedule activitiesin alogical sequence
Link the costs and resourcesto the scheduled activities
Step 6: Project Tracking (to ensure the project is progressingas planned)
Measurework, time, and costs that are expended
Compare™actud™ to"* planned™ work, time, and cost
Step 7: Project CloseOut (final completionto ensure owner satisfaction)
Performfinal testing and inspection, archive documents, and confirm
payments
Turn over the project to the owner

These steps describe project management in its simplest form. In redlity 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 devel opment. Similarly, project scheduling relates project scope and budget
to project tracking and control.

Thetopic of project managementisfurther complicated becausethe responsibil-
ity for these steps usualy involves many parties. Thus, the above steps must all be
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integrated together to successfully manage a project. Subsequent chapters of this
book describeeach of these steps.

Chapter 1 defines genera principlesrelated to project management. Thesebasic
principlesmust befully understood becausethey apply to al the remaining chap-
ters. Many of the problemsassociated with project management are caused by fail-
ure to apply the basic management principles that are presented in Chapter 1.

Chapter 2, Working with Project Teams, presents the human aspects of project
management. The project teamisagroup of diverseindividuals, each with a specia
expertise, that performsthework necessary to completethe project. Asleader of the
project team, the project manager acts as a coach to answer questions and to make
sure the team understandswhat is expected of them and the desired outcome of the
project.

Chapter 3, Project Initiation, presentsmaterial thatis generally performed by the
owner. However, the owner may contract the servicesof adesign organizationtoas-
sist with thefeasibility study of a project. The project manager should be involved
at the project devel opment or marketing phase to establish the scope. Thisrequires
input from experienced technical peoplethat represent every aspect of the proposed
project.

Chapter 4, Early Estimates, presents the techniquesand processesof preparing
estimatesin the early phase of a project. Preparation of early estimatesis a prereg-
uisiteto project budgeting. For engineering and construction projects, theearly cost
estimateis used by the owner in making economic decisionsto approvethe project.
Theearly cost estimateis akey project parameter for cost control during the design
process.

Chapter 5, Project Budgeting, appliesto all 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 changein scope or schedule almost always
affects the budget, so the project manager must continually be aert to changesin a
project and to relate any changes to the budget.

Chapter 6, Development of Work Plan, appliesto the project manager whoisre-
sponsiblefor management of the design effort. Generally, he or sheis employed by
the professional design organization, which may be an agency of the owner or un-
der contract by the owner to perform design services. The material presented in this
chapter isimportant becauseit establishesthe work plan whichistheframework for
guiding the entire project effort. The informationin this chapter relatesto all the
project management steps and chaptersof this book.

Chapter 7, Design Proposal s, presentsthe processdf preparing proposalsfrom the
design organizationto the owner. After the owner has defined the goals, objectives,
intended use, and desired outcome of the project, a request for proposalsis solicited
from the design organization. The design organization must convert the owner's ex-
pectationsof the project into an engineering scope of work, budget, and schedule.

Chapter 8, Project Scheduling, providesthe base against which all activities are
measured. It relatesthe 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
formsthe basisfor project tracking, as described in Chapter 9.

Chapter 9, Tracking Work, cannot be accomplishedwithout a well-defined work
plan, as described in Chapter 6, and a detailed schedul e, as described in Chapter 8.
Thischapter isimportant because thereis awaysatendency for scopegrowth, 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. Thesethreecomponents must be collectively monitored, not asindividual
components, because a change in any one component usually will affect the other
two components.

Chapter 10, Design Coordination, appliesto the project manager of the design
organization. The quality, cost, and scheduleof a projectis highly dependent on the
effectivenessof the design effort. Theend result of the design processisto produce
plansand specificationsin 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 constructableby the constructioncontractor.

Chapter 11, ConstructionPhase, isimportant becausemost of the cost of a proj-
ect is expended in the construction phase, and the quality of the final project is
highly dependent upon the quality of work that is performed by the construction
contractors. Most of the books that have been written on project management have
been directed toward a project in the construction phase. This book emphasizes
project management from theinitial conceptionof the project by theowner, through
coordination of design and development of the construction documents, and into the
construction phase until project close out.

Chapter 12, Project Close Out, discussesthe steps required to compl etea project
and turn it over to the owner. Thisis an important phase of a project because the
owner will have expended most of the budget for the project, but will not receive
any benefitsfrom the expendituresuntil 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, addressesthe human aspectsof project
management. Although the primary emphasis of this book is on the techniques of
project management, it i s the project manager working with his or her people who
ensuresthe successful completionof a project.

Chapter 14, Tota Quality Management, presents the management philosophy
that has gained much attention in the engineeringand construction industry. M ost of
the attention has been attributed to the success of TQM in the manufacturing and
electronicsindustries. However, many of the topicsrelated to TQM are applicable
to good project management of design and construction.

DEFINITION OF A PROJECT

A project isan endeavor that is undertaken to producethe resultsthat are expected
from the requesting party. For this book a project may be design only, construction
only, or a combination of design and construction. A project consists of three
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components. scope, budget, and schedule. When a project isfirst assigned to a proj-
ect manager, it isimportant that all three of these components be clearly defined.
Throughout this book, the term Scope representsthe work to be accomplished,i.e.,
the quantity and quality of work. Budget refersto costs, measured in dollarsand/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 managementasillustratedin Figure 1-1.

Figure 1-1isshown asan equilateral triangleto represent an important principle
of project management: a balance is necessary between the scope, budget, and
schedule. For any given project thereis a certain amount of work that must be per-
formed and an associated cost and schedulefor producing thework. Any increasein
the scope of work requiresa correspondingincreasein budget and schedule. Con-
versdly, any decreasein scopeof work resultsin acorresponding decreasein budget
and schedule. This principleappliesbetween any and all of the three components of
a project. For example, any adjustment in budget and/or schedulerequiresa corre-
sponding adjustment in scope. This simple concept of a balance between scope,
budget, and scheduleis sometimesnot fully recognized during early project devel-
opment as well as during design and construction.

The source of many problemsassociated with a project isfailureto properly de-
fine the project scope. Too often thefocusis just on budget or schedule. Not only
should the scope, budget, and schedulebe well defined, but each must be linked to-
gether sinceone affectsthe other, both individually and collectively.

Sincethe project scopedefinesthe work to be accomplished, 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 specifiesa project budget or
scheduleand then asksthe project team to define a scopeto match the budget. This
isthereverse order of defining a project and is not agood project management prac-
tice. Itistheduty of a project manager to ensurethat the project scope, budget, and
scheduleare 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-
structionorganizationswill be compensatedfor performingthe work. Each party is

FIGURE 1-1
Quiality s an Integral Part of Scope,
Budget, and Schedule.
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concerned about project cost overrun becauseit adversely affects profitability and
creates adverserel ationshi psbetween 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 activitiesfor the project. The scheduleis the final product of scope
definition, budgeting, and planning and forms the base against which all activities
are measured. Project tracking and control cannot be accomplished without a good
plan and schedule.

Quality is an element that is integrated into and between all parts of a project:
scope, budget, and schedule. It should not be construed as merely creating drawings
with aminimum number of errors, furnishing equipment that meets specifications,
or building aproject tofulfill the requirementsof acontract. Certainly thesefactors
are a part of quality, but it involves much more. Quality is meeting the needs and
satisfactionof the ultimateend user of the project, the owner.

Quality istheresponsibilityof al participantsin aproject,includingall levelsof
management and workersin each of the principal parties. An attitude of achieving
quality must beinstilled in everyone and perpetuate throughout the work environ-
ment. The attitudeshould not be**what can we do to passquality control or final in-
spection? Instead, it should be' what can we do to improveour work and what is
the best way we can furnish a project that meets the needs and satisfaction of the
owner?

RESPONSIBILITIES OF PARTIES

Each of the three principal 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 cooperativerelationship to
compl etethe projectin the most efficient manner. Too often an adverserel ationship
developsthat does not serve the best interest of anyone.

The owner is responsible for setting the operational criteria for the completed
project. Examplesare usageof a building, barrelsper day of crude oil to berefined,
millionsof cubicfeet per hour of gasto be transported in a pipeline, and soon. Any
special equipment, material, or company standards that are to apply to the project
must also be defined. Ownersalso need to identify their level of involvementin the
project, e.g., the review process, required reports, and the levels of approval. The
owner isalso responsiblefor 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 specificationsthat meet the needs of theowner. In addition there may
be other duties that are delegated to the designer by the owner, e.g., on-siteor peri-
odic inspection, review of shop drawings, and in some instancesthe acquisition of
land and/or permits. It is the duty of the designer to produce a project design that
meets all federa, 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 needsit.

Generdly the designers are not obligated under standard-form contractsto guar-
antee the construction cost of a project, although there have been some caseswhere
the designer has been held legally responsiblefor 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. Major decisions by the owner
to proceed with the project are made from the designer's cost estimate.

The cost and operational characteristicsof a project are influenced most, and are
more easy to change, during the design phase. Becauseof this, the designer playsa
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 the best possibleform.

The congtruction contractor is responsiblefor the performanceof al work in ac-
cordance with the contract documentsthat have been prepared by thedesigner. This
includesfurnishing all 1abor, equipment, material, and know-how necessary to build
the project. The construction phaseisimportant because most of the project budget
is expended during construction. Also, the operation and maintenance of the com-
pleted project is highly dependent on the quality of work that is performed during
construction. The contractor must prepare an accurate estimate of the project, de-
velop a realistic construction schedule, and establish an effective project control
system for cost, schedule, and quality.

WHO DOES THE PROJECT MANAGER WORK FOR?

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

The Congtruction Industry Institute (Cl1) has sponsored research and published
numerous paperson a variety of topics related to project management. Organizing
for Project Success, a CII 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 discussedin
the publication.

After commitment has been made by an owner toinvest in a project, an Invest-
ment Management Team isformed withinthe owner's organizationto provideover-
al project control. The major functions, such as marketing, engineering, finance,
and manufacturing, are usually represented. A Project Executive usually leads the
team and reports to the head of the business unit which made the decision to pro-
ceed with the project. A member of thisteam isthe Owner's Project Manager.

The Owner's Project Manager |eads a Project Management Team which consists
of each Design Project Manager and Construction Project Manager that is assigned
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acontractfrom theowner. Their mission isto accomplishthework, 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 responsiblefor the ac-
complishment of all work, even though he or she has limited resources under hisor
her direct control because the work has been contracted to various organizations.

Reportingto each Design Project Manager and Construction Project Manager are
the Work Managerswhofulfill the requirementsof their contracts. Each Design and
Contractor Project Manager reportsto the Owner's Project Manager for contractual
mattersand to hisor her parent organization for business matters.

The Work Managers are the design leaders and supervisorswho lead the teams
actually accomplishingthe work. They are directly responsiblefor the part of the
contract assigned to them by their Project Manager. They must also communicate
and coordinatetheir effortswith Work Managersfrom other organizations. Usually
this communicationdoes not flow vertically through a chain of command, but in-
stead flows horizontally between peopleactualy involvedin thework. Itistheir 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 thisbook, project management may be defined as.

Theart and science of coordinatingpeople, equipment, materials, money, and schedules
to completea specified project on time and within approved cost.

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

Itistheduty of a project manager to organize a project team of people and coor-
dinate their effortsin a common directionto bring a project to successful comple-
tion. Throughout the project management processthere arefour 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 theseindividual sdo not report directly to the project manager, it
is necessary that effectiveworking relationships be devel oped.

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 perspectivewith the ability to forecast methodsof achieving results. Thedrive
to achieve results must always be present. This attitude must also beingtilled in
everyoneinvolved in the project.
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Good communication skills areamust for amanager. The management of aproj-
ect requires coordination of people and information. Coordination is achieved
through effective communication. Most problems associated with project manage-
ment can be traced to poor communications. Too often the ' other person' receives
informationthat isincorrect, inadequate, or too late. In someinstancestheinforma-
tionissimply never received. It istheresponsibility of the project manager to bea
good communicator and to ensure that peopleinvolved in a project communicate
with each other.

TYPES OF MANAGEMENT

Management may be divided into at least two different types: functional manage-
ment (sometimes called discipline management) and project management. Func-
tional management involves the coordination of repeated work of a similar nature
by the same people. Examplesare management of a department of design engineer-
ing, surveying, estimating, or purchasing. Project management involvesthe 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 constructionaof a
substation, shopping center, refinery unit, or water treatment plant. Althoughthe ba-
sic principlesaf management apply to both of thesetypesof management, thereare
distinct differencesbetween the two.

Most individuals begin their career in the discipline environment of manage-
ment. Upon graduationfrom college, a person generally acceptsa positionin adis-
cipline closely related to his or her formal education. Typical examplesare design
engineers, estimators, schedulers, or surveyors. The work environment focuseson
how and who will perform the work, with an emphasis on providing technical ex-
pertisefor asinglediscipline. Career goal sare directed toward becoming a special -
istin aparticulartechnical area.

Project management requires a multi-disciplinefocus to coordinate the overall
needs of a project with reliance on others to provide the technical expertise. The
project manager must be able to delegateauthority and responsibility to othersand
still retain focus on the linking process between disciplines. Project managerscan-
not becomeoverly involvedin detail ed tasks or takeover the disciplinethey are ed-
ucated in, but should focuson the project objectives.

A fundamental principleof project management i sto 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 devel op-
ment for project managers must be directed toward the goal of becoming a
generalist with a broad administrativeviewpoint.

The successful completion of a project depends upon the ability of a project
manager to coordinatethe work of ateam of specialistswho have thetechnical abil-
ity to perform the work. Table 1-1 illustratesthe rel ationship between project man-
agement and di scipline management.
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TABLE1-1
DISTINGUISHING BETWEEN PROJECT AND DISCIPLINEMANAGEMENT

Project managementis Disciplinemanagementis
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 willbe done
Coordinatingoverall needs Coordinating specific needs
Multi-disciplinefocus Single-disciplinefocus
Reliance on others Providing technical expertise
Project quality Technical quality
Administrative viewpoint Technical viewpoint

A generalist'sapproach A specialist's approach

FUNCTIONS OF MANAGEMENT

Management i s 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 to the
management of a project.

Planningistheformulation of acourseof actionto guidea project to completion.
It startsat the beginning of a project, with the scopeof work, and continues through-
out thelife of a project. The establishment of milestonesand considerationof pos-
sible constraints are major parts of planning. Successful project planning is best
accomplishedby the participation of al partiesinvolvedin a project. There must be
an explicit operational plan to guidethe entire project throughoutitslife.

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 manageableunits, which can be
defined and measured. The work breakdown structure of a project isamulti-level
system that consistsof tasks, subtasks, and work packages.

Staffing is the selection of individuals who have the expertise to produce the
work. The personsthat 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 providethe knowledgeto design, coordinate, and con-
struct the project. The numerous problemsthat arise throughout thelife of a project
are solved by people.

Directing isthe guidanceof the work required to completea project. The people
on the project staff that provide diverse technical expertise must be developed into
an effectiveteam. Although each person provideswork in hisor her areaof exper-
tise, thework that is provided by each must be collectively directed in acommon ef-
fort and in acommon direction.

Controllingis the establishment of a system to measure, report, and forecast de-
viationsin the project scope, budget, and schedule. The purposeof project control
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TABLE 1-2
KEY CONCEPTS OF PROJECT MANAGEMENT

Ensure that one person, and only one person, is responsiblefor the project scope, budget,
and schedule

Don't begin work without a signed contract, regardless of the pressure to start

Confirm that there is an approved scope, budget, and schedule for the project

Lock in the project scope at the beginning and ensure there is no scope growth without
approval

Make certainthat 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 operationalwork plan to guide the entire project

Establish a work breakdown structure that divides the project into definable and measurable
units of work

Establisha project organizational chart that shows authority and responsibilitiesfor all team
members

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

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

Budget all tasks; any work worth doing should have compensation

Develop a project schedule that provideslogical sequencing of the work required to com-
plete the job

Establisha control system that will anticipate and report deviationson a timely basis so cor-
rective actions can be taken

Get problemsout in the open with all persons involved so they can be resolved

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

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

Keep the client informed; they pay for everything and will use the project upon completion

isto determineand predict deviationsin a project so correctiveactions can be taken.
Project control requiresthe continual reporting of informationin 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 conceptsthat a project manager can
use to coordinate and guide a project to completion. A list of the key conceptsis
provided in Table 1-2.

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

Theroleof aproject manager isto lead the project team to ensure a quality project
within time, budget, and scope constraints. A project isa single, non-repetitiveen-
terprise, and becauseeach project is unique, its outcomecan never be predicted with
absolute confidence. A project manager must achievetheend resultsdespiteall the
risks and problemsthat 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 functionsof manage-
ment: planning,organizing, s  ng, directing, and controlling.

Project planning isthe heart of good project management. It isimportant for the
project manager to realize that he or sheis responsiblefor project planning, and it
must be started early in the project (beforestartingany 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 are well established. Table 1-3 providesguidelinesfor 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 accomplishmentsand a sense of pridein the
work accomplished. Unorganizedwork leadsto rework. Rework leadsto errors, low
productivity, and frustrated team members. Table 1-4 provides guidelines for
organizing.

Project staffingisimportant because peopl e make things happen. Most individu-
aswill readily agreethat people are the most important resourceon a project. They
createideas, solve problems, pggpucedesigns, operateequipment, 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 everyoneinvolved knows
what is required

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

4. Establish clear and well-definedmilestonesin the project so all concerned will know what is to
be accomplished,and when it is to be completed

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

6. Avoid reprogramming or replanning the project unless absolutely necessary

7. Prepare formal agreements with appropriate parties whenever there is a change in the project
and establish methods to control changes

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

9. Remember that the best-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. Establisha 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 guidelinesfor project staffing.

The project manager must direct the overall project and serve as an effective
leader in coordinating all aspects of the project. Thisrequiresacloseworking 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 peopleat all levels of authority. The project manager must
be able to delegate authority and responsibility to others and concentrate on the
linking process between disciplines. He or she cannot becomeoverly involvedin
detailed tasks, but should betheleader of the team to meet project objectives. Table
1-6 providesguidelinesfor directing the project.

Project control is ahigh priority of management and involvesacooperativeef-
fort of theentire project team. It isimportant for the project manager to establish a
control system that will anticipateand report deviationson atimely basis, so cor-
rective action can beinitiated before more serious problems actually occur. Many
team membersresist being controlled; therefore the term monitoring a project may
also be used as adescription for anticipating and reporting deviationsin the project.
An effective project control system must address all parts of the project: quality,
work accomplished, budget, schedul e, and scope changes. Table 1-7 providesguide-
linesfor project control.

TABLE 1-5
PROJECT MANAGER'S ROLE IN STAFFING

1. Define clearly the work to be performed, and work with appropriate departmentmanagersin
selectingteam members

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

3. Explain clearlyto 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 interestand 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 investigateproblems early so solutions can be found at the earliest possible date

. Obtain the resources needed by the project team to accomplish their work to complete the
project

6. Recognizethe importance of team members, compliment them 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

. Keep records of meetings, telephone conversations, and agreements

Keep everyoneinformed, ensuring that no one gets any "surprises," and have solutions or

proposed solutionsto problems

SIS

PROFESSIONAL AND TECHNICAL ORGANIZATIONS

Dueto theincreased cost and complexity of projects, theinterest in devel oping and
applying good project management principles has gained considerabl e attention by
owners, designers, and contractors. Numerousorganizations have made significant
contributionsrelated to project management by conducting research, sponsoring
workshops and seminars, and publishing technical papers. The following para-
graphs describe some of these organizations.

The AmericanSociety of Civil Engineers(ASCE), foundedin 1852, isthe ol dest
national engineering society in the United States. Membership comprises over
100,000civil engineers working in government, education, research, construction,
and private consulting. The construction division of ASCE has many councils and
technical committeesthat have published technical papers related to project man-
agementin itsJournal of Construction Engineering and Management.

The National Society of Professiona Engineers(NSPE), founded in 1936, isthe
national engineering society of registered professional engineersfrom al disciplines
of engineering. NSPE membership comprises over 50,000 engineers who are or-
ganized in five practicedivisions: construction, education, government, industry,
and private practice. The congtruction practicedivision has numerous committees
that have contributed to contract documents and | egislationrelated to engineersin
the construction industry.
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The Project Management I nstitute (PM 1), 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 programfor project manage-
ment professionals and publishes a Project Management Book of Knowledge
(PMBOK).

The Construction Management Association of America (CMAA), founded in
1981, is an organization of corporate companies, public agencies, and individual
members who promotethe growth and development of construction management
(CM) asaprofessiona service. CMAA publishesdocumentsrelated to CM, includ-
ing the Standard CM Servicesand Practice.

The Congtruction Industry Institute(CllI), foundedin 1983, isanationa research
organization consisting of an equal number of owner and contractor member com-
panies, and research universitiesfrom acrossthe United States. CII is organizedinto
committees, councils, and research teams which are comprised of owners, contrac-
tors, and academic members who work together to conduct research and produce
publicationson a variety of topics related to project management.

Thefollowing list of organizationsis provided to the reader as sourcesfor infor-
mation related to project management:

AmericanInstituteof Architects

American Society of Civil Engineers

American Society of Military Engineers

Associationfor Advancement of Cost Engineering, International
Congtruction Industry Institute

Congtruction Management Association of America

Design Build Ingtitute of America

National Society of Professional Engineers

Project Management | nstitute

Society of American Vadue Engineers

QUESTIONSFOR CHAPTER 1—INTRODUCTION

1 Aspresented in this chapter, 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 amutual 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 included in a project.

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

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

4 Give examples of problems that may arise when a contractor failsto perform hisor her
work in accordance with the contract documents.

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

6 Interview three project managers, one working for an owner, designer, and contractor, re-
spectively, to identify factorsthat each manager believesisimportant for the successful
completionof a project.

7 A definition of project managementis given in thischapter. Review thisdefinition and
expand it to include additional itemsthat you feel areimportant to the function of proj-
ect management.

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

9 Thefive basic functions of management discussed in this chapter are derived from the
basic principles of business management. Review two sources of publications that
describetherole and functionsof management, onefrom ajournal of businessmanage-
ment and one from a journal of engineering management. Compare the business per-
spectiveof management to the engineering perspectiveof management.

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

PROJECT TEAMS

Project teamsmust be assembled to accomplishthe work necessary to completeen-
gineering and construction projects. Team membersare vital to the successof 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 actsas acoach, answering questions, making sure theteam understands
the desired outcomeof the project, and ensuring that team membersknow what is
expected of them and theimportanceof sharing information. The project manager
must make sure that hisor her team understandsand i s focused on the desired out-
come of the project. The project manager also acts as afacilitator in project com-
muni cationsfor conflict resolutionand 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-timeto the project manager and are responsiblefor 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-
straintsof the project. Managing project teamsis afundamental skill within thearea
of human resources management. The Project Management | nstitute defineshuman
resources management as theat and science of directing and coordinating human
resources throughout the life of a project, by using administrative and behavioral
knowledgeto achievepredetermined project objectivesof scope, cost, time, quality,
and participant satisfaction.
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For a successful project, the project manager must build and lead an effective
project team. Team building is the processof influencing a group of diverseindi-
viduals, each with his or her own goals, needs, and perspectives, to work together
effectively for thegood of the project. Theteam effort should accomplish morethan
the sum of theindividual efforts. Every team needs motivation. Team motivationis
the process by which project managersinfluence the team membersto do what it
takesto get thejob done. The key problemis**How do you motivateteam members
when they are borrowed resources? Usually, membersaof the projectteam areindi-
vidualswho are assigned from other departmentsto the project manager's project.
Becausetheseindividualsare borrowed from other departmentsor hired from out-
side organizations, the project manager must devise a method to motivatethem to
be dedicatedto the project whileremainingloyal to their home departmentsand or-
ganizations. This presentsa real challengeto the project manager.

TEAMWORK

Teamwork is not a new concept; it is just being revisited after two decades of
worker isolationdue to extensiveemphasison 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 i s 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 continuesthroughout thelife of a project.
A well-organizedteam resolves disputes, solves problems, and communicates ef -
fectively. Effective teamwork discourages fault finding and accusations and pro-
motes unity and a common focus on the same set of project goals and priorities.
Although everyone is a key player on a successful team, every team must have a
leader. The project manager isthe leader of the team.

TEAMS FOR SMALL PROJECTS

A team is two or more people working together to accomplish a common goal.
When managing multiplesmall projects, the project manager is usualy required to
share team memberswith other project managers. Generally the project durationis
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 a 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 staffscan be afforded on small projects. This means that the few
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individual sassigned must take responsibility for multiplefunctions. In thistype of
work environment, the skill of the project manager to maneuver through the various
departmentswithin hisor her organizationto get people to do the work on the proj-
ectiscrucial in completingthe projectson time and within budget. Thereisless po-
tential for comprehensivel ook-ahead planning and attention to those functions not
currently experiencing problems. The ability to meet project deadlinesis highly de-
pendent on the schedulesof others.

On engineering work, it is difficult to have a core discipline team assigned to
each project. Asaconsequence, timeis wasted while team memberswait for infor-
mation. Since small projects have short durations, thereisofteninsufficient timefor
detailed planning and in-processcorrection of problems. Thelearning curvefor per-
sonnel is still climbing when the project is over.

Although managing multiplesmall projects may not have theformality of man-
aging asinglelarge project, the principles of working with peoplein the spirit of co-
operation and teamwork still applies. Typicaly the project manager relies on
frequent phone callsor e-mail in lieu of formal face-to-faceteam meetings.

WORKING WITH MULTIPLE TEAMS

As a project progressesthrough 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 trianglein Figure 2-1 represents a team. Although each team performsa
different function, each team must develop an attitude of shared ownershipin the
project. The project manager from each organization must create and foster an en-
vironment where team members contribute to solving problemsand 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 beginningof the project must be con-
tinued into the construction.

Regardlessof the size and number of teams, there must be a single head project
manager to make final decisionsand keep focus on the project. The owner's proj-
ect manager hasoverall responsibility and final authority for thetotal project. Sew-
ing on the owner's project management team are project managers who are
responsiblefor leading lower levels of teamsthat are responsiblefor engineering
design and constructionof the project. Asillustratedin 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 hisor her organization. Below these managersarelower tiersof
teamswho 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. Theteam is composed of individual swith diverse backgrounds,
including design disciplines[architectural, civil, mechanical, electrical, structural,
computer aided design and drafting (CADD), etc.], project control individual s(cost
control, estimating, quality control, safety, etc.), non-technical people (purchasing,
legdl, financial, permitting, regulatory, etc.), and the sponsor's representative.

Every design team must have a sponsor's representative, who may be the
owner's project manager or appointed by the owner's project manager. This indi-
vidual must communicateto the project team the corporate policiesand thefunding
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 representativeplays a key rolein resolvingissuesrelated to the
proj ect requirementsand costs that will impact the sponsor's organization after the
project iscompleted, whenit will be used by the sponsor. He or shereviewsand ap-
provesthe evolving scope, budget, and schedule. As ateam member, the sponsor's
representative approves any changesin scope, budget, and schedule before com-
mitmentsare made. Thisindividual 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 make thisindividual feel that he or sheis part of the project team.

Sdlecting design team membersis an important step in project management be-
causeit beginsthe team building process. How team membersare selected varies,
depending on the policiesof thedesign project manager's organization and the per-
suasivenessof the project manager to get the peopleon the project that he or she
wants. Chapter 6 presents variousorganization structuresfor designfirms. Toillus-
trate selection of design team members, consider adesign firm that is organized as
shown in Figure 6-5. The project manager and hisor her supervising manager will
review the project's needsto identify required discipline expertiseand required per-
sonnel. Then, amestingisarranged with the manager of appropriatediscipline man-
agersto request team members. The people assigned to the project are selected by
the department manager of engineersfor each respectivediscipline.

Obvioudy, the project manager always wants the best and most qualified work-
ersassigned to hisor her project. However, the assignment of team membersis of-
ten based on who is available a 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
arrangementsfor additional training to ensure the work can be compl eted.

CONSTRUCTION TEAMS

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

Even small-sized construction projectsinvolvea large number of people. Orga
nizing their efforts is complex, even if they al work for the same organization.
Sources of information, location, timing, and problem complexity change as people
enter the project, performtheir assigned duties, and depart.
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With dl thediversity involved in aconstruction project, people must be managed
so they work together efficiently to accomplishthe goal. Thisrequiresskilled 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 essentia to
working with construction teams. The key to a successful construction project is
properly skilled constructionmanagers. Theseindividual spossesstheability to rec-
ognizethe degree of uncertainty at any point in the execution of the project and to
managethe effortsof othersto achieveclearly defined objectivesthat resultin suc-
cessful completionof thefinal product.

The organizational chart for a construction project consists of lines and boxes
that show thedivisionof work and the relationshipof the workersto formal author-
ity. The boxesin the chart depict the tasks to be performed and the lines depict the
coordination required.

The number of construction teamsfor a project dependsupon the number of con-
tracts awarded by the owner. For each construction contractor, and subsequent tier
of subcontractors,a constructionteam isformed to perform the work in accordance
with the contract documentsissued by the owner.

TEAM MANAGEMENT

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

It is the project manager's responsibility to ensure that individualsare assigned
primary responsibility for discrete work. Most workers want to do what is expected
of them and will do the work, provided there are clear instructions and understand-
ings. This requires a collective culture of mutual agreements between the project
manager and team members. All individuals must have the common goal of creating
ateam that plansand executesthe work with aclear knowledgeof what they arego-
ing to do, who isgoing to do it, 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 somein-
stancesit may be necessary to know what method of analysiswill be used in adesign.

TEAMS AND THE PROJECT MANAGER'S RESPONSIBILITIES

When working with team members, the project manager must cross many bound-
aries in the organizationa 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 knowledgeto work
well with people. Peopleskills arevital for effectivemanagement of team members.
The project manager must create a cordial environment that enables the team to
work together so memberswill motivate themselvesto peak performance.

The project manager is responsiblefor resolving conflicts between team mem-
bersin addition to organizing, coordinating, and directing the project. The project
manager is the team leader who is responsiblefor developing the project require-
ments. Thisis accomplished by effectivecommunications.

When working with teams, the project manager acts astheleader in acquiring re-
sources, selecting team members, devel oping the sponsor's requirements, defining
scope and quality, defining budgets, and determining schedules. The project man-
ager must establishacontrol system to compl etethe project in accordancewith the
expected requirements. The project manager is expected to control project activities
within a defined scope, budget, and schedul e. Situationswill 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, numerousdecisions must be made. The process used in making de-
cisionscan have adirect impact on team performance. In some situationsthe deci-
sion can be made solely by the project manager, possibly with input from one or
more team members. However, there are other situationswhen the decision making
should involvethe entireteam. The project manager must establish a processfor de-
cision making that matchesthe decisionto be made. For exampl e, the decision may
be to resolve the best way to perform adesign or produce drawings while another
may involvegeneratingideas, solving a problem with one correct answer, or decid-
ing issueswith multiplecorrect answers. The project manager must devel op alead-
ership stylethat i s respected and accepted by the project team for decision making.

KEY FACTORS IN TEAM LEADERSHIP

Developing a culture where each team member feelsthat he or sheisa part of the
team and wanted by theteam is essential to a successful team. Individualswho feel
they are an important part of theteam will develop asense of pride becausethey are
apart of theteam and will become enthusiasticand motivated to assist othersto en-
sure the successful performanceof theentire team.

The behavior and leadership style of the project manager hasa significantinflu-
ence on theteam. The project manager must have high ethicsand asense of fairness
and honesty whiledealing with membersof the team as well as others who are not
on the team. In many respects the project manager isthe role model for the team. It
isdifficultfor peopleto be highly motivated and productivewhen they do not have
the respect of their leader. The project manager must communicate the desired
goals, objectives, values, and outcomesof the project. The team can then trandate
theseissuesinto producing quality work. The project manager must al so keep mem-
bersinformed of the statusof the project.
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Team communicationsare vital to a successful team because highly motivated
and dedicated workerswant, and need, to be informed. Regularly scheduled team
meetingsare essential. There may be numerous meetings between key team mem-
bers to exchangedetailedinformation, but aregularly scheduled weekly team meet-
ing should be held for sharing status, making decisions, and documenting
information. Becauseteam members arefrequently located at different physical lo-
cations, regul ar face-to-facemeetingsare necessary to keep the senseof team unity.

A well-defined scopefor theteam guidesthe progressof work and providesclear
goalsthat can be used as guidelinesfor decision making. The project manager must
ensure the scope is defined and understood by each team member before work is
started. A firm scope that is clearly understood provides empowerment to team
members. It also allows more independence and autonomy of individual team mem-
bers to perform their work in the most efficient and expeditious manner because
their assigned work and desired outcomeis known. Individual swho know their re-
sponsihilitiesand the required outcomeof their work are free to be innovativeand
creative, thereby producing high-quality work with performance. Theresult isasuc-
cessful project.

TEAM BUILDING

Effectiveteamwork is a key element in any successful project. Teamwork must be
started early in the process, and it must be continuousthroughout thelife of a proj-
ect. Experienced engineersand project managers al agree that teamwork is neces-
sary, but the real questionis ' How does one organizea successful team?

Effective communicationsis essential to team building. In simple terms, effec-
tivecommuni cationsmeans 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 communi cations. Misinformationor
incompleteinformationis a major deterrent to team building. Effective communi-
cations ensuresthat everyone knows what is expected and when it is expected.

All participantson 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 beinformed on es-
tablished objectives,and he or she needsto beclear 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 communicatehisor her goalsand aspirationsfor the project and must set prior-
itiesrelated to cost, schedul e, safety, and the expected level of quality. Everyoneon
the project must realizethat the project sponsor paysfor everythingand is therefore
the common customer of al parties.

Designerswant an educated sponsor who is knowledgeabl ein the process of de-
signing and constructing the proj ect, but sometimesthat is not the case. Sometimes
the project manager must help the project sponsor to understand the importance of



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

From thefirst day of the project, there must be continuity in the project team.
High turnover of team members creates wasted timein educating new people and
lost knowledgeof previousdevelopmentsin the project. The contractor should be
brought into the project at the earliest possibledate. Constructioncontractorshave
excellent knowledgeof costsand methods of constructionthat are extremely help-
ful during the design phaseaf a project. Peopleexperienced 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 typesof projectsthelender is not an active participantin theteam and every-
onesuffersfromit. Unfortunately, thelender staystoo far from the project and does
not becomeinvolved 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 mgjor equipment. Early involvement of the person who will
beinvolvedin issuing purchaseorders, tracking vendors' shipping datesand deliv-
ery dates, and receipt of procured material and equipment has a significant impact
on mesting installationdeadlinesin a project.

Key wordsfor team building are pressure, responsibility, honesty, kindness, re-
spect, and communications. Engineering and construction projectsusually require
tight schedules which create pressure on the project team to compl ete the work at
theearliest possibledate. Thisrequires cooperation among team memberswho must
assume responsi bility and perform their work in the most expeditious manner. The
ground rule should be " Everyoneis a contributor and winner on a successful team."
Theteam must stop worrying about the 1% that is wrong and focus on the 99% that
isright. The project team must have open communicationsand avoid hiding mis-
takes and pointing blame. A successful team can achieve a successful project and
havefun doingit.

Some compani es have begun the team building process by holding a week-end
retreat for team members, including their family members. The retreat is usually
held in aresort setting to alow interaction of team membersrelated to their persond
interests. Thisallowseveryoneto realizethat team members have similar aspirations
and common interests. For example, understanding that others on the team have
children with special talentsor must carefor elderly parents can provide a sense of
bonding and mutual respect, which isthefirst step in effectiveteam 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, to try to understand why people behavethe 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 isthe quest to satisfy their needsthat drivesor motivates people. The needs
include basic physical and psychological needs, which are perceived in the human
mind and satisfied by material things. Maslow proposed that the needs of humans
follow a hierarchy, beginning with comfort and basic survival, such asfood, cloth-
ing, and shelter. Once thisfirst need is satisfied, humans seek to satisfy the next
higherlevel of need: safety and security. After this need is satisfied, individual sseek
progressively higher levels of need, including belonging, ego, and finaly self-
fulfillment. Self-fulfillmentis the highest level of need and may includean urgeto
haveincreasinginfluenceor give back to the world, such as establishing an endow-
ment. Figure 2-2 isagraphical representationof thefivelevelsin Maslow’s hierar-
chy of human needs.

As the lower levels of needsare satisfied, it is only natural for a person to be-
come motivated to achievethe 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
membersin 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. Sometimesit 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, a team member may be concerned about having ade-
quate 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 at nights or on
week-ends.

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

FIGURE 2-2
Maslow’s Hierarchy of Needs. T
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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 causeteamsto fragment or disintegrate. Thus, the project manager must
use good peopl e skillsto motivateteam 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, accessto 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 a negativeinfluenceby fosteringinterpersonal hostility, reduced performance,
and dissensionin the team.

Conflictscan arisedue to different agendasamong team members since some of
the team membersmay work for different companies. For example, on the owner's
project management team there will be membersfrom one or moredesignfirms as
well as one or more construction companies. Likewise, the design team's project
manager may have team memberswho are in-house as well as design consultants
who are under contract to perform specia parts of thedesign. The constructioncon-
tractor's project manager usually has many diverse personnel from both in-house
and subcontractors.

It should be recognized that conflictsare often aresult of changes, for example,
modification of drawings, reassignment of a team member, or changesin meeting
dates that are not communicated to other team members. The project manager and
team should eval uate each conflict resolution to capturelessonslearned, 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 techniquest o deal with dis-
agreements, both technical and personal in nature, that inevitably devel op among
team members. Project managersand team members may perceivethat conflictsare
bad, shouldn't exist, are caused by troublemakers, or should be avoided. However,
all project participants should recognize that conflicts are inevitable and actually
can be beneficial if resolved in an appropriate manner. Resolution of conflicts can
lead to innovationand to ideas about how to improve work efficiency.

Withdrawal or giving up isapoor way of managing conflicts. It is a stopgap at-
tempt to resolveaconflict and does not solve the problem. Withdrawal is a passive
approach to solving a problem and only temporarily delaysthe inevitablefuture re-
occurrenceof the problem. Another method, smoothing, isa more activetechnique
to managing conflicts. However, smoothingonly temporarily avoidsthe conflict by
appeasing one or more of the partiesinvolved in the conflict. Smoothing does not
providelong-lasting solutions.

Compromisingis another approach to settling conflicts. This approach involves
bargai ning between the di sputing partiesto reach an acceptableagreement. Thedis-
puting parties make trade-offs that often fall short of ideal solutions. Too often,
compromisingdoes not result in a definitiveresol ution and | eaves opportunitiesfor
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areoccurrenceof the conflicts. Depending on the circumstances, however, compro-
mising may bethe best method of resolving conflicts.

Confrontingand problem solvingisamethod of resolving conflictsthat requires
participationby all partiesinvolvedin the conflict. It requiresan open dialogueto
identify the root problemsand a joint effort to use problem-solving techniquesto
objectively resolvethe conflict. The potential to find final, mutually acceptable so-
lutionsis usually higher when the project manager and team use this method.

For some situationsit may be necessary for the project manager to exercise au-
thority to force a resolution of the conflict. Forcing a resolution can only be used
when the project manager has the authority and 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

Sometimesmultiplesolutionsto a problemexist, each of which may yield the same
result. Team membersmay not agreeon any one particul ar solution. Some members
may be indifferent regarding a particular solution, while others may have strong
feelingsabout a solution. The project manager must work with the team to develop
aconsensusregardingsdection of the best solution. For these situations, the project
manager must hel p the team membersto focus on solving the problem.

Voting, trading, or averaging can be helpful in reachinga consensus. The project
manager must lead the team in seeking facts to avoid dilemmas and indecisions.
During discussions, conflict should be accepted as hel pful and every effort should
be madeto prevent threats, offensivecomments, or defensive actions. Team mem-
bers should avoid personal interestsand behaviorsthat excludethe opinionsand po-
sitionsof other team members. Instead, they should exhibit mutual respect for each
other with a special effort tofocus on what is best overall for the project.

TEAM CONDUCT

A teamis most simply defined as two or more peoplewho, by working together, ac-
complish morethan if they worked separately. Projectstypically consist of multiple
design and construction packages, each with specific assignmentsand responsibili-
ties. For a successful team, specificrules arerequired.

Goalsfor aparticularteam explicitly direct the project requirementsof each spe-
cific group. For example, the safety team should know that it is supposed to keep
health and accident incidentsto a quantified level, or the scheduling team should
know the number of days alowed to develop the CPM schedule. Teams need to
know the required timeto do their work and the desired outcomeof their work.

In addition to knowing the goals, the team must al so know how it isexpected to
operate. The design and constructionteams should know from the beginningthe ex-
tent of their power and authority to act. For example, some teamsmay be expected



CHAPTER 2 WORKING WITH PROJECTTEAMS 29

only to solve problems, while others are only required for routine reviews, and
othersexist to make decisions.

Every project requires a set of rulesto 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 membersto performtheir work be-
cause they know what is expected of them. Generally, when the rulesare unclear or
absent, teams limit themselvesfrom reaching their full potential.

Working relationships must be clearly defined and understood. To be effective,
each team should know whereit fitsin the overall schemeof 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 basisof professional relationships. Interrela-
tionshipsbetween teamsis 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 principlesand valuesto the
team. The extent and determinationto which they hold these valuesinfluenceshow
well theteam will be ableto work together. Team members should not haveto com-
promisetheir personal valuesand principles. The team leader must becommittedto
respecting team members, promoting openness and flexibility. Situationswill arise
when compromisesare necessary to resolveissues.

QUESTIONS FOR CHAPTER 2—WORKING WITH
PROJECT TEAMS

1 Itisthe project manager's responsibility to ensure that each team member is assigned pri-
mary responsibility 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 You are the project manager of ateam which has been newly formed. Suppose you feel
one of the team membersis lacking in the reguired skills to perform the work. Discuss
methodsyou would useto assist the team member to ensure that hisor her work will meet
your expectations.

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

4 Maslow’s theory of hierarchy of needslistsfivelevelsof needsthat are motivatorsof peo-
ple. Asaproject manager, list methods you would useto identify the needsof team mem-
bers so you can be responsiveto those needsin motivating your team.

5 Conflict between team membersoften is aresult of changes. List changes during a proj-
ect that could potentially lead to conflicts. For each change, how would you attempt to re-
solvethe conflict?

6 When ateam is formed that consists of people who have never worked together, team
building may be necessary. Describe methods of team building for a design team that has
different engineering disciplines combined with peoplefrom purchasing, quality control,
and cost control.
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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.
Thereare many choicesaof processes, each with advantagesand disadvantages. The
processselected affectsfinancing; selection of team members; and the project cost,
quality, and schedule. Although the process selected isimportant, selecting good-
quality peopleis moreimportant. A successful project is achievedby people work-
ing together with clear responsibilities.

Design and construction projects progress through three phases: project defini-
tion, design, and construction. It should be mentioned that for a total project there
are business planning stepsthat precededesign and thereis an operationsand 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 setsthe stagefor construction work. The project definition phaseinvol vesdis-
covery toidentify and analyze project requirementsand constraints. Although the
initial focusis on the owner's requirementsand 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 requirementsand constraints providesa de-
scription of the project and helpsidentify a plan for thetime and cost of delivering
the project.

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

I nfrastructure-sectorprojectsincludetransportationsystems, such as city streets,
county roads, state and federal highways, airports, or navigational waterways. The
infrastructuresector alsoincludes utility projects, such aswater and sewer line sys-
tems, gasdistributionlines, electrical transmission and distribution, telephone, and
cablelines. For these types of projectsthe owner may be a private company or an
agency of the government. The prime designer is the engineer, who generally pre-
paresa complete design before constructioncontractsare created.

Process-sector projects include chemical plants, oil refining, pharmaceuticals,
pulp and paper, and electrical generating. Engineers are the prime designers of
process-sector projects. The stages of design include preliminary engineering, de-
tailed engineering, and development of the contract documents. For example, pre-
liminary engineering may involvedesigning the processflow sheetsand mechanical
flow sheetsfor a chemical processing plant. The preliminary engineering produces
the major processes and major equipment required in the project. Detailed engi-
neering involvesthe actual sizing of pipesthat will connect to the equipment and
control systemsto operatethefacility, such as piping and instrumentation drawings.
The contract documents are the final drawingsand specificationsfor constructing
the project.

Dependingon the project delivery method, procurement may start during the de-
sign phase. For exampl e, as soon as the specificationis completedfor amajor piece
of equipment, a purchase order may be issued to procure the equipment if itisa
long lead-timeitem that must be ordered in advanceaof constructionto ensurethat it
can be ingtalled 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 procurementof construction contractors.

In the current practiceof competitive-bid projects, contractorshid the project af -
ter the contract documents are compl eted. After accepting the bid, the contractor
must devel op shop drawingsto build the project. Shop drawingsare prepared by the
contractor and submitted to the designer for approval. The shop drawingsshow the
detailed fabrication and installation that will be used during construction. Thus,
the contractor is also involved in design. The productionof shop drawingsimpacts
thequality of fabricationof manufactured itemsthat will beinstalled at the job-site.
Siteconstructioninvolveslabor, material, and constructionequipmentto physically
build the project.

For non-competitive—bidprojects, the owner negotiatesa contract with afirm to
provide engineering and/or construction services. Typicaly, the cost of the project
is negotiated on sometypeof cost-reimbursablebasis. The agreement al so specifies
how the engineering design will beintegrated with the construction process.
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ADVANCES IN THE ENGINEERING AND
CONSTRUCTION PROCESS

The constructionindustry has matured and continued to enhance the integration of
activitiesin the design, fabrication, construction, and operation of constructed fa-
cilities. Mgjor advancementsin computer hardware and software have produced
two-dimensiona (2-D) and three-dimensiona (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 phasesto greatly
improvethe capability to detect and prevent interferenceduring field construction.
Theresultis moreefficient construction operationsand less rework.

The biggest improvement using CAD is better coordination of activitieswithin
an integrated process, rather than automating individual activitieswithin the exist-
ing fragmented design/construction process. The design intent may not befully re-
dizedin thefield using traditional informationflow to the field through the use of
drawingsand other hardcopy documents. Traditional paper-based constructiondoc-
umentsdo not permit field personnel to interact with the 3-D model to extract in-
formation that meets their needs. Communicationthat uses 3-D modeling coupled
with improved representationof design intent and other supplemental information
can help dleviate many typical construction problems associated with material
availability, work packaging, construction sequencing, and field changes.

PRIVATE VERSUS PUBLIC PROJECTS

Projects may also be classified as private-sector or public-sector projects. The
owner of a private-sector project is typically a business that provides goods and
servicesfor a profit. Examples include commercial retail stores, manufacturing fa-
cilities, industrial process plants, and entertainment facilities. Since theownerisa
private business, the business administratorshave the flexibility to choose any en-
gineering and constructionservicesthat suit their specific needs. For example, they
can competitive bid the project or select a sole sourcefirm to provideengineering
and constructionservices. 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 projectsis typicaly a government agency, such as
city, county, state, or federal. Examplesinclude local school boards, state highway
departments, or thefederal department of energy or defense. For public-sector proj-
ects the owner typically uses the competitive-bid method based on the lowest bid
price for securing engineering and construction services. However, in recent years
there has been an increasein qualification-basedsel ection (QBS) for securing engi-
neering and construction services. Using the QBS process, the owner selects
engineering and construction services based on specificqualifications 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 meetsthe owner's needs, budget, required level of qual-
ity, and schedule. In addition, the work specified in the contract documents must
be constructable by the contractor. The contractor's team mugt efficiently manage
the physical work required to build the project in accordance with the contract
documents.

There are numerous combinationsof contract arrangementsfor handling a proj-
ect. Figure3-1illustratesthefundamental arrangementsin their simplest form. Each
of these arrangementsis briefly describedin the following paragraphs.

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

FIGURE 3-1
Contracting Arrangements.
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separate contractsare awarded, one to the designer and one to the contractor. Since
acompletedesign is prepared before construction, the owner knows the project's
configurationand approximate cost before commencing construction. Considerable
time can be required because each step must be compl eted before starting the next
step. Also changes during construction can be expensive because the award of the
constructioncontract is usualy based upon alump-sum, fixed-pricebid before con-
struction, rather than during construction.

A desigdbuild contract is often used to shorten the time required to completea
project or to provideflexibility for the owner to make changesin the project during
construction. It is atwo-party arrangement between the owner and the design/build
firm. Since the contract with the design/build firm is awarded before starting any
design or construction,a cost-reimbursablearrangement is normally used instead of
alump-sum, fixed-cost arrangement. This method requiresextensiveinvol vement
of the owner for decisionsthat are made during the selection of design alternatives
and the monitoring of costs and schedul esduring construction.

A construction management (CM) contract can be assignedto aCM firm to co-
ordinatethe project for the owner. The CM contract is afour-party arrangementin-
volving theowner, designer, CM firm, and contractor. During the past twenty years
there has been considerabledebate regardingthe CM processand the amount of re-
sponsibility assigned to the CM firm by theowner. The basic CM concept isthat the
owner assignsa contract to afirm that is knowledgeableand capable of coordinat-
ing all aspectsof the project to meet the intended use of the project by the owner.
The CM method of contractingis discussedfurther in Chapter 11.

An ownerlagent arrangement is sometimes used for handling a project. Some
ownersperform part of the design with in-housepersonnel and contract the balance
of design to one or moreoutside design consultants. Construction contractsmay be
assigned to one contractor or to multiple contractors. Although uncommon, an
owner may perform all design and constructionactivitieswith 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-builderownersare organizationsthat do not have a need for
projects on arepetitivebasis, normally have alimited project staff, and contract all
design and construction activities to outside organizations. They usualy handle
projects with a design/bid/build or construction management contract.

Multiple-builder owners are generally large organi zationsthat have a continual
need for projects, and generally have a staff assigned to project work. They typicaly
will handlesmall-sized, short-duration projects by design/bid/build. For a projectin
which they desireextensiveinvolvement, adesign/build, construction management,
or ownerlagent contract arrangementis often used.

An owner can select avariety of waysto handlea project. The contract arrange-
ment that is selected depends on the resources avail ableto 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
importanceof cost and schedule.
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PHASES OF A PROJECT

Aprojectisinacontinual stateof changeasit progressesfromitsstart, asaneed by
the owner, through design development and, finally, construction. Figure 3-2 shows
the variousphasesduring thelife of a project. Asthe project movesfrom one phase
to another, additional partiesbecome involved and moreinformationis obtainedto

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

In the early phasesof design development,there may not be sufficientinforma-
tion to define the scope accurately enough to know the work to be performed. A
characteristic of most project managersis “I can do it."" This characteristic often
leads to assignment of work to the project manager before the work is completely
defined or officialy 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 conditionsexist, 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 a matching budget and schedule. Then when thereis adeviation
from the defined scope, the project manager can advisethe owner of the readjusted
budget and schedule caused by the change in scope and obtainthe owner's approval
before proceeding with the work.

During the development of conceptual configurationsand 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 completionis a mgjor 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 ensurethe project meetsthe minimum needsof the owner
and there is a clear understanding of the level of quality that is expected by the
owner. It is the duty of the project manager to ensure that project devel opment
meets the owner's expectations.

The owner's authorizationto proceed with final design places pressure on thede-
signer to compl ete the contract documents at the earliest possible date. However, the
quality and completenessof the bid documentshave agreat influenceon the cost of
the project. Adequate time should be allocated to the designer to producea design
for the project that is constructable and will perform for the owner with the least
amount of maintenanceand operating costs.

For large projectsthe procurement of bulk material and special equipment hasa
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 representativeon the project'team.

Thetypeof contract chosen and the contractors selected to bid the project influ-
ence cost, schedule, and quality. The project manager plays an important role in
processof qualifying of contractors, the evaluation of bids, and recommendations
of theaward of constructioncontracts.



OWNER'S STUDY

A project starts as a need by the owner for the design and construction of afacility
to producea 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 outsideconsulting firm. Generally one or more personswithin the
owner's organi zationare assigned to perform a needs assessment to study the mer-
itsof pursuingthe project.

Thefirst requirement of the owner is objectivesetting. Thisisimportant because
it provides afocusfor scope definition, guides the design process, and influences
the motivation of the project team. The process of setting objectivesinvolvesan op-
timization of quality, cost, and schedule. The owner's objectives must be clearly
communicated and understood by al partiesand serve as a benchmark for the nu-
merous decisionsthat are made throughout the duration of the project.

The magnitudeof the owner's study varieswidely, depending on the complexity
of a project and theimportanceof the project to the owner. It is an important study
becausethe goals, objectives, concepts, ideas, budgets, and schedulethat are devel -
oped will greatly influencethe 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 arequired project compl etiondate. Failureto provideany of
the aboveitems starts a project in the wrong direction and leads to future problems.
Sometimesan owner will contract parts of the study to an outside consulting firm.
If an outsidefirm isutilized, the owner must still beinvolved to becertain hisor her
needsare represented.

Thethoroughnessand compl etenessof the owner's study hasasignificant impact
on total project cost. An inadequately defined project scopeleadsto changesduring
design and/or construction. An incomplete scope leadsto costly change orders and,
frequently, to claims and disputes which lead to major cost overruns, delays, and
other problems. Experienced managersagree the time to achieve savings and reduce
changesisin the early life of the project, not at the start of construction. This con-
ceptisillustratedin Figure 3-3.

OWNER'S NEEDS AND PROJECT OBJECTIVES

An owner must know his or her needs and objectivesbeforeany productiveproject
work can be started. If the owner doesn't know what the project requires, then no
one knows what to do. Defining owner needsis thefirst step in a broad range of
preproject activitiesthat 1ead to scopedefinition. A project manager cannot form the
project team to execute the project without aclear scope definition.

The processof identifying owner needs and objectivesrequirestheinvolvement
of awiderange of people within the owner's organization. Thisincludestop man-
agers and investors, financia personnel, and in particular the people who will use
and/or operate the project after it is constructed. The processaof identifying owner
needs and objectives usually involves numerous activities and discussions. It is
important that "what is needed” be separated from "what is wanted." Without



CHAPTER3: PROJECTINITIATION 39

Cost to implement changesin project

Ability toinfluenceproject ality. cost. and sched
quality, cost, and schedule~\ quality, cost, and e 7
. i \ ! : ; .
High High
Low Low
~ Owner's ' Preiminary | Detailed i Procurement i Contract
Project ' Engineering !  Engineering ! of Special ' Congtruction
Definition | Design ) Design ‘Equipment/Material Work
FIGURE 3-3

Importance of Clear Project Definition During the Early Phases of a Project.

constraintsof cost and schedule, focus easily shiftsfrom what is needed to what is
wanted. This makes a project unaffordableand non-feasible. Becausethere are al-
ways constraintsof cost and schedule, the owner must develop a project definition
based upon need. This processinvolves an optimization of quantity, quality, cost,
and schedule.

Membersof theowner's organization must realizethat it istheir responsibility to
resolveall issuesrelated to project needs and objectives before assigning the proj-
ect to the project manager. It is not the duty of the project manager or the project
team to define the owner needs. Vague owner needs lead to project changes, scope
growth, cost overruns, rework, and misunderstandingsamong team members. The
best way to determine needs, and information related to needs, isto talk to the peo-
ple who will use thefacility after it isconstructed.

Thefollowing paragraphspresent a hypothetical exampleof the devel opment of
an owner's needs. An owner may definea company goal of centralizationof itsop-
erationsto streamlineoperating efficiency. To achievethis goal, company manage-
ment may set the objective of consolidating the service facility of each of itsfive
operatingdistrictsinto asinglelocation. Thus, thereis aneed to designand 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. Negotiati ons between the peopl e should fo-
cus on what is best overall for the company in order to achieve efficiency of
operations, which isthecompany's goa . Compromiseis often necessary to separate
"what is needed"” from "what is wanted.” The end result should be afacility that
meets the needs of all five districts and can be operated more efficiently than five
separate servicefacilities. For example, agreement may be reached that the owner
needs afacility consistingof three buildings: an employee's officebuilding, aware-
house, and a maintenanceshop. Additionally, an outside heavy equipment and bulk
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material sstorage area may be needed. These minimum requirementsof thefacility
then initiate the processof project definitionand scope.

A part of the owner's needsand objectivesstudy is assessment of the total proj-
ect budget because management generally will not approvestarting the design of a
project unlessthe probabletotal cost is known. The project budget at this stage of
devel opmenti s based on parameter costs, such as cost per squarefoot of building or
cost per acreof sitedevelopment. If the anticipated project cost exceedsthe 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. Considerationwould
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 discussedin Chap-
ters6, 8,9 and Appendix A.

PROJECT SCOPE DEFINITION

Project scopeidentifiesthoseitemsand activitiesthat are required to meet the needs
of the owner. For example, a project may need three buildingsconsisting of an em-
ployee's officebuilding, a warehouse, and a maintenance shop. | n addition, the proj-
ect may need a crushed aggregate area for storage of heavy equipment and bulk
materials. Each of the aboveitemsshould bedefined in further detail, such asnum-
ber of employeesin each building, type and amount of storage needed in the ware-
house, type of maintenancerequired, and size and weight of equipment. This type
of information is needed by the project manager and team to define the work re-
quired to meet the owner's needsand 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 changesthat may adversely affect the project budget and schedul e. Just to state
that a project consists of three buildingsand an outside storage areais not enough.
information to start the design phase. To assist the owner in this effort, a compre-
hensivecheck list of itemsshould be prepared. Table3-1isan abbreviated check list
for project scopedefinition of a petrochemical project. The tableis provided for il-
lustrative purposes only and does not include al the items that should be consid-
ered. A similar check list should be prepared for other types of projects.
Experienceddesign and construction personnel can provide valuableinput to assist
an owner in the development of acheck list for project scope.

Beforedesign is started, scope must adequately definedeliverables, that is, what
will befurnished. Examples of deliverablesaredesign drawings, specifications, as-
sistanceduring bidding, construction inspection, record drawings, and reimbursable
expenses. All thisinformation must be known before starting design because it af-
fectsthe project budget and schedule. To accomplishthis, the project manager from
the design organization must beinvolved early in the project; and he or she will re-
quireinput from experienced technical peopleto represent every aspect of the pro-
posed project.
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TABLE 3-1
ABBREVIATED CHECK LIST FOR PROJECT SCOPE DEFINITION OF A
PETROCHEMICAL PROJECT

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

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

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

A redlistic 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 scheduledevel oped that matchesthe scope. It i s the responsi-
bility of all project managersto keep al work within the approved scope, and all
costs and schedulewithin approved limits.

There are times when an owner may becomeexcited about the merits of a proj-
ect and anxiousto begin work as soon as possible. This usually occurswhen a new
product is developed or a government 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 is forced into defining scope while
work is being performed, which leads to frustration and adverse relationships.
The simple solution to this problemis to lock in the scope at the beginning of the
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project, before starting work, to makecertain all partiesknow thefull extent of the
required work.

PROJECT STRATEGY

In theearly stagesof project devel opmentthe owner must devel op the project strat-
egy, aplan to carry out tasksin a timely manner. Project strategy formsthe frame-
work for handling the project. It includes the contracting strategy, the roles and
responsibilitiesof the project team, and the schedule for design, procurement, and
construction.

Contract strategy identifiesthe overall organizational structureand the alocation
of risk among the contracting parties. In the early stagesof project developmentthe
owner must decide the work that can be performed by in-house personnel and the
work that must be contracted to outsi de organizations. The owner may havealarge
engineering staff that can handle the entire project: design, procurement, and con-
struction. In other cases the owner may only have alimited staff for projects, which
requiresthe assignment of contractsto outside organizationsthat have the capabil-
ity to perform the necessary work.

Although a large organization may have the in-house capability, it may not be
ableto schedulethe work when it is needed dueto prior commitments. The owner's
organizationmust make arealisticassessment of the work that can be accomplished
in-houseand an outsidefirm's capability to perform the work, and then evaluatethe
cost and scheduletrade-offsof purchasing outside services.

Thetypeof contract chosen definesthe allocation of responsibilitiesand risksfor
each party and influencesthe project schedule. If afast-track scheduleisimportant
in order to obtain an early return on the project investment, then a cost-plus-feecon-
tractingstrategy may be desirable. Government projectsof an emergency natureare
sometimeshandled in this manner. If thereis ample time to completethe entirede-
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 schedul e requirements.

The project strategy includes a schedulefor the timing of design, procurement,
and construction tasks. The purpose of the owner's scheduleis to identify and in-
terfaceoverall project activities: design, procurement, and construction.A workable
schedule must be developed that integrates the activities of al partiesinvolved in
the project. Any changein the project scheduleshould be approved by al parties.

SELECTION OF DESIGN FIRMS AND CONSTRUCTION
CONTRACTORS

Selection of thedesigner and constructor varies depending on many factorsinclud-
ing thetype, size, and complexity of the project; theowner's knowledgein handling
engineering and construction projects, and how soon the owner wants the project
completed. The method of selection dependson the owner's project strategy and the
contract arrangement chosen by the owner.
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When the owner plansto completeall the design before selectinga construction
contractor, then a proceduremust be initiated for selecting the designer. Typicaly,
an owner selectsadesigner 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
choosetheir preferred designer or they may desireto obtain proposal sfrom severa
design organizationsthat they have used in the past. A request for proposal (RFP) is
issued to the prospectivedesi gnerswho then each prepareadesign proposal asdis-
cussed in Chapter 7. After the design organi zationshave submitted their proposals,
the owner can review and evaluate the proposal sand make a decision for award of
thedesign contract. For public-sector projects, sel ection of the designer dependson
the policiesand restrictionsof the owner's organization. Generally, designersare se-
lected from alist of prequdifiedfirms. Chapter 5 presents methodsof compensation
for professional design services.

If the owner has no prior experiencein working with designers, a procedure must
be establishedto select the designer. After the owner has studied the proposed proj-
ect and its need for design services, alist of prospectivedesign organizationsisiden-
tified. Often thelist iscompiled based on recommendationsof other ownersor those
acquainted with design firms who areknown to havethe expertise required to desigp
the project. Generally thelist consistsof at |east three design firmsthat appear to be
best qualified for the particul ar project. Each design firm is sent aletter that briefly
describesthe proposed project and inquires about itsinterest in the project. Uponre-
ceipt of confirmation that thedesign firmisinterested in the project, the owner then
conducts a separate interview of each design firm. At the interview the owner re-
views the qualificationsand records of the firm to assessits capability to complete
thework within the allotted time and to review specifickey personnel that would be
assigned to the project. It isimportant for the owner to meet the specific people who
will be performing the design work to ensure compatibility of personalities.

Typicaly after al interviews are conducted, the owner liststhe designfirmsin
the order of their desirability, takinginto 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 interviewsof thetop designfirmsmay be conducted before adeci-
sion is made on thefinal selection.

If the design is 100% compl ete, the owner may issue requestsfor bids (RFB) to
construction contractors. For most private-sector projects the contract documents
generally state that selection of the construction contractor will be based on thelow-
est and best bid. Typically for public-sector projects the contract documents state
the selection of the construction contractor will be based on the lowest qualified
bidder. However, the lowest bid is generally the 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 constructioncontractor may be selected at the same time the de-
signer isselectedin order to take advantageof 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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becausethe design documentsare not completed. When the constructioncontractor
is selected before design is completed, a procedure is established to review and
eval uate prospectiveconstructioncontractorssimilar to the procedurespresentedin
preceding paragraphsfor selection of the designer. A more detailed discussion of
project delivery methodsfor constructionis presented in Chapter 11.

PARTNERING

The competitiveenvironment and therigid requirements of contractshave, at times,
caused adverse relationshipsin the constructionindustry. Traditionally, contractors
and vendors have been selected on a competitive-bid basisto provideconstruction
services, under formal contracts, to meet the requirementsspecifiedin thedrawings
and specifications. A short-timecommitment is madefor the duration of the project.
Thus, contractorsand vendors work themselvesout of ajab.

A relatively new concept called partnering is an approach that focuses on mak-
ing long-term commitments, with mutual goalsfor all partiesinvolved, to achieve
mutual success. The Construction Industry Institute(Cl 1) establishedatask force on
partnering to evaluate the feasibility of this method of doing businessin the con-
gtructionindustry. Cll Publication 17-1, entitled In Search d Partnering Excellence,
isareport that discussesthe research findingson partnering practices. Thefollow-
ing paragraphsare excerptsfrom the report.

Partnering is a business strategy that offers many advantages to the partiesin-
volved; however, its success depends on the conduct of the partiesand their ability
to overcomebarriersrelated to doing business differently than in the past. Compa-
niesagree to shareresourcesin along-term commitment of trust and shared vision,
with an agreement to cooperateto an unusually high degreeto achieveseparateyet
complementary objectives. Partneringis not to be construed asalegal ** partnership™
with the associatedjoint liabilities.

Thefirst known partneringrel ationshipin 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 accomplishedusing 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 documentsdevel oped by the contractor. Twenty-fivediffer-
ent projectswere performed with thisrelationship.

From a contractual point of view, thisfirst partnering relationshipdifferedfrom
traditional contracts because the bureaucratic procedureswere removed and all is-
sues were open for negotiations. In this rel ationship the owner agreed to carry the
financial burden of any risks that might occur during the duration of the relation-
ship. The partiesagreed to set performanceevaluation criteriafor major areas that
wereimportant to the projects. An incentive system based on the performancecri-
teriawas utilized, including monetary awards given by the owner to the contractor
for doing agood job. Contractor incentives to employeesincluded both monetary
and non-monetary incentives.
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A cultural changeisrequired by al partiesin a partneringrelationship. The three
key elementsaf any successful partneringrelationshipare trust, long-termcommit-
ment, and shared vision. As these three elementsare devel oped, other subelements
are achieved and the benefitsto all partiesare maximized. Both customer and sup-
plier can profit from reduced overhead and work load stability. Competitiveadvan-
tageisenhanced through improved cost, quality, and schedule. Growth and balance
areimportant to the continual improvementof the partneringagreement. For exam-
ple, in devel opinglong-term commitment, a partnering agreement may grow from
single to multiple projects. Likewise, trust may evolve from competitive bidding
through completedisclosure of project costsin a cost-plusrel ationship. Shared vi-
sion can expand to open sharing and mutual development of business objectives.

The CII publicationdiscussesapplicationsof partneringto small businessesand
projects, guidelines on selecting partners, and guidelinesfor implementing a part-
nering relationship.

QUESTIONS FOR CHAPTER 3—PROJECT INITIATION

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

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

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

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

6 Describe the differences between project objectives and project scope definition. Define
theinteractive role of theowner and designer in this processto ensure a well-defined un-
derstanding between the two parties.

7 Review published articlesthat describe the concept and process of partnering, and list ma-
jor differences between partnering and traditional methods of contracting strategies.

REFERENCES

1 Barrie, D. S. and Paulson, B. C., Professional Construction Management, 3rd ed.,
McGraw-Hill, Inc., New York, 1992.

2 Barrie, D. S, Directionsin Managing Construction, Wiley, New York, 1981.

3 Haltenhoff, C. E., Construction Management: A State-of-the-Art Update, Proceedings of
the Construction Division, American Society of Civil Engineers, Reston, VA, 1986.



46  PROJECT MANAGEMENT FOR ENGINEERING AND CONSTRUCTION

4 Hdtenhoff, C. E., The CM Contracting System— Fundamentals and Practices, Prentice
Hall, Upper SaddleRiver, NJ, 1999.

5 Hancher, D. E., In Search of Partnering Excellence, PublicationNo. 17-1, Construction
Industry Ingtitute, Austin, TX, July 1991.

6 Laufer, A., Owner’s Project Planning: The Process Approach, Source Document No. 45,
Construction Industry Institute, Austin, TX, March 1989.

7 Organizing for Project Success, Publication No. 12-2, Construction Industry Institute,
Augtin, TX, February 1991.

8 Rowings, J. E., Project Objective Setting, Publication 12-1, Source Document No. 31,
ConstructionIndustry Institute, Austin, TX, April 1989.

9 Scope Definition and Control, Publication No. 6-2, Construction Industry Institute,
Augtin, TX, July 1986.

10 Standard CM Servicesand Practice, Construction Management Association of America,

Washington, D.C., 1988.



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 engineeringteam. For the
sponsoring organization, early cost estimatesare often a basisfor business unit de-
cisions, including asset devel opment strategies, screening of potential projects, and
committing resources for further project development. Inaccurate early estimates
can lead to lost opportunities, wasted devel opment effort, and lower than expected
returns.

An early estimateis alsoimportant to the project team because it becomesone of
the key project parameters. It helps formulate execution strategies and provides a
basis to plan engineering and construction. The early estimate often serves as a
baselinefor identifying changes as the project progressesfrom design to construc-
tion. In addition, the performanceof the project team and overall project successis
often measured by how well thefinal cost comparesto the early cost estimate.

CLASSIFICATIONOF EARLY ESTIMATES

There are many estimatesand reestimatesfor 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 estimatesform the basisto which
al future estimatesare compared. Futureestimatesare often expected to agree with
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FIGURE 4-1

Estimates and Reestimates Through Phases of Project Development.

(i.e., beequal to or less than) theinitial estimates. However, too oftenthefinal proj-
ect costsexceed theinitial estimates.

Various names have been given to estimatesby severa organizations. However,
there is no industry standard that has been established for defining estimates. In
genera, an early estimateis defined as an estimate that has been prepared after the
businessunit study but prior to completionof detailed design.

I ndividual companies defineestimate names and percent variationsthat they use.
Various organizations have also defined classifications of cost estimates. Two ex-
amplesare the cost estimate classificationsby the Association for Advancement of
Cost Engineering (AACE) International shown in Figure4-2 and by the Construc-
tion Industry Institute (Cl1) shown in Figure4-3.

In general, an early estimateis defined as an estimatethat has been prepared be-
fore completion of detailed engineering. This definition appliesto class5, class 4,
and early class 3 estimates of AACE International. This definition also appliesto
order-of-magnitude and factored estimates described in Cll publications.

FIGURE 4-2
AACE International Cost EstimationClassifications (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%

Class1 50% to 100% Check Estimate or Bid/Tender —-10%to +15%
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Estimateclass Percent range Description/methodology

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

Factored Estimate +1-25 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

|

FIGURE 4-3

Construction Industry Institute Cost Estimate Definitions (Cll SD-6).

ESTIMATINGWORK PROCESS

Estimatingis a process, just like any endeavor that requiresan end product. Infor-
mation must be assembled, eval uated, documented, and managed in an organized
manner. For a process to work effectively, key information must be defined and ac-
cumulatedat critical times. The primary factorsin preparing estimatesare shown in
Table4-1.

These conceptsareillustrated in the estimating work processof Figure4-4. The
first step in the estimating work process is aignment. 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 inaccuraciesthat can result from misunderstandingsand miscommunica-
tions. It also enables establishment of the estimate work plan and staffing require-
ments. The estimate kick-off meeting providesan excellent forum for establishing
dignment.

A successful process providesa clear understanding of the work to be performed
and the products that will be produced. The level of scope definition for early
estimatesislow compared to | ater estimates. There must be a mutual 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

0 N O U~ W N R

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

between the businessunit and the estimator regardingthe level of scope definition.
The estimator must communi cate to the business unit the expected range of accu-
racy based on thelevel of scopedefinition.

Prior to starting the estimate, a work plan for preparing the estimate should be
developed. The work plan can be developed after alignment and scope definition.
The estimatework plan identifiesthe work that is needed to preparethe estimatein-
cludingwhoisgoingtodoit, whenitisto bedone, and the budget for preparing the
estimate. The plan al so includesthe toolsand techniquesthat are appropriatefor the
level of scope definition and the expected accuracy of the estimate. The leader of
the estimating team is responsiblefor devel oping the estimate work plan whichis
discussedin the following pages.

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

After the estimateis completed, a document should be prepared that definesthe
basisof the estimate. Estimate documentationis essential for presentation, review,
and future use of the estimate. The documentationfor an estimate improves com-
muni cations among project participants, establishes a mechanismfor estimate re-
views, and forms a basisfor early project cost control. The estimating team should
developastandard cost estimate presentation format that is easily understood by in-
ternal business and engineering management.

Contingency is the amount of money that must be added to the base estimate to
account for risk and uncertainty. Contingency is areal and necessary component of
an estimate. Assessing risk and assi gning contingency to the base estimateis one of
the most important tasks in preparing early estimates. Typicaly, risk analysisis
a prerequisite to assigning contingency. Based on the acceptable risks and the
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expected confidence level, a contingency is established for a given estimate. The
lead estimator for a project must assessthe unigueness of each project and select the
techniqueof risk analysisthat is deemed most appropriate.

No estimating process is complete without the continuous feed-back loops
shownin Figure4-4. To improve early estimates, the estimating process must be a
continuous cycle. Actual cost information from completed projects must be cap-
tured in afeed-back system that can be integrated into the cost databasefor usein
preparing future estimates. L essons|earned during project execution must also be
documented and incorporated i nto estimating standards and procedures. Thelessons
learned during construction must be communicated back to the estimating team, to
enable them to establish better standardsfor preparing future project estimates.

IMPORTANCE OF TEAM ALIGNMENT IN PREPARING
EARLY ESTIMATES

Early communication between the team and the customer is essential to the success
of any estimate, particularly early estimates. Thisearly communicationis necessary
to ensure a clear understanding of the customer's expectationsand the team'’s abil-
ity to meet those expectations. Table4-2isalist of benefitsof team aignment.

To achievealignment, a special effort must be madeto resolveall issuesthat can
impact theteam's work and the customer's understanding of the contentsof the es-
timate. This can be accomplished by two-way, open communicationsbefore 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. Enables the estimating team to establish a work process and staffing plan to providethe
deliverablesrequired to meet the customer's expectations

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

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

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

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

8. Servesto establish a cohesivenessbetween the projectteam and the customer



52 PROJECT MANAGEMENT FOR ENGINEERING AND CONSTRUCTION

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?

Thelevel of scopedefinitionof the projectis one of the key issuesthat must be
resolved early, becausethe accuracy of the estimate is dependent on scope defini-
tion. The customer must providethelevel of accuracy and detail that isexpectedin
the estimate. The estimating team must clearly communicateto the customer what
will be provided in the estimate. The customer must al so define the required deliv-
erableof 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 Table4-3.

The estimate kick-off meeting is an effectivemethod of achievingaignment by
addressing the issues shown in Table 4-4. The estimate kick-off meeting between
the customer and the team providesan exchangeof information regarding the cus-
tomer's expectations and the team's ability to meet those expectations. Regularly
scheduled progressmeetingsafter 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 pitfallsin alignment of early estimates
are shownin Table4-5.

SCOPE DEFINITION AND EARLY ESTIMATES

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

It is common knowledge that the accuracy of any estimate depends on the
amount of information that is known about the project when the estimate is pre-
pared. Any cost estimateusually is assigned arangeof accuracy (+/— percentage).
Theseranges narrow as the quantity and quality of information increasethrough the
lifeof a project. Thisinfersthat estimate accuracy is afunction of availableinfor-
mation (scopedefinition),a generally accepted fact in engineeringand construction.

Duringthe past thirty years, numerouspapers have been published,emphasizing
theimportanceof scopedefinition. Thelack of scope definition hasbeen identified



CHAPTER 4 EARLYESTIMATES 53

TABLE 4-4
CHECK LIST OF ISSUES FOR THE ESTIMATE KICK-OFF MEETING.

. What are the customer's driving principles and expectations?
. What is the level of scope definition of the project?
What level of accuracy and detail is the customer expecting?
. What deliverables are 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?

=
o

. What other organizations need to interface with the team?

=
[N

. Are there other information sources that can aid the estimatingteam?

[
N

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

=
w

. Have similar projects/estimates been developed previously?

[
N

. What customer-furnisheditems are to be excluded from the estimate?

=
[}

. What customer-furnishedcosts are to be includedin the estimate?

-
[22]

. Are there specific guidelines to be used in preparingthe estimate?

=
~

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

=
o4}

. Are there any special funding requirements that might influencethe final total installed cost?

—_
o

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

N
o

. What level of effortis required to meet the desired accuracy?

astheroot cause of cost overruns, late compl etion dates, excessiverework, 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 definitionis a pro-
gressiveactivity. It startsat the inceptionof the project, when the projectisonly an
ideaof the project sponsor for a product to be produced. As engineering progresses,
thelevel of scopedefinitionincreases. Consequently, early estimatesare often sub-
ject to high variability.

Although good scope definitionisimportant in preparing estimates, the skills and
experienceof the project team and the estimating procedure al so play an important
role. Figure 4-5 illustrates the importance of having the team involved early in a



54

PROJECT MANAGEMENT FOR ENGINEERING AND CONSTRUCTION

TABLE4-5
COMMON PITFALLS IN TEAM ALIGNMENT FOR PREPARING EARLY ESTIMATES.

1.

Early estimates that are heavily influenced by a preconceivednumber developed by
individuals outside the estimating team

. Failureto include the business decision maker early in the estimating process

3. Failureto resolve issues early

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

estimate or lack of cost data

Failureto hold an estimate kick-off meeting

6. Failure to identify information required of the estimatingteam to prepare the estimate

10.

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

estimate methodology, or other factors that impact the estimate

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

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

Failure to communicatethe estimatingmethodology to be used in preparingthe
estimate

High

Project Inception Project Completion

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

project's life, when thelevel of scopedefinitionislow. The business unit must rely
on the experience and skillsof theteam to produce accurate early estimates, because
early in the project thelevel of scopedefinitionislow and it is often poorly defined.
The estimator must addresslimited scope definition and clearly communicateto the

customer thelevel of scopedefinitionthat was used in preparing the estimate.
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PREPARING EARLY ESTIMATES

I ssuesthat should be discussed, defined, and documented when preparing estimates
areshownin Table4-6. Astheestimateis being preparedit isimportant to perform
periodic' reality checks" to make sure the costs devel oped are within reason. Based
on estimator experienceand familiarity with the project, thismay include

o Simple™intuitive’" checksfor reasonableness

Comparisonswith similar projects

Comparisonswith industry data ($/square foot, costlmegawatt, indirect/direct
COsts, €tc.)

» Check ratiossuch as lighting costs/fixture, fire protection, costs/sprinkler, etc.

Once the 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
requirementsto ensure they are compatible, such as overtimerates assumed during
outages, and price escalation.

ORGANIZING TO PREPARE ESTIMATES

The lead project estimator is responsiblefor initiating and leading the effort to de-
velop a plan for preparingthe 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 specialty, estimating requires specific
skills, training, and experience. Involvement of the estimating team early in the
project is essential in the business development process.

TABLE 4-6
ISSUES FOR PREPARING EARLY ESTIMATES.

. 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 responsibilities for preparing the estimate

Format for presenting the estimate to the customer

© ® N O O A W N e

Schedule for preparing the estimate that includes
a. Kick-off meeting, estimate reviews and approvals

b. Milestonesfor delivery of informationand deliverables
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Cost estimatesfor projectsin the engineering and constructionindustry are pre-
pared by individualswith 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 agroup. They may be centralized in one loca
tion or in multiple locations. In some situationsthey may beintegrated with differ-
ent organizationsor they may work in one homogeneous group.

There are advantagesand disadvantagesto centralizing or decentralizingthe es-
timating staff. Where an estimateis prepared is not asimportantaswho 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

» Disseminatingknowledgeand sharing expertise among the estimating staff
» Assigningand sharing the work |oad among estimatorsto improveefficiency
» Reviewing, checking, and approving work for quality control

Timely exchange of information iscritical to ensurecurrent price data, databases,
and feed-back. Preparing estimatesrequiresexpertisefrom multipledisciplines.An
effective organization includes membersof key disciplines, estimators, and man-
agement personnel who are knowledgeablein estimating. An effective team must be
organized to prepare, review, check, and approve the work. This same team must
also capture lessons learned to improve the estimating process and improve
efficiency.

ESTABLISHING AN ESTIMATE WORK PLAN

Effective management of the estimating effort requires planning, scheduling, and
control. The leader of the estimatingteam isresponsiblefor devel opingan estimate
work plan for the project. The estimate work plan is adocument to guide the team
in preparing accurate estimates and improving the estimating process. It identifies
the work that needs to be accomplished to preparethe estimate: who isgoing to do
it, when it isto bedone, and the budget for preparing the estimate.

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

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

Quality and amount of informationavailablefor preparing the estimate
Time allocated to preparethe estimate

Proficiency of the estimator and the estimating team

Toolsand techniquesused in preparing the estimate
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Estimate Work Plan

Project Name:
Project Number:
Customer's Name:

Type of Estimate Required
Desired Level of Accuracy
Level of Effort Required
Deliverables of Estimate
Estimating Services to Be Provided
Deliverables of Estimate by In-House Resources
Deliverables of Estimate by Outside Resources
Budget for Preparing Estimate
Anticipated work-hours for estimating staff
Dollars budget for non-salary estimating work
Required Staffing for Preparing Estimate
Principle Estimate (leader of estimating team)
In-House and Outside Resources
Auvailability 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 Informationto be Addressedin the Estimate Work Plan.

Typicdly, the technical definition and the completiondatefor 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 the tools and methodology to be used in preparing the es-
timate. The approach to sel ectingthe method of estimating should be commensurate
with the owner's expectedlevel of accuracy and constraintsof time.

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

» Reduceserrorsin preparingestimates

» Enhancesthe ability to compareestimatesof similar projects
¢ Promotesa better understanding of the contentsof an estimate
» Providesan organized system for collectingfuture cost data

Presentation of the estimate is important. The estimating team must develop a
format that i seasily understood by business managers and engineering managers, as
well as by external clients. Using astandard format for presentationspromotes bet-
ter communication among all participantsin the project and a better understanding
of what isincluded in the estimate. This understandingis necessary so good deci-
sions can be made based on the estimate.

METHODS AND TECHNIQUES

Selection of themethodsfor preparing early estimatesdepends on thelevel of scope
definition, time allowed to prepare the estimate, desired level of accuracy, and the
intended use of the estimate. For projectsin the processindustry, 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 is simply a graph that plots cost on the vertical axis and ca-
pacity on the horizontal axis. Thesecurvesare developed for avariety of individual
process units, systems, and services. The minimum information needed to prepare
an estimate by cost-capacity curves is the type of unit and capacity. For example,
the type of unit may be a coker unit or hydrogen unit and the capacity may be bar-
rels per day or cubicfeet per hour. Examplesof additional informationthat 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 updatesthe cost-capacity curveson a regular ba-
sis. These curves are developed and updated utilizing return cost data from
completed jobs. Thisinformation is normalized to alocation, such asthe U.S. Gulf
Coast, and for aparticul ar timeframe 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 is then read from the vertical y-axisby astraightlinefrom
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the y-axisto the point where the x-axisintersectswith the curve. Thetotal installed
cost derivedfrom the curve may be adjusted for escalationto 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
Unit D _\
$200 _T I \

Capacity in Barrelsper Day

L ocating 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 theleft to read the estimated cost as $153,000.

Capacity Ratios Raised to an Exponent

Capacity ratiosraised to an exponent is another estimating techniquefor 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 timestheratio of the process unit capacitiesraised to an ex-
ponent (X) as shown in thefollowing equation:

Capacity of processunit A\
Capacity of process unit /

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

Historical datacan be captured from completed projects and aleast-squaresfit of
the data or other methods of curvefitting can be used to determine an appropriate
value of X for similar types of projects. Thus, the exponent distinguishesthe curve
of one processunit from ancther. Typically the range of the exponent X is between
0.55 and 0.88, dependingon 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 representsa standard or typica exponent
for process plants.

Example4-2

The cost of @320 cubic feet per hour (ft3/h) processunit is $675,000. From his-
torical cost records, the capacity ratio exponent of a processunitis0.72. Estimate
the cost of asimilar process unit with a capacity of 450 ft3/h.

L i Capacity of processunit A
Cost of processunit A = (Cost of processunit B) X (Capacity of process unit B

Plant Cost per Unit of Production

This conceptual estimating techniqueis used to estimate the total plant cost based
on the average plant costs per unit of production on previously completed projects.
Thisis a very simple and broad estimating approach where the only information
availableisthe 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. |dedlly, averageplant costs per unit of production capacity are best developed
over variouscapacity ranges so that the estimator can select therelationshipthat is
applicablefor hisor her estimate.
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This method of preparing early estimatesis similar to the square-footestimating
method used for projectsin the building sector. The total estimated cost of a partic-
ular building project is determined by multiplyingthe average cost per squarefoot
of previousprojectshy thetotal squarefeet in the proposed building.

Equipment Factored Estimates

For the processindustry, equi pment factored estimatesare derived by applying var-
ious factoring techniquesto estimated equipment costs. The factors used are devel -
oped and updated utilizing return cost data from completed projects. This
informationis normalizedto alocation, 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 anormalized unit is defined to include the following costs:

Direct equipment costs
Direct bulk material costs
Subcontract costs
Constructionlabor costs
Constructionindirect costs
Home office servicescosts

Oneexampleof thefactoring techniqueisthe™ equipmentcost™ to "total installed
cogt" factor (TIC). Thisfactoring techniqueis relatively ssmplefor projects where
eguipment costs have been estimated. As the nameimplies, 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. Thefactorsfor process
plants generally range between 2.5 to 6.0, depending on the nature of the process
unit. Conditionsthat affect the equipment to TIC factorsare

e Equipment sizes

Pressure

Metallurgy

Degreeof prefabrication

Site conditions

Equipment costs

Specia conditions(large structures, pits, buildings, etc.)
Explanationof 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
each individual equipment item, and the work-hoursfor installingbulk materialsare
estimated as a percentageof the bulk material costs for each category of materias.
Theresultantfield labor work-hoursare adjustedfor productivity and labor costs by
applying local labor rates to the estimated construction work-hours. Construction
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indirect costs are devel oped for the major categoriesby percentagesof direct labor
costs. Homeoffice costs are estimated as a percentage of thetotal installed cost. The
eguipment factored estimating techniques described can be utilized when thereis
sufficient technical definitionsavailable consisting of thefollowing:

¢ Processflow diagram

Equipment list

Equipment specifications

Project location

¢ Genera site conditions (assumed if not specified)
 Constructionlabor information

Project schedule

Computer-Generated Estimates

There are numerous commercially available computer software systems for esti-
mating capital costs for a number of different types of industries, including the
process industry, building constructionindustry, and the heavy/highway infrastruc-
tureindustries. These systemscan be simpleor 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 annua basis. The moreflexible systemsallow the
purchaser to customizethe database.

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

 Specifications, standards, basi ¢ practices, and procurement phil osophy

e Engineeringpolicies

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

» Adeguate scope definition

« Siteand soil conditions

* Local labor conditionsrelating to cost, productivity, and indirect costs

¢ Subcontract philosophy

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



« Index or benchmark the unit costs and installation work-hoursin the computer
software's databasesto 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 codesand format.

By adopting the above recommendations, confidence in the output of estimating
software systemswill 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 avail able, have been devel oped by owner/operator
companiesand contractors.

ESTIMATE CHECK LISTS

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

« Listinginformationrequired to preparethe early estimate

e Listing miscellaneous other coststhat may be required in the estimate

« Listing the project scopethat may be required but not identifiedin the defini-
tion provided for the estimate

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

Typical examplesof miscellaneouscost itemsfor projectsin the processindustry
may includespare parts, catalyst and chemicals, permits, and training. Typica scope
itemsthat may berequired, but not identifiedin the definition provided for the esti-
mate, may includecertain utility and auxiliary systems. Examples are special steam
systems, refrigeration, lube and seal oil systems, and flare systems.

Check listsare useful duringinitial client/customer meetings wherethey serveas
agendaitemsfor discussion. Check lists al so assist theestimator in preparing an es-
timatewor k plan by identifying important pointsto emphasizein the write-upfor
the execution of the estimate. Table4-7 is an illustrativeexample of an early esti-
mate check list for a project in the processindustry.

ESTIMATE DOCUMENTATION

Effectivecommunication is necessary during theestimating process. A support doc-
ument should be devel oped 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 (delayed coker, hydrogen plant, etc.)
Process licenser

Feed capacity

. Production capacity

. Productyield

. Utility levels at process unit location

Feedstock specifications

. Integration of multiple units

. Process pressure and temperatureoperating levels

. Provisionfor future expansion of capacity

. Provisionfor processingmultiple 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 recyclerate
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theestimate. A thoroughdocumentationof the estimateforms abaselinefor project
control, so decisionsduring project execution can be made with a better awareness
of the budget, thereby improvingthe overall outcomeof 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 minimizethese inaccuraciesby

 Improvingcommunicationsamong al project participants
 Establishingamechanismfor review of the estimate
e Forming asolid basisfor project controls

Astheestimateisbeing developed, theact of preparing documentationfacilitates
communi cationsamong the partiesinvolved: estimators, scope devel opers, project
managers, and customers. Estimatedocumentationimprovesthe outcomeof thees-
timatethrough

 Sharing information

Identifyingitemsthat requireclarification

Hel ping the estimator obtain and organizeinformation needed for the estimate
Avoiding confusion over what is covered and not covered by the estimate
Providing useful informationfor future estimates

Highlightingweak 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 (codes)—summary  and backup levels
Basis of estimate--clearunderstanding of what constitutes the estimate

Level of accuracy--expectedfor the estimate

Basis for contingency--risk analysis, if applicable

Boundaries of the estimate-limitationsof the estimate

Scope of work—the level of scope definition used in preparingthe estimate
Labor rates —breakdown and basis of labor rate

. Assumed quantities-conceptualized, etc.

Applied escalation-—dates and 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 preparingthe estimate

Excluded costs —list of items excluded from the cost estimate
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responsibility for collecting and organizing thisinformation. Reviewing and clari-
fying the information with the originator improvesthe estimate accuracy.

A standard defaultformat or outlineshould be devel oped to organize and prepare
documentationfor the cost estimates. A different standard can be devel opedfor dif-
ferent types of estimates. The process of devel oping, utilizing, and storing the doc-
umentationfor future use should be built into the cost estimate work process. The
items that should be documented are shown in Table4-8.

ESTIMATE REVIEWS

Well-executed estimatereviewswill increasethe credibility and accuracy of thees-
timate. They a so help the team and project management to know thelevel of scope
definitionand the basisof the estimate. The review of estimatesis animportant part
of the estimating process becauseit helps the customer to understand the contents
and level of accuracy of theestimate, allowing the customer to make better business
decisions.

The number of reviewswill vary dependingon thesize of the project, typeof es-
timate, length of time allowedfor preparing the estimate, and other factors. For any
estimate, there should be at least two reviews:. an internal review during devel op-
ment of the estimateand afinal review at or near the completionof the estimate.

About hafway through the development of theestimate, a**redlity check’™ should
be schedul ed. The purpose of the midpoint check isto avoid spending unnecessary
time and money in pursuing an estimate that may be unrealistic or based on as-
sumptionsthat 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 a reality check of the
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data being developed to assess whether to proceed with the estimate. This is a
"go—no-go'"* point where the results of the review will guide the estimator and the
team to one of thefollowingtwo steps:

1 Recycle back to the scope of work because the capital or scope have gotten
outsideof the boundariesestablished as atarget for the project.

2 Givetheteam the' go ahead" to proceed with the remainingestimate process
to completethe estimate.

Thefinal estimate review is a more structured process. The depth of the review
depends on thetype or class of estimate that is being prepared. The meetingisin-
tended to validate assumptionsused in preparing the estimate, such as construction
sequence, key supplier selection, and owner's cost. Engineering and the customer
must accept ownership of the scopethat i s representedin the estimate.

Thefinal estimatereview may bealengthy 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
minutesthat are distributedto all attendees. The estimator must cometo the review
meeting prepared with the followinginformationfor comparisons:

 Historical data used in preparingthe estimate
e Actual total installed costs (TIC) of similar projects
e Percent of TIC on key cost accounts

Comparisonsaf the estimate with the above information provide useful indica-
torsfor the estimate review. The estimator needs to assess each estimate to deter-
mine the appropriatechecks that should beincluded in an estimate review meeting.

In some situationsit 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 advantageousto en-
gage a third party to perform an independent review. This will providea check to
comparethe estimate with past similar estimatesfrom the perspectiveof adifferent
team.

Estimate reviews should focus on the big pictureand follow Pareto's law, sepa-
rating the significant few from the trivial many. Generally an estimateis prepared
bottoms up, whereas the review is conducted top down. Table4-9 isanillustrative
example of presentation itemsfor review of an early estimate for a project in the
processindustry.

RISK ASSESSMENT

Assessing risk and assigning contingency to the base estimateis one of the mostim-
portant tasksin preparing early estimates. Risk assessmentis not the sole responsi-
bility of theestimators. Key membersof the project management team must provide



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

. Product mix, volume, and quality requirements
. Facility location

Scope of work

. Simplified flow sheet

. Key assumptionsused

. 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 issuesthat should be addressed by the estimatorsin ngrisk.
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 responsiblefor overall project funding and for defining the
purposeand intended use of the estimate. Engineering designisresponsiblefor 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 responsiblefor converting the
information from the business unit and engineering into an appropriate procedure
for ng risk and assigning contingency. The estimator must communicatethe
risk, contingency, and level of accuracy that can be expected of thefinal estimate.

RISK ANALYSIS

Typicdly, risk analysisis a prerequisite to assigning contingency. Based on the ac-
ceptablerisks and the expected confidencelevel, a contingency isestablishedfor a
given estimate. Risk analysisand the resultant amount of contingency help the busi-
ness unit to determinethelevel of economicrisk involvedin pursuing aproject. The
purpose of risk analysisis to improve the accuracy of the estimate and to instill
management's confidencein the estimate.

Sincetheowner'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.
Generdly, aformal risk analysisinvolveseither aMonte Carlo simulationor asta-
tistical range analysis. Thereare al so numerous softwarepackagesfor risk analysis.
Thelead estimator for a project must assess the uniqueness of each project and se-
lect the technique of risk analysisthat is deemed most appropriate. For very early
estimates, thelevel of scopedefinitionand theamount of estimatedetail may bein-
adequatefor performing a meaningful cost simulation.
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CONTINGENCY

Contingency is area 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, schedul e, omis-
sions, and errors. The practice of including contingency for possible scope expan-
sionishighly dependenton the attitudeand culture, particularly that of the business
unit, toward changes.

In simpleterms, contingency isthe amount of money that should be added to the
base estimatein 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 impossibleto identify at the time a base esti-
mateis 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 preciseamount i s unknown. However, sometimesan allowance
is assigned for known unknowns and a contingency is assigned for unknown
unknowns.

Cll Source Document 41 definescontingency 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 estimateto (a)achievea spe-
cific confidencelevel or (b)allow for changesthat experienceshows will likely be
required.”

TRADITIONAL METHODS OF ASSIGNING CONTINGENCY

The most effectiveand meaningful way to perform risk analysisand assign contin-
gency isto involvethe project management team. Estimatorshaveinsightsand can
assessimperfectionsin an estimate to derive an appropriatecontingency. However,
theinteractionand group dynamicsof the project management team provide an ex-
cellent vehicleto assessthe overall project risk. Theintegrationof 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.

Figure4-7 illustratesthe risk assessment process. The estimator must select the
method deemed most appropriatefor 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 catethe 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 percentageis applied to the base estimate to derive the total contingency.
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FEEEERE B
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* % of BaseEdimate | toMatchthe Senditivity
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* Simulation
FIGURE 4-7

Risk Assessment Process.

Although thisis a simple method, the success depends on extensive experience of
the estimator and historical cost informationfrom similar projects. It islessaccurate
than other more structured methods.

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

In somesituations, contingency is determined as apercentagecf major cost items
rather than asa percentage of thetotal base estimate. Thismethod typically relieson
the personal experienceand judgment of the estimator, but the percentagecan also
befrom 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 i s based on a percentage of thetotal base estimate.

The personal experience and judgment of the estimators and engineers should
not be overlooked in the processof 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 accuratein 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 theeval uationof normal contingency of each estimateel ement, an
individual element may also be evaluated for any specific unknownsor potential
problems that might occur. Thefirst step involvesdetermining the maximum possi-
blerisk for each element, recognizingthat it is unlikely that all the risk will occur
for al elements.
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The next step involvesassessing the percentageprobability that this risk will oc-
cur. The expected net risk then becomesa product of the maximum risk timesthe
probability. The sum of all the expected net risks providesthe total maximum risk
contingency required. Figure4-8 illustratesan expected net risk analysis.

Simulation

A formal risk analysisfor determining contingency is usualy based on simulation.
A simulationof probabilisticassessment of critical risk elementscan 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 thesetools properly.

Range estimatingis a powerful tool that embracesM onte Carlo simulationto 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 rangeof each critical elementis defined and probability analysisis used
to form the basis of simulation. Using this method, non-critical elements can be
combinedinto one or afew meaningful el ements.

Range estimatingis probably the most widely used and accepted method of for-
mal risk analysis. In rangeestimatingthefirst step requiresidentificationof thecrit-
ical itemsin the estimate. The critical items are those cost items that can affect the
total cost estimateby a set percentage, for example +/—4%. Thus, arelatively small
item with an extremely high degree of uncertainty may be critical whereasa magjor
eguipmentitem for which afirm vendor quote has been obtained would not be con-
sidered critical. Typically, no morethan 20 critical itemsare used in the analysis. If
morethan 20 critical itemsareidentified, the set percentagecan be increased to re-
duce the number of critical items.

Once the critical items are identified, a range and a target are applied to each
item. For example, the range may include a minimum value so thereis only a 1%
chancethat the cost of theitem would fall below that minimum. Similarly, an upper
value may be establishedso there will beonly a 1% chanceof going over that value.
Thetarget value representsthe anticipated cost for that item. The target value does
not need to bethe averageof the minimum and maximum values. Usually thetarget
valueis dightly higher than the average.

FIGURE 4-8
Expected Net Risk Analysis.

Base Max. M. % Expected
Element estimate cost risk probability net risk
#1 $400 $500 $00 30% $ 30
#2 $ 80 $20 $ 40 80% $ 32
#3 $1.00 $200 §1 00 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 simulatesthe constructionof the proj-
ect numeroustimes, as many as 1,000 to 10,000, based on the ranges given to the
critical itemsand the estimated valuesof the non-critical items. The resultsof the
simulation are rank ordered and then presentedin a cumulative probability graph,
commonly called an S-curve. The cumulativeprobability graph typically showsthe
probability of underrun on the horizontal x-axisand either the total project cost or
contingency amount on the vertica y-axis. The decision maker can then decidethe
amount of contingency to add based on the amount of risk.

Caution also must be exercised becauseit is possibleto seriously underestimate
thecost of aproject when usingrangeestimating. Thereisarisk of understatingthe
truerisk of a project due to statistical interdependenciesamong thecritical itemsin
the analysis. Whenever two or more cost items are positively correlated, meaning
they increasetogether or decrease together, the Monte Carlo simulation may cause
one to be high and the other low, thus canceling each other out. Thus, the true risk
would be understated. Also, underestimating the ranges on the critical items can
have a profound impact on the results, a so |eading to an understatement of the true
risksinherent in the design and constructionaof the project.

When used properly, formal risk analysisusing MonteCarlo simulation rangees-
timating can be an extremely valuabletool becauseit requiresadetailed analysi sof
the components of the estimate, a process that can identify mistakesand poor as-
sumptions. However, precautions must be used when using simul ation methodsfor
early estimates. For many early estimatesthereis not enough detailed information
or an adequate number of cost itemsfor avalid simulation.

Assessing Estimate Sensitivity

The contingency added to an estimateincludesthe combined impact of all risk ele-
ments. The accuracy of an estimate can beimproved by ng high-cost impact
factors, increasingthe level of scope definition, or acombinationof both. A sensi-
tivity analysiscan be performed to illustrate how a specific risk element can impact
thetotal estimate.
The sensitivity analysiseval uatestheimpact of only one risk element at atime.

It isfrequently used in conjunction with an economic anaysis. 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 samplesensitivity analysisfor 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)
Subcontractorcost $ 200

Total base estimate $3,000
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% Change New base
Risk element from estimate estimate ($M)
Labor rate ($50/WH) 0 $3,000
Labor rate +10 3,100
Labor rate -5 2,950
Total work-hours (20,000 WH) 0 $3,000
Total work-hours +15 3,150
Total work-hours -7 2,930
Equipment {($1,200M) 0 $3,000
Equipment +5 3,060
Equipment -5 2,940

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

For any estimate, it i's necessary to add a contingency to the base estimate. The
method used for assigning contingency will vary depending on analysisof risk and
other factorsthat 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 estimateis measured by how well the estimated cost compares
to theactual total installed cost. The accuracy of an early estimate dependson four
determinants; who is involved in preparing the estimate, how the estimateis pre-
pared, what is known about the project, and otherfactor s that can influencethe cost
of aproject.

To measure theimpact of thesefour determinantswith respect to estimate accu-
racy, a research team of the Construction Industry Institute developed an estimate
scoring system that evaluates45 elements, organized in4 divisions. The research
team collected datato correl ateestimated cost with actual total installed cost, based
on the score of an estimate. Datawas collected from 72 projects, representing $5.6
billionin total installed costsfrom projectsin the processindustry. A breakdown of
the4 divisionsof the estimate scoring systemis shown in Figure4-11.

The Estimate Score Program (ESP) is a computer software package devel oped
by the research team to automatethe 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 rateeach of the45 elements. ESP
automatically cal cul atesthe estimate score as the user rates each element. After the
score is calculated, the user can then query the historical database of ESPto view
the estimate scoresof previously completed projects.

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

FIGURE 4-11
Estimate Scor e Sheet.

the user can display various statistical information in the Statistics portion of the
software. The Statisticsportion of ESP enables the user to view up to 15 different
combinationsof statistical information about the current set of completed projects
asselectedfrom the Query.
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After querying the database, the user can also view graphs of the resultsin the
Graphs portionof 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 4-12 is a screen copy of a scatter plot graph from the ESP
softwareprogram. Figure 4-13isthe S-curve, which isagraphical display of the cu-
mulative probability curve based on the current date set and score of the estimate.

The ESP software provides a means of assigning contingency to the base esti-
mate. The S-curvein Figure4-13 is a cumulative probability curve based on proj-
ects selected in the query and the value of the estimate.score. The user can
determinethe confidencelevel, in percent, for a predicted level of cost overrun or
underrun. The confidence level for adesired cost range, upper or lower limit, can
aso be obtained. The user can a so determinethe cost range, upper and lower lim-
its, of adesired confidencelevel.

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

Thus, ESP alowsthe user many choicesof analysisto determinethe amount of
contingency to be applied to the base estimate. It can benefit the business unit and
the team by providinginformation to enable the business unit to make a better de-
cision on the economic feasibility of a project. It also improvesteam alignment by
providing a better understanding of the estimate and the factors that can affect the
accuracy of an early estimate.

ESTIMATE FEED-BACK FOR CONTINUOUS IMPROVEMENT

It is unfortunate, but many people have the perception that the estimator's involve-
ment with a project is over when the estimateis finished. In redlity, it is an advan-
tageto 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 a project. Involvement of the estimator during project execution al-
lowstheestimator to stay in touch with the project and provide an early warning for
any potential cost overruns. Including the estimator in the distribution list of
monthly project reports can provideinput to the project management team members
to enable them to make good decisionsrelated to costs.

During project execution the estimator can also be a valuable resource for re-
casting the cost estimateinto work/bid packagesand for analyzingactual bids with
the recast estimate. The estimator can also assist in management of changesduring
project execution, by assessing the impact of changeson cost.

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

FIGURE 4-13
Cumulative Probability Curve from ESP Software Program.
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practices. Feed-back from project completion al so allowsthe estimatingteamto up-
date the database for improving the accuracy of future estimates. Terminatingthe
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
breakdownsin aformat that allowseasy futurecost tracking. A standardcode of ac-
countsenables an organizationto simplify the estimating process, update the data-
base, and facilitate cost control. This benefits both the estimating team and the
project management team.

Afinal project cost reportisan extremely valuable document for improvingesti-
mates becauseit provides a real feed-back to compare with the original cost esti-
mate. Pitfallsfor future estimatescan be eliminated or minimized. Both theoriginal
estimateand thefinal project cost reportsshould be maintained at acentral location.
A cost referencewith reportssorted 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
datathat is availablefrom completed projectsand definitive estimates. The key to
successistheestablishmentof a mechanismto captureand retrievethisinformation
in aformat that can be useful in developing statistical relationships, such as per-
centageof breakdownsof total installed cost by cost category, total installed cost to
eguipment 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 providingfeed-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,
giveexamples of problemsthat may ariseif an early estimateis significantly lower than
thefinal actual cost of a project.

2 From the perspective of the owner, give examples of problemsthat may ariseif an early
estimateissignificantly lower than the final actual cost of a project.

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

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

5 The cost of 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 ft3k.
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6 Below are cost-capacity curvesfor processunitsin arefinery. What is the estimated cost
for aproject that has a process unit B with a capacity of 4,000 barrelsper day?

Cost in $1Million Process
A unit D —\’\\

Process
UnitC

UnitB

Unit A

$13 | — + P | [
1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000

Capacity in Barrelsper Day
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PROJECT BUDGETING

PROJECT BUDGETS

Thediscussionof budgetingin this chapter is an extension of Chapter 4 on prepar-
ing early estimates. It isalso closely related to Chapter 7 on design proposal's, which
presentsthe processof determiningthe cost of engineeringdesign servicesfor proj-
ects. Thecost of construction work isamajor portion of thetotal 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 moredetailed coverageof estimating construction
costsis presented in Estimating Construction Costs, 4th ed., published by McGraw-
Hill, Inc.

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

DEVELOPMENT OF PROJECT ESTIMATES FOR BUDGETING

The preparation of estimates, ngrisk, and assigning contingency for budget-
ingisoneaof themost difficult tasksin project management becauseit must be done
before the work is started. It is a process that involves a series of successive
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approximations beginning with the owner's feasibility study and continuing through
design development and construction.

The preparation of cost estimates for budgeting is important to each party be-
cause thedecisionto proceed, at each phasein the project, is based on the estimated
cost that was determined in the preceding phase. The owner's organi zation 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 determinethe probablecost of constructionasa part of the de-
sign process. The constructioncontractor's organization must determinethe cost of
al material, labor, 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 scopedefinition; therefore, a special effort should be made early in the devel -
opment of a project to define the scope as detailed and accurately as possible. The
control of project scope growth and cost overruns can be greatly enhanced if the
owner obtainsthe early advice and expertiseof experienced design and construction
professionals, who have the knowledge of constructioncosts. All parties must real-
izethat 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
isnot fully recognized. A project manager can play an important role as mediator in
the early stagesof the developmentof aproject by testing, scrutinizing, and identi-
fying the variancesthat 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
scopeis not well defined or the owner's organization does not have the expertiseto
performsuch an estimate, the owner can enlist adesigner to perform these services
on a cost-reimbursablebasis. Becausethis budget is prepared prior to any detailed
design work, it should include a reasonableamount of contingency fundsto alow
someflexibility in decision making during design devel opment.

The designer's organi zationmust prepare a budget based on the estimated costs
to providedesign services. In addition, as a part of the design process the designer
must preparethe estimated constructioncostsof the variousdesign alternativesthat
are being evaluated to meet the owner's needsfor 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. Thisrequires extensivecooperation 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. Thisdecision
must be made by the owner's organization.
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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-bidprojects, the contractoris not obligated
to acost that is within the owner's approved budget because thisinformation is usu-
dly not known to the contractor. For negotiated cost-reimbursabl eproj ectsthe con-
tractor's organization works closely with the owner to determine construction
aternativeswith costs that are within the owner's overall approved budget.

LEVELS OF ACCURACY

A rangeof accuracy, usualy a plusor minus percentage, should be assigned to any
estimate by the estimator based on his or her best assessment of the project's true
cogt. Thereis noindustry standard that has been agreed on regarding the amount of
plusor minus percentagethat should be applied to an estimate. To discussthisissue
it ishelpful to divide projectsinto two general categories: building projects and in-
dustrial projects.

Building projectsgenerally have two types of estimates. approximateestimates
(sometimes called preliminary, conceptual, or budget estimates) and detailed esti-
mates (sometimescalledfinal, definitive, or contractor's estimates). For largeowner
organi zations the approximateestimate is prepared by the owner during the feasi-
bility study of the project's needs, priorities, and scopedefinition. For small owner
organizationsit is usualy prepared in cooperation with the design organi zationthat
iscontracted by the owner to design the project and prepare the contract documents.
Thelevel of accuracy of the approximateestimatecan vary significantly,depending
upon the amount of information that is known about the project. With no design
work it may range from +50% to —30%. After preliminary design work, it may
range from +30% to —20%. On completion of detailed design work it may range
from +15%to —10%.

For building projects, the detailed estimate is prepared by the construction con-
tractor from a complete set of contract documents prior to submittal of the bid or
formal proposal to the owner. The detailed estimate 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 receivefor building the project. For a building project that has a com-
plete set of well-defined contract documents and no unusua features, the
competitivebidding of numerouscontractors will often respltin lessthan a 1%vari-
aion in the lowest two bids.

For petrochemical and processing projects, estimatingis difficult becauseof the
widerangeof variationsin 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 donein
stages as the design progresses and more information becomes known about the
project.

Although there is no industry agreement, the petrochemica 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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organizationas a part of thefeasibility plan. Estimatesat this stage are commonly
referred to as order of magnitude cost estimates. The estimateis prepared asaratio
of costs of previoudly 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 isusualy 550%.

After the mgjor equipment isidentified and processflow sheets are devel oped,
an equipment factored estimate can be prepared. Thisestimateis based on applying
factors to in-house priced major equipment in order to compensatefor piping, in-
strumentation, electrical, and other constructioncosts that are required to complete
the cost estimate. The level of accuracy at this stageis usualy *35%.

After completionof piping and instrumentationdrawings, a preliminary control
estimate can be devel oped. The documentsand datafor this estimate usually include
eguipment sizing and layout, processflow sheets, piping and instrumentationdraw-
ings, building sizes, and a milestone schedule. The level of accuracy is usually
+15%.

Thefinal estimateis performed near theend of engineeringdesign when most of
the costs have been identified and is called the definitive estimate, commonly re-
ferred to as an Approved for Expenditureestimate or AFE Definitiveestimate. Itis
based on processflow sheets, mechanical flow sheets, equipment layout, isometrics,
and building plans. Thelevel of accuracy of an AFE Definitiveestimateis usually
+10%.

OWNER'S ESTIMATE FOR BUDGETING

Every project must be shown as economically feasible beforeit is approved by the
owner's management. Economic feasibility is determined by an economicanalysis
for projectsin the privatesector or by abenefit/cost ratiofor projectsin the govern-
ment sector. An economic analysiscan 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, isdifficult because only limited detail ed information is known about the proj-
ect. However, this cost estimateisimportant becauseit 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 informationis the number of units or size of
the project, such as number of squarefeet of building area, number of carsin apark-
ing garage, number of miles of 345-kilovolt (kV) transmissionline, or number of
barrelsof crude oil processed per day. At some point in time an estimate has to be
frozen and convertedto a project budget.

Preparation of the owner's estimate requires knowledge and experience of the
work required to compl etethe project. Cost information from professionalswho are
knowledgeable about design and construction is essential. Cost information for
preparation of the owner's budget is usually derived from one of two sources: cost
recordsfrom previousprojects of similar type and size, or pricing manuasthat are
published annually by several organizations.

For buildings, public works, and heavy construction projects, the Means Cost
Guide iscommonly used. The Richardson's manual for constructionestimatingisa
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common referencefor petrochemical and processing projects. These pricing manu-
as providecosts per unit for varioustypesof projects, such ascost per squarefoot
of buildingareafor offices, warehouses, and maintenancebuildings. The costs are
derived from previous projects that have been completed at numerous geographic
locations. Figure 5-1 illustrates examples of information that is availablefor sev-

FIGURE 5-1
lllustrative Examples of Cost-per-Square-Foot Information Available from Pricing Manuals.
' Office buildings | Motels

Low Median High Low Median High
Component $/SF $/SF $/SF $/SF $/SF $/SF
Foundation 3.95 4.00 4.80 0.90 1.40 1.60
Floors on grade 3.10 315 3.90 395 5.00 5.40
Superstructure 14.90 16.90 20.25 10.95 13.30 21.70
Roofing 0.20 0.25 0.30 240 3.40 345
Exterior walls 4.90 9.75 13.00 2.80 4.45 5.55
Partitions 4.35 5.30 7.05 2.60 3.65 5.25
Wall finishes 235 375 5.00 0.75 2.60 275
Floor finishes 2.05 3.90 515 240 355 455
Ceiling finishes 155 2.80 375 2.05 4.60 4.90
Conveying systems 5.55 6.70 825 115 1.80 235
Specialties 0.65 0.80 2.65 110 1.35 4.00
Fixed equipment 1.05 2.80 375 115 1.65 1.95
Heat/vent/air cond. 8.85 9.50 12.20 3.10 5.55 6.25
Plumbing 3.50 3.80 4.85 445 5.40 615
Electrical . 4.60 475 625 4.20 7.45 8.20

Total $/SF | $61.55 $78.10 $101.15 | $43.95 $65.15 $84.05
| Secondary schools | Hospitals

Low Median High Low Median High
Component $/SF $/SF $/SF $/SF $/SF $/SF
Foundation 135 1.85 2.70 4.35 4.80 6.65
Floors on grade 3.65 4.40 6.00 0.30 0.40 0.60
Superstructure 10.95 12.30 17.25 17.05 18.55 25.50
Roofing 1.70 2.05 245 325 3.70 5.20
Exterior walls 3.75 5.55 8.00 16.00 18.55 25.10
Partitions 5.90 6.55 8.50 7.20 11.00 24.70
Wall finishes 3.05 3.40 5.15 6.75 7.95 11.10
Floor finishes 310 3.95 5.25 2.60 275 4.00
Ceiling finishes 3.20 3.65 465 215 220 3.55
Conveying systems 0.00 0.00 0.00 12.95 13.00 19.55
Specialties 1.70 1.90 2.60 310 325 4.60
Fixed equipment 2.85 335 6.00 5.20 5.25 7.65
Heat/vent/air cond. 9.05 10.45 14.45 21.65 2550 36.05
Plumbing 5.05 6.00 9.20 9.10 10.65 16.45
Electrical 10.25 12.00 16.50 13.45 17.50 24.40

Total $/SF | $69.55 $77.40 $108.70 | $12510  $145.05 $215.10



eral types of buildings. It shows the low, average, and high cost per square foot,
based on the level of quality. The budget for a proposed project can be calcul ated
by multiplying the cost per square foot by the total squarefeet in the project. The
cost of land, permits, and design fees should be added to the cal culated cost of con-
struction. A reasonable percentage multiplier should also be applied for contin-
gency sincethedesignis not preparedfor the project during the owner's budgeting
process. Adjustmentsfor time and location should al so be made as discussedin the
following paragraphs.

The other sourceof cost informationis company recordsfrom previousprojects.
Although thetotal cost of previously completed projectswill vary between projects,
unit costs can be calculated to forecast the cost of future projects. The term of
wei ghti ng iscommonly used to refer to the procedure of analyzing historical cost
datato determinea unit cost for forecasting future project costs. A unit cost should
be developed that emphasizes the average value, yet accountsfor extreme maxi-
mum and minimum values. Equation 5.1 can be used for weighting cost datafrom
previous projects:

whereUC = forecast unit cost
A = minimum unit cost of previous projects
B = averageunit cost of previousprojects
C = maximum unit cost of previous projects

Example 5-1 illustrates the weighting procedure. The procedure can be applied
to other types of projectsand their parameters. Examplesare apartment units, mo-
tel rooms, milesof electrictransmission line, barrelsof crudeoil processed per day,
and squareyardsof pavement.

Example5-1

Cost information from eight previously completed parking garage projectsis
giveninthefollowingtable.

Project Total cost No. cars Unit cost
150 $ 9,250
80 11,200
120 14,975 «—— highest value
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 theforecast unit cost can be calculated as

For a project with 135 carsthe estimated cost can be calculated as
135 cars @ $10,524 = $1,420,673

It isnecessary to adjust the cost informationfrom previously completed projects
for differencesin size, time, and location. The previousexampleillustrates adjust-
ment relativeto size. Time adjustmentsrepresent variation in costsdue to inflation,
deflation, interest rates, etc. Location adjustments represent variationin costs be-
tween locations due to geographical differencesin costs of materials, equipment,
and labor.

An index can be used to adjust previouscost informationfor usein preparation
of the owner's estimate. Various organi zationspublish 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 adjustmentsof cost estimatesfor size, time, and location. Estimating Construc-
tion Costs, 4th ed., published by McGraw-Hill,Inc., presentsa comprehensivedis-
cussion of estimating project costs.

Example5-2

Usethetime and locationindicesbel ow to cal culatetheforecast cost for a build-
ing with 62,700 SF of floor area. The building isto be constructed 3 yearsfrom
now in city B. A similar type building that cost $2,945,250and contained 38,500
SFwas completed 2 yearsagoin city D.

Year Index Location Index
3 yr ago 358 City A 1025
2 yr ago 359 City B 1170
1yrago 367 CityC 1260
Current year 378 CityD 1240

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

Estimated Previous Time Location Size
cost cost adjustment adjustment adjustment



ECONOMIC FEASIBILITY STUDY

Regardlessaof itssize or type, a project must be economicallyfeasible. Thereare at
least two waysto determineeconomicfeasihility, depending on whether the owner
isin theprivatesector or government sector. For a privateproject theeconomicfea
sibility can be determined by an economicanalysisof themonetary return on thein-
vestment to build the project. For a public government project the economic
feasibility is usually determined by a benefit/cost ratio.

There are three methods that are commonly used by the private sector to evalu-
atethe 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 theseequationsfor economicanalysis. Belowisabrief 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 amountsat different pointsin timedo not have equa
value. For example, the present worth of $100 today is equivalentto $107 one year
from now provided theinterestis 7% .Engineering economicanalysisisthe process
of evaluatingalternatives. Thebasic variablesused in atime valueanaysisfor eco-
nomicfeasibility are

P = present-worth amount (the value of money today)
F = compound amount (thefuture value of money after » periods of time at
i interest)
i = interest rate per interest period (usually one year)
n = number of periods of time (usually in years)

Single Payments

Thefollowing cal culationsare provided to illustratethe rel ati onshi p between Pand
Ffor agiveni and n.

End of Interest earned Compound amount at end of year
year during the year (F = future value of money)
0 =P
1 Pi P+ Pi =P +i)
2 P )i P(l+i) +P(+i)i =P Fip
3 P(l + iy P +iz+p( +igi=P1t+ip
n P(l + iy P tTiRtPI Titi=P( +iy

Thus, F= P(l * i)". Notethat Fisrelatedto Pby afactor that depends only on
i and n. Thisfactor, (1 + i)", is called the single-payment compound-amount fac-
tor, which makes F equivalent to P. Rearranging terms, P = FI(1 + i)". The factor
1/(1 * i)" is known as the present-worth compound-amount factor, which makes
P equivalent to £ These two eguations provide equivalent single payments, now
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and in thefuture. There arefour parameters. P, E i, and n. Given any three parame-
ters, thefourth can easily be calculated.

Uniform Payment Series

Instead of asingleamount of money of P today and Fi n thefutureasillustrated 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-amountfactor. If A rep-
resentsa seriesof n equal payments, then the sum of these payments after n yearsat
i interest can be calculated asin thefollowing egquation:

Multiplyingboth sides of the equationby (1 + i) gives thefollowingequation:
Fotiy=agt+itag+ipt...+aqtipi+agtiy

Subtracting the first equation from the second gives the compound amount of the
uniform seriesof paymentsasfollows:

F(tiy-F=-AtAqtiy
I [0 ) L |
Fe At 2-1)

Note that Fisrelated to A by afactor that dependsonly on i and n. This fac-
tor, [(1 T i)' — 1Vi, is cdled the uniform-series compound-amount factor,
which makes the series of A payments equivalent to F. Rearranging terms, A =
F{[i/(1 T i)'] — 1}. Thefactor [i/(1 * i)"] — 1 isknownasthe uniform-seriessink-
ing-fund factor. It representsthe amount of money A that must be invested over the
uniform seriesof paymentsto equate to the futureamount £,

SubstitutingP (1 + i)' for Fi nthe uniform-seriessinking-fund equation givesthe
followingequation:

A Pl tiyi
T (1+ir-1

Theequation A = P{[i(1 T i?)/[(1 + i)' — 1]} givesauniform seriesof payments
A that is equivalent to the present worth of P. Again, notethat A isrelated to P by a
factor that depends only on i and n. Thisfactor, [i(1 * iyJ/[(1 + i)' — 1], iscalled
the uniform-series capital recovery. Rearranging terms, P = A{{(1 T i)' — 1}/
[i(1 +i)"]}. This gives the present worth P of the uniform series of A payments.
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The factor, [(1 + i)' — 11/[i(1 T 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=FutureSum A A A A A A
A =Equal Payment Series 1 2 3 (n=-2(n-1) n
i = Annual Interest Rate J 1 o | I
n =Sudy Period (years) P
Single Payment Series
Compound Amount F=P[aQ+i)]= - e (Eq. 5.2)
] PIFi—n
Present Worth P=F [(FFT)] =FC"" (Eq. 5.3)

Equal Payment Series

FlAi—n

CompoundAmount  F =A [1 - 1]

Sinking Fund (Eg.5.5)
I.)" —1 PlAi—n
Present Worth P=A [Qia + iy 7] =ACT (Eq. 5.6)
Capital Recovery A=P [(—Hd'f i iy ] =p(" ™ (Eq.5.7)
|

Thefactor designation at the right of the preceding interest equationsrepresents
an abbreviatedform of theequationillustratedin the following:

(""" means find the Future Sum, £ from aknown

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

In general, an economic analysis involves the process of solving for one of the
variables. For example, capital recovery solvesfor A, pay back period solvesfor n,
and rateof return solvesfor i. A more complex analysisusingone or moreof theba-
sic six equationsis required when multiplesums of money are distributed over the
study period, or when tax advantagesareincluded.
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The capital recovery method eval uatesthe amount of annual money, A, that must
be obtained throughout the study life, n, of aproject in order to obtain arecovery on
the original capital investment, F A simple illustration is given in Example 5-3.
Theremay be other considerationsthat should be evaluated, such astax advantages,
non-uniformgeneration of revenue, and the disposal of thefacility after its useful
life. The pay back period method evaluates the number of years, n, that a project
must be operatedin order to obtain aninterest rate, i, for agiveninvestment, £, with
an annual generated income, A. This method isillustrated in Example 5-4. A rate-
of-returnanalysisevaluatestheinterest rate, i, that equatestheinitial investment, £,
to the yearly net cash flow asillustrated in Example5-5. A trial-and-error solution
isrequired in this example because the annual payments are not uniform. All these
examplesare simpleillustrationsof the methods that can be used to determinethe
economicfeasibility 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
areforecast 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, neglectingany 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-
nomicfeasibility of a project. The initial investment for aprojectis $18.0M. A
net annual profit of $3.5M is anticipated. Using a 15% desired rate of return on
theinvestment, what isthe pay back periodfor the project?

n = 10.5 years



Example5-5

Thisexampleillustratesthe rate-of -return method for determining the economic
feasibility of aproject. Aninitia project investment 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. Determinethe rate of return with the anticipated net
profit shown below.

End of year Net profit ($1,000)

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

P/F15-1 P/IF15-2 PIF15-3 P/IF15—4
P = [—$350(0.8695) — $120(0.7562) * $420(0.6575) + $735(0.5718)

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

$1.05M < $1.17M; thereforetry ahigher rate of return.
Try i = 12%.

$1.05M = $1.06M; thereforetherateof returnisdightly 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, whichis the capital investment, P. When a project ex-
ceedsits budget, then the economic justification that was used by the owner to pro-
ceed with the project isimpaired.

A popular method for deciding on the economic justification of a public project
isto compute the benefit/cost ratio, which is smply theratio of the benefitsto the
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public divided by the cost to the government. If theratiois 1, the equivalent bene-
fitsand equivalent costsare equal . Thisrepresentsthe minimum justificationfor an
expenditure by a public agency. Generally, thefirst step is to determinethe benefits
that can be derived from a project. Thisisin contrast to the consideration of prof-
itability asafirst step in evaluating the meritsof a private enterprise. The second
step in evaluating a public project involvesan analysisof cost to the governmental
agency. When apublic projectis being considered, the questionis: Will this project
result in the greatest possible enhancement of the general welfarein termsof eco-
nomic, social, environmental, or other factors that serve the needs of the general
public?The measurement of benefitsis sometimesdifficult becausethey cannot al-
ways be expressedin dollars.

Many government agencieshave alist of projectsthat 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 afiscal year,
rather than economicfeasibility.

DESIGN BUDGETS

The design organization has adifficult task of estimating the cost of providingde-
sign servicesand/or producing contract documentsfor the project beforethedesign
and construction phases begin. For many projects the magnitudeof work that isre-
quired by the designer cannot be fully anticipated, because design is a creative
process that involvesthe eval uationof numerous alternatives. The evaluationof de-
sign alternativesis a necessary part of the design process required to select the best
design that satisfiesthe owner's need for the project.

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

For projects that have a well-defined scope with no unusual features, and are
similar to projectsthat a designer has handled in the past, a lump-sum design con-
tract is commonly used. Preparation of the design budget can be developed by
defining tasks, and grouping of tasks, in awork breakdown structure. The devel op-
ment of a project work breakdown structure and design work packagesis discussed
in Chapter 6. A design work package, shown in Figure 6-7, can then be prepared for
each task. Based upon the past experienceof the designer with similar projects, the
estimated labor-hours of design cal culations, number of drawings, |abor-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. Thefinal
design budget is usually broken down by discipline with the labor-hours based on
the number of drawingsto be produced. Figure5-2 illustratesthe summary of ade-
sign engineering budget. Figure 5-3 shows an example of time distributionfor de-
sign calculations as well as the development of drawings and specificationsfor a
project. Chapter 7 presentsthe processof devel oping design proposalsand design
budgets. Reference Figures 7-5 and 7-6 for gathering the information necessary to
preparethe budget forms shown in Figures5-2 and 5-3.
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PROJECT BUDGET FORM

FIGURE5-2
lllustrative Design Engineering Budget.
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FIGURE 5-3
Example of Time Distribution for Design Calculations, Drawings, and Specifications.
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The salary cost timesamultiplier method i s used for projectswhenit isdifficult
to accurately define the scope of work at the time the designer is retained for the
project. For thesetypes of projects, preliminary services, such as process studies,
development of alternatelayout plans, or other servicesare required to establishin-
formation that is needed for thefinal design. The designer providesafee schedule
to the owner that liststhe classificationand salary costs of all personnel, and arate
schedulefor al other coststhat are directly chargeableto the project. Work is then
performed based on actual time expended in the design effort. A multiplier, usually
within arangefrom 2.0 to 3.0, is appliedto direct salary coststhat compensatethe
design organization for overhead, plus a reasonable margin for contingenciesand
profit. A larger multiplier may be used for unusual projectsthat require special ex-
pertise, or for projectsof short durationor small size. Travel, subsistence, supplies,
and other direct non-salary expensesare generally reimbursed at actual costs, plus
a 10% to 15% servicecharge.

Thecost plus afixed payment method i s used for projectsthat have ageneral de-
scriptionor statement of the scope of contemplatedwork, such as the number, size,
and character of buildingsor other facilities and the extent of utilities. The design
organizationis reimbursedfor the actual cost of al salaries, services, and supplies
plusafixedfeethat is agreed on betweenthe designer and owner. Thefixed fee usu-
aly variesfrom 10% for large projectsto 25% for small projectsthat are short in
duration.

Designwork may also be compensatedbased on apercentagedf theconstruction
costsof aproject, athough this method i s not as common today asit wasin the past.
Generally the percentageis on a diding scalethat decreasesas the constructioncost
increases. The percentageal so variesdepending on thelevel 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 percentagedata given in the above paragraphsare not fixed, nor should the
ranges be considered as absolute maximums or minimums. Instead, they are pre-
sented as aguideto establishthe approximatecosts that may beincurredfor the de-
sign of aproject.

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 constructionisdetermined by the
contractor's bid that has been accepted by the owner before starting the construction
process. Depending on the compl etenessof the design and theamount of risk that is
shared between the owner and contractor, there are many methods that have been
devel oped to compensatethe constructioncontractor.

The pricing format for providing construction services can be divided into two
general categories. fixed price and cost reimbursable. Fixed price contractsusualy
areclassified aslump-sum, unit-price, or acombination of lump-sumand unit-price.
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Cost-reimbursabl econtracts can be classified as cost plus afixed fee or cost plusa
percentage. An incentiveis often built into cost-reimbursablecontracts to control
thetotal cost of aproject. Examples of incentivesare*'target price'” and ** guaranteed
maximum price."

For projectswith a complete set of plansand specificationsthat have been pre-
pared prior to construction, the contractor can prepare a detailed estimate for the
purpose of submittinga lump-sum bid on the project. Only one total-cost figureis
quoted to the owner, and thisfigurerepresentsthe amount the owner will pay to the
contractor for the completed project, unlessthereare revisionsin the plans or spec-
ifications. The contractor's bid is prepared from a detailed estimate of the cost of
providing materials, labor, equipment, subcontract work, overhead, and profit.

The preparation of lump-sum detailed estimates generally follows a systematic
procedurethat has been developed by the contractor for hisor her uniqueconstruc-
tion operations. Building contractors organize their estimates in a format that
closely follows the Construction Specification I nstitute's (CSl) masterformat. The
CSl masterformat organizesproject information into 16 major divisionsand is rec-
ognized as the industry standard for building construction. Appendix E provides
alisting of the CSlI Masterformatlevel 2 titlesand numbers. A typical summary of
an estimate of a building construction project is shown in Figure 5-4. Each mgjor

FIGURE 5-4
Example of Building Construction Project Bid Summary Using the CSI Organization of Work.
Item Division Material Labor Subcontract Total
1 General requirement $ 16435.00 $ 3635500 $ 488200 $ 57.672.00
2 Site-work 15,070.00 20,123.00 146,186.00 181,389.00
3 Concrete 97,176.00 51,524.00 0.00 148,700.00
4 Masonry 0.00 0.00 212,724.00 212,724.00
5 Metals 212,724.00 59,321.00 0.00 272,045.00
6 Woods and plastics 38,753.00 10,496.00 4,908.00 54,157.00
7 Thermal and moisture 0.00 0.00 138,072.00 138,072.00
8 Doors and windows 36,821.00 32,115.00 0.00 68,936.00
9 Finishes 172,587.00 187,922.00 0.00 360,509.00
10 Specialties 15,748.00 11,104.00 9,525.00 36,377.00
11 Equipment 0.00 0.00 45,729.00 45,729.00
12 Furnishings 0.00 0.00 0.00 0.00
13 Special construction 0.00 0.00 0.0c 0.00
14 Conveying systems 0.00 0.00 0.0c0 0.00
15 Mechanical © 000 0.00 641,673.00 641,673.00
16 Electrical 0.00 0.00 354,66100 354,661.00

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

Material tax (5%) 30,266.00 2,602,910.00
Labor tax (18%) 73,613.00 2,676,523.00
Contingency (2%) 53,530.00 2,730,053.00
Bonds/insurance 34,091.00 2,764,144.00
Profit (10%) 276,414.00 3,040,558.00

Bid price = $3,040,558.00



divisionis subdivided into smaller itemsof work referred to as either broad scope,
medium scope, and narrow scope. For example, the work required for division 2,
site-work, issubdividedinto clearing, excavation, compaction, etc., asillustratedin

Figure5-5.

Heavy engineeringconstructioncontractorsgenerally organi zetheir estimatesin
awork breakdown structure (WBS) that is uniqueto the project to be constructed.
An exampleof theWBS organizationaof an estimatefor an €l ectric power construc-
tion project is illustrated in Figures 5-6 to 5-8. Each group is subdivided into

FIGURE5-5
Division 2 Estimate for Site-work.

Cost

code Description

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

FIGURE5-6

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

Group-level report

No.

1100

2100

2300

3100

4200

4400

4500

tFor large projects the costs are sometimes rounded to the nearest $100 or $1.000. Figures 5-6 to 5-8 show
full dollars to illustrate the transfer of costs among the component,division, and group levels of an estimate.
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divisionsof thework required to construct the group; likewise, each divisionof that
work is subdividedinto the componentsshown in Figures5-7 and 5-8.

The unit-pricebidis similar to the lump-sum bid, except that the contractor sub-
mits a cost per unit of work in place, such as acost per cubic yard of concrete. The
contract documentsdefinethe unitsthe owner will pay the contractor. Thefinal cost
isdetermined by multiplyingthebid cost per unit by theactual quantity of work that
isingtalled 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-reimbursablecontractsfor constructionmay be used for several reasons; to
start constructionat the earliest possibledate, to allow the owner to make changes

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

DIVISION-LEVEL REPORT FOR TRANSMISSIONLINE A

Cost
item Description Material Labor Equipment Total

2100 TRANSMISSION LINE A
2210 Fabricationof

steel towers $ 692,775.00 $ 000 $ 000 $ 692,775.00
2370  Tower foundations 83,262.00 62,126.00 71,210.00 216,598.00
2570  Erectionof

steel towers 0.00 144,141.00 382,998.00 527,139.00
2620 Insulatorsand

conductors 2,605,588.00 183,163.00 274,744.00 3,063,495.00
2650  Shield wire

installation 0.00 78,164.00 63,291.00 141,455.00

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

FIGURE 5-8

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

COMPONENT-LEVELREPORT FOR TOWER FOUNDATIONS

Cost
ltem Description Quantity Material Labor Equipment Total

2370 TOWER FOUNDATIONS
2372  Dirilling

foundations 4,1961linft $ 0.00  $25/428.00 $44,897.00 $ 70,325.00
2374  Reinforcing

steel 37.5 tons 28,951.00 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 3,142 |b 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 thistypeof projectisusually prepared
by the contractor as an approximateestimate. The owner and contractor agreeon a
cost ratefor al labor, equipment, and other servicesthat may be charged to the proj-
ect by the contractor. The contractoris reimbursed for all coststhat are accrued dur-
ing the construction phasedf theproject plusapercentagedof thecostsor afixed fee.

To maintain some degree of control over the total cost of a project, an incentive
is often placed on cost-reimbursable contracts. For example, the contract may be
awarded on acost plus basiswith aguaranteed maximum price, commonly calleda
GMPcontract. For aGMPcontract, the owner and contractor agree on a guaranteed
maximum price prior to thestart of construction. They aso agreeon thedistribution
of coststhat each will incur if thefinal cost is above or below the guaranteed max-
imum price. Then, during construction, the contractoris reimbursed for actual costs
plusafixedfeeor percentage of actual costs. If the actual final cost isabove or be-
low the guaranteed maximum price, then the predetermined distributionof the dif-
ference of costsis distributed between the owner and contractor. Toillustrate, if the
cost exceeds the guaranteed maximum price, the contractor may pay 70% of the
cost and theowner pays30% of thecogt. If the cost islessthan the guaranteed max-
imum price, the contractor receives 60% of the reduced costs and the owner re-
ceives 40%.

QUESTIONSFOR CHAPTER 5—PROJECT BUDGETING

1 Usually each of the three principal parties(the owner, designer, and contractor) prepares
acost estimateat different timesduring thelife of a project. Describethe purposeof each
estimateand 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 acost estimate for the construction of a small, high-quality office building that
contains 18,525 ft2 of floor area. Usethe datain Figure5-1 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 rangeaf percentageof this cost would you recommend to define thelevel
of accuracy?

4 Usethetimeand locationindicesin Example5-2 to estimatethe cost of a high-quality of-
fice building that contains 64,500 ft2 of floor area. The buildingis to be constructed 2
yearsfrom now in city A. The cost of a similar type building that contains95,000 ft? was
completedlast year in city Cfor acost of $7,790,000.

5 During the feasibility study of a project, the initial estimated cost for design and con-
structionis $3.7 million. It isanticipated that the cost to maintainand operate thefacility
after completionof constructionwill be $250,000 per year. Assuming the owner must ob-
tain areturn on theinitial investment of 15%, what net annual income must bereceived
to economically justify the project? Assume no salvage value after using the facility for
12 years.

6 Thecost estimateof aprojectis$3.5 million. Annua costsfor maintaining and operating
thefacility areforecastas $250,000 per year. After 8 years, it isanticipated thefacility will
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besoldfor $2.0 million. If the owner requiresa 15% return on hisor her investment, what
net annual income must be received to recover the capital investment of the project?

7 Theinitial investment for a project is $4.7 million. A net annual profit of $1.5 millionis
anticipated. Using a12% desired rate of return on theinvestment, what isthe pay back pe-
riod for the project?
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DEVELOPMENT OF
WORK PLAN

PROJECT MANAGER'S INITIAL REVIEW

Thediscussionaf devel opingthe project work plan in this chapter is based on han-
dling the project in its early stage of development, prior to design. It is presented
from this perspective because the ability to influence the overall quality, cost, and
schedule of a project can best be achieved during design. Most books and articles
discuss project management during the construction phase, after design is com-
pleted. At this timein thelife of a project the scope of work is fully defined, the
budget isfixed, and the completiondateisfirm. It is then too late to make any sig-
nificant adjustmentsin the project to improve quality, cost, or scheduleto benefit
the owner.

When a project manager is assigned to a project, hisor her first duty isto gather
al the background materia 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 thereis a well-defined scope, an approved budget, and a schedule that shows
major milestonesfor the project, in particular the required completion date.

The purpose of thisinitial review processis to becomefamiliar with the own-
er's objectives, theoverall project needs, and to identify any additional information
that may be needed to begin the processof developing awork plan to managethe
project. To organize the review process it is best to divide the guestions into
the three categoriesthat define a project: scope, budget, and schedule. To guidethis
initial review, the project manager should continually ask questions like those
showninTable6-1.
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TABLEG-1
GUIDELINES FOR PROJECT MANAGER'S INITIAL
PROJECT REVIEW

Scope

. What is missing?

. 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 regulationsare applicable?

ONOUAWNPE

Budget

. 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?

CUAWNREQ

Schedule

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

. When was the schedule prepared?
Who prepared the schedule?

How firm is the completiondate?

Are there penalties or bonuses?

oA wWNPRE

OWNER'S ORIENTATION

After the project manager has performed theinitial project review and becomefa-
miliar with the project, the owner's authorized representative should be identified
and a meeting scheduled to set up the necessary coordinationarrangementswith the
owner. The owner's representativeservestwo rolesin a project: as a participantin
providing information and clarifying project requirements, and as a reviewer and
approver of al team decisions. The owner must be considered an integral part of the
project team, beginningat the start of the project and continuing through all phases
until completion.

During thisinitial meeting, the owner's authorized representativeshoul d set pri-
orities for the project. There are four elements of concern for a project: quality,
scope, time, and cogt. It is understood that quality is an element that must be satis-
fied. The owner should set thelevel of quality that isexpectedin the project. There
must be a mutual understanding of quality between the project manager and the
owner's representative. Scopeisthe 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 is set by the owner. Frequently, timeisini-
tialy set asapriority over cost. However, cost may take precedence over timeif the



CHAPTER 6: DEVELOPMENT OF WORK PLAN 101

market for the product changes or other conditionsarise. If a priority is not set, the
project manager must attempt to optimizetime and cost.

Theleve of involvement required by the owner's representative must be deter-
mined a the beginning of the project. If he or she wantsto sign everything, thenthe
project manager must include timein the project schedule and cost into the budget
for the owner's involvement. Two-way communicationis an absolute requirement.
The project manager should d soinform the owner's representativeof how he or she
plansto 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 desirableto
visit with othersin the owner's organi zationthat may be concerned with the project.
Issuesto discuss mightincludeclarification of goalsand requirements, desired level
of quality, any uniquenessabout the project, financing, regulatory agencies, and ap-
proval process.

In someinstancesthis meeting may be the project manager's first introduction to
the owner's representative. Because many owners expect an all-knowing project
manager, some precautionsneed to betaken. Since the project team has not yet been
formed, all discussionsshould 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. Thisgivesthe project manager a better understanding of the history behind the
project and previous contact with the owner's representative.

ORGANIZATIONALSTRUCTURES

Each project manager is affected by the environment in which he or sheworks. The
organization of acompany can have alargeimpact on the ability to manage a proj-
ect. Figures6-1 through 6-5 show variousorgani zational structuresof companies. A
project manager may work for acompany that is organized as shown in thesefig-
ures, or he or she may managea project for aclient whose company organizationis
similar to one of these organizational structures.

If acompany is product oriented, it will be organized around manufacturingand
marketingof 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 constructionof a project is a meansto an end for the company to
provide a product or service and does not represent the primary function of that
company. This secondary emphasison a project can hamper the work of a project
manager.

The organizational structure shown in Figure 6-1 is an example of a business
with an emphasis on manufacturing and marketing of products. The engineering
portion of the company exists to support the manufacturing operation. Manufactur-
ing exists to produce the product for the marketing group to sell. Questionsrelated
to theengineering/construction of a project for thiscompany would typically bedi-
rected to the engineering department. However, the answersto these questions often
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General

Director __ Engineering Productionand Salesand Accounting
Level and Development Manufacturing Marketing and Legal
Division [ ‘ ‘____'
——
Level ,

Department -
Leve

Denotes

Section ___ [ f3 continued
Leve breakdown
FIGURE 6-1

Traditional Management Organization (Production Line/Business Oriented). %

comefrom the manufacturing departlnent, whichin turn may haJe to obtain input
from the marketinggroup. This requiresachannel of communicationsbetween var-
iouspartiesthat can cause misinterpretationof information and adelay in obtaining
answers. A project manager performing work for a company that is organized as
shownin Figure6-1 shouldincludeacontingencyin the project schedulefor delays
of owner responses, and should be aert to the potential for scope growth.

An example of afunctional organizationisillustrated by the electrical power
company shown in Figure 6-2. The company emphasisison generation, transmis-
sion, and distributionof electrical power services. Utilities and governmental agen-
cies are usually organized in functional departments. This type of organizationis
efficient for thedesign and construction of projectsinvolvinga singlefunction, such
asthe design and construction of atransmissionline or a substation. However, if a
project involvesdesign and construction of aunit of apower station, plustwo trans-
missionlinesand asubstation, it can bedifficult 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 is as-
signed, coordinating across departmentslines can be difficult.

Figure 6-3 shows a typical work environment of a consulting engineering com-
pany that providesdesign servicesfor projects. The company emphasisisdiscipline
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VicePresident |

| Substation | | Transmission | | PowerPlant . . . Operétions |
| | | Proj Engr | Proj Engr
Proj Engr Proj Engr
Proj Engr Proj Engr Proj Engr Proj Engr |— Proj Engr
Proj Engr Proj Engr Proj Engr Proj Engr
FIGURE 6-2

Functional Organization (Electrical Power Company).

| | | | |

Manager ‘ Manager ‘ ‘ Manager ‘ ‘ Manager I ‘ Manager
. ArchDesign Civil Engr Elect Engr Mech Engr Congtruction |
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Proj Arch — Proj Engr — Proj Engr — Proj Engr — Const Engr
— Proj Arch — Proj Engr — Proj Engr — Proj Engr Const Engr
— Proj Arch — Proj Engr — Proj Engr Proj Engr — Const Engr
FIGURE 6-3

Discipline Organization (Design Firm).

oriented, involving agroup of specialistswho share knowledge and technical ex-
pertise. Overemphasi zing separate disciplines can encourage competition and con-
flicts at the expense of the whole organization, resulting in focus on internal
department operationsrather than external relationsand project work. When em-
phasis is focused on internal departments, decision making and communication
channelstend to be vertical, rather than horizontal, with little attention paid to costs,
schedules, and coordination.

Many consulting engineering companies are organized as shown in Figure6-3.
For small projects with short durations thistype of organization is efficient. How-
ever, project management can be hindered because some of the engineers have
adual role, as both adesigner and a project manager. As the number of disciplines
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| VicePresdent |
Commerdia Dams Chemical Bridges
Industrial Municipal Pulp & Paper Surveying
Control Utilities Petrochemical Traffic
FIGURE 6-4

Functional Organization (Design Firm).

increases, coordinationof 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 thearchitectural 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 statusis. By the time the project reaches the last discipline
there may not be enough budget |eft to compl etethe work. Disciplineorganizations
develop a strong resistanceto change.

Another typeof organizational structurefor a consulting engineeringcompany is
shownin Figure 6-4. The company is organized into functional departments: build-
ings, heavy/civil, process, and transportation. The disciplinesare dispersed anong
thefunctional departmentsand serve on design teamsfor projectsthat are assigned
to the department. Lead designersare appointed as team |eadersto manage the de-
sign effort. Each designer remainsin his or her functional department to provide
technical expertisefor the project. However, if thereis adeclinein the number of
projects in one or more departments, one or more designers may be transferred
to another functional department. This can be disruptive to the management of
projects.

To increaseemphasison project cost, schedule, and general coordination,a ma:
trix organization as shown in Figure 6-5 is often used. The objectiveisto retainthe
design disciplinesin their home departmentsso technical expertiseis not lost, and
to create a projectsgroup that isresponsiblefor overall project coordination. To ac-
complish this the designer has two channelsof 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 providesa work environment with emphasis on the proj-
ect. Each project is defined by a horizonta line on the matrix. The project manager
is responsiblefor overall project coordination, interfacing of disciplines, client re-
lations, and monitoring of overall project costs and schedules. The variousdesign
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FIGURE 6-5
Matrix Organization (Design Firm).

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

A matrix defineslinesof communicationsbut does not indicate the authority for
conflict resolution. A matrix may be defined as a " strong matrix," where project
managers have the authority to decide what is good for the overall project. At the
oppositeend of the spectrumisthe ' weak matrix," where discipline managershave
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, sometimesat the expenseof project
cost or scheduleand 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 disciplinescan lead to time and cost problems. Likewise, too much emphasison
projectscan lead to inefficienciesand quality problems dueto 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-
ciplinesisessential. The project manager relieson the expertiseof each team mem-
ber and recogni zesthat everyoneisakey player on theteam of asuccessful project.
A'can do" attitude must exist, with adriveto completea quality projectin an effi-
cient manner that meetsthe needsof the owner. What is good for the project isgood
for the entire company. Effectivecommunicationsamong team membersis a must.

As a project moves from the design phase to the construction phase, a work
structuremust be devel oped around the work that must be accomplishedin 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 thefield, wherethe actual
work is being performed.

WORK BREAKDOWN STRUCTURE

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

A WBSisagraphical display of the project that showsthedivision of work in a
multi-level system. Figure6-6 isasimpleillustrativeexampleof 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 magjor facility of
buildingsis subdivided into three buildings: office, maintenance, and warehouse.
The project isfurther broken down so the componentsat each level are subsets of
the next higher level. The number of levelsin aWBS will vary depending upon the
size and complexity of the project. Thesmallest unit intheWBSis awork 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 thischapter.

Thedevelopmentof theWBS isa continuing processthat starts when the project
isfirst assigned to the project manager and continues until all work packageshave
been defined. The project manager starts the process of developing the WBS by
identifying major areas of the project. As membersof the project team define the
work to be performed in more detail, the WBS is adjusted accordingly. Thus, the
WBS isused from the start to thefinish of the project for planning and controlling.
Itisan effectivemeans of definingthewhole project, by parts, and providing effec-
tivecommunication channel sfor exchange of information that is necessary for man-
agement of the project.

TheWBSisthefoundation of a project management system. Code numberscan
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 providesa systematic approach for identifying work, compil-
ing the budget, and devel opingan integrated schedul e. Sincethe WBSis devel oped
jointly by the project team, the people that will actually perform the work, it isan
effectivetool for relating work activitiesto 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 all
other information that is known about the project, the project manager should de-
velop apreliminary WBS that identifiesthe major tasks that must be performed. A
detailedlist of tasks should be prepared and grouped into phases that show the se-
quencing of tasksand theinterdependencesof work. This providesidentity for the
project to assist in selectionof resourcesand the technical expertise that will be re-
quired of the project team. A time schedule should be attached to each task. All this
preparatory work is required because the project manager cannot effectively form
the project team until the work to be doneis known. In essencethe project manager
must devel op a preproject work plan, which should be reviewed by hisor her super-
visor. This plan will be expanded into a final project work plan after the project
teamisformed.

After the preparatory work iscompl ete, the project manager is responsiblefor or-
ganizing the project team to achieve project objectives. The project manager and ap-
propriate discipline managersare jointly responsiblefor selecting team members.
This can sometimesbe difficult because every project manager wants the best peo-
pleon hisor her team. Each project hasa specificlist of needs, but theoverall utili-
zation of al peoplein the company must be considered. It is not practical to shift
key personnel from project to project; therefore compromisein the assignment of
peopleis required. The assignment of appropriatestaff for a project must takeinto
consideration the special technical expertise needed and personnel available on a
company-widebasis.

The project team consists of membersfrom 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 servesasleader of theteam. All team membersrepre-
sent their respectivediscipling's area of expertiseand are responsiblefor early de-
tection of potential 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.

It isimportant that each team member clearly understandsthe project objectives
and realizeshis or her importancein contributingto the overall successof the proj-
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ect. A cooperativeworking relationshipis necessary between all team members. Al-
though the project manager is the normal contact person for all discipline depart-
mentsinvolvedin the project, he or she may delegate contact responsibility to lead
membersaf the team. Since the initiative and responsibility to meet project objec-
tives, costs, and schedulesrests with the project manager, he or she should be kept
fully advised and informed.

The project manager must organize, coordinate, and monitor the progressof team
membersto ensure the work is completed in an orderly manner. He or she should
aso 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 thekick-off meeting. It isoneof the most important meetings
in project management and is held prior to starting any work. The purposeof the
kick-off meeting isto get the team memberstogether to identify who is working the
project and to provide them with the same base of knowledge about the project so
they will feel likethey area part of theteam. It isimportantfor the project manager
to fully understand the project objectives, needs, budget, and scheduleand to trans-

mit thisinformationto team membersearly in the project. In particul ar the scope of

work must be closely reviewed.

The kick-off meeting allows the team to set priorities, identify problem areas,
clarify member responsibilities, and to provide genera orientation so the team can
act asaunit with acommon set of goals. At the meeting the project manager should
present project requirementsand theinitial work plan, discussworking 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 elementsof a project cannot be changed without
approval of both the project manager and the owner's representative.

Prior to the meeting the project manager should preparegenera project informa-
tion data, includingthe 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 regquirements should also be presented. It is important to provide thisinfor-
mation to key peopleon the project so they know the project is approved for work
and feel that they are a part of theteam. 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 meetingis short in duration, but it isthefirst step in understanding
what needs to be done, who is going to do it, when it is to be done, and what the
costs will be. Thisis not adesign meeting but an orientation meeting. The project
manager must keep the meeting moving and not get overly involvedin details. Min-
utesof 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
questionsthat requirefuture 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
projectteam

6. Review the project preliminary schedule & milestones

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

8. Discuss assignments to team members:

Ask each member of theteam - - -----=------ —> (who?)

To review the scope of work requiredin 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. Establishthe next team meeting, write minutes of kick-off meeting, and distributeto each
team member and management

Thereare threeimportant purposesof the kick-off meeting: to orient team mem-
bers regarding project objectives and needs, to distribute the project manager's
overdl project plan, and to assign to each team member the responsibility of prepar-
ing work packagesfor the work required in hisor her areaof 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 ensurethat
important items are covered, the project manager should use a check list for the
kick-off meetingasillustratedin Table 6-2.

WORK PACKAGES

The project manager is responsiblefor organizingawork 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
packagesfor 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 suppliedto the project manager within two weeks of the kick-off
meeting.

A work packageis divided into three categories. scope, budget, and schedule.
Figure 6-7 illustrates the contents of a work package. The scope describesthe re-
quired work and servicesto 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
themsel vesduring the process of preparing the work packagesfor a project.

A work packageisthelowest level in the WBS and establishesthe baselinefor
project scheduling, tracking, and cost control. The work package is extremely im-
portantfor project management becauseit relatesthe work to be performed to time,
cost, and people. As shown in the budget section of Figure 6-7, a code account num-
ber relatesthe work to the CBS. Likewise, the schedul e section has a code number
that relatesthe work to the OBS. The CBSis used for management of project costs
and isfurther discussedin Chapter 9. The OBS code number identifiesand linksthe
work to the people. Many articleshave been published that discussthe relationship
of thework packagesto theWBS, OBS, and CBS.

The preparation of the budget portion of awork package requiresacareful eval-
uation of all resourcesneeded to produce the work. All work tasks and items must
be budgeted, including personnel, computer services, reproduction expenses, travel,
expendablesupplies, and incidental costs.

Team members must consider their overall work load when they prepare the
scheduleportion of awork package. Sinceteam membersare generally assigned to
one or more projects, their other assigned duties and future commitmentsto other
projects must be considered when preparing a work packagefor anew project. The
failureof team membersto carefully integratethe scheduleof all projectsfor which
they are assigned isacommon sourceof late completion of projects. Too often team
members overcommit their time without making allowances for potential inter-
ruptions and unforeseen delays in their work. All tasks should be identified and
scheduled.

FOLLOW-UP WORK

After the exchange of information at the kick-off meeting and areview of there-
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 performthe work, but may determinethat the magnitudeof the work isin excess
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Work Package

Title:
WBS Code:

1 Scope
Required Scope of Work:

Servicesto Be Provided:

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

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

2. Budget CBS
Work- Code Computer Services

Personnel Assignedto Job Hours $-Cost Acct. Type Hours $-Cost

Total Work-Hours= Personnel Costs=$

Computer Hours= Computer Costs=$

Travel Reproduction Other

Expenses Expenses Expenses

+ + -$——

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

3. Schedule
OBS
Code Work Task Responsible Person StartDate  End Date

Work Package: Start Date: End Date:

Additional Comments:

Prepared by: Date:

Approved by: Date:

FIGURE 6-7

Team Member's Design Work Package.
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of what he or she can schedule because of prior commitment to other projects. Thus,
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 availableresourcesaf the project manager's organization. These situations
should be resolved within two weeks of the kick-off meeting.

An accumulationof the budgetsfrom all the team's work packages providesan
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 weeksof the kick-off meeting. The team as a whole must then work to-
gether to determine alternative methods of handling the project to keep the esti-
mated cost within the approved budget. If it cannot be resolved within theteam, the
project manager must work with hisor her supervisor to determine a workableso-
[ution. If asolution cannot befound, the owner must be advised so an agreeableso-
lution can be determined for a scope of work that matchesthe approved budget. It
isimportant to resolveissues of this nature at the beginning of the project, when
choicesof alternativescan be made, rather than later when it istoo late.

After receipt of all work packages, the project manager must integratethe sched-
ulesof all team membersto develop aschedulefor theentire project. If the project
schedul e exceeds the required compl etion date, the team as a whole must work to-
gether to determine alternative methods of scheduling the work. If the discrepancy
between the planned scheduleand required schedule cannot be resolved within the
team, the project manager must then resolve the issue with hisor her supervisor. If
the required schedule cannot be achieved, then the owner must be advised so that
acceptableagreementscan be reached.

I ssues related to project scope, budget, and schedule must be resolved early. Ef-
fective communi cationand cooperation among team membersis necessary. There-
sults of the team assignments and definitions of work packages allow the project
manager to finalize the work breakdown structure that forms the foundation of the
project work plan. After receipt of all information, the project manager can finalize
the overall plan to managethe project.

PROJECT WORK PLAN

The project manager must develop a written work plan for each project that identi-
fiesthe work that needsto be done, who isgoingto doit, when it isto be done, and
what the costs will be. The level of detail should be sufficient to allow all project
participantsto understand what is expected of them in each phase and time period
of the project; otherwisethereis no basisfor control. It isimportant that a partici-
patory approach be used and that team members understand project requirements,
jointly resolveconflicts, and eliminate overlapsor gapsin related work. There must
be agreementson priorities, schedule, and budget.

Upon receipt of all the team members work packages the project manager can
assemblethefinal project work plan. Table6-3 provides the basic componentsof a
work plan: thedirectory, tasks, schedule, and budget. The project directory contains
all pertinent information, such as project title, number; objectives, and scope. The
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TABLE 6-3
COMPONENTS OF A PROJECT WORK PLAN

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

Tasks
Detailed listing of tasks
Grouping of tasks
Work packages

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

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

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

project organization chart showsall 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-
tegratingthe schedulesof work packages provided by team members. Likewise, the
budget can be obtained from a summary of the costs from all work packages.

Once the work plan isfinalized it serves as a document to coordinate all work
and as a guide to manage the overall effort of the project. It becomesthe basefor
control of al work. Appendix A illustrates the components of a work plan for a
project: work breakdown structure, project organizationa chart, samplework pack-
age, and project schedule. Note the transfer of information from one component to
another to form theintegrated work plan.

Thefirst stepin organizing a project is development of aWBS. The WBS defines
thework to be accomplished, but does not definewho is responsiblefor performing
the work. A successful project dependson people to makethings happen. However,
merely selecting good peopleis not enough. A key functionin project management
is to organize the project around the work to be accomplished and then select the
right peopleto perform the work within the approved budget and schedule.

After theWBSiscomplete, the next stepisto link the OBS from the company to
therequired work that isdefined in theWBS. Figure 6-8 illustrates thelinking of the
WBS and OBS to identify the variousdisciplinesthat are responsiblefor each part
of the WBS. The project manager, with the assistanceof discipline managers, can
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Linking the WBS and OBS.

then begin the process of selecting individualsfrom the various discipline depart-
mentswho will form the project team.

Thelinking of theWBS and OBS establishesthe project framework for manage-
ment of the project. After the project framework is defined, a project schedule can
be developed to guide thetiming of activitiesand interface-relatedwork. The time
and cost required to accomplisheach activity can be obtained from the work pack-
ages. The CPM techniqueis the most common network scheduling system that is
used in the engineering and constructionindustry. Techniquesfor project schedul-
ing are discussed in Chapter 8.

After completionaof the project framework, a coding system, often referred to as
aCost Breakdown System, can be developed toidentify each componentof theWBS.
The coding system provides a common code of accountsused by al participantsin
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Phases of Development of Work Plan.

the project becauseit is directly related to the WBS, that is, the work to be per-
formed. Coding systemsare discussed in Chapters8 and 9.

Theintegration of the WBS, OBS, and CPM formsthe project plan, whichisthe
basefor project tracking and control. A code of accounts can be devel oped that re-
latesthe required work (definedin theWBS) to the people (shownonthe OBS) who
will do the work in accordance with the schedul e (shown on the CPM) to compl ete
the project. Thus, theWBS, OBS, and CPM must be linked together to form an all-
encompassing project plan.

To beeffective, asystem of project management must integrateall aspectsof the
project; the work to be done, whoisgoingtodoit, when it isto be done, and what
the cost will be. Actua work can then be compared to planned work, in order to
evaluate the progress of a project and to develop trends to forecast at compl etion
costs and schedules.

The devel opment 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 i s presented
in Chapters 8 and 9, respectively.

QUESTIONS FOR CHAPTER 6—DEVELOPMENT OF
WORK PLAN

1 Asdiscussed in thischapter, the work environment of a project manager can have a sig-
nificant impact on hisor her ability to manage projects. Describefactor sthat may help or
hinder the work of a project manager in each of the following organizational structures:
functional or ganization,disciplineor ganization,and matrix or ganization.

2 You aretheproject manager of aproject that hasthefollowing facilities: security entrance,
driveways, parking, landscape, small office building, fabrication building, communication
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building, and arecrestiond building. Develop a preliminary work breakdown structurefor
the project. Identify the engineeringdisciplinesrequiredfor the design of the project.

3 Describethe purpose of akick-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 assignsit, when it is as-
signed, who completesit, and whenit should be compl eted.

5 Asthe project manager for a project, discuss optionsthat might be consideredfor one of
your team memberswho is having difficulty completinga design work package. Discuss
optionsfor each of thefollowingsituations: difficulty in defining the scope of work, dif-
ficulty infinding experienced personnel that can be assigned to tasksin the work package,
and difficultyin estimating the timethat it may taketo completethe work.

6 You arethe project manager for a projectand havejust compiled all the designwork pack-
ages and found that the costs exceed the approved budget. Describethe optionsthat 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 questionsof Who? Doeswhat?When?and How much?

8 For the basic componentsof a project work plan shown in Table6-3, identify 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 partsthat make up
each of thesefour phases.
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DESIGN PROPOSALS

EVOLUTION F PROJECTS

This chapter is written from the perspectiveof the project manager whois respon-
siblefor managing the design effort. Therefore, the use of project manager in this
chapter refers to the design project manager. The materia presented and discussed
in this chapter on engineering designis anillustrative example of applying the prin-
ciplesand techniquesof project management presented in Chapter 6. For example,
scope refersto the scope of work required for the design effort, budget refersto the
cost for providing design services, and schedule refers to the schedulefor perform-
ing the design work.

A projectisin acontinual stateof changeasit developsfrom conceptionto 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 is crucial to asuc-
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 foll owing phases.

Sponsor's development phase

Project organi zation phase

Engineeringphase

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 arequestfor proposal (RFP) to
further devel op the project. At thistimein the devel opment of a project there must
be a clear understanding of the proposal request and the sponsor's goals. Various
names are given to the sponsor, including owner, business unit, operating group,
client, customer, and end user. Essentially, the sponsor is the organization that re-
queststhe work and will use the work when it is completed. It isimportant for the
designteamto have aclear understanding of the desired outcomeof the project and
the reasons the project is being undertaken by the sponsor.

PROJECT EXECUTION PLAN

Thefirst stepin developing a design proposal is development of the project execu-
tion plan to manage the design process. The plan must include the scope of work
coveredin the RFP and interfaceswith otherswho will beinvolved in the project,
including both in-house and contract personnel. Too often, REFPs have vaguely de-
fined scopes of work that will later cause unforeseen additional work, which ad-
versely impacts the budget and schedule.

The plan mugt aso include a milestone schedul e that shows major phases and
areas of work, includingcritical due dates. An overall preliminary budget must be
devel oped to guide the project to ensure there are no unexpected surprises as the
project devel ops.

PROJECT DEFINITION

Although project definition is primarily the responsibility of the sponsor's organi-
zation, often the design organizationisinvolvedin assisting project definition. Early
questionsaf the designteaminclude: What do weknow about the project?What are
we trying to do? What work do we need to do? The answers to these questions
depend on agood definition of the project. It is not possible to definethe scope of

design work without agood definition of the project. Project definitionis a prereg-
uisite to engineering design.

Poor project scope definition is the source of project changes, rework, schedule
delays, and cost overruns. The preproject planning research team of the Construc- *
tion Industry Institute devel oped the Project Definition Rating Index (PDRI) asa
tool to measurethelevel of definition of a project (seeFigure7-1). It alowsaproj-
ect team to quantify, rate, and assess the level of scope development on projects
prior to authorizationfor detailed design or construction. Thecentral premisedf the
research team effort was that teams must be working on the right projectin acol-
laborative manner (alignment) and performing the right work (scope definition)
during preproject planning.

The PDRI consistsof 70 elements, grouped into 15 categories, which arefurther
grouped into 3 broad sections (see Figure 7-1). To determine the PDRI, each of the
elementsare rated on a scale from 1 through 5. An element rating of 1 represents
completedefinition whereas arating of 5 represents incompleteor poor definition
of theelement. The sum of the element weightsis the composite weighted score of



| Basis of Project Decision G. Process/Mechanical (continued)
A ManufacturingObjectives Criteria G8. PlotPlan
A1, Reliability Philosophy G9. Mechanical Equipment List
A2. Maintenance Philosophy G10. Line List
A3  Operating Philosophy G1i1. Tie-inList
B. Business Objectives G12. Piping Specialty Items List
B1. Products H. Equipment Scope
B2. Market Strategy Hi. Equipment Status
B3. Project Strategy H2. Equipment Location Drawing
B4. Affordability/Feasibility H3.  Equipment Utility Requirements
B5. Capacities I. Civil, Structural, &Architectural
B6. Future Expansion Considerations I1.  Civil/Structural Requirements
B7. Expected Project Life Cycle 12 ArchitecturalRequirements
B8. SocialIssues J. Infrastructure
C. Basic Data Research & Development J1.  Water Treatment Requirements
C1. Technology J2. Loading/Unloading/Storage
C2. Processes Facilities Requirements
D. Project Scope J3. Transportation Requirements
D1. Project Objectives Statement K Instrument& Electrical
D2.  Project Design Criteria K1.  Control Philosophy
D3. Site CharacteristicsAvailable vs. K2. Logic Diagrams
Required K3. Electrical Area Classifications
D4. Dismantling& Demolition K4.  Substation Requirements/
Requirements Power Sources Identified
D5. Lead/Discipline Scope of Work K5. Electric Single Line Diagrams
D6. Project Schedule K6. Instrument & Electrical
E. Value Engineering Specifications
El. Process Simplification
E2. Design & Material Alternatives lil  Execution Approach
Considered/Rejected L. Procurement Strategy
E3. Design for Constructability L1. Procurement Strategy Equipment
Analysis & Materials
L2. Procurement Procedures & Plans
Il Front End Definition L3. Procurement Responsibility
F. Site Information Matrix
F1. Site Location M. Deliverables
F2.  Surveys & Soil Tests M1. CADD/Model Requirements
F3.  Environmental Assessment M2. Deliverable Defined
F4.  Permit Requirements M3. Distribution Matrix
F5.  Utility Sources with Supply N. Project Control
Conds. N1. Project Control Requirements
F6. Fire Protection & Safety N2. Project Accounting Requirements
Considerations N3. Risk Analysis
G. Process/Mechanical P. Project Execution Plan

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
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G7. Piping System Requirements P6. TrainingRequirements

FIGURE7-1 .
Project Definition Rating Index (PDRI}—Sections, Categories, and Elements.
Source: Construction Industry Institute.
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aproject, which can rangeup to 1,000 points, with lower pointsas a better score and
higher points as a worse score. Based on an analysisof 40 projects, the research
team found that projects scoring less than 200, out of 1,000 total points, were sig-
nificantly more successful than those that scored greater than 200.

PROBLEMS IN DEVELOPING PROJECT DEFINITION

Too often, insufficient timeis devoted to defining the requirementsof projects. Proj-
ect definitionis usually performed by people outsideengineering and construction.
Theseindividuals generally have job responsibilitiesinvolving 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 termsthat can
be converted to engineering design and construction.

Sometimesthe only fixed known information about the project i s the amount of
money the owner hasto spend, with only avagueideaof what theowner would like
from the expenditure of money. The owner may have a wish list of what he or she
would like, but theonly firminformationis the total amount of availablefunds. For
thistypeof situation, the designer must work closely with the owner toidentify the
desired operational criteriaof the project: what the owner wants to do with the proj-
ect when it is completed. The designer must assist the owner in separating what he
or she needs from what he or she wants. The designer must convert the owner's
needs into engineering scope of work and the construction costs to produce the fi-
nal project. A cost for each e ement in the project must be determined to ensurethe
project will not exceed the owner's availablefunds.

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

A well-defined definition of the project isa prerequisiteto planning the work, be-
cause the team members must know what the project is beforethey can planit. Too
often there is a rush into the implementation phase even before there is a good
understandingand agreement of project definition. Gettingan early team agreement
on definition preventsthe project scopefrom creeping out of control.

DESIGN PROPOSALS

Upon receipt of arequest for proposal (RFP) the design project manager should
carefully review it to becomefamiliar with theglobal issuesrelated to environmen-
tal and community relations, hazardous waste, bidding strategy, required permits
and regulations, expectations, and goalsof the customer. Although theseissueswill
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be developedin moredetail at alater date, the project manager must be aware of all
aspectsof the project.

The purposeof the proposd istoidentify the scope and devel op the budget and
schedule for preparing the design. The project proposal may be asformal asare-
quest for qualificationfor a new sponsor or as informal as a brief outline of scope
for expansion of existing work.

During thisearly stagein project devel opment, the design engineer must convert
thesponsor's project definition into an engineering scopeof work. However, thede-
sign engineer may feel the sponsor's definition is inadequate or may feel thereis
missing information. The sponsor should be contacted for clarifications. However,
sometimesthe sponsor is unableto 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 hisor her ability and then devel op abudget and schedulebased
on the designer's assumed scope of work. It is then mandatory to document and
communicateto the sponsor the assumptions made and the impact of the work on
thetotal project. Thisessentialy locksin the scope of work at thistimein the proj-
ect. Then, at alater date when additional informationis known, the assumed scope,
budget, and schedulefor that portion of the work can be adjusted appropriately.

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

The design project manager is responsiblefor managing the overall coordination
of the proposal effort. Specific dutiesinclude

 Definingthe scopeof 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

Communicatingwith disciplinemanagers to identify key personnel

Assistin preparation of the proposal documents

Attend the sponsor's interview

Participatein establishing arate schedule

Assimilatingthelist of project deliverables

Thediscipline managersare 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 managersare a so responsiblefor establishing
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PROJECT PROPOSAL FORM
[ continuation of ExistingWork [ New work
PROJECT DATA
Client Name:
Description of Work:
L ocation of Work:
Prepared By: Date:
DISCIPLINESINVOLVED:
[ Arch $ [ ] Mechanicd ~~ $
[ civil $ [] structural $
[] Blectrica $ [] other:
ESTIMATE
Fee $ Work-Hours:

Start Date: Completion Date:

Proposal Required: I No [] Yes DueDate:

Comments

APPROVAL:
[ NoFurther Action Required [] Further Discussion Required [] Proceed
Date:

" DISTRIBUTION
President
Principal-in-Charge
Project Manager
Marketer

Document Control

FIGURE7-2
Project Proposal Form for Design.
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the total work-hours needed for the project, to ensure that adequate technical ex-
pertise will be available when necessary to meet the project schedule.

Figure 7-3 illustrates a project proposal check list. The project data can be the
same as listed on the project proposal form. Prior to the sponsor's interview, the
project manager should compileallist of proposed attendees, an agenda, and alist
of materialsthat will be used for the presentation: boards, photographs, dlides, 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

Membersof the design team should beinvolved in the project at the earliest possi-
ble date, preferably during the proposa preparation phase. The design engineers
that will actually be doing the work can be extremely valuablefor defining scope,
identifying potential problems, and preparing realistic budgets and schedulesfor
performing the work. Too often thedesignersare not apart of the proposal prepara-
tion or do not becomeinvolved 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 managethe design effort, an organizational chart should be devel-
oped for each project. The organizational chart is effectivefor defining therolesand
responsibilitiesof the engineering manager and his or her team membersduring de-
sign. Theremust be aclear understanding of the reporting relationshipsof all mem-
bers of the engineeringteam. If external consultantsare involved, there must be a
clear description of their reporting relationships as well astheir roles and responsi-
bilities. Theremust be alist of key membersof the engineeringteam, including con-
sultants where applicable, along with their telephone numbers, fax numbers, and
e-mail addresses.

Figure7-4is an exampleof alist of technical expertisethat may be needed for
engineering design. For thelist of particular technical expertisethat is uniquefor
each project, the project manager should devel op an organi zational 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 formul ate a budget 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:
" PROJECTDATA

Client Name:
Description of Work:
Location of Work:

Estimated Cost to Prepare Proposal:

Estimated Work-Hours

PROPOSAL SUPPORT DOCUMENTATION

[] organizationChart

[] RateSchedule

[] Listof ProjectstoInclude
[] List of Employee Resumes

QLI ENTINTERVIEW

Dateof Interview:
[] Listof Attendees

[] PresentationMaterialsList

GENERAL SCOPEOF WORK

[] DrawingList

[] Specia RequirementsList

APPROVAL.:

Date:
President

FIGURE 7-3
Proposal Check List for Design.

Marketer:

[] List of Specid Graphics
|:| List of Travel Expenses

[] Proposal Sheets

[] other:

Rehearsal Date:
[] Agenda
[] other:

[] specificationsList
[] other:

Date:
Principal-in-Charge
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Project Manager
A Project Engineer
B. Schedule and Control Engineer
C. Drafting Coordinator
D. Disciplines:
1. Architecture
a Lead Architect
b. Architects
c. Draftsmen/CADD
2. Civil
a. Lead CivilEngineer
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 MechanicalEngineer
b. Mechanical Engineers
c. Mechanical Technicians
d. Draftsmen/CADD
5. Structural
a. Lead Structural Engineer
b. Structural Engineers
c. Structural Technicians
d. Draftsmen/CADD
E. Clerical Personnel
F. Document Control Personnel

ﬁ. Eeprodu;t\gm Personnel FIGURE 7-4
. 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-
plineinvolvedin the project. The scope definition and estimated budgetsshould be
as complete and accurate as possible. It is the responsibility of each design disci-
plineto thoroughly examinethe project definitionfrom the sponsoring organization
and convert project definitioninto engineering scope definition. A scope of work for
the disciplinemust be defined in sufficient detail to enabl e a reasonableestimate of
the work-hours required to complete the design work.

After the project data shown on the top of Figure 7-5 is completed, each form
and any supporting documentation should be reviewed with the appropriate disci-
pline manager and the lead discipline representative. These two individual sshould
estimate the required design work-hoursfor each personnel category required to
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PROJECT PROPOSAL DETAIL.SHEET
Discipline:
PROJECT DATA
Project Manager: Marketer:
Proposal Number:
Client Name:
Descriptionaf Work:

Location of Work:
Estimated Department Budget: Work-Hours:

" SCOPE DEFINITION

CLIENT REFERENCES AND ATTACHMENTS

' PERSONNEL CATEGORIESREQUIREDWITH WORK-HOURS

Do not include Clerical, Reproduction, or Other Disciplines. Return to PM by:
OUTSIDE COORDINATION/OTHER REQUIREMENTS
[] pecificationList
[] DrawingList  Tota Numberof Drawings
[:I Other:
Prepared by: Date:

FIGURE 7-5
Detail Sheet for Design Proposal.
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compl ete the scope of work requested. This estimate will require preparation of a
detailed scope outline, alist of required specifications, and a preliminary drawing
list. Preparation of mini-drawingsas discussed later in this chapter is an effective
method of preparing the drawing list. The number of drawingsto be produced pro-
vides a basisfor 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 uniquenessof
theprojectit may be necessary to add to or delete someof the classificationsshown
in Figure 7-5. The completed form, plusall supporting documentation, is returned
to the project manager. An exampleof this completedform isgivenin 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
Figure7-6 can be completed. Thisform compilesall the information received from
the discipline managers plus information supplied by the design project manager.
The resource-hoursfor clerical, reproduction, project support, and project manage-
ment are added to completethe design budget. An exampleof this completedform
isgivenin Figure5-2.

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

During the budgeting process, checksshould be madeto reducethe possibility of
major oversightsin the budget and to ensure the design effort can be completed
within the budget. Examplesof 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 ratiosbased upon datafrom past projectscan be made to prevent significant
errorsin the design budget.

The design project manager must al so communicatewith thedesign managersof
the various disciplines to ensure that the resources shown in the budget will be
availablewhen needed. A simple check of the average number of resourcesneeded
over the expected time duration of the design effort is an indication of the future
work load expected of the design team. The discipline managers can comparethis
demand for resources with their normal availability of designers. Too often, a
budget i s establishedfor adesign effort and then later it isfound the project cannot
be completed in timeor within budget because the resourcesare not available. Sim-
ple checks can reducethese types of problemsin engineeringdesign.
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TOTAL

FIGURE 7-6
Budget Form for Design Proposal.



130 PROJECTMANAGEMENTFOR ENGINEERING AND CONSTRUCTION

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 drawingsthat will be developed
in the design effort. Since they are hand drawn, they can be prepared quickly.

A complete set of mini-drawingsfor the project includestitle page, plan views,
elevations, sections, schedules, and detailsin 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 viewsfor each floor in abuildingin the top portion of
the page and provisionsfor text on the bottom portion of the sheet. In thefull set of
mini-drawings, there would be one pagefor each full-sizedrawing that is expected
to be produced in the design effort. Development of the mini-drawingsinvolves
working through each drawing and blocking out to scale each anticipated sheet for
sizeand location.

Design schedules, such as the room finish schedule, are aso 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 providesan effectivemeans of managing thedesign
effort.

Thefinal set of mini-drawingscan be submitted to the discipline managersfor
review and approval prior to starting design. The mini-drawingscommunicatethe
manner in which the design team intends to document the design and produce the
design deliverables. Therefore, it is important that the mini-drawingsbe complete
because they become a communicationstool to management and the design team,
for their referencethroughout the design process.

Mini-drawingsare living documentsthat may shift and changeduringthedesign
processas changesoccur. These documentsmust be kept up to date. Mini-drawings
provideearly establishmentof drawing content and assist in defining drawing com-
pleteness. In addition, they providethe following benefits:

o Establishan efficient and orderly layout of the drawings

e Determinean early count of the anticipated number of drawings

I dentify the required areas of technical expertiseneeded for the design effort
¢ Assistin determiningthe work-hoursrequired in design

¢ Provideasystemfor delegatingdrafting or CADD assignments

¢ Enablethe department and discipline managers to schedul e personnel

After aset of mini-drawings are completed, the number of anticipated drawings
are known, which provides a procedurefor determining the cost for design. After
thelist of drawingsis completed, a summary sheet can be prepared for each design
discipline that shows the number of hours anticipated to produce the drawing.
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Based on the number of design-hoursneeded per drawing and the rate schedulefor
the designers, a design cost and budget can be determined. In addition to planning
drawing content the mini-drawingscan be used during actual design for project
team communicationsand for keeping recordsof hourschargedto thejob.

DEVELOPMENT OF THE DESIGN WORK PLAN

Most design organizationswork on billable hours. In simple terms, billable hours
are hoursthat can be charged to, and are paid by, the sponsor's organization. Typi-
cal examplesinclude design calculations, writing specifications, preparing draw-
ings, conducting tests, or providinginspection. Many sponsoring organi zationsdo
not compensatethedesigner's organizationfor developingadesignwork plan. Asa
result, there may belittle or no effort placed in developing an overall plan for de-
sign. However, thisisacritical mistake becauseeven a small amount of planning
beforestarting work can prevent many future problems, including overspendingon
the design effort and late compl etion of design work. A good work plan for design
helps also to reduce rework that can lead to errorsin design. Every design effort
should have a written work plan, even if the cost will not be reimbursed by the
Sponsoring organi zation.

Thelevel 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
scheduleshoul d 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 providesa better
level of detail and aclearer definitionof theorder and interdependencyof the work
tasks. Using the CPM method of scheduling forces the user to think through and
clearly define the interdependency and interrel ationshipsof activities between the
various design disciplines. Thisresultsin a more detailed design schedule.

For asmall design project that must be completedin a short time a bar chart that
shows each task in chronologicorder is simple and easy to follow. The bar chartis
less detailed and more useful for small, less complicated design projects. However,
it may be advantageousto roll al the individual design bar chartsinto an overall
master CPM diagram to schedul ethe entire design effort.

Chapter 8 presentsa discussionand exampleof CPM schedulingfor engineering
design, and Chapter 9 presentsintegration of the CPM design schedule with pro-
curement and construction. Appendix A aso presents an illustrative example of
linking the scheduleof design, procurement, and constructionof a project.

Regardlessof the methods used, either CPM or bar charts, the schedule should
incorporateall the required tasks, starting with athorough review of al backup ma-
terial that was used in preparingthe proposal. In particular, the scheduleshould 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 issuethat may impact the successful completionof thede-
sign. Thedesign schedul eshould be constructiondriven, becauseconstructionisthe
most costly component of most projects.

A common mistakein development of design schedulesisthe failuretoinclude
adequate contingency in the project schedule. Too often the design work plan in-
cludeseverythingthat is known to be accomplished but failsto include areasonable
allowanceto compensatefor unforeseen delaysthat inevitably will arise during the
design effort. Examplesinclude delaysin acquisition of permits, responses from
regulatory agencies, reviewsof design by clients, delaysin responsesfrom vendors,
and requestsfor information (RFI) from outsi de organizationsthat supply informa-
tion to the design team.

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

After the work plan isestablished, a progress schedul e can be devel oped using
information in the work plan, including the mini-drawingsthat forecast the full-
scale drawings. Each group of drawings should be allocated hoursfor 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 timecards. A review of actual progress, based on an analysisof the degree
of completenessof each drawingor group of drawingsor tasks, relativeto thealo-
cated hoursversusestimated hoursto complete, providesa projected outcomeat the
current level of effort. Regular reviews provide a consistent reporting of overall
progress. This allowsadjustmentsthat may be necessary on atimely basisto ensure
completion within the established time schedule and allocated budget.

After the work plan isestablished and mini-drawings are completed, the project
manager must establishground rulesfor the design team and outsideconsulting spe-
cialists. Standardsfor drawingsand CADD work must be established, documented,
and reviewed with the entire team. The American I nstitute of Architects (AIA) has
layering standardsthat are commonly used for projectsin the buildingsector. Spon-
sors or clients in the process industry 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 systemfor handling the project should be reviewed with the
team to ensure everyoneknowswhat is expected of himor her. In particular, asys-
tem of checking design calculationsand a procedurefor checking drawingsis nec-
essary to ensure minimum errors and constructability.

The design budget is based on the contract for design servicesand related to the
work plan for producingthe contract documents. Careful monitoringof actual costs
compared to the approved budget i s necessary to ensure profitablecompletion of the
constructiondocuments.
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ENGINEERING PROJECT CONTROLS

For any design effort theremust be a processto control changesin scope. The scope
change process should ensure that when scope changes occur, the impact of the
change on project cost and scheduleisfully understood by al membersof the proj-
ect team, in particular the sponsor's organization. The adverse impact of late
changesin scope must be communi catedto 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-
sponsihilitiesof the engineering manager and the engineering team with respect to
progress measurement and schedul e control. The roles and responsibilitiesof out-
side consultantsshould 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 engineeringand how it will be managedisacritical factor
in cost control of thedesigneffort. A systemfor cost control must definethe process
that will be used for obtaining approval for changesin the engineering budget. The
cost control system must also include proceduresfor measuring productivity and
reporting cost performance.

PROGRESS MEASUREMENT OF ENGINEERING DESIGN

The purposedf the project planisto successfully control the project to ensure com-
pletion within budget and schedul e constraints. M easuring the progressof a project
supports management in establishing a realistic plan for execution of a project and
provides the project manager and client with a consistent analysis of project per-
formance. Progressmeasurement al so providesan early warning systemto identify
deviationsfrom the project plan and scope growth. To control engineering work, a
drawing list, specificationlist, equipment list, and instrument list are used to deter-
minethe project statusand continued planning.

After completion of the project proposal, the project manager should establish a
system of measuringthe progress of engineeringdesign. The deliverablesof design
include performing calculations, producing drawings, and writing specifications
for the project. These deliverables are defined in the scope of work, organizedin
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 architecturalcivil, structura, el ectrical,instrumentation, and
mechanical engineering. The system includes the hours required to produce draw-
ingsaswell as abreakdown of the percent of timefor producing design calculations
and drawingsfor each discipline. The informationin this table forms the basisfor
measuring cost and schedule performance, which are discussedin Chapter 9.

Measuring progress of design is difficult because design is a creative process.
Sometimes considerabletime may be expended in the design effort without seeing
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TABLE7-1
EXAMPLE PROGRESS MEASUREMENT SYSTEM FOR ENGINEERING DESIGN
WORK PACKAGES

A: Work Breakdown of Architectural Design Work Packages

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

Design = 40% of design effort

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

Total = 100%

Drafting = 60% of design effort

Borders & basic layout established 15%
Review of completed information 10%
Related design work at 80% complete 25%
Quality-controlreview #1 3%
Drawing complete 39%
Quiality-controlreview #2 3%
Record drawings 5%

Total = 100%

Specifications: 8 total, 2 hours per specification

B: Work Breakdown of Civil Engineering Design Work Packages

Civil engineering design = 171 design-hoursand 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 5%

Total = 100%

Specifications: 7 total, 1 hour per specification

C:. Progress Measurement of Structural Engineering Design Work Packages

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

Engineering design = 40% of design effort

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

Final drawings issued 20%
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TABLE 7-1
EXAMPLE PROGRESS MEASUREMENT SYSTEM FOR ENGINEERING DESIGN
WORK PACKAGE —ontinued

C. Progress Measurement of Structural Engineering Design Work Packages —continued
Drafting = 60% of design effort

Borders and basic layout established 15%
Review of existing information 10%
Related design work at 80% complete 25%
Quality-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 engineeringdesign = 72 design-hoursand 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 drawingsissued 20%

Total = 100%

Drafting = 60% of design effort

Borders and basic layout established 15%
Review of complete information 10%
Related design work at 80% complete 25%
Quality-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-hoursand 84 CADD hours

Drawings: 121 hours per drawing

Engineering Design = 40% of design effort

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

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

Drafting = 60% of design effort

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

Total = 100%

F: Work Breakdown of Mechanical Engineering Design Work Packages
Mechanical engineeringdesign = 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-hoursand 60 CADD hours

Boiler piping schematic sheet #1 60 design-hoursand 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-hoursand 10 CADD hours
Develop equipment list 40 design-hoursand 20 CADD hours
Engineering design = 40% of design effort
Design parameters identified 25%
Layout and methods established 20%
Ready to start related drawings 35%
Final drawing issued 20%
Total = 100%
Drafting = 60% of design effort
Borders and basic layout established 15%
Review of information complete 10%
Related design work at 80% complete 25%
Quality-control review #1 3%
Drawings complete 39%
Quality-controlreview #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



138 PROJECT MANAGEMENTFOR ENGINEERING AND CONSTRUCTION

any physical results. For example, numerouscomputer simulationsmay be neces-
sary during a design analysis. Significant amounts of work and time may be ex-
pended in the simulationeffort, but if the simulationsare not completed, there will
be no produced drawings to show any physical results of the design effort. Simi-
larly, numerousdrawings 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 drawingsmay not fully measurethe
progressof the design effort.

Most sponsorsrequest milestonesin the design schedulefor reviews. For exam-
ple, theremay bea 60% design complete milestonethat is designatedfor review by
the sponsor. There must be agreement between the sponsor and the design team on
how to define and measure the 60% design complete. For example 60% design
complete may be defined as completion of all architectural work and structural
work, completion of 50% of the electrical drawings, 25%o0of 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 Itisimportant for the design team to have aclear understanding of the desired outcome of
the project and the reasons the project is being undertaken by the sponsor. As a project
manager of the design team, discuss methods you would use to ensure a clear understand-
ing of the project requirements and expectations of the project sponsor.

2 The purpose of a design proposd is to identify the scope and develop the budget and
schedule for preparing the design. Discuss methods you would use to convert the owner's
needs and expectations into engineering scope, budget, and schedule.

3 A common mistake in the development of design schedulesis the failureto include ade-
guate contingency in the project schedule. List steps you would use to ensure adequate
contingency isincorporated into adesign schedule.

4 Excessive use of computers can lead to overdesigning, overwriting, and overdrafting. As
a project manager of the design team, what methods would you use to control excessive
use of computers during the design effort?

5 Changesin scope are acommon 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 planningisthe processof identifyingall the activitiesnecessary to success-
fully completethe project. Project schedulingis the processof determiningthe se-
quential order of theplanned activities, assigning realisticdurationsto each activity,
and determiningthe start and finish datesfor each activity. Thus, project planningis
a prerequisite to project scheduling because thereis no way to determine the se-
quenceor start and finish dates of activitiesuntil they areidentified.

However, the terms of project planning and scheduling are often used synony-
mously because planning and scheduling are performed interactively. For example,
aspecificlist of activitiesmay be planned and scheduledfor a project. Then, after
the schedule is reviewed, it may be decided that additional activities should be
added or some activitiesshould berearranged in order to obtain the best schedul e of
eventsfor the project.

Planning is more difficult to accomplish than scheduling. The real test of the
project planner/scheduler is his or her ability to identify al the work required to
compl ete the project. The preceding chapters of this book focused on identifying
work activitiesand grouping those activitiesinto meaningful categories. For exam-
ple, the processof developinga well-defined work breakdown structure (WBS) as
presentedin Chapter 6 resultsin alist of activitiesthat must be performed to com-
plete a project.

After the activitiesare identified, it isrelatively easy to determinethe 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 proj ect schedul e becomes non-workabledue to too much emphasis on get-
ting a computer-generated schedule. The planner/scheduler must give adequatetime
and think through the planning beforeturning to the computer to generate the sched-
ule. In simpleterms, it is better to be a good planner than to be proficientin com-
puter applications. The material presented and discussed in the preceding chapters
has set the stagefor devel opingagood project schedule.

DESIRED RESULTS OF PLANNING

Project planning is the heart of good project management because it providesthe
central communicationthat coordinatesthework of all parties. Planning al so 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 planningis to finish the project on time, there are other
benefitsthat can be derived from good project planning (see Table8-1).

Planning is thefirst step to project scheduling. Planning is a processand not a
discrete activity. As changes occur, additional planning is required to incorporate
the changesinto the schedule. Thereare many situationsor eventsthat can arisethat
can impact a project schedule. Examples are changesin personnel, problems with
permits, changein amajor piece of equipment, or design problems. Good planning
detects changesand adjuststhe schedulein the most efficient manner.

A common complaint of many design engineersis they cannot efficiently pro-
duce their work because of interruptions and delays. The cause of this problemis
usually alack of planning, and in someinstancesno 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 (leastamount of changes)

. Minimize confusion and misunderstandings

Increased knowledge of status of project by everyone
Meaningfuland timely reports to management

You run the project instead of the project runningyou

. Knowledge of scheduledtimes of key parts of the project

. Knowledge of distributionof costs of the project

. Accountability of people, defined responsibility/authority

. Clear understandingof who does what, when, and how much
. Integration of all work to ensure a quality project for the owner
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Another common complaint of many designersis the amount of rework they
must do because of changesin the project. This asoleads to confusion and misun-
derstandings that further hinder productive work. Planning should include a clear
descriptionof therequired work beforethework is started. However, it must berec-
ognized that changesare a necessary part of project work, especiallyintheearly de-
velopment phases. If changesin 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 changeswill occur, but fail toincludethemin
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 |ate project completion
and cost overrun, which often leadsto legal disputes. It can a so prevent low worker
moraleand declinein productivity that is caused by lack of direction.

PRINCIPLES OF PLANNING AND SCHEDULING

There must be an explicit operational plan to guide theentire project. The plan must
include and link the three componentsof the project: scope, budget, and schedule.
Too often, planning is focused only on schedule without regard to the important
componentsof scope and budget.

Todevelopanintegrated 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 theWBS. Oncethisiscompleted, the project team memberswho have the ex-
pertise to perform the work can be selected. Team members have the ability to
clearly definethe magnitudeof detail work that isrequired. They aso havetheabil -
ity to define the time and cost that will be required to produce the work. With this
information a complete project plan can be devel oped.

The project plan and schedule must clearly define individual responsibilities,
schedules, budgets, and antici pated problems. The project manager should prepare
formal agreementswith appropriate partieswhenever thereis a changein the proj-
ect. There should be equal concern given to scheduleand budget, and the two must
be linked. Planning, scheduling, and controlling begin at the inception of the proj-
ect and are continuousthroughout thelife of the project until completion. Table8-2
listskey principlesfor planning and scheduling.

TABLE 8-2
KEY PRINCIPLES FOR PLANNING AND SCHEDULING

Begin planning before starting work, rather than after startingwork
. Involve people who will actually do the work in the planning and scheduling process
Include all aspects of the project: scope, budget, schedule, and quality
. 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
. Communicate the plan to all parties; any plan is worthless unless it is known
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RESPONSIBILITIES OF PARTIES

The principal partiesof owner, designer, and contractor al have aresponsiblerole
in project planning and scheduling. It iserroneousto assumethisroleisthe respon-
sibility of any one party. Each must devel op a schedulefor hisor her required work
and that schedule must be communicated and coordinated with the other two par-
ties, becausethe work of each affectsthe work of the others.

Theowner establishesthe project compl etiondate, which governsthe 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 buildingsshould beidentified. This
assiststhe designer in the processof organizinghisor her work and developingthe
design schedule to produce drawings that are most important to the owner. It also
assistsin the development of the specifications and contract documents that com-
muni cate prioritiesto the construction contractor.

The design organization must devel op a design schedulethat meetsthe owner's
schedule. This schedule should include a prioritization of work in accordancewith
the owner's needsand should be devel oped with extensiveinput from al designers
who will have principal rolesin the design process. Too often, adesign scheduleis
produced by the principal designer, or the project manager of the design organiza-
tion, without theinvolvement of those who will actually do the work.

The construction contractor must devel op a schedulefor al construction activi-
tiesin accordance with the contract documents. It should include procurement and
delivery of materialsto the job, coordinationaof labor and equipment on thejob, and
interfacethe work of all subcontractors. The objectiveof the construction schedule
should beto effectively managethe work to producethe best-quality projectfor the
owner. The purpose of construction scheduling should not be to settle disputes re-
lated to project work, but to managethe project in the most efficient manner.

For some projects, it may be desirablefor one party to maintain the scheduleand
the other partiesto participatein monitoringit. Ultimately each one of the parties
will beresponsiblefor hisor her portion of the schedule. Maintainingone common
schedule as a cooperative effort between parties can reduce problems associated
with maintaining three separate schedul es.

PLANNING FOR MULTIPLE PROJECTS

Many project managersare assignedthe responsibility of simultaneously managing
several small projectsthat have short durations. A small project is usually staffed
with afew people who perform alimited number of tasks to compl ete the project.
For projects of thistype, there is atendency for the project manager to forgo any
formal planning and scheduling because each project is simple and well defined.
However, the problem that the project manager has,is not the management of any
one project at atime; instead, the problemis managing all the projectssimultane-
oudy. Thetask of smultaneously managing multiplesmall projectscan bevery dif-
ficult and frustrating. Thus, the need for good planning and scheduling is just as
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important for the management of multiplesmall projectsasit isfor the management
of asinglelarge project.

To manage multiplesmall projects, the project manager must develop a plan and
schedulethat includesall projectsfor which he or sheisassigned, even though the
projectsmay be unrelated. Thisis necessary becausethe staffing of small projectsre-
quiresassigning individualsto several projects at the same time so they will havea
full-timework load. Thus, their work on any one project affectsthe work on other
projects. For thistype of work environment the project manager must developaplan
and schedulethat interfacesthe work of each individual that is working on al the
projectsfor which the project manager isresponsible. 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
responsibilitiesthan management of the single project at onetime. It is staffed by
persons who providethe diversetechnical expertisethat is required to accomplish
the numeroustasksto completethe project. For projectsof thistype, the problem of
the project manager isidentifyingand interfacingrelated tasksto ensurethework is
accomplishedin a continuous manner. He or she relies on the input of team mem-
bersto devel opthe project plan and schedule. Much of thework of the project man-
ager involvesextensivecommunicationswith team membersto ensurethat work is
progressingin a continuousand uninterrupted manner.

Regardlessof the project size, large or small, planning and scheduling must be
done. Perhaps the greatest mistake a project manager can makeis to assume that
planning and scheduling are not required for some reason, such as, he or sheistoo
busy, there will betoo many changes, or the projectis too small.

TECHNIQUES FOR PLANNING AND SCHEDULING

The technique used for project scheduling will vary depending upon the project's
size, complexity, duration, personnel, and owner requirements. The project manager
must choose a schedulingtechniquethat issimpleto useand iseasily interpreted by
al project participants. There aretwo general methodsthat are commonly used: the
bar chart (sometimescalled the Gantt chart) and the Critical Path Method (some-
timescalled CPM or network analysissystem).

The bar chart, developed by Henry L. Gantt during World Wer 1, isagraphical
time-scaledf theschedule. Itiseasy tointerpret; but it isdifficult to update, does not
show interdependencesaf activities, and does not integrate costs or resourceswith
the schedule. It is an effectivetechniquefor overall project scheduling, but haslim-
ited applicationfor detailed constructionwork because the many interrelationships
of activities, which are required for constructionwork, are not defined. Many proj-
ect managers prefer the bar chart for scheduling engineering design work because
of itssimplicity, ease of use, and becauseit does not requireextensiveinterrel ation-
ships of activities. However, it can requiresignificanttimefor 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 does it provide resources, such as labor-
hours, that areimportant for management of design.

Some designersargue that they cannot define the interrel ationshi psbetween the
activitiesthat make up a design schedule. They use thisargument to support the use
of a bar chart. They will also argue that resources change constantly on a design
project, resulting in a schedulethat 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 is likely that the projects are not well planned, managed, or
controlled.

The Critical Path Method (CPM) was developed in 1956 by the DuPont Com-
pany, with Rernington Rand as consultants, as a deterministic approach to schedul -
ing. The CPM method is commonly used in the engineering and construction
industry. A similar method, Program Evaluation and Review Technique (PERT),
was developed in 1957 by the U.S. Navy, with Booz, Allen, & Hamilton Manage-
ment consultants, as a probabilistic approach to scheduling. It is more commonly
used by the manufacturingindustry; 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 providesinterrelationshipsof activitiesand scheduling of costs
and resources. It alsoisan effectivetechniquefor overall project schedulingand de-
tailed scheduling of construction. However, it does have some limitationswhen ap-
plied to detailed engineering design work during the early stages of a project
becauseit requiresan extensivedescriptionof theinterrelationshipsof activities.

Although the CPM technique requires more effort than a bar chart, it provides
more detailed informationthat is required for effective project management. Using
anetwork scheduleto 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 hisor her own judgement and select the method of scheduling that
best definesthe work to be done and that communi catesproject requirementsto 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 interdependencesof activities. Many books and articles have been written
that describethe proceduresand applicationsof thistechnique. It is not the purpose
of thisbook to present the detailsof network methodsbecauseso much material has
aready been written. Thefollowing paragraphsand figures present the basicfunda-
mentalsof NASto guidethe project manager in thedevelopment of the project plan
and schedule. The basic definitionsshown in Figure 8-1 are presentedto 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 complete the project, such as, design
of foundations, review of design, procure steel contracts, or form concrete
columns. An activity requires time, cost, or both time and cost.

— Adiagramto represent the relationship of activities to complete the project.

Network
The network may be drawn as either an "arrow diagram" or a "precedence
diagram."
Arrow Diagram PrecedenceDiagram
Duration (D) — The estimated time required to perform an activity. The time should include
all resources that are assigned to the activity.

Early Start (ES) — The earliest time an activity can be started.
Early Finish (EF) — The earliest time an activity can be finished and is equal to the early start
plus the duration.
EF=ES*D

Late Finish(LF) — The latesttime an activity can be finished.
Late Start((LS) — The latest time an activity can be started without delaying the completion

date of the project.
LS=LF-D

Total Float (TF) — The amount of time an activity may be delayed without delayingthe comple-
tion date of the project.
TF=LF-EF=LS-ES

Free Float (FF) — The amount of time an activity may be delayed without delaying the early
start time of the immediately following activity.
FF; = ES; — BF, where the subscripti represents the preceding activity and
the subscript/ 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 determines the
minimum time to complete the project.

Dummy Activity — An activity (represented by a dotted line on the arrow network diagram) that
indicates that any activity following the dummy cannot be started until the

activity or activities preceding the dummy are completed. The dummy does
not require any time.

FIGURE 8-1
Basic Definitionsfor CPM.

For project management the CPM isthe most commonly used NAS method. The
concept i s simple, the computationsonly require basic arithmetic; and alargenum-
ber of computer programs are available to automate the work required of CPM
scheduling. The most difficult task in the use of CPM isidentifyingand interfacing
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the numerous activitiesthat are required to complete a project, that is, development
of the CPM network diagram. If awell-defined WBS is devel oped 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 al so providethe start-to-start, finish-
to-finish, start-to-finish, and finish-to-start relationshipof activities, which can sig-
nificantly reduce the number of activitiesthat are requiredin a network diagram.
However, many individualsprefer to not use these rel ationships becauseof poten-
tial confusion in the network scheduling.

Figure 8-2isasimple precedencediagram that is presented to illustratethe time
computationsfor 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 activity representsthedurationin
workingdays. A legendis shown in thelower left hand corner to definethe start and
finishdays. All calculationsfor startsand finishesare based on end-of-day.

FIGURE 8-2
Time Computationsfor Simple Precedence Diagram.
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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 cal cul atethe early start and
early finish of each activity. The largest early finish of all preceding activitiesde-
fines the early start of all following activities. For example, activity H cannot be
started until activitiesE 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 all activitiesfrom thefirst activity A to thelast
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 interdependencesof all activitiesin the project.

A backward pass can be performed to calculate the late start and late finish of
each activity. The smallestlate start of all followingactivitiesdefinesthelatefinish
of al precedingactivities. For exampleactivitiesH and | cannot both be started un-
til activity Fiscompleted. Since the smallest early start of the two following activ-
itiesis 16, thelatefinishfor F is 16. The backward-pass cal cul ationsare performed
on al activitiesfrom thelast activity Q to thefirst activity A.

Thedifferencebetween starts and fini shesdeterminesthe amount of freeand to-
tal float. For example, thetotal float for activity M is9 days, the differencebetween
itslate start (30) and early start (21). The freefloat for activity M is4 days, thedif-
ference betweenits early finish (23) and the early start (27) of theimmediatelyfol-
lowing activity P

Thecritical path, as noted by the doubleline on Figure 8-2, is defined by the se-
riesof interconnectedactivitiesthat have zero total float. Since theseactivitieshave
nofloat timeavailable, any delay in their completionwill delay the completion date
of the project. Therefore, they are called critical activities.

Table8-3 liststhe basic stepsto guidethe process of developing aCPM 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 thetime and resourcesof steps4 and 5. Some activ-
itiesthat were originally planned in a seriesmay need to occur in parallel to meet a
time requirement. Each project manager and his or her team must work together to
develop a project plan and schedule that achieve the required project completion
date with the resourcesthat are available.

DEVELOPMENT OF CPM DIAGRAM FROM THE WBS

Table8-3 provided thelist of basic stepsthat can be used to guidethe process of de-
velopinga network analysis system for project planning and scheduling. The devel -
opment of the WBS isan important first step that is often neglected. Attempting to
draw the CPM diagram without a WBS usually leads to numerous revisionsto the
diagram.

Figure8-3isanexampleof aWBSfor thedesignof aservicefacility project that
consists of two buildings, site-work, and on-site utilities. A discussion of atypical
owner's study for thistype of project was presented in Chapter 3. To handle this
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TABLES8-3
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. Theinterrelationshipof activities is a combination of how the work must be done
(constraints) and how you want the work to be done

3. Determine the time, cost, and resources required to complete each activity
a. Review work packages of the WBS
b. Obtain input from project team members

4. Computethe schedule to determine start, finish, and float times
a. Perform a forward pass to determine early starts and finishes
b. Perform a backward pass to determine late starts and finishes
c. Determine the differences between start and finish times to determine float time and
critical activities

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

6. Communicate the results of the plan and schedule
a. Display time schedule for activities
b. Display cost schedule for activities
c. Display schedule for other resources

project the contracting strategy is to use in-house personnel to design the on-
site utilities, site-work, and the industrial maintenance building (denoted as Build-
ing A). Thisis commonly called performing work by the force-account method.
A contract is assigned to an outside design organizationfor design of the commer-
cia building (denoted as Building B), which is to be used as an employee's office
building.

The WBS identifiesthe tasksand activitiesthat must be performed, but does not
providethe order in which they must occur. The CPM network diagramis prepared
to show the sequencing and interdependencesof the activitiesin the WBS. The di-
agram can be prepared by traditional draftingtechniquesor it can be prepared using
the computer. The development on a computer can use either a computer aided
drafting and design (CADD) program, or a software package that is specifically
written for CPM scheduling.
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Regardless of the method that is used, theinitial logic of the diagram must be
arranged by the person who is developing the diagram. In simple terms, a person
must tell adraftsman, or the computer, how to draw the diagram. An efficient way
to accomplishthistask isto record each activity on a3 X 5index card and to usea
tack to post al activitieson a bulletin board or officewall. The activitiescan then
be easily rearranged and reviewed by key participants before devel opment of the
formal diagram.

Figure8-4isaCPM diagramthat wasdevel opedfrom the WBS shownin 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 plansthe project around the work to
be performed, which has been defined by the people who will perform the work.
Activitiesthat arerelated 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 theinterface 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 progressof a project and
provide a baselinefor project control. Chapter 9 discusseslinking the WBS to the
CPM for project control by expanding Figures 8-3 and 8-4 to include procurement
and constructionactivities.

ASSIGNING REALISTIC DURATIONS

The CPM network diagram definesthe activities, and sequencingof activities, to be
performed to accomplishthe project; however, the anticipated time that is required
to compl eteeach activity must be determined in order to schedulethe entire project.
Thedurationsthat are assigned to activitiesare important becausethe critical path,
timing of activities, distributionof costs, and utilization of resourcesareall 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 assignedto the activity, level of worker skills, availability
of equipment, work environment, effectiveness of supervision of the work, and
other conditions. Although these variationsexist, a special effort must be made to
determinearealisticdurationfor each activity because theduration that is assigned
to activitiesin aCPM network diagram hasalargeimpact on the scheduleand over-
al management of a project.

Many activitiesin a project are routinein nature, which enables a reasonably ac-
curate determinationof the probabletime of completion. For thesetypes of activi-
ties the duration can be determined by dividing the total quantity of work by the
productionrate, which isafunction of the number of individualsthat 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 uninterruptedwork.
However, al work issubject to delays, interruptions,or other eventsthat canimpact
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time. Thus, a reasonable amount of time (allowance) must be added to the calcu-
lated timeto determinea realisticdurationfor each activity.

Generally, theduration of an activity can be determined by one of three methods;
by analyzing historical recordsfrom previoudy completed projects, by referencing
commercially availablemanual sthat provide costsand production ratesfor various
typesof work, or from theexperienceand judgement of the person who will be per-
formingthework. It is often desirableto determinethe probable duration by several
methods so the resultscan be compared to detect any significant variationsthat may
occur.

The schedulefor the designwork is the total time to produce thefinal drawings,
including the overlap of design calculationsand design drafting. As previoudy 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-
itieson the CPM diagramto devel op the total project schedule. The start and finish
of each activity of the CPM engineeringdesign scheduleis acompositeof al tasks
of the work package. The followingillustratesthe evaluation of overlapping tasks
of thework package to determinethe duration of an activity on the CPM diagram.

Tasksof Work Package Duration

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

Project Engineering
Sructural Design
CADD Operator

COMPUTER APPLICATIONS

TheCPM network diagram, by itself, identifiesthe sequencing of activitiesbut does
not provide the scheduled start and finish dates, the distributionof costs, or the al-
location of resources. This information can easily be determined by assigning the
duration, cost, and resourcesthat are required of each activity.

Thereare many CPM computer programsavailable to perform the numerouscal -
culations necessary to determine the scheduled time, cost, and resourcesof 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 theinput dataconsistsof
activity number, description, duration, cost, and resources, such as, labor-hours. The
sequencing, or interrelationship of activities, is defined by the CPM network dia-
gram. The input data are the same informationthat is compiled during preparation
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of the design work packagesfor the WBS, or during preparation of the estimatefor
aproject by the construction contractor. Thus, the computer applicationof CPM is
appropriatefor both the design and constructionphase of a project.

The information that must be assembled for a CPM computer analysisisillus-
trated in Figures 8-5 and 8-6. Figure 8-5isasimple CPM precedence network dia-
gram for a sewer and water lines construction project. Construction activities are
selected for thisillustrative example becausethey are easily recognizableby most
readers. Each activity in Figure8-5is shown withitstime and cost information. Re-
sourcesare excludedfor simplicity of this presentationand arediscussedin 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. Thetimesthat are shown on the diagram al rep-
resent end-of-day. A listing of the computer input datafor this project is shown in
Figure 8-6.

For this project, two surveying crews are available, which allowsActivities 130
and 140 to occur simultaneoudly. Only one trenching machineis available; therefore
trenching work for Water Line A, Activity 170, is planned beforetrenching 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 theinput datadefinesinformationrelated to each activity. The
second part defines the order in which the activities are performed, that is, the se-
quencing or interfacing of activities. The project title is shown above the activity
list, and the project start dateis shown at theend of the sequencelist.

Figure 8-7 shows the activity schedule report for the project that is typically
availablefroma 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. Thefreeand total floatsare shown for each activity. Theletter "C' at theleft of
an activity denotesit isacritical activity; that is, it has zero total and freefloat.

SCHEDULE CODING SYSTEM

Onedf the advantagesof CPM scheduling by computer methodsi sthe ability to sort
specific activitiesfrom the completelist of activitiesfor the project. For example,
the project manager may only want information about sewer activities, thetime re-
quired for trenching equipment, or the assignment of the surveying crew. The sort-
ing of theseactivitiescan easily be accomplishedby a coding system.

Table 8-4isasimple 4-digit coding system to illustrate sorting capabilitiesfor
the sewer and water lines project that is shownin Figure 8-5. All activitiesrelated
to the sewer line are represented by the number "'1"" in thefirst digit. Water line ac-
tivities are represented by the number 2" The second code digit represents the
type of work, such as, surveying, forming manholes, trenching, laying pipe, and
backfilling. Thus, a4-digit code is assigned to each activity in the project. For ex-
ample, the codefor 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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PRQIECT: SEVER & WATER LI NE

NUMBER COCDE DESCR PTI ON DURATI ON QOBT ASSI G\ED START
10 5000 MOVE ON SI TE 1400
20 1100 SURVEY SEVER LI NES 2700.
30 1200 EXCAVATE FCR MANHCLES 3500.
40 1200 I NSTALL MANHCLE FORMWORK 6000.
50 1200 PLACE OONCRETE MANHCOLES 4700
60 1300 TRENCH SEWER LI NE 1 12600
70 1200 STR P NANHOLE FORMWORK 2100.
80 1400 LAY SEVWER Pl PE 1 11250
90 1200 I NSPECT MANHOLES 800.

100 1300 REMOVE TRENCH NG EQU PMENT 1400.
110 1500 BACKFI LL SEWER TRENCH 3600.

120 5000 SEWER LI NE COWPLETE

130 2110 SURVEY WATER LI NE A

140 2120 SURVEY WATER LI NE B

150 3000 UNDERGROUND ELECTR CAL
160 4000 DRI LL WATER VELL

170 2310 TRENCH WATER LI NE A

180 2410 LAY PI PE FCR WATER LI NE A
190 2320 TRENCH WATER LI NE B

200 2510 BACKFI LL WATER LI NE A

210 2420 LAY Pl PE FCR WATER LI NE B
220 2520 BACKFI LL WATER LI NE B

230 3000 I NSTALL WATER METERS

240 4000 SETWATERPUMP

250 5000 PRQIECT COWPLETE

=

=

-
ONRWANONONUIUIOOONRUINOUIUTW s W

SEQUENCE GF ACTIM Tl ES:

FRGM TO
10 20
20 30
30 40
40 50
40 60
50 70
60 80
70 90
80 90
80 110
80 100
90 120

100 120

110 120

120 130

120 160

120 150

120 140

130 170

140 190

150 230

160 240

170 180

170 190

180 200

180 210

190 210

200 220

210 220

220 250

230 250

240 250

PROQJIECT START DATE.  APRL 1, 2002
Fl VE- DAY WIRK WEEK
NO ASSI G\NED HCOLI DAYS
FIGURE 8-6
Computer Input Data File for Sewer and Water Lines Project.
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PRQJECT: SEWER AND WATER LI NES ** PAGE 1 **
SCHEDULE FOR ALL ACTIVITIES ACTIVITY SCHEDULE
ACTIMITY  ACTIVITY DURA EARLY EARLY LATE LATE TOTAL FREE
NUVBER DESCRI FTI ON TION START FI NI SH START FI NI SH FLOAT FLOAT

C 10 MOVE ON SI TE 3 1APR2002 3APR2002 1APR2002 3APR2002 1} ¢
C 20 SURVEY SEWER LI NES 4 4AP;2002 9AP§2002 AAPIIKZOOZ 9AP§2002 0 o
C 30 EXCAVATE FOR MANHOLES 3 10AP4R2002 12AP;2002 IOAP;;ZOOZ 12AP;2002 o ¢
C 40 INSTALL MANHOLE FORMWORK 5 15AP22002 19}\11?22002 15AP22002 19}\%’22002 [ [

50 PLACE CONCRETE MANHOLES 5 22APR2002 26A11>§{2002 23M)1§$2002 29M§‘512002 23
C 60 TRENCH SEVER LI NE 10 22All’g2002 3M§32002 22Ag§2002 3M§§2002 0

16 25 16 25

70 STRIP MANHOLE FORMWORK 2 29APR2002 30APR2002  30MAY2002  31MAY2002 23 18
Cc 80 LAY SEVER PI PE

90 | NSPECT MANHOLES

100 REMOVE TRENCH NG EQUI PMENT
Cc 110 BACKFI LL SEWER TRENCH

C EVENT 120 SEVER LI NE COMPLETE

C 130 SURVEY WATER LINE A
140 SURVEY WATER LINE B
150 UNDERGROUND ELECTRI CAL
160 DRILL WATER VELL

230 INSTALL WATER METERS 1 11\1317\!2002 11J3§12002 BA3(132002 BAIQJCZ;ZDOZ 42 42
C 170 TRENCH WATER LINE A 9 12J(5112\12002 24J15!312002 IZJZ'?IZOOZ 24J‘9)'§2002 0 0
240 SET WATER puMP 2 ZOJZEIZOOZ 21J16nl~12002 7A1951§2002 8A§%2002 34 34
180 LAY PI PE FOR WATER LINE A 7 2SJK‘J;2002 3J322002 8JUL2002 16JUL2002 9 9
C 190 TRENCH WATER LI NE B 16 25Jg$12002 16316132002 25Jl71l1€2002 16J17JI7.‘2002 0 0
200 BACKFI LL WATER LINE A 2 4Jgi2002 5JI7]Z..2002 ZASéZOOZ 5A!7!(7;2002 21 21
C 210 LAY PI PE FOR WATER LINE B 14 17\)!6!32002 5}\322002 17J(9J;),2002 5A19!(1;2002 o [
C 220 BACKFI LL WATER LINE B 3 6A322002 8}\%(1}2002 GAZJ?;ZODZ 8Alg.7<132002 o [
92 94 92 94
C EVENT 250 PRQJECT COVPLETE [ BNngZDOZ 8}\(91232002 Bhg§2002 8}\(9]22002 0 o

FIGURE8-7
Computer-Generated Activity Schedule for Sewer and Water Lines Project.

each activity in the sewer and water lines project is shown in the activity list of
Figure 8-6.

The coding system provides numerous optionsfor selection of activitiesby the
project manager. For example, al sewer line activitiescan be sorted from the com-
pletelist of project activities by selecting thoseactivitiesthat havea™1" in thefirst
digit. A schedule report for these activitiesis shown in Figure 8-8. A project man-
ager may aso print abar chart for these activities as shown in Figure 8-9. A coding
system providesa meansof obtaining many other reports. For example, asort of all
activitiesrelated to trenching and laying pipe can be obtained by selecting activities
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CodeNumber X X X X

CodeDigit | CodeDigit 2 Code Digit 3 CodeDigit 4

0 -Unassigned 0 -Unassigned 0 -Unassigned 0 - Unassgned
1 - Sewer Line 1 - Surveying 1-Line A 1 - Unassigned
2-Water Lines 2-Manholes 2-LineB 2- Unassigned
3-Water Meter 3-Trenching 3-Unassigned 3= Unassigned
4-\Water Pump 4-Laying Pipe 4 -Unassigned 4 - Unassigned
5-Milestones 5 — Backfill 5 - Unassigned 5- Unassigned
6-Unassigned 6- Unassigned 6 — Unassigned 6 - Unassgned
7-Unassigned 7-Unassigned 7-Unassigned 7 -Unassigned
8 -Unassigned 8 -Unassigned 8- Unassigned 8 -Unassigned
9-Unassigned 9-Unassigned 9- Unassigned 9- Unassigned

that have a second code digit number that is greater than “2” and less than *“5” (ref-
erenceTable8-4).

COST DISTRIBUTION

Thedistributionof costs, with respect to time, must be known to successfully man-
age a project. In the preceding sections the scheduled early and late starts, and fin-
ishes, were calculated based on the duration and sequencing of activities. A cost
analysiscan a'so be performed by assigningthe cost that is anticipatedto complete
each activity. The cost of an activity may be distributedover the duration of the ac-
tivity; however, the activity may be performed over a range of time, starting from
theearly tolate start and ending from the early tolate finish.

Because activities can occur over arange of time, a cost analysis must be per-
formed based on activitiesstarting on an early start, late start, and target schedule.
Thetarget scheduleis the midpoint between the early start and late start. Table 8-5
illustrates the early start cost analysis calculationsfor the sewer and water lines
project shown in Figure 8-5. For each day in the project, the cost per day of eachac-
tivity that isin progressis summed to obtain thetotal cost of the project for that day.
Cumulativeproject costsare divided by the total project cost of $147,500t0 obtain
the percentagecost for each day. The percentagetime for each day is calculated by
dividing the number of the working days by the total project duration of 94 days.
Similar calculationscan be performed for activitiesstarting on alate start schedule
and target schedule.

Although the calculationsfor acost analysisare simple, many arerequired, asil-
lustrated by the small sewer and water linesproject that has only 25 activitiesand a
94-day project duration. A small microcomputer can performall the cal cul ationsfor
cost analysisof aproject with several hundred activitiesin less than two seconds.
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PRQJECT: SEWER AND WATER LI NES *x PAGE 1 **
SCHEDULE FCR SEVER LI NE ACTIM TIES ONLY ACTIM TY SCHEDULE
ACTIM TY ACTIM TY DURA- EARLY EARLY LATE LATE TOTAL FREE
NUMBER DESCRI PTI ON TION START FI NI SH START FI NI SH FLOAT FLOAT
C 20 SURVEY SEWER LI NES 4 4APR2002 9APR2002 4APR2002 9APR2002 0 0
4 7 4 7
30 EXCAVATE FCR MANHCLES 3 10APR2002 12APR2002 10aPR2002 12APR2002 0 0
8 10 8 10
C 40 | NSTAL L MANHOL EFORMAORK 5 15APR2002 19APR2002 15APR2002 13APR2002 0 0
11 15 11 15
50 PLACE CONCRETE MANHCLES 5 22APR2002  26APR2002  23MAY2002  29MAY2002 23 0
16 20 39
C 60 TRENCH SEVER LI NE 10 22APR2002 3MAY2002 22APR2002 3MAY2002 0 0
16 25 16 25
70 STR P MANHOLE FORMWORK 2 29APR2002 30APR2002 30MAY2002 31MAY2002 23 18
21 22 44 45
C 80 LAY SEVER PI PE 15 6MAY2002 24MAY2002 6MAY2002 24MAY2002 0 0
26 40 26 40
90 | NSPECT MANHCLES 1 27MAY2002 27MAY2002 3JUN2002 3JUN2002 5 5
41 41 46 46
100 REMOVE TRENCH NG EQU PMENT 2 27MAY2002  28MAY2002  31MAY2002 3JUN2002 4 4
41 42 45 46
C 110 BACKFI LL SEWER TRENCH 6 27MAY2002 3JUN2002  27MAY2002 3JUN2002 0 0
41 46 41 46
B END OF SCHEDULE (EEEEEE SRR ESEEEEES SRR EREEEEEEEEEREREEEEERERE]

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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PROJECT: SEWER AND WATER LI NES **  PAGE 1
SCHEDULE FOR SEVER LI NE ACTI VI TI ES ONLY BAR CHART
1 10 20 30 40 50 60
ACTIM TY DESCR PTI ON DURATI ON  1APR2002 12APR2002 26APR2002 10MAY2002 24MAY2002 7JUN200221JUN2202
C 20 SLR/EYSEV\ERLI’\ES 4 +...;>.Q.Q.<..+ ......... Foeraaecoans +eeeonvaan +oeeseann +
c 30  EXCAVATE FOR MANHOLES 3 T
c 40 | NSTALL MANHCLE FORMWORK 5 Cxxxx
50  PLACE CONORETE MANHOLES 5 ' e Sm—
c 60  TRENCH SEVWER LI NE 10 *XHXXKKXXX
70  STR P MANHOLE FORMWORK 2 [ e
c 80 LAY SEWR Pl PE 15 *XKKKKXKKKXKKKK
90 I NSPECT MANHOLES 1 o
100  REMOVE TRENCH NG EQUI PNVENT 2 xX--
C 110  BACGKFI LL SEWER TRENCH 6 exxxxx
WRK DAYS 1 10 20 30 40 50 60
CALENDAR DATES 1APR2002 12APR2002 26APR2002 10MAY2002 24MAY2002 7JUN2002 21JUN2002
FIGURE 8-9

Computer-Generated Bar Chart for Sewer Line Activities Only.

23
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TABLE8-5

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
Activities In progress cost/day cost % Cost

Act. 10

Act. 20

Act. 30

Act. 40

" "

Figure8-10isacomputer printout of thedaily distributionof 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 periodsof 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 thedistributionof costson an early start, late start, and target
basisis presentedin Figure 8-11. The target scheduled costs are average val ues be-
tween theearly and | ate start schedules. Theright hand two columnsof Figure8-11
show the percentage-cost and percentage-time values for the target schedule. As
shown in thefigure thereis a non-linear relationship between the time and cost for
aproject.

Thecumulativecost graph for a projectiscommonly called the S-curve, because
it resemblesthe shape of theletter"'S" Theearly, late, and target cumulativedistri-
bution of costs can be superimposed onto one graph to form the envelope of time
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FIGURE 8-10
Computer Printout of Daily Distribution of Costs for Sewer and Water Lines Project.
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** DAILY COST SCHEDULE **

PROJECT: SEWBER AND WATER LINES ** DAILY COST SCHETULE FOR ALL ACTIVITIES **
DAILY DISTRIBUTION OF COST FOR ALL ACTIVITIES ** BARLY START - LATE START = TARGET **
START DATE: 1 APR 2002 PINISH DATE: 8 AUG 2002

1 I EARLY START I LATE START I TARGET SCHEDULE 1

| WORE CALENDAR I- - - --- - D —-T e e - I

| DAY DATE | COSTIDAY  CUMULATIVE I COST/DAY  CUMULATIVE I COST/DAY  CUMULATIVE ATIME *COST |

[ | cost I cost I cost 1
FIGURE 8-11

Computer Printout of Daily Costs for All Activities of Sewer and Water Lines Project.

over which costs may be distributed for the project (reference Figure 8-12). This
graph linkstwo of the basic elementsof a project, timeand cost. Thethird e ement,
accomplished work, must also be linked to time and cost. Chapter 9 discusseslink-
ing accomplished work to the S-curve.

Thetype of reports presented in this section are typical examplesaof the reports
that can be obtained from the many computer softwareprogramsthat areavailable.
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FIGURE8-12
lilustrative S-Curve for Cumulative Cost Curve on an Early Start, Late Start, and Target Basis.

The only input data that a project manager must prepare, to obtain the described
analyses, are shownin Figure 8-6.

RESOURCE ALLOCATIONS FOR DESIGN

Efficient utilizationof resourcesiscritical 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 specificationsfor the proposed project. To properly coordinate all aspects of

the design effort, the project manager must ensure the correct expertiseis available
when needed. Generdly, design team membersare assigned to the project by their
respectivehome departments. Since each designer is often involvedin several proj-
ects a the sametime, the project manager must devel op a resourceallocation plan
for each project. The plan should then be distributed to each design team member's
home department to ensure that each resource will be avail able 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 is similar to the
cost distribution analysis presented earlier in this chapter, except work-hoursare
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used in place of dollarsof cost. Thus, the resource plan is ssimply a histogram of
work-hours versustimefor each design discipline. The project manager should pro-
vide the resource plan for each project to the design team's manager. The design
managerscan then integrate the resource plans of al active projectsinto their de-
partment's demand for technical expertise. Thisis necessary to ensure adeguate re-
sourcesare availablefor the projects when required.

RESOURCE ALLOCATIONS FOR CONSTRUCTION

During the construction phase, the primary resources are labor, materials, and
eguipment. The correct quantity and quality of material must be ordered and deliv-
ered to the job-siteat the right time to ensure efficiency of l1abor. Equipment to be
installedin 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.

Labor representsamajor cost of construction. Thelabor forceon thejob operates
constructionequipment and installsthe materials. A resourcealocation planis re-
quired to ensure high efficiency and productivity during construction. The project
manager can resourceload the project plan to includethe number of work-hoursre-
quired for each craft of construction labor. The resource plan is a histogram of
work-hoursversustime, similar to the cost distribution analysis presented earlierin
the chapter.

The construction plan showsthe desired sequenceof work. However, to be work-
able, the plan must aso show the distribution of resources, such asthe 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 irregul arities. Theresourceplan can be used
asatool to ensure arelatively uniform distribution of labor on the project. Figure
8-13is a simple bar chart for a project, showing each work activity, number of
crews, and number of peoplein the crew for all 1abor in the project. Thelower por-
tion of Figure8-13 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
dtarted oneday later and Activity H is started two days earlier. Thelower portion of
Figure 8-14 shows arelative uniformdistribution of labor by making thesetwo mi-
nor adjustmentsin the project plan. A similar analysiscan be madefor each craft of
labor to ensure uniformdistribution of workerson the project. A resourceallocation
for aparticular craft typically has aflat appearanceon the graph, whereasaresource
dlocation for al craftstypically has a bell-shaped graph as shownin Figure8-14.

PROGRAM EVALUATION AND REVIEW TECHNIQUE (PERT)

In the Critical Path Method of scheduling projects, the duration of each activity is
usually defined with areasonabledegree of certainty. For most projectsthetypeand
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



drawingsmay befour weeks, thetimeto performa soil investigationto 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
adeterministicprocessfor the start and finish datesof each activity and asinglefin-
ish datefor the entire project.

For some projectsit may be difficult to estimate areasonablesingleduration for
oneor moreof the activitiesin the project schedule. There may bearangeof dura-
tionsthat 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 statistics to determine the probability of a project finishing earlier or
later than expected. Although the PERT method is not used extensively in engi-
neering and constructionprojects, it providesvaluableinformation for ng the
risksof ascheduledlippageof a project.

The PERT method uses an arrow network diagram to show thelogical sequence
of activitiesin a project, whereas the CPM uses a precedencediagram as discussed
in preceding sectionsof thisbook. In aPERT diagram, activitiesare represented by
arrowswith circlesat each end of the arrow. The circlesare called eventsthat rep-
resent an instant in time. The circle at the beginning of the activity representsthe
start of an activity, and thecircleat theend of the arrow representsthefinish of the
activity.

The magjor difference between the PERT method and CPM is the estimation of
durationsaof activities. PERT is applicablefor projectswherethereis ahigh degree
of uncertainty about how long any given activity will taketo complete, whereeven
the most experienced manager can give only an educated guess of the estimated
time, and that guessis subject to awidemarginof error. Using PERT therearethree
durationsthat are assigned to each activity:

a = optimistictime
b = pessimigtictime

m = most likely time

The optimitictimeisthe shortest possibletimein which the activity could pos-
sibly be completed, assuming that everythinggoeswell. Thereisonly avery small
chance of completingthe activity in less than thistime. The pessimistictime isthe
longest time the activity could ever require, assuming that everything goes poorly.
Thereisonly avery small chanceof 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 asingletime estimate. It isimportant to notethat
the optimistictime 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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Numbers
of Crews
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FIGURE 8-13
Irregular Distribution of Labor.
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FIGURE 8-14
Distributionof Labor after Starting Activity F Two Days Later and Activity H Two Days Earlier.
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PERT usesaweighted averageof thethreetimesto find theoverall project dura-
tion. Thisaverageiscalled theexpected time, ¢,, and isfound by thefollowing sim-
ple equation:

wheret, is the expected timeof an activity.

The aboveequationis used to calculatea single durationfor each activity in the
PERT network diagram. Then a forward pass can be performed to calculate the
early start and early finish for each activity in the PERT network and atotal project
duration, similar to the CPM scheduling method. A backward passcan be performed
to calculatethelast start and late finish for each activity. Total float, freefloat, and
the critical path can beidentified. At this stage of a PERT analysisit isidentical to
the CPM analysis.

The three time estimates of PERT can be used to measure the degree of uncer-
tainty involved in the activity. The measure of the spread of thedistributioniscalled
the standard deviation and is denoted by the Greek letter a. To determinethe prob-
ability of the project completingearlier or later than expected using PERT, the vari-
ance of each activity along the critical path must be calculated. The varianceof an
activity isthe square of the standard deviation of the activity and can be calculated
using thefollowing equation:

wherev 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 7. Although the distributionof uncertainty
of individual activities may not necessarily be symmetrical, the distribution for
event times is assumed symmetrical because there are numerous activities in the
chain ahead of theevent. For example, the T, for thefinal eventin a project hasall
thecritical path activitiesin the chain that lead up to thefinal event in the project.

The measureof uncertainty of thefinal eventin a PERT diagramisthe standard
deviation of theexpected time, denoted aso . Thea  isthesquareroot of thesum
of the activitiesahead of theevent. Thus, thea for thelast event in a PERT dia-
gram is the square root of the sum of the varianceof all activitiesalong thecritical
path. Thea iscalculated with thefollowing equation:

where oy iS the standard deviation of the expected time.
Thefinal calculation necessary to perform PERT calculationsis the deviation,
which isdenoted by the symbol zin thefollowing equation:

OTg

-
&

where z isthedeviation.
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TABLE 8-6

PERT PROBABILITY TABLE
Value of Probability of

deviationz completion

Table 8-6 providesthe value of z for variousprobabilitiesof certainty. The term
Te isthe expected time of the event, which is calculated from the PERT diagram,
and T is the scheduledtime.

Example8-1

Thefollowing PERT diagram showsthe optimistictime (a), the most likely time
(t..), and the pessimistic time (b) at the bottom of each activity. The number
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shown in parentheses below each activity is the expected time (z,) for the activ-
ity, calculated from theequation, ¢, = (a+ 4m + b)/6. All timesdenoteworking
daysin the project.

11.0) (11.5) (5.0)

The optimisticduration of the project can be calculated by performing afor-
ward pass to calculate the start and finish times using the optimistic duration
(smallest duration) of each activity. For the datain thisPERT diagram, the opti-
mistic project duration is 48 days, whichfollows 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 passto calculatethe 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, whichfollowsthroughevents1, 2, 4, 5,6, 9, 11, 13,
14, and 15.

The project duration (Tx) for event 15 can be calculated by performing afor-
ward pass to calcul atethe start and finish times using the expected duration (z,)
of each activity. For the datain this PERT diagram, the expected time of thelast
event number 15is 7y = 81.3 days, which followsthrougheventsl, 2,4, 5, 6, 9,
11, 13,14, and 15.

Insummary, for thisPERT diagram the optimistic project duration is48 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 onthea of event 15. The valueof a  can be calculated as the
square root of the sum of the variancesof all activitiesalong the critical path.
Based on the expected time of each activity, the critical path for this PERT net-
work followsevents 1, 2, 4, 5, 6, 9, 11, 13, 14, and 15. The o for the final
event, number 15, is the 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 probahility is 0.75. Thus,
there is a 75% probability that the project will be completed by the eighty-
fourth day.

Other probahility scenarios can be cal culated. 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 adeviation Z of —0.811, the probahility is0.21. Thus
thereisonly a21% probahility that the project will be completed by the seventy-
eighth day.

It may be desired to calculate the number of days to complete the project
based on a 70% probability. This scenario can be calculated as follows. For a
70% probability the value of z from Table 8-6is0.5333:

T, = 83.5days

Thus, thereisa 70% probability that the project will be completed by 83.5 days.
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Thefollowingisagraphica plot of the probability versusthe project duration.
This curve providesthe full range of probabilitiesfor ngtherisksof fin-
ishing the project ahead of or behind the expected duration of 81.3 days.

Probability
of Completion
Risk
0%

Project Duration in Working Days

Thisanalysisisbasedonaa 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 a shorter T for event 15 and a higher value for
a duetolarger variancesin theactivitiesin the non-critical path.

SUCCESSOWPREDECESSOR RELATIONSHIPS

The CPM diagramis agraphical representationthat showsthe sequencingof activ-
itiesin the project. The purposeof the CPM diagramisto 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 a finish-to-start (F-S) relationship of each activity is assumed. That is, the
preceding activity must be completed before starting thefollowing activity. All the
CPM diagramsand cal culations presented earlier in this book are based on an F-S
relationshipof activitiesto depict a pure CPM logic network diagram.

Most commercially availablecomputer software programsfor CPM provideactiv-
ity relationshipsother than F-S. These additional activity relationshipsinclude start-
to-gtart (S-s), start-to-finish (S-F), and finish-to-finish (F-F). The S-S relationship
means the successor activity can start at the sametime or later than the predecessor
activity. The F-F relationship meansthe successor activity can finish at thesametime
asor later than the predecessor activity. The S-F relationship means the predecessor
activity must start beforethe successor activity can finish. Thereis no practical appli-
cation of the S-F relationship in the engineering and construction industry. It is pre-
sented herejust to show &l possiblesuccessor/predecessor relationships.

Delaysin therelationshipof one activity to another is defined by lag. Lag isthe
amount of timethat an activity follows or is delayed from the start or finish of its
predecessor. For example, an F-S relationshipwith a two-day lag meansthe start of
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" PlaceConcrete | F-S=3
in Forms
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a. Model with Successor/Predecessor with F-S= 3 daysof lag

=| PlaceConcrete ‘ CureTime Strip '
in Forms for Concrete Forms .
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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 thefinish 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 a so be a negative number. Lead is the opposite of
lag, which is the amount of time that an activity precedesthe start or finish of its
successor. Thus, the use of successor/predecessor rel ationshi ps provides many op-
tionsfor modeling the network logic to show constraintsbetween activitiesand the
sequential flow of work in the project.

A model of the F-Swith lag relationshipisillustratedin Figure 8-15a. An dter-
native of thismodel is shown in Figure 8-15b, which showsthe same results with-
out using the F-S with lag relationship. Thus, adding one intermediate activity
between the successor and predecessor activitiesclearly produces the same results
asthe F-Srdationship.

The S-Srelationshipis 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
relationshi psbetween two activities. Figure 8-16bisamode of the activitieswith-
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 activitiesmay appear as a disadvantage, the additional activities provide
aclearer understanding of the sequencecf 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 allow 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 precedencedi-
agrams. However, misunderstandings, confusion, and serious problems have been
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Excavate Set Formsand '
Footings Place Stedl

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

Initial Excavation I _ | Final Excavation L

of Footings of Footings

Initial Setting of ] Y| Final Settingof
Formsand Stedd —=| Formsand Stedl
-1

D =8days D =4 days

b. Modd without Successor |Pr edecessorRelationships

FIGURE 8-16
Comparison of CPM Diagrams with and without a Start-to-Start (S-S) Successor/Predecessor
Relationship.

created by assigning successor/predecessor relationshipsto activitiesin the project
schedule. Too often agood CPM scheduleat the beginning of the project becomes
a schedulethat isincoherent and unmanageabl edue 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 yieldsthelargest early finish of the pre-
ceding activitiesbecomesthe early start of thefollowing activities. During the back-
ward pass, the path that yieldsthe smallest |ate start of thefollowingactivitiesisthe
late finish of the preceding activities. Thus, in a pure CPM diagram there are no
questionsregardingthe start and finish timesaof activities.

When successor/predecessor activity relationshipsare introduced intoaCPM 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 relationshipswith positiveor negativelag provides
numerousopportunitiesto model the network logic, but it can a so create numerous
opportunitiesfor creating errors, confusion, and misunderstandingsin the project
schedule.

Figure8-17 illustrates problemsthat can occur in calculating the start and finish
dates when modeling multiple successor/predecessor activity relationships. Each
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S- F=12days

- F-S=3d o
Activity A ays Activity B l——

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

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

successorl predecessorpath must be eval uated to determinestart and finishtimes. A
forward passfor the activitiesin Figure 8-17 showsActivity B can start asearly as
two daysor aslate as seven days after the start of Activity A, dependingon the path
chosen. Also, depending on the successorl predecessor path chosen, the early finish
for Activity Bis9, 12, 14, or 19 days. Similarly, abackward passwill resultin mul-
tiplelate startsand late finishesfor these activities. All these multiplecal culations
can cause confusionand alack of confidencein the project schedule.

Figure8-18isa CPM diagram with successorl predecessorrel ationshipsof con-
struction work related to foundation constructionwork. Figure8-19isa pure CPM
diagram, without successorlpredecessor activity relationships, for the same con-
struction work. These figures are presented to illustrate the complexity of succes-
sorlpredecessor cal culations.As shown in Figure8-18, the early start of 10 daysfor
Activity 30is calculated by subtractingits durationfrom thelatest early finish time.
Thelargest early finish of Activity 30is 16 days, whichis governed by the F-F re-
|ationship between Activities 20 and 30.

When multiple S-S and F-F relationships are used to relate the predecessor ac-
tivity toits successor activities, the cal cul ationsof total and freefloat are very com-
plex and require a close examination of the relationships. Using multiple
relationships, it is possibleto show activitiesthat are critical, when they arereally
not critical. .

A review of Figure8-18indicatesthat 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
the work isactually non-critical, compared to that of Figure8-18. For example, the
network of Figure 8-19 showsall formwork as critical, 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 successorl
predecessor activity relationships.

Unfortunately, there is no industry standard to define how to finalize the
early/late starts and finishes using successorl predecessorsrel ationships with lags.
Each computer softwaredevel oper definesthealgorithm used by hisor her software



176 PROJECT MANAGEMENT FOR ENGINEERING AND CONSTRUCTION
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FIGURE 8-18

Successor/Predecessor Activity Relationships. (Note all activities appear critical.)

0O 10 2 6 12 8 8 14 10

4 34 16 16 40 41

Final Erect Sted

Concrete Columns
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FIGURE 8-19
Pure CPM Diagram without Successor/Predecessor Activity Relationships. (Double arrows de-
note path of critical activities: 10, 20, 22, 24, 34, and 40.)

to determine start and finish dates using successor/predecessor activity relation-
ships. Since different software packages handle the calculations differently, it is
possible to get different results in the schedule, depending on the software used,
which creates problemsin 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 activitiesprovidesaclear understanding of the sequence
of work, thus preventing confusion and misunderstandingsof the project schedule.
Thefollowing examplesare presented to illustrate cal cul ations based on each of
the successor/predecessor activity relationships, F-S, S-S, F-F, and S-F. These ex-
amples show how each path must be carefully investigated to determine the start,
finish, and float times. When the cal culationsare performed by computer software,
it is possible to get project schedules that sometimes do not make logical sense.
Thus, it isimportant to understand the cal culationsand 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 personswho will be interpreting and

using the schedule.

Example8-2: 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-Srel ationship with a 5-day
negativelag. The 5-day negativelag is equivalent to a 5-day |ead, which means
thefinish of Activity C must occur no later than 5 days after the start of Activity
E, given by therelationship: EF. = ESg + 5. Theuseof negative lagsisnot 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 late start, early
and latefinish, and thetotal and freefloat for each activity.

0 10 |
o 10 10l
LS LF
Activity
ES D EF
Activity Duration
A 10
B 8
C 10
D* 15
E 5
F* 5

12 2 | 20 25 25 30
Activity B Activity E Activity F

0 8 18 B8 5 23 ||l 3 5 30

For Activity C, thecalculationsfor total and freefloat are:

TFc=LF¢ - EF FF-=ESg - EFc-Lag
=25-20 =18-20-(-H
=5days =3days
Early Early Late Late Total Free
start finish start finish float float
0 10 0 10 0 0
10 18 12 20 2 0
10 20 15 25 5 3
10 25 10 25 0 0
18 23 20 25 2 2
25 30 25 30 0 0

*Denotescritical activities.
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Based on the forward and backward pass calculations, the critical path is
through ActivitiesA, D, and F. Notethe impact on the schedule and possiblecon-
fusion due to the F-Srelationship with five days of negativelag between Activ-
ity C and E. The EF.is 20 days(governed by theequationEF; = ES¢c + D = 10
+ 10 = 20). The EF. isnot governed by theequationEFc = ESg + 5= 18+5
= 23 days, because the ESg isgoverned by 18 from the EFg. Also, a review of
the diagram showsthe preceding activity EFe = 20, whichisgreater than thefol -
lowingactivity ESg = 18, whichisillogical. Acomputer schedul ethat showsthe
ES of afollowing activity to beearlier than the EF of a preceding activity will
make no senseto workersin thefield and will cause them tolose confidencein
the schedule.

Similar confusionexistsfor the freefloat of Activity C. The FF. is governed
by the equation FF. = ESg — EF. — Lag = 18 — 20 — (—5) = 3 days. How-
ever, areview of thediagramshowsthe EF. = 20, whichisgreater than the ESg
= 18. Thus, the use of F-Srelationshipswith negativelagis not recommended.

Example8-3: Finish-to-Finish Activity Relationships
Calculatethestart, finish, and float for each activity in thefollowing CPM prece-
dence network diagram. Activity C and E have an F-F relationshipwith alag of

7 days. The following diagram and accompanying table show the early and late
start, early and latefinish, and the total and freefloat for each activity.

10 10 20
0 10 14 22 22 27 32
|
Activity A H Activity B Activity E Activity F
0 10 10 10 8 18 22 5 27 | 27 5 32
12 27
—h| Activity D
LS LF For Activity C, thecalculationsfor total and freefloat are
Activity 1 TFce= LFc - EFc FFc=LFg-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 ActivitiesA, C, E, and F. Note that the free float of Activity C is gov-
erned by the ~F relationship.

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

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

10 20

r——| AdtivityC |

10 10 20
S-S =10days
0 10 , 12 20 20 25 25 30
0 10 10 10 8 18 20 5 25 25 5 30
10 25
Activity D
10 15 25

For Activity C, the calculationsfor total and freefloat are:

Activity TFq= I£§C—EFC FFC=ESE—ESC(—)Lag
=20-20 =20-10-1
=0days =0days




Early Early Late Late Total Free
Activity Duration start finish start finish float float

*Denotescritical activities.

Based on theforward and backward pass cal cul ations, thecritical path i s through
ActivitiesA, C, D, E, and F. Notethefreefloat of Activity Cisgoverned by theS-S
relationshipbetween 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 calculationsfor an S-F relationshipwith alag of 7 days
betweenActivity C and E. Thefollowing diagram and accompanying tableshow
theearly and late start, early and late finish, and the total and freefloat for each
activity.

‘ o |
ActivityC
=" y I
0 10 12 5 30
Activity A Activity B ActivityE Activity F
= 1
0 10 10 10 8 18 18 5 23 5 5 30
10 25
| ——
LS LF For Activity C, thecalculationsfor total and freefloat are:
Activity TFc=LFs—EF¢ FF-=EFg - ESc-Lag
=30-20 =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 F

QUESTIONS FOR CHAPTER 8—PROJECT SCHEDULING

1 Oneof the obviouspurposes of project planningand schedulingisto completea project
ontime. |dentify other benefitsthat can be derivedfrom good project planning. Also de-
scribetypical problemsthat can be prevented by good planning and scheduling.

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

Activity Duration Cost Preceded by Followed by

2 days None B,C,D
3days E
4 days
5 days
7 days
7 days
8 days
4 days
2 days
12 days
5 days
6 days
2 days
2 days
6 days
4 days
4 days
4 days
2 days
9 days
2 days
3days

F
G
H

I, L
J, K

OOMMOoOOT>>>

.
I
(anO'U-ZZr

z

R T

Or x —

Z
4023
T3
<<<wncCcH

»
e

None




3 Perform a cost analysis based on an early start and late start schedule for the project in
Question 2. Plot the S-curvefor the early and late start costs. Show costson theleft-hand
ordinate and percent costs on the right-hand. Along the abscissa, show the timein work-
ing days and in percentage of project duration.

4 Describe advantages and disadvantages of each of the two basic techniques of project
scheduling: bar charts and CPM networks. Include situations most appropriatefor each
of the two techniques.

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

6 A project manageris usually assigned theresponsibility of either managingasinglelarge
project or many small projects at atime. Describe the different approaches to planning
and scheduling that must be used by these two types of project managers.

7 Describe the purpose and use of 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 relateto the work breakdown structure, organi-
zational breakdown structure, and the cost breakdown structure.

8 Thedatafor the CPM diagramfor a project are shown below. Perform acost analysisfor
the project and present the resultsin tabular form showing the daily distribution costson
an early start, late start, and target schedul e. Plot the three S-curveson one graph to show
theresults of your analysis.

Activity Duration Cost Preceded by Followed by
2 days None B,C,D
3days A E
8 days A F
6 days A FGH
8 days B J
9 days C,D K

12 days D K, L, M
5 days D |
3days H M
2 days E N, R
5 days F G R
1day (0]

2 days G, | PR
2 days J Q

2 days L R

4 days M S

2 days N T

7 days J K MO \"

2 days P U

1 day Q \Y
3days S \Y

5 days R,T,U None

9 The bar chart shown on the next pageisthe original baseline schedulefor a project that
must be completed in 25 working days. The schedule was developed without regard to
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thedistribution of labor on the project. The number of crews and the number of workers

in each crew are shown for each activity.

a Evaluatethe alocation of labor by preparing a histogram of the distribution of Iabor,
similar to Figure 8-13.

b Assumethat the completion date of 25 working days cannot be changed and that the
start of Activity A and finish of Activity K cannot be changed. The start time for the
remaining activities can be delayed a maximum of 2 days. Reschedulethe project to
reduce any irregularity in the distribution of labor, asillustrated in Figures 8-13 and

8-14.
’ Activity | Duration | Workers | Workers | Work Day of Project
Number | inDays | ofCrews| inCrew | 12345 | 67 8 910 (1112131415 1161718192012122232425
! A ! 3 1 ' 4 X X X !
B 7 2 3 XX [ XXXXX
(] 9 1 2 X XXXXX | XXX
D 7 2 5 X[ XXXXX | X
E 8 1 4 XXXX | XXXX
F 10 3 4 XX | XXXXX | XXX
X ITXXXXX XXX
x| e

10 Below arethecritical activitiesof a PERT diagram. The optimistic time (a) ,most likely
time (m), and pessimistictime (b) areshown at the bottom of 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-secondday? For a 99% probability, what is the expected number of daysfor com-
pletion? For a 1% probability, what is the expected number of daysfor completion?
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TRACKING WORK

CONTROL SYSTEMS

Effective project management requires planning, measuring, eval uating, forecast-
ing, and controllingall aspectsof a project: quality and quantity of work, costs, and
schedules. An all encompassing project plan must be defined before starting a proj-
ect; otherwisethereis no basisfor control. Project tracking cannot be accomplished
without awell-defined work plan, budget, and schedul eas discussed in the previous
chaptersof this book.

The project plan must be developed with input from people who will be per-
formingthe work, and it must be communicated to all participants. Thetasks, costs,
and schedules of the project plan establish the benchmarksand check-pointsthat are
necessary for comparing actual accomplishmentsto planned accomplishments, so
the progressof a project can be measured, evaluated, and controlled.

Attheend of any reporting period (), a project isexpectedto have achieved an
amount of work (X) with alevel of quality (Q) at a predicted cost (C). The objective
of project control isto measure the actual valuesof these variablesand determineif
the project is meeting the targets of the work plan, and to make any necessary ad-
justmentsto meet project objectives. Project control isdifficult becauseit involves
aquantitativeand qualitativeeval uation of a project that isin acontinuousstate of
change.

To beeffective, a project control system must be simpleto administer and easily
understood by all participantsin a project. Control systemstend tofall into two cat-
egories, they are either so complex that no one can interpret the resultsthat are ob-
tained, or they are too limited becausethey apply to only costs or schedulesrather
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thanintegratingcosts, schedul es, and work accomplished. A control system must be
developed so informationcan 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 reportingflaws that irritate people.

Since the introduction of small personal computersin 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,
approachesto integrated project control systems. Common among the approaches
is development of a well-defined work breakdown structure (WBS) as a starting
pointin the system. The smallest unit inthe WBSisawork package, which defines
the work in sufficient detail so it can be measured, budgeted, scheduled, and
controlled.

The Critical Path Method (CPM) is used to develop the overall project schedule
from the WBS by integratingand sequencingthe work in accordancewith the work
packages. A coding system is designed that identifieseach component of the WBS
so informationfrom the WBS can be related to the project control system. To con-
trol costs the WBSis linked to the cost breakdown structure (CBS) by the code of
accounts. Likewise, the WBS s linked to the organizational breakdown structure
(OBS) to coordinate personnel to keep the project on schedule. A coding systemal -
lowssorting of information to producea variety of reportsthat are subsetsof theen-
tire project.

Thisgeneral concept of project control was presented by the Department of En-
ergy for federal and energy projects. Since that time, several modifications have
been suggestedto simplify the processaf transferringinformation from the WBSto
the CPM, linking the WBS and OBS to the coding system, and measurement of
work accomplished.

LINKING THEWBS 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
packageoften becomes one activity on the diagram. However, sometimesit is nec-
essary to combine several work packagesinto asingle activity or to developasin-
gle work package into several activities. The process of developing the CPM
diagramrequiresgood judgement with extensiveinvolvementaof key participantsin
the project. Although the level of detail should be kept to a minimum, al activities
that may influencethe project completiondate must beincluded 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-
pletenessof the WBS.

The productsof design are production drawingsand specifications. Asdiscussed
in Chapter 8, abar chart isfrequently preferredfor schedulingindividual design ac-



CHAPTER9: TRACKINGWORK 187

tivities. However, for effectivescheduling control of the whole project acomposite
of theindividual bar charts must be integrated into a CPM diagram that showsthe
interrelationshipand sequencing of related work. Thus, a CPM diagramfor design
is often asummary level schedule. Cll Publication 6-1, Project Control for Engi-
neering, providesagood description of current industry practice of schedulingand
control of design.

CPM logic diagrams have been successfully used for scheduling and control of
constructionfor many years. A detailed WBS can be devel oped as a cooperativeef-
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 packagesin the WBS. The work packagesthen becomeactivitieson
the CPM diagram. The purchase and delivery of long lead-timematerial must also
be included in the diagram. I n addition, the work performed by subcontractorson
the job must beintegrated with other work to form acompleteintegrated CPM dia-
gram. For large projects, aseparate CPM diagram can be preparedfor each individ-
ual areaof the project; then a master 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 procurementand constructionactivities. It is often best to devel op separate
individual working schedulesfor design, procurement, and construction. Then link
theindividual schedulesinto asummary EPC schedulethat integratesthe total sys-
tem. It isimperativeto 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 shown in Figure 9-1
is used to develop the CPM diagram in Figure 9-2. 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-
sistsaf site-work, on-siteutilities, an employee's office building, and a maintenance
building. To handlethis project, the contracting strategy is to use in-house person-
nel to design the on-site utilities, site-work, and the maintenance building. A sepa-
rate contract is assigned for design of the employee's building. The maintenance
buildingisdenoted as Building A and the office building as Building B on the WBS
and CPM.

Thecontractingstrategy for construction isto assign one contract to a heavy con-
struction contractor to build all on-siteutilitiesand site-work activities. Two build-
ing contractors will be used, one for the office building and the other for the
industrial maintenancebuilding. The constructionactivitiesare limited on the EPC
schedule but will be expanded into more detail by each constructioncontractor asa
part of hisor her contractual requirements.

As shown in Figure 9-2, the appropriate design activities are directly linked to
the procurement activitiesfor materialsand equipment. For example, the design of
the overhead cranefor Building A isfollowed by procurement and then construc-
tion. Likewise, design of theelevator for Building B is linked to the respectivepro-
curement and construction activities.
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CODING SYSTEM FOR PROJECT REPORTS

A coding system can be devel oped that i dentifieseach component of aprojectto al-
low the sorting of information in order to produce a variety of reportsfor project
monitoring and control. A code number can be assigned to each work item that iden-
tifiesa variety of information, such as, phaseof project, type of work, responsible
person, or facility of which the work item isa part. Table 9-1 isan illustrative ex-
ampleof asimple4-digit coding systemfor the project shownin Figure9-2.
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TABLE 9-1
CODING SYSTEM FOR THE PROJECT IN FIGURE 9-2

CodeNumber X X X X

f f f

Digit 1 —Project phases Digit 2 - Facilities Digit 3- Disciplines Digit 4-Team Members
0 Unassgned 0 Unassigned 0 Unassigned 0 Unassgned
1 In-houseengineering 1 Grading/subbase 1 Architectural 1 Tim Jones
2 Contract design 2 Concrete paving 2 Civil 2 Dan Mitchell
3 Vendor procurement 3 Aggregateparking 3 Structura 3 Ron Thomas
4 Contract procurement 4 Stormwater sewer 4 Mechanical 4 Fred Lewis
5 Stework congtruction 5 Sanitary sewer 5 Electrical 5 Kathy Dienl
6 OfficeBuilding 6 Undergroundutilities 6 Landscape 6 Roy Hall
7 Indugrial building 7 BuildingA 7 Project engineering 7 JimDanid
8 Unassigned 8 Building B 8 Unassgned 8 Unassgned
9 Unassigned 9 Landscape 9 Unassigned 9 Unassigned
~ L - _
WBS OBS

Table 9-1 can be used to assign a code number that i s unique to each activity in
the CPM diagram of Figure 9-2 tolink the WBS to the OBS and CPM. For exam-
ple, Activity 95 (Design of Foundationsand Structurefor BuildingA) is assigned
the code number of 1735. Thiscodeidentifiesthe activity asthein-housestructural
engineeringfor Building A involving structural design that is the responsibility of
team member Kathy Diehl. Table9-2isalist of thecode numbersassigned 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 activitiesthat have a 3 in the third digit of their code
number. Similarly, all activities related to Building B can be obtained by selecting
activitiesthat have an 8 in the second digit of their code number.

Multiple sorting of code numbers enables a project manager to obtain various
levelsof reportsfor project control. This can be accomplished even with asimple
4-digit coding system as just described. For example, areport for al structural work
for BuildingsA and B can be obtained by sorting activity code numbersthat havea
codedigit 3 equal to 3, and codedigit 2 greater than 6 and lessthan 9. Thus, many
types of sorts can be obtained by selecting combinationsof code digits that are
greater than, equal to, or lessthan a number.

A coding system can aso be designed using letters, rather than numbers. Using
lettersthere are 27 charactersthat can be designated (onefor each letter in the al-
phabet), for each location in the code, instead of 10 numbersthat can be designated
for each digit in a pure numeric system. However, for computer applicationsit is
moredifficult to sort |etterson agreater than, equal to, and lessthan basis, thaniitis
for a numeric coding system. A combination apha-numeric coding system can be
designed using numbersin locations of the code that require sorting multiple capa-
bilitiesand lettersin locations where sorting i's not required.
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TABLE 9-2

EPC PROJECT ACTIVITY LIST

EXAMPLE EPC MAINTENANCE FACILITY PROJECT

NQ CCDE ACTIM TY DESCR PTI ON DURATI ON CosT TEAM MEMBER
PRQIECT NOTI CE APPROVAL TI MJIONES
DEVELCP WORK PLAN TI MJIONES
FCQRVI PRQJECT TEAM TI MJIONES
DES|I G\ QONTRACTCR S WIRK DAN M TGHELL
| N HOUSE DESI GN WIRK RON THOVAS
DES| G\ BR EFl NG MEETI NG DAN M TGHELL
PRQIECT Sl TE- WRK DESI G\ RON THOVAS
O\ SI TE UTI LI TI ES DESI GN FRED LEW S
A EDESIGN BULD NG A KATHY D EHL
FLOOR PLAN BU LD NG B DAN M TCHELL
SI TE GRADI NG PLAN RON THOVAS
STORMWATER DES| GN FRED LEWS
FLOOR PLAN BU LD NG A KATHY D EHL
FOUND/STRUCT BU LD NG B DAN M TGHELL
ARCH FI N SHES BU LD NG B DAN M TCGHELL
MECH/ELECT BU LD NG B DAN M TCHELL
SUBBASE DES|I GN PLAN RCN THOVAS
SAN TARY SEWER DESI G\ FRED LEW S
FOUND/STRUCT BU LD NG A KATHY D EHL
DESI GN REVl ENBU LD NG B TI MJIONES
CONCRETE PAVI NG ROADS RCN THOVAS
DAVESTI C WATER SYSTEM FRED LEW S
NATURAL GAS SYSTEM FRED LEW S
MECH/ELECT BU LD NG A KATHY DI EHL
SPECI AL OVERLQAD CRANE KATHY DI EHL
CONTRACT DESI GN COMPLETE DAN M TGHELL
OONCRETE PAVI NG PARKING/WALKS RCN THOVAS
UNDERGROUND ELECTRI CAL FRED LEW S
UNDERCROUND TELEPHONE SYSTEM FRED LEW S
BU LD NG A DESI GN REVl EW TI MJIONES
AGCCREGATE SURFAQ NG DES| GN RON THOVAS
UTI LI TI ES DESI GN REVI EW TI MJIONES
FENCING/LANDSCAPE/IRRIGATION RON THOVAS
S| TE- WORK DESI GN REVI EW TI MJIONES
PRQIECT DES| G\ COWPLETE TIMJIONES
PROCURE BU LDl NG ELEVATCRS ROY HALL
PROCURE GONTRACTCRS Bl bS ROY HALL
PROCURE OVERHEAD CRANE ROY HALL
BEMPLOYEE S CFFI CE BU LD NGB JI M DAN EL
SITE-WORK/UTILITIES OONSTRUCTI ON JIMDAN EL
INDUSTRIAL/MAINTENANCE BLDG A JIMDAN EL
FOUND/STRUCT BU LD NG B DAN M TGHELL
SITE-WORK/GRADING/DRAINAGE RON THOMAS
FOUND/STRUCT BU LD NG A KATHY D EHL
PLUMBI NG HEAT, & AR BLDG B DAN M TGHELL
ELECTRICAL/PHONE BU LD NG B DAN M TCHELL
STORMWATER/DRAINAGE STRUCTURES FRED LEWS
ELECTR CAL/ PHONE BU LD NG A KATHY D EHL
PLUMBI NG HEAT, & AIR BLDG A KATHY D EHL
ARCH FI N SHES BU LD NG B DAN M TGHELL
UNDERCGROUND NATURAL GAS FRED LEW S
SAN TARY SEWER SYSTEM FRED LEW S
CONCRETE PAVI NG ROALS & DR VES RCN THOVAS
ARCH FI N SHES BU LD NG A KATHY D EHL
DAVESTI C WATER SYSTEM FRED LEWS
CONCRETE PARKI NG & WALKWAYS RON THOVAS
UNDERCGROUND ELECT &« PHONE FRED LEW S
CRUSHED AGCREGATE PARKI NG RON THOVAS
LANDSCAPE TREES/PLANTS/GRASS RON THOVAS

FI NAL | NSPECTI ON &« APPROVAL TI MJONES
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CONTROL SCHEDULES FOR TIME AND COST

The CPM network diagram shows the sequencing of activities that represent the
work packagesidentified by the WBS. The expected time and cost that is required
to perform each activity can be obtained from the work packagesof theWBSin or-
der to establish the parametersfor control of cost and time. For each activity of the
EPC project shown in Figure 9-2, Table 9-2 providesthe cost and duration along
with theteam member whois responsiblefor the activity. These costsand durations
aredirectly related to the WBS, and their expenditureis directly related to the work
that i s produced. To measure the progress of the project, the actual costs and dura-
tionsare compared to these control costs and durations.

The total cost for the project includesthe direct costs (from the previous para-
graph) plusindirect costs, contingency reserve, and profit. A CBSfor the projectin-
cludes al these costs. However, only the direct costs that are tied to the WBS are
used for project control purposesto manage the accomplishment of work. Indirect
costs include support personnel, equipment, and supplies that are not directly
chargeableto the project. The cost of insurance, bonds, general office overhead,
etc., are also excluded from the project control system for monitorihg costs and
managing work because these items are fixed at the beginning of the project and
they areindependent of the work accomplished. The management of these costsis
generally afunction of the accounting department, becausethe project manager and
hisor her team usually do not have control of these costs. Thesecostsaretypically
distributed over a specified period of time and will expand or contract with the
schedule.

A good description of the relationship between engineering CBS and WBS is
provided in CII Publication 6-1, Project Control for Engineering. Figure9-3isan
examplefrom the publication that illustratesa total engineering budget matrix. The
CBS includes al elementsin the budget matrix that have been given a dollar
amount. The total dollar value of al the elementsis the total engineering budget.
TheWBSfor the project consists of budget itemsfrom the CBS for tasks that pro-
ducededliverables: designcal culations, drawings, and specifications.

For the example of Figure9-3, thefunctionsthat 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 subsystemsthat definethetotal project. For example,
thedeliverableto be produced by theelectrical would beadrawinglist that included
all drawingsfor electrical work. The number of work-hours (WI-I) for each drawing
and the number of WH of calculationsthat are required to produce the drawings
would represent the budget.

The schedulefor thework isthetotal timeto producethefinal drawings, includ-
ing the overlap of design calculations and design drafting. As discussed in Chapter
8 most engineers prefer abar chart for schedulingindividual design tasks. However,
for project control theindividual bar charts must be devel opedinto activitieson the
CPM diagram for the total project schedule. The start and finish of each activity
of the CPM engineering design scheduleis a composite of all tasks of the work
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Engineering Budget Matrix

FIGUREOS-3
Engineering Cost Breakdown Structure and Work Breakdown Structure.
Source: Construction Industry Institute, Publication No. 6-1.
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package. The following illustrates the evaluation of overlapping tasks of the work
packageto determinethe duration of an activity on the CPM diagram.

Tasksof Work Package Duration

Project Engineering 7 days
Electrical Engineering 19 days
CADD Operator 8days
Total Budgeted Days= 34days

Project Engineering
Electrical Engineering
CADD Operator

for CPM scheduling

CII Publication 6-4, Contractor Planningfor Fixed-Price Construction, provides
agood descriptionof therelationshipof the CBS and WBSfor construction. Figure
9-4 is an examplefrom the publication that showsthe WBS s 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 plansand specificationsis used as the basisfor
direct labor, material, and equipment costs. The cost estimate should also consider
the method of construction and the sequencing of work for devel opment of the proj-
ect schedule.

The general superintendent who will be responsiblefor the project on the con-
structionjob-site must beinvolved in devel oping the detailed construction schedule.
However, during the early stagesof project development it i s often necessary to de-
vel op aconstruction schedul e bef ore the construction contractor has been identified.
For this typeof situation, theinitial CPM diagram for construction must be devel-
oped without excessive constraintsin the sequencingof activities. The CPM sched-
ule should show the sequencing of major areas of the project and identify the
general flow of work. Then, prior to construction, a detailed CPM diagram can be
devel oped by the construction personnel who will actually perform the work.

A constructioncontractor usually performs somework with direct-hire (forceac-
count) personnel and contracts portionsof the work to one or more subcontractors.
Since many subcontractorsdo 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 schedulethat is defined in sufficient detail so the subcontractor's
responsibilitiesand duties are clearly understood. The subcontract work package
must be compatiblewith the WBS; otherwisethereis 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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WBSvs. CBS.

Source: Construction Industry Institute, Publication No. 6-4.

However, each subcontractor's work must be includedin the total project schedule
sincethework of any one contractor usually affectsthework of other contractorson
the job, which can impact the completiondate of the project.

The unsuccessful procurement of material is a common source of delaysduring
construction. A procurement plan must beincludedin the project scheduleto guide
the purchase of contractor furnished materials. Although the contractor generally
obtainsmost of the material asapart of hisor her constructioncontract, 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 previoussectionspresented 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 basefor 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 showsthedistributionof costsfor all design work. Thiscurveis ob-
tained using the coding system of Table9-1, by selecting all activitiesin which the
first digit of their codeis greater than zero and lessthan 3.
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**  CUMULATIVE COST CURVE **

PROJECT: MAINTENANCE SERVI CE FACILITY
S-CURVE FOR ALL DESI GN ACTIVITIES - ISSUED TO TI M JONES ON 4/ 15/ 2003

BASIS : EARLY START - For 32 activities - | PAGE 1

FIGURE9-5
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, Figure9-6 showsthegraph of daily cost for all in-houseengineering design.
It can be obtained by selecting all activitiesthat have a 1 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.

Table9-3isapartid listingof the project control schedulefor al activitiesin the
project. Only thefirst and last portion of thetotal scheduleisshowntoillustratethe
typeof information that can be obtained for all the 60 activitiesin thetotal project.
Critical activitiesarethose activitiesthat have zerofloat time and are denoted by the
letter " Cat theleft of the activity number. Major milestone eventsare also noted
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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%0f thetime of completion, only 17.9%of the
costs are anticipated to be 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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TABLE9-3
SCHEDULE OF ALL ACTIVITIES
AR AR R R RRAE
** ACTIVITY SCHEDULE *+
RSP rTTN
PRQJECT: SERVI CE MAINTENANCE FACI LI TY ** PAGE 1 **
SCHEDULE FOR ALL ACTI VI TIES - ISSUED TO TIM JONES ON 4/ 15/ 2003 ACTI VI TY SCHEDULE
ACTIVITY  DESCRI FTI ON DURA-  EARLY EARLY LATE LATE TOTAL  FREE
NUVBER TION START FI NI SH START FINCSH  FLOAT  FLOAT
c 5  PROQJECT NOTI CE APPROVAL 3 26MAY2003  28MAY2003  26MAY2003  28MAY2003 0 0
1 3 1 3
c 10  DEVELOP WORK PLAN 7 29MAY2003  6JUN2003  29MAY2003  6JUN2003 0 0
4 10 4 10
c 15  FORM PROJECT TEAM 5 9JUN2003  13JUN2003  9JUN2003  13JUN2003 0 ‘o
11 15 11 15
20 DESI GN CONTRACTOR S WORK 2 16JUN2003  17JUN2003  25JUN2003  26JUN2003 7 [}
16 17 23 24
c 25 | N-HOUSE DESI GN WORK 3 16JUN2003  18JUN2003  16JUN2003  18JUN2003 [} [}
16 18 16 18
30  DESIGN BRI EFI NG MEETI NG 1 18JUN2003  18JUN2003  27JUN2003  27JUN2003 7 0
18 18 25 25
35 PRQJECT SI TE- WORK DESI GN 1 19JUN2003  19JUN2003  25JUN2003  25JUN2003 4 [}
19 19 23 23
40 ON-SITE UTILITIES DESI GN 1 15JUN2003  19JUN2003  7AUG2003  T7AUG2003 35 0
19 19 54 54
c 45 AIE DESI GN BU LDING A 1 19JUN2003  19JUN2003  19JUN2003  19JUN2003 0 0
9 19 19 19
50  FLOOR PLAN BU LDI NG B 10 19JUN2003  20JUL2003  30JUN2003  11JUL2003 7 3
19 28 26 35
55  SITE GRADI NG PLAN 12 20JUN2003  7JUL2003  26JUN2003  11JUL2003 4 0
10 20008 BG2003 35 0
([ STORM-WAT |2 DESI GN 205082003  30W.2003  8AME2003  21A64 5
SANI TARY SEWER SYSTEM 21
CONCRETE PAVI NG ROADS & DRI VES 60
PLUMBING HEAT. & AIRBLDGB 75
ELECTRICAL/PHONE BUI LDI NG B 60
DOMESTIC WATER SYSTEM 7
UNDERGROUND ELECT & PHONE 14
CONCRETE PARKI NG AND WALKWAYS 15
ELECTRICAL/PHONE BUI LDI NG A 65
PLUMBING HEAT, & AIRBLDG A 85
290  CRUSHED AGGREGATE PARKI NG 40  12APR2004  4JUN2004  28JUN2004  20AUG2004 55 0
231 270 286 325
250  ARCH FI NI SHES BUI LDI NG B 50  27APR2004  S5JUL2004  12JUL2004  17SEP2004 54 54
242 291 296 345
205  LANDSCAPE TREES/PLANTS/GRASS 20 7JUN2004  2JUL2004  23AUG2004  17SEP2004 55 55
271 290 326 345
C 270  ARCH FI NI SHES BU LDI NG A 30 9AUG2004  17SEP2004  9AUG2004  17SEP2004 [} 0
316 345 316 345
C 300  FINAL | NSPECTI ON & APPROVAL 3 20SEP2004 22SEP2004  20SEP2004  22SEP2004 0 0

346 348 346 348
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TABLE 9-4
MONTHLY COST DISTRIBUTION FOR ALL ACTIVITIES IN THE PROJECT

** MONTHLY COST SCHEDULE **

PRQJECT: SERVI CE MAINTEMANCE FAC LI TY

SCHEDULE FOR ALL ACTMTI ES - 1ssuep TO TI M JONES ON 4/ 15/ 2003 MONTHLY COST SCHEDULE

START DATE 26 MAY 2003 FINI SH DATE 22 SEP 2004 - For all activities -
| ! EARLY START ! LATE START | TARGET SCHEDULE
I MO MONTH YEAR I-mscmmescsmsssssssssssssesseleean——————— e o T e e 1
| | COST/MON CUMULATIVE ! COST/MON CUMULATIVE | COST/MON  CUMULATIVE STIME $COST |
| | aosT ! oosT | aosT

: 1 MAY2003 : $ 3929. § 3929. $ 3929. 5 3929. $ 3929. % 3929. 1. 4% L%
- 2 JUN 2003 : $ 48841. $ 52770. : $ 34645, 5 38573, : $ 41743, s 45672 7.5% 1.5% :
- 3 JUL 2003 3 § 177261. $ 230031. : 5 101204, § 139778. = $ 139233. § 184904 14. 1% 6.1% :
H AUG 2003 3 5 130583. § 360614. : $ 130838. § 270616. : $ 130711. $ 315615. 20.1% 10.3%
: 5 SEP 2003 H $ 166931. 5 527545. : $ 160525. $ 431141, $ 163728. s 479343. 26. 4% 15.7%:

2 7 NOV 2003
: 8 DEC 2003
-9 JAN 2004
: 10 PEB 2004
s 11 MAR 2004
- 12 APR 2004
- 13 MAY 2004
s 14 JUN 2004
s 15 JUL 2004
- 16 AUG 2004
s 17 SEP 2004

RELATIONSHIPS BETWEEN TIME AND WORK

Measurement of design work isdifficult becausedesignisacreativeprocessthat in-
volvesideas, 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 measurablequantitiesof work, are ever seen.

The measurement of design is further complicated because of the diversity of
work. For example, all the design cal culations may be complete, half of the draw-
ingsmay be produced, and yet only one-fourth of the specificationsmay be written.
For thissituationit isdifficult to determine how much work has been accomplished
because the work that is produced does not have a common unit of measure. Be-
causeof this, a percentageof completioniscommonly used as a unit of measure of
design work. The criteriafor determiningthe percent completefor measuring work
must be devel oped and confirmed in writing with the project team membersprior to
commencing design. This providesa common basisfor 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 thework. Thisshould be done before startingwork.

A significant amount of overlap work is necessary during thedesign process. For
example, initia drafting normally starts beforethe design calculations arefinished.
Likewise, final cal culationsareoften not complete beforethefinal productiondraw-
ings are started. The project manager and his or her team memberscan jointly de-
finetheoverlap of related work to show thetiming of tasksthroughout the duration
of aproject. Table 9-5isanillustrativeexamplethat lists work items, weight multi-
plier, and estimated timing for each task requiredin adesign effort. Further division
of weight multiplierswithin each category may also be necessary.

Theinformation in Table 9-5is provided for illustrativepurposes only. Because
each projectis unique, it is necessary to define the weight multipliersthat are ap-
propriate for each individual project. The timing of design work depends upon the
availability of personnel. Thisinformation can be compiled from asummary of the
individual design work packages.

Tomanagethe overall design effort a work/time curve can be devel opedfrom the
informationin Table 9-5, see Figure 9-7. The upper portion of Figure9-7 isaseries
of graphs that represent each design task individualy, arranged in the order of oc-
currence. Theslopeof each graphistheratio of theweight multiplier tothetimere-
quired for the work to be performed. The lower portion of Figure 9-7 is the
work/time curvefor the entiredesign effort and is obtained by a composite, super-
position of theindividual graphs. Thiscurve representsthe planned accomplishment
of work and serves as a basis of control for comparison of actual work accom-
plished. It can be superimposed onto thetime/cost S-curvethat wasdiscussed in the
preceding section. Thisformsthe overall integrated cost/schedule/work curve that
isdiscussed later in subsequent sectionsof this chapter.

Congtruction involves many types of different work that have different units of
measure, such as, cubic yards, squarefeet, pounds, or each. Thus, itisconvenientto use
percentageas a unit of measurefor managementand 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 Q10 90% 100%

1.00






The procedureused for measurement of design can aso be applied to construc-
tion. For example, a project may consist of three mgjor facilities; site-work, a con-
crete office building, and a preengineered metal building. A weight multiplier can
be appliedto each of the three major facilities, along with their planned sequenceof
occurrence(referenceTable 9-6).

Table9-6 only liststhree mgjor partsof theproject. A more accuratedefinitionof
the planned work can be achieved by dividing each of the mgjor facilities into
smaller components. For example, site-work can be dividedinto grading, drainage,
paving, landscaping, etc. Likewise, each of the two buildings can be divided into
smaller components. Regardlessof thelevel of detail of the project, the sum of all
the weight multiplierswould beequal to 1.0, to represent 100% of the project. The
weight and timing of each major facility is established by key participantsof the
project team, before starting construction, to serve as a basis of control during
construction.

Figure9-8 showsthe compositeof the planned accomplishment of work. Theup-
per portion of Figure9-8isagraphical display of the overlap and sequenceof each
of thethreemgjor facilities. Thelower portion istheintegrated work/time curvefor
theentire project and is obtained by a compositesuperpositionof thethreeindivid-
ua graphsof each mgjor facility.

The procedureis a top level summary of all facilitiesin the total project. This
same procedurecan be used for each facility, or partsof afacility, depending upon
the complexity of the project and the level of control that is desired by the project
manager.

At the lowest level it may be possibleto 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 ** concretepiers” can be mea-
suredin 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
constructionof concretepiersinvolvesdrilling, setting steel, and placement of con-
crete. For a project that has 18 piers, a progress report may show all piersdrilled,
steel setin 9 piers, and concreteplacedin 3 piers. If cubicyardsistheonly measure
of control, only 3 of the 18 piers would be reported as compl ete, which would not
includethedrilling and steel work that is accomplished. For this situation, aweight
multiplier system must be developed to account for each task that is required to

TABLE 9-6
ILLUSTRATIVEWEIGHT MULTIPLIER FOR
CONSTRUCTION

Weight Project
Facility multiplier timing
Site-work 0.25 0%- 35%
Concrete building 0.40 15%- 75%

Metal building 0.35 65%-100%
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congtruct thepiers. As previoudly discussedthesumof dl weights must equal 1.0to
represent 100%of the work.

INTEGRATED COST/SCHEDULE/WORK

Experienced project managers are familiar with the problemsof using only partial

information, such asonly 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 indicatethe project isgoing 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 devel op anintegrated cost/schedule/work system which provides
meaningful feedback during the project rather than afterwards. The status of a proj-
ect can then be determined and corrective actions taken when corrections can be
made at theleast cost.

The preceding sections presented therel ationships of cost/time and work/time for
project control. However, eval uating these rel ationshi psseparately does not provide
an accurate status of a project. A cost/schedule/work graph can be prepared that
showsthe integrated relationship of the three basic componentsof a project: scope
(work), budget (cost), and schedule (time). Figure 9-9isagraph that links costs on
the left-hand ordinate, time on the abscissa, and work on the right-hand ordinate.
Theupper curveis simply the cost/time S-curvethat has been discussedin 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 graphissimply a
compositeoverlay of theinformation previously presented.

Theunitfor costsisdollarsand the unit for schedul eisdays, which areeasily de-
termined unitsof measurefor any type of project. The unit of measurefor work is
represented as a percentagewhich providesa common basefor all partsof the proj-
ect. As previously discussed, a project may havethreetypesaof buildings. concrete,
steel, and wood frame. An appropriate unit of measure for work would be cubic
yardsfor theconcretebuilding, poundsof steel for the steel building, and board feet
of lumber for the wood frame building. However, sinceit is not possibleto add cu-
bic yards to pounds or board feet, percentisa dimensionless unit of measure that
can conveniently be used to represent work.

Although percentage providesacommon 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 buildingsof 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%6for the total project. Fac-
tors that may be considered for determining the multiplier include work-hours,
costs, and/or thetime to completethe work. The multiplierthat is selected involves
both aquantitativeand qualitativeeva uationaf the project, based upon good judge-
ment, and should be determined as ajoint effort by key participantsof the project
team.
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FIGURE 9-9

Integrated Cost/Schedule/Work Graph.

The actual cost and work accomplishedcan be superimposedonto the curvesto
comparewith the planned cost and work in order to determinethe statusof the proj-
ect; see Figure 9-10a. For this example the actual accomplished work curve is
below the planned work curve, which shows a schedule dlippage. For the same re-
porting period thereisa cost overrun as noted on the upper curveof thegraph. Thus,
thereisascheduleslippageand cost overrun for the reporting period. Other scenar-
iosare possibleasillustratedin Figure 9-105 to 9-104.

An integrated cost/schedule/work graph providesa 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 thetotal project. Thus,
multiple graphs can be devel oped, depending upon the complexity of the project
and thelevel of control desired by the project manager.

PERCENT COMPLETE MATRIXMETHOD

A very simpletechniquefor determining theoverall statusof a project isthe percent
complete matrix method. It can be used for any size project and only requiresamin-
imal amount of information that isreadily availablein thework packages. The over-
al status can be measured as a percent complete matrix, based upon the budget for
each work packagein a project. The budget can be measured as any one of three





