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Preface

This book is about Critical Path Method (CPM)-based planning and
scheduling as applied to the construction industry. The book’s distinguish-
ing feature is the use of one example project throughout to demonstrate
planning, scheduling, project acceleration, resource management, time
control, financial control and the project cost system. The example project
is a highway bridge.

It has been suggested that a building project might be more appropriate
for many readers. We have seriously considered that suggestion, although
the complexity of even a simple building tends to obscure project man-
agement fundamentals in logistical detail and diminish the clarity of the
book. The bridge example, although a civil engineering project, typifies the
basics of construction by incorporating critical aspects of most construction
projects: the construction of foundations, concrete work, structural steel,
and finish work, all of which require labor and equipment supervision,
subcontractor management, and material expediting. The entire highway
bridge project takes 10 weeks to construct and can be completely illustrated
in 70 distinct activities.

This fifth edition has been updated with current labor, material, and
equipment pricing and includes a complete estimate for the highway
bridge. Scheduling and management concepts, such as Work Breakdown
Structures (WBS) and the Earned Value Management System (EVMS), are
developed in this edition. An estimate in SI units is included in Appendix
B for readers outside the United States.

Of particular interest is Chapter 6, which includes discussions of pro-
duction planning as it affects personnel, safety, quality, paperwork, and
material control. A site layout drawing shows the location of temporary
buildings, formwork fabrication, material laydown and staging area, fire
extinguishers, and first aid kits. Much of the information in this chapter is
gleaned from years of construction experience and is unique to this text.

For generations Men, Machines, Materials, Methods, and Money have
been the five Ms of construction. Efficient usage of these five resources
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Preface

is the essence of construction management. However, in recent years,
an important change in these basic resources has occurred. Women now
constitute an important part of the construction industry. They occupy
responsible positions in the field trades and at all levels of management.
Construction terms like “‘journeyman,’ “foreman,” and “‘piledriverman’
have been used in the industry for literally hundreds of years. Because such
words are the only ones generally recognized, these words are used in this
text but are not meant in any way to imply gender. At times, the word “‘he”
or “‘him’” is used as a singular pronoun. Such use of the masculine gender
is done solely for the sake of readability and has no presumption of gender.
The authors of this text recognize and applaud the important contribution
that women have made and are making to the construction industry.

This book teaches a method for capturing, modeling, and viewing the
entirety of a construction project so that it can be effectively planned
and managed from start to finish. Consequently, many of the illustrations
are quite large and presented on extra-wide pages called tip-ins. Due
to production limitations, these tip-ins can only be inserted at specific
intervals throughout the book rather than at the point they are referenced.
Where a tip-in is referenced, guidance is provided on where to locate the
figure within the text. In some cases, the tip-ins are located in the chapter
following the point where they are referenced.

This fifth edition represents 37 years of publication and three generations
of authors. We trust that this fully updated edition will continue as a
principal reference for today’s professionals and an instructive guide for
tomorrow’s constructors.

S. Keoki Sears, London, England
Glenn A. Sears, Durango, Colorado

January 2008



Construction
Practices

1.1 Introduction

The objective of this book is to present and discuss the management of
field construction projects. These projects involve a great deal of time
and expense, so close management control is required if they are to
be completed within the established time and cost limitations. The text
also develops and discusses management techniques directed toward the
control of cost, time, resources, and project finance during the construction
process. Emphasis is placed on practical and applied procedures of proven
efficacy. Examples relate to field construction practices.

Effective management of a project also requires a considerable back-
ground of general knowledge about the construction industry. The purpose
of this chapter is to familiarize the reader with certain fundamentals of
construction practice that will be useful for a complete understanding of
the discussions presented in later chapters.

1.2 Construction Industry

In terms of the dollar value of output produced, the construction indus-
try is the largest single production activity of the U.S. economy. The
annual expenditure of approximately $1.2 trillion for construction in
2006 accounts for more than 9 percent of the gross national product
(GNP). Thus, almost 1 of every 10 dollars spent for goods and services in
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the United States is spent on construction. The construction industry is
directly responsible for approximately 6 percent of private employment (or
5 percent of total jobs) in the United States, making it one of the nation’s
largest employers.

Not only does the construction industry touch the lives of virtually
everyone on a daily basis; it occupies a fundamental position in many
national economies. This large and pervasive industry is regarded as the
bellwether of economic growth in the United States. Periods of national
prosperity usually are associated with high levels of construction activity.
One is the natural result of the other.

The construction industry is heterogeneous and enormously complex.
There are several major classifications of construction that differ markedly
from one another: housing, nonresidential building, heavy, highway, utility,
and industrial. In addition, these construction types are further divided
into many specialties, such as electrical, concrete, excavation, piping, and
roofing.

Construction work is accomplished by contractors who vary widely in
size and specialty. Some contractors choose to concentrate on a particular
task or aspect of the construction project and are therefore referred
to as specialty contractors. Others assume broader responsibility for a
comprehensive work package and are referred to as prime contractors.
Commonly, prime contractors will subcontract specific aspects of a project
to the specialty contractors, forming a contractual web of prime contractors
and specialty contractors. Within the industry, very large contractors handle
annual volumes in excess of $15 billion; their annual budgets rival the gross
national products of many small countries. However, the construction
industry is typified by small businesses.

1.3 Construction Project

Construction projects are intricate, time-consuming undertakings. The
total development of a project normally consists of several phases requiring
a diverse range of specialized services. In progressing from initial planning
to project completion, the typical job passes through successive and distinct
stages that demand input from such disparate areas as financial organiza-
tions, governmental agencies, engineers, architects, lawyers, insurance and
surety companies, contractors, material manufacturers and suppliers, and
building tradesmen.

During the construction process itself, even a structure of modest pro-
portions involves many skills, materials, and literally hundreds of different
operations. The assembly process must follow a natural order of events
that constitutes a complicated pattern of individual time requirements
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and restrictive sequential relationships among the structure’s many
segments.

To some degree each construction project is unique—no two jobs are
ever exactly the same. In its specifics, each structure is tailored to suit
its environment, arranged to perform its own particular function, and
designed to reflect personal tastes and preferences. The vagaries of the
construction site and the possibilities for creative and utilitarian variation
of even the most standardized building product combine to make each
construction projectanew and different experience. The contractor sets up
its “factory’” on the site and, to a large extent, custom builds each structure.

The construction process is subject to the influence of highly variable and
sometimes unpredictable factors. The construction team, which includes
architects, engineers, building tradesmen, subcontractors, material deal-
ers, and others, changes from one job to the next. All the complexities
inherentin different construction sites—such as subsoil conditions, surface
topography, weather, transportation, material supply, utilities and services,
local subcontractors, labor conditions, and available technologies—are an
innate part of construction.

Consequently, construction projects are typified by their complexity
and diversity and by the nonstandardized nature of their production.
The use of factory-made modular units may diminish this individuality
somewhat, but it is unlikely that field construction will ever be able to
adapt completely to the standardized methods and product uniformity of
assembly line production. On the contrary, many manufacturing processes
are moving toward ‘‘one-off”” production and adopting many of the project
management tools originating in the construction industry.

1.4 Project Stages

A construction project proceeds in a rather definite order; the stages of
development that follow are typical.

Once an owner has identified the need for a new facility, he or she must
define the requirements and delineate the budgetary constraints. Project
definition involves establishing broad project characteristics, such as loca-
tion, performance criteria, size, configuration, layout, equipment, services,
and other owner requirements needed to establish the general aspects of
the project. Conceptual planning stops short of detailed design, although
a considerable amount of preliminary architectural or engineering work
may be required. The definition of the work is basically the responsibility
of the owner, although a design professional may be called in to provide
technical assistance and advice.

A. Planning and
Definition
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B. Design

C. Procurement
and Construction

1.5 Owner

1 Construction Practices

The design phase involves the architectural and engineering design of the
entire project. It culminates in the preparation of final working drawings
and specifications for the total construction program. In practice, design,
procurement, and construction often overlap, with procurement and con-
struction beginning on certain segments as soon as the design is completed
and drawings and specifications become available.

“Procurement’” refers to the ordering, expediting, and delivering of key
project equipment and materials, especially those that may involve long
delivery periods. This function may or may not be handled separately from
the construction process itself. ““Construction’” is, of course, the process of
physically erecting the projectand putting the materials and equipmentinto
place, and this involves providing the manpower, construction equipment,
materials, supplies, supervision, and management necessary to accomplish
the work.

The owner, whether public or private, is the instigating party that gets
the project financed, designed, and built. Public owners are public bodies
of some kind, and range from the federal government down through
state, county, and municipal entities to a multiplicity of local boards, com-
missions, and authorities. Public projects are paid for by appropriations,
bonds, or other forms of financing and are built to perform a defined
public function. Public owners must proceed in accordance with applica-
ble statutes and administrative directives pertaining to advertising for bids,
bidding procedure, construction contracts, contract administration, and
other matters relating to the design and construction process.

Private owners may be individuals, partnerships, corporations, or various
combinations thereof. Most private owners have the structure built for
their own use: business, habitation, or otherwise. However, some private
owners do not intend to be the end users of the constructed facility;
rather, they plan to sell, lease, or rent the completed structure to others.
These end users may or may not be known to the owners at the time of
construction.

1.6 Architect-Engineer

The architect-engineer, also known as the design professional, is the party
or firm that designs the project. Because such design is architectural
or engineering in nature, or often a combination of the two, the term
‘“‘architect-engineer’’ is used in this book to refer to the design professional,
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regardless of the applicable specialty or the relationship between the
architect-engineer and the owner.

The architect-engineer can occupy a variety of positions with respect
to the owner for whom the design is undertaken. Many public agencies
and large corporate owners maintain their own in-house design capability.
In such instances, the architect-engineer is the design arm of the owner.
In the traditional and most common arrangement, the architect-engineer
is a private and independent design firm that accomplishes the design
under contract with the owner. Where the ‘‘design-construct’” mode of
construction is used, the owner contracts with a single party for both
design and construction. In such cases the architect-engineer is a branch
of, or is affiliated in some way with, the construction contractor.

1.7 Prime Contractor

A prime contractor, also known as a general contractor, is the firm thatis in
prime contract with the owner for the construction of a project, either in its
entirety or for some designated portion thereof. In this regard, the owner
may choose to use asingle prime contractorseveral separate prime contracts.

Under the single-contract system, the owner awards construction of the
entire project to one prime contractor. In this situation, the contractor
brings together all the diverse elements and inputs of the construction
process into a single, coordinated effort and assumes full, centralized
responsibility for the delivery of the finished job, constructed in accordance
with the contract documents. The prime contractor is fully responsible to
the owner for the performance of the subcontractors and other third
parties to the construction contract.

When separate contracts are used, the project is not constructed under
the centralized control of a single prime contractor. Rather, several inde-
pendent contractors work on the project simultaneously, and each is
responsible for a designated portion of the work. Each of the contractors is
in contract with the owner and each functions independently of the others.
Hence, each of these contractors is a prime contractor. Responsibility for
coordination of these contractors may be undertaken by the owner, the
architect-engineer, a construction manager, or one of the prime contractors
who is paid extra to perform certain overall job management duties.

1.8 Competitive Bidding

The owner selects a prime contractor on the basis of competitive bidding,
negotiation, or some combination of the two. A large proportion of
the construction in the United States is done by contractors that obtain
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their work in bidding competition with other contractors. The competitive
bidding of public projects is often required by law and is standard procedure
for public agencies. Essentially all public construction work is done by this
method. When bidding a project, the contractor estimates how much the
structure will cost using the architect-engineer’s drawings and specifications
as a basis for the calculations. The contractor then adds a reasonable profit
to this cost and guarantees to do the entire job for the stated price.

Bid prices quoted by the bidding contractors most often constitute the
principal basis for selection of the successful contractor, with the low bidder
usually receiving the contract award. Most bidding documents stipulate that
the work shall be awarded to the ‘‘lowest responsible bidder.”” This gives
the owner the right to reject the proposal of a bidding contractor if the
contractor is judged to be unqualified for some reason. Ifits bid is selected,
the contractor is obligated to complete the work in exchange for the
contract amount.

Competitive bidding can also be used where the successful contractor is
determined on a basis other than the estimated cost of the construction.
For example, where the contract involves payment of a prescribed fee
to the contractor, the amount of the fee is sometimes used as a basis of
competition among contractors. Construction management services are
sometimes obtained by an owner using the fees proposed by the different
bidders as the basis for contract award. This is often referred to as a
fee-based bid.

1.9 Negotiated Contracts

At times it can be advantageous for an owner to negotiate a contract for
its project with a preselected contractor or small group of contractors. It is
common practice for an owner to forgo the competitive bidding process
and to handpick a contractor on the basis of its reputation and overall
qualifications to do the job. A contract is negotiated between the owner
and the chosen contractor. Clearly, such contracts can include any terms
and provisions that are mutually agreeable to the parties. Most negotiated
contracts are of the cost-plus-fee type, a subject that will be developed more
fully later.

1.10 Combined Bidding and Negotiation

An owner sometimes will combine elements of both competitive bidding
and negotiation. One such process is to have a bid where the competing
contractors are required to submit their qualifications along with their
bids and are encouraged to tender suggestions as to how the cost of the
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project could be reduced. The owner then interviews those contractors
whose proposals appear most favorable and negotiates a contract with one
of them.

1.11 Subcontracting

The extent to which a general contractor will subcontract work depends
greatly on the nature of the project and the contractor’s own organization.
There are instances where the job is entirely subcontracted, so the general
contractor provides only supervision, job coordination, project billing, and
perhaps general site services. At the other end of the spectrum are those
projects where the general contractor does no subcontracting, choosing to
do the work entirely with its own forces. Customarily, however, the prime
contractor will perform the basic project operations and will subcontract
the remainder to various specialty contractors. Types of work with which the
prime contractor is inexperienced or for which it is not properly equipped
are usually subcontracted, since qualified subcontractors generally are able
to perform their specialty faster and less expensively than the general con-
tractor. In addition, many construction specialties have specific licensing,
bonding, and insurance requirements that would be costly for the general
contractor to secure for intermittent use.

When the prime contractor engages a specialty firm to accomplish a
particular portion of the project, the two parties enter into a contract
called a subcontract. No contractual relationship is thereby established
between the owner and the subcontractor. When a general contractor
sublets a portion of its work to a subcontractor, the prime contractor
remains responsible under its contract with the owner for any negligent or
faulty performance by the subcontractor. The prime contractor assumes
complete responsibility to the owner for the direction and accomplishment
of the total work. An important part of this responsibility is the coordination
and supervision of the subcontractors.

1.12 Design-Bid-Construct

Traditionally, field construction is not begun until the architect-engineer
has completed and finalized the design. This sequence is still predominant
in the industry and is referred to as the design-bid-construct procedure.
While completing one step before initiating the next may be acceptable
to owners on some projects, it will be unacceptably slow to other own-
ers. A number of financial considerations dictate the earliest possible
completion date for many construction projects. It is possible to reduce
the total design-construction time required for some projects by starting
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the construction before complete design of the entire project has been
accomplished.

1.13 Fast Tracking

“Fast tracking’’ refers to the overlapping accomplishment of project design
and construction. As the design of progressive phases of the work is final-
ized, these work packages are put under contract, a process also commonly
referred to as phased construction. Early phases of the project are under
construction while later stages are still on the drawing boards. This proce-
dure of overlapping the design and construction can appreciably reduce
the total time required to achieve project completion. For obvious rea-
sons, fast tracking and phased construction sometimes can offer attractive
advantages to the owner and also can be the source of severe coordination
problems.

1.14 Construction Contract Services

A myriad of contract forms and types are available to the owner for
accomplishing its construction needs, and all of them call for defined
services to be provided under contract to the owner. The scope and nature
of such services can be made to include almost anything the owner wishes.
The selection of the proper contract form appropriate to the situation
is an important decision for the owner and is one deserving of careful
consideration and consultation.

The construction contract can be made to include construction, design-
construct, or construction management services, each of which is discussed
in the next three sections.

1.15 Construction Services

A large proportion of construction contracts provide that the general
contractor have responsibility to the owner only for accomplishment of
the field construction. Under such an arrangement, the contractor is
completely removed from the design process and has no input into it.
Its obligation to the owner is limited to constructing the project in full
accordance with the contract terms.

Where the contractor provides construction services only, the usual
arrangement is for a private architect-engineer firm to perform the design
in contract with the owner. Under this arrangement, the design professional
acts essentially as an independent design contractor during the design
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phase and as an agent of the owner during construction operations. The
architect-engineer acts as a professional intermediary between the owner
and contractor and often represents the owner in matters of construction
contract administration. Under such contractual arrangements, the owner,
architect-engineer, and contractor play narrowly defined roles, and the
contractor is basically in an adversarial relationship with the other two.

1.16 Design-Construct

When the owner contracts with a single firm for both design and con-
struction and possibly procurement services, this is referred to as a
design-construct project. This form of contract is usually negotiated,
although occasionally it is competitively bid. Usually the contractor has
its own design section with architects and engineers as company employ-
ees. In other cases, however, the architect-engineer can be a contractor’s
corporate affiliate or subsidiary, or the contractor can enter into a joint
venture arrangement with an independent architect-engineer firm for a
given project or contract.

The team concept is basic to design-construct. The owner, designer,
and builder work cooperatively in the total development of the project.
The contractor provides substantial input into the design process on
matters pertaining to materials, construction methods, cost estimates, and
construction time schedules. In recent years, owners have shown increasing
acceptance and usage of this concept, largely due to the economies of cost
and time that can be realized by melding the two functions of design and
construction. Injecting contractor experience and expertise into the design
process offers the possibility of achieving cost savings for the owner. Because
fast tracking is possible under a design-construct contract, the owner may
well have the beneficial use of the structure considerably before it would
have under the more traditional design-bid-construct arrangement.

A ““turnkey” contract is similar to a design-construct contract. The
difference lies in the greater range of responsibilities that the contractor
undertakes on behalf of the owner under a turnkey arrangement. For
example, a turnkey contract often includes such services as land selection
and acquisition, project financing, project equipage procurement, and
leasing of the completed facility.

1.17 Construction Management

The term “‘construction management’’ is applied to the provision of pro-
fessional management services to the owner of a construction project with
the objective of achieving high quality at minimum cost. Such services
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may encompass only a defined portion of the construction program, such
as field construction, or they may include total project responsibility.
The objective of this approach is to treat project planning, design, and
construction as integrated tasks within a construction system. Where con-
struction management is used, a nonadversarial team is created consisting
of the owner, construction manager, architect-engineer, and contractor.
The project participants, by working together from project inception to
project completion, attempt to serve the owner’s best interests in optimum
fashion. By striking a balance between construction cost, project quality,
and completion schedule, the management team strives to produce for the
owner a project of maximum value within the most economical time frame.
Construction management does not include design or construction ser-
vices per se, but involves management direction and control over defined
design and construction activities.

Construction management services are performed for the owner for
a stipulated fee by design firms, contractors, and professional construc-
tion managers. Such services range from merely coordinating contractors
during the construction phase to broad-scale responsibilities over project
planning and design, project organization, design document review, con-
struction scheduling, value engineering, field cost monitoring, and other
management services. Selection of the construction manager by the owner
is sometimes accomplished by competitive bidding using both fee and
qualifications as bases for contract awards. Usually, however, the construc-
tion management arrangement is considered to be a professional services
contract and is negotiated. These contracts normally provide for a fixed
fee plus reimbursement of management costs.

1.18 Fixed-Sum Contract

A fixed-sum contract requires the contractor to complete a defined package
of work in exchange for a sum of money fixed by the contract. Should the
actual cost of the work exceed this figure, the contractor absorbs the loss.
The owner is obligated to make only such total payment as is stipulated in
the contractual agreement. A fixed-sum contract may be either lump sum
or unit price.

With a lump-sum contract, the contractor agrees to complete a stipulated
package of work in exchange for a single lump sum of money. Use of this
form of contract is obviously limited to those construction projects where
both the nature and quantity of each work type can be accurately and
completely determined before the contract sum is set.

A unit-price contract requires the contractor to perform certain well-
defined items of work in accordance with a schedule of fixed prices for
each unit of work put into place. The total sum of money paid to the
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contractor for each work item is determined by multiplying the contract
unit price by the number of units actually done on the job. The contractor
is obligated to perform the quantities of work required in the field at
the quoted unit prices, whether the final quantities are greater or less
than those initially estimated by the architect-engineer. This is subject to
any contract provision for redetermination of unit prices when substantial
quantity variations occur. Unit-price contracts are especially useful on
projects where the nature of the work is well defined but the quantities of
work cannot be accurately forecast in advance of construction.

1.19 Cost-Plus-Fee Contracts

Cost-plus-fee contracts provide that the owner reimburse the contractor
for all construction costs and pay a fee for its services. How the contractor’s
fee is determined is stipulated in the contract, and a number of different
procedures are used in this regard. Commonly used are provisions that the
fee shall be a stipulated percentage of the total direct cost of construction or
that the fee shall be a fixed sum. Incentive clauses are sometimes included
that give the contractor an inducement to complete the job as efficiently
and expeditiously as possible through the application of bonus and penalty
variations to the contractor’s basic fee. A guaranteed maximum cost is
frequently included in cost-plus contracts. Under this form, the contractor
agrees that it will construct the total project in full accordance with the
contract documents and that the cost to the owner will not exceed some
total price.

1.20 Work-by-Force Account

The owner may elect to act as its own constructor rather than have
the work done by a professional contractor. If the structure is being
built for the owner’s own use, this method of construction is called the
force-account system. In such a situation, the owner may accomplish the
work with its own forces and provide the supervision, materials, and
equipment itself. Or the owner may choose to subcontract the entire
project, assuming the responsibility of coordinating and supervising the
work of the subcontractors. Because public projects generally must be
contracted out on a competitive-bid basis, force-account work by a public
agency usually is limited to maintenance, repair, or cases of emergency.
Force-account work can also be coupled with other contracting meth-
ods discussed earlier in this chapter to handle specific aspects of the
project that cannot be clearly defined or have undergone significant
change. In such cases, the contractor performs the associated work at

11
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the direction of the owner and bills for these services on a time and
materials basis.

Over the years, many studies have revealed that most owners cannot
perform field construction work nearly as well or as inexpensively as
professional contractors. The reason for these findings is obvious: The
contractor is intimately familiar with materials, equipment, construction
labor, and methods. It maintains a force of competent supervisors and
workers and is equipped to do the job. Only when the owner conducts a
steady and appreciable volume of construction and applies the latest field
management techniques is it economically feasible for it to carry out its
own construction operations.

1.21 Turnkey and BOT Contracts

Fixed-sum, cost-plus-fee, and work-by-force account contracting methods
all require owners to coordinate initial planning, design, construction, and
facilities start-up. These tasks distract the owners from their core business
responsibilities. For this reason, some owners also contract these respon-
sibilities to the contractor. Turnkey and build-operate-transfer (BOT)
contracts provide a vehicle for complete project delivery by the contractor.

In a turnkey arrangement, the owner provides the facility design require-
ments to the contractor, which designs and constructs the facility under a
single contract. The single contract eliminates the need for owner coor-
dination and reduces project duration. Upon completion, the key to the
project is turned over to the owner and the contract is closed out.

BOT contracts are an extension of the turnkey method. The contractor
designs, constructs, operates, and maintains the facility for a predetermined
concessionary period. In most cases, the contractor receives no payment
from the owner for these services but retains all or a portion of the
revenues earned by the project during the concession. This contracting
method generally is used for bridges, highways, power plants, and similar
projects that generate a long-term revenue stream. At the end of the
concession period, ownership transfers from the contractor to the owner.

1.22 Speculative Construction

When owners build structures for sale or lease to other parties, they engage
in what is commonly referred to as speculative construction. Housing and
commercial properties like shopping centers and warehousing facilities are
common examples of such construction. In tract housing, for instance,
“merchant” builders develop land and build housing for sale to the
general public. This is a form of speculative construction through which
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developers act as their own prime contractors. They build dwelling units
on their own account and employ sales forces to market their products.
In much speculative housing, contractors build for unknown buyers. In
commercial applications, however, construction does not normally proceed
until suitable sale or lease arrangements have been made. Leases are usually
necessary so that the developers can arrange their financing. It also enables
them to build to the lessee’s individual specifications. Most speculative
builders function more as land or commercial developers than as contrac-
tors, choosing to subcontract all or most of the actual construction work.

1.23 Management during the Design Phase

Project cost and time control actually begin during the design phase. In the
initial design stages, estimates such as annual cost to the owner and total
life-cycle costs of the facility are made. Technical job standards are weighed
against cost, function, maintenance, and appearance with the objective of
minimizing the full cost of constructing, operating, and maintaining the
new facilities over their useful life. As the design develops, construction
methods and material alternatives are subjected to value analysis as a
rational means of optimizing the entire construction process in terms
of cost and time. Cost budgets—ranging from preliminary to final—are
prepared as the design approaches completion.

Time control during the design stage is directed toward minimizing
construction time consistent with project quality and total cost. The delivery
times of materials and project equipment are checked. Where long delivery
periods are involved, the design is changed or procurement is initiated as
soon as the design has progressed sufficiently to allow detailed purchasing
specifications to be drawn. Construction methods are chosen whose cost
characteristics are favorable and for which adequate labor and construction
equipment will be available as needed. A preliminary project time schedule
usually is prepared as the design progresses.

1.24 Management of Field Construction

Discussions up to this point have demonstrated that owners have the
option of using many different procedures to get their structures built.
Regardless of the variability of these procedures, however, one party
assumes management responsibility for the field construction process.
Depending on the methods used by the owner, this party may be the owner,
the architect-engineer, a construction manager, or a general contractor.
The management of field construction customarily is done on an indi-
vidual project basis, with a project manager being made responsible for
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all aspects of the construction. For large projects, a field office usually is
established directly on the job site for the use of the project manager and
his staff. A good working relationship with a variety of outside persons
and organizations, such as architects, engineers, owners, subcontractors,
material and equipment dealers, labor unions, and regulatory agencies, is
an important part of guiding a job through to its conclusion. Field project
management is directed toward pulling together all the diverse elements
necessary to complete the project satisfactorily. Management procedures
presented later will, in general, be discussed only as they apply to field
construction, although they are equally applicable to the entire project,
from concept to start-up.

1.25 Project Manager

The project manager organizes, plans, schedules, and controls the field
work and is responsible for getting the project completed within the time
and cost limitations. He acts as the focal point for all facets of the project
and brings together the efforts of all organizations having input into the
construction process. He coordinates matters relevant to the project and
expedites project operations by dealing directly with the individuals and
organizations involved. In any such situation where events progress rapidly
and decisions must be consistent and informed, the specific leadership of
one person is needed. Because he has the overall responsibility, the project
manager must have broad authority over all elements of the project. The
nature of construction is such that the manager often must take action
quickly on his own initiative, and it is necessary that he be empowered to
do so. To be effective, he must have full control of the job and be the
one voice that speaks for the project. Project management is a function of
executive leadership and provides the cohesive force that binds together
the several diverse elements into a team effort for project completion.
Large projects normally will have a full-time project manager who is
a member of the firm’s top management or who reports to a senior
executive of the company. The manager may have a project team to
assist him, or he may be supported by a central office functional group.
When smaller contracts are involved, a single individual may act as project
manager for several jobs simultaneously. An important aspect of a project
manager’s position is that his duties normally are separate from those of
field supervision. The day-to-day direction of field operations is handled
by a site supervisor or field superintendent whose duties involve working
with the foremen, coordinating the subcontractors, directing construction
operations, and keeping the work progressing smoothly and on schedule.
The fact is that construction project authority is a partnership effort
between the project manager and the field superintendent, who work very
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closely together. Nevertheless, centralized authority is necessary for the
proper conduct of a construction project, and the project manager is the
central figure.

1.26 Project Manager Qualifications

The effective project manager must possess four essential attributes. First,
he must have a considerable background of practical construction experi-
ence so that he is thoroughly familiar with the workings and intricacies of
the industry. Without such a basic grounding in construction fundamen-
tals, the project manager would be completely unprepared to carry out his
responsibilities.

Second, the project manager must have, or have available to him, persons
with expertise and experience in the application of specialized manage-
ment techniques to the planning, scheduling, and control of construction
operations. These procedures have been developed specifically for applica-
tion to construction projects and are those discussed in this book. Because
much of the management system is usually computer based, the project
manager must have access to adequate computer support services.

Third, the project manager must have the capacity to step back from
the complex details of daily construction operations and look into the
future—planning for upcoming activities, checking material deliveries,
determining manpower and training requirements, identifying possible
changes to the work, and other future problem areas.

Fourth, the project manager must have the personality and insight that
will enable him to work harmoniously with other people, often under
very strained and trying circumstances. The manager, after all, cannot
accomplish everything through his efforts alone. He must work with and
through people in the performance of his duties. Doing this requires an
appreciation and understanding of the human factor. Without this, his
other attributes, however commendable, will be of limited effectiveness.
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System

2.1 Need for Project Management

In most construction contracts, the contractor is given only one opportu-
nity to set its price (the bid). From that point on, profits are determined
by the project manager’s ability to save money through better plan-
ning of daily operations and the skill to make good decisions. If a
project is to be constructed within its established budget and time
schedule, close management control of field operations is a necessity.
Project conditions such as technical complexity, importance of timely
completion, resource limitations, and substantial costs put great empha-
sis on the planning, scheduling, and control of construction operations.
Unfortunately, the construction process, once set into motion, is not a
self-regulating mechanism and requires expert guidance if events are to
conform to plans.

It must be remembered that projects are one-time and largely unique
efforts of limited time duration that involve work of a nonstandardized
and variable nature. Field construction work can be affected profoundly by
events that are difficult, if not impossible, to anticipate. Under such uncer-
tain and shifting conditions, field construction costs and time requirements
are changing constantly and can seriously deteriorate with little or no
advance warning. The presence of uncertainty in construction does not
suggest that planning is impossible but rather that it will assume a monu-
mental role in the success or failure of the project. The greater the level

Management
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of uncertainty in the project, the greater the need for exhaustive project
planning and skilled and unremitting management effort.

Under most competitively bid, fixed-sum contracts calling for construc-
tion services only, the general contractor exercises management control
over construction operations. Self-interest is the essential motivation in
such cases, the contractor being obligated by contract to meet a prescribed
completion date and to finish the project for a stipulated sum. The surest
way for the contractor to achieve its own objectives, and those of the owner
in the bargain, is by applying some system of project management.

Serving the best interests of the owner is the primary emphasis of
project control under other forms of contracts. Field management under
design-construct, construction management, and many cost-plus contracts
is directed principally toward providing the owner with professional advi-
sory and management services to best achieve the owner’s objectives.

2.2 Project Management Characteristics

In its most common context, the term ‘‘management’ relates to the
planning, organizing, directing, and controlling of a business enterprise.
Business management is essentially a continuing and internal activity
involving that company’s own personnel, finances, property, and other
resources. Construction project management, however, applies to a given
project, the various phases of which usually are accomplished by different
organizations. Therefore, the management of a construction project is not
so much a process of managing the internal affairs of a single company
as it is one of coordinating and regulating all of the elements needed to
accomplish the job at hand. Thus, the typical project manager must work
extensively with organizations other than his own. In such circumstances,
much of his authority is conferred by contractual terms or power of agency
and is therefore less direct than that of the usual business manager. Project
management is accomplished largely through the personnel of different
employers working closely together.

2.3 Discussion Viewpoint

As mentioned previously, the responsibility for field construction man-
agement rests with different parties, depending on owner preference and
the nature of the contracting procedure. Whether the owner, architect-
engineer, general contractor, or a construction manager performs such
duties is very much a matter of context. The basics of the pertinent man-
agement procedures are essentially the same, however, regardless of the
implementing party. Nevertheless, to show detailed workings and examples
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of such management methods, it is necessary to present the material from
the specific viewpoint of one of these parties. Thus, where the nature of the
discussion requires such designation, the treatment of management meth-
ods herein will be from the particular viewpoint of the general contractor.

2.4 Management Procedures

Field construction has little in common with the assembly-line production
of standardized products. Standard costs, time-and-motion studies, process
flowcharts, and line-of-balance techniques—all traditional management
devices used by the manufacturing industries—have not lent themselves
well to general construction applications. Historically, construction project
management has been a rudimentary and largely intuitive process, aided
by the useful but inadequate bar chart (see Section 5.29.)

Over the years, however, new scientific management concepts have been
developed and applied. Application of these principles to construction has
resulted in the development of techniques for the management control of
construction cost, time, resources, and project finance, treating the entire
construction process as a unified system. Comprehensive management
control is applied from inception to completion of construction operations.

Field project management starts with the onset of construction, at which
point a comprehensive construction budget and detailed time schedule of
operations are prepared. These constitute the accepted cost and time goals
used as a blueprint for the actual construction process. After the project
has begun, monitoring systems are established that measure the actual
costs and progress of the work at periodic intervals. The reporting system
provides progress information that is measured against the programmed
targets. Comparison of field expense and progress with the established
plan quickly detects exceptions that must receive prompt management
attention. Data from the system can be used to make corrected forecasts of
costs and time to complete the work.

The process just described is often called a management-by-exception
procedure. When applied to a given project, it emphasizes the prompt
and explicit identification of deviations from an established plan or norm.
Reports that highlight exceptions from the standard enable the manager to
recognize quickly those project areas requiring attention. Aslong as an item
of work is progressing in accordance with the plan, no action is needed,
but there are always plenty of problem areas that do require attention.
Management-by-exception devices are useful, and this book emphasizes
their application.

In addition to cost and time, the field management system is necessarily
concerned with the management of job resources and with project finan-
cial control. Resources in this context refer to materials, labor, construction
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equipment, and subcontractors. Resource management is primarily a
process of the advance recognition of project needs, scheduling and expe-
diting of the resources required, and adjusting the demands where nec-
essary. Project financial control involves the responsibility of the project
manager for the total cash flow generated by the construction work and
the terms of the contract.

As indicated by the preceding discussion, there are several different
aspects of a project control system. Each of these major management topics
is treated separately in the chapters that follow. It must be recognized,
however, that these aspects are highly interrelated segments of a total
project management process.

2.5 Time and Cost Management

Project time and cost management are based on time and cost schedules
developed for the project and an information system that will provide
data for comparing expected with actual performance. The information or
monitor system measures, evaluates, and reports job progress, comparing it
with the planned performance, which keeps the project manager apprised
of the nature and extent of any deviation. When deviations do occur, the
manager takes whatever action is considered feasible and effective to correct
the situation. Costs and time can quickly get out of hand on construction
projects where production conditions are volatile. Job monitoring must
detect such aberrations quickly. Cost and time control information must
be timely with little delay between field work and management review of
performance. This timely information gives the project manager a chance
to evaluate alternatives and take corrective action while an opportunity still
exists to rectify problem areas.

In a sense, all management efforts are directed toward cost control
because expedient completion of safe and high-quality projects represents
both construction savings for the contractor and beneficial usage for the
owner. In practice, however, time and cost management are spoken of and
applied as separate, although interrelated, procedures. One aspect of this
separation is the difference in job breakdown structure used for time and cost
control purposes. The distinctive character of the two procedures requires
that the project be divided into two different sets of elements: project com-
ponents for time control and work classifications for cost control.

The realities of a field project make the strict control of every detail
unattainable in a practical sense. Consequently, it must be recognized
that the time and cost management methods discussed in this book are
imperfect procedures, affording results of reasonable accuracy and to man-
agers whose powers to control are far from absolute. Project management
procedures offer no panacea for construction problems. They provide no
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magic answers, and the management information generated is no better
than the quality of the input data. Nevertheless, a reasonably good basis is
established for informed decision making.

2.6 Planning and Scheduling

Planning, the first step in the process of construction time control, is
discussed at length in Chapter 4. On the basis of a detailed study of job
requirements, planning establishes what is to be done, how it is to be done,
and the order in which it will proceed. The planning function is accom-
plished by dividing the project into many components or time-consuming
steps, called activities, and establishing the sequence in which they will be
performed. An example of an activity might be “‘Install boiler’”” or “‘Set
bar joists.”” The results of project planning are shown graphically in the
form of a network diagram. This diagram can be drawn using either of
two different graphical notation systems, ‘‘precedence’ or ‘“‘arrow.”” Prece-
dence notation is emphasized herein and is used throughout for discussion
purposes. The arrow convention is presented in Appendix D.

A detailed time study of the planning network is then conducted, with
adjustments to the plan being made as necessary to meet the project com-
pletion date. Some selective shortening of key construction activities may
be in order at this point. Manpower and construction equipment require-
ments are evaluated for the individual job activities, with adjustments being
made to minimize unbalanced or conflicting demands. On the basis of
these studies, the contractor establishes a calendar-date schedule of the
anticipated start and finish times for each activity. The resulting time
schedule, subject to periodic revision and correction during construction,
is the essential basis for the day-to-day time control of the project. Such
a schedule serves as an exceptionally effective early-warning device for
detecting when and where the project is falling behind schedule and the
impact that these delays will have on the project as a whole. The several
facets of project scheduling are the topics of Chapters 5, 7, and 9.

2.7 CPM Procedure

The planning and scheduling of construction projects normally uses a
network-based management procedure referred to as the Critical Path
Method (CPM). CPM was developed especially to provide an effective
and workable procedure for planning and scheduling construction opera-
tions. Widely used by the construction industry, and frequently a contract
requirement, CPM involves a definite body of management procedures
and is the basis for the planning and scheduling methods discussed in
this book.
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The heart of CPM is a graphical job plan that shows all the construction
activities necessary for job completion and the order in which they will
be done. This graphical network portrays, in simple and direct form, the
complex time relationships and constraints among the various segments of
a project. It has the tremendous advantage of easily accommodating mod-
ifications, refinements, and corrections. It provides the project manager
with 12 invaluable time control information and devices:

1. Concise information regarding the planned sequence of construction
operations

2. A means to predict with reasonable accuracy the time required for overall
project completion and the times to reach intermediate construction
goals (commonly called milestones)

3. Proposed start and finish calendar dates for project activities consistent
with the construction plan

4. Identification of those “‘critical’” activities whose expedient execution is
crucial to timely project completion

5. A guide for reducing project time

6. A basis for scheduling subcontractors and material deliveries to the
job site

7. A basis for balanced scheduling of manpower and construction equip-
ment on the project

8. The rapid evaluation of time requirements for alternative construction
methods

9. An effective model for numerically computing project status
10. An essential vehicle for progress reporting, recording, and analysis
11. A basis for evaluating the time effects of construction changes and
delays

12. A language for the communication of plans, processes, and goals for
the entire project team

2.8 Time Monitoring and Control

When field operations begin, the order in which the project proceeds is
in accordance with an approved job plan. During the construction period,
advancement of the work is monitored by measuring and reporting field
progress at regular intervals. These data are analyzed and time-control mea-
sures are taken as appropriate to keep the work progressing on schedule.
Progress measurement for time-control purposes is an approximate
process and is based on determining the time status of each individual job
activity. Progress normally is measured by noting those activities that have
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been completed and estimating the remaining time required to complete
those in process. When compared with the latest planned schedule, these
data give the manager an immediate indication of the time status of each
job activity. Because activities seldom start or finish exactly as scheduled,
the field information also serves as the basis for occasional updates that
yield revised project completion dates and corrected time schedules for
the construction yet to be done. The workings of project time control are
discussed in Chapter 9.

2.9 Project Cost System

The project cost system is concerned with the control of expenses on
current projects and the gathering of production information for use in
estimating the cost of future work. The application of cost controls to a
construction project actually begins when the costs are estimated initially.
Itis then that the project budget is established. This is the budget used by
the project manager for cost-control purposes during field construction.

If there is to be an opportunity for genuine cost control, it must be
possible to detect cost overruns promptly by making frequent comparisons
between actual and budgeted expenses of production during the construc-
tion process. In addition, the actual costs must be determined in sufficient
detail to enable project management to locate the source of cost over-
runs. During construction, cost accounting methods are applied to obtain
the actual production rates and costs as they occur. Specifically designed
summary reports are prepared periodically to pinpoint work areas where
costs are exceeding the budget. This management-by-exception cost system
immediately identifies for the project manager where production costs are
unsatisfactory and management action is needed. If the project manager
takes timely and suitable corrective measures, cost overruns often can be
minimized and future expenditures brought into line with budget esti-
mates. In addition to maintaining a continuous check on production costs
for cost-control purposes, the project cost system yields valuable informa-
tion needed for estimating future construction work. Average production
rates and unit costs are obtained from completed projects and maintained
in permanent and easily accessible databases. These records of past cost
experience are a valuable resource to the estimator when new projects are
being estimated.

For both cost-control and estimating purposes, a construction project
must be broken down into standardized and categorized building blocks,
often called cost codes, work types, or Work Breakdown Structure (WBS)
elements. Hence, cost information gathered during the construction phase
must be tracked using the same cost codes that will be used in producing
future estimates. This allows the historical cost information to be recalled
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and assembled in a variety of different ways to produce reasonable cost
estimates of future projects. Some examples of work types might be ‘“footing
concrete, place (cy)”’ or “‘structural steel, erect (ton).”” These classifications
are used throughout a company’s cost system. Each work type is assigned
a unique and permanent cost code number that is used consistently by
all company personnel and that does not change from project to project.
Chapter 10 presents a detailed treatment of a project cost system.

2.10 Estimating the Project

When the project design has been finalized, a complete and detailed
cost estimate is prepared. The contractor uses this estimate for bidding
and subsequent cost-control purposes. With cost-plus and construction
management contracts, a similar estimate is compiled, essentially for the
owner’s cost-control purposes during construction. The final estimate is
based on a detailed quantity takeoff that is a compilation of the total
amounts of elementary work classifications required. The costs of labor,
construction equipment, and materials are computed on the basis of the
work quantities involved. Subcontract amounts are obtained from bids
submitted by subcontractors to the general contractor. Taxes, overhead,
and surety bonds are added as required.

Of all the costs involved in the construction process, those of labor and
construction equipment are the most difficult to estimate and control.
Fundamentally, the estimating of such costs is based on production rates.
A production rate can be expressed as hours of labor or equipment time
required to accomplish a unit amount of a given work type. An example of
this is the number of labor hours required to erect a ton of structural steel.
Production rates also can be expressed as the number of units of a work type
that can be done per unit of time, such as per hour. An example of such
a production rate is the number of cubic yards of excavation that a power
shovel can perform in one hour. For quick and convenient application,
production rates frequently are converted to costs per unit of work. The
source of production rates and unit costs is the company’s cost accounting
system. When the cost estimate has been completed, the project control
budget is prepared. This schedule of costs is the standard to which the
actual costs of production are compared during field operations. Chapter
3 discusses estimating project costs and preparing the project budget.

2.11 Project Cost Accounting

Project cost accounting is the process of obtaining actual production
rates and unit costs from ongoing projects. This system provides the basic
information for project cost control and for estimating new work. Because
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of the uncertain nature of labor and equipment costs, these two items
of expense are subjected to detailed and frequent analysis during the
construction period. They are the main emphasis of a construction cost
accounting system. Basic elements of this system are labor and equipment
work hours, hourly expense rates for labor and equipment, and the quantity
of work accomplished during the specified period. These data are analyzed
and periodic cost reports are produced. These cost reports compare
budgeted with actual costs of production for each work type and are used
for cost-control purposes. These reports not only enable comparisons to
be made between budgeted and actual expenses as the work proceeds, but
also provide a basis for making forecasts of the final project cost. They also
record production rates and unit costs for future use in estimating.

Cost accounting, unlike financial accounting, is not conducted entirely
in terms of cost. To establish production rates and unit costs, work quan-
tities and hours of labor and equipment usage must also be determined.
Consequently, accurately measuring and reporting work quantities com-
pleted, and the associated hours of labor and equipment expended in the
field, are integral parts of a cost accounting system.

2.12 Resource Management

The term “‘resources’ refers to manpower, construction equipment, mate-
rials, and subcontractors. These resources totally control job progress and
must be managed carefully during the construction process. Schedules of
future resource needs are prepared and positive steps taken to assure that
adequate job support will be available as required. Favorable material deliv-
eries require skilled attention to procurement, shop drawing review and
approval, expediting, and quality control. Labor crews and construction
equipment must be scheduled and arranged. Subcontractors must be kept
informed of the overall job schedule and given advance notice when their
services are required, and their work must be coordinated with the total
project effort.

Resource management involves other aspects as well. Job schedules
occasionally must be adjusted to reduce the daily demand for certain
resources to more practical levels. Impracticable bunching of job resources
must be leveled to a smoother and more attainable demand profile.
Resource management and its procedures are discussed in Chapter 8.

2.13 Project Financial Control

For management purposes, a construction project is treated essentially as a
separate and autonomous effort requiring resources and input from a vari-
ety of sources. For income and expense, profit or loss, and general financial
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accounting purposes, each project is handled separately and individually.
The significance of this method is that the project manager generally has
responsibility for the control of project financial matters. Of concern here
are considerations ranging from total project cash flow to everyday matters
of contract administration. Monthly pay requests, an estimated schedule
of payments by owner, project cash forecasts, changes to the contract,
and disbursements to material dealers and subcontractors are all examples
of project financial matters subject to management control procedures.
Methods and procedures applicable to project financial management are
discussed in Chapter 11.

2.14 Automating Project Management Tasks

The management and control of project time, cost, resources, and finance
by the contractor during the field construction process require that the
project manager originate, manipulate, summarize, and interpret large
volumes of numerical data. In order to generate such information and
apply it in optimum fashion, the project manager customarily relies on
computer software to provide a wide range of data processing and to
automate routine tasks. Project managers must react quickly to changing
conditions, and their decisions must be made with the secure knowledge
that they are acting on the basis of adequate, accurate, and current
intelligence. Modern management software can greatly assist in making
this information available and in providing information for the evaluation
of alternate courses of action. With most of the time-consuming data
manipulation automated, the project manager can devote more time to
problem solving and developing more profitable approaches.

However, because of the continuous emergence of new machines and
new software support, this volume makes no effort to discuss specific hard-
ware configurations or the workings of software in current usage for project
management purposes. Rather, emphasis is placed on sources of informa-
tion, the management significance of the data generated by the computer,
and how these data are applied to the control of a construction project.

2.15 Manual Methods

The preceding discussion of computer applications to job management is
not meant to imply that manual methods have no place in the system. The
project manager may rely on hand methods for limited portions of a project
and to carry out computations for making quick checks, to determine the
effect of changes, or to study a specialized portion of the work.

Even when the calculations are automated, the project manager must
understand the computational procedures that are an innate part of the
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techniques applied. The manager’s intimate familiarity with the workings
of the procedures will provide an intuitive feel and grasp of a project that
cannot be obtained in any other way. Because manual methods are useful
in their own right and a thorough understanding of the computational
methods involved with the computer generation of management data is
crucial to the proper application of project control methods, this book
discusses in step-by-step fashion the manual calculation of the several kinds
of construction management tools.

2.16 Discussion Format

Several different management procedures are presented in the chapters
that follow. In an attempt to provide a sense of continuity while going
from one topic to another, an Example Project is used as a continuing
basis for the succeeding series of discussions. In order to acquaint the
reader both with the detailed workings of certain procedures and the
broad applicability of others, examples of construction work ranging from
modest to comprehensive in extent are needed. To provide examples
of both macro- and micro-work packages, a large-scale project consist-
ing of several separate segments or subprojects serves as the Example
Project.

Two segments of the Example Project are used for illustrative purposes
where a considerable scope of construction activity is needed to present a
given management application. An individual subproject is adopted where
the level of detail is such that the procedure is best explained by using an
example of limited proportions. Several project management actions are
presented subsequently using segments of the Example Project as the basis
for discussion. Each major management responsibility is the subject of a
different chapter. The changes, modifications, revisions, and corrections
that are discussed in any one chapter are limited to that chapter and do not
carry forward to the next. For purposes of clarity, the methods presented in
each chapter are discussed independently of one another and are applied,
in turn, to the original, unchanged Example Project.

2.17 Example Project

The Example Project involves the construction of an earth dam and some
appurtenant structures. The completed project will serve a number of
purposes, including flood control, irrigation, and recreation. The dam will
be constructed across an existing river, the flow of which is highly variable
with the season. A permanent reservoir will be formed, the extent of which
will vary considerably during the year. The job site covers a considerable
geographical area that is undeveloped and unpopulated.
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2.17 Example Project

The design of the Example Project has been completed, and working
drawings and specifications are now available. The owner is a public agency,
and the project will be competitively bid by prequalified contractors.
Accordingly, project field management will be carried out by the successful
prime contractor. Public notice of the receipt of proposals has been given
as required by law, bidding documents are available, and the bidding
process is about to begin. The entire Example Project will be awarded
by a single contract to the low-bidding prime contractor. Because of the
nature of the work involved, unit-price bidding will be used. The contract
will contain a time requirement for completion of the construction, and
liquidated damages will apply in the event of late contract completion.

The flowchart in Figure 2.1 depicts the overall Example Project and the
principal operations that will be covered by the construction contract. This
figure shows the major aspects of the work, the general sequence of which
will be as described. One of the first operations must be the diversion of
the river away from the dam site area. The borrow areas from which the
earth dam material is to be obtained are located some distance from the
dam site and must be stripped of surface soil and vegetation. Haul roads
between the dam and the borrow areas must be developed, keeping grades
to a minimum and providing hard, smooth rolling surfaces. After the river
diversion, borrow development, and haul roads have been accomplished,
construction of the dam itself can proceed.

While this preparatory work and the dam are under way, other seg-
ments of the Example Project can progress simultaneously. A concrete
emergency spillway is to be built at a location removed from the main
dam itself. The new reservoir area necessitates the relocation of five miles
of existing natural gas pipeline, and a new bridge must be built where
an adjoining highway crosses a reservoir inlet. The closure and removal
of the river diversion will be the final major construction operation. The
highway bridge and the pipeline relocation will be used to illustrate several
construction management applications.
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3.1 Project Cost System

During the design phase of a construction project, the project costs are
continuously approximated and reviewed following each design change to
ensure that they will not exceed the owner’s budget. This working budget is
generally referred to as the engineer’s or architect’s estimate. Upon design
completion, the field cost-control system is initiated by making a final,
detailed cost estimate of the entire work. The construction contractor or
another party who will be directly involved in the field operations normally
prepares this ‘“‘contractor’s estimate.”” The contractor’s estimate is then
reduced to a working construction budget and forms the basis of the
construction cost control system.

During the construction process, cost accounting methods (discussed
in Chapter 10) are used to retrieve actual construction expenses from
ongoing construction operations. This information is then used for cost
control purposes on the current project and for estimating the cost of future
projects. Additionally, the cost system provides considerable information
pertinent to project financial control (discussed in Chapter 11). This
chapter discusses cost-estimating procedures and how the final project
budget is obtained.

Project Cost
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3.2 Preliminary Cost Estimates

Preliminary estimates of future construction expenditures, made during the
project planning and design phases, are necessarily approximate because
they are compiled before the project is completely defined. Making such
conceptual estimates is an art quite different from determining the final
detailed estimate of construction costs.

Fundamentally, all conceptual price estimates are based on some system
of gross unit costs obtained from previous construction work. These unit
costs are extrapolated forward in time to reflect current market conditions,
project location, and the particular character of the job presently under
consideration. Some of the methods commonly used to prepare preliminary
estimates include:

Cost per Function Estimate

This analysis is based on the estimated expenditure per unit of use,
such as cost per patient, student, seat, or car space. Construction
expense may also be approximated as the average outlay per unit of
a plant’s manufacturing or production capacity. These parameters are
generally used as a method of quickly defining facilities costs at the
inception of a project when only raw marketing information is known,
such as the number of patients that a planned hospital will hold. This
broad method of developing costs can also provide a powerful check
on more detailed estimates once they have been generated.
Index Number Estimate

This method involves estimating the price of a proposed structure
through updating the construction cost of a similar existing facility. It
is done by multiplying the original construction cost of the existing
structure by a national price index that has been adjusted to local con-
ditions, such as weather, labor expense, materials costs, transportation,
and site location. A price index is the ratio of present construction cost
to the original construction outlay for the type of structure involved.
Many forms of price indexes are available in various trade publications.
Unit Area Cost Estimate

This method of estimating facilities costs is an approximate cost
obtained by using an estimated price for each unit of gross floor
area. The method is used frequently in building and residential home
construction. It provides an accurate approximation of costs for struc-
tures that are standardized or have a large sampling of historical cost
information from similar structures. This type of estimate is used often
in the industry to compare the relative worth of various facilities.
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Unit Volume Cost Estimate

This estimate is based on an approximated expenditure for each unit
of the total volume enclosed. This estimating method works well in
defining the costs of warehouses and industrial facilities.

Panel Unit Cost Estimate

This analysis is based on unit costs per square unit area of floors, unit
length of perimeter walls, partition walls, and unit roof area. Generally
this form of estimating is used to improve the preceding estimates once
additional detailed information about the facility is known.

Parameter Cost Estimate

This estimate involves unit costs, called parameter costs, for each of
several different building components or systems. The prices of site
work, foundations, floors, exterior walls, interior walls, structure, roof,
doors, glazed openings, plumbing, heating and ventilating, electrical,
and other items are determined separately by the use of estimated
parameter costs. These unit expenses can be based on dimensions or
quantities of the components themselves or on the common measure
of building square footage.
Partial Takeoff Estimate

This analysis uses quantities of major work items taken from partially
completed design documents. These are priced using estimated unit
prices for each work item taken off. During the design stage, this type
of estimate is considered to provide the most accurate preliminary
costs. Yet the feasibility of this method is highly dependent on the
availability of completed design documents. Generally this estimate
cannot be made until well into the design process. Hence it is often
used to refine the previously discussed estimating methods.

3.3 Final Cost Estimate

The final cost estimate of a project is prepared when finalized working draw-
ings and specifications are available. This detailed estimate of construction
expense is based on a complete and detailed survey of work quantities
required to accomplish the work. The process involves the identification,
compilation, and analysis of the many items of cost that will enter into
the construction process. Such estimating, which is done before the work
is actually performed, requires careful and detailed study of the design
documents, together with an intimate knowledge of the prices, availability,
and characteristics of materials, construction equipment, and labor.
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It must be recognized that even the final construction estimate is of
limited accuracy and that it bears little resemblance to the advance deter-
mination of the production costs of mass-produced goods. By virtue of
standardized conditions and close plant control, a manufacturer can arrive
at the future expense of a unit of production with considerable preci-
sion. Construction estimating, by comparison, is a relatively crude process.
The absence of any appreciable standardization together with a myriad
of unique site and project conditions make the advance computation of
exact construction expenditures a matter more of accident than design.
Nevertheless, a skilled and experienced estimator, using cost account-
ing information gleaned from previous construction work of a similar
nature, can do a credible job of predicting construction disbursements
despite the project imponderables normally involved. The character or
location of a construction project sometimes presents unique problems,
but some basic principles for which there is precedent almost always
apply.

When pricing a job of some size, there will undoubtedly be more than
one person involved in the quantity takeoff and pricing phases. The term
“‘estimator”’ is used herein to refer to whoever may be involved with the
estimating procedure being discussed.

There are probably as many different estimating procedures as there
are estimators. In any process involving such a large number of intricate
manipulations, variations naturally result. The form of the data generated,
the sequential order followed, the nature of the elementary work classifi-
cations used, the mode of applying costs—all are subject to considerable
diversity. Individual estimators develop and mold procedures to fit their
own context and to suit their own preferences. In this volume, rather than
attempt any detailed discussion of estimating methods, only the general
aspects of construction estimating are presented.

3.4 Highway Bridge

To illustrate the workings of several major aspects of project management,
including the cost system, it will be useful to have a construction job large
enough to be meaningful, but not so large that its sheer size will obscure
the basic objectives. The highway bridge, a segment of the Example Project,
has been selected to serve as the basis for discussion of a project estimating
and cost system. Although the highway bridge would be estimated and
bid as a part of the total Example Project, it has been isolated here for
demonstration purposes.

The highway bridge to be erected is a single-span vehicular bridge that
will cross a small ravine. The bridge is of a deck-girder type and is of compos-
ite steel-concrete construction. Figures 3.1 and 3.2 show the bridge profile
and a transverse section. The two abutments are of reinforced concrete,
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Unit Price Schedule
ltem Estimated Unit Estimated
No. Description Unit Quantity Price Amount
(1 2] [3] [4] (5] (6]
1 Excavation, unclassied cy 1,667
2 Excavation, structural cy 120
3 Backfill, compacted cy 340
4 Piling, steel If 2,240
5 Concrete, footings cy 120
6 Concrete, abutments cy 280
7 Concrete, deck slab, 10 in. sy 200
8 Steel, reinforcing Ib 90,000
9 Steel, structural Ib 65,500
10 Bearing plates Ib 3,200
11 Guardrail If 120
12 Paint Is job
Total Estimated Amount =
Figure 3.3

Highway bridge, bid form

each consisting of a breast wall and two wing walls. Each abutment rests on
a heavy concrete footing supported by twenty-eight 40-foot-long H-section
steel piles. The 10-inch-thick reinforced concrete paving slab is supported
by seven W363150 steel floor girders. A steel guardrail is required to extend
the length of the bridge along each side. All exposed structural concrete is
to be given a rubbed finish, and all of the metal surfaces are to be painted.

The owner of the Example Projectis a public agency, and the entire work,
including the highway bridge, is to be competitively bid on the basis of unit
prices. The final estimate and working job budget that will be obtained in
the sections that follow are those prepared by the prime contractor for its
bidding and cost-control purposes. The design has been completed, and
bidding documents, including finalized drawings and specifications, are in
the hands of the bidding contractors.

Figure 3.3, the proposal form to be used for the bidding of the highway
bridge, shows 12 bid items and the engineer’s quantity estimate of each. The
bidding contractor fills in the Unit Price, column 5, and Estimated Amount,
column 6, after the estimating process has been completed (see Figure 3.9).

3.5 Quantity Survey

The first step in preparing the final price estimate of the highway bridge
is the preparation of a quantity survey. This survey is simply a detailed
compilation of the nature and quantity of each work type required. Taking
off quantities is done in substantial detail, with the bridge being divided
into many different work types or classifications. Such a takeoff is made
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where unit-price bidding is involved, even though the architect-engineer
customarily provides estimated quantities of each bid item with the bidding
documents. A basic reason for making a quantity survey for unit-price bid-
ding is that most bid items cannot be priced without breaking the work down
into smaller subdivisions. Another reason is that the architect-engineer’s
quantity estimates, such as those given in column 4 of Figure 3.3, are
specifically stated to be approximations only. Making the quantity survey
also provides the estimator with the intimate familiarity of job requirements
so vital to realistic project pricing.

The estimator takes the dimensions and numbers of units of each
work type from the design drawings, enters them on quantity sheets, and
extends them into totals. The summarized results of the quantity survey
on the highway bridge are shown in Figure 3.4. This figure does not show

Work Quantities
Cost
Code WorkType Unit Quantity
Sitework
32220.10 Excavation, unclassified cy 1,667
32222.10 Excavation, structural cy 120
32226.10 Backfill, compacted cy 340
31350.00 Piledriving rig, mobilization & demobilization Is job
31361.10 Piling, steel, driving If 2,240
Concrete
03150.10 Footing forms, fabricate sf 360
03150.20 Abutment forms, prefabricate sf 1,810
03157.10 Footing forms, place sf 720
03159.10 Footing forms, strip sf 720
03157.20 Abutment forms, place sf 3,620
03159.20 Abutment forms, strip sf 3,620
03157.30 Deck forms, place sf 1,800
03159.30 Deck forms, strip sf 1,800
03200.00 Steel, reinforcing, place b 90,000
03251.30 Concrete, deck, saw joints If 60
03311.10 Concrete, footings, place cy 120
03311.20 Concrete, abutments, place cy 280
03311.30 Concrete, deck, place & screed sy 200
03345.30 Concrete, deck, finish sf 1,800
03346.20 Concrete, abutments, rub sf 1,960
03370.20 Concrete, abutments, curing sf 3,820
03370.30 Concrete, deck, curing sf 1,800
Metals
05120.00 Steel, structural, place b 65,500
05520.00 Guardrail If 120
05812.00 Bearing plates b 3,200
Figure 3.4

Highway bridge, work quantities
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any quantities for painting. This is because the prime contractor normally
limits its takeoff to work items it might carry out with its own forces. The
contractor intends to subcontract the highway bridge painting and thus
did not take off quantities of this specialized work category.

A comparison of Figures 3.3 and 3.4 will show that the architect-engineer’s
estimate and the contractor’s takeoft are the same insofar as the quantities
of the individual bid items are concerned. Quantities estimated by the
architect-engineer and by the bidding contractors do not always check; at
times, the differences can be substantial. However, for such a relatively
precise work package as the highway bridge, it is reasonable to assume that
agreement of the quantity figures will be relatively close in all cases.

3.6 Management Input

Early in the estimating process, certainly before the work is priced, a
number of important management decisions must be made concerning
the project and how construction operations are to be conducted. When
the job is being priced, the estimator must exert every effort to price
each work type as realistically as possible. To do this, major decisions
must be made concerning project organization, the major construction
methods to be used, the sequential order of operations, and what con-
struction equipment will be utilized. These four considerations require
management attention and are of consuming importance to the bidding
process.

A new project cannot be intelligently priced until some major man-
agement determinations have been made concerning the conduct of the
work. It is clear, therefore, that there must be some regular and usual
procedure for the estimator to precipitate such decision making. An effec-
tive means of doing this is to have a prebid meeting of knowledgeable
company personnel who have the authority to make decisions and binding
commitments. If at all possible, the group should include the proposed
project manager and the field superintendent. At this meeting, details of
the job are discussed, job requirements are reviewed, alternative choices
are evaluated, and decisions are made.

3.7 Field Supervision

Before pricing the job, it is always good practice to identify the top
supervisors who will be assigned to it. The reason for this is not only to
establish specific salary requirements, but also to recognize that most job
supervisors do better in terms of construction costs on some portions of a
project than on others. Some superintendents are known to be very good
at getting a job out of the ground but do not perform as well during later
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phases of the construction. A given supervisor may be experienced with
one type of equipment but not with another. The pricing of a project must
take into account the special abilities of key field personnel.

The matching of field supervisory talents with the demands of a particular
project is one of the most important management actions. The best
management system in the world cannot overcome the handicap of poor
supervision. The importance of an experienced, skilled, and energetic field
supervisory team cannot be overemphasized.

3.8 Construction Methods

Seldom is there a job operation that can be performed in only one manner.
Preferably, the choice of method is made after evaluating the time and cost
characteristics of the feasible alternatives. This is not to say that a detailed
cost study must be undertaken before making decisions concerning alter-
native ways of doing every construction operation. Frequently, convention,
together with experience and equipment availability, prescribes most of
these choices to the estimator. However, there are times when these oper-
ational choices are sufficiently important to justify conducting a detailed
comparative study.

Many examples of alternative construction methods can be cited, such
as procedures to be followed in underpinning an adjacent structure, how
best to brace an excavation, what method of scaffolding to use, and how
to dewater the site. All of these involve judgments of major import to
the conduct of the work. The proper evaluation of alternatives can require
considerable time and extensive engineering studies. Itis obvious, however,
that the principal construction procedures to be used must be identified
before the job can be intelligently priced.

3.9 General Time Schedule

When a new project is being estimated, it is necessary to devise a general
plan and operational time schedule. Estimators customarily do this during
the takeoff stage, although often in an informal and almost subconscious
way. Small jobs may require little investigation in this regard, but larger
projects deserve more than a cursory time study. Time is of prime impor-
tance on all projects, in part because most contracts impose a required
project completion date on the contractor.

An approximate construction schedule is also important for project
pricing purposes. Many of the job overhead expenses are directly related
to the duration of the construction period. When a calendar of work
operations is prepared, the time periods required for each of the major job
parts can be established, as well as the kinds of weather to be anticipated.
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This calendar provides invaluable information to the estimator concerning
equipment and labor productivity, cold weather operations, necessity of
multiple shifts or overtime, and other such matters.

Devising a general job plan and time schedule must start with a study
of project requirements. This study will enable an approximation to be
made of the times necessary to accomplish each of the major job segments.
Next, the sequence in which these segments must proceed is established.
The result is a bar chart—a series of bars plotted against a horizontal
time scale showing the completion date of the overall project and the
approximate calendar times during which the various parts of the job will
proceed. Each bar represents the beginning, duration, and completion of
some designated segment of the total project. Together, the bars make up
a time schedule for the entire job. If the bar chart completion date is not
consonant with owner requirements, the estimator will have to rework the
job plan.

Although the bar chart has had the advantage of some general planning,
it cannot be regarded as the equivalent of a detailed network analysis.
However, the development of a CPM job schedule requires considerable
time and effort. Consequently, on a competitively bid job, a contractor
usually will not make a full-scale time study until it has been proclaimed the
successful bidder and awarded the contract. This practical fact emphasizes
the need for making a reasonably accurate general time schedule of the
project during the bidding period.

Figure 3.5 shows the general time schedule for the highway bridge. It
indicates that a construction period of about 15 weeks will be necessary.
Subsequent refinement and development of the job plan will undoubtedly
disclose imperfections. Nevertheless, if the development of Figure 3.5 has
received adequate consideration, it will serve as an acceptably accurate
job picture for pricing purposes. Considerable job planning has already
occurred to develop the job schedule to this stage.
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Highway bridge, general time schedule
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3.10 Construction Equipment

Projects that are of the highway, heavy, or utility category normally require
considerable amounts of construction equipment for their accomplish-
ment. A substantial proportion of the total cost of these projects is associated
with such equipment; however, equipment expenses vary greatly with the
type and size of the individual unit. Commensurately, the detailed pric-
ing of equipment on the bridge project cannot proceed very far until
equipment selection decisions have been made in fairly specific terms. It
is essential that the estimator be able to price the job with reasonable
assurance that he is doing so on the basis of the equipment types that
actually will be used during construction operations.

To illustrate the workings of equipment decisions, consider the equip-
ment commitments made for the highway bridge. A decision to use
transit-mix concrete obtained from a commercial concern obviates the
need for a field concrete plant. For pouring concrete, placing structural
steel, and driving steel piles, a 50-ton crane equipped with an 80-foot
boom will be used. A 7,200-foot-pound double-acting hammer and a
900-cubic-foot-per-minute portable air compressor with hose and connec-
tions will be used for the pile driving. A tractor with a low-boy trailer and a
25-ton crane will be needed for transport and assembly of the pile driving
rig. A crawler tractor with bulldozer blade will do the unclassified excava-
tion, and a 1-cubic-yard backhoe will be used for the structural excavation.
A flatbed truck, troweling machine, and concrete saw will complete the list
of larger equipment needs. Smaller equipment such as concrete vibrators
and assorted small tools will be provided as needed and priced elsewhere.
These are the kinds of advance equipment decisions that must be made
during the estimating stage.

3.11 Summary Sheets

After the quantity survey has been completed and decisions concerning
methods and equipment have been made, the total quantities are trans-
ferred from the quantity sheets to summary sheets for pricing purposes.
On lump-sum projects, it is standard practice to transfer all quantities of
work pertaining to a single construction classification to the same summary
sheet before pricing them. As an example, concrete quantities and prices
would appear on a concrete summary sheet. Similar summary sheets are
prepared for the other work classifications, such as excavation, concrete
forms, masonry, and carpentry. On a unit-price job like the highway bridge,
each summary sheet lists the work types necessary to accomplish the total
quantity of a single bid item and may include several different classifications
of work. Figure 3.6 is the summary sheet for Bid Item No. 6, Concrete,
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Summary Sheet
Job: Highway Bridge Bid Item No. 6: Concrete, abutments Estimator: GAS
Cost Labor Cost Equipment| Material Total
Code Work Type Quantity| Unit Calculations Direct Indirect Cost Cost Cost
03150.20 | Abutment forms, 1,810| sf |Labor
prefabricate labor unit cost = $1.96 per sf
1,810 x $1.96 = $3,548 $3,548 $1,596 $5,144
Material
plyform: $1.05 per sf 10% waste 50% salvage
1,810 x $1.05 x 1.10 X 50% = $1,045 $1,045 $1,045
lumber: $0.85 per bf 50% salvage
1.44 bf/sf 2 uses
1,810 x $0.85 x 1.44 X 50% = $1,108 $1,108 $1,108
Total this account| ~ $3,548 $1,596 $0 $2,153 $7,297
03157.20 | Abutment forms, 3,620 sf |Labor
place labor unit cost = $2.02 persf
3,620 x $2.02 = $7,312 $7,312 $2,559 $9,872
Equipment
3 days of 50 ton crane time
3 X 8 x  $105 =  $2,520 $2,520 $2,520
Materials
nails, form ties, coating $0.28 per sf
3620 x $0.28 = $1,014 $1,014| $1,014
Total this account $7,312 $2,559 $2,520 $1,014 | $13,405
03159.20 | Abutment forms, 3,620| sf |Labor
strip labor unit cost = $0.97 persf
3,620 x $0.97 $3,511 $3,511 $878 $4,389
Equipment
1 day of 50 ton crane time
1 X 8 X $105 = $840 $840 $840
Total this account $3,511 $878 $840 $0 $5,229
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03311.20 |Concrete, abutment 280( cy |Labor

place foreman 1@ $34.00 = $34.00
mason 1@ $32.00 = $32.00
laborers 6@ $2200 = $132.00
operator 1@ $33.00 = $33.00
oiler 1@ $2200 = $22.00
carpenter 1@ $31.00 = $31.00
Crew hourly rate =  $284.00
Production rate = 8.75  cy/hr
280 <+ 875 x $284.00 = $9,088 $9,088 $3,181 $12,269
Equipment
50T crane 1@ $105.00 = $105.00
vibrators 2@ $3.00 = $6.00
buckets 2@ $3.00 = $6.00
Equipment hourly rate =§  117.00
280 <+ 875 x$ 117.00 = $3,744.00 $3,744 $3,744
Material
transit mix @ $92.00 percy 5% waste
280 x 105 x $92.00 = $27,048 $27,048 | $27,048

Total this account|  $9,088 $3,181 $3,744 | $27,048 | $43,061

03346.20 |Concrete, abutment 1,960| sf |Labor

rub production rate = 16.67 sf/hr (1 mason)
1,960 + 16.67 x $32.00 = $3,762 $3,762 $1,693 $5,456
Material
material unit cost = $0.12 per sf
1,960 x $0.12 = $235 $235 $235
Total this account|  $3,762 $1,693 $0 $235 $5,691
03370.20 |Concrete, abutment| 3,820 sf |Labor
curing production rate = 500 sf/hr (1 mason)
3,820 + 500 x $3200 = $244 $244 $86 $330
Materials
curing compound: coverage = 270 sf/gal
3820 + 270 x $6.50 = $92 $92 $92
Total this account| $244 $86 $0 $92 $422
$27,466 $9,993
Total Bid Item No. 6 $37,459 $7,104 | $30,542 | $75,105
Figure 3.6

Highway bridge, bid-item summary sheet
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abutments, on the highway bridge. The summary sheets for the other 11 bid
items are presented in Appendix A. A metric version of all the estimating
figures is shown in Appendix B. In Figure 3.6 and in the summary sheets
in Appendices A and B, an identifying number designates each work type.
These are the contractor’s standard cost account numbers that are basic
to the workings of its cost accounting system. When the takeoff is being
compiled for a new project, the work is broken down into the standard
elementary classifications established by this system. Each of these standard
work types bears a unique cost account number. The coding system is
discussed further in Chapter 10.

3.12 Material Costs

It is customary for the contractor to solicit and receive specific price
quotations for most of the materials required by the job being priced.
Exceptions to this generality are stock items such as plyform, nails, and
lumber, which the contractor purchases in large quantities and of which
a running inventory is maintained. Written quotations for special job
materials are desirable so that such important considerations as prices,
freight charges, taxes, delivery schedules, and guarantees are explicitly
understood. Most material suppliers tender their quotations on printed
forms that include stipulations pertaining to terms of payment and other
considerations. For the highway bridge project, the contractor will receive
during the bidding period written price quotations from material dealers
covering specific job materials, such as transit-mix concrete, structural and
reinforcing steel, steel pilings, and guardrails. Consequently, if the quantity
survey has been prepared with precision, materials usually can be accurately
priced.

When material costs are entered on the summary sheets, they must all
have a common basis, for example, delivered to the job site and without
sales tax. Prices as entered will ordinarily include freight, drayage, storage,
and inspection. It is common practice to enter material prices without
tax, adding this as a lump-sum amount on the final recap sheet (see
Section 3.25).

It is not unusual for the owner to provide certain materials to the
contractor for use on the project, although this does not occur on the
highway bridge. In such a case, contractors need not add this mate-
rial price into their estimates. However, all other charges associated
with the material, such as handling and installation expense, must be
included.
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3.13 Labor Costs

The real challenge in pricing construction work is determining labor and
equipment expenditures. These are the categories of construction expense
that are inherently variable and the most difficult to estimate accurately. To
do an acceptable job of establishing these outlays, the estimator must make
a complete and thorough job analysis, maintain a comprehensive library
of unit costs and production rates from past projects, and obtain advance
decisions regarding how construction operations will be conducted.

Contractors differ widely in how they estimate labor costs. Some choose
to include all elements of labor expense in a single hourly rate. Others
evaluate direct labor cost separately from indirect cost. Some contractors
compute regular and overtime labor costs separately, while others combine
scheduled overtime with straight time to arrive at an average hourly rate.
Some evaluate labor charges using production rates; others use labor unit
costs. There are usually good reasons for a contractor to evaluate its labor
expense as it does, and there certainly is no single correct method that
must be followed. The procedures described in this chapter are commonly
used and are reasonably representative of general practice.

Basic to the determination of the labor cost associated with any work
category is the production rate. Figure 3.6, in which the labor expense of
pouring the abutment concrete on the bridge project is determined, is a
good example of a production rate. The figure shows that a placement
rate of 8.75 cubic yards of concrete per hour is used as the production
rate for the prescribed concrete crew. The direct labor cost to pour the
entire 280 cubic yards of abutment concrete is obtained by multiplying the
time required to pour the concrete (280 < 8.75 = 32 hours) by the direct
hourly wage rate of the entire crew ($284.00), giving a direct labor cost
of $9,088. To this must be added indirect labor costs of $3,181, giving a
total labor charge of $12,269 to accomplish this particular item of work.
The distinction between direct and indirect labor expenses is discussed in
Section 3.14.

The most reliable source of labor productivity information is obtained
from cost accounting reports compiled from completed projects. Labor
cost information is also available from a wide variety of published sources.
While information of this type can be very useful at times, it must be
emphasized that labor productivity differs from one geographical location
to another and varies with season and many other job factors. Properly
maintained labor records from recent jobs completed in the locale of the
project being estimated reflect, to the maximum extent possible, the effect
of local and seasonal conditions.
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3.14 Indirect Labor Costs

Direct labor cost is determined from the workers’ basic wage rates, that is,
the hourly rates used for payroll purposes. Indirect labor costs are those
expenses that are additions to the basic hourly rates and that are paid by the
employer. Indirect labor expense involves various forms of payroll taxes,
insurance, and a wide variety of employee fringe benefits. Employer contri-
bution to social security, unemployment insurance, workers’ compensation
insurance, and contractor’s public liability and property damage insurance
are all based on payrolls. Employers in the construction industry typically
provide for various kinds of fringe benefits, such as pension plans, health
and welfare funds, employee insurance, paid vacations, and apprenticeship
programs. The charge for these benefits customarily is based on direct
payroll costs. Premiums for workers’ compensation insurance and most
fringe benefits differ considerably from one craft to another.

Indirect labor costs are substantial in amount, often constituting a 35
to 55 percent addition to direct payroll expenses. Exactly when and how
indirect labor costs are added into a project estimate is unimportant so long
as it is done. For estimating purposes, total labor outlay can be computed
in one operation by using hourly labor rates, which include both direct
and indirect costs. However, this procedure may not interrelate well with
labor cost accounting methods. For this reason, direct and indirect labor
charges often are computed separately when job prices are being estimated.
One commonly used scheme is to add a percentage allowance for indirect
costs to the total direct labor expense, either for the entire project or for
each major work category. Because of the appreciable variation in indirect
costs from one classification of labor to another, it may be preferable to
compute indirect labor costs at the same time that direct labor expense is
obtained for a given work type. This is the method followed in Figure 3.6
and Appendices A and B.

3.15 Labor Unit Costs

Direct labor cost was computed in Section 3.13 for a given work type
using hourly crew payroll expense together with the work quantity and
appropriate production rate. A widely used alternative to this procedure
involves the use of ‘“‘labor unit costs.”” A labor unit cost is the direct labor
expense per unit of production of a work type. To illustrate, reference
is again made to concrete placing in Figure 3.6. This figure shows that
32 hours of crew time are required to place 280 cubic yards of abutment
concrete at a total direct labor outlay of $9,088. Dividing $9,088 by 280
yields $32.46. This value of $32.46 is a labor unit cost; it is the average direct
labor charge of pouring 1 cubic yard of abutment concrete. Thus, the direct
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labor cost of pouring the abutment concrete could have been computed
in Figure 3.6 simply by multiplying the total of 280 cubic yards of abutment
concrete by the labor unit expense of $32.46. The same value of $9,088
would have been obtained.

The use of labor unit costs in estimating practice usually is limited to
the determination of direct labor expense. Once the direct labor cost is
computed for a given work category, the applicable indirect labor cost is
determined by multiplying the direct labor expense by the appropriate
percentage figure. Labor unit prices are used in Figure 3.6 to compute the
direct labor costs of fabricating the abutment forms and for placing and
stripping the abutment forms.

When labor unit costs are being used, care must be exercised to see
that they are based on the appropriate levels of work productivity and the
proper wage rates. Also, estimators must be very circumspect when using
labor unit costs that they have not developed themselves. For the same
work items, different estimators will include different expenses in their
labor unit costs. It is never advisable to use a labor unit cost derived from
another source without knowing exactly what categories of expense it does
and does not include.

3.16 Equipment Cost Estimating

Unfortunately, the term ‘‘equipment’” does not have a unique connotation
in the construction industry. A common usage of the word refers to scaf-
folding, hoists, power shovels, paving machines, and other such items used
by contractors to accomplish the work. However, the term ‘“‘equipment”’
also is used with reference to various kinds of mechanical and electrical
furnishings that become a part of the finished project, such as boilers,
escalators, electric motors, and hospital sterilizers. In this text, “‘equip-
ment”’ refers only to the contractor’s construction equipage. The term
“materials’ will be construed to include all items that become a part of the
finished structure, including the electrical and mechanical plant.
Equipment costs, like those of labor, are difficult to evaluate and price
with precision. Equipment accounts for a substantial proportion of the total
construction expense of most engineering projects butis less significant for
buildings. When the nature of the work requires major items of equipment,
such as earth-moving machines, concrete plants, and truck cranes, detailed
studies of the associated costs must be made. Expenses associated with
minor equipment items, such as power tools, concrete vibrators, and
concrete buggies, are not normally subjected to detailed study. A standard
expense allowance for each such item required is included, usually based
on the duration it will be required on the job. The cost of small tools,
wheelbarrows, water hoses, extension cords, and other such items are
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covered by a lump-sum allowance sometimes obtained as a small percentage
of the total labor cost of the project.

To estimate the expense of major equipment items as realistically as
possible, early management decisions must be made concerning the equip-
ment sizes and types required and the manner in which the necessary
units will be provided to the project. A scheme sometimes used when the
duration of the construction period will be about equal to the service life
of the equipment is to purchase all new or renovated equipment for the
project and sell it at the cessation of construction activities. The difference
between the purchase price and the estimated salvage value is entered into
the job estimate as a lump-sum equipment expenditure.

Equipment often is rented or leased. Rental can be especially advanta-
geous when the job site is far removed geographically from the contractor’s
other operations, for satisfying temporary peak demand, or for providing
specialized or seldom used equipment. Leasing is a common and widely
used means of acquiring construction equipment and may be a desirable
alternative to equipment ownership. Leasing can free the contractor’s
funds, thus improving its working capital position. Under certain circum-
stances, lease payments compare favorably with ownership expense. Many
leases provide that, at the expiration of the lease period, the contractor
will have a purchase option if it has continuing need of the machine and
if it is worth the additional payment. Lease agreements for construction
equipment normally extend for periods of one year or more, whereas rent-
ing is usually of shorter term. Charges associated with the rental or lease
of equipment items are figured into the job by applying the lease or rental
rates to the time periods that the equipment will be needed on the project.

Where purchase and sale, rental, or lease is involved, equipment operat-
ing expenses must also be computed and included in the project estimate.
Operating costs include charges such as fuel, oil, grease, filters, repairs
and parts, tire replacement and repairs, maintenance labor, and supplies.
There is some difference of opinion about whether the wages of equip-
ment operators should be included in the equipment operating cost. Some
contractors prefer to regard the labor associated with equipment operation
as a labor rather than an equipment cost. Others include the labor as a
part of equipment operating expense. Logically, it would seem preferable
to treat equipment operating labor like any other labor cost rather than
include it with equipment operating expense. For purposes of discussion
herein, equipment operators’ wages are treated as a labor cost and are not
included as an equipment expense.

When bidding work with rented or leased equipment, contractors have
access to equal equipment costs and cannot leverage this often substantial
expense as a competitive advantage in pricing the job. This is one of the
reasons contractors commonly elect to own their own equipment. Under
these circumstances, equipment charges are customarily expressed as the
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sum of ownership expense and operating costs. Ownership expenses are
those of a fixed nature and include depreciation, interest on investment or
financing charges, taxes, insurance, and storage. Operating expenses have
been defined previously.

3.17 Equipment Expense

As described in Section 3.13, direct labor costs are computed from work
quantities by combining a labor production rate with the applicable hourly
wage scales. Most equipment costs are calculated in much the same fashion
except, of course, that equipment production rates and equipment hourly
costs must be used. The hourly wage rates of various labor categories
are immediately determinable, usually from applicable labor contracts,
prescribed prevailing wage rates, or established area practice. This is
not true for equipment. Contractors must establish their own equipment
hourly rates as well as their equipment production rates. For most items
of operating equipment ownership, lease or rental expense is combined
with operating costs to form an estimated total charge per operating hour.
Power shovels, tractor scrapers, and trenchers are examples of equipment
whose expenses are usually expressed in terms of hourly rates.

There are some classes of construction equipment where it is more
appropriate to express costs in terms of units other than operating hours.
The charge for commercial prefabricated concrete forms might be better
spread over an estimated number of reusages. Items such as towers and
scaffolding are required at the job site on a continuous basis during
particular phases of the work, and operating hours have no significance in
such cases. Costs in terms time units, such as calendar months, are more
appropriate for such equipment items. The charges for some classes of
production equipment are frequently expressed in terms of expense per
unit of material produced. Portland cement concrete-mixing plants, asphalt
paving plants, and aggregate plants are familiar instances of this. Move-in,
erection, dismantling, and move-out expenses, also called mobilization and
demobilization costs, are entirely independent of equipment operating
time and production and are not, therefore, included in equipment hourly
rates. These equipment expenses are separately computed for inclusion in
the estimate. Mobilization of the pile driving rig for the highway bridge is
an example of this type of equipment cost and is shown in Bid Item No. 4
of Appendices A and B.

3.18 Determination of Equipment Cost Rates

The determination of cost rates for the equipment items to be used on a
project being estimated is an important matter and requires considerable
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time and effort. It must be remembered that estimators are always working
in the future and that the equipment rates they use in their estimates
are their best approximations of what such costs will be when the project
actually is being built.

The standard way in which future equipment cost is determined is
through the use of historical equipment cost records as contained in
a contractor’s equipment accounting system. The source of ownership
and operating cost data for a specific piece of equipment is its ledger
account. An important part of a contractor’s general accounting system is
the equipment accounts where actual ownership and operating expenses
are recorded as they are incurred. A separate account often is set up for
each major piece of equipment. This account serves to maintain a detailed
and cumulative record of the use of, and all expenses chargeable to, that
equipment item. All expenditures associated with that piece of equipment,
regardless of their nature or the project involved, are charged to that
account. These expenses include depreciation, investment costs, operating
outlays, repairs, parts, overhauls, and painting. A cumulative record of
that equipment item’s usage in the field is also maintained. These data
constitute a basic resource for reducing ownership and operating expense
to a total equipment cost rate. The sum of ownership and operating
expense expressed as a cost per unit of time (operating hour, week,
month) often is referred to either as the budget rate or the internal
rental rate of an equipment item. This latter term refers to the usual
construction accounting practice where equipment time on the project
during construction is charged against the job at that rate. The term
“internal rental rate” indicates that profit and company overhead are
excluded and must therefore be added to the project estimate.

The preceding discussion assumes that equipment accounting is done
on an individual machine basis. However, contractors vary somewhat in
how they maintain their equipment accounts, some preferring to keep
equipment costs by categories of equipment rather than by individual
units. These firms use a single account for all equipment items of a given
size and type and compute an average budget rate based on the composite
experience with all of the units included. Thus, the same expense rate is
applied for any unit of a given equipment type regardless of differences in
age or condition. Because the actual costs and productivity of individ