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Preface

INTRODUCTION

This book has been used widely and has become a standard course text at many universities around the U.S. and
abroad. The first three editions have enjoyed wide success as an introductory treatment of the subjects which are
critical to success in the construction industry. This fourth edition preserves the features that have been well
receivedbyusers throughout theyears andaddsnewmaterial suggestedby instructors and students through formal
surveys and informal feedback to the authors.

Construction Management requires high levels of expertise in a wide range of specialties. The analogy
which has been cited in previous editions is that

‘‘ . . . a construction manager is like an Olympic decathlon athlete who must show great competence
in a multitude of areas ranging from design of construction operations to labor relations.’’

Experience teaches that it is very important to understand how these various construction specialties relate to one
another and which activities have priority in a given situation. On some days estimating and bidding are the
controlling factors for job success. On other days, labor relations are the key to success.A thorough understanding
of these topics is critical to being a successful construction manager.

The construction professional has to be a ‘‘jack of all trades, and master of all.’’ This text covers a wide range of
subjects, reflecting the breadth of knowledge needed to understand the dynamics of this large and complex industry.

ORGANIZATION

This text is arranged in relatively short chapters with well defined, self-contained scope. This strategy results in
a compact and direct delivery of the intended material, easy to teach and read. Chapters are sequenced in the
logical flow described below.

� Overall context. Chapter 1 (History and Basic Concepts) presents an overview of the construction
industry, including a historical framework.

� Procurement and execution. Chapters 2 (Preparing the Bid Package) and 3 (Issues During
Construction Phase) discuss the procurement and administration of construction projects.

� Company organization and management. Chapters 4 (Construction Contracts), 5 (Legal Structure)
and 6 (Impact of Taxes) look at issues affecting the company as a whole.

� Planning and scheduling. Chapters 7 (Project Planning), 8 (Project Scheduling) and 9 (PERT Networks
and Linear Operations) address these central aspects of the construction industry.

� Managing money. Chapters 10 (The Mathematics of Money), 11 (Project Cash Flow) and 12 (Project
Funding) deal with money as a company-wide resource to be planned and managed.

� Construction equipment. Chapters 13 (Equipment Ownership) and 14 (Equipment Productivity)
address the cost and productivity of the equipment used in the construction industry.

� Labor. Chapter 15 (Construction Labor) discusses another basic construction resource. It discusses
the changes in labor organization and legislation, alongside an explanation of the factors included in the
computation of labor costs.

� Cost estimating and control. Chapter 16 (Estimating Process) provides an overview of the process used
in construction to estimate the cost of a project. Chapter 17 (Cost Control) addresses the development of
the systems required to keep track of a project’s cost and to compare it against its progress.

� Materials management. Chapter 18 (Materials Management) offers a close-up of the procurement and on-
site management of the materials used in a construction project.

� Safety. Chapter 19 (Safety) offers a concise and practical guide for safety considerations.
� Construction operations. Chapter 20 is on the book website at www.wiley.com/college/halpin.

NEWMATERIAL IN THIS EDITION

This edition introduces extended coverage in the scheduling area to address more advanced and practice oriented
procedures such as Start to Start, Finish to Finish, and similar relationships between activities in a network schedule.

iv
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To provide increased coverage of topics related to the financial side of the house, two new chapters have
been added addressing the impact of taxes on the operation of a company and the evaluation of borrowing,
lending, and other financial opportunities using the mathematical concepts of engineering economy. Chapters
from the previous edition have been rearranged to improve the flow of topics covered.

In addition, new problems and exercises have been added to every chapter. Figures, tables and references have
been updated. New chapter openers provide summaries of emerging techniques, including Building Information
Modeling, Lean Construction, Life Cycle Costs, and LEED certification.

As in previous editions, this edition provides a historical perspective of construction and related topics, an
unique feature that instructors have valued over the years.

STUDENT RESOURCES

The following resources are available from the book website at www.wiley.com/college/halpin. Visit the
Student section of the website.

� Information about and support materials for two leading scheduling software programs: Primavera, and
Microsoft Project.

� Chapter 20, covering Construction Operations. This chapter involves the actual placement of construc-
tion in the field, using resources such as equipment and labor. This material covers the business of
placing the construction physically in the field, what is done to actually build the project (e.g. putting
concrete in placewith a crane and bucket and pump) and the sequence of when tasks need to be done. The
chapter discusses the concept of sequence and technical logic. It addresses the questions ‘‘How and in
what sequence am I going to build?’’ and ‘‘What resources will I use?’’

� The book website includes a comprehensive Simulation Homepage. This home-page includes material
regarding construction process simulation and describing glossary/definition terms specific to the
CYCLONE modeling format.

� A web-based program, Web CYCLONE permits simulation of construction operations. The website also
includes extensive material regarding the CYCLONE construction modeling system.

� Examples showing how to build models (e.g. a masonry model, an asphalt paving model and a concrete
supply model.)

INSTRUCTOR RESOURCES

All instructor resources are available from the book website at www.wiley.com/college/halpin, available only to
instructors who adopt the text:

� Solutions Manual. � Image Gallery of Text Figures.
� Text figures in PowerPoint format. � All resources from Student section of the website.

These resources are password-protected. Visit the Instructor section of the book website to register for a
password to access these materials.
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Chapter 1

History and Basic Concepts

CONTENTS
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Management 13

1.9 Construction Management Is Resource

Driven 14

1.10 Construction Industry 14
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1.12 Differing Approaches to Industry

Breakdown 16

1.13 Management Levels of Construction 16

Review Questions and Exercises 19

Bridges and History

Water crossings have always been seen as great engineering

challenges. Since Roman times, bridges and various river

crossings have been linked with great engineering

achievements. Apollodorus was chief engineer for the Emperor

Trajan and built a bridge across the Danube River in the second

century A.D. This bridge allowed Trajan to invade Dacia and

annex the territory of modern-day Romania.

The length of clear span bridging was greatly increased by the

development of the cable supported suspension bridge. The

oldest vehicular steel cable suspension bridge in the world in

continuous use was built by John A. Roebling in Cincinnati,

Ohio, during the Civil War. It is still one of the major arteries

connecting Cincinnati with Covington, Kentucky.

When construction started in 1856, the charter authorizing the

construction required a clear span of 1,000 feet between two

towers, with the deck located a minimum of 100 feet above the

water’s surface. The bridge was completed in December 1866.

The 1,057-foot main span was, at the time, the longest in the

world. It was one of the first suspension bridges to use both

vertical suspenders and diagonal cable stays that radiated from

1
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the top of each tower. This innovative use of cable stays gave the

bridge great rigidity and resistance to movement during high

winds. Roebling used this same concept later when building the

Brooklyn Bridge.

The bridge was upgraded to its present configuration in 1894.

A second set of 10.5-inch cables was added to carry heavier

decks. This reconstruction increased the carrying capacity of the

bridge to a 30-ton limit. As a native of Covington, one of the

authors rode both trolley (street) cars and electrically powered

buses hundreds of times to the transit terminal in Cincinnati

located at the north end of the bridge. In 1984, the bridge was

renamed the John A. Roebling Bridge.

Bridges Today

World famous bridges have become a symbol of civil engineering.

The Golden Gate Bridge in San Francisco has not only been hailed

a tremendous engineering achievement but also a beautifully

balanced aesthetic achievement. Plans are now underway to bridge

the famous Straits of Messina between the toe of Italy and the

island of Sicily. This bridge will have a clear span of almost 2

miles, approximately 10 times the span of the Roebling Bridge in

Cincinnati. It will also be designed to resist hurricane-force winds.

Construction of this bridge will rival the construction of the

Channel Tunnel connecting England and France.

1.1 HISTORICAL PERSPECTIVE

Construction and the ability to build things is one of the most ancient of human skills. In

prehistoric times, it was one of the talents that set Homo sapiens apart from other species.

Humans struggled to survive and sought shelter from the elements and the hostile

environment that surrounded them by building protective structures. Using natural

materials such as earth, stone, wood, and animal skins, humans were able to fabricate

housing that provided both shelter and a degree of protection.

As society became more organized, the ability to build things became a hallmark of the

sophistication of ancient civilizations. The wonders of the ancient world reflect an

astounding ability to build not only structures for shelter but also monuments of gigantic

scale. The pyramids and Greek temples such as the Parthenon (Figure 1.1) are impressive

testimony to the building skills of the civilizations of antiquity. Great structures punctuate

the march of time, and many of the structures of ancient times are impressive even by

modern standards. The great Church of Hagia Sophia in Constantinople, constructed

during the sixth century, was the greatest domed structure in the world for nine centuries. It

is an impressive example of the ingenuity of the builders of that time and their mastery of

how forces can be carried to the ground using arches in one dimension and in three

dimensions as domes.

In modern times, the Brooklyn Bridge and the Panama Canal stand as legendary feats

of engineering achievement. They are also testimonies to the fact that realizing a

construction project involves solving a multitude of problems, many of which are not

technical. In both the Brooklyn Bridge and Panama Canal projects, people problems

requiring great innovation and leadership were just as formidable as the technical problems

encountered. To solve them, the engineers involved accomplished ‘‘heroic’’ feats.

John A. Roebling Bridge Covington, Kentucky Side

2 Chapter 1 History and Basic Concepts
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1.2 GREAT CAPTAINS OF CONSTRUCTION

The Roebling family as a group can be credited with building the Brooklyn Bridge

during the period from 1869 to 1883. It was the greatest project of its time and required

the use of technology at a scale never before tried. The concept of a cable-supported

suspension bridge was literally invented by John A. Roebling (Figure 1.2). Roebling was

born in Germany and was the favorite student of the famous philosopher Georg Wilhelm

Friedrich Hegel. Roebling was a man of tremendous energy and powerful intellect. He

built a number of suspension bridges, notably the John A. Roebling Bridge in Cincinnati

(which is still in daily use), that demonstrated the cable-supported concept prior to

designing the Brooklyn Bridge. Upon his death (precipitated by an accident that

occurred during the initial survey of the centerline of the bridge), his son, Washington,

took charge.

Washington Roebling (Figure 1.3) was a decorated hero of the Civil War who had

received his training in civil engineering at Rensselaer Polytechnic Institute. Like his father

he was a man of great vision and courage. He refined the concepts of caisson construction

and solved numerous problems as the great towers of the bridge rose above New York City

(Figure 1.4). Since he would not require anyone to work under unsafe conditions, he

entered the caissons and supervised the work personally. He ultimately suffered from a

mysterious illness related to the fact that the work was carried out under elevated air

pressure in the caissons. We now know that this illness, called ‘‘the bends,’’ was caused by

the absorption and rapid exit of nitrogen from the bloodstream when workers entered and

exited the pressurized caissons.

Although incapacitated, Washington continued to supervise the work from an

apartment that overlooked the site. At this point, Emily, Washington’s wife and the sister

of an army general, entered the picture (Figure 1.5). Emily carried information to

Roebling’s supervising engineers on the site. She became the surrogate chief engineer

and gave directives in the name of her husband. She was able to gain the confidence and

Figure 1.1 The Parthenon in Athens.

1.2 Great Captains of Construction 3
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respect of the site engineers and was instrumental in carrying the project through to

successful accomplishment. The tale of the building of the great bridge—see The Great

Bridge by David McCullough, 1972—is one of the most extraordinary stories of technical

innovation and personal achievement in the annals of U.S. history.

Figure 1.3 Washington A.

Roebling, chief engineer of the

Brooklyn Bridge. (Special

Collections and University

Archives, Rutgers University

Libraries)

Figure 1.2 John A. Roebling,

designer of the Brooklyn Bridge.

(American Society of Civil

Engineers)

4 Chapter 1 History and Basic Concepts
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1.3 PANAMA CANAL

The end of the 19th century was a time of visionaries who conceived of projects that would

change the history of humankind. Since the time Vasco N�u~nez de Balboa crossed Panama

and discovered a great ocean, planners had conceived of the idea of a water link between

the Atlantic and the Pacific Oceans. Having successfully connected theMediterranean with

Figure 1.4 Brooklyn Bridge under construction 1881. (Museum of the City of NewYork, Print

Archives, Gift of the Essex Institute)

1.3 Panama Canal 5
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the Red Sea at Suez, in 1882 the French began work on a canal across the narrow Isthmus of

Panama, which at that time was part of Colombia. After struggling for 9 years, the French

were ultimately defeated by the formidable technical difficulties as well as the hostile

climate and the scourge of yellow fever.

Theodore Roosevelt became president during this period and his administration decided

to take up the canal project and carry it to completion. Using what would he referred to as

‘‘gun-boat’’ diplomacy, Roosevelt precipitated a revolution that led to the formation of the

Republic of Panama. Having clarified the political situation with this stratagem, the famous

‘‘Teddy’’ then looked for the right man to actually construct the canal. That right man turned

out to be John F. Stevens, a railroad engineer who hadmade his reputation building the Great

Northern Railroad (Figure 1.6). Stevens proved to be the right man at the right time.

Stevens understood the organizational aspects of large projects. He immediately

realized that the working conditions of the laborers had to be improved. He also understood

that measures had to be taken to eradicate the fear of yellow fever. To address the first

problem, he constructed large and functional camps for the workers in which good food

was available. To deal with the problem of yellow fever he enlisted the help of an army

doctor named William C. Gorgas. Prior to being assigned to Panama, Gorgas had worked

with Dr. Walter Reed in wiping out yellow fever in Havana, Cuba. He had come to

understand that the key to controlling and eliminating this disease was, as Reed had shown,

the control of the mosquitoes that carried the dreaded infection and the elimination of their

breeding places (see The Microbe Hunters by Paul DeKruif). Gorgas was successful in

effectively controlling the threat of yellow fever, but his success would not have been

possible without the total commitment and support of Stevens.

Having established an organizational framework for the project and provided a safe

and reasonably comfortable environment for the workers, Stevens addressed the technical

problems presented by the project. The French had initially conceived of a canal built at sea

level and similar to the Suez Canal. That is, the initial technical concept was to build a canal

Figure 1.5 Emily Warren Roebling,

wife of Washington Roebling.

(Special Collections and University

Archives, Rutgers University

Libraries)
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at one elevation. Because of the high ground and low mountains of the interior portion of

the isthmus, it became apparent that this approach would not work. To solve the problem of

moving ships over the ‘‘hump’’ of the interior, it was decided that a set of water steps,

or locks, would be needed to lift the ships transiting the canal up and over the high ground

of Central Panama and down to the elevation of the opposite side. The immense size of a

single lock gate is shown in Figure 1.7.

The construction of this system of locks presented a formidable challenge. Particularly

on the Atlantic side of the canal, the situation was complicated by the presence of the wild

Chagres River, which flowed in torrents during the rainy season and dropped to a much

lower elevation during the dry season. The decision was made to control the Chagres by

constructing a great dam that would impound its water and allow for control of its flow. The

damwould create a large lake that would become one of the levels in the set of steps used to

move ships through the canal. The damming of the Chagres and the creation of Lake Gatun

itself was a project of immense proportions, which required concrete and earthwork

structures of unprecedented size.

The other major problem had to do with the excavation of a great cut through the

highest area of the canal. The Culebra Cut, as this part of the canal was called, required the

excavation of earthwork quantities that even by today’s standards stretch the imagination.

Stevens viewed this part of the project as the construction of a gigantic railroad system that

would operate continuously (24 hours a day) moving earth from the area of the cut to the

Chagres dam construction site. The material removed from the cut would provide the fill

for the dam. It was an ingenious idea.

To realize this system, Stevens built one of the greatest rail systems of the world at that

time. Steam-driven excavators (shovel fronts) worked continuously loading railcars. The

excavators worked on flexible rail spurs that could be repositioned by labor crews to

maintain contact with the work face. In effect, the shovels worked on sidings that could be

moved many times each day to facilitate access to the work face. The railcars passed

continuously under these shovels on parallel rail lines.

Stevens’ qualities as a great engineer and leader were on a level with those of the

Roebling’s. As an engineer, he understood that planning must be done to provide a climate

and environment for success. Based on his railroading experience, he knew that a project of

this magnitude could not be accomplished by committing resources in a piecemeal fashion.

Figure 1.6 John F. Stevens, chief

engineer of the Panama Canal.

(National Archives, Washington,

D.C.)
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He took the required time to organize and mass his forces. He also intuitively understood

that the problem of disease had to be confronted and conquered. Some credit for Stevens’

success must go to President Roosevelt and his secretary of war, William Howard Taft. Taft

gave Stevens a free hand to make decisions on the spot and, in effect, gave him total control

of the project. Stevens was able to be decisive and was not held in check by a committee

of bureaucrats located in Washington (i.e., the situation present before he took charge of

the job).

Having set the course that would ultimately lead to successful completion of the canal.

Stevens abruptly resigned. It is not clear why he decided not to carry the project through to

completion. President Roosevelt reacted to his resignation by appointing a man who, as

Figure 1.7 Work in progress on the Great Gatun lock gates. (The Bettmann Archive)
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Roosevelt would say, ‘‘could not resign.’’ Roosevelt selected an army colonel and West

Point graduate named George Washington Goethals to succeed Stevens. Goethals had the

managerial and organizational skills needed to push the job to successful completion.

Rightfully so, General Goethals received a great deal of credit for the construction of the

Panama Canal. However, primary credit for pulling the job ‘‘out of the mud,’’ getting it on

track, and developing the technical concept of the canal that ultimately led to success must

be given to Stevens—a great engineer and a great construction manager.

1.4 OTHER HISTORIC PROJECTS

Much can he learned from reading about and understanding projects like the Brooklyn

Bridge and the Panama Canal. David McCullough’s books The Great Bridge and The Path

between the Seas are as exciting and gripping as any spy novel. They also reflect the many

dimensions of great and small construction projects. Other projects, such as the building of

the Hoover Dam on the Colorado River, have the same sweep of adventure and challenge

as the construction of the Panama Canal. The construction of the Golden Gate Bridge in

San Francisco was just as challenging a project as the construction of the Brooklyn Bridge

in its time.

The construction of the Empire State Building in only 18 months is another example of

a heroic engineering accomplishment. Realization of great skyscrapers, such as the Empire

State Building and the Chrysler Building in New York, was made possible by the

development of technologies and techniques in the construction of previous projects.

The construction of the Eiffel Tower in Paris and the towers of the ‘‘Magnificent Mile’’ in

Chicago in the early 1900s demonstrated the feasibility of building tall structures supported

by steel frames. Until the advent of the steel frame with its enclosing curtain walls, the

height of buildings had been limited based on the strength of materials used in the bearing

walls, which carried loads to the ground.

The perfection of the concept of steel-frame-supported structures and the development

of the elevator as a means of moving people vertically in tall buildings provided the

necessary technologies for the construction of the tall buildings that we take for granted

today. Modern-day city skylines would not have been possible without these engineering

innovations.

More recently, a project of historical proportions was realized with the completion of

the Eurotunnel connecting the British Isles and France. This project was dreamed of for

many centuries. Through the skill and leadership of a large team of engineers and

managers, it has now become a reality. Great projects are still being proposed and

constructed. For the interested reader, brief coverage of many historical projects is given

in The Builders—Marvels of Engineering published by the National Geographic Society

(edited by Elizabeth L. Newhouse, 1998).

1.5 CONSTRUCTION VERSUS MANUFACTURING PROCESSES

Construction is the largest product-based (as opposed to service-oriented) industry in the

United States. The dollar volume of the industry is on the order of $1 trillion ($1,000

billion) annually. The process of realizing a constructed facility such as a road, bridge, or

building, however, is quite different from that involved in manufacturing an automobile or

a television set.

Manufactured products are typically designed and produced without a designated

purchaser. In other words, products (e.g., automobiles or TV sets) are produced and then

presented for sale to any potential purchaser. The product is produced on the speculation

that a purchaser will be found for the item produced. A manufacturer of bicycles, for

instance, must determine the size of the market, design a bicycle that appeals to the

1.5 Construction versus Manufacturing Processes 9
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potential purchaser, and then manufacture the number of units that market studies indicate

can be sold. Design and production are done prior to sale. To attract possible buyers,

advertising is required and is an important cost center.

Many variables exist in this undertaking, and the manufacturer is at risk of failing to

recover the money invested once a decision is made to proceed with design and production

of the end item. The market may not respond to the product at the price offered. Units may

remain unsold or sell at or below the cost of production (i.e., yielding no profit). If the

product cannot be sold so as to recover the cost of manufacture, a loss is incurred and the

enterprise is unprofitable. When pricing a given product, the manufacturer must not only

recover the direct (i.e., labor, materials, etc.) cost of manufacturing but also the so-called

indirect and general and administrative (G&A) costs such as the cost of management and

implementation of the production process (e.g., legal costs, marketing costs, supervisory

costs, etc.). Finally, unless the enterprise is a non-profit, the desire of the manufacturer is to

increase the value of the firm. Therefore, profit must be added to the direct, indirect, and

G&A costs of manufacturing.

Manufacturers offer their products for sale either directly to individuals (e.g., by mail

order or directly over the Web), to wholesalers who purchase in quantity and provide units

to specific sales outlets, or to retailers who sell directly to the public. This sales network

approach has developed as the framework for moving products to the eventual purchaser.

(See if you can think of some manufacturers who sell products directly to the end user, sell

to wholesalers, or sell to retail stores.)

In construction, projects are sold to the client in a different way. The process of

purchase begins with a client who has need for a facility. The purchaser typically

approaches a design professional to more specifically define the nature of the project.

This leads to a conceptual definition of the scope of work required to build the desired

facility. Prior to the age of mass production, purchasers presented plans of the end object

(e.g., a piece of furniture) to a craftsman for manufacture. The craftsman then proceeded to

produce the desired object. If King Louis XIV desired a desk at which he could work, an

artisan would design the object, and a craftsman would be selected to complete the

construction of the desk. In this situation, the purchaser (King Louis) contracts with a

specialist to construct a unique object. The end item is not available for inspection until it is

fabricated. That is, because the object is unique, it is not sitting on the show room floor and

must be specially fabricated.

Because of the one-of-a-kind unique nature of constructed facilities, this is still the

method used for building construction projects. The purchaser approaches a set of potential

contractors. Once agreement is reached among the parties (i.e., client, designer, etc.) as to

the scope of work to be performed, the details of the project or end item are designed and

constructed. Purchase is made based on a graphical and verbal description of the end item,

rather than the completed item itself. This is the opposite of the speculative process where

design and manufacture of the product are done prior to identifying specific purchasers. A

constructed facility is not commenced until the purchaser has been identified. It would be

hard to imagine, for instance, building a bridge without having identified the potential

buyer. (Can you think of a construction situation in which the construction is completed

prior to identifying the buyer?)

The nature of risk is influenced by this process of purchasing construction. For the

manufacturer of a refrigerator, risk relates primarily to being able to produce units at a

competitive price. For the purchaser of the refrigerator, the risk involves mainly whether

the appliance operates as advertised.

In construction, because the item purchased is to be produced (rather than being in a

finished state), there are many complex issues that can lead to failure to complete the

project in a functional or timely manner. The number of stakeholders and issues that must

be dealt with prior to project completion leads to a complex level of risk for all parties
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involved (e.g., designer, constructor, government authorities, real estate brokers, etc.). A

manufactured product is, so to say, ‘‘a bird in the hand.’’ A construction project is ‘‘a bird in

the bush.’’

The risks of the manufacturing process to the consumer are somewhat like those incurred

when a person goes to the store and buys a music CD. If the recording is good and the disk is

serviceable, the risk is reduced to whether the customer is satisfied with the musical group’s

performance. The client in a construction project is more like a musical director who must

assemble an orchestra and do a live performance hoping that the recording will be acceptable.

The risks of a failure in this case are infinitely greater. A comparative chronological diagram

of the events involved in the manufacturing process versus those in the project construction

project process is shown schematically in Figure 1.8.

1.6 PROJECT FORMAT

In contrast to other manufacturing industries that fabricate large numbers of units, such as

automobiles or television sets, the construction industry is generally focused on the

production of a single and unique end product. That is, the product of the construction

industry is a facility that is usually unique in design and method of fabrication. It is a single

‘‘one-off’’ item that is stylized in terms of its function, appearance, and location. In certain

cases, basically similar units are constructed—as in the case of town houses or fast-food

restaurants. But even in this case, the units must be site adapted and stylized to some

degree.

Mass production is typical of most manufacturing activities. Some manufacturing

sectors make large numbers of similar units or batches of units that are exactly the same. A

single item is designed to be fabricated many times. Firms manufacture many repetitions of

the same item (e.g., cell phones, thermos bottles, etc.) and sell large numbers to achieve a

profit. In certain cases, a limited number or batch of units of a product is required. For

instance, a specially designed transformer or hydropower turbine may be fabricated in

limited numbers (e.g., 2, 3, or 10) to meet the special requirements of a specific client. This

production of a limited number of similar units is referred to as batch production.

Item (Product)
Ready for Sale

Design

Fabricate
Units

Prelim.
Design

ConstructionFinal
Design

Payment is spread across Design and
Construction Phases

Commitment to Purchase
Facility (Unit)

Facility Complete and
Ready for Occupancy

Units
in

Inventory

Distribute
Units for

Sale

Manufacturing
Process

Construction
Process

Unit Purchased
(full payment is made)

Figure 1.8 Manufacturing versus Construction Process.
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Mass production and batch production are not typical of the construction industry.

Since the industry is oriented to the production of single unique units, the format in which

these one-off units are achieved is called the project format. Both the design and

production of constructed facilities are realized in the framework of a project. Figure 1.9

compares the batch size against the number of units produced (i.e., volume) for project,

batch, and mass production systems.

The focus of construction management is the planning and control of resources within

the framework of a project. This is in contrast to other manufacturing sectors that are

interested in the application of resources over the life of an extended production run of

many units.

1.7 PROJECT DEVELOPMENT

Construction projects develop in a clearly sequential or linear fashion. The general steps

involved are as follows:

1. A need for a facility is identified by the client.

2. Initial feasibility and cost projections are developed.

3. The decision to proceed with conceptual design is made and a design professional

is retained.

4. The conceptual design and scope of work is developed to include an approximate

estimate of cost.

5. The decision is made to proceed with the development of final design documents,

which fully define the project for purposes of construction.

6. Based on the final design documents, the project is advertised and proposals to

include quotations for construction of the work are solicited.

7. Based on proposals received, a constructor is selected and a notice to the

constructor to proceed with the work is given. The proposal and the acceptance

of the proposal on the part of the owner constitute the formation of a contract for

the work.

8. The process of constructing the facility is initiated. Work is completed and the

facility is available for acceptance, occupancy and utilization.

9. In complex projects, a period of testing decides if the facility operates as designed

and planned. This period is typical of industrial projects and is referred to as

project start-up.

Figure 1.9 Comparison of

production systems.
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10. The facility operates and is maintained during a specified service life.

11. The facility is disposed of if appropriate or maintained in perpetuity.

These steps must be modified on a case-by-case basis to address the special aspects of

a given project. Topics relating to items 1 through 8 will be discussed in detail in Chapters 2

and 3.

The key players in this developmental sequence are:

� The owner.

� The designer or design professional.

� The constructor.

The interaction of these three major entities is shown in Figure 1.10.

Although other entities such as regulators, subcontractors, materials vendors, and so

forth are important supporting players in this sequence, the major development of the

project revolves about these three major entities. The legal definition of this interaction is

established in the general conditions of the contract. This interaction will be described in

detail in the following chapters.

1.8 CONSTRUCTION TECHNOLOGY AND CONSTRUCTIONMANAGEMENT

The study of construction as a discipline can be broadly structured into two general themes:

1. Construction technology

2. Construction management

As the name implies, construction technology relates to the methods or techniques

used to place the physical materials and elements of construction at the job site. The word

technology can be broken into two subwords—technical from techno and logic. Logic

addresses the concept of sequence or procedure. That is, logic addresses the order of things;

something is done first, another thing second, and so on until a result is achieved. Adding

technical to this leads to the idea that technology has to do with the technical sequence in

which something is done to produce an end result. It is possible to talk about a technology

that applies to placing concrete, cladding a building, excavating a tunnel, and so on.

Once a project has been defined, one of the most critical questions facing the

construction manager is ‘‘What construction technique or method should be selected?’’

The types of methods for placing construction are diverse. New methods are continuously

being perfected and a construction manager must weigh the advantages and disadvantages

of a given method or technique.

In contrast to construction technology, construction management addresses how the

resources available to the manager can be best applied. Typically, when speaking of

Figure 1.10 Relationship between owner, designer, and

constructor.
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resources for construction, we think of the four M’s of construction:manpower,machines,

materials, andmoney.Management involves the timely and efficient application of the four

M’s to construct a project. Many issues must be considered when managing a project and

successfully applying the four M’s. Some are technical (e.g., design of formwork,

capacities of excavators, weather tightness of exterior finishes, etc.). Many issues, however,

are more qualitative in nature and deal with the motivation of workers, labor relations, the

form of contracts, legal liability, and safety on the job site. As noted in discussing the

Panama Canal, organizational issues can be critical to the success of any project. This book

will focus mainly on the topic of construction management. Therefore, we will be talking

about the four M’s and subjects that relate to management and the timely and cost-effective

realization of a project.

1.9 CONSTRUCTIONMANAGEMENT IS RESOURCE DRIVEN

The job of a construction manager is to efficiently and economically apply the required

resources to realize a constructed facility of acceptable quality within the time frame and

budgeted cost specified. Among the many watch words within the construction industry is

the expression ‘‘on time and within budget.’’ More recently, the concept of quality as a

requirement has become an increasingly important aspect of the construction process. So

this old adage can he expanded to say ‘‘a quality facility on time and within budget.’’

The construction manager is provided with resources such as labor, equipment, and

materials and is expected to build a facility that meets the specifications and is consistent

with the drawings provided for the project. The mission of construction is constrained in

terms of the available time and amount of available money. The challenge faced by the

construction manager is to apply the resources of workers, machines, and materials within

the limited funding (money) and time available. This is the essence of construction.

The manager must be clever and innovative in the utilization of resources available.

Somewhat like a general in battle, the manager must develop a plan of action and then

direct and control forces (resources) in a coordinated and timely fashion so that the

objective is achieved.

This requires a variety of skills. A high level of competency is needed in a broad range

of qualitative and quantitative subjects. A manager must be like a decathlon athlete. A

strong ability in many areas is a necessity. Being outstanding in one area (e.g., engineering)

but weak in a number of others (e.g., interpersonal relationships, contract law, labor

relations, etc.) is not enough to be a successful construction manager. A strong perform-

ance across the board is required.

1.10 CONSTRUCTION INDUSTRY

The construction industry has been referred to as the engine that drives the overall

economy. It represents one of the largest economic sectors in the United States. Until

the early 1980s the construction industry accounted for the largest percentage of the gross

domestic product (GDP) and had the highest dollar turnover of any U.S. industry. Presently,

construction is still the largest manufacturing (i.e., focus on an end item of production)

industry in the United States. New construction accounts for approximately 8% of the GDP

and retrofit projects contribute an additional 5%. As noted previously, the total annual

volume of activity in the construction sector is estimated to be on the order of $1 trillion.

More than a million firms operate in the construction sector, and the number of people

employed in construction is estimated to be 10 million.

The industry consists of large and small firms. The largest firmsmay have an annual work

volume in excess of $20 billion, and consist of thousands of employees. Many of the largest

firms work both domestically and in the international market. In contrast to the large
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companies, statistics indicate that over two-thirds of construction-related firms have less than

five employees. The spectrum of work ranges from the construction of large power plants and

interstate highways costing billions of dollars to the construction of single-family houses and

the paving of driveways and sidewalks. The high quality of life available in the United States is

possible in large part because of the highly developed infrastructure. The U.S. infrastructure,

which consists of the roads, tunnels, bridges, communications systems, power plants and

distribution networks, water treatment systems, and all of the structures and facilities that

support daily life, is without peer. The infrastructure is constructed and maintained by the

construction industry. Without it, the country would not be able to function.

1.11 STRUCTURE OF THE CONSTRUCTION INDUSTRY

Since the construction sector is so diverse, it is helpful to look at the major types of projects

typical of construction to understand the structure of the industry. Construction projects can

be broadly classified as (a) building construction, (b) engineered construction, and (c)

industrial construction, depending on whether they are associated with housing, public

works, or manufacturing processes.

The building construction category includes facilities commonly built for habitational,

institutional, educational, light industrial (e.g., warehousing, etc.), commercial, social, and

recreational purposes. Typical building construction projects include office buildings,

shopping centers, sports complexes, banks, and automobile dealerships. Building con-

struction projects are usually designed by architects or architect/engineers (A/Es). The

materials required for the construction emphasize the architectural aspects of the con-

struction (e.g., interior and exterior finishes).

Engineered construction usually involves structures that are planned and designed

primarily by trained professional engineers (in contrast to architects). Normally, engi-

neered construction projects provide facilities that have a public function relating to the

infrastructure and, therefore, public or semipublic (e.g., utilities) owners generate the

requirements for such projects. This category of construction is commonly subdivided into

two major subcategories; thus, engineered construction is also referred to as (a) highway

construction and (b) heavy construction.

Highway projects are generally designed by state or local highway departments. These

projects commonly require excavation, fill, paving, and the construction of bridges and

drainage structures. Consequently, highway construction differs from building construc-

tion in terms of the division of activity between owner, designer, and constructor. In

highway construction, owners may use in-house designers and design teams to perform the

design so that both owner and designer are public entities.

Heavy construction projects are also typically funded by public or quasi-public

agencies and include sewage plants, flood protection projects, dams, transportation

projects (other than highways), pipelines, and waterways. The owner and design firm

can be either public or private depending on the situation. In the United States, for instance,

the U.S. Army Corps of Engineers (public agency) has in the past used its in-house design

force to engineer public flood protection structures (i.e., dams, dikes) and waterway

navigational structures (i.e., river dams, locks, etc.). Due to the trend toward downsizing

government agencies, more design work is now being subcontracted to private design

engineering firms. Public electrical power companies use private engineering firms to

design their power plants. Public mass-transit authorities also call on private design firms

for assistance in the engineering of rapid-transit projects.

Industrial construction usually involves highly technical projects in manufacturing

and processing of products. Private clients retain engineering firms to design such facilities.

In some cases, specialty firms perform both design and construction under a single contract

for the owner/client.
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1.12 DIFFERING APPROACHES TO INDUSTRY BREAKDOWN

Figure 1.11 represents one of many ways in which the industry can be divided into a

number of sectors. This breakdown includes single-family houses within the residential

construction sector. In some breakdowns, one- and two-family houses are considered to be

a separate industry, and this single family residential activity is not reported as part of the

construction industry. As can be seen from the pie chart, residential and building

construction accounts for 70 to 75% of the industry. Industrial construction and heavy

engineering construction (which are more closely related to the infrastructure) account for

25 to 30% of industry activity.

A slightly different approach to project classification is used by the Engineering News

Record (ENR) magazine, which reflects the weekly dynamics of the construction industry

in the United States. This breakdown of construction identifies three major construction

categories:

1. Heavy and highway

2. Nonresidential building

3. Multiunit housing

The nonresidential building category includes building and industrial construction as

defined previously. These overall categories are further dissected to reflect the major areas

of specialization within the construction industry. The ENR publishes a Web-based update

of information based on this set of construction categories each week.

1.13 MANAGEMENT LEVELS OF CONSTRUCTION

Organizational considerations lead to a number of hierarchical levels that can be identified

in construction. This derives from the project format. Decision making at levels above the

project relate to company management considerations. Decisions within the project relate

Figure 1.11 Breakdown of construction industry segments.
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to operational considerations (e.g., selection of production methods) as well as the

application of resources to the various construction production processes and work tasks

selected to realize the constructed facility. Specifically, four levels of hierarchy can be

identified as follows:

1. Organizational. The organizational level is concerned with the legal and business
structure of a firm, the various functional areas of management, and the interaction

between head office and field managers performing these management functions.

2. Project. Project-level vocabulary is dominated by terms relating to the breakdown

of the project for the purpose of time and cost control (e.g., the project activity and

the project cost account). Also, the concept of resources is defined and related to the

activity as either an added descriptive attribute of the activity or for resource

scheduling purposes.

3. Operation (and Process). The construction operation and process level is con-

cerned with the technology and details of how construction is performed. It focuses

on work at the field level. Usually a construction operation is so complex that it

encompasses several distinct processes, each having its own technology and work

task sequences. However, for simple situations involving a single process, the terms

are synonymous.

4. Task. The task level is concerned with the identification and assignment of

elemental portions of work to field units and work crews.

The relative hierarchical breakout and description of these levels in construction

management are shown in Figure 1.12. It is clear that the organizational, project, and

Figure 1.12 Management levels in construction.
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activity levels have a basic project and top management focus, whereas the operation,

process, and work task levels have a basic work focus.

To illustrate the definitions given in this section, consider a glazing subcontract for the

installation of glass and exterior opaque panels on the concourses of Hartsfield-Jackson

International Airport in Atlanta, Georgia. This was a project requiring the installation of

five panels per bay on 72 bays of each of the concourses. Figure 1.13 shows a schematic

diagram of the project. A breakout of typical items of activity at each level of hierarchy is

given in Table 1.1. At the project level, activities within the schedule relate to the glass and

panel installation in certain areas of the concourses. At the work task level, unloading,

stripping, and other crew-related activity is required.

Figure 1.13 Schematic of concourse building.

Table 1.1 Example of Hierarchical Terms

Project Installation of all exterior glass and panel wall construction on the Concourses

of the Hartsfield International Airport, Atlanta, GA

Activity Glass and panel installation on Concourse A, Bays 65–72

Operation Frame installation to include preparation and installation of five panel frames in

each concourse bay; column cover plate installation

Process Sill clip placement; mullion strips installation

Glass placement in frame; move and adjust hanging scaffold

Work task Locate and drill clip fastener; unload and position mullion strips; strip

protective cover from glass panel; secure scaffold in travel position

18 Chapter 1 History and Basic Concepts
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REVIEW QUESTIONS AND EXERCISES

1.1 Look up the names of the largest contractors reported by

ENR in its three main categories: Heavy and highway, non-

residential building, and multiunit housing. Notice that the list

also includes their ranking for the previous years. Were the

contractors the largest the previous year?

1.2 There have been many construction marvels in human

history, of which this chapter only mentioned a few. Comment

on three historical projects of your choosing not included here.

Examples include the Great Wall of China, the pyramids, the

Suez Canal, the Eiffel Tower, and the Golden Gate Bridge,

among many others. Why were they built? What makes them

unique? How were they built? Who paid for them?

1.3 What advantages do you see in consolidating the roles of

owner, designer, and constructor shown in Figure 1.10? What

disadvantages could it have?

1.4 Give examples of the management levels in construction

shown in Figure 1.12.

Review Questions and Exercises 19
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Online Plan Rooms

Plan rooms are typically conveniently located and can be visited by contractors in large

cities. These facilities provide access to bidding documents in order to facilitate the

bidding process. Sets of project plans, specifications, bidding information, and general

contractor lists for jobs being let for bid are available at plan rooms. However, utilizing

these plan room services can be time consuming and costly because of the need to travel

to the physical location of the plan room. Even though many plan rooms mail their

20
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members a weekly newsletter to update projects, a visit to

the facility is required to check out the project information

in detail.

Online plan rooms enable their members to conveniently

view plan room projects 24 hours a day, 7 days a week from

the member’s home or office location via the Internet.

Members can access, study, and download useful

information for various construction projects, and even print

out actual plans using plotters or printers. Contractors and

estimators can get information and prepare for a bid in a

timely and efficient manner. In addition, establishing an

online plan room enables owners, architects, and contractors

to control and manage their bid process more effectively.

Additional features augmenting the online plan room

services include Internet access to the plan room via secure

login, computerized estimating tools, worksheet build-up function, real-time bidder

notification system (e-mail/fax), project search with specific criteria, and blueprint

measurement on screen, etc.

Utilization of these online plan rooms provides prospective bidders with 24 hour

accessibility. They also make the bidding process efficient and well organized, which

results in reduced costs.

2.1 PROJECT CONCEPT AND NEED

Since the constructed environment in which we live is realized in a project format, the

construction process can be best understood by examining the steps required to realize a

complete project. In this chapter and the next, we will examine the step-by-step develop-

ment of a project. A schematic flow diagram of the sequential actions required to realize a

project is shown in Figure 2.1. The framework for this discussion will be the development

Figure 2.1 Project development cycle (new).
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of a project for competitive bid. As we will see in Chapter 4, this is the delivery system

characteristic of publicly contracted work. This approach requires that a full set of project

documents be developed before the project is offered for bid and construction.

Each project has a life cycle triggered by the recognition of a need that can best be

addressed with the construction of a facility. In a complex society, the number of entities

generating needs that will shape the built environment is diverse. Private individuals seek

to construct housing that is functional and comfortable (e.g., home or residential construc-

tion). Public entities such as city, state, and federal governments construct buildings and

required public structures to enhance the quality of life. Many public projects relate to the

development of the infrastructure. Bridges, tunnels, transportation facilities, dikes, and

dams are typical of public projects designed to meet the needs of a community and the

society in general.

Private entities such as commercial firms build facilities that provide goods and

services to the economy. These entities are typically driven by the objective of realizing a

profit. Facilities constructed by private owners include manufacturing plants, hospitals,

research laboratories, hotels and commercial buildings, communications networks, and a

host of other project types.

2.2 ESTABLISHING NEED

The first step in any project is the establishment of a need and a conceptual definition and

refinement of the facility that will meet that need. If the need has a commercial basis, it is

normally defined in terms of a market analysis that establishes the profitability of the

proposed project. For instance, if the need relates to the construction of a chemical plant in

Spain, the firm constructing the plant will want to establish that a market exists that can be

profitably accessed once the plant is in operation.

The economic basis for the plant must be established based on market studies

projecting the demand for the plant’s product mix across the planning horizon under

consideration. In many cases, these studies recommend optimal time frames for the plant

construction to meet the market in advance of competition. Plant size, site location,

availability of labor and supporting resources, such as energy, water, and shipping

connections, are considered. This study is sometimes referred to as a feasibility study.

This type of information must be developed so that planning decisions by senior

management within the company can be made. Typically, feasibility information and

supporting cost analyses are submitted to the board of directors. The board then must

decide whether the investment required to build a plant is justified.

Similar analysis is necessary for any project. If a group of entrepreneurs decides to

build a hotel in Phoenix, Arizona, the basic economic considerations to determine the

potential profitability of this venture must be examined. If the economic study supports the

idea of a hotel, a need is established. In this case, the financial institutions that lend the

money for the development of the hotel typically require certain justification before

providing the financing. Therefore, the structure of the feasibility study is dictated, in large

part, by the requirements of the lending institution. The types of information required for

developing a commercial building project will be addressed in Chapter 12.

Public and community-service-related projects do not typically involve profit and,

therefore, are triggered by other considerations. If the church board of the Smallville

Methodist Church decides to add a wing to provide a larger area for the Sunday school, this

decision is based on improving the quality of services provided by the church. Since funds

must be developed for such an addition, the church board will seek the assistance of a

consultant (e.g., architect or architect/engineer [A/E]) to better define the scope of the new

addition. Design and cost information are required to approach a bank or lending agency

regarding financing. Based on information from design and cost consultants, the church
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board must decide whether to proceed to development of final design documents or place

the project on hold.

Public entities, such as city, state, and federal governments, are continuously review-

ing societal needs. The annual cycle of activity for public agencies looks at the changing

demands of constituents with the objective of developing a plan (e.g., a set of projects) that

will improve services. State highway departments, for instance, have annual budgets based

on existing strategic plans. These master plans envision the construction of new roads and

bridges and the maintenance of existing infrastructure. Such plans are reviewed annually,

and projects to repair and enhance the transportation network of each state are budgeted. In

this situation, the needs of the state are under continuous review. A balance between funds

available and transportation needs must be maintained.

2.3 FORMAL NEED EVALUATION

In deciding whether or not to proceed with preliminary and final design of a given project,

three items should be developed during the conceptual portion of the project cycle. The

following elements provide input to the decision process:

1. Cost/benefit analysis.

2. Graphical representation of the project (e.g., sketch or artist’s rendering), a layout

diagram of the facility and/or a three-dimensional (3-D) depiction that may be part

of a building information model (BIM).

3. Cost estimate based on the conceptual-level information available.

These documents assist the key decision maker(s) in deciding whether to proceed with a

proposed project.

The cost/benefit analysis in the case of commercial or profit-based projects is simply a

comparison of the estimated cost of the project against the revenues that can be reasonably

expected to be generated. In public and other non-profit-based projects (e.g., monuments,

churches, and museums), development of the benefit to be achieved is more difficult to pin

down.

For instance, if a dam is to be constructed on the Colorado River, part of the benefit will

be tangible (i.e., developed in dollars) and part will be intangible (i.e., related to the quality

of life). If power is to be generated by the dam, the sale of the electricity and the revenues

generated are tangible and definable in dollars amounts. Much of the benefit may, however,

derive from control of the river and the changing of the environment. This dam will prevent

flooding of downstream communities and form a lake that can be used as a recreational

resource.

The recreational aspects of the project and the protection of communities from

flooding are difficult to characterize in dollars and cents. They can be viewed as intangible

benefits related to improvement of the quality of life. Protocols for converting intangible

aspects of a dam project into benefits have been developed by the Bureau of Reclamation

and the Army Corps of Engineers, both which are government agencies involved in water

resource development. At best, however, evaluating intangibles is a judgment call and

subject to review and criticism.

2.4 CONCEPTUAL DRAWINGS AND ESTIMATES

In seeking funding for entrepreneurial projects such as hotels, apartment buildings and

complexes, shopping malls, and office structures, it is common practice to present

conceptual documentation to potential funding sources (e.g., banks and investors). In

addition to a cost/benefit analysis, graphical information to include architect’s renderings
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or sketches as well as layout drawings, 3-D computer models and BIM assist the potential

investor in better understanding the project. For this reason, such concept drawings and

models are typically part of the conceptual design package. A cost estimate based on the

conceptual drawings and other design information (e.g., square footage of roof area, floor

space, and size of heating and air conditioning units) is prepared.

Government projects at the federal level require similar supporting analysis and are

submitted with budget requests each year for congressional action. Supporting documen-

tation includes layout sketches and outline specifications such as those shown in Figure 2.2.

The supporting budget for this project is shown in Figure 2.3. These projects are included

as line items in the budget of the government agency requesting funding. In this case, the

requestor would be the post engineer, Fort Campbell, Kentucky. This request would be

consolidated with requests at the Army and Department of Defense level and forwarded to

the Bureau of the Budget to be included in the budget submitted to Congress.

It is of interest to note that because the post office project will not be built for at least a

year (assuming it is approved), a projection of cost to the future date on which construction

will begin is required. The projection is made using the Engineering News Record (ENR)

indexes of basic construction cost. Construction cost indexes such as the ENR index allow

estimators to project costs into the future. The building and construction cost indexes

through March 2009 are shown in Figure 2.4.

The summary on the last page of the estimate indicates that the baseline cost of the

project will be $909,050. The reserve for contingency is 10% of the base cost, or $90,900.

The amount budgeted for supervision of the work by the Corps of Engineers is $54,800.

The design cost is projected to be $70,000.

The amount of conceptual design documentation varies based on the complexity of the

project. Fairly simple building projects, such as the Sunday school addition or the military

post office, can be conceptually defined in terms of drawings, guide specifications, and a

cost estimate such as those shown in Figures 2.2 and 2.3. Large and complex projects, such

as petrochemical plants and power generation facilities, require expanded documentation

(e.g., hundreds of pages) to define the scope of work. For this reason, the number of

engineering man-hours required to develop conceptual design documentation for the

chemical plant in Spain would be significantly greater than that required for a small

commercial building.

2.5 PRELIMINARY AND DETAIL DESIGN

Once the concept of the project has been approved, the owner desiring the construction

retains an engineer or an architect. These functions may be combined into a single stake-

holder, called an architect/engineer (A/E). The end product of the design phase of project

development is a set of plans and specifications that define the project to be constructed. The

drawings are a graphical or schematic indication of the work to be accomplished. The

specifications are a verbal or word description of what is to be constructed and towhat levels

of quality. When completed, they are included as legally binding elements of the contract.

The production of the plans and specifications usually proceeds in two steps. The first step is

called preliminary design andoffers the owner a pause inwhich to review construction before

detail design commences.

A common time for this review to take place is at 40% completion of the total design.

The preliminary design extends the concept documentation. In most projects, a design team

leader concept is utilized. The design team leader coordinates the efforts of architects and

engineers from differing disciplines. The disciplines normally identified are architectural,

civil and structural, mechanical, and electrical. The architect or A/E, for instance, is

responsible for the development of floor plans and general layout drawings as well as

24 Chapter 2 Preparing the Bid Package
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Figure 2.2 Project proposal: layout sketch and outline specifications.
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Figure 2.3 Current working estimate for budget purposes.
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Figure 2.3 (Continued)
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considerations such as building cladding, exterior effects, and interior finish. The mechan-

ical engineer is concerned with the heating, ventilating, and air conditioning (HVAC), as

well as service water systems. At preliminary design, decisions regarding size and location

of air conditioning and heating units as well as primary water distribution components

(e.g., pumps) are made. Similar decisions regarding the electrical system are made at this

point by the electrical engineers. The structural and civil engineers develop the preliminary

design of the structural frame and the subsurface foundation support. All of these designs

are interlinked. The architectural layout impacts the weight support characteristics of the

floor structure and, hence, the selection of structural system. The structural superstructure

influences the way in which the foundation of the structure can be handled. The floor plan

also determines the positioning of pipes and ducts and the space available for service

mains.

Figure 2.3 (Continued)
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Once the preliminary design has been approved by the owner, final or detail design is

accomplished. This is the second step in the production of the plans and specifications. For

the A/E this focuses on the interior finishes, which include walls, floors, ceilings, and

glazing. Details required to install special finish items are designed. Precise locations and

layout of electrical and mechanical systems as well as the detail design of structural

members and connections are accomplished by the appropriate engineers. As noted,

the detail design phase culminates in the plans and specifications that are given to the

constructor for bidding purposes. In addition to these detailed design documents, the A/E

produces a final owner’s estimate indicating the total job cost minus markup. This estimate

Figure 2.4 Engineering News Record Construction Cost Indexes (a) Building Cost Index

(b) Construction Cost Index (Reprinted from Engineering News-Record, Copyright McGraw-Hill

Companies Inc., 23 March 2009. All rights reserved.)
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should achieve approximately �3% accuracy, since the total design is now available. The

owner’s estimate is used (a) to ensure the design produced is within the owner’s financial

resources to construct (i.e., the A/E has not designed a gold-plated project) and (b) to

establish a reference point in evaluating the bids submitted by the competing contractors.

In some cases, when all contractor bids greatly exceed the owner’s estimate, all bids are

rejected and the project is withdrawn for redesign or reconsideration. Once detailed design

is completed, the owner again approves the design prior to advertising the project to

prospective bidders.

2.6 NOTICE TO BIDDERS

The document announcing to prospective bidders that design documents are available for

consideration and that the owner is ready to receive bids is called the notice to bidders.

Because of his commitment to the owner to design a facility that can be constructed within

a given budget and at an acceptable level of quality, the A/E wants to be sure that the lowest

bid price is achieved. To ensure this, the job is advertised to those contractors who are

capable of completing the work at a reasonable price. All A/E firms maintain computer-

based lists or other methods of contact with qualified bidders. When design is complete,

a notice to bidders, such as the one shown in Figure 2.5, is sent either electronically or

by regular mail to all prospective bidders. The notice to bidders contains information

Figure 2.5 Notice to bidders (Courtesy of Georgia Building Authority).
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Figure 2.5 (Continued)
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regarding the general type and size of the project, the availability of plans and specifica-

tions for review, and the time, place, and date of the bid opening. Normally, sets of plans

and specifications are available electronically for perusal at online plan rooms. Such

facilities provide plans and specifications for a large number of jobs being let for bid. They

afford contractors the opportunity to electronically review a large number of jobs available

for bid within a given time frame and geographical area. The expenditure of effort on the

part of the contractor to review available jobs is modest. Should a contractor decide to bid

on a particular job, his or her commitment increases sharply in terms of money and time

invested.

Contractors have other methods of learning about jobs that are available for bid. In

some large cities, a builder’s exchange may operate to serve the contracting community

and keep it appraised of the status of design and bid activity within a given area. These

exchanges have Web sites with information such as that shown in Figure 2.6. These reports

indicate what jobs are available for bidding, and A/Es make use of such facilities to gain

maximum coverage in advertising their jobs.

Nationwide services such as the Dodge Reporting System also provide information on

projects being let for bid. For a subscription fee, such services provide information

regarding jobs categorized by type of construction, geographical location, job size, and

other parameters directly to the contractor. The information announcements indicate

whether the job is under design, ready for bid, or awarded. In the cases of jobs that

have been awarded, the low bid and other bid prices submitted are furnished so that the

contractor can detect bidding trends in the market. A typical Dodge Reporting System

announcement is shown in Figure 2.7.

2.7 BID PACKAGE

The documents that are available to the contractor and on which he must make a decision to

bid or not to bid are those in the bid package. In addition to the plans and technical

specifications, the bid package prepared by the design professional consists of a proposal

form, general conditions that cover procedures common to all construction contracts, and

special conditions, which pertain to procedures to be used that are unique to a given project.

All supporting documents are included by reference in the proposal form. A schematic

representation of the bid package layout is shown in Figure 2.8.

The proposal form as designed and laid out by the A/E is the document that, when

completed and submitted by the contractor, indicates the contractor’s desire to perform the

work and the price at which he or she will construct the project. A typical example of a

proposal is shown in Figure 2.9.

The proposal form when completed and submitted establishes intent on the part of the

contractor to enter into a contract to complete the work specified at the price indicated in

the proposal. It is an offer and by itself is not a formal contract. If, however, the owner

responds by awarding the contract based on the proposal, an acceptance of the offer results

and a contractual relationship is established. The prices at which the work will be

constructed can be stated either as lump-sum or as unit-price figures. A portion of the

price schedule for the example project described in Figure 2.5 is shown in Figure 2.9. As

shown in the figure, two methods (lump sum and unit price) of quoting price are illustrated.

Items 1 to 4 require the bidder to specify unit price (i.e., dollar per unit) for the guide

quantities specified. Therefore, if the contractor will do the rock excavation for $80.00 per

cubic yard, this price is entered along with the total price (550� $80.00¼ $44,000). Items

5, 6, and 7 require lump- or stipulated-sum quotations. Therefore, the contractor states a

single price for the access road, finish grading, and so on.

32 Chapter 2 Preparing the Bid Package



E1C02_1 09/29/2010 33

In the proposal form shown in Figure 2.9, the contract duration is also specified, although

this is not always the case. In many instances, the project duration in working or calendar days

is specified in the special conditions portion of the bid package. This proposal form indicates

also that the contractor is to begin work within 10 calendar days after receipt of written notice

of award of contract. Award of contract is usually communicated to the contractor in the form

Figure 2.6 Typical Daily Building Report.
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of a notice to proceed. Response by the owner to the contractor’s proposal with a notice to

proceed establishes a legally binding contractual relationship. This relationship must be

supported by the legal signatures of individuals empowered to represent (i.e., commit

contractually) the firm making the proposal.1

2.8 GENERAL CONDITIONS

Certain stipulations regarding how a contract is to be administered and the relationships

between the parties involved are often the same for all contracts. An organization that

enters into a large number of contracts each year normally evolves a standard set of

stipulations that establishes these procedures and applies them to all construction contracts.

This set of provisions is normally referred to as the general conditions. Large government

contracting organizations such as the U.S. Army Corps of Engineers, the Bureau of

1The Electronic Signatures in Global and National Commerce Act of 2000 (‘‘E-Sign Act’’) made legally binding

the use of any ‘‘electronic sound, symbol, or process attached to or logically associated with a contract or other

record and executed or adopted by a person with the intent to sign the record.’’

Figure 2.7 Typical Web-Based Dodge Reporting System announcement

(Copyright# 2005 McGraw-Hill Companies, Inc.).

Figure 2.8 Bid package documents.
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Figure 2.9 A typical proposal (Courtesy of Georgia Building Authority).
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Figure 2.9 (Continued)
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Reclamation, and the General Services Administration (Public Building Service) have a

standard set of general provisions. For those organizations that enter into construction

contracts on a less frequent basis, professional and trade organizations publish standards

that are commonly used in the industry. A committee for engineer documents has been

formed jointly by the American Consulting Engineers Council, the National Society of

Professional Engineers, and the American Society of Civil Engineers to prepare standard

contract documents. The committee is called the Engineers Joint Contract Documents

Committee (EJCDC). These documents have been endorsed by the Associated General

Contractors (AGC) of America and the Construction Specifications Institute (CSI). Some

topics that are typically considered in the general conditions are shown in Table 2.1. The

rights, privileges, and responsibilities that accrue to the primary contractual parties in any

construction contract are also defined in the general conditions. Therefore, sections

pertaining to the (a) owner, (b) architect (or A/E), (c) contractor, and (d) subcontractors

are typically found in the general conditions. Most contractors become thoroughly familiar

with the standard forms of general conditions (i.e., Corps of Engineers) and can

immediately pick up any additions or changes. Each of the provisions of a standard set

of general conditions has legal implications, and the wording cannot be changed without

careful consideration. The contract language embodied in the general conditions has been

hammered out over the years from countless test cases and precedents in both claims and

civil courts. The wording has evolved to establish a fair and equitable balance of protection

for all parties concerned. In cases where a contractor finds considerable deviation from the

standard language, he or she may decline the opportunity to bid fearing costs of litigation in

clarifying contractual problems. In areas in which small deviation is possible, the language

of a given standard form may tend to be protective of one party (e.g., the architect) and

to hold others responsible when gray areas arise. Predictably, the AGC standard sub-

contract protects the contractor in areas in which responsibility is unclear or subject to

interpretation.

2.9 SUPPLEMENTARY CONDITIONS

Those aspects of the contractual relationship that are peculiar or unique to a given project

are given in the supplementary conditions. Items, such as the duration of the project,

additional instructions regarding commencement of work, owner-procured materials,

mandatory wage rates characteristic of the local area, format required for project progress

Table 2.1 Topics Typically Addressed in General Conditions

1. Definitions

2. Preliminary matters

3. Contract documents

4. Bonds and insurance

5. Contractor’s responsibilities

6. Owner’s responsibilities

7. Engineer’s responsibilities

8. Changes in the work

9. Change of contract price

10. Change of contract times

11. Tests and inspections

12. Payments to contractor and completion

13. Suspension of work and termination

14. Dispute resolution
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reporting (e.g., a network schedule), and amount of liquidated damages, are typical of the

provisions included in the supplementary conditions. Items contained in supplementary

conditions are of two types:

1. Modifications to the basic articles of the general condition in the form of additions,

deletions, or substitutions.

2. Additional articles of a contractual-legal nature that may be desirable or necessary

for a particular project.

Because some of the provisions are extensions or interpretations of the general

conditions, some of the major paragraph titles are similar to those used in the general

conditions. The contents of a typical set of supplementary or special conditions for a Corps

of Engineers channel improvement project are shown in Figure 2.10.

2.10 TECHNICAL SPECIFICATIONS

The contract documents must convey the requirements of the project to potential bidders

and establish a legally precise picture of the technical aspects of the work to be performed.

This is accomplished visually through the use of drawings. A verbal description of the

technical requirements is established in the technical specifications. These provisions

pertain in large part to the establishment of quality levels. Standards of workmanship and

material standards are defined in the specifications. For materials and equipment, this is

often done by citing a specific brand name and model number as the desired item for

installation. In government procurement, in which competitive procurement must take

place, a similar approach is used. Government specifications usually cite a specific brand or

model and then establish the requirement that this or an equal item be used. The fact that

equality exists must be established by the bidder.

Often the quality required will be established by reference to an accepted practice or

quality specification. The American Concrete Institute (ACI), the American Welding

Society (AWS), the American Association of State Highway and Transportation

Officials (AASHTO), the American Society for Testing and Materials (ASTM), as

well as federal procurement agencies publish recognized specifications and guides. A list

of some typical references is given in Figure 2.11. The organization of the technical

specifications section usually follows the sequence of construction. Therefore, specifi-

cations regarding concrete placement precede those pertaining to mechanical installa-

tion. A typical index of specifications for a heavy construction project might appear as

follows:

Section

1. Clearing and grubbing

2. Removal of existing structures

3. Excavation and fill

4. Sheet steel piling

5. Stone protection

6. Concrete

7. Miscellaneous items of work

8. Metal work fabrication

9. Water supply facilities

10. Painting

11. Seeding
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Figure 2.10 Special conditions: typical index of special conditions (Courtesy of the Army Corps of

Engineers).
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Figure 2.11 Typical references to structural inspection and testing standards.

American Concrete Institute

211.1-91 Standard Practice for Selecting Propor-

tions for Normal, Heavyweight, and Mass

Concrete (Reapproved 2009)

211.2-98 Standard Practice for Selecting Propor-

tions for Structural Lightweight Concrete

(Reapproved 2004)

214R-02 Evaluation of Strength Test Results of

Concrete

301-05 Specifications for Structural Concrete

318-08 Building Code Requirements for Struc-

tural Concrete and Commentary

421.2R-07 Seismic Design of Punching Shear

Reinforcement in Flat Plates

ITG-7-09 Specification for Tolerances for Precast

Concrete

SP-211 Large-Scale Structural Testing

ACI 305.1-06—Specification for Hot Weather

Concreting

ACI 306.1-90 Standard Specification for Cold

Weather Concreting (Reapproved 2002)

ACI 530/530.1—Building Code Requirements &

Specifications for Masonry Structures, 2005

American Society for Testing and Materials

A185/A185M-07 Standard Specification for

Steel Welded Wire Reinforcement, Plain,

for Concrete

A934/A934M-07 Standard Specification for

Epoxy-Coated Prefabricated Steel Reinforc-

ing Bars

C270-08a Standard Specification for Mortar for

Unit Masonry

C55-09 Standard Specification for Concrete

Building Brick

C109/C109M-08 Standard Test Method for

Compressive Strength of Hydraulic Cement

Mortars

C1116/C1116M-09 Standard Specification for

Fiber-Reinforced Concrete

C1329-05 Standard Specification for Mortar

Cement

C140-09 Standard Test Methods for Sampling

and Testing Concrete Masonry Units and

Related Units

C33/C33M-08 Standard Specification for Con-

crete Aggregates

C39/C39M-09 Standard Test Method for Com-

pressive Strength of Cylindrical Concrete

Specimens

C42/C42M-04 Standard Test Method for Obtain-

ing and Testing Drilled Cores and Sawed

Beams of Concrete

C91-05 Standard Specification for Masonry

Cement

C94/C94M-09a Standard Specification for

Ready-Mixed Concrete

C977-03 Standard Specification for Quicklime

and Hydrated Lime for Soil Stabilization

C1328-05 Standard Specification for Plastic

(Stucco) Cement

C141/C141M-09 Standard Specification for

Hydrated Hydraulic Lime for Structural

Purposes

American Welding Society

AWS D1.4/D1.4M: 2005 Structural Welding

Code—Reinforcing Steel

American Society of Civil Engineers

ASCE/SEI 7-05 Minimum Design Loads for

Buildings and Other Structures

Building Seismic Safety Council

NEHRP Recommended Provisions and Com-

mentary for Seismic Regulations for New

Buildings and Other Structures. 2003

Edition

National Ready Mix Concrete Association

Concrete Plant Standards of Concrete Plant

Manufacturers Bureau (15th Revision, 2007)

Truck Mixer, Agitator and Front Discharge Con-

crete Carrier (15th Revision, 2001)

Concrete Reinforcing Steel Institute

Reinforcement

Reinforcement, Anchorages and Splices, 5th

Edition 2008
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As with the general conditions, most contractors are familiar with the appearance and

provisions of typical technical specifications. A contractor can quickly review the

specifications to determine whether there appears to be any extraordinary or nonstandard

aspects that will have an impact on cost. These clauses or nonstandard provisions are

underlined or highlighted so that they can be studied carefully.

2.11 ADDENDA

The bid package documents represent a description of the project to be constructed. They

also spell out the responsibilities of the various parties to the contract and the manner in

which the contract will be administered. These documents establish the basis for

determining the bid price and influence the willingness of the prospective bidder to bid

or enter into a contract. It is important, therefore, that the bid package documents

accurately reflect the project to be constructed and the contract administration intentions

of this owner or of the owner’s representative. Any changes in detail, additions, corrections,

and contract conditions that arise before bids are opened that are intended to become part of

the bid package and the basis for bidding are incorporated into the bid package through

addenda (whose singular is addendum).

An addendum thus becomes part of the contract documents and provides the vehicle

for the owner (or the owner’s representative) to modify the scope and detail of a contract

before it is finalized. It is important therefore that addenda details be rapidly communicated

to all potential bidders prior to bid submission. Since addenda serve notice on the

prospective bidder of changes in the scope or interpretation of the proposed contract,

steps must be taken to ensure that all bidders have received all issued addenda. Conse-

quently, addenda delivery must be documented and confirmed at the time of bid submis-

sion. This is done by the submission of a signed document listing receipt of each duly

identified addendum.

Once a contract has been signed, future changes in the scope or details of a contract

may form the basis for a new financial relationship between contracting parties. The

original contract, in such cases, can no longer be accepted as forming the basis for a full

description of the project. Such changes are referred to as change orders (see Section 3.5).

2.12 THE ESTIMATE AND THE DECISION TO BID

After investigating the plans and specifications, the contractor must make a major decision

as to whether or not to bid the job. This is an important financial decision because it implies

incurring substantial cost that may not be recovered. Bidding the job requires a commit-

ment of man-hours by the contractor for the development of the estimate.

Estimating is the process of looking into the future and trying to predict project costs

and various resource requirements. The key to this entire process is the fact that these

predictions are made based on past experiences and the ability of the estimator to sense

potential trouble spots that will affect field costs. The accuracy of the result is a direct

function of the skill of the estimator and the accuracy and suitability of the method by

which these past experiences were recorded. Since the estimate is the basis for determining

the bid price of a project, it is important that the estimate be carefully prepared. Studies

reveal the fact that the most frequent causes of contractor failure are incorrect and

unrealistic estimating and bidding practices.

The quantities of materials must be developed from the drawings by an expert. The

process of determining the required material quantities on a job is referred to as quantity

takeoff or quantity surveying. Once quantities are established, estimators who have access to

pricing information use these quantities and their knowledge of construction methods and

productivities to establish estimates of the direct costs of performing each construction task.
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They then add to the totaled project direct costs those indirect costs that cannot be assigned

directly to a particular physical piece of the project but which must be distributed across the

entire project (e.g., project supervising costs). Finally, the bid price is established by adding

the management and overhead costs, allowances for contingencies, and a suitable profit

margin. Appendix A gives typical considerations affecting the decision to bid.

The cost of the time and effort expended to develop a total bid price and submit a

proposal is only recovered in the event the contractor receives the contract. A common rule

of thumb states that the contractor’s estimating cost will be approximately 0.25% of the

total bid price. This varies, of course, based on the complexity of the job. Based on this rule,

a cost of $25,000 can be anticipated for estimating a job with a total bid cost in the vicinity

of $10 million. Expending this amount of money to prepare and submit a bid with only a

probability of being awarded the work is a major monetary decision. Therefore, most

contractors consider it carefully. To recover bidding costs for jobs not awarded, contractors

place a charge in all bids to cover bid preparation costs. This charge is based on their

frequency of contract award. That is, if a contractor, on the average, is the selected bidder

on one in four of the contracts bid, he or she will adjust the bid cost included in each

proposal to recover costs for the three in four jobs not awarded. In addition to the direct

costs of bid preparation, the contractor may be required to pay certain fees for accessing a

full set of plans for the project. Other costs include telephone and computer charges related

to obtaining quotations from subcontractors and vendors and the administrative costs of

getting these quotations in writing. A small fee must be paid for a bid bond (see

Section 2.15) and the administrative aspects of submitting the proposal in conformance

with the instructions to bidders.

2.13 PREQUALIFICATION

In some cases the complexity of the work dictates that the owner must be certain that the

selected contractor is capable of performing the work described. Therefore, before

considering a bid, the owner may decide to prequalify all bidders. This is announced

in the instructions to bidders. Each contractor interested in preparing and submitting a bid

is asked to submit documents that establish his firm’s expertise and capability in

accomplishing similar types of construction. In effect, the owner asks the firm to submit

its r�esum�e for consideration. If the owner has doubts regarding the contractor’s ability to

successfully complete the work, the owner can simply withhold qualification.

This is helpful to both parties. The contractor does not prepare a bid and incur the

inherent cost unless qualified. On the other hand, the owner does not find himself or herself

in the position of being under pressure to accept a low bid from a firm he or she feels cannot

perform the work. In the extreme case, a small firm with experience only on single-family

residential housing may bid low on a complex radar-tracking station. If the owner feels the

contractor will not be able to successfully pursue the work, prequalification can be

withheld.

2.14 SUBCONTRACTOR AND VENDOR QUOTATIONS/CONTRACTS

As already noted, estimating section personnel will establish costs directly for those items

to be constructed by the prime contractor with in-house forces. For specialty areas such as

electrical work, interior finish, and roofing, the prime contractor solicits quotations from

subcontractors with whom he or she has successfully worked in the past. Material price

quotations are also developed from vendors. These quotations are normally taken

electronically and included in the bid. It is good business practice to use a sub-

contractor/vendor bid quotation form that includes a legal signature as well as the bid

quotation. The contractor soliciting the quotation should request that the bid be faxed with
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the quotation and a signature binding the bidder to the quoted price. Alternatively, signed

documentation of the quotation can be submitted as an e-mail attachment.

The contractor integrates these quotations into the total bid price. Until the contractor

has a firm subcontract or purchase order, the only protection against the vendor or

subcontractor reneging on or changing the quoted price is submitted by fax or signed

e-mail attachment quotation form. Prior to the availability of electronically transmitted

methods of submission, the contractor had only a telephone quote and the subcontractor’s

word that he or she would sign a formal agreement at the stated price. The use of

electronically transmitted documents and signed quotations has greatly improved this

situation and eliminated potential misunderstandings.

Following award of the contract, the prime contractor has his purchasing or procure-

ment group move immediately to establish subcontracts with the appropriate specialty

firms. Both the American Institute of Architects (AIA) and the Engineers Joint Contract

Documents Committee (EJCDC) have standard forms for this purpose.

2.15 BID BOND

Various defaults are possible in the relationship between owner and contractor. The concept

of a bond allows one party to protect itself against default in a relationship with a second

party. A third party, referred to as the surety, provides protection such that, if a default

between two parties occurs that results in damage (e.g., loss of money or other value), the

surety protects the damaged party. This protection is typically in the form of offsetting or

covering the damage involved. A construction bond, therefore, involves a relationship

between three parties—the principal or party who might default, the obligee or party who

may be damaged or lose some advantage, and the surety who will offset the damage or loss

of advantage. For this reason, a bond is referred to as a three-party instrument establishing a

three-party relationship (see Figure 2.12).

A similar relationship exists if a person of limited means attempts to borrow money at

the bank. If the bank is concerned about the ability of the borrower to pay back the

borrowed money, it may require that a separate individual cosign the note or instrument of

the loan. The cosigner is required to pay back the borrowed money in the event that the

primary borrower defaults in repayment. In this situation, the bank is in the position of the

obligee, the borrower is the principal, and the cosigner acts as the surety.

During the bidding process, the owner usually requires a bid security. The security is

required to offset the harm or damage occurring in the event that the firm selected fails to

begin the project as directed. This may occur in the event that the selected bidder realizes

that he has underbid the project and that pursuing the work will result in a financial loss.

In such cases, the owner would incur a damage, since the next lowest bidder would

have to be selected. If, for instance, a contractor bidding $3 million refuses to enter into

contract, and the next low bid is $3,080,000, the owner is damaged in the amount of

Figure 2.12 Bonding relationship (three-party).
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$80,000. The responsibility of the surety is indemnified (covered) by the principal. If the

principal fails to enter into contract,

the Principal shall pay to the Obligee the difference not to exceed the penalty hereof between

the amount specified in said bid and such larger amount for which the Obligee may in good

faith contract with another party to perform the work.

If the principal is unable to pay this amount, the surety must step in and cover the

damage.

In most cases, the surety firm will not issue a bid bond unless it is sure the assets of the

principal will offset any default occurring due to failure to enter into a contract. Therefore,

if issued at all, the bid bond is issued for a small administrative fee. From the bonding

company’s point of view, the importance of the bid bond is not the fee paid by the

contractor for its issuance, but instead its implication that if the contract is awarded, the

surety will issue performance and payment bonds. The bid bond is a ‘‘lead parachute,’’

which pulls these two bonds out of the main pack. Typical performance and payment bonds

are shown in Appendix B. The performance bond protects the owner against default on the

contractor’s part in completing the project in accordance with the contract documents. The

payment bond protects the owner against failure on the part of the prime contractor to pay

all subcontractors or vendors having outstanding charges against the project. If the surety

fails to issue these bonds (required in the contract documents), the contractor is prevented

from entering into contract and the surety could be forced to cover damages resulting from

this default.

As an alternative to a bid bond, the owner will sometimes specify (in the notice to

bidders or the proposal) acceptance of a cashier’s check in a specified amount made out to

the owner to secure the bid. If the contractor fails to enter into the contract, he or she forfeits

this check and the owner can use it to defray the cost of entering into contract with the

second lowest bidder at a higher bid price. This method of bid security is indicated in the

notice to bidders in Figure 2.5. The notice to bidders states:

All Proposals must be accompanied by a certified check, or a bid bond of a reputable

bonding company authorized to do business in the State of Georgia, in an amount equal

to at least five (5%) percent of the total amount of the bid.

This procedure is further explained in the proposal form (Figure 2.9):

The bidder further agrees that, in case of failure on his part to execute the Construction

Agreement and the Bonds within ten (10) consecutive days after written notice being given of

the award of the Contract, the check or bid bond accompanying this bid, and monies payable

thereon, shall be paid into the funds of the {owner}.

Competitively bid government construction contracts require a bid bond that usually must

cover a higher percentage of the bid price than the percentage stipulated in private

construction bids (in fact, some private bids do not require a bid bond). For this reason,

residential and commercial construction contractors are different from public construction

contractors to a surety. A contractor failing to enter into contract after acceptance of his or

her low bid in public construction places a surety at greater risk because of the larger bid

bond for government contracts.

2.16 PERFORMANCE AND PAYMENT BONDS

If the contractor is awarded the contract, performance and payment bonds are issued. A

performance bond is issued to a contractor to guarantee the owner that the contract work
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will be completed and that it will comply with project specifications. In other words, a

performance bond protects the owner against default on the part of the contractor in

performing the project as required. If the contractor fails to perform the work as required,

the surety must provide for completion of the project in compliance with the plans and

specifications at the price originally quoted by the defaulting contractor.

A payment bond is issued to guarantee the owner protection against any liens or

charges against the project that are unpaid as a result of the contractor’s default. That is, if

the contractor fails to pay outstanding liens and charges against the project occurring as a

result of the construction work, the surety will pay these debts. If the contractor does not

pay subcontracts or suppliers, the surety must protect the owner from their claims. Standard

bonding forms for performance and payment bonds are shown in Appendix B.

Because of the potential cost and trouble involved in taking over the work of a

contractor about to default, the surety may elect to negotiate short-term financing for a

contractor who has current liquidity problems. The surety may grant loans directly or assist

the contractor in getting additional loans for the construction. In the event of default, there

is no surety payment until the contractor’s funds are completely exhausted. Then the surety

will normally rebid the job, at a cost to itself and delay to the owner. For these reasons, a

surety will often seek to assist a contractor overcome temporary cash shortages.

Surety companies typically have a list of troubleshooters who have a proven record of

quickly taking over projects that are in trouble and bringing them to successful completion.

In certain cases, the surety will replace the defaulting contractor’s management teamwith a

team of troubleshooters and attempt to complete the job with the existing work force. In

other cases, the surety may negotiate with a second contractor to complete the work at a

fixed price that is acceptable under the circumstances. The owner’s interest is that the loss

of time and disruption occurring because of default is minimized.

2.17 COST AND REQUIREMENTS FOR BONDS

Performance and payment bonds are issued for a service charge. A common rate is 1% or

$10 per $1,000 on the first $200,000 of contract cost. At higher contract costs, the rate is

reduced incrementally. Based on the size of the project and past performance of the

contractor, rates fluctuate between 0.5% and 3%. Normally, the surety is not at any great

risk because the bond includes an indemnity agreement on the part of the contractor. In

other words, the contracting corporation, partnership, or proprietorship must pledge to pay

back any monies expended by the surety on its behalf. Since the contractor or principal in a

construction bond is required to indemnify the surety against any loss as a result of the

bond, the protection of personal wealth and assets of corporate stockholders typical of

closely held corporations is not in force. Key personnel may be required to sign that they

will back the bond with their personal wealth in the case of closely held corporations or

limited partnerships.

TheMiller Act (enacted in 1935) establishes the level of bonding required for federally

funded projects. Performance bonds must cover 100% of the contractor amount, whereas

payment bonds are required based on the following sliding scale:

� 50% if the contract is $1 million or less

� 40% if the contract is between $1 and $5 million

� Fixed amount of $2.5 million if the contract is greater than $5 million

A surety seeks to keep itself well informed of a contractor’s progress on bonded projects and

with the contractor’s changing business and financial status. To help with this, the contractor

makes periodic reports on the work in progress with particular emphasis on costs, payments,

and disputes associated with uncompleted work. Based on these reports, the contractor’s
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bonding capacity can be determined. This is calculated as a multiple of the net quick assets of

the contractor as reflected in the company balance sheet. The net quick assets are the

contractor’s assets that can quickly be converted to cash or negotiable instruments to cover the

cost of default. Such items as cash on hand, demand deposits, accounts receivable, and similar

highly liquid assets are available to the surety in case of a default.

The multiple to determine bonding capacity is based on the contractor’s performance

over the years. New contractors with no track record will have a low multiple such as 5 or 6.

Old and reliable contractors may have a multiple of 40 or greater. Based on a multiple of 40, a

reliable firm with net quick assets of $500,000 would have a bonding capacity of $20 million.

In this case, the surety would provide bonding on work in progress (new jobs plus remaining

value in jobs under way) up to the amount of $20 million. In other words, the firm will be able

to pursue work for which bonds are required up to a total amount of $20 million.

Bonding companies have experienced larger than normal losses since the year 2000,

and have raised rates and reduced the dollar amount available for writing new bonds. Many

surety companies have raised premium rates by 10 to 30% since 2002 on performance and

payment bonds. This has made it much more difficult for construction firms to find bonding

and has impacted bid costs for firms working in markets which require bonds.

REVIEW QUESTIONS AND EXERCISES

2.1 What are the three major types of construction bonds?

Why are they required? Name three items that affect bonding

capacity.

2.2 In what major section of the contract is the time duration

of the project normally specified?

2.3 Who are the three basic parties involved in any construc-

tion bonding arrangement?

2.4 What type of bond guarantees that if a contractor goes

broke on a project the surety will pay the necessary amount to

complete the job?

2.5 What is the purpose of the following documents in a

construction contract?

a. General conditions

b. Special conditions

c. Addenda

d. Technical specifications

2.6 Why is the contractor normally required to submit a bid

bond when making a proposal to an owner on a competitively

bid contract?

2.7 What is the Miller Act and what does it specify regarding

government contracts?

2.8 What is the purpose of the notice to bidders?

2.9 List the various specialty groups that are normally in-

volved in the design of a high-rise building project.

2.10 How much money is the contractor investing in an

advertised project available for bid at the time of:

a. Going to the A/E’s office or checking the web to look

at the plans and specifications?

b. Deciding to acquire a set of the drawings for further

consideration?

c. Deciding to make initial quantity take-off?

d. Full preparation of bid for submittal?

2.11 What are the major parameters to be considered in the

prequalification assessment of a contractor? Investigate the

local criteria used in the prequalification of both small housing

and general contractors.

2.12 Obtain sample specification clauses relating to the qual-

ity of finish of an item such as face brick, exterior concrete, or

paint surfaces. Who has the major responsibility for the defini-

tion, achievement in the field, and paid acceptance?

2.13 Read those clauses of the general conditions of the

contract for construction that refer to the owner, architect,

contractor, and subcontractor. Then list the major responsibili-

ties of these agents with respect to the following:

a. The definition, or attention to, the scope of the project

b. The financial transactions on the project

c. The finished quality of the work

2.14 Look up the percentage of the total cost of a building that

RS Means Building Construction CostsTM (a compendium of

cost data, discussed later in this book) estimates for its archi-

tectural design.

2.15 An architect asks $100,000 for the architectural design of

a new building. However, after the preliminary design is

completed, the owner and the architect decide to stop the design

process. Howmuch of the $100,000 would it be fair to pay to the

architect? Why? Ask an experienced contractor to comment on

your answer. Do not consider any legal aspects that would

complicate your answer.

2.16 Visit the McGraw-Hill Dodge Construction ReportsTM

Website (http://dodge.construction.com) and find the three

largest projects currently being bid in your state in the categories
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of engineering, commercial, houses, and utilities. Report the

provided general description (‘‘type’’), estimated cost (‘‘valua-

tion’’), and their owner.

2.17 The AIA has standard contract documents similar to the

ones provided in the Appendixes of this book, developed by the

EJCDC. What differences in the content of their respective

General Conditions would you expect to find? Discuss at least

five of the topics shown in Table 2.1.

2.18 The blueprints for a one-story condominium project

indicate that it will use high-performance engineered wood

joists. The specifications, however, indicate that the joists will

consist of cheaper, traditional TJI1 joists. Which of the two

items would have priority, if the mistake is not detected prior to

awarding the construction contract?
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Project Rework Reduction

Rework, and particularly field rework, continues to be

one of the major sources of unplanned cost growth on

industrial construction projects. Rework occurs when

the installed work does not comply with or meet

required specifications. According to Construction

Industry Institute research, if field rework alone can be

significantly reduced, or even eliminated, as much as

10% of overall project costs can be saved. The savings

are expected to be substantially greater across an entire

project cycle, which includes engineering and

procurement.

Field rework is not caused solely by construction site

activities in isolation. For the field rework to be

reduced, a substantial effort must be made to improve

the effectiveness of the prior project phases with a view

to preventing all too frequent ‘‘catch-up’’ work during

the site construction and commissioning phases. A

number of computer-based tools have been developed to

combat project-wide reworks.
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3.1 ACCEPTANCE PERIOD/WITHDRAWAL

In formal competitive bid situations, the timing of various activities has legal implica-

tions. The issuance of the notice to bidders opens the bidding period. The date and time at

which the bid opening is to take place marks the formal end of the bidding period. Usually

either a physical or virtual bid box is established at some central location. Bids that have

not been received at the bid box by the appointed date and hour are late and are normally

disqualified. Prior to the close of the bidding (i.e., bid opening), contractors are free to

withdraw their bids without penalty. If they have noted a mistake, they can also submit a

correction to their original bid. Once bid opening has commenced, these prerogatives are

no longer available. If bids have been opened and the low bidder declares a mistake in bid,

procedures are available to reconcile this problem. If it can be clearly established that a

mathematical error has occurred, the owner usually will reject the bid. However, if the

mistake appears contrived to establish a basis for withdrawal of the bid, the owner will not

reject. Then the contractor must enter into contract or forfeit bid security. The chronology

of the bid procedure is shown in Figure 3.1.

The bid security protects the owner from failure by the contractor to enter into a formal

construction agreement. The contractor is protected by the acceptance period. The notice to

bidders specifies a period following bid opening during which the proposed bids are to

remain in force. The indication is that if the owner does not act in this period to accept one

of the bids, then the contractors can withdraw or adjust their bids. This is indicated in the

notice to bidders (see Figure 2.5) as follows:

Withdrawal of Bids: No submitted bid may be withdrawn for a period of sixty (60) days

after the scheduled closing time for the receipt of bid.

This is designed to protect the bidder because otherwise the owner could hold the

contractors to their bids for an unspecified amount of time. If the expected financing or

appropriation for the project does not materialize, the owner could, in theory, say ‘‘Wait

until next year, and I will enter into contract with you at this price.’’ This, of course, would

be potentially disadvantageous to the bidder. Therefore, the owner must send written notice

of award (e.g., notice to proceed) to the selected contractor during the acceptance period or

the bidders are released from their original proposals.

3.2 AWARD OF CONTRACT/NOTICE TO PROCEED

Notification of award of contract is normally accomplished by a letter indicating selection

and directing the contractor to proceed with the work. This notice to proceed consummates

the contractual relationship from a legal viewpoint despite the fact that a formal agreement

has not been signed. The contractual legal protocol for accepting proposals (offers) is

satisfied by the issuance of this letter. The letter also implies that the site is free of

encumbrances and that the contractor can occupy the site for work purposes. Provisions of

the contract usually direct that selected bidders commence work on the site within a

specified period of time, such as 10 days.

Figure 3.1 Chronology of bid procedure.
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The notice to proceed has an additional significance. The date of the notice to

proceed establishes the reference date from which the beginning of the project is

calculated. Therefore, based on the stipulated duration of the project as specified in

the supplementary conditions, the projected end of the project can be established. As

will be discussed, time extensions may increase the duration of the project, but the

end of project beyond which damages will be assessed for failure to complete the project

on time is referenced to the date of the notice to proceed. This might be specified

as follows:

Work shall be completed no later than one thousand fifty (1,050) calendar days after the

date of receipt by the Contractor of Notice to Proceed.

Calendar days are used because they simplify the calculation of the end-of-project

date. In certain cases, the duration of the project is specified in working days. The general

conditions normally specify working days as Monday through Friday. Therefore, each

week contains 5 working days.

In some projects, all encumbrances to entry of the construction site have not been

reconciled. Therefore, the ‘‘notice to proceed’’ cannot be issued since the contractor is not

authorized to enter the site. In such cases, to indicate selection and acceptance of a

proposal, the owner may send the selected bidder a letter of intent. This letter will indicate

the nature of encumbrance and establish the owner’s intent to enter into contracts as soon

as barriers to the site availability have been removed.

3.3 CONTRACT AGREEMENT

Although the issuance of the notice to proceed establishes the elements of a contract, this is

formalized by the signing of a contract agreement. In a legal sense, the formal contract

agreement is the single document that binds the parties and by reference describes the

work to be performed for a consideration. It pulls together under one cover all documents

to include (a) the drawings, (b) the general conditions, (c) the supplementary conditions,

(d) the technical specifications, and (e) any addenda describing changes published to these

original contract documents. As with other bid package components, standard forms for

the contract agreement for a variety of contractual formats are available from various

professional organizations. Forms for the stipulated (lump) sum and negotiated (cost of

work plus a fee) type contract are given in Appendixes C and D.

3.4 TIME EXTENSIONS

Once the formal contract has been signed, certain aspects of the contractor’s activity

during construction must be considered. Often circumstances beyond the contractor’s

control, which could not have been reasonably anticipated at the time of bidding, lead to

delays. These delays make it difficult or impossible to meet the project completion date.

In such cases the contractor will request an extension of time to offset the delay. These

time extensions, if granted, act to increase the duration of the project. Procedures for

dealing with time extensions are established in the general conditions of the contract.

Claims for extension of time must be based on delays that are caused by the owner or the

owner’s agents or on delays due to Acts of God. Delays that result from design errors or

changes are typical of owner-assignable delays and are not uncommon. A study of delay

sources on government contracts indicated that a large percentage of all delays can be

traced to the reconciliation of design-related problems (see Table 3.1). Weather delays

are typical of the so-called act of God type delay. Normal weather, however, is not

justification for the granting of a time extension. Most general conditions state
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specifically that only ‘‘adverse weather conditions not reasonably anticipatable’’ qualify

as a basis for time extensions. This means that a contractor working in Minnesota in

January who requests a 15-day time extension due to frozen ground that could not be

excavated will probably not be granted a time extension. Since frozen ground is typical

of Minnesota in January, the contractor should have ‘‘reasonably anticipated’’ this

condition and scheduled around it. Weather is a continuing question of debate, and many

contractors will submit a request for time extension automatically each month with their

progress pay request, if the weather is the least bit out of the ordinary.

Time extensions are added to the original duration so that if 62 days of time extension

are granted to an original duration of 1,050 days, the project must be completed by 1,112

calendar days after notice to proceed. If the contractor exceeds this duration, liquidated

damages (see Section 3.9) are assessed on a daily basis for each day of overrun. The

question of what constitutes completion can be answered as follows:

The Date of Substantial Completion of the Work or designated portion thereof is the Date

certified by the owner’s representative when construction is sufficiently complete, in

accordance with the Contract Documents, so the Owner can occupy, or utilize the Work or

designated portion thereof for the use for which it is intended.

This date is often referred to as the beneficial occupancy date, or BOD. Once the

owner occupies the facility, he or she relinquishes a large portion of the legal leverage

available to make the contractor complete outstanding deficiencies. Usually, a mutually

acceptable date is established when substantial completion appears to have been

reached. On this date an inspection of the facility is conducted. The owner’s representa-

tive (normally the design professional) and the contractor conduct this inspection

recording deficiencies that exist and representing items for correction. Correction of

these items will satisfy the owner’s requirement for substantial completion. This

deficiency list is referred to in the industry as the punch list. Theoretically, once the

contractor satisfactorily corrects the deficiencies noted on the punch list, the owner will

accept the facility as complete. If the rapport between owner and contractor is good, this

phase of the work is accomplished smoothly. If not, this turnover phase can lead to

claims for damages on both sides.

An indication of the amounts of time extension granted for various reasons on

some typical government projects is given in Table 3.1. The types of delay sources cate-

gorized were due to (a) design problems, (b) owner modification, (c) weather,

(d) strike, (e) late delivery, and (f) others. The percentages presented were calculated

as % extension ¼ (no. of days of time extension granted � originally specified project

duration) � 100.

Table 3.1 Average Percent Extension by Extension Type

Facility

Design

Problem

Owner

Modification Weather Strike

Late

Delivery Other

Airfield paving/lighting 7.2 1.3 2.3 0.0 10.5 4.9

Airfield buildings 12.1 2.3 3.7 3.2 0.8 29.9

Training facilities 6.2 20.8 2.9 0.0 0.6 4.6

Aircraft maintenance

facilities

12.0 2.0 8.4 1.0 2.2 0.2

Automotive

maintenance facilities

12.9 2.3 3.4 1.4 0.7 0.4

Hospital buildings 16.0 3.4 2.6 0.6 0.6 0.9

Community facilities 6.7 5.4 2.3 1.7 1.5 0.3

Source: From D. W. Halpin and R. D. Neathammer, ‘‘Construction Time Overruns,’’ Technical Report P-l6,

Construction Engineering Research Laboratory, Champaign, IL, August 1973.
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3.5 CHANGE ORDERS

Since the contract documents are included by reference in the formal agreement, the lines

on the drawings, the words in the technical specifications, and all other aspects of the

contract documentation are legally binding. Any alteration of these documents constitutes

an alteration of the contract. As will be discussed in Chapter 4, certain contractual formats

such as the unit-price contract have a degree of flexibility. However, the stipulated or lump-

sum contract has virtually no leeway for change or interpretation. At the time it is presented

to the bidders for consideration (i.e., is advertised), it represents a statement of the project

scope and design as precise as the final drawings for an airplane or a violin. Changes that

are dictated, for any reason, during construction represent an alteration of a legal

arrangement and, therefore, must be formally handled as a modification to the contract.

These modifications to the original contract, which themselves are small augmenting

contracts, are called change orders.

Procedures for implementing change orders are specified in the general conditions of

the contract. Since change orders are minicontracts, their implementation has many of the

elements of the original contract bid cycle. The major difference is that there is no

competition, since the contractor has already been selected. Normally, a formal commu-

nication of the change to include scope and supporting technical documents is sent to the

contractor. The contractor responds with a price quotation for performing the work, which

constitutes his or her offer. The owner can accept the offer or attempt to negotiate (i.e.,

make a counteroffer). This is, of course, the classical contractual cycle. Usually, the

contractor is justified in increasing the price to recover costs due to disruption of the work

and possible loss of job rhythm. If the original contract documents were poorly scoped and

prepared, the project can turn into a patchwork of change orders. This can lead to a

sharpening of the adversary roles of the contractor and the owner and can substantially

disrupt job activities.

3.6 CHANGED CONDITIONS

Engineering designs are based on the project site conditions as they are perceived by the

architect/engineer (A/E) or design professional. For structural and finish items as well as

mechanical and electrical systems above ground, the conditions are constant and easily

determined. Variation in wind patterns leading to deviation from original design criteria

may pose a problem. But normally, elements of the superstructure of a facility are

constructed in a highly predictable environment.

This is not the case when designing the subsurface and site topographical portions of

the project. Since the ability to look below the surface of the site is limited, the designer

relies on approximations that indicate the general nature of the soil and rock conditions

below grade. The designer’s ‘‘eyes’’ in establishing the design environment are the reports

from subsurface investigations. These reports indicate the strata of soil and rock below the

site based on a series of bore holes. These holes are generally located on a grid and attempt

to establish the profile of soil and rock. The ability of the below-grade area to support

weight may be established by a grid of test piles. The money available for this design

activity (i.e., subsurface investigation) varies, and an inadequate set of bore logs or test

piles may lead to an erroneous picture of subsurface characteristics. The engineer uses the

information provided by the subsurface investigation to design the foundation of the

facility. If the investigation is not extensive enough, the design can be inadequate.

The information provided from the subsurface investigation is also the contractor’s

basis for making the estimate of the excavation and foundation work to be accomplished.

Again, if the investigation does not adequately represent the site conditions, the contrac-

tor’s estimate will be affected. The topographic survey of the site is also a basis for estimate
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and, if in error, will impact the estimate and price quoted by the contractor. If the contractor

feels the work conditions as reflected in the original investigation made available for

bidding purposes are not representative of the conditions ‘‘as found,’’ he or she can claim a

changed condition. For instance, based on the boring logs, a reasonable estimate may

indicate 2,000 cubic yards of soil excavation and 500 cubic yards of rock. After work

commences, the site may be found to contain 1,500 cubic yards of rock and only 1,000

cubic yards of soil. This, obviously, substantially affects the price of excavation and would

be the basis for claiming a changed condition.

In some cases, a condition may not be detected during design, and the assumption is

that it does not exist. For instance, anunderground river orflowofwatermaygoundetected.

This condition requires dewatering and a major temporary-construction structure to

coffer the site and to construct the foundation. If this condition could not reasonably

have been foreseen by the contractor, there would be no allowance for it in his or her bid.

The failure of the bid documents to reflect this situation would cause the contractor to

claim a changed condition.

If the owner accepts the changed condition, the extended scope of work represented

will be included in the contract as a change order. If the owner does not accept the changed

condition claim, the validity of the claim must be established by litigation or arbitration.

3.7 VALUE ENGINEERING

Value engineering (VE) was developed during World War II in the United States. It began

as a search for alternative product components due to a shortage of critical items during the

war. Innovation was required. It was discovered that a process of ‘‘function analysis’’

produced low-cost products without impacting functional characteristics or reducing

quality. This initiative showed that innovation can yield products can be developed that

cost less but maintain the expected levels of performance. In this case, ‘‘necessity was the

mother of invention.’’

In the early 1960s, this concept of value was introduced in the construction industry

through directives from the Navy and Army Corps of Engineers relating to facility

procurement. Other major government agencies (e.g., Public Building Service) joined

this movement by introducing incentive clauses in facility procurement (construction)

contracts, which provided rewards to contractors for value proposals that led to reduced

construction costs while maintaining the functionality of the completed facility. These

clauses are structured generally as follows:

The Contractor is encouraged to develop, prepare, and submit value engineering change

proposals (VECPs) voluntarily. The Contractor shall share in any net acquisition savings

realized from accepted VECPs, in accordance with the incentive sharing rates specified in

the contract.

In Army Corps of Engineers contracts, the VE incentive clause allows the construction

contractor to share 50% or more of the net savings in firm fixed-price contracts. For

example, if a contractor is constructing bridge towers supported (in the original design) by

drilled pile foundations, and the contractor can redesign the foundations as spread mat

footers with a savings of $400,000, a portion of the savings (usually 50%) is distributed to

the contractor. The construction contractor must prepare a value engineering change

proposal (VECP) which will be reviewed and then accepted or rejected by the owner. A

potential reward to the contractor (in this case) of $200,000 is available if the proposal

is accepted.

The VECP procedure allows the owner to harvest new and innovative ideas from the

construction contractor. This overcomes, to some degree, the factors which obstruct the
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transfer of information from the contractor to the designer in classical design-bid-build

(DBB) contracts. In such contracts, information flow is impeded by the ‘‘friendly

enemy’’ attitude, which is often characteristic of the relationship between the design

professional and the contractor in competitively bid contracts. Also, due to the sequence

of design and construction in the DBB format, contractors seldom have input to the

design process.

Construction contractors are typically more knowledgeable about field conditions and

construction methods than design engineers. The construction methods used to realize a

given design in the field have a great impact on cost. Contractors are in a better position to

know what materials are easiest to install and which designs are most constructable. This

knowledge can greatly influence cost. The VECP process allows this expertise to be

transferred to the owner yielding a cost saving.

The idea behind VE is the improvement of design by encouraging the contractor to

make suggestions during construction. This is in contrast to the implementation of VE

during the design phase, which involves the designer or design professional in a systematic

program of ‘‘value analysis.’’ If at any point following selection, the contractor feels that a

proposal to improve cost effectiveness of the design as transmitted at the time of bidding is

appropriate, there is a monetary incentive to submit such a proposal. Again, if the contactor

makes a suggestion that cuts the cost of the air-conditioning system by $60,000 and an

equal sharing VE clause is in the contract, $30,000 is received for this VECP if accepted by

the owner. The guiding principle in making the suggestion is that the cost is reduced while

the functionality is maintained or improved.

VE can also be implemented during the design phase of project development. This

aspect of VE uses various procedures such as brainstorming, prioritization, research,

matrix analysis, and scoring systems to evaluate design alternatives. Criteria evaluation can

be used to assess multiple factors such as aesthetics, performance, safety, and so on. A

weighted analysis is used to do the final analysis. In the weighting process, a criteria matrix

such as that shown in Figure 3.2 is used. All criteria to be considered are listed and

compared. In comparing two criteria, preference for one over the other is scored as follows:

1 ¼ slight preference

2 ¼ average preference

3 ¼ above average preference

4 ¼ major preference

In the figure, five criteria are listed as A through E. In the triangular portion of the

matrix, cost (A) is compared with aesthetic (B). Cost has an ‘‘average preference’’ so A-2

is placed in the diamond linking these two criteria. B and C are compared because they are

equally preferred (no preference); B/C is entered in the diamond linking these two criteria.

Now the A-2 diamond is compared to the B/C diamond and the preference of A-2 prevails

and is noted in the diamond linking these two composite preferences (A to B and B to C).

This process is continued until all criteria have been compared. The right most diamond

shows that the most preferred criteria are A and E. They are effectively equally preferred.

In the lower part of the matrix however, E is given a raw score of 5 whereas A receives

a slightly higher score of 6. These raw scores are converted to weights as shown. Two

alternatives are compared with the original design solution. Each of the factors (A to E) are

given a score between 1 (poor) and 5 (excellent). These scores are multiplied by the weight

of importance. For the original solution, factor E receives a score of 3 times 9 or 27. The

original solution score is 27 þ 12 þ 4 þ 4 þ 40 or 87. This compares with scores for

alternative 1 and 2 of 99 and 86 respectively. Based on this weighted analysis, alternative 1

would be selected.
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This structured approach to evaluating alternatives during design helps to formalize

consideration of various alternatives. A more comprehensive discussion of this topic is

beyond the scope of this section. Government agencies have led the way in the in the use of

VE incentive clauses in construction contracts. This allows the owner (i.e., the government)

to enhance the flow of cost saving information between the designer and the contractor

during the construction phase. Success in the use of VECP clauses by public agencies has

led to widespread implementation of such incentive clauses in construction contracts used

by private owners.

Weighted Evaluation
Project: Date:

Architectural

Criteria
Criteria Scoring Matrix

A.  Cost (LCC)

C.  Space

D.  Performance

E.  Safety

F.

G.

Analysis Matrix
Alternatives

1.  Original Solution

5.

* Selected based on weighted evaluation
5-Excellent  4-Very Good  3-Good  2-Fair  1-Poor

4.

3.  Alternative No. 2

2.  Alternative No. 1

B.  Aesthetics

Structural Mechanical Others

4 - Major Preference
3 - Above Average Preference
2 - Average Preference
1 - Slight Preference
   - Letter / Letter
     No Preference
     Each Scored One Point

How Important:

Sheet No.:

A - 2
A - 2

E-1
E-2

E - 1

D - 1
D - 1

B / C
A / E

A - 1

G F E D C B A

5 2 1 1 6

9

27

3

12

3

4

2

4

2

40

4

Total

87

99*

86
36

4

20

5

10

5

10

5

10

1

27

3

8

2

8

4

6

3

50

5

4 2 2 10

Raw Score

Weight of
Importance

(0 - 10)

Figure 3.2 Criteria Evaluation Matrix.
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3.8 SUSPENSION, DELAY, OR INTERRUPTION

The standard general conditions utilized for many government contracts provide that:

The Contracting officer may order the Contractor in writing to suspend, delay, or interrupt

all or any part of the work for such period of time as he or she may determine to be

appropriate for the convenience of the government.

Interrupting or suspending work for an extended period of time may be costly to the

contractor, since he or she must go through a demobilization-remobilization cycle and may

confront inflated labor and materials at the time of restarting. In such cases, within the

provisions of the contract, the owner (i.e., the government) is required to pay an adjustment

for ‘‘unreasonable’’ suspensions as follows:

An adjustment shall be made for any increase in cost of performance of this contract

(excluding profit) necessarily caused by such unreasonable suspension, delay, or interruption

and the contract modified in writing accordingly.

The amount of this adjustment is often contested by the contractor and can lead to

lengthy litigation. Normally, the owner will attempt to avoid interruptions. Difficulties in

obtaining continuing funding, however, are a common cause for these suspensions.

3.9 LIQUIDATED DAMAGES

Projects vary in their purpose and function. Some projects are built to exploit a developing

commercial opportunity (e.g., a fertilizer plant in Singapore) while others are government

funded for the good and safety of the public (e.g., roads or bridges). In any case, the purpose

and function of a project are often based on the completion of the project by a certain point in

time. To this end, a project duration is specified in the contract document. This duration is

tied to the date the project is needed for occupancy and use. If the project is not completed on

this date, the owner may incur certain damages due to lacking the availability of the facility.

For instance, assume an entrepreneur is building a shopping center. The project is to be

complete for occupancy by 1 October. The projected monthly rental value of the project is

$30,000. If all space is rented for occupancy on 1October and the contractor fails to complete

the project until 15 October, the space cannot be occupied and half a month’s rental has been

lost. The entrepreneur has been ‘‘damaged’’ in the amount of $15,000 and could sue the

contractor for the amount of the damage. Contracts provide a more immediate means of

recourse in liquidating or recovering the damage. The special conditions allow the owner

under the contractual relationship to charge the contractor for damages for each day the

contractor overruns the date of completion. The amount of the liquidated damage to be paid

per day is given in the special or supplementary conditions of the contract. The clause SC-2 of

the Special Conditions in Figure 2.10 is typical of the language used, and reads:

Liquidated Damages In case of failure on the part of the Contractor to complete the work

within the time fixed in the contract or any extensions thereof, the Contractor shall pay the

owner as liquidated damages the sum of $3000 for each calendar day of delay until the work

is completed or accepted.

The amount of the liquidated damage to be recovered per day is not arbitrary and must

be a just reflection of the actual damage incurred. The owner who is damaged must be able,

if challenged, to establish the basis of the figure used. In the rental example given, the basis

of the liquidated damage might be as follows:

Rental loss: $30,000 rent/month/30 days ¼ $1,000/day

Cost of administration and supervision of contract ¼ $200/day

Total amount claimed as liquidated damage ¼ $1,200/day
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If a project overruns, the owner not only incurs costs due to lost revenues but also must

maintain a staff to control and supervise the contract. This is the $200 cost for supervision.

The point is that an owner cannot specify an arbitrarily high figure such as $20,000 per day

to scare the contractor into completion without a justification. The courts have ruled that

such unsupported high charges are in fact not the liquidation of a damage but instead a

penalty charge. The legal precedent established is that if the owner desires to specify a

penalty for overrun (rather than liquidated damages), he must offer a bonus in the same

amount for every day the contractor brings the project in early. That is, if the contractor

completes the project 3 days late he must pay a penalty of $60,000 (based on the preceding

figure). On the other hand, if the contractor completes the project 3 days early, he would be

entitled to a bonus of $60,000. This has discouraged the use of such penalty-bonus clauses

except in unusual situations.

Establishing the level of liquidated damages for government projects is difficult, and in

most cases the amount of damage is limited to the cost of maintaining a resident staff and

main office liaison personnel on the project beyond the original date of completion. In a

claims court, it is difficult to establish the social loss in dollars of, for instance, the failure to

complete a bridge or large dam by the specified completion date.

3.10 PROGRESS PAYMENTS AND RETAINAGE

During the construction period, the contractor is reimbursed on a periodic basis. Normally,

at the end of each month, the owner’s representative (e.g., project or resident engineer) and

the contractor jointly make an estimate of the work performed during the month and the

owner agrees to pay a progress payment to cover the contractor’s expenditures and fee or

markup for the portion of the work performed. The method of making progress payments is

implemented in language as follows:

At least ten days before the date for each progress payment established in the Owner

Contractor Agreement, the Contractor shall submit to the owner’s representative an

itemized Application for Payment, notarized if required, supported by such data

substantiating the Contractor’s right to payment as the Owner may require, and reflecting

retainage, if any, as provided elsewhere in the Contract Documents.

Retainage is considered in greater detail in Chapter 11 in discussing cash flow. The

owner typically retains or holds back a portion of the monies due the contractor as an

incentive for the contractor to properly complete the project. The philosophy of retainage is

that if the project is nearing completion virtually the entire bid price has been paid out,

the contractor will not be motivated to do the small closing-out tasks that inevitably are

required to complete the project. By withholding or escrowing a certain portion of the

monies due the contractor as retainage, the owner has a ‘‘carrot,’’ which can be used at

the end of a project. The owner can say essentially, ‘‘Until you have completed the project

to my satisfaction, I will not release the retainage.’’ Retainage amounts are fairly

substantial, and therefore, the contractor has a strong incentive to complete small finish

items at the end of the project.

The amount of retainage is stated in the contract documents using wording similar to

the following:

In making progress payments, there shall be retained 10 percent of the estimated amount

until final completion and acceptance of the work.

Various retainage formulas can be used based on the owner’s experience and policy. If

work is progressing satisfactorily at the 50% completion point, the owner may drop the

retainage requirement. This may be specified in terms similar to the following:
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If the owner’s representative (architect/engineer) at any time after 50 percent of the work

has been completed finds that satisfactory progress is being made, he may authorize any of

the remaining progress payments to be made in full.

If a project has been awarded at a price of $1,500,000 and 10% retainage is withheld

throughout the first half of the job, the retained amount is $75,000. This is a formidable

incentive and motivates the contractor to complete the details of the job in a timely fashion.

3.11 PROGRESS REPORTING

Contracts require the prime contractor to submit a schedule of activity and periodically

update the schedule reflecting actual progress. This requirement is normally stated in the

general conditions as follows:

Progress Charts The contractor shall within 5 days or within such time as determined by the

owner’s representative, after the date of commencement of work, prepare and submit to the

owner’s representative for approval a practicable schedule, showing the order in which the

contractor proposes to carry on the work, the date on which he will start the several salient

features (including procurement of materials, plant, and equipment) and the contemplated

dates for completing the same. The schedule shall be in the form of a progress chart of

suitable scale to indicate appropriately the percentage of work scheduled for completion at

any time. The contractor shall revise the schedule as necessary to keep it current, shall enter

on the chart the actual progress at the end of each week or at such intervals as directed by

the owner’s representative, and shall immediately deliver to the owner’s representative

three copies thereof. If the contractor fails to submit a progress schedule within the time

herein prescribed, the owner’s representative may withhold approval of progress payment

estimates until such time as the contractor submits the required progress schedule.

This provision is fairly broad and could well be interpreted to require only grossly

defined S-curves or bar charts. These bar charts may be based either on activities or

percentage completion of the various work categories such as concrete, structural,

electrical, and mechanical work. These reports are used at the time of developing the

monthly progress payments and to ensure the contractor is making satisfactory progress.

Figures 3.3 and 3.4 indicate sample reporting methods involving bar charts for work

activities and S-curves of overall percentages complete.

Network methods provide greater detail and have the advantage during planning and

scheduling of being oriented to individual activities and their logical sequence. From the

owner’s viewpoint they allow amore precise review of logic and progress during construction

and acceptance periods. If the contractor is behind schedule on critical activities, a simple bar

chart or S-curve will not highlight this. The Critical Path Method (see Chapter 8) provides

greater early warning of the impact of delays on total project completion.

3.12 ACCEPTANCE AND FINAL PAYMENT

Final acceptance of the project is important to all parties concerned. As noted previously, it

is particularly important to the contractor, since final acceptance means the release of

retainage. Final acceptance of the project is implemented by a joint inspection on the part

of the owner’s representative and the contractor. The owner’s representative notes

deficiencies that should be corrected, and the contractor makes note of the deficiencies.

These are generally detail items, and the list generated by the joint inspection is called the

deficiency, or punch, list. It becomes the basis for accepting the work as final and releasing

final payment (to include retainage) to the contractor. A similar procedure is used between

the prime contractor and the subcontractors. When the subcontractor’s work is complete,
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representatives of the prime and subcontractor ‘‘walk the job’’ and compile the deficiencies

list for final acceptance of subcontract work. An example of a punch list between prime

contractor and subcontractor is shown in Figure 3.5.

3.13 SUMMARY

This chapter has presented an overview of the cycle of activity that moves a project from

the bid award stage through construction to acceptance by the owner or client. It is

necessarily brief but provides a general frame of reference indicating how the contractor

receives the project and some of the contractual considerations that must be addressed

during construction. The competitively bid type of contract and the bid sequence peculiar

to this contractual format have been used as the basis for this presentation. Other forms of

Figure 3.3 Bar chart planning and control models: (a) planned rate of progress and (b) actual rate of

progress.
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contract will be discussed in Chapter 4. However, the basic chronology of events is the

same. Having established this general mapping of the construction process, the following

chapters develop the details of the contractor’s role in the construction team.

REVIEW QUESTIONS AND EXERCISES

3.1 What is the difference between liquidated damages and a

penalty for late completion of the contract?

3.2 What is the purpose of retainage?

3.3 During what period can a contractor withdraw the bid

without penalty?

Figure 3.4 Bar chart project models: (a) bar chart schedule (plan focus) and (b) bar chart updating

(control focus).

Larger Building

Smaller Building

May 20, 2XXX
Punch List Items Acme Plastering Co.

Barfield-400 Project

1. Caulking required between stucco and brick on the lower level.
2. Streaks and cracking on stucco must be remedied.

1. Very noticeable line of stucco in rear of building.

4. Areas of excess spalling must be corrected.
3. Exterior bridge entrances: patch stucco must be made uniform.
2. Streaks and cracking on stucco must be repaired.

Figure 3.5 Typical punch list.
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3.4 As a contractor you have built a 100-unit apartment com-

plex that rents for $450 per unit a month. For late completion, you

were assessed $2,000 per day. Would you qualify the assessment

as liquidated damages or as a penalty? If the contract had

included a bonus of $500 per day for early completion, would

you expect to gain any assessment from court action? Why?

3.5 Describe the procedures to be followed for the receiving

and opening of bids. If possible attend a bid opening and

determine the number of bids that were submitted. For several

unsuccessful bids determine the dollar amounts by which they

exceeded the winning bid. Then calculate (relative to the

winning bid) the percentages by which they exceed the winning

bid. What do these figures tell about the strength of the current

estimating and market environments? How much did the win-

ning bidder ‘‘leave on the table’’?

3.6 Scan a typical stipulated sum contract and identify those

clauses that prescribe, modify, or are related to time considera-

tions. Then develop a time strip map (similar to Figure 3.1) for

the contract that locates the times (or time zones) for which each

of the clauses are relevant. Which clauses rigorously fix time

constraints for the contract and which are dependent on Acts of

God or the owner for relevance?

3.7 Describe the procedure to be followed by the contractor

who wishes to claim a time extension. What sort of documen-

tation do you think is necessary to either refute or defend a time

extension claim due to unusual weather?What sort of records do

local contractors keep of weather conditions?

3.8 Must a contractor accept and perform all the work involved

in each contract change order? Is there a limit to the number or

magnitude of change orders that can be applied to a contract?

When can a contractor refuse to accept a change order?

3.9 List the common causes of changed conditions in a

building contract. What typical contract clauses bear on the

problems caused by changed conditions? Suppose separate

contracts are let for the building foundations and all remaining

work. If you are the second contractor and you find that the

foundations are incorrectly located, either in plan or elevation,

would you be able to claim a changed condition?

3.10 Prepare a punch list of deficiencies or repairs that you

consider necessary for your room, garage, or classroom. Can

any of these items be related back to the original acceptance of

the facility?

3.11 How would you go about either documenting a claim for

a contractor’s progress payment or its verification by the

contract administrator for a typical building project in your

locality?

3.12 Fudd Associates, Inc. submits a bid for $20 million. Mr.

Fudd discovers at bid opening that all other bids are over $25

million. It is obvious that there is a mistake in his cost estimate.

Could he withdraw his bid after all bids are opened, but no

winner has been declared? Why? What circumstances would

make you change your answer?

3.13 A contractor signs a contract for the construction of a

$150 million ship harbor expansion. Before the Notice to

Proceed is issued, a hurricane passes near the area and

substantially changes the shape of the sea floor. The contractor

claims that different drilling and dragging equipment will be

required for the changed shape and requests a bid price

adjustment. The owner responds that the passing of a hurri-

cane is common in the area, and therefore, the contractor

should have included the event as a contingency cost in his

bid. Who is right? How do you think that this real case was

settled?

3.14 Alright Construction, Inc., signs a contract with Casa

Del Monte, Inc., to build five new 20-room modules for a large

tourist resort in a Caribbean country. Casa Del Monte estab-

lishes liquidated damages of $30,000 for each day over the

contractual deadline of December 1. The damages are con-

sidered reasonable, based on a net income of $300 for each of

the 100 new rooms. However, political instability in the

country keeps tourists off the resort. It has an occupancy

rate of just 20% during December. Alright Construction does

have a delay of 15 days. Can this contractor claim that the

liquidated damages should be limited to 20% � $30,000 ¼
$6,000 per day?
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Web-Based Contracts

Web-based contracting provides an environment supporting

scheduling, controlling, regulating, analyzing, and auditing the

procurement and delivery of materials and services for

construction in an electronic format. By enabling online

competitive bidding and improving the record-keeping

associated with the purchasing process, buyers will be able to

quickly and easily compare product offerings from different

manufacturers, as well as solicit pricing and availability. This

puts buyers in a position to make optimal price- and time-of-

delivery decisions.

A number of companies are developing network-based contracting services. These

networks are adopting such solutions to improve their subcontract bidding process.

With this system, construction companies can easily submit bid documents and

specifications to solicit competitive bids for subcontracted work. They are able to

route request for quotations and request for proposals (RFQs/RFPs) to approved

contractors or search for matching contractors according to attributes, such as

Construction Specifications Institute (CSI) classification, geographic location,

specialty, minority status, licensing, and bonding. Eligible contractors and suppliers

are notified of pending project bids and may then respond electronically. Their

responses are automatically organized into bid summary spreadsheets for review and

award. Buyers can anticipate an immediate return on investment from reduced costs
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associated with the processing of purchase orders, more competitive prices, and

overall supply-chain efficiencies. Sellers can find new opportunities to increase sales

by expanding their customer base and effectively communicating their product line

and pricing. These online services help construction companies manage their

complex supply chains, while enabling the project owner to make trade-off decisions

about construction costs versus lifetime operational costs.

4.1 CONTRACT ENVIRONMENT

Construction is a product-oriented activity that has many dimensions. One of these

dimensions is the business side of construction. The business world is structured by

contractual relationships, and the business aspects of construction require the establish-

ment of contractual relationships with a wide range of parties. The central role played

by contracts is reflected by the fact that construction firms are referred to as ‘‘contractors.’’

In addition to the contractual relationship with the owner/client, construction managers

supervise contracts with subcontractors, specialty firms such as scheduling services, labor

unions, as well as equipment and materials vendors. Insurance and bonds as well as the

documents establishing the legal structure of a company have the elements of contractual

requirements. This chapter investigates the major contractual forms used to establish

contracts for the construction of projects.

An agreement between two or more competent parties to do something for a con-

sideration establishes the basis for a contract. What is agreed to be performed (or refrained

to be performed) cannot be impossible or enjoined by law. For example, a contract cannot

bind a party to perform an illegal act or one that would be virtually impossible such as

completing a 20-story building in a week.1

The courts are often called upon to determine:

1. Who are the parties to a contract?

2. What are their promises?

3. Other aspects of the contractual agreement.

Awhole body of law has grown up around the many facets of contractual relationships.

Because these issues remain constant for most construction situations, contract language

in the construction industry has been normalized over many years and a variety of standard

contract forms have developed.

4.2 PROCESS OF PURCHASING CONSTRUCTION

As noted in Chapter 1, construction contracts structure the way in which construction is

‘‘purchased.’’ It is interesting to compare the construction purchasing system with the way

in which wewould buy a new lawnmower or a set of living room furniture. Consumers who

need to purchase something go to a store, look at the range of product choices, and then pay

a single supplier (the store owner) for the item of interest. If, for instance, we need a

refrigerator, we go to an appliance store, inspect the various models, check prices, select

one for purchase, pay for it, and the store owner sends it to our house or apartment within

the next few days.

1What is virtually impossible? The concept is relative and frequently at the center of construction litigation.
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Two major aspects of this process contrast with the way in which we ‘‘buy’’

construction.

1. We have the finished product available for our inspection, and we can decide

whether it meets our requirements. That is, the manufactured product is available

for our inspection prior to purchase.

2. Because the final product is available, we purchase it from a single individual or

source.

In construction the facility is purchased before it is ‘‘manufactured’’ based on a set of

drawings and work descriptors. Also the end item requires the purchaser to coordinate

many entities to include designer(s), contractor(s), specialty subcontractors, and vendors. It

is as if to buy a refrigerator we must develop a drawing of the refrigerator, purchase the

materials required, and then coordinate 10 different entities who build it for us. Typically,

none of the entities building the end item will warrant the proper operation of the

refrigerator. They will only warrant the work that they provide.

In the building of the Brooklyn Bridge referred to in Chapter 1, Washington Roebling

ordered a gigantic wooden box (e.g., a caisson) that was built by a local shipyard. The

shipyard required payment in advance and would only warrant that the box was built

according to plans that Roebling provided. They would not guarantee that it would perform

adequately as a caisson because they did not know what a caisson was or how it was to

be used.

Ideally, we would like to go to a single source and purchase the construction project as

a finished unit. Obviously, in construction this is seldom possible. Traditional contract

formats address this problem by focusing on the purchase of the design from a single entity

(e.g., the design professional) and the construction of the facility by a general contractor

who purchases the needed materials and services and coordinates the work of all the

entities building the facility. As has been noted, even this three-party purchasing relation-

ship (e.g., owner, designer, and constructor) can lead to an adversarial relationship between

the parties.

Owners would, in general, like to work with a single source and be able to purchase the

facility as-built (e.g., fully constructed and ready for occupancy). That single source would

warrant the operation of the facility and act as a single point of contact to reconcile all

problems with the product. This approach is used in single-family housing to a large extent.

The home builder builds a house on a speculative basis without a buyer on hand. The house

is presented to the public as a finished product and the contractor is a single point of contact

for purchase and warranty.

Tunnels, bridges, and most large construction projects are not first built and then

presented to the public for purchase. These are not built ‘‘on spec’’ (i.e., on a speculative

basis) simply because the risk of building a ‘‘white elephant’’ that cannot be sold is too

great. For this reason, the ability to present a finished product to a prospective buyer of

construction is not feasible for most construction projects (one exception being single-

family housing).

Project delivery systems have been developed to provide the construction buyer (i.e.,

the client) with a single point of contact or source of purchase. These contract formats have

gained popularity over the past 25 years and are still evolving. The two major varieties of

contract formats designed to provide the client with the construction equivalent of ‘‘one-

stop shopping’’ are (a) design-build contracts and (b) construction management contracts.

Before discussing these more recent developments in construction contracting, it is

important to understand the contract types that have been used most widely over the

past 60 years.
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4.3 MAJOR CONSTRUCTION CONTRACT TYPES

The most widely used format of contract is the competitively bid contract. For a number of

reasons, almost all contracts that involve public funds are awarded using competitively bid

contracts. A competitively bid contract is used because it yields a low and competitive price

that ensures taxpayers that their monies are being equitably and cost-effectively disbursed.

The basic sequence of events associated with this type of contract has been described in

Chapters 2 and 3. The two main categories of competitively bid contracts are (a) the lump-,

or stipulated, sum contract and (b) the unit-price contract. The names of both of these

contract formats refer to the method in which the price for the work is quoted.

The second most widely used contract format is the negotiated contract. This form of

contract is also referred to as a cost-plus contract, although this refers to the method of

payment rather than the nature of the selection process. The contractor is reimbursed for the

cost of doing the work plus a fee. In this type of contract, the contractor risk is greatly

reduced because the requirement of completing the work at a fixed price is not present. The

owner has the flexibility to select the contractor based on considerations other than lowest

price quotation. The method of selection involves the identification of a group of qualified

contractors who are invited to prepare proposals based on the project documentation

available. The proposals present the credentials of the firm and an approximate estimate of

cost based on the project data available. The estimate includes not only the ‘‘bricks-and-

mortar’’ direct costs but also estimates of the cost of supervision by the contractor’s

personnel and the level of fee requested. The proposal is often presented in a semiformal

interview framework in which the contractor meets with the client and his or her

representatives. Selection of the contractor is based on the preferences of the owner

and the strengths and weaknesses of the contractor’s proposal. This format is not well

suited to public projects since favoritism can play a major part in determining which

contractor is selected. In recent years, these issues have been addressed with innovative

stipulations that reduce these risks.

4.4 COMPETITIVELY BID CONTRACTS

The mechanism by which competitively bid contracts are advertised and awarded has been

described in Chapters 2 and 3. Essentially, the owner invites a quote for the work to be

performed based on complete plans and specifications. The award of contract is generally

made to the lowest responsible bidder. The word responsible is important since the

contractor submitting the lowest bid may not, in fact, be competent to carry out the

work. Once bids have been opened and read publicly (at the time and place announced in

the notice to bidders), an ‘‘apparent’’ low bidder is announced. The owner then immedi-

ately reviews the qualifications of the bidders in ascending order from lowest to highest. If

the lowest bidder can be considered responsible based on his or her capability for carrying

out the work, then further review is unnecessary.

The factors that affect whether a contractor can be considered responsible are the same

as those used in considering a contractor for prequalification:

1. Technical competence and experience.

2. Current financial position based on the firm’s balance sheet and income statement.

3. Bonding capacity.

4. Current amount of work under way.

5. Past history of claims litigation.

6. Defaults on previous contracts.
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Because of shortcomings in any of these areas, a contractor can be considered a risk and,

therefore, not responsible. Owners normally verify the bidder’s financial status by consulting

the Dun and Bradstreet Credit Reports (Building Construction Division) or similar credit

reporting system to verify the financial picture presented in the bid documents.

Generally, the advantages that derive from the use of competitively bid contracts are

twofold. First, because of the competitive nature of the award, selection of the low bidder

ensures that the lowest responsible price is obtained. This is only theoretically true,

however, since change orders and modifications to the contract tend to offset or negate this

advantage and increase the contract price. Some contractors, upon finding a set of poorly

defined plans and specifications will purposely bid low (i.e., zero or negative profit)

knowing that many change orders will be necessary and will yield a handsome profit. That

is, they will bid low to get the award and then negotiate high prices on the many change

orders that are issued.

The major advantage, which is essential for public work, is that all bidders are treated

equally and there are no favorites. This is important because in the public sector political

influence and other pressures could bias the selection of the contractor. Presently, public

design contracts are not awarded by competitive bidding. The practice of negotiating

design contracts is traditional and supported by engineering professional societies (e.g., the

American Society of Civil Engineers and the National Society of Professional Engineers).

Nevertheless it has been challenged by the U.S. Department of Justice.

Recent rulings indicate that competitive procedures for award of design contracts

are gaining support, and this may become common in the design field as it is now in the

construction field.

The competitive method of awarding construction contracts has several inherent

disadvantages. First, the plans and specifications must be totally complete prior to bid

advertisement. This leads to a sequentiality of design followed by construction and breaks

down feedback from the field regarding the appropriateness of the design. Also, it tends to

extend the total design-build time frame since the shortening of time available by designing

and constructing in parallel is not possible. In many cases, the owner wants to commence

construction as quickly as possible to achieve an early completion and avoid the escalating

prices of labor and materials. The requirement that all design must be complete before

construction commences preempts any opportunity for commencing construction while

design is still under way.

4.5 STIPULATED-SUM CONTRACTS

A lump-sum, or stipulated-sum, contract is one in which the contractor quotes one price,

which covers all work and services required by the contract plans and specifications. In

this format, the owner goes to a set of firms with a complete set of plans and

specifications and asks for a single quoted price for the entire job. This is like a client

going to a marine company with the plans for a sailboat or catamaran and requesting a

price. The price quoted by the boat builder is the total cost of building the vessel and is a

lump-sum price. Thus, the lump sum must include not only the contractor’s direct costs

for labor, machines, and so forth but also all indirect costs such as field and front office

supervision, secretarial support, and equipment maintenance and support costs. It must

also include profit.

In stipulated-sum contracts the price quoted is a guaranteed price for the work

specified in the plans and supporting documents. This is helpful for the owner since he

knows the exact amount of money that must be budgeted for the project, barring any

contingencies or change of contractual documents (i.e., change orders).

In addition, the contractor receives monthly progress payments based on the estimated

percentage of the total job that has been completed. In other contract forms, precise field
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measurement of the quantity of work placed (e.g., cubic yards of concrete) must be made

continuously because the contractor is paid based on the units placed rather than on the

percentage of job completed. Since the percentage of the total contract completed is an

estimate, the accuracy of the field measurements of quantities placed need only be accurate

enough to establish the estimated percentage of the project completed. This means that the

number and quality of field teams performing field quantity measurements for the owner

can be reduced. The total payout by the owner cannot exceed the fixed or stipulated price

for the total job. Therefore, rough field measurements and observations, together with some

‘‘Kentucky windage,’’ are sufficient support for establishing the amount of progress

payment to be awarded.

In addition to the disadvantage already noted (i.e., the requirement to have detailed

plans and specifications complete before bidding and construction can begin), the

difficulties involved in changing design or modifying the contract based on changed

conditions are an important disadvantage. The flexibility of this contract form is limited.

Any deviation from the original plans and specifications to accommodate a change must be

handled as a change order (see Section 3.5). This leads to the potential for litigation and

considerable wrangling over the cost of contract changes and heightens the adversary

relationship between owner and contractor.

The stipulated-sum form of contract is used primarily in building construction in

which detailed plans and specifications requiring little or no modification can be devel-

oped. Contracts with large quantities of earthwork or subsurface work are not normally

handled on a lump-sum basis since such contracts must be flexible enough to handle the

imponderables of working below grade. Public contracts for buildings and housing are

typical candidates for lump-sum competitively bid contracts.

4.6 UNIT-PRICE CONTRACTS

In contrast to the lump-sum, or fixed-price, type of contract, the unit-price contract allows

some flexibility in meeting variations in the amount and quantity of work encountered

during construction. In this type of contract, the project is broken down into work items

that can be characterized by units such as cubic yards, linear and square feet, and piece

numbers (e.g., 16 window frames). The contractor quotes the price by units rather than

as a single total contract price. For instance, he or she quotes a price per cubic yard for

concrete, machine excavation, square foot of masonry wall, etc. The contract proposal

contains a list of all work items to be defined for payment. Items 1 to 4 in Section 1

of Figure 2.9 provide a typical listing for unit-price quotation. This section is reprinted

for reference.

Item

Number Quantity Unit Description

Unit

Price

Total

Amount

1 550 cubic yard (cu yd) Rock excavation

(for structures and

pipes only)

$_____ $_____

2 50 linear foot (lin ft) 8-in. C.I. force main $_____ $_____

3 20 cubic yard (cu yd) Trench excavation

for pipes

$_____ $_____

4 200 square yard (sq yd) Paving $_____ $_____

Four items of unit-price work are listed. A guide quantity is given for each work item.

The estimated amount of rock excavation, for example, is 550 cu yd. Based on this quantity

of work, the contractor quotes a unit price. The total price is computed by multiplying the

4.6 Unit-Price Contracts 67



E1C04_1 09/16/2010 68

unit price by the guide quantity. The low bidder is determined by summing the total amount

for each of the work items to obtain a grand total. The bidder with the lowest grand total is

considered the low bidder. In true unit-price contracts, the entire contract is divided into

unit-price work items. Those items that are not easily expressed in units such as cubic

yards are expressed in the unit column as ‘‘one job.’’

Unit-price quotations are based on the guide quantity specified. If a small quantity is

specified, the price will normally be higher to offset mobilization and demobilization costs.

Larger quantities allow economies of scale, which reduce the price per unit. That is, if 100

square feet of masonry brick wall is to be installed, the cost per square foot would normally

be higher than the cost for 5,000 square feet. Mobilization and demobilization costs are

spread over only 100 units in the first case, whereas in the second case these costs are

distributed over 5,000 units, reducing the individual unit cost.

Most unit-price contracts provide for a price renegotiation in the event that the actual

field quantity placed deviates significantly from the guide quantity specified. If the

deviation exceeds 10%, the unit price is normally renegotiated. If the field quantity is over

10% greater than the specified guide quantity, the owner or the owner’s representativewill

request a price reduction based on economies possible due to the larger placement

quantity. If the field quantity underruns the guide quantity by more than 10%, the

contractor will usually ask to increase the unit price. He or she will argue that to recover

mobilization, demobilization, and overhead, prices must be increased since they were

based on the larger guide quantities provided in the bid schedule. That is, there are fewer

units across which to recover these costs and, therefore, the unit price must be adjusted

upward. In developing the unit-price quotation, the contractor must include not only

direct costs for the unit but also indirect costs such as field and office overheads as well as a

provision for profit.

In unit-price contracts, the progress payments for the contractor are based on precise

measurement of the field quantities placed. Therefore, the owner should have a good

indication of the total cost of the project based on the grand total price submitted. However,

deviations between field-measured quantities and the guide quantities will lead to devia-

tions in overall job price. Therefore, one disadvantage of the unit price contract form is

that the owner does not have a precise final price for the work until the project is complete.

In other words, allowances in the budget for deviations must be made. In addition, the

precision of field measurement of quantities is much more critical than with the lump-sum

contract. The measured field quantities must be exact because they are, in fact, the payment

quantities. Therefore, the owner’s quantity measurement teams must be more careful and

precise in their assessments since their quantity determinations establish the actual cost of

the project.

Unit-price contracts can also be manipulated using the technique called unbalancing

the bid. The relationship between the contractor’s expenditures and income across the life

of a typical project is shown schematically in Figure 4.1. Because of delays in payment and

retainage as described in Section 3.10, the revenue curve lags behind the expenditure curve

and leads the contractor to borrow money to finance the difference. The nature and amount

of this financing is discussed in detail in Chapter 11.

The shaded area in Figure 4.1 gives an approximate indication of the amount of

overdraft the contractor must support at the bank pending reimbursement from the client.

To reduce this financing as much as possible, the contractor would like to move the income

curve as far to the left as possible.

One way to achieve this is to unbalance the bid. Essentially, for those items that occur

early in the construction, inflated unit prices are quoted. For example, hand excavation that

in fact costs $50 per cubic yard will be quoted at $75 per cubic yard. Foundation piles that

cost $40 per linear foot will be quoted at $60 per linear foot. Since these items are

overpriced, to remain competitive, the contractor must reduce the quoted prices for latter
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bid items. ‘‘Close-out’’ items such as landscaping and paving will be quoted at lower-than-

cost prices. This has the effect of moving reimbursement for thework forward in the project

construction period. It unbalances the cost of the bid items leading to front-end loading.

The amount of overdraft financing is reduced, as shown by the revenue and expense

profiles in Figure 4.2. Owners using the unit-price contract format are usually sensitive to

this practice by bidders. If the level of unbalancing the quotations for early project bid

items versus later ones is too blatant, the owner may ask the contractor to justify his or her

price or even reject the bid.

Some contracts obviate the need to unbalance the bid by allowing the contractor to

quote a ‘‘mobilization’’ bid item. This essentially allows the bidder to request front

money from the owner. The mobilization item moves the income curve to the left of the

expense curve (see Figure 4.3). The contractor in the normal situation (Figure 4.1) will

bid the cost (e.g., interest paid) of financing the income/expense difference into his

prices. Therefore, the owner ultimately pays the cost of financing the delay in payments

of income. If the owner’s borrowing (i.e., interest) rate at the bank is better than that of

the contractor, money can be saved by providing a mobilization item, thereby offsetting

the contractor’s charge for interim financing. Large owners, for instance, are often able

to borrow at the prime rate (e.g., 3 or 4%), whereas contractors must pay several percent

above the prime rate (e.g., 6 or 9%). By providing a mobilization item, the owner

essentially assumes the overdraft financing at his rate, rather than having the contractor

charge for financing at the higher rate.

In addition to the flexibility in accommodating the variation in field quantities, the

unit-price contract has the added advantage to the contractor that quantity estimates

developed as part of the bidding process need only verify the guide quantities given in the

Figure 4.1 Project

expense/income curves.

Figure 4.2 Unbalanced bid

income profile.
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bid item list (i.e., bid schedule). Therefore, the precision of the quantity takeoff developed

for the contractor’s estimate prior to construction need not be as exact as that developed for

a fixed-price (lump-sum) contract. The leeway for quantity deviation about the specified

guide quantities also normally reduces the number of change orders due to the automatic

allowance for deviation.

Because of its flexibility, the unit-price contract is almost always used on heavy and

highway construction contracts where earthwork and foundation work predominate.

Industrial rehab work can also be contracted using the unit-price contract form with a

bid item list for price quotation. Major industrial facilities are typically bid using the

negotiated contract format.

4.7 NEGOTIATED CONTRACTS

An owner can enter into contract with a constructor by negotiating the price and method of

reimbursement. A number of formats of contract can be concluded based on negotiation

between owner and contractors. It is possible, for example, to enter into a fixed-price or

unit-price contract after a period of negotiation. In some cases, public owners will negotiate

with the three low bidders on prices, materials, and schedule.

The concept of negotiation pertains primarily to the method by which the contractor is

selected. It implies flexibility on the part of the owner to select the contractor on a basis

other than low bid. Therefore, a contractor competing for award of contract in the

negotiated format cannot expect to be selected solely on the basis of low bid. This affects

the bid cycle and the completeness of plans and specifications that must be available at the

time of contractor selection. The owner invites selected contractors to review the project

documentation available at the time of negotiation. This documentation may be total and

complete design documentation as in the case of competitively bid contracts or only

concept-level documentation. Based on the documentation provided, the contractor is

invited to present his qualifications to perform the work and to indicate his projected costs

and fee for completing the work. Because the level of the design documentation can vary

from total detail to preliminary concept drawings, the accuracy of the cost projections will

also vary. Within this presentation format, the owner evaluates the experience, reputation,

facilities, staff available, charge rates, and fee structures of the various bidders participat-

ing. Based on this evaluation, the field is reduced to two or three contractors, and negotia-

tions are opened regarding actual contract form and methods of reimbursement.

Since in most cases, the design documentation is not complete at the time of

negotiation, the most common form of contract concluded is the cost þ fee. In this type

of contract, the contractor is reimbursed for expenses incurred in the construction of the

contracted facility. The contract describes in detail the nature of the expenses that are

Figure 4.3 Income profile with mobilization payment.
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reimbursable. Normally, all direct expenses for labor, equipment, and materials as well

as overhead charges required to properly manage the job are reimbursable. In addition,

the contractor receives a fee for his expertise and the use of his plant in support of the job.

The fee is essentially a profit or markup in addition to the cost reimbursement. The level

and amount of fee in addition to the charge schedule to be used in reimbursement of the

direct costs are major items of discussion during negotiation. Various formulas are used

for calculating the fee and strongly influence the profitability of the job from the

contractor’s standpoint.

As in the case of competitively bid contracts, the contractor does the financing of the

project and is reimbursed by periodic (e.g., monthly) progress payments. Both parties to the

contract must agree to and clearly define the items that are reimbursable. Agreement

regarding the accounting procedures to be used is essential. Areas of cost that are

particularly sensitive and must be clearly established are those relating to home office

overhead charges. If the owner is not careful, he may be surprised to find out he has agreed

to pay for the contractor’s new computer network. Other activities that must be clearly

defined for purposes of reimbursement are those pertaining to award and control of

subcontracts as well as the charges for equipment used on the project.

Four types of fee structure are common. They lead to the following cost-plus types of

reimbursement schemes:

1. Cost þ percent of cost

2. Cost þ fixed fee

3. Cost þ fixed fee þ profit-sharing clause

4. Cost þ sliding fee

The oldest form of fee structure is the percentage of cost form. This form is lucrative

for the contractor but is subject to abuse. There is little incentive to be efficient and

economical in the construction of the project. Just to the contrary, the larger the cost of the

job, the higher the amount of fee that is paid by the owner. If the cost of the job is

$40 million and the fee is 2%, then the contractor’s fee is $800,000. If the costs increase to

$42 million the contractor’s fee increases by $40,000. Abuse of this form of contract has

been referred to as the ‘‘killing of the goose that laid the golden egg.’’ Therefore, this form

of reimbursement is seldom used.

To offset this flaw in the percent-cost approach, the fixed-fee formula was developed. In

this case, a fixed amount of fee is paid regardless of the fluctuation of the reimbursable cost

component. This is usually established as a percentage of an originally estimated total cost

figure. This form is commonly used on large multiyear industrial plant projects. If the

projected cost of the plant is $500 million, a fixed fee of 1% of that figure is specified and

does not change due to variation from the original estimated cost. Therefore, the contractor’s

fee is fixed at $5 million. This form gives the contractor an incentive to get the job done as

quickly as possible to recover his or her fee over the shortest time frame. Because of the

desire to move the job as quickly as possible, however, the contractor may tend to use

expensive reimbursable materials and methods to expedite completion of the project.

The fixed-fee plus profit-sharing formula provides a reward to the contractor who

controls costs, keeping them at a minimum. In this formula it is common to specify a target

price for the total contract. If the contractor brings the job in under the target, the savings

are divided or shared between owner and contractor. A common sharing formula provides

that the contractor shares by getting 25% of this underrun of the target. If, for instance, the

target is $15 million and the contractor completes the job for $14.5 million, a bonus of

$125,000 is received. The projection of this underrun of the target and the percent bonus to

be awarded the contractor are used by some construction firms as a measure of the job’s

profitability. If the contractor exceeds the target, there is no profit to be shared.
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In some cases, the target value is used to define a guaranteed maximum price (GMP).

This is a price that the contractor guarantees will not be exceeded. In this situation, any

overrun of the GMP must be absorbed by the contractor. The GMP may be defined as the

target plus some fraction of the target value. In the previous example, if the target is $15

million, a GMP of $16 million might be specified.

In this form, a good estimate of the target is necessary. Therefore, the plans and

concept drawings and specifications must be sufficiently detailed to allow determination of

a reasonable target. The incentive to save money below the target provides an additional

positive factor to the contractor. The owner tends to be more ready to compromise

regarding acceptance of the project as complete if the job is under target. Additional work

on punch list costs the contractor 25 cents, but it costs the owner 75 cents. The quibbling

that is often present at the time the punch list is developed is greatly reduced to the

contractor’s advantage.

A variation of the profit-sharing approach is the sliding fee, which not only provides a

bonus for underrun but also penalizes the contractor for overrunning the target value. The

amount of the fee increases as the contractor falls below the target and decreases as he or

she overruns the target value. One formula for calculating the contractor’s fee based on a

sliding scale is

Fee ¼ R(2T � A) where T ¼ target price

R ¼ base percent value

A ¼ actual cost of the construction

Negotiated contracts are most commonly used in the private sector, where the owner

wants to exercise a selection criterion other than low price alone. The negotiated contract is

used only in special situations in the public sector since it is open to abuse in cases in which

favoritism is a factor. Private owners are also partial to the negotiated format of contracting

because it allows the use of phased construction in which design and construction proceed

simultaneously. This allows compression of the classical ‘‘design first-then construct’’ or

design-bid-build sequence. Since time is literally money, every day saved in occupying the

facility or putting it into operation represents a potentially large dollar saving. The cost of

interest alone on the construction financing of a large hotel complex can run as high as

$50,000 a day. Financial costs generated by delays on large power facilities are estimated at

between $250,000 and $500,000 a day. Quite obviously, any compression of the design-

build sequence is extremely important.

Large and complex projects have durations of anywhere from to 2 to 3 up to 10 years.

For such cases, cost-plus contracts are the only feasible way to proceed. Contractors

will not bid fixed prices for projects that continue over many years. It is impossible to

forecast the price fluctuations in labor, material, equipment, and fuel costs. Therefore,

negotiated cost-plus-fee contracts are used almost exclusively for such complex long-

duration projects.

4.8 PROJECT DELIVERYMETHODS

In ancient times, great structures were constructed by ‘‘master builders’’ who developed

the project concept, designed the appearance and technical details of the finished building

or monument, and mobilized the resources needed to realize the final structure. This

classical approach was used to build the pyramids, the great castles and churches of the

middle Ages, and the civil engineering infrastructure of the industrial revolution. Master

builders designed and constructed facilities acting as a single point of contact for the client.

Over the past 100 years, the processes of designing and building were gradually

separated. Design and construction were viewed as separate endeavors. A design
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professional prepared the project plans, and a separate firm was contracted to perform the

actual construction of a facility. This separation of activities also led to a sequencing of

activities in which design was completed before construction commenced. This became the

‘‘traditional’’ sequence and is now referred to as Design-Bid-Build (DBB). This contract-

ing procedure has been the basis for our discussions in Chapters 2 and 3. In contrast, master

builders conducted design and construction simultaneously.

Over thepast30years, a numberofnewconcepts for project deliveryhavebeendeveloped

to compress the time required to realize a constructed facility. It has been recognized that the

DBBmethod of project delivery, with its sequential emphasis, leads to longer-than-necessary

project time frames. It is advantageous froma timeperspective tohavedesignandconstruction

proceed simultaneously. This has led to a reconsideration of the master builder concept and a

discussion of what is meant by ‘‘Project Delivery Systems or Methods.’’

The topic of project delivery methods addresses ‘‘the organization or the development

of the framework relating the organizations required to complete or deliver a project and

the establishment of the formal (i.e., contractual) and the informal relationships between

these organizations.’’ In the DBB approach, for instance, the owner holds a contract with

the designer or architect/engineer (A/E) for the development of the plans and specifications

and a separate contract with the construction contractor for the building of the facility. In

other delivery systems, the owner contracts with a single group or entity for both the design

and construction of a facility. Another accepted definition is as follows:

A project delivery method is the comprehensive process of assigning the contractual

responsibilities for designing and constructing a project (Associated General Contractors

[AGC], 2004).

Based on guidance given by the AGC, the concept of project delivery addresses two

critical issues:

1. Is the responsibility to the owner/client for project design and construction tied to a

single entity (e.g., a performing group) or multiple entities? In other words, does the

owner deal with a single entity or multiple entities when pursuing design and

construction of a project?

2. Is the award based on lowest cost or on other criteria?

In the framework of this discussion, competitively bid contracts require multiple

entities and the contract award is based on lowest quotation or cost to the owner. Negotiated

contracts also involve multiple entities (e.g., architects, design professionals, and con-

struction contractors) and may be based on lowest cost, although, in certain cases other

considerations take precedence over cost (e.g., expertise, previous performance, and ability

to react quickly). Two relatively new contract formats have been introduced that emphasize

simplifying the project delivery process. Low cost is not as central to these formats as in the

competitive or negotiated types of contracts. The emphasis is on optimizing parameters

other than cost (e.g., quality, time of completion, meeting market needs, and safety).

Design Build (DB) and Construction Management (CM) contracts differ from the

traditional DBB format in terms of how they address the two critical issues of project

delivery methods previously stated. They also facilitate the use of ‘‘phased construction’’

or ‘‘fast-tracking’’ based on design and construction occurring in parallel (i.e., at the same

time) in contrast to the sequential nature of the DBB approach.

4.9 DESIGN-BUILD CONTRACTS

As noted in Section 4.2, it is advantageous from the client’s point of view to have a single

contractor provide the entire project as a single contract package. In the 1970s, large firms
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began to offer both design and construction services to provide the client with a single

source for project delivery. This approach of providing both design and construction

services can be viewed as a natural evolutionary step beyond the negotiated contract. It has

been common practice in industrial construction to use the design-build (DB) approach for

complex projects that have tight time requirements. In such cases, it is advantageous for the

client to have a single firm providing both design and construction services.

This system has the advantage that differences or disputes between the design team or

group and the construction force are matters internal to a single company. This eliminates

the development of an adversary relationship between two or more firms involved in

realizing the project (i.e., it eliminates disputes between designer and constructor).

Normally, the management of the DB contractor is motivated to reconcile disputes or

differences between design and construction in an expeditious and efficient manner. If such

problems are not addressed, they can lead to loss of profit and potential dismissal of the

contractor for poor performance.

Coordination between design and construction is also enhanced by having both

functions within the same firm. This system improves the communication between

designers and the field construction force and assists in designing a facility that is not

only functional but is also efficient to construct. The firm is driven by the profit motive to

optimize the design both for the functional life-cycle use of the building as well as to design

for construction, thus enhancing the efficiency of the construction process. This can be

compared to the manufacturing design of the refrigerator referred to in Section 4.2. If a firm

manufactures a refrigerator, it designs the appliance to be efficient for use in the home. It

also designs the item so that it can be manufactured in the most cost-efficient and timely

manner so as to reduce production costs.

DB contracts also have the advantage that design and construction can be done

concurrently. That means that work can be started in the field before a complete design is

available. This allows for ‘‘phased construction,’’ or a ‘‘fast track,’’ approach as described

previously and a compression of the schedule because design must not be totally complete

prior to commencement of construction. During the 1970s this type of contract was used

mainly on large and complex projects (e.g., petrochemical plants, industrial complexes,

and power plants) to improve the flow of information between the design team and the

construction people in the field. Usually, only firms with large design and construction

capabilities were able to provide DB services. Projects built with a single DB contractor

were often referred to as ‘‘turnkey’’ projects because the owner dealt with only one

contractor and that contractor was charged with the completion of the facility so that the

project was ready to be placed in operation with the ‘‘turn of a key.’’ That is, this owner

signed a single contract and said ‘‘Call me when you have the project complete and you

want me to turn the key to start it up.’’

4.10 DESIGN-BUILD IN A CONSORTIUM FORMAT

In the past 20 years, the use of DB contracts has become more common in the building

construction sector. A number of firms have marketed this project delivery approach to

private entrepreneurs (e.g., owners building hotels, and apartment and office structures) in

the building sector as way to receive the best product in the most timely way at the best

price. Since most building contractors do not have an in-house design capability, lead

contractors typically form a team or consortium of designers and specialty contractors who

work together to meet the needs of the client. The owner/client contracts with the

consortium as a single group providing the total project package (e.g., design, construction,

procurement, etc.).

Each member of the consortium is at risk and is motivated to work with other members

to minimize delays and disputes. In effect, a group of designers and constructors form a
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consortium to build a project based on conceptual documentation provided by the owner.

They agree to work together to achieve the project and, therefore, implicitly agree to avoid

developing an adversary relationship between one another.

The attraction of this consortium-based approach is the fact that the owner/client is

given a stipulated-sum price for the project after 30 to 40% of the design of the project

is completed. Barring major changes to the project, the consortium locks in the final

price at the end of the preliminary design phase. This is attractive to the owner because

financing for the overall project can be lined up based on a definitive cost figure

developed early in the design development process. This reduces the need for contin-

gency funds and is attractive to the lender since the cost and, therefore, the amount of the

borrowing is locked in.

The members of the consortium are motivated to be innovative and avoid disputes

since failure to achieve the stipulated price quoted at the end of preliminary design will

result in a loss to all of the members of the consortium. Again, the adversary relationship

typical of designer and constructors is largely eliminated since bickering and lack of

cooperation among members of the team can lead to significant losses. Incentive to

avoid disputes and to develop innovative solutions to field problems is inherent in this

type of contract.

This consortium-based DB contract has gained such wide acceptance in the private

building construction community that it is now being used by the federal government on

a number of building projects. A number of large Internal Revenue Service (IRS)

facilities have been built using DB contracts. In its application in the private sector, stiff

competition among a number of consortia for the same project has not been the normal

case. In most cases, the owner/entrepreneur has worked with one or two lead contractors

who form a DB team to meet the customized requirements of the client. Competition

among competing consortia in the private building construction sector has not been a

major issue.

With the advent of the use of this method in the public sector, competition has been a

major factor. Selection of the winning consortium is based on competitive review of

proposals from each consortium. In this format, the consortia not selected incur substantial

losses based on the cost of organizing and developing a competitive proposal.

4.11 CONSTRUCTIONMANAGEMENT CONTRACTS

In construction-management (CM) type contracts, one firm is retained to coordinate all

activities from concept design through acceptance of the facility. The firm represents the

owner in all construction management activities. In this type of contract, construction

management is defined as that group of management activities related to a construction

program, carried out during the predesign, design, and construction phases, which

contributes to the control of time and cost in the construction of a new facility. The

CM firm’s position in the classical relationship linking owner, contractor, and A/E is as

shown in Figure 4.4.

This firm has the function of a traffic cop or enforcer, controlling the flows of

information among all parties active on the project. The CM firm establishes the

procedures for award of all contracts to architect/engineers, principal vendors, and the

so-called trade or specialty contractors. Once contractual relationships are established, the

CM firm controls not only the prime or major contractor but all subcontractors as well as

major vendors and off-site fabricators. Major and minor contractors on the site are referred

to as trade contractors. In this control or management function, the CM firm uses the

project schedule as a road map or flight plan to keep things moving forward in a timely and

cost-effective manner. The major functions carried out by the CM firm vary depending on

whether the project is in the (a) predesign, (b) design, or (c) construction phase.
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CM contracts are particularly attractive for organizations that periodically build

complex structures (e.g., hospital authorities, municipalities, and transit authorities) but

do not desire to maintain a full-time construction staff to supervise projects on a recurring

basis. In such cases an owner can retain a firm as construction manager to plan, develop,

and coordinate the activities of one or more design professionals, trade contractors,

vendors, and other interested parties such as licensing and control bodies.

4.12 CONSTRUCTIONMANAGEMENT AT-RISK

Agency construction managers are coordinators working on behalf of the client and are not

contractually liable for the successful completion of thework. In addition, problems arising

out of decisions made as a part of their oversight of the project often lead to legal issues that

are difficult to resolve. For instance, if the agency construction manager implements safety

procedures on behalf of the owner, which are found to be faulty and lead to unsafe

construction operations, the owner, not the agency construction manager, is normally

viewed as liable for legal suites or claims arising out of these procedures. Therefore, the

client, through lack of experience in dealing with construction problems and protocols,

may be put at risk by poor decisions made by the agency construction manager while

supervising and controlling the project.

To close this loophole, a version of the CM contract format has become popular in

which the construction manager not only coordinates the project but also assumes

responsibility for the construction phase of the work. In the CM at-risk contract, the

CM firm assumes the same risk that a construction contractor in the DBB format would

assume for the successful completion of the project. In this situation, the CM-at risk signs all

contracts related to the construction phase of the work. The design and other preconstruction

contracts and responsibilities are signed by or remain with the owner. Prior to the

commencement of construction, the CM at-risk provides services similar to those provided

by an agency construction manager. The CM at-risk contract is similar to the DBB format in

that design and construction are separate contracts. It differs from the DBB format, however,

in that the selection criteria are based on issues other than lowest total construction cost.

4.13 COMPARING PROJECT DELIVERYMETHODS

From the project delivery perspective, competitively bid contracts are required to be design-

bid-build (DBB) contracts. Negotiated contracts can be viewed as DBB contracts although it

Figure 4.4 Traditional versus phased construction.
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is not unusual for design and construction to proceed in parallel (i.e., simultaneously) in a

given situation. In other words, it is possible to use ‘‘phased construction’’ when working

with negotiated construction contracts. A constructor involved in construction of a hotel

building on a cost reimbursable basis can begin construction of the site excavation and

subbasements while the roof-top restaurant is still being designed. For both competitively

bid and negotiated contracts, the owner holds separate contracts with the designer or design

group and with the construction contractor.

In the Design Build (DB) format, the owner enters into contract with a single entity—

the design builder. The basis of selection of the DB firm or consortium is normally on the

basis of considerations other than least cost. Fast-tracking or phased construction is typical

of DB contracts.

In both forms of the CM format, the owner holds multiple contracts. In the case of the

Agency Construction Management format, the owner signs a management contract with

the CMa, but holds contracts directly with the design and construction firms involved.

Selection of the Agency CM firm is based on issues other than total construction cost (e.g.,

quality, schedule performance) Fast-track construction is usual when using this format.

The CM at-risk format requires separate contracts for the design team and the CM

at-risk firm (similar to the DBB format). Low total construction cost is not the basis for

selection of the construction manager at-risk. Fast-track construction is possible when

using this format. The major types of project delivery methods are summarized in

Table 4.1.

REVIEW QUESTIONS AND EXERCISES

4.1 Name and briefly describe each of the two basic types

of competitively bid construction contracts. Which type would

be most likely used for building the piers to support a large

suspension bridge? Why?

4.2 If you were asked to perform an excavation contract

competitively with limited boring data, what type of contract

would you want and why?

4.3 Name three ways the construction contract can be

terminated.

4.4 Name two types of negotiated contracts and describe the

method of payment and incentive concept.

4.5 What ismeant by unbalancing g a bid?What type of contract

is implied? Give an example of how a bid is unbalanced.

4.6 Why is cost plus a percentage of cost type of contract not

used to a great extent?

4.7 Under what circumstances is a cost-plus contract favor-

able to both owner and contractor?

4.8 Valid contracts require an offer, an acceptance, and a

consideration. Identify these elements in the following cases:

(a) The purchase of an item at the store

(b) The hiring of labor

(c) A paid bus ride

(d) A construction contract

(e) The position of staff member in a firm

Table 4.1 Project Delivery Method (PDM)

Contract Type Single or Multiple Contracts to Owners Selection Criteria

Phased

Construction

DBB Competitively Bid Multiple-Design Contract

& Construction Contract

Low Construction Cost No

Negotiated Multiple Design & Construction Low Cost or Other Possible

DB DB Single Contract with DB Firm Usually not Low Cost—

Based on Performance

Yes

CM CMa Contracts held by Owner—CM, Design,

Construction, and Vendors

Based on Performance

Expectations

Yes

CM at Risk Same as CMa above except CM and

Construction Contracts are Combined

Based on Performance

Expectations

Yes

Review Questions and Exercises 77



E1C04_1 09/16/2010 78

4.9 Suppose you are a small local building contractor respon-

sible for the construction of the small gas station in Appendix H.

List the specialty items that you would subcontract.

4.10 Visit a local building site and ascertain the number and

type of subcontracts that are involved. How many subcontracts

do you think may be needed for a downtown high-rise building?

Why would there be more subcontractors in a building job as

opposed to a heavy construction job?

4.11 From the point of view of the owner’s contract adminis-

trator, each different type of contract places different demands

on supervision. List the significant differences that would

impact the complement (number) of field personnel required

to monitor the contract.

4.12 Visit a local contractor and determine the proportion of

contracts that are negotiated against those that are competitively

bid awards. Is this percentage likely to change significantly with

small building contractors? Is there a difference between build-

ing contractors and heavy construction contractors?

4.13 The first progress payment received by the contractor is

signified by the first vertical segment of the income curve in

Figures 4.1, 4.2, and 4.3. Why is this first payment shown at

the end of the second month instead of at the end of the first

month?

4.14 Some people feel that lump-sum contracts can foster a

more contentious work environment than any of the other

types of contracts discussed in this chapter. What is the basis

for this perception? Do you think that this perception is true?

4.15 An architect and a general contractor join forces and win

a DB project contract. What risks could this arrangement have,

from the owner’s perspective? What advantages could this ad-

hoc enterprise have, again from the owner’s viewpoint?

4.16 Comment on the advantages of the DB approach to

project delivery that the Design-Build Institute of America

(DBIA) provides on its Website (www.dbia.org).
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Joint Venturing

Larger and complex projects often exceed the capability of a single firm or

contractor to do the work. In such cases, a team or group of contractors

will combine their resources to bid and execute the work. A famous

example of this situation is the construction of the Hoover Dam during the

1930s, in which a group of six of the largest contractors in the United

States banded together to build this project. The approach of a group of

firms or professionals establishing a team to complete a project is referred

to as a joint venture. Joint ventures are also referred to as consortia (a

single team or group is a consortium).

There are many reasons why firms will decide to legally combine for a

specific period of time to pursue a given project. A given project may be

so large that the financial resources of a number of companies are

required to bond the project. For instance, the construction of an addition

to the McCormick Exhibition Center in Chicago was so large that

bonding companies were not prepared to provide performance and

payment bonds to a single company. Being prudent, the bonding

companies wanted to spread their risk.

This was also a consideration in the financial structure for the

construction of the Channel Tunnel, which led to the establishment of a

large consortium of companies (both French and English) that allied for

the specific purpose of constructing the ‘‘Chunnel.’’ From a financial,

political and technical perspective, it would not have been possible for

one company to build this epic project.

A joint venture is a business relationship undertaken by two or more

companies to form a legal entity for the purpose of performing a specific

work item, or in the case of construction, a given project. A team of firms

may be involved in both the design and construction of a project or only

Channel Tunnel

Hoover Dam (http://www.usbr.gov)
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(as in the Hoover Dam) the construction phase of a project. In any case, the owner

contracts with the joint venture.

Therefore, the joint venture must be legally established in a rigorous fashion so

that the contract required is binding. A major benefit to the owner/client when

working with a joint venture is that the owner deals with a single entity as opposed

to a number of different companies. From a management point of view, the owner

has a single point of contact or a single contractor consisting of many subentities

(e.g., companies).

Joint ventures differ from proprietorships, partnerships, and corporations in that they

exist for a fixed period of time defined by the duration of the project being undertaken.

Therefore, as a legal entity they exist to perform a given objective and are then dissolved.

The partners in a joint venture must each bring important contributions or

capabilities to the undertaking. Each firm brings special abilities, which may include

technical expertise, financial resources, or special knowledge—all of which are key to

successful completion of the project being pursued. In the Design Build (DB) contract

format discussed in Chapter 4, some of the partners are involved with the design

aspects of the project while others are focused purely on the construction phase of the

work. The legal aspects of joint venture formation and operation are typically unique

to each project and will vary based on special aspects of the team partners (e.g., is the

consortium multinational or not, etc.) and the location and nature of the project being

constructed.

5.1 TYPES OF ORGANIZATION

One of the first problems confronting an entrepreneur who has decided to become a

construction contractor is that of deciding how best to organize the firm to achieve the goals

of profitability and control of business as well as technical functions. When organizing a

company, two organizational questions are of interest. One relates to the legal organization

of the company and the second focuses on the management organization. The legal

structure of a firm in any commercial undertaking, be it construction or dairy farming, is

extremely important because it influences or even dictates how the firm will be taxed, the

distribution of liability in the event the firm fails, the state, city, and federal laws that govern

the firm’s operation, and the firm’s ability to raise capital. Management structure

establishes areas and levels of responsibility in accomplishing the goals of the company

and is the road map that determines how members of the firm communicate with one

another on questions of common interest. The types of company legal organization will be

considered in this chapter.

5.2 LEGAL STRUCTURE

At the time an entrepreneur decides to establish a company, one of the first questions to be

resolved is which type of legal structure will be used. The nature of the business activity

may point to a logical or obvious legal structure. For instance, if the entrepreneur owns a

truck and decides to act as a free agent in hauling materials by contracting with various

customers, the entrepreneur is acting alone and is the proprietor of his or her own business.

In situations in which a single person owns and operates a business activity andmakes all of

the major decisions regarding the company’s activity, the company is referred to as a

proprietorship. If the business prospers, the entrepreneur may buy additional trucks and
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hire drivers to expand the fleet, thereby increasing business. The firm, however, remains a

proprietorship even if the entrepreneur has 1,000 employees, so long as the individual

retains ownership and sole control of the firm.

If a young engineer with management experience and a job superintendent with field

experience decide to start a company together, this firm is referred to as a partnership. The

size of a partnership is not limited to two persons and may consist of any number of

partners. Law firms as well as other professional companies (e.g., accounting firms) are

often organized as partnerships consisting of as many as 10, 12, or more partners. If two or

three individuals decide to form a partnership, the division of ownership is decided by the

initial contribution to the formation of the company on the part of each partner. The

division of ownership may be based solely on the monetary or capital assets contributed by

each partner. Therefore, if three individuals form a partnership with two contributing

$20,000 and a third contributing $10,000, the division of ownership among the partners is

40, 40, and 20%. In other cases, one of the partners may bring a level of expertise that is

recognized in the division of ownership. For instance, in the example just cited, if the

partner contributing the $10,000 was the expert in the area of business activity to be

pursued, his expertise could be valued at the nominal level of $10,000, making his overall

contribution to the firm $20,000. Therefore, ownership would be equally divided among

the three partners. The actual division of ownership is usually specified in the charter of the

partnership. If no written charter exists, and the partnership was concluded by verbal

mutual agreement only, the assumption is that the division of ownership among the partners

is equal.

In some business activity the risk of failure or exposure to damage claims may be such

that a corporate structure is deemed appropriate. This form of ownership recognizes the

company itself as a legal entity and makes only those assets that belong to the firm

attachable for settlement of claims in the event of bankruptcy or damage claims. This

allows principals or stockholders in a corporation to protect their personal and private

assets from being called in to settle debts or claims arising out of the firm’s operation or

insolvency. Therefore, if a stockholder in a corporation has private assets of $1 million and

the corporation declares bankruptcy, the $1 million cannot be attached to settle debts of the

corporation.1 Other desirable features of corporate structure that cause firms to select this

legal structure will be discussed later in this chapter.

Two types of corporations are commonly encountered. Corporations in which a small

number of persons hold all of the stock in the firm are referred to as close or closely held

corporations. This form of ownership is common in the construction industry since it offers

risk protection and also allows a small group of principals to control company policies and

functions. A public corporation, in contrast to a closely held corporation, allows its stock to

be bought and sold freely. The actual ownership of the stock varies daily as the stock is

traded by brokers, in the case of large corporations, on the stock market.

Another form of organization that has legal implications is the joint venture. This is not

a form of ownership but a temporary grouping of existing firms defined for a given period to

accomplish a given task or project. A joint-venture organizational structure is used when a

large project is to be constructed and requires the pooling of resources or expertise from

several companies. Typically the companies establish a basis for division of responsibility

on the job and cooperate toward the end of successfully completing the project. They are

bound together for a period of cooperation by a legal agreement that defines the nature of

the relationship. Joint venturing first became popular during the construction of large dams

such as the Grand Coulee and Hoover Dam in the western United States and has since been

used for a wide variety of large construction tasks.

1 In certain situations, stockholders may by ancillary agreement, such as a bond, waive some of the protection

offered by the corporate structure and find that their personal assets are subject to attachment.
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5.3 PROPRIETORSHIP

The simplest form of legal structure is the proprietorship. In this form of business

ownership, an individual owns and operates the firm, retaining personal control. The

proprietor makes all decisions regarding the affairs of the firm. The assets of the firm

are held totally by one individual and augment the individual’s personal worth. All

revenue to the firm is personal cash revenue to the proprietor, and all losses or expenses

incurred by the firm are personal expenses to the proprietor. The proprietor is, therefore,

taxed as an individual and there is not separate taxation of the firm. Consider Uncle

Fudd, who has a small contracting business. The firm generated $187,000 in total volume

during the calendar year. The firm has $100,000 in expenses, so that the before-tax

income of the firm is $87,000. Uncle Fudd declares this income on his personal income

tax return. Assuming this is his total income (i.e., he received no further income from

other sources) and that he has $17,000 in deductions and exemptions, his taxable income

is $70,000.

Since the owner’s capital and that of the firm are one and the same, the credit that the

firm can obtain and its ability to generate new capital are limited by the personal assets of

the proprietor. Furthermore, any losses incurred by the firm must be covered from the

personal assets of the proprietor. Any liabilities incurred by the firm are the owner’s

liability, and he must cover them from his personal fortune. Therefore, bankruptcy of the

firm is personal bankruptcy. Since there is no limitation of liability, high-risk businesses do

not normally use the proprietorship form of structure.

The life of the proprietorship corresponds to that of the owner. Upon the death of the

owner, the proprietorship ceases to exist. Assets of the proprietorship are normally divided

among the heirs to the proprietor’s estate.

5.4 PARTNERSHIP

The partnership is similar to the proprietorship in the sense that liabilities of the firm are

directly transmitted to the partners. That is, there is no limitation of liability. However, in

this case, since there are two or more partners, the liability is spread among several

principals. The reason for forming a partnership is based on the principle of division

of risk and pooling of management and financial resources. The ownership of the

firm is shared among the partners to a degree defined in the initial charter of the

partnership. Since several persons come together to form a partnership, the capital base

of the firm is broadened to include the personal assets of the partners involved. This

increase in assets increases the line of credit available to a partnership as opposed to a

proprietorship. Control of the firm, however, is divided among the principals, who are

called general partners. Partners share the profits and losses of the firm according to

their degree of ownership as defined in the partnership agreement, but because the

liability of each of the partners is not limited, one partner may carry more liability in the

case of a major loss. Assume that Carol, Joan, and Bob are partners in a small contracting

business. The personal fortunes and percentage of ownership of the three principals are

as follows:

Carol $1,400,000 40% ownership

Joan $800,000 30% ownership

Bob $100,000 30% ownership

The firm loses $1,000,000 and must pay this amount to creditors. The proportionate

shares of this loss are:
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Carol $400,000

Joan $300,000

Bob $300,000

However, since Bob can only cover $100,000, the remaining $900,000 must be carried

by Carol and Joan in proportion to their ownership share.

A limited partnership, as the term implies, provides a limit to the liability that is

carried by some partners. This concept allows the general partners to attract capital

resources to the firm. The limited partner is liable only to the extent of his or her

investment. Assume that Tom comes into the partnership described previously as a limited

partner. He makes $200,000 available for the capitalization of the firm. The percentages of

ownership are redefined to provide Tom with 15% ownership. He, therefore, shares in the

profit and loss of the firm in this proportion. Nevertheless, his level of loss is limited to the

$200,000 he has invested. No amount beyond this investment can be attached from his

personal fortune to defray claims against the firm. This provides the general partners with a

mechanism to attract wealthy investors who desire liability limitation but profit participa-

tion. Limited partners have the position of a stockholder in a corporation in that loss is

limited to the amount of their investment.

Limited partners have no voice in the management of the firm. Therefore, the

general partners retain the same level of control but increase the capital and credit bases

of the firm by bringing in limited partners. There must be at least one general partner in

any partnership. The limited form of partnership (i.e., a partnership that includes limited

partners) is more difficult to establish and subject to more regulation by state chartering

bodies (usually the office of the Secretary of State of the state in which the partnership is

chartered). This is because limited partnerships realize some of the advantages available

in the corporate legal structure. Corporations are subject to close control by state

chartering bodies.

The contribution made by the limited partner must be tangible. That is, the limited

partner cannot contribute a patent, copyright, or similar instrument. The contribution

must have a tangible asset value (i.e., equipment, cash, notes, and shares of stock in a

corporation).

Any partnership is terminated in the event of the death of one of the partners. However,

arrangements can be made to provide for the continuity of the partnership should one of the

partners die. An agreement can be made among the partners that in the event of the death of

a partner the remaining principals will purchase the ownership share of the deceased

partner. Usually a formula that recognizes the fluctuating worth of the partnership is

adopted in this agreement. The remaining partners pay this amount to the estate of the

deceased partner.

General partners who are actively involved in the day-to-day management of the firm

may decide to pay themselves a salary. In this way, the time and level of expertise

contributed to the operation of the partnership are recognized. This level of day-to-day

participation may be different from the level of initial contribution made in capitalizing the

firm. In the case of Carol, Joan, and Bob, the levels of ownership were 40, 30, and 30%,

respectively. If Bob is most active in the management of the partnership, he may be paid a

full-time salary to recognize his commitment. Carol and Joan being active only on a part-

time basis will be paid proportionately smaller or part-time salaries. Taxation, in any case,

will be on both salary and earnings deriving from the operation of the partnership.

The action of one partner is binding on all partners. For instance, in the partnership

described, if Joan enters into a contract to construct a building for the client, this agreement

binds Bob and Carol as well. In this sense, a partnership is a ‘‘marriage,’’ and any partner

must be able to live with any commitment made on behalf of the partnership by another
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partner. On the other hand, it is not proper for a partner to sell or mortgage an asset of the

partnership without the consent of the other partners. If the partner sells the asset, the

income accrues to the partnership. If the partner uses a partnership asset to secure a

personal note or loan, the other partners could advise the noteholder that they contest the

use of this asset as security.

5.5 CORPORATION

A corporation is a separate legal entity and is created as such under the law of a state in

which it chartered. In most states corporations are established by applying to the office of

the secretary of state or similar official. This office issues a chartering document and

approves the initial issuance of shares of stock in the corporation to establish the level of

ownership of initial stockholders. As in the case of a partnership, the initial stockholders

contribute financial capital and expertise as well as other intangible assets such as patents

and royalty rights. The level of contribution is recognized by the number of shares of stock

issued to each of the founding stockholders. If, in the partnership just described, Carol,

Joan, and Bob decided to incorporate and the level of ownership were to remain the same,

shares in the proper proportion would be issued to each principal. The number of shares and

the share value defined at the initialization of a corporation are arbitrary and are selected to

facilitate the recognition of ownership rather than actual value of the corporate assets. If the

Carol-Joan-Bob (CJB) Corporation is established by the issuance of 1,000 share of stock,

Carol would receive 400 shares (40%), and Joan and Bob would receive 300 shares each

(30%). For simplicity, each share could have a par value of one dollar. This assignment of

$1 per share simplifies the unit (i.e., share value) used to recognize ownership. On the other

hand, the initial capital contributed to the formation of the corporation might have been

$100,000. Therefore, the book value of each share of stock would be $100 per share. The

book value of each share of a corporation is the net worth of the corporation divided by the

number of shares issued. In this case, 1,000 shares are issued and the total asset value is

$100,000. Therefore, each share has a book value of $100.

In addition to the par and book values associated with a share of stock in a corporation,

each share has a traded or market value. This is the value that is listed on stock exchanges

for those publicly traded corporation shares and that is printed in the newspaper or on the

Web. It indicates what the general public or stock traders are willing to pay for a share of

ownership in the corporation. If the future looks good, traders will anticipate an increase in

the value of the corporation’s stock and will pay to own a stock that is increasing in value. If

the corporation is about to experience a loss, the market price of the stock may indicate this

by declining in value. To illustrate, if CJB, Inc., wins a contract that promises to net the

corporation an after-tax profit of $100,000, the market price of the stock will tend to move

up. In fact, as already noted, most construction firms hold their stock closely and do not

trade it publicly. Therefore, the market value of the stock is of interest primarily to the giant

construction firms that are publicly traded.

Because of the legal procedures required, the corporation is the most complicated form

of ownership to establish. A lawyer is normally retained to prepare the proper documents,

fees must be paid to cover actions by the chartering body (e.g., office of the secretary of

state), printed stock is prepared, and formal meetings by the principals are required. Since

the corporation can sell further stock to raise capital, it has an advantage in this respect over

the proprietorship and the partnership. This power to sell stock can be and has been abused.

Once a corporation is established, it may sell stock to unsuspecting buyers based on an idea

or concept that is not properly presented or explained. For this reason and others, the

corporation is closely controlled by the chartering agency in regard to its issuance and sale

of additional stock. Federal law also dictates certain aspects of the presentation of

corporate stock for sale.
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The most desirable aspect of the corporate structure to businesses that are exposed to

high risk such as the construction industry is its limitation of liability. Since the corporation

is a legal entity of itself, only the assets of the corporation are subject to attachment in the

settling of claims against and losses incurred by the corporation. This means that stock-

holders in a corporation can lose the value of their investment in stock, but that is the limit

of their potential loss. Other assets that they own outside of the corporation cannot be

impounded to offset debts against the corporation.

One disadvantage associated with the corporation is the double-taxation feature. Since

the corporation is a legal entity, it is subject to taxation. The same profit that is taxed within

the corporation is taxed again when it is distributed to stockholders as a dividend. This

distributed profit becomes taxable as personal income to the individual stockholders.

Assume that CJB Corporation has a before-tax profit (e.g., revenue � expenses) of

$100,000 during the corporation’s first year of operation. Let us assume the CJB

Corporation is taxed by the IRS at the rate of 34% of profit provided income is in excess

of $75,000. The corporation would be taxed $34,000 for $100,000 of before-tax profit.2

The after-tax income would be $66,000. Assume the CJB decides to distribute $30,000 to

the three stockholders. That is, Carol, Joan, and Bob as directors of their closely held

corporation distribute $30,000 to themselves and retain $36,000 of these earnings within

the corporation as working capital. In this case Carol, the major stockholder, receives a

dividend of $12,000. Joan and Bob would receive $9,000 each. If we assume that each

stockholder pays approximately 25% on personal taxable income, Carol will pay $3,000 in

tax on this dividend, and Joan and Bob will pay $2,250. In other words, the federal tax at the

corporation and stockholder levels combined will be $34,000 plus $7,500, or $41,500.

The double-taxation feature does not always prove to be a disadvantage. Returning to

the situation of Uncle Fudd who is organized as a proprietorship, assume his before-tax

income with the proprietorship is $147,000.3 Assume that Uncle Fudd decides to

incorporate his proprietorship and become Fudd Associates, Inc. As president of this

corporation, Uncle Fudd pays himself a salary of $85,000. At this salary level, Uncle Fudd

is taxed at 21% of his taxable income (i.e., his gross income minus deductions and

exemptions). In the proprietorship format, his tax would be 25% of $147,000 minus

$12,000 in deductions and exemptions.4 Hewill pay 25% of $135,000, or $33,750 in tax. In

the corporate format, Uncle Fudd’s tax will be:

Uncle Fudd’s tax will be:

$147; 000
�$85; 000 ðFudd’s Salary; which is an expenseÞ
¼ $62; 000 Gross income of corporation
Corporate tax ¼ 0:25 62; 000ð Þ ¼ $15; 500 ðSee footnote 4Þ
Personal tax ¼ 0:21ð Þ $85; 000� 12; 000 ðdeductions and exemptionsÞf g ¼ $15; 330

Therefore, Uncle Fudd’s tax in the corporate format will be $15,500þ $15,330¼ $30,830.

In this case, the corporate form of ownership yields a lower tax payment despite the double

taxation. For this reason, a good tax consultant is a valuable advisor when deciding which

form of ownership is most appropriate.

Certain states provide for a special corporate structure that avoids the double-taxation

feature of a normal corporation but retains the protection of limited liability. This is

referred to as a subchapter ‘‘S’’ corporation. In a subchapter S corporation, the principals

are taxed as if they were members of a partnership. That is, corporate income is taxed only

2Corporate taxation levels vary over time due to changes in federal and state legislation.
3This example is different from the previous situation in which the taxable income was $87,000.
4The corporate rate for less than $75,000 taxable income is assumed to be 25%.
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once as personal income. The corporate shareholders are, however, still protected and their

loss is limited to the value of the stock they possess.

As noted previously, the corporation is advantageous when attraction of additional

capital is of interest. Figure 5.1 shows a typical stock certificate as issued at the time of

incorporation. The certificate indicates that 250 shares of stock are represented. In addition,

the corporation has authority to issue a total of 50,000 shares. Therefore, the directors of a

corporation can decide to raise money for capital expansion by selling stock rather than

borrowing money. This provides for the generation of additional capital by distributing

ownership. It has the advantage that the money generated is not subject to repayment and

therefore is not a liability on the company balance sheet.

The corporation also has a continuity that is independent of the stockholders. Unlike

the proprietorship or partnership in which the firm is terminated on the death of one of

the principals, the corporation is perpetual. Unless the corporation is bankrupt or the

corporate charter lapses, the corporation continues in existence until all stockholders

agree to dissolve it. In most states, clauses can be included in the corporate charter,

which in effect, allow the control of sale of stock outside of the circle of present

stockholders. That is, any stockholder who wishes to sell a block of stock must first offer

the stock for sale to the other stockholders. They have an option to purchase it before it is

sold to others. This allows the closed nature of a closely held corporation to be

maintained. If a stockholder should die, the stockholder’s heirs are committed to offer

it to the present stockholders before selling it to others. The heirs can, of course, decide

simply to retain the stock.

Two disadvantages that are inherent in the corporate form of ownership are the

reduced level of control exercised in management decision making and certain restrictions

that can be placed on the corporation when operating outside of its state of incorporation.

The larger a corporation becomes the more decentralized the ownership becomes. On

questions of dividend levels, the issuance of stock to generate capital, and other critical

operational decisions, agreement of all stockholders must be obtained. In large corpora-

tions, this leads to involved balloting to establish the consensus of the ownership. This

process is cumbersome and greatly reduces the speed with which corporations can respond

to developing situations. In small closely held corporations, however, this presents no more

of a problem than it does in a partnership.

When a corporation operates in a state other than the one in which it is incorporated, it

is referred to as a foreign corporation. For instance, a corporation incorporated in Delaware

is considered a foreign corporation in Indiana. Corporations in certain industries may

encounter restrictive laws when operating as a foreign corporation. They must establish

legal representation in states in which they operate as foreign corporations. Restrictive

legislation of this type cannot be applied to proprietorships and partnerships, since these

entities consist of individuals who are legally recognized. The individual is protected by

equal treatment under the Constitution, and what is a legal restriction when placed on a

corporation is illegal when applied to a proprietorship or a partnership.

5.6 COMPARISON OF LEGAL STRUCTURES

The decision to choose a particular legal structure for the firm hinges on seven major

considerations. The pluses and minuses of each type of structure are summarized in Table

5.1. These considerations have already been introduced in general form. Specifically, an

owner contemplating a legal structure for the firm must consider:

1. Taxation.

2. Costs associated with establishing the firm.

3. Risk and liability.
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Figure 5.1 Forms of legal ownership in the construction industry. (Study by T. Gibb, Georgia Institute of Technology, 1975).
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4. Continuity of the firm.

5. Administrative flexibility and impact of structure on decision making.

6. Laws constraining operations.

7. Attraction of capital.

The question of taxes to be paid in each organizational format is mixed, and the

anticipated balance sheet and cash flow of each firm must be studied to arrive at a ‘‘best’’

solution. The corporation has the disadvantage that the firm is taxed twice, once on

corporate profit and a second time when the stockholders must pay tax on the dividends

received as distributed income. The subchapter S type of firm circumvents this to a degree

in that the stockholders are taxed as individuals as if the firm were a partnership. The

normal proprietorship and partnerships have the disadvantage that all income is taxed

whether or not it is withdrawn from the firm. Thus, as in the example of Uncle Fudd,

incorporating yields a benefit despite the double-taxation feature.

Costs and procedures associated with establishing the firms are generally minimal for

a proprietorship, slightly more involved for a simple partnership, and a major financial

consideration for limited partnerships and corporations. Normally whatever costs and

procedures are associated with local, state, and federal tax registration and the purchasing

of a license are all that must be considered in establishing a proprietorship or simple

partnership. These as well as significant legal costs ($2,000 to $5,000) must be considered

in establishing limited partnerships and corporations. These costs may be justified,

Table 5.1 Considerations in Choosing Legal Structure

Proprietorship Partnership Corporation

Tax Tax on personal income; tax

on earnings whether or

not they are withdrawn

Tax on personal salary and

earnings

Lower taxes in some cases.a

Dividends are not deductible;

double taxing. Taxes on

dividends, that is, money

actually received

Costs and procedures

in starting

No special legal procedure;

apply for licenses;

register with IRS

General: Easy—oral agreement

Limited: More difficult—must

closely adhere to state law

More complex and expensive.

Meeting must be held

Size of risk Personal liability Personal liabilities: Extent of

personal fortune. Limited: each

partner is protected; loss of

limited partner cannot exceed

initial investment

Limited to assets of corporation

Continuity of the

concern

No continuity on death of

proprietor

Dissolution: No continuity on

death of partner. Surviving

partners can buy share if in

agreement.

Perpetual (charter can expire)

Adaptability of

administration

Simplicity of organization;

direct control

Decisions and policies

implemented by oral agreement

Directors—good if involved.

Policy decisions predefined by

by-laws

Influences of

applicable laws

Laws are well defined; no

limit on doing business in

various states

Laws are also well defined; a

license may be required

Foreign corporation status;

requires legal counsel on

permanent basis

Attraction of

additional capital

Limited potential for capital

expansion. Borrowing;

line of credit; personal

fortune investment

Better; more capital; limited

partner concept

Issue securities; collateral

provided by corporate assets;

issue stock

aSee Fudd Associates, Inc., example in text.
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however, based on the limitation of liability achieved and the benefits of medical, health,

and insurance plans that can be implemented in a corporate format.

Corporations and limited partnerships limit the level of loss in the event of a default or

bankruptcy to the level of investment. That is, stockholders cannot losemore than the value of

their shares. The loss of a limited partner cannot exceed the amount of his investment. If he or

she initially invested $20,000, nomore than this amount can be lost, and other assets cannot be

attached in the event of bankruptcy or default. The assets of stockholders in a subchapter S

corporation are similarly protected. Personal assets are used to pay creditors in the proprie-

torship or simple partnership form of ownership. This can lead to personal bankruptcy.

Proprietorships also have the disadvantage that they terminate when the proprietor dies.

This may present a problem, particularly if the firm as an asset must be divided among several

heirs. It can be circumvented in part by willing the firm and its market and ‘‘goodwill’’ to one

heir (who will carry on the business) and providing that the heir will compensate the other

heirs for their share. If a partner dies, the partnership is dissolved. Again, however, provisions

in the partnership agreement can provide the means for surviving partners to purchase the

deceased partner’s share from his estate. Corporations are perpetual and the stock certificates

are transferred directly as assets to heirs of the estate.

Policy decisions are relatively simple in the proprietorship and partnership formats.

Principals make all decisions. In the corporate format, certain decisions must be approved

by the stockholders, which may impact the corporation’s ability to react to a developing

need or situation. In closely held corporations, however, this is no problem since the

partners are able to call ad hoc board meetings to react quickly. Corporations with large

numbers of shareholders are not as flexible in this regard. The chief operating office or

president handles the day-to-day decision making. A board of directors is charged with

intermediate-range and strategic planning and decision making. Major decisions, however,

such as stock expansion and acquisition of other firms or major assets, must often be

approved by all stockholders in a formal vote.

Local laws may encourage the formation of small and local businesses by placing

restrictive constraints and burdensome additional cost on out-of-state, or foreign, corpo-

rations. These discriminating practices must be investigated when bidding construction

work in a state other than the one in which the construction corporation is chartered.

Special licenses and fees are sometimes required of foreign corporations. Proprietorships

and partnerships that consist of individuals are protected against these discriminatory

practices by the Constitution and enabling ‘‘equal rights’’ legislation.

In raising capital, proprietorships and simple partnerships must rely on the personal

borrowing of the principals to generate capital for expansion. The unique feature of the

corporation that permits it to sell stock allows corporate entities to attract new capital by

further distributing ownership. The corporate assets as well as future projections of business

provide a collateral basis to attract new stockholders. This mechanism is not always viable,

however. From time to time, corporationsmay be unable to sell large issues of stock for capital

expansion and will be forced to go to the commercial banks to borrow. In periods of economic

uncertainty, sale of stock as a method of attracting capital may be limited.

Good information regarding the advantages and disadvantages of various legal forms

of organization are contained in the Small Business Administration management guides

available from the Government Printing Office and other government sources.

REVIEW QUESTIONS AND EXERCISES

5.1 Name the three principle forms of business ownership

in construction and state the liability limits of the owners in

each case.

5.2 Which legal structure is most difficult to establish and why?

5.3 Name three types of partnerships.

Review Questions and Exercises 89



E1C05_1 09/16/2010 90

5.4 Describe briefly two advantages and two disadvantages of

a corporate form of business organization as compared to a

partnership.

5.5 Jack Flubber, who owns Sons of Flubber Construction Co.,

and runs it as a proprietorship, had gross profits last year of

$80,000. His personal and family expenses are $52,000 and he

has $7,000 in exemptions and deductions. He paid $17,000 in

taxes. If he paid himself a salary of $55,000 taxed at 20%, would

it be advantageous for him to incorporate as a closely held

corporation? Explain.

5.6 What is meant by the term foreign corporation?

5.7 What would be the advantages of organizing as a sub-

chapter S corporation?

5.8 Is it possible to characterize the legal structures of local

contractors using the Yellow Pages as a guide?

5.9 What steps must be taken to set up a partnership? How can

a partnership be dissolved?

5.10 In problem 5.5, what taxes would Jack pay if he

organized as a closely held corporation (as described) and, after

paying his salary, also issued himself a dividend of $10,000?

5.11 What is the difference between par and book values of

corporate stock? If an incorporated construction company wins

a large cost plus fixed-fee contract, what impact might this have

on the market value of the company’s stock?

5.12 Uncle Fudd has decided to sell his ownership in the Cougar

Construction, Inc., to Cousin Elmer. How would the legal firm

handling this transaction determine a fair price per share?

5.13 What is a limited liability corporation? Discuss its

advantages and disadvantages. You can search the Internet

for the brief IRS Publication 3402, Tax Issues for Limited

Liability Companies, which includes a section describing this

newer form of business organization.

5.14 Many banks and similar lending institutions require that

the chief executive officer (CEO) of small corporations (which

usually are owned by the CEO and a few relatives) cosign any

loan made to the corporation. If the corporation goes into

bankruptcy, to what extent is the CEO responsible for repaying

the loan? What assets can the CEO lose? Assume that the loan

is used exclusively by the corporation.

5.15 A stock market, such as the New York Stock Exchange

(NYSE) or Nasdaq, trades shares (stock) of public corporations.

What are some advantages of becoming public, from a corpora-

tion’s perspective? What are some of the disadvantages?
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Taxation in Ancient Egypt, Greece, and Rome

It has been said that nothing in life is sure except death

and taxes. Taxes are not normally viewed in a positive

light, but large political entities have historically relied

on taxation to support and finance governmental

operations and infrastructure.

The first documented tax system was in ancient

Egypt. Farmers paid their taxes in kind to scribes

appointed as tax collectors. The tax owed was

determined in proportion to the area and location of the

farm. Manufactured goods such as oil, beer and tanned

skins were also subject to taxation, and individuals

holding office paid their taxes in gold or silver. In the

latter periods of the empire, individuals were allowed to

declare their possessions for tax purposes. Scribes could spot-check these declarations, and

failing the tax audit was punished with death. There were also safeguards for taxpayers.

Receipts for paid taxes were normally issued, and convicted corrupt tax collectors were

punished. Citizens were able to pay their taxes by performing corve�e duty, which consisted

in working in public works (such as the Pharaoh’s burial monument) for a period of time.

Interestingly, slaves were not accepted as payment for taxes.

(Source: Corbis Digital Stock)
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The city-states of ancient Greece were more minimalist in their approach to taxation.

Greeks were exceptional in the ancient world by their clear preference for free enterprise

and limited government intervention. Citizens had to pay indirect taxes, the equivalent of

today’s sales taxes, on everyday goods such as houses, herds, wine, and even slaves.

Higher taxes were imposed on foreigners. Wealthy citizens were levied direct taxes (i.e.,

according to their wealth), but only in times of national emergencies such as war.

Moreover, and unique to the Greek culture, very wealthy citizens were required to

contribute to public works through special-purpose taxes called liturgias. Some liturgias

were prestigious, such as contributions to build a gymnasium or to fund a chorus, and

frequently attracted volunteers

In their early days, the Romans followed the example of the Greeks in limiting the

taxes levied on their citizens. The total combined taxes paid by Roman citizens has been

estimated at a modest 1% of the total value of their wealth, including real estate, animals,

slaves, and other possessions. This rate could climb to as much as 3% in war time, but if

the collected tax turned out to be more than the actual extraordinary expenses, the excess

was returned to the taxpayers. Eventually, the Romans conquered much of the known

world of their time. Taxes were then virtually abolished for Roman citizens, and the funds

required to govern the empire were almost entirely collected from the provinces.

The state began providing free grain, and in time, bread, to all citizens; the emperor

paid for public entertainment which led to increasingly heavier taxes. Rome needed to

collect greater taxes from the provinces. Collection of these taxes was performed by

wealthy individuals who bid for the position and frequently remitted in advance the tax

proceedings to Rome. These advances were welcomed by the cash-strapped government,

but this system also guaranteed that these private collectors would go to any length to

recover money from farmers and other taxpayers in their territory. This tax system proved

to be unsustainable and was a significant factor in the eventual downfall of the empire as

provinces grew restless with the harsh treatment.

6.1 INTRODUCTION

The profitability of any construction company is significantly affected by the amount of

taxes it is required to pay. As noted in Chapter 5, the legal structure of a company greatly

influences the taxation incurred by a given business or company. Understanding the

rationale and conceptual framework of the current tax system is, therefore, of paramount

importance to any contractor. Financial choices affect the amount of taxes paid and taxes

affect the financial decisions that a construction company makes. This chapter provides a

brief introduction to this topic. It must be kept in mind, however, that tax law changes

constantly and is continuously in a state of flux. Therefore, this cursory discussion is

designed to present only the conceptual outline of the U.S. tax system as it pertains to

business organization and individuals.

6.2 WHY TAXES?

Taxes are primarily designed to finance government operations and to meet societal needs. In

modern societies, taxes have also been implemented to influence taxpayer behavior. For

example, high taxes operate to increase the price of tobacco, which presumably causes fewer

individuals to use tobacco products. Tax deductions often are granted to reward individuals and

companies for undertaking actions that are viewed as being positive for the economy or society

in general. Charitable gifts are usually either partially or fully deductible from taxable income.
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Somedeductionsmaybegiven to individuals for the cost of insulating a residencewith the intent

of motivating individuals to make their homes more energy efficient.

6.3 TYPES OF TAXES

A tax levied on the net income realized by a company or individual is called an income tax.

Income taxes are referred to as direct taxes. Indirect taxes, in contrast, are levied on the

cost, price, or value of products or services (e.g., sales tax assessed at the time of purchase).

The U.S. government relied almost exclusively on taxing resources other than income until

the 16th Amendment to the Constitution was passed in 1913 (previous attempts to impose

income taxes were short-lived). Although the focus of this chapter is on income taxes,

everyone also pays indirect taxes. Some forms of indirect taxes will be discussed.

6.4 INCOME TAX SYSTEMS

Business entities pay tax on taxable income, which is the revenue earned by the company

minus the expense of doing business and any allowable deductions. In the case of in-

dividuals, taxable income is defined as gross income minus deductions. As was noted in

Chapter 5, the corporate form of legal organization leads to double taxation because the

corporation is taxed as a business entity and the stockholders are taxed separately as

individuals for profits distributed to them as dividends. Stockholders are also subject to

further taxation at the time of sale of stock if the stock has gained in value during the time

between purchase and sale.

Income ¼ Revenue � Expenses

The concept of deductions, however, allows for this amount to be further reduced for tax

purposes through the subtraction of deductions authorized by the Internal Revenue Service

(IRS) and the appropriate tax law. Therefore, the taxable amount of income becomes:

Taxable Income ¼ Revenue� Expenses� Deductions

For individuals required to pay federal income tax, income is what a person receives

from wages, gifts, inheritance, sale of property, and similar sources. Expenses are not a

major issue for most individuals, since outside of proprietorships, individuals normally

don’t expend funds to generate revenues. Therefore, what is reported is purely income (i.e.

wages, interest at the bank, etc.) and not revenue minus expenses. As a practical matter,

unless an individual operates a business, what is being reported on the standard U.S.

Individual Income Tax Return (Form 1040 or 1040A) is income minus deductions and

other allowances discussed in this chapter.

If, in fact, an individual does expend funds to generate a revenue stream (as would be

the case in a proprietorship), a special schedule of revenues versus expenditures (Schedule

C) must be submitted to the IRS along with the standard tax return. Business activities by

an individual require the submittal of a Profit and Loss from Business, form, which

provides a section for reporting expense.

Individuals are authorized to use a standard deduction (the amount of which is

adjusted each year by tax law) to reduce their taxable income. The other option available to

individual tax payers is to itemize deductions using a separate form called Schedule A—

Itemized Deductions. Itemizing deductions normally is justified if an individual has major

expenditures such as (a) medical and dental expenses, (b) taxes paid to entities other than

the federal government, (c) interest paid on home mortgages, or (d) gifts to charity. Certain

major losses due to theft or other causes specified by the tax law as well as job expenses

(e.g., non-reimbursed travel, job education, and so on) can also be deducted when itemizing

deductions.
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6.5 TAXATION OF BUSINESSES

In business organizations, the definition of revenues and expenses becomes more important

and must conform to guidelines established by tax law and IRS publications. The concept

of revenue is fairly straight forward. Revenue is, in effect, the summation of all amounts

due and payable to a company from clients or other financial sources for work performed,

sales and services supplied, and other financial transactions.1

The definition of expenses is more complex. Construction companies have many

expenses that are directly incurred in the physical construction of projects. Other expenses

are required to support construction and provide for the management of site activities and

for company administration. These are categorized as direct and indirect expenses.

1. Direct expenses: These expenses are incurred in operations that lead to the

realization of the physical facility being constructed. Typical direct expenses

are job payroll, project-related equipment costs, materials used for construction

of the project, and subcontractor payments.

2. Indirect expenses: This term relates to costs incurred for the management support of

the job site and for home office general and administrative costs (e.g., senior

management and staff salaries, office equipment costs such as computer and

copying charges, and costs related to the ownership or rental of office space). These

types of indirect expenses are often referred to as overhead or overhead expenses.

To illustrate this, it is helpful to examine one of the key documents required for fiscal

control of a company, namely the Income Statement (also called the Profit and Loss

Statement). The Income Statement shows the company’s actual net profit or loss for a given

period of time (e.g., a month, quarter, or year) Revenues measure the inflow of value to the

firm achieved by selling goods or providing services. In the case of a construction company,

revenues reflect cash inflow generated by progress payment requests on various jobs and

cash receipts received through other operations (e.g., equipment rental, consulting fees, etc.)

Expenses measure the expenditure of funds used to generate revenues (e.g., payroll,

subcontractor payments, etc.) As such, they can be deducted from revenues when determining

taxable income.Asnoted above, expensesmaybedirect or indirect.The entire amountof direct

expenses is subtracted from the revenue to determine gross profit. In general, most indirect

expenses (e.g., field and home office overheads) are also subtracted from revenues to establish

the taxable income of a company. However, certain overhead expenses may not be fully

deductible. Based on existing tax law, travel, meals, and entertainment cannot be fully

deducted. The existing tax law limits these expenses as follows ‘‘Generally, you can deduct

only 50% of your business meal and entertainment expenses, including meals incurred while

away fromhome or business.’’ This, of course, means that these indirect expenses are not fully

deductible.

To better understand how a firm addresses revenues and expenses to determine its

taxable income, consider the Income Statement shown in Figure 6.1.

The Income Statement in Figure 6.1 lists the revenues and expenses in an organized

fashion. In this case, revenues are referred to as Net Sales. The gross profit is simply

calculated as salesminus cost of sales (i.e., revenuesminus expenses). Gross profit is reduced

in the amount of Job Related Indirect Charges ($562,660) and Total Fixed Overheads’’

($1,265,820). After subtracting these two overhead costs ($1,828,480), net profits before

taxes are shown as $1,454,810. At this point, taxes are subtracted yielding a net profit of

$945,627. This amountwill either be retained (i.e., held in the company as retained earnings)

or distributed as dividends to the owners or stock holders of the company.

1When using accrual accounting systems, taxes must be paid on revenues that are payable but possibly not yet

received.
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Two items in this report are of interest from a tax standpoint. Under job-related indirect

charges, item 3 reports Transportation (Travel, Meals, etc.) costs. As noted previously, this

amount cannot be fully deducted from revenues. Only half of these costs are available as a

deduction. Therefore, before calculating federal tax, half of this amount (i.e., $30,000)

must be added to net profit before taxes. That is, because the total amount of Item 3 is not

deductible, the taxable amount of profit becomes:

Taxable Income ¼ $1;454;810þ $30;000 ¼ $1;484;810:

On the other hand, the amount shown as Item 6 under Fixed Overhead is a major

deduction allowed by tax law as a way for each firm to recover the loss of value of

equipment because of obsolescence over time. This will be discussed in the next section

and later in discussing the ownership cost of equipment in Chapter 13. The subtraction,

then, of this amount when calculating net profit provides a major way for a company to

reduce its amount of taxable income.

6.6 BUSINESS DEDUCTIONS IN GENERAL

Most firms try to reduce their amount of taxable income as much as legally possible.

Deductions allow companies to reduce the amount of income subject to taxation. They can

be viewed as a gift from the government recognizing both direct and indirect, as well as,

latent costs of doing business. Some deductions, as noted previously, are designed to

provide incentives to trigger certain actions on the part of business entities.

Income Statement, Fudd Construction Co. 3rd Qtr, 2XXX

Net Sale (Revenues) $21,427,610

Cost of Sales (Direct Expenses)

1. Materials 10,139,130

2. Labor (Includes all payroll taxes & fringe) 5,482,710

3. Subcontracts 514,500

Total Cost of Sales $18,159,320

Gross Profit $ 3,283,290

Job Related Indirect Charges

1. Salaries 276,640

2. Job Office Costs 190,430

3. Transportation (Travel, Meals, etc.) 80,710

4. Interest Charges (Job Carrying Costs) 12,750

5 Miscellaneous 2,130

Total Job Indirect Charges $ 562,660

Fixed (Home Office) Overheads

1. Salaries – Home Office Staff 234,180

2. Salaries – Officers 384,100

3. Home Office Admin Cost (Equipment, etc.) 516,950

4. Legal and Audit 23,150

5. Rent 25,060

6. Depreciation 82,380

Total Fixed Overheads $ 1,265,820

Total Overheads $ 1,828,480

Net Profit before Taxes $ 1,454,810

State and Federal Taxes $ 509,183

Net Profit $ 945,627

Figure 6.1 Income Statement for Fudd Associates, Inc.
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Probably the most significant deduction available to construction contractors is that

given for the loss in value of company equipment over time. For instance, an off-highway

truck or hauler will decline in value over time. After 4 years of use, a $100,000 hauler may

have a market value of only $40,000. This decrease or decline in value is viewed as a cost of

doing business (i.e., a cost of generating revenues). Therefore, the IRS allows this loss of

value to be recovered through a deduction called depreciation.

Construction costs (direct costs plus field overhead) and general (home office)

overhead costs associated to the operation of a construction company are deductible

independent of the company’s form of business organization. However, some expenses are

difficult to classify and others, as noted, are not fully deductible (e.g., travel, meal and

entertainment costs).

Therefore, the calculation of taxable income and the determination of what items can

be deducted and to what degree must be carefully determined. Deductions, such as

depreciation, typically lead to a company paying taxes on a lower amount than the net

profit before income taxes appearing in a company’s income statement. The net amount

used to compute a company’s tax liability is called its tax base or taxable income.

6.7 TAXABLE INCOME: INDIVIDUALS

Taxes levied on proprietorships are paid directly by the owner, and their computation is

linked to individual tax considerations. The taxable income of individuals depends not only

on the amount of money earned, but also on their civil status (e.g., married, head of

household, etc.) and how they choose to report their deductions.

For tax purposes, individuals are classified into the following filing statuses:

� Single: The unmarried individual (not falling into the head of household category

described below) generally pay the highest amounts of tax compared to the other

categories.

� Married filing separately: A married couple may decide to pay taxes separately,

filing their tax returns as essentially two single individuals. The current tax code

results in a so-called marriage penalty for married couples in which both spouses

work and earn higher than average, comparable incomes. In these cases, the couple

pays more taxes by submitting a single joint return than by filing separately.

� Married filing jointly: This filing status comprises the traditional married couple

and children, choosing to use a single tax return for the couple and dependents.

Historically, tax codes protected this category, although such advantages have all

but disappeared in the current code.

� Head of household: This is the one category that is given some tax benefits. It

includes persons contributing more than half of the support to a household. These

persons are considered unmarried and have at least one dependent person. These

requirements encompass single parents, single children supporting their parents,

and similar individuals frequently under financial duress.

6.8 ITEMIZED DEDUCTIONS, STANDARD DEDUCTIONS, AND PERSONAL EXEMPTIONS

Every individual (or family, if filing jointly) can deduct certain items from their income,

thus reducing the tax basis on which their taxes will be computed. Contributions to charity,

medical expenses over a certain threshold, the interest paid on the mortgage loan for the

individual’s residence, and other deductions can add up to a substantial amount of money.

One of the most important deductions available to construction contractors is the

depreciation of property. This item-by-item reporting is called the itemized deduction

approach. Alternatively, individuals can choose to subtract a standard deduction from their

income instead of performing an itemized deduction calculation.
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The amount of the standard deduction is specified by the IRS and varies depending on the

filing status. Furthermore, it is adjusted every year.Anadvantage of using the standard deduction

is that no confirming documentation is needed. If the itemized deduction approach is used, each

deduction must be documented with some form of proof (typically called a voucher). Both

approaches cannotbeusedsimultaneously. If aperson takes advantageof the standarddeduction,

no other deduction can be claimed except for a few exceptions, such as contributions to

individual retirement accounts (IRAs). The standard deductions for 2008 are given inTable 6.1.2

The IRS also allows a personal exemption amount to be deducted for the taxpayer and

each person reported as a dependent (e.g., spouse and children) on the tax return. For

example, if a married couple with two children files a joint return, they can claim four

personal exemptions. The amount specified for each personal exemption does not vary

with the filing status, but it is adjusted every year. As can be seen in Table 6.1, the amount

for each exemption for 2008 is $3,500. The personal exemptions for the family of four

previously mentioned would total 4 � $3,500 ¼ $14,000. This amounts to an actual

reduction in tax for a taxpayer in the 25% tax range (0.25 � $14,000 ¼ $3,500).

There are several minor deductions applicable to businesses or individuals not

discussed here (e.g., college tuition and fees and the interest paid on student loans).

The taxable income of proprietorship owners and individuals results from applying all

deductions and personal exemptions to reported income.

6.9 THE TAX SIGNIFICANCE OF DEPRECIATION

Deductions benefit the tax payer in that each dollar that can be deducted results in a

reduction in the amount of tax paid. This reduction in tax amounts to a per dollar savings of

$1.00� (tax rate). If a tax payer in the 28%marginal tax bracket and can deduct $1,000 for

whatever reason, this reduces the amount of tax by $280.

Most tax agencies accept the concept that property declines in value over time and is a

legitimate cost of doing business, which can be claimed as depreciation. Depreciation

reflects the loss of value and obsolescence of property (e.g., equipment) involved in the

operation of a business and can amount to a significant reduction in tax paid. It results in a

lowering of taxes (e.g., $0.34 on the dollar for businesses based on a tax rate of 34%).

Depreciation applies to all property required for the operation of a business. Comput-

ers, office furniture, heavy equipment, and real estate are all depreciable assets. Most

construction companies, particularly heavy and highway constructors, own a substantial

amount of equipment that can be depreciated over time. Contractors look at equipment as

small ‘‘profit centers’’ and will apply any depreciation associated with the piece of

equipment to offset the profit generated by that machine or equipment item.

It is important to align the declaration of depreciation so that it can be used to offset

taxable income. If a company has $100,000 of depreciation that can be taken in a given

Table 6.1 Standard Deductions and Personal Exemptions, 2008

Filing Status Standard Deduction

Single $5,450

Married filing jointly $10,900

Married filing separately $5,450

Heads of household $8,000

Personal Exemption $3,500

2As previously noted, proprietorships can choose to use their standard deduction for personal income,

independently of the costs deducted from their revenue to calculate business income (or loss) reported in their

Schedule C. A proprietor can pay himself or herself a salary, which is an expense to the proprietorship. The

standard deduction can be applied to this salary. Why would it be advantageous for a proprietor to accept a salary

applying it as an expense to the proprietorship?
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year, but only $80,000 in taxable income in that year, $20,000 in tax savings are lost. That

is, depreciation cannot be carried over for use in a future tax year. In general, depreciation

must be applied in the tax year in which it occurs.

Calculating Depreciation

The method by which depreciation is calculated for tax purposes must conform to standards

establishedby the IRS.Thebases available for calculationofdepreciation are (a) the straight line

or linear method, (b) the accelerated method and (c) a variant of the straight line method

called the production method. The straight line method provides for the prorating of the

depreciation amount for a given asset in equal amounts across the asset’s service life. Federal

law has implemented the use of fixed percentages for calculation of year by year depreciation

whenusing the acceleratedmethod.Thesepercentages aregiven inTable6.2 for variousclasses

of property. The production method allows the depreciation associated with an asset to be

recovered on a per-unit-of-output basis. These methods are discussed in detail in Chapter 13.

The accelerated method based on tabular percentages is called the modified acceler-

ated cost recovery system or MACRS. This system defines various classes of property

ranging from small items (e.g., computers, file cabinets, and so on) with a 3-year service

life up to a 20-year class for real property. Most construction equipment items fall into the

3-, 5-, or 7-year service life categories.

For example, light trucks (less than 6.5 tons) are considered to be 3-year property.

Most average-weight construction equipment is classified as 5-year equipment. Some

heavy construction equipment, such as dredging barges, are depreciated over a 10-year life.

Assume that you wish to calculate the depreciation for an off-highway hauler with a

net first cost of $100,000 and a service life of 5 years. Although this is a 5-year property

class, it is depreciated out across a 6-year period. The depreciation percents and amounts

are shown in the following table. The sixth year is assumed to be a half year.

Table 6.2 MACRS Table for Accelerated Depreciation

Annual Recovery (Percent of Original Depreciable Basis)

Recovery

Year

3-Year Class

(200% d.b.)

5-Year Class

(200% d.b.)

7-Year Class

(200% d.b.)

10-Year Class

(200% d.b.)

15-Year Class

(150% d.b.)

20-Year Class

(150% d.b.)

1 33.00 20.00 14.28 10.00 5.00 3.75

2 45.00 32.00 24.49 18.00 9.50 7.22

3 15.00 19.20 17.49 14.40 8.55 6.68

4 7.00 11.52 12.49 11.52 7.69 6.18

5 11.52 8.93 9.22 6.93 5.71

6 5.76 8.93 7.37 6.23 5.28

7 8.93 6.55 5.90 4.89

8 4.46 6.55 5.90 4.52

9 6.55 5.90 4.46

10 6.55 5.90 4.46

11 3.29 5.90 4.46

12 5.90 4.46

13 5.90 4.46

14 5.90 4.46

15 5.90 4.46

16 3.00 4.46

17 4.46

18 4.46

19 4.46

20 4,46

21 2.25
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Year Accelerated Percentage Depreciation Straight Line Amount

1 20.0 $20,000 $20,000

2 32.0 $32,000 $20,000

3 19.2 $19,200 $20,000

4 11.52 $11,520 $20,000

5 11.52 $11,520 $20,000

6 5.76 $5,760

Note that all categories are depreciated over n þ 1 years, n being the stipulated

property’s service life. This depreciation occurs at an accelerated rate. That is, the

depreciation is not evenly distributed across the 6-year period. More depreciation can

be taken in the early years.

In the straight line or linear method, equal amounts of depreciation are taken in each

year. Using the straight-line method the service life is 5 years, and the annual depreciation

amount available is $100,000/5 or $20,000 per year for 5 years.

6.10 MARGINAL TAX RATES

The U.S. income tax system is progressive. This term is used to indicate that tax rates do not

stay flat or constant across all income levels. In a flat system, all taxpayers are subject to the

same tax as a percentage of their income, regardless of the amount earned. In a progressive

system, the percentage of income tax paid by taxpayers with high income is higher than

the percentage paid by individuals with lower income. There are a few instances of

regressive taxes, which result in lower income individuals paying more, as a percentage of

their income, than higher income taxpayers. The excise tax on gas is an example: The tax

levied to each gallon is more significant as a percentage of earnings to lower income than to

upper income individuals.

The income tax depends on two main factors: the filing status of the taxpayer (i.e.,

corporation, single individual, married filing jointly, etc.), and the taxable income on which

the tax is computed. Each filing status has a corresponding tax table, similar to the one

shown in Table 6.3. The table is divided into income brackets, and each income bracket has

a different tax percentage called the marginal tax rate for the bracket. The column titled

Lump Sum is derived from other data, which will be discussed. The brackets are adjusted

by the IRS every year. Changing tax percentages, however, is much more difficult because

percentage changes require an act of Congress.

Taxes are computed incrementally. Referring to Table 6.3, a single person with taxable

income of $10,000 will pay a 10% tax over the first $8,025 and 15% on the amount above

$8,025.

Tax for $10; 000 taxable income ¼ 10%� 8; 025þ 15%� 10; 000� 8; 025ð Þ
¼ $1; 098:75

Table 6.3 Tax Table for Single Taxpayers, 2008

Bracket Floor Lump Sum Marginal Tax Rate

8,025 0 10%

32,550 802.50 15%

78,850 4,481.25 25%

164,550 16,056.20 28%

357,700 40,052.20 33%

No limit 103,791.75 35%
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Similarly,

Tax for $50; 000 taxable income ¼ 10%� 8;025þ 15%� 32;550� 8;025ð Þ
þ 25%� 50;000 � 32;551ð Þ ¼ $8;843:50

Notice that for a taxable income of $60,000, only the last term would be different from

the previous computations, that is, 25% � (60,000 – 32,550). In fact, only the last term

of the tax computations for a taxable income differs from the computations for any other

taxable income within the same bracket. To simplify the computations, most tax tables

include a lump sum equal to the amount of tax paid up to the bracket base.

The lump sum for the first brackets of Table 6.3 can be found as follows:

$0 to $8;025 : Lump sum ¼ $0; since there are no preceding brackets
>$8;025 to $32;550 : Lump sum ¼ 10%� 8;025 ¼ $802:50
>$32;550 to $78;850 : Lump sum ¼ 10%� 8;025þ 15%� 32;550� 8;025ð Þ

¼ $4;481:25
>$78;850 to $164;550 : Lump sum ¼ 10%� 8;025þ 15%� 32;550� 8;025ð Þ

þ 25%� 78;850� 32;550ð Þ ¼ $16;056:20

Using the lump-sum column, tax computations are straightforward:

Tax for $10;000 taxable income ¼ 802:50þ 15%� 10;000� 8;025ð Þ ¼ $1;098:75
Tax for $50;000 taxable income ¼ 4;481:25þ 25%� 50;000� 32;550ð Þ ¼ $8;843:50
Tax for $60;000 taxable income ¼ 4;481:25þ 25%� 60;000� 32;550ð Þ ¼ $11;343:75

A summary table for other individual taxpayer filing statuses is shown in Table 6.4.

Notice that although lump sums are not included, the table is perfectly usable. Table 6.5

includes the brackets and rates for corporations.

6.11 TAX CREDITS

A tax credit is an allowance that can be deducted from the tax as computed in the previous

section, instead of from the individual’s or corporation’s taxable income. This is the case, for

Table 6.4 Individual Taxpayer Income Brackets and Tax Tates, 2008

Single

Married Filing Jointly

or Qualified Widow(er)

Married Filing

Separately

Head of

Household

Marginal

Tax Rate

$0 $0 $0 $0 10%

$8,025 $16,050 $8,025 $11,450 15%

$32,550 $65,100 $32,550 $43,650 25%

$78,850 $131,450 $65,725 $112,650 28%

$164,550 $200,300 $100,150 $182,400 33%

$357,700 $357,700 $178,850 $357,700 35%

Table 6.5 Corporate Income Brackets and Tax Rates, 2008

Bracket Floor Lump Sum Marginal Tax Rate

$0 $0 15%

$50,000 $7,500 25%

$75,000 $13,750 34%

$100,000 $22,250 39%

$335,000 $113,900 34%

$10,000,000 $3,400,000 35%

$15,000,000 $5,150,000 38%

$18,333,333 $6,416,667 35%
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example, of the Hope credit and the Lifetime Learning credits, which can be claimed by

college students complying with given requisites. Other examples are the credit for child and

dependent care expenses and the residential energy credit. As the examples show, these

allowancesusually subsidizea reputedlydesirablebehavior (i.e., collegeeducationandenergy

saving investments) or to help individuals under trying financial circumstances (i.e., child and

dependent care). Similarly, corporations can claim credits. They tend to encourage business

activities in a region (e.g., the American Samoa Economic Development Credit), reimburse

taxes paid overseas, or foster a desirable behavior (e.g., the Rehabilitation Tax Credit).

It must be repeated that credits are subtracted from the computed tax and not from the

income. To emphasize the effect of a tax credit, consider the case of a person owing $10,000

in federal income tax who decided to purchase a hybrid car in 2008. At the time, the IRS

allowed a credit of up to $3,000 to foster the use of this technology. By purchasing a model

qualified for the full $3,000 credit, the person would have lowered the tax to $7,000 instead

of the original $10,000. In other words, a tax credit results in a reduction in the tax paid

whereas a deduction results in a reduction of the amount that is taxable. Therefore a

deduction of $3,000 for a person in the 28% tax bracket reduces the tax actually paid by only

$3,000 � 0.28 ¼ $840, not $3,000. Clearly, a tax credit is more desirable.

6.12 TAX PAYROLLWITHHOLDING

Employers are required to retain an amount from each paycheck that is roughly enough to

cover the employee’s tax liability at the end of the year. This withholding ensures that

amounts are set aside on a paycheck-by-paycheck basis. In effect, the employee accu-

mulates the amount required for end of year tax payment on a pay-as-you-go basis. The

amount held back is essentially an escrow account held for the employee by the employer.

At the time of payment, this escrow or withheld amount provides the employee with a basis

for paying tax. As many taxpayers know, it often occurs that the total retention exceeds the

total tax owed, in which case the IRS refunds the amount of overpayment to the individual

taxpayer.

6.13 TAX PAYMENT SCHEDULES

Corporations and some individuals must pay their taxes in quarterly installments, although

their deadlines are slightly different. The requirement to make quarterly payments is

similar, in concept, to withholding taxes for the individual employee discussed in the

previous section. Installments are intended to avoid the situation of a company being

confronted with a large payment at the end of the tax period. It ensures that companies and

individuals pay as they go and spread tax payments over the four quarters of the tax year.

This avoids the shock of paying a single large balloon payment at the end of the tax period.

Corporations can select a fiscal year, which does not need to coincidewith the calendar

year. Whereas a calendar year ends on December 31st, a corporate fiscal year can end on

any arbitrary date, usually at the end or the middle of a month. Many retailers, for example,

do not like a December 31st fiscal year end because they are still busy with the Christmas

season. Nevertheless, about two-thirds of U.S. corporations choose to have their fiscal year

ending with the calendar year. A corporation with this calendar must estimate their profit

and submit installments on the 15th of April, June, September, and December. Proprietor-

ships and other organizational forms without an independent tax standing, as well as

individuals with substantial income that is not subject to withholding, use the same

calendar for the first three installments (15th of April, June, and September) but pay the last

installment on January 15th of the following year. Oddly enough, this means that there are

2 months between the 1st and 2nd payments, 3 months between the 2nd and 3rd payments,

and 4 months between the 3rd and last payments.
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6.14 MARGINAL, AVERAGE, AND EFFECTIVE TAX RATES

Three different tax rates are of interest. As already discussed, the marginal tax rate is

related to the tax bracket intowhich the taxable income falls. A progressive system imposes

a higher tax percentage to higher levels of income. However, it is also important to view

taxes as a percentage of the money earned by the taxpayer. Therefore, two other rates need

to be considered. The average tax rate compares the tax paid to the taxable income.

Average Tax Rate ¼ Tax Paid=Taxable Income

The effective tax rate is the ratio between tax paid and income prior to subtraction of

deductions and exemptions.

Effective Tax Rate ¼ Tax Paid=Gross Income3

Assume that Elmer Fudd of Fudd Construction has a total income (before taking

exemptions and deductions) of $200,000. His taxable income is $160,000. He runs his

company as a proprietorship and is married filing a joint return. Mr. Fudd falls into the 28%

marginal tax bracket (i.e., married filing jointly with an income between $131,450 and

$200,300). This means that a gift to charity for $1,000 will lead to a reduction in tax paid of

28% � $1,000 ¼ $280.

Fudd’s actual tax paid is based on a taxable income of $160,000 is

16;050� 0:10ð Þþ
65;100� 16;050ð Þ � 0:15þ
131;450� 65;100ð Þ � 0:25þ
$160;000� $131;450ð Þ � 0:28 ¼ $33;529
His average tax rate is $33;529=160;000 or 20:96%

The average tax rate will always be lower than is marginal rate, since the average includes

the fraction of the income taxed at the lower tax rate of the low income brackets.

His effective tax rate is based upon a gross income of $200;000:
Effective Tax Rate ¼ $33;529=$200;000 ¼ 16:76%

The effective tax rate results from dividing the amount of paid taxes by the income without

considering deductions or exemptions.

The spread between average and effective income taxes (20.96 versus 16.76%) is low

in this case, compared to many large corporations with large tax breaks. With corporations

the difference between average and effective rates are significantly influenced by the

marginal rates since the corporate rates do not monotonically increase as income increases.

The rates have a bimodal or camel back shape. As can be seen from Table 6.5, the corporate

rate increases to 39% and then drops back to 34% for incomes between $335,000 and

$10 million before increasing to 35% above $10 million. The rates move between 39 and

34% for incomes above $100,000. This convoluted rate structure and aggressive tax

sheltering strategies yield significant reductions in taxable income and result in large

differentials between average and effective rates. The IRS reported that in 1999 the

effective rate paid (on average) by the top 10,000 largest corporations was 20%,

considerably less than their average tax rate of near 34%.

6.15 NET OPERATING LOSSES

A company has a net operating loss (NOL) when it reports a higher amount of allowable

deductions than revenue. NOL is generally close, but not equal, to the loss (if any) reported in

3Gross income is the income prior to consideration of exemptions and deductions.
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the company’s income statement. As previously discussed, there are deductions for tax

purposes that may be computed differently in the company’s accounting system (e.g.,

depreciation) and may not appear in the income statement (e.g., incentives to locate in

certain areas), or viceversa,maynot beacceptable for tax purposes (e.g., somepublic relations

and travel expenses). Individuals and all forms of business organizations can report a NOL.

No income taxes are levied in the year that an individual or company has an NOL.

Furthermore, the loss can be used to revise the taxable income of previous years and to

lower the taxable income of future years. The NOL applied to past years is called a

carryback, and the amount applied to future years is a carryforward.

Therulesappliedtocarrybackandcarryforwardhavechangedwitheverymajorrevisionof

the taxcode, anddependon the typeof loss, income, andeven the typeof institution (banks, for

example, have their set of rules in this area). Being aware of the concepts of carryback and

carryovershouldbeenoughfortheintendedlevelofthisbook.Carrybackhasbeenlimitedtothe

previous 3 years and carryforward to the next 15 years for most situations applicable to

construction companies. The following example helps in the understanding of the process.

Suppose that a company reports a NOL of $1 million for 2009. It had a taxable income

of $200,000 in each of the previous 4 years. How would this company apply this NOL to

revise previous tax computations and as a deduction for coming years?

The carryback process is usually performed before the carryforward because it results

in immediate tax relief (a refund) from the IRS. An exception happens when a company

finds that the marginal tax rate of previous years is lower than the expected marginal rate

for coming years. In such (uncommon) case, the difference in rates may justify the wait. In

this case, the company chooses to apply the carryback first. The taxable income of each of

the 3 previous years is revised to zero:

� In 2008, the amount available to carry back is $1 million. After subtracting the

$200,000 originally reported as taxable income, the revised taxable income is $0,

and the amount available to further carryback is $800,000.

� In 2007, the revised taxable income is also zero, and the remaining carryback is

$600,000.

� In 2006, the same process is applied. The revised taxable income is zero, and the

remaining carryback is $400,000.

� The taxable income for 2005 cannot be revised, despite the $400,000 of NOL still

available, since this year is more than 3 years before the NOL.

The company will send the IRS revised tax returns showing zero taxable income for 2008,

2007, and 2006. It will get a refund for all taxes paid in those years (not $200,000 for each

year, but the tax amount paid in each year).

The unapplied portion of the NOL is saved as carryforward for the coming years. If the

company has a taxable income before applying the NOL of $100,000 in 2010, it can set to

$0 the taxable income and still have $300,000 available. If it has a taxable income of

$450,000 in 2011, it would apply all the remaining funds from the NOL to pay taxes on a

taxable income of $150,000.

6.16 SUMMARY

This chapter has discussed issues related to taxation which influence the bottom line of a

construction company and impact financial decisions. Clearly, minimizing the amount of

taxes paid increases the profit and retained earnings controlled by the company and

ultimately distributed to the owners and stock holders. One area, which is often discussed

in conjunction with taxation, is contributions made by companies to ensure the welfare of

employees. Companies are involved in paying Social Security contributions required by
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federal law, unemployment and Workman’s Compensation insurance required by state

governments, and so-called ‘‘fringe’’ benefits required of union contractors by union

contracts. Although these are not strictly taxes, they do have a similar impact on the

profitability of the company and must be carefully analyzed. The company’s top

management and particularly the chief financial officer (CFO) must continuously study

and analyze the impact of taxation on all financial and organizational decisions. Taxes are

business costs that lead to a reduction in before tax income and must be considered

seriously. These costs require at least the same level of professional and financial

expertise that is required from a technical perspective to build innovative and successful

construction projects.

REVIEW QUESTIONS AND EXERCISES

6.1 Explain in your own words the concept of marginal tax

rate.

6.2 Does a single individual making $500,000 pay the same

marginal tax rate as another making $1 million? Explain.

6.3 You decide to sell a house that you bought 5 years agowith

the purpose of renting it. Its purchase price was $300,000, and

now its market value is about $500,000. How much should you

expect to pay in taxes for the sale of this house?

6.4 What is the average tax rate paid by a single person with a

$60,000 adjusted gross income for 2008?

6.5 What is the name of the amount of money that can be

deducted directly from the computed tax, instead of from the

taxable income?

6.6 Which business enterprises pay untaxed profits to owners/

partners who then pay the taxes on their individual returns?

6.7 Peachtree Construction, Inc., which is incorporated as a

corporation, reported a NOL of $500,000 in 2008. Given the

following data, how much of this NOL is likely to be available

as a deduction from its profit in 2009?

� The company was created in 2006.

� It had a NOL of $100,000 in 2006.

� It reported a profit before taxes of $400,000 in 2007.

6.8 A corporation had a net income before taxes of $1.2

million for 2008. Find the tax liability for this company.

6.9 Pegg Construction, a partnership of three brothers, had a

net income before taxes of $300,000. The brothers have agreed

that all profit will be shared in equal parts. John Pegg is single

and has an income of $500,000 from other sources. How much

will John pay in taxes for the $100,000 from the partnership

with his siblings? Use 2008 tables.

6.10 Let us assume that we own our personal residence. One

question of interest is, ‘‘If we depreciate real property (e.g.,

land, buildings, etc.), can we depreciate the house in which we

live?’’ Depreciation allows for the recovery of the cost of doing

business. Since, in most cases, we do not ‘‘do business’’ in our

own home, our residence is not a depreciable asset. You can,

however, think of some instances in which a person conducts

business at home. Can such a person working at home, depre-

ciate the cost of his house?

6.11 Why are governments willing to agree to accept the

concept of depreciation, which leads in many cases to a consid-

erably lower level of taxation for business entities? The answer to

this question provides an insight into how modern economies

operate. How are economies impacted by depreciation?

6.12 Verify the 5- and 7-year property class percentages given

in Table 6.2 by applying the 200% depreciable basis (DB)

approach to a piece of equipment with a nominal value of

$1,000. For the 7-year property class, in what year is the switch

from%200 DB to straight line made based on the percentages in

the Table 6.2. Only half of the first and last years are considered

in the computations. This means that for a 5-year class property,

instead of deducting 100%� (2/5)¼ 40% in the first year, only

half (40%/2 ¼ 20%) is deducted.

6.13 Why do you think the 150% DB method is used as the

basis for depreciation for 15- and 20-year classes of equipment

as given in Table 6.2?

6.14 Find the yearly depreciation of a $100,000 5-year class

concrete mixer, first assuming that it is new when purchased,

and then that it is purchased as used equipment.

104 Chapter 6 Impact of Taxes



E1C07_1 09/29/2010 105

Chapter 7

Project Planning

CONTENTS

Building Information Modeling 105

7.1 Introduction 106

7.2 Developing the Work Breakdown Structure 108

7.3 AWork Breakdown Example 109

7.4 Work Packages for the Gas Station Project 110

7.5 Determining Sequence of Work Packages 112

7.6 Estimate Development and Cost Control Related to

the Work Breakdown Structure 113

7.7 Role of Code of Accounts 114

7.8 Summary 116

Review Questions and Exercises 116

Building Information Modeling

A construction project model is a stand-in for the actual structure

to be built. A model can show the geometry of the project, as is

the case of its blueprints, or can depict a more conceptual aspect,

such as the sequence of its building operations or the cost of its

components. Although the term model may seem uncommon,

every participant in the many aspects involved in a construction

project requires of one that can answer to their particular needs.

As a result, a single project has dozens of independent,

consecutively developed models, each one with possible mistakes

that can be propagated into the others. A drawing error in the

Building Information Systems
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architectural drawings may result in more mistakes in its structural drawings, which in

turn may affect the shop drawings made by the mechanical subcontractor, and so on. The

mistake could be caught at some point in this chain of graphical and conceptual models.

However, it is cumbersome for, say, the mechanical contractor to warn the structural

engineer of the mistake so that the structural can in turn advise the architect to fix it. An

error is frequently fixed in some of these project models, but not in all. Every stakeholder

is affected in time, cost, and even safety by the multiple, independent models typical of

current construction practices.

Building information modeling (BIM) attempts to build a single common model of a

project that can then be used and updated as changes are introduced or mistakes are

detected and fixed. The Associated General Contractors of America has developed a

useful booklet introducing BIM. This booklet defines BIM as follows:

Building Information Modeling is the development and use of a computer software model to

simulate the construction and operation of a facility. The resulting model, a Building

Information Model, is a data-rich, object-oriented, intelligent and parametric digital

representation of the facility, from which views and data appropriate to various users’ needs

can be extracted and analyzed to generate information that can be used to make decisions

and improve the process of delivering the facility.1

To reinforce an important aspect mentioned, BIM is fundamentally computer based. The

software model universally includes a three-dimensional (3-D) representation of the

project’s geometry, from which blueprint views and sections can be easily created. This

3-D model allows a virtual walkthrough of the facility and can identify any geometrical

conflicts, such as a mechanical duct running into a structural girder. The visualization

capabilities of BIM are useful, but by no means are the only intended content or use for a

BIM model. A fully developed BIM model should include other information such as the

specifications for each construction element (e.g., the hardware specified for each door or

for each roof-top unit), its cost, and even its timing in the construction schedule.

BIM has been vigorously advanced in recent years, and the capabilities of new

software and hardware make possible its widespread adoption by the construction

industry. There are also hurdles to overcome. To whom does the model belong? What

happens if the model, after having been reviewed by multiple stake holders, has a costly

or fatal mistake? How much information should be kept private by the various stake

holders? These are significant questions that will likely need years of legal testing to

determine.

7.1 INTRODUCTION

The planning of a project involves the concept of an objective or facility, and a scope of

work defining the work product or deliverable. The bid package consisting of the plans and

specifications establishes the scope of work to be performed. To be properly managed, the

scope of work must be broken into components that define work elements or building

blocks, which need to be accomplished to realize the end objective. The assumption is that

the project is the summation of its subelements.

Definition of the subelements is important because it determines how the project is to

be realized in the field. The subelements are often referred to as work packages. The

1Ernstrom, R., Hanson, D., Hill, D., Jarboe, J., et al. (2006). ‘‘The Contractors’ Guide to BIM.’’ Arlington, VA:

The Associated General Contractors of America.
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summation of the work packages can be shown in a hierarchical format called a work

breakdown structure (WBS). Figure 7.1 is an example of a WBS for a small building.

The building defined at Level I is subdivided into major subsystems at Level II. The

foundation work is again broken into major work activities at Level III. Similarly, the pile

cap consists of work tasks such as forming, installation of reinforcement, etc.

Development of a WBS requires a thorough understanding of the project scope of

work. Experience in building is key to establishing a functional WBS. The WBS and the

hierarchy of work packages of which it is composed are used to determine the status of a

project and to manage the project from a time, cost, and quality perspective. Mentally,

building a WBS structures the work that must be physically accomplished to realize the

project and its end objective.

Planning can be thought of as the definition and sequencing of the work packages

within a given project. That is:

Planning ¼ Work BreakdownþWork Sequencing

Planning leads to a refinement of the scope of work as established in the contract

documents. A good plan reduces uncertainty and improves efficiency.

The WBS also assists in determining the amount of planning needed. That is, it

defines the level of planning required. For instance, if we are traveling to Washington,

D.C., certain major elements of the travel should be planned. If we are traveling by air we

need to book an airline ticket. We need to determine what to pack. Typically, wewill need

a place to stay, so we probably will reserve a hotel room unless we are staying with

friends. At a lower level in our planning hierarchy, wemust determine how to get from the

airport to the hotel. If time is critical, we may reserve a limousine to meet us at the airport.

Building

SiteLevel II

Level I

Level III

Level IV

Level V

Foundation Structural Frame Etc.

Etc.Pile CapPilingExcavation

Etc.ConcreteResteelForms

Place or SetPrepare Shop
Drawings

Cut and Fabricate Deliver

Figure 7.1 Work Breakdown Structure (WBS) Example.
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On the other hand, wemay decide to make a decision on arrival as towhether to take a cab,

a shuttle bus, or theWashingtonMetro Mass Transit system. In effect, the development of

the WBS and the definition of work packages is an exercise in ‘‘thinking things out ahead

of time.’’ It provides an orderly mechanism that facilitates planning. How detailed and

comprehensive the WBS must be will vary with the situation and the complexity of the

project.

Planning allows us to develop a framework for project execution, monitoring, and

control. This minimizes uncertainty, clarifies subobjectives within the overall objective,

assists in establishing sequencing of activity, and helps to avoid crisis management.

Planning is, however, an ongoing task and continues throughout the life of the project.

As General Dwight D. Eisenhower once said: ‘‘Plans are nothing, Planning is everything.’’

Initial planning is inevitably impacted by events that cause changes to the plan. The success

of a project is tied to the manager’s agility in identifying deviations from the plan and

solving the challenges precipitated by these deviations. Figure 7.2 reflects this cycle of

planning in terms of a simple flowchart. Once the WBS has been developed, it provides the

framework within which planning can proceed throughout the life of the project. It

becomes the vehicle for identifying deviations, assessing their impact, and making

appropriate corrections to the existing plan. Therefore, ‘‘planning is everything,’’ and it

is an ongoing activity until the project is completed.

7.2 DEVELOPING THEWORK BREAKDOWN STRUCTURE

Work packages are the building blocks of the WBS. They should be defined to assist the

manager in determining project status or level of completion of the project. One definition

of theWBS is ‘‘the progressive hierarchical breakdown of the project into smaller pieces to

the lowest practical level to which cost is applied.’’ When monitoring and controlling a

project, cost and time are areas of primary interest. The WBS is extremely useful in

developing both cost and time (schedule) plans.

In establishing the WBS, the following guidelines need to be considered:

1. Work packages must be clearly distinguishable from other work packages.

2. Each work package must have a unique starting and ending date.

Develop the lnitial
Plan

Implement the
Plan

Determine Impact
of Deviations (i.e.
major or trivial)

Make Correction to
the Plan as
Required

Detect Deviation
from the Plan

Figure 7.2 The Planning/Management

Cycle.
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3. Each work package should have its own unique budget.

4. Work packages should be small enough that precise measurement of work progress

is possible.

For example, in Figure 7.1 one work package at Level IV defines work associated with

the installation of reinforcing steel in a pile cap. This work package is (a) clearly defined

and separate from other work packages, (b) has a starting and ending date, and

(c) has a cost budget that is unique and is small enough for accurate progress measurement.

The work packages at Level V become more generic and more difficult to distinguish as

unique. For instance, tasks such as cutting and setting steel are short and assigning a

unique budget to this level of work becomes difficult. Therefore, the Level V work

packages in Figure 7.1 can be viewed as subtasks that are prorated to the more unique

Level IV work packages.

7.3 A WORK BREAKDOWN EXAMPLE

To better understand the concept of WBS, consider the small gas station project for which

simplified plans and concept drawings are shown in Appendix H.

In construction, the various aspects of the work that contribute to breakdown of the

project into packages relate to:

1. Methods used to place work.

2. Skills needed for the work.

3. Craft workers involved.

4. Critical resources (e.g., cranes, crews, etc.)

The definition of work packages can be facilitated by using categories which help in

establishing a level of uniqueness. For this example, the following four categories have

been defined:

1. Location or area within the project (e.g., foundation–pile cap).

2. Material type (e.g., concrete, resteel, etc.)

3. Method of installation (e.g., excavation).

4. Types of resources required (e.g., labor and equipment needed).

In the gas station project, the construction requires a foundation for the load bearing

walls. The foundation can be thought of as a location (as well as a structural support

system). The location or area of the work is a physical part of the construction. That

is, one can walk up and touch the location of the package. A work package defining the

floor slab in Section A on the third floor of an academic building is something we

can locate and physically touch in the completed facility. The fact that the slab is

concrete (i.e., rather than wood or metal) is another parameter that is important. It has

implications from a procurement, as well as from a placement and work content, point

of view.

Location and material type will influence the method of placement or installation.

The method of installation and the material type will determine the human skills and

equipment resources needed for installation. The method of placement or installation

dictates the types of resources required, thus differentiating one package from another.

For instance, in one case we may be placing concrete using a concrete pump, whereas in

another situation the concrete may be transported using concrete buggies. In each case,

labor and equipment resources, the budget, and the productivity of the concrete placement

will be different.
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7.4 WORK PACKAGES FOR THE GAS STATION PROJECT

Let’s develop a set of work packages and a WBS for the gas station construction. First,

locations that are work package related will be determined. As noted previously, the

building foundation can be considered a location. It would be important to know whether

the scope of work includes the parking and service area surrounding the station. For the

purposes of this exercise, we will assume it is within the scope of work. Location work

packages would be as follows:

1. Parking and service area.

2. Foundation.

3. Building walls/structural panels.

4. Building roof.

5. Interior floors/slabs (separate from the foundation).

6. Interior finishes.

7. Exterior finishes.

8. Electrical systems.

9. Mechanical systems.

Adding the category of material type expands the number of work packages as shown in

Table 7.1. Although this listing is, by no means, complete, it indicates the level of detail

which must be considered even in a relatively small project (when only two levels of

hierarchy are defined).

If mechanical work is expanded to cover location, material type, methods, and

resources, the following partial list of work packages would be added to the hierarchy

of the WBS.

1. Excavation of waste water system.

2. Drainage tile installation–waste water.

3. Septic tank installation.

4. Fresh water lines (piping).

5. Sinks, basins, and toilets installation.

6. Hot water system installation.

7. Pneumatic air system installation.

Figure 7.3 shows a WBS based on this partial development of work packages.

Table 7.1 Work Packages for the Gas Station Project

(1) Earthwork for Parking and Service (10) Interior Built-ins (e.g., Cabinets, etc.)

(P&S) Area (11) Interior Painting

(2) Asphalt Paving for P&S Area (12) Interior Drywall

(3) Concrete Hardstands in P&S Area (13) Interior Doors, Frames, Hardware, etc.

(4) Concrete Foundations (14) Interior Floor Coverings (if required)

(5) Walls–Masonry Bearing Walls (15) Exterior Brick FaScade
(6) Walls–Prefab Metal Sandwich Panels (16) Exterior Glazing

(7) Interior Concrete Floors (17) Exterior Doors and Signage

(8) Built-up Roof (18) Mechanical Systems

(9) Roof Gutters/Drainage (19) Electrical Systems
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Gas Station

Electrical
Systems
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Interior
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Figure 7.3 WBS for Gas Station Project.
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7.5 DETERMINING SEQUENCE OFWORK PACKAGES

Having broken the work in to work packages, activities which facilitate time management

and control can be defined and logically placed in sequence. The word activity is generally

used when discussing time control or scheduling to refer to the work elements that appear

in the schedule in their expected sequence or logical order. As mentioned in Chapter 1, the

word technology implies that operations have a logic or sequence. An understanding of this

logic is a key to successful project management.

In arranging the work package sequence for time control, the criteria of (a) location,

(b) material, (c) method, and (d) required resources developed in Section 7.3 must be

reconsidered from the perspective of how these criteria impact the order or sequence of

work activities. For instance, location can determine sequence. It is normal to complete the

structural frame for floor 1 of a building before beginning work on the structural frame for

floor 2. This could be considered a physical constraint because the second floor frame

cannot be supported until the first floor frame is completed. Such physical constraints or

physical logic are common and characteristic of construction operations (e.g., the floor

must be complete before installing the floor covering, etc.). Locational aspects of a work

package may, therefore, determine its sequence in the overall project.

In some cases, physical requirements do not dictate order or sequence. For instance, in

finish work relating to a restroom, fixtures such as sinks, toilets, partitions, etc. must be

installed. Wall and floor finishes such as ceramic tiles must also be completed. Since there

is no physical constraint, it is a management decision as to whether the walls and floors

are completed first or the fixtures are installed first. In this case, the situation is controlled

by a management decision (e.g., the fixture subcontractor is available first and is instructed

to proceed) and the sequence is driven by management logic.

Again consider the small gas station project. A preliminary sequencing of the work

packages is shown in Figure 7.4. One activity is defined to address mobilizing men,

material, and machines to the site and preparation of the site. Then the locational or area

work packages are ordered in sequence starting with the foundation and completing with

the interior and exterior finishes and the mechanical and electrical systems that can be

worked on at the same time (i.e., in parallel). This preliminary sequencing provides the

framework for a more detailed schedule development to be presented in Chapter 8.

Start

1
Startup
& site

preparation

2
Pour

foundation
(ftrs, etc.)

3
Erect

building
structure

4
Construct

roof

6
Interior

floor
slabs

7
Interior
finishes

End

5
Exterior
finishes

8
Elec.

& mech.
system

Figure 7.4 Preliminary project breakdown.
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Following the preparation of the site, the footers and pier foundations are to be poured.

After the footers and pier foundations have reached sufficient strength, the building

structure is erected. It should be noted that, in this case, the floor slabs of the service bays,

the show room, and the office areas as well as the utility room and toilets are not poured

until the building structure is erected. Since the foundation consists of a ring footing2 and

individual piers to support walls and columns, etc., the building shell and roof can be

completed prior to casting the various floor slabs throughout the building. When the roof is

completed and the building is ‘‘closed in,’’ work inside the building can proceed without

concern for the weather.

As a more detailed time plan (i.e., schedule) is developed, consideration must be given

to other time-consuming activities that are not necessarily identified using the location,

material, method, and resource criteria.

Administrative actions, such as inspections, permit issuance, noise constraints, etc.

must be considered in developing the time schedule logic.

Deliveries of materials and similar logistical issues must also be factored into the

schedule.

Finally, certain special activities tied to the physical properties of the materials or

procedures required (e.g., curing of concrete, moisture content measures for soil compac-

tion, etc.) must be included in the time schedule.

A well-defined WBS facilitates the development of both preliminary and detailed

schedules.

7.6 ESTIMATE DEVELOPMENT AND COST CONTROL RELATED TO THEWORK
BREAKDOWN STRUCTURE

A good WBS facilitates cost control during the life of the project.3 Work packages are

defined so that they have their own unique budgets. When referring to work packages in the

context of cost control, the terminology cost accounts or control accounts is often used.

During the bidding process, the contractor prepares an estimate of cost that becomes the

basis for the bid price submitted for the proposed work. If the bid is accepted, the detail

estimate used for bid submittal is converted to a budget that serves as a cost baseline to

control spending during the life of the project. The concept of cost control is shown

schematically in Figure 7.5.

Based on a refinement of the bid estimate, a control budget is prepared. The budget

structure is tied to the breakdown of the project into major cost elements. For small and

simple projects, such as the paving of a residential driveway the cost breakdown of the

budget may consist of relatively few elements (e.g., labor, materials, equipment, special

item, etc.). For larger and more complex projects however, the structure and level of detail

of the cost breakdown is key to effective control of project spending. In the case of the gas

station project, for instance, budgets for each of the work packages shown in Figure 7.3

would be developed. The summation on these individual work package budgets can then be

used to track total project costs and determine an overall cost status for the project at any

time during construction.

In large and complex projects (e.g. large buildings, manufacturing plants, etc.), a

comprehensive WBS is required. Literally thousands of work packages must be defined

and a consistent and reliable system of referring to these elements of thework breakdown is

essential. To provide consistency and structure to the management of large cost control

2A ring footing is a footing that supports the periphery of the building.
3 If a WBS is used, the major items are work packages and the control accounts are subelements of the work

packages.
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systems, a code of accounts is used as a template or guide in defining and cataloging the

cost centers within a project. Several cost coding systems are presented in Chapter 17.

To be consistent with the WBS, such cost coding systems use a numerical or alpha-

numerical labeling that is multilevel or hierarchical in nature. This numerical labeling must

be (a) suitable for computerization, (b) compatible with the company’s financial account-

ing system, and (c) facilitate gathering and reporting of information for broad cost

categories (e.g., cost of all slab concrete) and for highly detailed information (e.g.,

cost of labor for pump installation-pump 101 in the cooling tower). The cost accounting

system should facilitate the aggregation or ‘‘rolling up’’ of costs. The hierarchical or

multilevel nature of the WBS provides an excellent format for the collection and review of

cost throughout the life of a complex project.

7.7 ROLE OF CODE OF ACCOUNTS

The development of cost coding systems is discussed in some detail in Chapter 17. In general

these labeling or coding systems focus on the multiple or hierarchical levels of cost spending

typical of complex construction projects. In defining work packages, location of the work,

material type, method of installation, and resources required help the various levels of the

Develop Bid
Estimate

Bid Accept?Stop No

Yes

Develop Contract
Budget Based on
Major Work Items

Measure Actual
Cost on Project

Revise Contract
Budget No

Project
Complete?

Yes Stop

Take Corrective
Actions

Compare Actual
Costs with Control

Budget

Figure 7.5 Cost Control Cycle.
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breakdown. In cost code development in these identifiers can be characterized inmanyways.A

typical cost codemight define (a) the project designator, (b) area of work, (c) work discipline

(e.g., civil, mechanical, electrical, etc.), and (d) the trade specialty required. Table 7.2 gives

an example of how such a code might be developed. The code in Table 7.2 is 14 digits long.

Therefore, computer databases that are used to store and retrieve cost information must be

able to handle long numerical designators or labels such as the one shown here.

On complex or unique projects, preparation of work package budget control sheets

may be appropriate. Such a sheet allows for collection of data regarding actual costs versus

estimated cost for each work element or package. A typical sheet for the interior slab

construction on the small gas station project is shown in Figure 7.6.

The sheet acts as documentation of the control budget for each work package.

Locations for the base cost calculations for each resource type (e.g., materials, installed

equipment, labor, and equipment) are provided. As work packages are completed, the

‘‘as-built’’ cost and productivity achieved are recorded. This is backup material for the cost

estimating database and can be used as a referencewhen estimating the cost of similar work

in future. It also supports the comparison activity (e.g., compare actual costs with control

budget) in the flowchart of Figure 7.5.

Table 7.2 Cost Code Structure (Example)

Level Project Area Discipline Trade

1 21300

2 804

3 724

4 112

Cost Code ¼ 21300 � 804 � 724 � 112

Work Package Identification 06-123 Description:
Concrete Placement Interior Floor Slabs

Materials
Resource

Code
Description Unit Qty ExtensionUnit

Cost

Installed Equipment

Crew Labor

Equipment Not Charged As Indirects

NR

NR

Hours

Hours

Cost/Hr Extension

Cost/Hr Extension

101 Concrete, 2500psi CY 30 40.00 1200.00

Actual Productivity

Notes

Cost Summary
Actual Cost

Equipment =
Materials =
Labor =

Variation from
Budget

020 1 8 30.00 240.00
480.00
160.00
200.00

1080.00

10.00 80.00
120.00

1200.00

1400.00

15.00
150.00

15.00
20.00
25.00

8
8
8

8
8
8

1
1

1
1
1

4
Foreman
Laborer
Finisher

Finisher

Pump Operator

Concrete Pump

Vibrator505
517
308

029
022
063

Total

Total

Figure 7.6 Work Package Control Account Sheet.

Source: This sheet is based upon a system presented by J. M. Neil in the text Construction

Cost Estimating for Project Control, published by Prentice-Hall, 1982.
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7.8 SUMMARY

Construction project planning focuses heavily on time and cost control. Planning is a

continuous task. Deviations from the original plan are the norm rather than the exception.

Therefore, an organized approach to identifying change from the original plan is critical. It

has been noted that:

‘‘In order tomanage, one should be able to control.

In order to control, one should be able tomeasure.

In order tomeasure, one should be able to define.

In order to define, one should be able to quantify.’’

—D. Burchfield, 1970

The WBS approach provides a rigorous way to quantify, define, measure, and control

the elements or work packages of a given scope of work. Breaking a construction project

into work elements to be managed is essential for both time and cost planning. In addition

to time and cost planning, a number of other planning efforts are needed when constructing

a facility. Decisions and supporting plans must be developed to address many dimensions

of the project. The following is a partial list of other plans which must be developed:

� Procurement plan.

� Safety plan.

� Subcontracting plan.

� Quality plan.

� Communication plan.

� Organizational plan.

� Completion and start-up plan.

The effective manager is constantly involved in developing and updating plans. Planning is

a never-ending task. Therefore, one is continuously improving and perfecting the plan.

Planning is everything.

REVIEW QUESTIONS AND EXERCISES

7.1 Develop cost codes for each element of the WBS shown in

Figure 6.3. Hint: If you assign the account number 01-00-00 for

the overall project, then a good account for the packaging and

service area could be 01-01-00, and asphalt paving could be the

account 01-01-02.Cost control is discussed indetail inChapter17.

7.2 Develop a two-level WBS consisting of at least 16 work

packages for the building of the Brooklyn Bridge as described in

Chapter 1.

7.3 Develop a preliminary WBS for a small one-story com-

mercial building to be constructed on the site of an existing

small-frame structure. It is 30 by 60 feet in plan (see illustra-

tion). The exterior and interior walls are of concrete block. The

roof is constructed of bar joists covered with a steel roof deck,

rigid insulation, and built-up roofing. The ceiling is suspended

acoustical tile. The floor is a concrete slab on grade with an

asphalt tile finish. Interior finish on all walls is paint.

a. Show the first level of this structure for the total

project (WBS is developed from top to the bottom).

b. Select one work package (or building system) of the

first level and develop the second-level structure for

this work package.

7.4 Describe how you would develop a subcontracting plan for

the construction of a small child-care facility
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Four-Dimensional Modeling

Traditional design and construction planning tools, such as two-dimensional (2-D)

drawings and network diagrams, do not support the timely and integrated decision

making necessary to move projects forward quickly. They do not provide the

information modeling, visualization, and analysis environment necessary to support

the rapid and integrated design and construction of facilities. Synthesis of

construction schedules from design descriptions and integrated evaluation of design

and schedule alternatives are still mainly manual tasks. Furthermore, the underlying

representations of a design and a construction schedule are too abstract to allow the

multiple stakeholders to visualize and understand the cross-disciplinary impacts of

design and construction decisions.

Four-dimensional (4-D) technologies are now being used by planners, designers, and,

engineers to analyze and visualize many aspects of a construction project, from the three-

dimensional (3-D) design of a project to the sequence of construction to the relationships

among schedule, cost, and resource availability data. These intelligent 4-D models

support computer-based analysis of schedules with respect to cost, interference, safety,

etc., and improve communication of design and schedule information.

Extending the traditional planning tools, visual 4-D models combine 3-D CAD

models with construction activities to display the progression of construction over

117
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time. However, 4-D models are time consuming to generate manually and do not

currently support analysis programs. The difficulty and cost of creating and using such

models are currently blocking their widespread adoption. The construction knowledge

necessary to build 4-D models has been formalized and developed by a methodology

that guides project planners in generating 4-D models from 3-D product models. This

formalized knowledge enables project managers to create and update realistic

schedules rapidly and to integrate the temporal and spatial aspects of a schedule as

intelligent 4-D models.

8.1 INTRODUCTION

As discussed in the previous chapter, a project’s work breakdown structure (WBS)

defines work packages that can be sequenced (scheduled) to coordinate the project

construction. The resulting project schedule is of paramount importance for many

management functions, such as the proper coordination of material procurement and

subcontractor mobilization. The schedule provides a concise means to communicate

the intended construction strategy and can reveal any inconsistencies in its design. This

chapter examines the steps required to develop a project schedule. They involve:

� Breaking down the scope of the work into manageable portions, namely its

activities. This first step was discussed in the previous chapter.

� Estimating each activity’s duration.

� Establishing sequence relationships among activities. If one activity is called

fabricate formwork for deck A and another is called pour concrete for deck A,

then finishing the former is a necessary condition for executing the latter.

� Finding the earliest and latest possible times for the execution of each activity. This

is determined by the duration of the activities and their mutual relationships.

Example of a 4-D model. (Courtesy of M. Fischer, Common Point Technologies, Inc. and DPR

Construction, Inc.)
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� Looking up the project’s critical sequence of activities and the leeway that activities

not included in this sequence can have. This step is an outcome from the scheduling

of the previous step.

� Reviewing, optimizing, communicating, updating, and in general, using the

schedule.

8.2 ESTIMATING ACTIVITY DURATIONS

After a list of activities is developed, the duration of each one must be estimated. The

duration of any activity is largely determined by:

� The nature of the work that the activity entails. All other factors being equal, a

concrete pour in the 50th floor of a building is likely to take longer than one in the

2nd floor.

� The quantities of the work. Quite evidently, an activity involving 6,000 square foot

of formwork will take longer than another consisting of 3,000 square foot.

� The technique used for the task. A concrete pour usually takes longer if it is done

using a tower and buggies than if it is done with a concrete pump.

� The resources used to perform the work. Twenty masons are likely to finish the

same amount of work in a shorter time than 15 masons. A larger fleet of scrapers

will finish an earthmoving operation faster than a smaller one, if the conditions

discussed are met.

� The working hours for the resources. An activity will be finished in fewer days if it

is performed using 10-hour shifts instead of 8-hour shifts.

These factors are extremely important in shaping the duration of an activity, but other

factors must be also taken into consideration. An earthmoving operation, for example,

requires that the number of trucks carrying the material is balanced with the equipment

used to load the trucks. If the operation is balanced with the use of five trucks, the increase

in productivity achieved by using seven units is minimal. Chapter 14 discusses equipment

productivity in more detail. Similarly, an excessive number of crews working in a small

space dramatically decreases the productivity of each one. This and other factors affecting

productivity will be discussed in Chapter 16.

With all the factors considered here, it would appear that estimating durations is a

colossal endeavor. In fact, there are many ways to simplify this part of the scheduling

process. Figure 8.1 shows an excerpt from Building Construction Costs, published

annually by R. S. Means, Inc. It shows the ‘‘normal’’ productivity for a crew fabricating

and placing footing formwork. Similar data are available in other sources.

Figure 8.1 Excerpt from R.S. Means Construction Cost Data showing productivity data.
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8.2.1 Example: Estimating the Duration of an Activity

A project schedule has an activity called Form Continuous Wall Footings. There are 6,000

square feet of contact area (SFCA) of continuous wall footing formwork. Estimate this

activity’s duration.

As mentioned previously, R. S. Mean’s Building Construction Costs and similar

publications provide productivity data that greatly simplify the estimating of activity

durations. Figure 8.1 indicates that, assuming three uses for each plywood section, one

carpentry crew can fabricate 470 SFCA per day. Using one crew, this output results in

6,000/470¼ 12.76 days. If two crews are used, then the total duration is halved to 12.76/2¼
6.39 days. Rounding this result to the next highest whole number, the final result for this

example is 7 days.

The result of this example should be checked by the superintendent, or even better, the

foreman assigned to perform the work. In fact, the duration of many (if not most) activities

is determined in practice by experience instead of a mathematical analysis.

The effect of individual deviations in the estimate of activity durations may not be

significant. Errors in individual activity duration estimates often cancel each other, as long

as there is no bias toward excessive conservatism or risk and the activities are not repetitive.

If the project requires the repetition of similar activities, then it is important to accurately

calculate their duration.

Activity durations are always expressed in working days, as opposed to calendar days.

An activity with duration of 5 days would take a full week to be completed if the project has

a Monday-to-Friday working week. It is customary in the construction industry to use

round numbers for durations. If more precision is required (and can be realistically

estimated), then durations should be expressed in working hours.

8.3 BAR CHARTS

The basic modeling concept of the bar chart is the representation of a project work item or

activity as a time scaled bar whose length represents the planned duration of the activity.

Figure 8.2(a) shows a bar representation for a work item requiring four project time units

(e.g., weeks). The bar is located on a time line to indicate the schedule for planned start,

execution, and completion of the project work activity.

Figure 8.2 Bar chart model: (a) plan focus and (b) work focus.
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In practice the scaled length of the bar is also used as a graphical base on which to plot

actual performance toward completion of the project work item see Figure 8.2(b). In this

way the bar chart acts both as a planning-scheduling model and as a reporting-control

model. In this use of the bar chart, the length of the bar has two different meanings:

� The physical length of the bar represents the planned duration of the work item.

� It also provides a proportionally scaled baseline on which to plot at successive

intervals of time, the correct percentage complete.

Figure 8.2(b) shows a bar for a project work item that has been half completed. In a

situation in which the work rate is constant and field conditions permit, this would occur in

half the planned duration. If, however, actual work rates vary from time to time according

to resource use and field conditions, then the work will be half-completed sooner or later

than half the planned duration. In this modeling concept, actual work progress is modeled

independently of the actual time scale of the bar chart.

Figure 8.3(a) shows a schedule for a project consisting of three activities. Activity A is

to be carried out in the first 4 months, activity B in the last 4 months, and activity C in the

third month. Actual progress in the project can be plotted from time to time on these bars as

shown in Figure 8.3(b).

In this manner, project status contours can be superimposed on the bar chart as an aid

to management control of the project. By using different shading patterns, the bar chart can

indicate monthly progress toward physical completion of the activities.

Project bar chart models are developed by breaking down the project into a number of

components. In practice, the breakdown rarely exceeds 50 to 100 work activities and

generally focuses on physical components of the project. If a project time frame is

Figure 8.3 Bar chart project models: (a) bar chart schedule (plan focus) and (b) bar chart updating

(control focus).
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established, the relative positioning of the project work activities indicates the planned

project schedule and the approximate sequence of the work. One disadvantage of the

traditional bar chart is the lack of precision in establishing the exact sequence between

activities. This problem can be addressed by using directional links or arrows connecting

the bars to give a precise indication of logical order between activities. This connected bar

chart is sometimes referred to as a bar-net.

A connected bar chart (bar-net) showing the major activities defined in the preliminary

project breakdown diagram for the small gas station (Figure 7.4) is shown in Figure 8.4.

The bars are positioned in sequence against a time line. The sequence or logic between the

bars is formalized by connecting the end of the preceding bar to the start of the following

bar, as for instance, the end of bar 3. Erect building structure is connected using a

directional link or arrow to the two activities that follow it (Activities 5 and 4). Positioning

the eight activities as bars in their logical sequence using the arrow connectors against a

time line plotted in weeks allows us to visually determine that the duration of the entire

project is roughly 20 weeks.

This diagram also allows one to determine the expected progress on the project as of

any given week. For example, as of week 11, Activities 1, 2, and 3 should be completed.

Activities 4 and 5 should be in progress. If we assume a linear rate of production (i.e., half

of a 2-week activity is completed after 1 week), we could assume that one-third of activities

4 and 5 will be completed as of the end of week 11.

8.4 ACTIVITY PRECEDENCE DIAGRAMS

A precedence diagram is a graphical tool that shows a project’s activities as rectangles or

circles joined by arrows indicating their mutual dependency or relationship. The resulting

network clearly indicates the intended sequence of activities, as shown in Figure 8.5, and is

the fundamental graphical component of the Critical Path Method (CPM), whose

scheduling mechanism will be discussed in detail later in this chapter.

To build a precedence diagram, the logical sequence or scheduling logic that relates

the various activities to one another must be developed. To gain a better understanding of

the role played by sequencing in developing a schedule, consider a simple pier made up of

two lines of piles with connecting headers and simply supported deck slabs.

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

1. Start-up and Site Prep

2. Pour Foundation

3. Erect Building Structure

4. Exterior Finishes

5. Construct Roof

6. Interior Floor Slabs

7. Interior Finishes

8. Elec. & Mech. Systems

*Weeks are assumed to be working weeks consisting of 5 working days.

Figure 8.4 Preliminary Bar-net schedule for the small gas station.
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A schematic view of a portion of the pier is shown Figure 8.6(a). The various physical

components of the pier have been identified and labeled. An exploded view of the pier is

shown in Figure 8.6(b) and shows each physical component individually separated but in

the same relative positions. Notice that abbreviated labels have now been introduced.

Clearly, these figures are schematic models (i.e., not physical models), but they have rather

simple conceptual rules so that the physical relationship between the components of the

structure is clear.

4
B

6
D

5
C

2
A

8
F

2
E

Label
Duration

Figure 8.5 Precedence diagram.
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Figure 8.6 Simple schematicmodels (a) Schematic view of pier (b) Exploded view of pier (Antill and

Woodhead, 1982).
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Now suppose that each component or element is represented by a labeled circle (or

node). Figure 8.7 gives a ‘‘plan’’ view of the pier components shown in Figure 8.6. Such an

abstraction or model can be used as the basis for portraying information about the physical

makeup of the pier or about the order in which the physical components will actually

appear on the site.

For example, an indication of the adjacency of physical components or the relational

contact of physical components may be required. A model to portray these properties

requires a modeling element (say a line) to indicate that the property exists. Assuming the

modeling rationale of Figure 8.8(a), the various nodes of Figure 8.7 can be joined by a

series of lines to develop a graph structure portraying the physical component adjacency or

contact nature of the pier. If the idea of contact is expanded to indicate the order in which

elements appear and physical contact is established, a directed line modeling rationale may

be used, as shown in Figure 8.7(b). Using this conceptual modeling rule, Figure 8.9 can be

developed. This figure shows, for example, that header 1 (H1) can only appear (i.e., be

built) after piles 1 and 2 (i.e., P1, P2) appear; in fact, H1 is built around, on top of, and

therefore in contact with P1 and P2.

Finally, if the order of appearance of physical elements is to be modeled for all

elements, whether or not in contact, a directional arrow such as that shown in Figure 8.8(c)

may be necessary.

P2

H1

P1

S1 S2

P4

H2

P3

P6

H3

P5 Figure 8.7 Conceptual model of pier

components.

P2

(a) (c)

(b)

H1 P1

Figure 8.8 Logical model-

ingrationales.(a)Adjacency

of contact modeling.

(b) Physical structure order

modeling. (c) Physical

construction order

modeling.

Figure 8.9 Concep-

tual model of pier

components

relationships.
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As an example of these modeling techniques, consider the pier pile-driving operation.

A number of possible pile-driving sequences are shown in Figure 8.10(a), (b), and (c). In

Figure 8.10(a) it is assumed that the pile-driving rig is swung by its mooring cables to drive

the piles alternatively from one line to the next (i.e., P1 and P2) before being relocated for

the next set of piles (i.e., P3 and P4), and so forth. In Figure 8.10(b) the pile-driving

sequence is along one line first (i.e., P1, P3, and P5) and then along the other line (i.e., P2,

P4, P6, and so on). Figure 8.10(c) shows a situation that may result if field events interrupt

the planned sequence. In this case the figure indicates a situation in which, for example, P2

is broken or lost during pile-driving operations, so that to conserve time the pile-driving rig

moves on to drive P4 and P3 and then returns to redrive a new P2 before resuming normal

pile-driving sequences. This situation is common in practice and indicates the major

difficulty with scheduling models in relation to what actually happens in the field.

Figure 8.10(d) indicates the basic modeling rationale of bar charts wherein specific

identification with individual piles is hidden. First, it implies the concept that each pile

requires a certain time to appear in its driven position on site; second, it implies that the

actual sequence of driving piles on the site is not absolutely fixed or essential to field

management.

8.4.1 More About Relationships

Any relationship implies that there is a reason for sequencing the activities the way that the

relationship stipulates. Two activities may be performed at different times without having a

mutual relationship. Consider Figure 8.12, showing that driving the piles of the east side of

the small bridge shown in Figure 8.11 will be completed before other operations can begin.

In this case the piles of the east side must be driven before: (a) the piles of the west side are

driven; (b) the east piles are capped, and then (c) the east abutment wall can begin to be

built. It could well be that the duration of capping the piles results in the west piles being

finished before the abutment wall can begin. However, there is no relationship between the

driving of the west piles and the beginning of the east abutment wall. If a relationship is

drawn, the resulting network, and therefore the project schedule, could be illogical. For

P2

P1

P4

P3

P6

P5

P2

P1

P4

P3

P6

(a) (b)

(c) (d)

P5

P2

P1

P4

P3

P6

P5

P1 P2 ? ? ? ?

Time to drive one pile

Time

Drive piles

(Order unspecified)

Figure 8.10 Construction sequence and activity modeling. (a) Alternate row pile driving.

(b) Sequential rowpile driving. (c) Fieldmishap alteration to pile driving sequence. (d)Bar chartmodel

of pile driving operation (Antill and Woodhead, 1982).
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instance, the driving the west piles could be delayed by an unforeseen circumstance. A

schedule linking the completion of the piles on the west abutment wall to the start of the

east abutment wall would indicate that the start of the east abutment must wait until west

the piles are completed, which is not true. Perhaps the most common mistake made by

beginning schedulers is to link two activities that happen to normally be in sequence but

have no real impediment to be performed simultaneously or even in inverse order.

A relationship between two activities can be the result of physical restrictions or of a

deliberate management decision.

� Physical relationships: The relations among the activities in each of the two legs (E

and W) of Figure 8.12 are determined by physical necessity. Piles must be driven to

be capped, and abutment walls are on top of the pile caps. There is no alternative for

this sequence at execution time.

� Strategic relationships: In Figure 8.12, there is no physical reason to start with the

east side of the structure. The relationship reflects a management choice, which

could be changed if, for example, the west side is available before the east side.

Relationships introduced for strategic reasons are weaker than those reflecting

physical constraints, in the sense that while the strategy can be changed, it is

difficult or impossible to change an activity sequence resulting from physical

conditions.

� Safety: Some relationships result from the need to guarantee the safety of the

construction personnel. It would be a bad idea to build a sidewalk around a building

while bricks are being placed in the upper floors. In this case, a finish-to-start

relationship would be drawn between the activities ‘‘Brick faScade,’’ as predecessor,
and ‘‘Build sidewalks’’ as successor.

Figure 8.11 Small bridge section view (Courtesy Sears and Sears).

Drive piles E 
Abutment

wall E 
Cap piles E 

Drive piles W 
Abutment

wall W 
Cap piles W 

(Other 
succeeding
activities)

(Other 
succeeding
activities)

Figure 8.12 Segment of precedence diagram for small bridge.
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� Other considerations: A traditional rule in establishing relationships is that all

required resources will be available, or in other words, that activities should not

be constrained by resource limitations. The rationale is that limitations in

resource availability at a given time could be overcome in the future, and

therefore, such relationships limit the strategies available to the project manager.

In many cases in which the number of the resources involved in a particular

activity is unlikely to change, this rule is not followed. The bridge pile-driving

example previously discussed could be approached by assuming that there are no

limitations in the number of available pile rigs, and therefore, that both sides can

be completed simultaneously. Most schedulers would know whether there is any

realistic possibility of using two pile rigs, and if such possibility is remote, the

schedule would be developed with the assumption that only one would be used.

8.4.2 Example: Developing the Gas Station Precedence Diagram1

Using the bar chart (which includes the relationships among activities) shown in Figure 8.4

and information from the WBS given in Figure 7.3 for the small gas station, the original 8

activities can be expanded to a set of 22 activities providing a more comprehensive

scheduling framework for this project. The next step in scheduling is to assign durations to

each of the activities. The scheduler must consult with field personnel and get the best

estimate of the duration for each activity based on the methods selected for accomplishing

the work, the resources available, and the experience the field management has in

estimating productivity and time durations with these methods and resources.

For instance, based on the crew size, the equipment available, and the method of

placement, the field superintendent can establish how long it will take to cast the concrete

footers. The superintendent will know whether the concrete is to be mixed on site or

brought in using a transit mix truck. He will also know the type of forms to be used, the

nature of the reinforcement to be installed, the nature of any embedment and penetration

required, and the placement and number of anchor bolts required for the building structure.

The estimate of duration for a given activity is given in working days. Table 8.1 gives a

listing of the expanded list of activities together with estimated durations for each activity.

An expanded connected bar chart based on Table 8.1 and including the logical sequencing

of the 22 activities is shown in Figure 8.13. The network for this project is shown along

with its scheduling results in Figure 8.25.

8.5 GENERALIZED RELATIONSHIPS

The relationships discussed so far describe situations in which the end of an activity is a

necessary condition to begin a successor. Since the relationship links the finish of the

predecessor to the start of the successor, all relationships discussed so far are of the finish-

to-start (FS) type. This type of relationship is by far the most commonly used in any

precedence diagram. In fact, many schedulers use only these traditional relationships to

build their networks.

The FS relationship is only one of four possible ways in which two activities can be

related. It is possible that the start of an activity is a condition for the start of a follower, in

what is called a start-to-start (SS) relationship. Similarly, the finish of an activity can

constrain the finish of another in a finish-to-finish (FF) relationship. Even another

possibility is that the start of an activity constrains the finish of another in a start-to-

finish (SF) relationship. This section discusses these more generalized ways to relate the

activities in a precedence diagram.

1A discussion of the small gas station schedule using an alternative method, called arrow notation, is presented in

Appendix E.

8.5 Generalized Relationships 127



E1C08_1 10/01/2010 128

Table 8.1 Durations of Activities for the Small Gas Station

Duration

Activity Title (Days)

1 Mobilize 10

2 Obtain permits 15

3 Site work 8

4 Exterior utilities 12

5 Excavate catch basin 2

6 Excavate footers 5

7 Excavate foundation piers 6

8 Pour footers, etc. 8

9 Erect bldg. frame 10

10 Exterior brick facade 14

11 Exterior fascia panels 4

12 Roof construction 15

13 Landscaping 12

14 Pour interior slabs 10

15 Glazing and doors 6

16 Interior walls 10

17 Elec. & mech. Systems 25

18 Shelves 3

19 Floor coverings 6

20 Interior finishes 8

21 Final inspection 1

22 Demobilization 3

1. Mobilize

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

2. Obtain Permits

3. Site Work

4. Ext. Utilities

5. Exc. Catch Basin

6. Exc. Footers

7. Exc. Fdn. Piers

8. Pour Footers

9. Erect Bldg. Frame

10. Ext. Brick Façade

11. Ext. Fascia Panels

12. Roof Construction

13. Landscaping

14. Pour Int. Slabs

15. Glazing & Doors

16. Interior Walls

17. Elec. & Mech. Systems

18. Shelves

19. Floor Coverings

20. Interior Finishes

21. Final Inspection

22. Demobilization

*Weeks are assumed to be work weeks consisting of 5 working days.

Figure 8.13 Expanded bar-net schedule for the small gas station.
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8.5.1 Finish-to-Start Relationships

Sometimes, traditional FS relationships are inefficient to model the relation between two

activities, even when the finish of the predecessor is a condition for the start of the

successor. For example, in any project involving cast-in-place concrete, the concrete is

poured and then allowed to cure for a number of days before its formwork can be stripped.

The traditional solution to model the time between the end of the pouring operation and the

start of the form-stripping operation is to include a third activity between them to account

for the curing period, as shown in Figure 8.14(a).

Although this traditional solution is effective in projects with a few concrete pours, it is

impractical for project with many pours. The number of activities in the precedence

network for a multistory building with hundreds of pours would be increased by these

concrete curing time activities that are included just to delay the start of the form-stripping

activities. An alternative to this solution is to include a lag time (or simply, LAG) in the

arrow relating pouring and stripping, replacing the concrete curing time activity. As shown

in Figure 8.14(b), the start of the stripping activity is the same in the traditional and the

lagged alternatives. The relationship used is still of type FS, but it cannot be categorized as

traditional anymore.

8.5.2 Start-to-Start Relationships

SS relationships are used when a successor activity must begin after at least a LAG number

of days after the start of the predecessor activity. The first segment of a long pipe can be laid

before its trench is completely finished. All that is required is that the laying begins when

an appropriate length of trench is available. This could be modeled using traditional FS

relationships, as shown in Figure 8.15(a). The excavation is broken in two segments so that

pipe laying can begin midway into the activity. This solution is not only wasteful by

creating an additional activity, but it is also confusing because it implies that the excavation

has two stages. In fact, the excavation is totally independent of the succeeding pipe laying.

Compare this traditional solution with Figure 8.15(b) showing the same scenario with an

SS relationship with lag time. The solution is more elegant and intuitive than its traditional

counterpart.

8.5.3 Finish-to-Finish Relationships

This type of relationship signifies that the successor activity must be finished after at least

the number of days indicated in the LAG between the two activities. The previous example

of the trenching and pipe laying operation is also applicable here. Suppose that the

trenching operation takes 7 days and the pipe must finish at least 3 days after the excavation

has been completed. Traditional relationships can depict this condition, as shown in

Pour 
concrete

1 day

Strip 
formwork

2 days

Cure 
concrete
5 days

Pour 
concrete

1 day

Strip 
formwork

2 days

(a) Using with traditional relationships

(b) Using a lagged FS relationship

5

Figure 8.14 Modeling the

sequence of concrete

pour-cure-stripping.
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Figure 8.16(a). As in the previous cases, this solution is confusing and inefficient. The FF

relationship shown in Figure 8.16(b) would be more efficient and elegant. An FF

relationship requires the finish of the successor to occur at least LAG days after the finish

of the predecessor. The relationship does not indicate that pipe layingmust end 3 days after

the trench has been finished. It indicates that the pipe laying must be finished at least 3 days

after the trench is available.

Excavation I
3 days

Lay conduit
8 days

Excavation II
4 days

Excavation
7 days

Lay conduit 8
days 

(a) Using traditional relationships

(b) Using an SS relationship

3

Figure 8.15 Start-to-Start (SS) relationships.

Excavation
7 days

Lay conduit I
5 days

Lay conduit II
3 days

Excavation
7 days

Lay conduit 8
days 

(a) Using traditional relationships

(b) Using an FF relationship

3

Figure 8.16 Finish-to-Finish relationships.
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8.5.4 Activities with Multiple Mutual Relationships

Two activities can have more than one mutual relationship, as long as the relationships

specify different types of conditions, and the predecessor–successor relation is not

swapped. The same two activities can be related by, say, an SS and an FF relationship,

as previously discussed in the example of the pipe laying and trenching activities. But if a

relationship indicates that activity A is the predecessor of Activity B, then another cannot

indicate that B precedes A. Figure 8.17 shows the double relationships between trenching

and pipe laying for the example previously discussed. Notice that in this case, a double

relationship is the only way to express the two conditions desired for the previous SS and

FF examples. The FF alone implies that the pipe could be laid after at least 1 day of

beginning the excavation; the SS alone does satisfy the condition of ending at least 3 days

after the excavation is completed. However, field conditions could extend the planned

duration of the excavation to, say, 11 days. In such case, the SS relationship would lead to

the nonsensical conclusion that the pipe can finish before the excavation. The start and

finish dates of the successor are always determined by the relationship that ‘‘pushes’’ it

farther in the timeline. This means that only one of the relationships will drive the

scheduling of the successor. It is tempting but unwise to remove all nondriving relation-

ships to simplify the precedence diagram. As the project gets underway, the assumptions

about durations and lags may be changed. An originally nondriving relationship may end

up being crucial for the project.

8.6 OVERVIEWOF THE CRITICAL PATHMETHOD SCHEDULING PROCEDURE

When two activities are linked by a traditional relationship, the predecessor must finish

before the successor can begin. The earliest possible dates to execute each activity in the

network can be found when this rationale is successively applied to all activities in the

diagram. This process is known as the CPM forward pass and also determines the

minimum possible duration of the project. A similar procedure is then performed

backward, from the last to the first activities in the diagram. This second step is called

the CPM backward pass and computes the latest dates by which each activity can be

performed without increasing the project’s minimum duration. The difference between the

earliest and latest possible dates to execute each activity is its total float, which as the name

implies, is the time that an activity can ‘‘drift’’ or be ‘‘floated’’ between its two extreme

dates. A chain of critical activities will not have any available float. The timely completion

of this chain of activities is critical for the scheduled completion of the entire project. This

activity chain is appropriately called the critical path of the project and is so central to the

schedule that the entire scheduling technique is called the critical path method. The small

precedence diagram shown in Figure 8.18 will be used to illustrate CPM’s scheduling

computations. It contains seven activities linked by traditional relationships (FS with LAG

¼ 0). The second item in each box is the activity duration in working days. The most

common way to perform the computations by hand (without computer software) is by

marking the network, as done in the discussion that follows.

Excavation
7 days

Lay conduit 8
days 

3

3

Figure 8.17 Double relationship between trenching

and pipe laying.

8.6 Overview of the Critical Path Method Scheduling Procedure 131



E1C08_1 10/01/2010 132

8.7 FORWARD PASS (TRADITIONAL RELATIONSHIPS)

The forward pass is the first phase of the scheduling computations. It computes the

minimum date at which each activity can be performed while observing the constraints

imposed by the relationships among activities.

The initial activity, A in the case of Figure 8.18, is assigned an early start date (ESD) of

zero. The early finish date (EFD) for this initial activity is equal to its ESD plus its duration,

that is 0 þ 1 ¼ 1.

All of A’s immediate successors B, C, and D are assigned an ESD equal to the EFD of

A (using a more formal notation: ESDB ¼ ESDC ¼ ESDD ¼ 1). Their EFDs are computed

similarly to A, by adding their respective durations to their ESDs. Figure 8.19 shows the

computations for the first four activities. The broken-line arrows show the order of

computations for activity C.

The ESD for each activity must be interpreted with care. It shows the number of full

working days that must elapse before the activity can begin. For example, 1 working day

must elapse before Activity B can begin. Activity B will start at the beginning of the second

working day. This level of detail will be important to find the calendar dates over which

each activity will be executed, as discussed later on.2

The ESD and EFD for the successors to B, C, and D (i.e., E and F) are computed

similarly. Because the EFD of C is 8, this number is repeated as ESD for F. But E poses a

A
1

C
7

B
10

D
14

G
1

F
5

E
8

Figure 8.18 Example Diagram with

traditional relationships.

A
1

C
7

B
10

D
14

10

111

81

151

ESD EFD

Figure 8.19 ESD and EFD computation for first four activities.

2Some authors use the so-called start plus-one convention instead of the method used here to find ESDs. Each

activity’s ESD appears shifted by one. Activity B would show an ESD of 2 and an EFD of 2 þ 10 – 1 ¼ 11 (the

same EFD shown in Figure 8.19). The start-plus-one convention has the advantage of showing directly the

working dates for the start and finish of each activity, but it is more prone to error in manual computations.
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new situation. It is an immediate successor to both B and C. Its ESD will be the larger of its

predecessors’ EFD, that is,

ESDE ¼ Max EFDB; EFDCð Þ ¼ Max 11; 8ð Þ ¼ 11

An FS relationship means that the earliest that the successor can be started is when the

predecessor is finished. Any date earlier than 11 would violate the relationship between B

and E, but the ESD of 11 does keep the FS relationship between C and F.

The ESD of G is, therefore, the maximum of the EFDs of its predecessors:

ESDG ¼ Max EFDE; EFDF; EFDDð Þ ¼ Max 19; 13; 15ð Þ ¼ 19

The EFD of the last activity G (19 þ 1 ¼ 20) is also the minimum duration that this

project can have. It is impossible to complete this project in less than 20 working days

while complying with the relationships and durations shown in its precedence diagram.

The complete forward pass is shown in Figure 8.20.

8.8 BACKWARD PASS (TRADITIONAL RELATIONSHIPS)

The second phase of CPM computations is the backward pass, whose progression through

the network is opposite to that of the forward pass, as the name suggests. The backward

pass computes the latest date by which each activity must finish to avoid extending the

project duration. Take, for example, Activity D in the example. It could end as late as by

working day 19 without affecting the early start of Activity G. But, if Activity D ends even

1 day after working day 19, it would ‘‘push’’ the start of Activity G and would result in a

project duration of more than 20 working days.

The latest possible start date for each activity calculated by the backward pass is called

the activity’s late start date (LSD). Similarly, the latest finish date for each activity is its

late finish date (LFD).

The backward pass begins by assigning an LFD to the last activity. In most cases, this

date is the same as the EFD already found for this last activity. For our example, Activity G

would have an LFD of 20.3 The LSD for G is computed by subtracting its duration TG:

LSDG ¼ EFDG � TG ¼ 20� 1 ¼ 19

A
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B
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D
14

G
1

F
5
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10

111

81

151

1911

138 2019

Figure 8.20 Forward pass results.

3 It is advisable to clearly identify the last activity in a project’s precedence diagram. Although the CPM

algorithm can handle, in principle, diagrams with multiple ending activities by assigning the same LFD to all

activities with no successors. For example, Activity E in the example network could have another successor H.

Activities G and H would have no successors, resulting in a diagram with two ending activities. The LFD for

both activities would be set at 20. However, to avoid confusion and even mistakes, in it is advisable to add a

single final milestone (a type of activity discussed later here) set as the successor to all ending activities.
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The last activity’s LFD is the only point at which the forward pass provides any data

relevant to the backward pass. The forward and backward passes can even be performed in

separate drawings, to avoid visual clutter. This first step is shown in Figure 8.21.

The next step in the backward pass is to find the LFD of all predecessors to the last

activity. This date is set as the last activity’s LSD. In the example, G has three predecessors:

D, E, and F. Their LFDs are set as follows:

LFDD ¼ LSDG ¼ 19

LFDE ¼ LSDG ¼ 19

LFDF ¼ LSDG ¼ 19

Their respective LSDs are found by subtracting their duration from their LFD.

LSDD ¼ LFDD � TD ¼ 19� 14 ¼ 5

LSDE ¼ LFDE � TE ¼ 19� 8 ¼ 11

LSDF ¼ LFDF � TF ¼ 19� 5 ¼ 14

Figure 8.22 shows the backward pass computations, including the activities discussed

that follows. To avoid confusion with the forward pass, each activity’s LFD and LSD are

located below the activity box.

When an activity has a single successor, its LFD is simply the LSD of the successor.

For example, the LFD for B is 11 because it is the LSD of its successor, E. When an

activity has more than one successor, as is the case with C, its LFD is the minimum of the

LFDs of its followers. Therefore, using the data shown in Figure 8.22, the LFD for C is

computed as follows:

LFDC ¼ Min LSDE; LSDFð Þ ¼ Min 11; 14ð Þ ¼ 11

It should be clear that LFDC could not be set at working day 14 without extending the

project’s duration. Since C precedes E, this would mean that E would have to begin after 14

working days of project execution. Yet, its own late start has been set at 11. If it would start

after 14 days, its finish would be 14 þ 8 ¼ 22. Because E precedes G, the minimum start

date of the latter would be now set at 22, and its finish date at 22 þ 1 ¼ 23. The project

would have a scheduled duration that is 23 � 20 ¼ 3 working days over the minimum

duration found in the forward pass.

G
1

20

2019

LSD LFD

EFD

Figure 8.21 Assigning an LFD = EFD to the last activity.
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Figure 8.22 Backward pass results.
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The combined forward and backward passes are shown in Figure 8.23. As previously

mentioned, the forward pass computations are shown at the top of each activity box, and the

backward pass dates are shown below the box in the figure.

8.9 CRITICAL PATH

It can be noticed in Figure 8.18 that the longest sequence of activities that must be

performed to complete the example project is A-B-E-G. The total duration of this chain of

activities is 1 þ 10 þ 8 þ 1 ¼ 20 working days. Any other activity sequence from start to

finish yields a smaller total duration. It is possible to check this by listing all possible paths

for the example diagram.

Activity path A-C-F-G: 1 þ 7 þ 5 þ 1 ¼ 14 days

Activity path A-C-E-G: 1 þ 7 þ 8 þ 1 ¼ 17 days

Activity path A-D-G: 1 þ 14 þ 1 ¼ 16 days

The forward pass provides a straightforward way to find the duration of the project.

Enumerating all possible activity paths is possible for the small example network, but itwould

be quite impractical for any project with even a few dozen activities. The backward pass

provides additional information by allowing the identification of this longest path. Any

activitywith the same ESD and LSD (or EFD and LFD) is part of the longest path of activities

spanning from the beginning to the end of the network. Notice that only the activities that we

already identified as belonging to the longest path, namely A, B, E and G, have this property.

The activity path with the maximum total duration is called the critical path of the

project and its activities are called critical activities. The path is marked with double-line

relationships, as shown in Figure 8.23. The critical path is of paramount importance for the

control of the project. Understanding its implications is essential for rational management

decisions. The following list is a good starting point to get a perspective of the properties

and implications of a project’s critical path.

� All projects will have at least one critical path. There could be a tie in the total

duration of two or more paths, resulting in multiple critical paths. If D had a

duration of 18 days, the path A-D-G would become critical, in addition to the

original critical path A-B-G-E.

� All critical activities belong to a critical path. This is a biunivocal correspondence.

An activity cannot be critical without belonging to a critical path.

� A delay in any critical activity, even by a single day, will extend the duration of

the project.

A
1

C
7

B
10

D
14

G
1

F
5

E
8

10

111

81

114

151

5 19

111

10

1911

1911

138

1914

19

19 20

20

Figure 8.23 Combined forward and

backward passes.
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� All noncritical activities (anyone not belonging to a critical path) can be delayed by

at least 1 day without lengthening the project duration. The maximum number of

days for this leeway in start date is determined by each activity’s total float, as

discussed in the next section.

� Since the duration of a project is determined by its critical path, saving time in any

noncritical activity does not decrease at all the project’s duration. Moreover,

shortening the duration of any critical activity also shortens the duration of the

critical path, and therefore of the whole project. If there are several critical paths

running in parallel, each one must be shortened by the same amount of days.

Eventually, as more days are cut back, another sequence of activities that was

originally non-critical will become critical, and this new path will have to be

considered in any additional reductions. For example, if Activity B in the example

project were shortened to 7 days, a new critical path consisting of activities A-C-E-

G would be created, in addition to the original path of A-B-E-G. Notice that some

activities may belong to more than one critical path.

The list suggests the importance of the critical path for the planning and control of any

project. For example, if two activities are competing for the use of a piece of equipment

and one of them is critical, it makes sense to give priority to the critical activity over the

non-critical.4 If a project must be expedited to recover some lost time, it does not make

sense to require all subcontractors to show up to work over the weekend. Only those

subcontractors performing critical activities should increase their working days, since all

others would just increase the project cost by paying overtime, without reducing the

project duration by a single day.

8.10 ACTIVITY FLOATS

8.10.1 Total Float

The difference between the early start ESD and the late start LSD of an activity is its total

float (TF). For any Activity I:

TFi ¼ LSDi � ESDi

The same numerical result can be obtained by using finish dates. TFi is also equal to

LFDi � EFDi.

An activity’s TF is, therefore, the leeway between the earliest date at which it can start

and the latest date at which it can start without resulting in a delay for the entire project. The

early start is physically determined by the activity’s predecessors. Its late start is

determined by the goal of not extending the project’s duration.

Critical activities have a TF of zero, and noncritical activities have a TF greater than

zero.5 If any activity ‘‘uses up’’ its TF by starting at its LSD, it becomes critical (as well as

all its succeeding activities on the longest path from it to the last activity in the network). If

any activity, critical or not, is delayed from its ESD by more than its TF, the whole project

will be delayed in the amount of time that the TF is exceeded.

TFs for the example project are shown in Figure 8.24 as the uppermost of the two

figures shown vertically at the bottom center of each activity box.

4There are circumstances in which giving preference to the noncritical activity would be granted. Such a case

may arise, for example, when the noncritical activity precedes others with a constrained schedule for the

availability of their own equipment or other resources.
5This is true when the LFD of the last activity is set to be equal to its EFD. There are circumstances when these

two dates must differ, and the resulting TF has a slightly different interpretation.
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The previous section discusses how the critical path can be identified by looking for

those activities whose ESD is the same as their LSD (and therefore, their EFD is equal to

their LFD).

8.10.2 Free Float

The free float (FF) of an activity is the difference between the minimum early start ESD of

its successors and its own early finish EFD. For an Activity I with several successors j1,

j2, j3 . . . , this can be expressed as follows:

FFi ¼ MIN ESDj

� �� EFDi for j ¼ 1; 2; 3; . . .

In the example project network, the FF for activity D is computed as the ESD of its

only successor G (19) minus the EFD of activity D (14).

FFD ¼ ESDG � EFDD ¼ 19� 14 ¼ 5

Activity C has two successors, E and F. In this case, the minimum of the two ESDmust

be selected:

FFC ¼ MIN ESDE; ESDFð Þ � EFDC ¼ MIN 11; 8ð Þ � 8 ¼ 8� 8 ¼ 0

The FFs computed for the example project are the numbers in the bottommost row

below each activity box in Figure 8.24.

The FF of an activity assumes that all its predecessors and successors begin as early as

possible and that the activity itself ends as early as possible. This assumption is much more

restrictive than the one used for an activity’s TF. The TF assumes that all predecessors to

the activity begin at their ESD, and all successors begin as late as possible, that is, at their

LSD. Because the assumptions for an activity’s FF are more restrictive than those for its TF,

the TF of any activity is always equal or greater than its FF. Because critical activities have

TF ¼ 0 and TF >¼ FF, it follows that the FF of all critical activities is zero. (In fact, all

types of floats for critical activities are zero.). Noncritical activities can have FF of zero, as

can be seen in the example project.

8.10.3 Interfering Float

The interfering float (IF) of an activity is the difference between its TF and its FF. For any

Activity I:

IFi ¼ TFi � FFi
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As the name implies, the IF of an activity is the portion of its TF that ‘‘pushes’’

succeeding activities up to their latest possible start times. Because these successors are

now at their LSD, the project does not suffer a delay. For example, the IF of Activity C is 3

(its TF) minus 0 (its FF). Indeed, it can be seen that each day that C delays its early start of 1

increases the earliest possible start of Activity F.

Since the computation of IF is trivial for practical purposes, it is rarely included in the

data explicitly shown in a CPM schedule.

8.10.4 Independent Float

The final and most restrictive of all types of activity floats is the independent float (IndF).

This float assumes that the activity ends as late as possible (at its LSD), and all its

successors begin as early as possible, at their ESD. From this assumption, its follows that

the IndF of an Activity I whose followers are j1, j2, j3 . . . can be computed as follows:

IndFi ¼ MIN ESDj

� �� LFDi for j ¼ 1; 2; 3; . . .

Using this formula to compute the IndF of Activity C in the example project,

IndFC ¼ MIN ESDE; ESDFð Þ � LFDC ¼ MIN 11; 8ð Þ � 11 ¼ 8� 11 ¼ �3:Use 0:

The computations for all the floats previously discussed yield a result of zero as a

minimum. But as shown in the case of Activity C, the IndF formula can result in a negative

number. Since time cannot be negative, this result simply means that there is no way for this

activity to satisfy the conditions assumed for this float. IndF is rarely shown in aCPMschedule

report, although it canbe argued that it is as relevant as the others.Anactivitywith IndFgreater

than0 can start at any point between itsESDandLSDwithout affecting its successors andwith

the worst-case scenario of having all predecessors starting at their LSD. Therefore, delaying

the start of this activity in case of conflict in the use of resources is the most conservative

alternativepossible, even if theother activities competing for the resourceare alsonon-critical.

8.11 SCHEDULING THE SMALL GARAGE PROJECT

The small garage project provides a more realistic example of the scheduling process than

the minimum precedence diagram used so far.

The forward-pass algorithm is applied repetitively starting at the source node labeled

START. All events related to the START node are given the value 0. Two activities (e.g., 1

and 2) follow the START node. Calculations for all of the activities are shown in Table 8.2.

Calculated ESD and LSD values are shown on each activity in Figure 8.25. Based on the

calculations in Table 8.2, it can be seen that the duration of the longest and therefore critical

path in the network is 96 working days.

The minimum project duration based on this critical path analysis is 96 working days

or slightly over 19 working weeks. If we are plotting the project duration in calendar days,

this will equate to (19� 7)þ 1 or 134 calendar days.6 If the project is to begin on March 1,

the estimated project completion date will be July 12.

The forward-pass calculations establish the minimum project duration (based on no

delays to the critical activities). It does not, however, identify the critical path. To identify

the critical set of activities that constrain the project to a minimum duration of 96 days, we

must apply the backward-pass algorithm. To start the backward-pass algorithm, the LFD

(END) is set to 96 days. This is equivalent to setting the LFD for Activity 22 to 96 days. As

we have just seen, based on our forward-pass calculations, the LFD of Activity 22 cannot

6Working days are differentiated from calendar days. There are typically 5 working days in a week as opposed to

7 calendar days.

138 Chapter 8 Project Scheduling



E1C08_1 10/01/2010 139

be less than 96 days. If we set LFD (22) to a duration greater than 96 days, the finish date for

the project will be extended.

The calculations for the backward-pass are given in Table 8.3, and the LSD and LFD

values for each activity are shown in Figure 8.25. Float calculations are shown in Table 8.4.

Table 8.2 Forward-Pass Calculations for the Small Gas Station Project

Activity Calculations

Start ESD(START) ¼ 0 EFD(START) ¼ 0

1 ESD(1)¼ max[EFD(START)] ¼ 0 EFD(1) ¼ 0 þ 10 ¼ 10

2 ESD(2)¼ max[EFD(START)] ¼ 0 EFD(2) ¼ 0 þ 15 ¼ 15

3 ESD(3)¼ max[EFD(1)] ¼ 10 EFD(3) ¼ 10 þ 8 ¼ 18

4 ESD(4)¼ max[EFD(1)] ¼ 10 EFD(4) ¼ 10 þ 12 ¼ 22

5 ESD(5)¼ max[EFD(2), EFD(3)]¼ 18 EFD(5) ¼ 18 þ 2 ¼ 20

6 ESD(6)¼ max[EFD(3)] ¼ 18 EFD(6) ¼ 18 þ 5 ¼ 23

7 ESD(7)¼ max[EFD(3)] ¼ 18 EFD(7) ¼ 18 þ 6 ¼ 24

8 ESD(8)¼ max[EFD(4), EFD(5), EFD(6), EFD(7)] ¼ 24 EFD(8) ¼ 24 þ 8 ¼ 32

9 ESD(9)¼ max[EFD(8)] ¼ 32 EFD(9) ¼ 32 þ 10 ¼ 42

10 ESD(10) ¼max[EFD(9)] ¼ 42 EFD(10) ¼ 42 þ 14 ¼ 56

11 ESD(11) ¼max[EFD(9)] ¼ 42 EFD(11) ¼ 42 þ 4 ¼ 46

12 ESD(12) ¼max[EFD(9)] ¼ 42 EFD(12) ¼ 42 þ 15 ¼ 57

13 ESD(13) ¼max[EFD(10), EFD(11)] ¼ 56 EFD(13) ¼ 56 þ 12 ¼ 68

14 ESD(14) ¼max[EFD(12)] ¼ 57 EFD(14) ¼ 57 þ 10 ¼ 67

15 ESD(15) ¼max[EFD(10), EFD(11), EFD(14)]¼ 67 EFD(15) ¼ 67 þ 6 ¼ 73

16 ESD(16) ¼max[EFD(10), EFD(11), EFD(14)]¼ 67 EFD(16) ¼ 67 þ 10 ¼ 77

17 ESD(17) ¼max[EFD(10), EFD(11), EFD(14)]¼ 67 EFD(17) ¼ 67 þ 25 ¼ 92

18 ESD(18) ¼max[EFD(15), EFD(16)] ¼ 77 EFD(18) ¼ 77 þ 3 ¼ 80

19 ESD(19) ¼max[EFD(15), EFD(16)] ¼ 77 EFD(19) ¼ 77 þ 6 ¼ 83

20 ESD(20) ¼max[EFD(15), EFD(16)] ¼ 77 EFD(20) ¼ 77 þ 8 ¼ 85

21 ESD(21) ¼max[EFD(13), EFD(17), EFD (18), EFD(19), EFD(20)]¼ 92 EFD(21) ¼ 92 þ 1 ¼ 93

22 ESD(22) ¼max[EFD(21)] ¼ 93 EFD(22) ¼ 93 þ 3 ¼ 96

Table 8.3 Backward-Pass Calculations for the Small Gas Station Project

Activity Calculations

END LFD(END) ¼ 96 LSD(END) ¼ 96

22 LFD(22) ¼ min[LSD(END)] ¼ 96 LSD(22)¼ 96–3 ¼ 93

21 LFD(21) ¼ min[LSD(22)] ¼ 93 LSD(21)¼ 93–1 ¼ 92

20 LFD(20) ¼ min[LSD(21)] ¼ 92 LSD(20)¼ 92–8 ¼ 84

19 LFD(19) ¼ min[LSD(21)] ¼ 92 LSD(19)¼ 92–6 ¼ 86

18 LFD(18) ¼ min[LSD(21)] ¼ 92 LSD(18)¼ 92–3 ¼ 89

17 LFD(17) ¼ min[LSD(21)] ¼ 92 LSD(17)¼ 92–25¼ 67

16 LFD(16) ¼ min[LSD(18), LSD(19), LSD(20)]¼ 84 LSD(16)¼ 84–10¼ 74

15 LFD(15) ¼ min[LSD(18), LSD(19), LSD(20)]¼ 84 LSD(15)¼ 84–6 ¼ 78

14 LFD(14) ¼ min[LSD(15), LSD(16), LSD(17)]¼ 67 LSD(14)¼ 67–10¼ 57

13 LFD(13) ¼ min[LSD(21)] ¼ 92 LSD(13)¼ 92–12¼ 80

12 LFD(12) ¼ min[LSD(14)] ¼ 57 LSD(12)¼ 57–15¼ 42

11 LFD(11) ¼ min[LSD(13), LSD(15), LSD(16), LSD(17)¼ 67 LSD(11)¼ 67–4 ¼ 63

10 LFD(10) ¼ min[LSD(13), LSD(15), LSD(16), LSD(17)]¼ 67 LSD(10)¼ 67–14¼ 53

9 LFD(9) ¼ min[LSD(10), LSD(11), LSD(12)]¼ 42 LSD(9)¼ 42–10¼ 32

8 LFD(8) ¼ min[LSD(9)] ¼ 32 LSD(8)¼ 32–8 ¼ 24

7 LFD(7) ¼ min[LSD(8)] ¼ 24 LSD(7)¼ 24–6 ¼ 18

6 LFD(6) ¼ min[LSD(8)] ¼ 24 LSD(6)¼ 24–5 ¼ 19

5 LFD(5) ¼ min[LSD(8)] ¼ 24 LSD(5)¼ 24–2 ¼ 22

4 LFD(4) ¼ min[LSD(8)] ¼ 24 LSD(4)¼ 24–12¼ 12

3 LFD(3) ¼ min[LSD(5), LSD(6), LSD(7)]¼ 18 LSD(3)¼ 18–8 ¼ 10

2 LFD(2) ¼ min[LSD(5)] ¼ 22 LSD(2)¼ 22–15¼ 7

1 LFD(1) ¼ min[LSD(3), LSD(4)]¼ 10 LSD(1)¼ 10–10¼ 0
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8.12 GENERALIZED RELATIONSHIP SCHEDULING COMPUTATIONS

The scheduling computations for precedence diagrams with generalized relationships

follow the same rationale discussed for traditional relationships. First, a forward pass

establishes the earliest dates that each activity can be performed while keeping the logic of

the diagram. A backward pass computes the latest possible dates to execute each activity

without extending the duration found by the forward pass. Finally, the critical path and

activity floats are computed.

The small example used to discuss traditional computations has been modified as

shown in Figure 8.26 by introducing several generalized relationships. Although the

activities have kept their relative position and duration, almost all of them are related by

Table 8.4 Float Calculations for the Small Gas Station Project

Activity Total Float Free Float Interfering Float

� 1 TF(1) ¼ 10 � 10 ¼ 0 FF(1) ¼ 10 � 10 ¼ 0 IF(1) ¼ 0 � 0 ¼ 0

2 TF(2) ¼ 22 � 15 ¼ 7 FF(2) ¼ 18 � 15 ¼ 3 IF(2) ¼ 7 � 3 ¼ 4

� 3 TF(3) ¼ 18 � 18 ¼ 0 FF(3) =18 � 18 ¼ 0 IF(3) ¼ 0 � 0 ¼ 0

4 TF(4) ¼ 24 � 22 ¼ 2 FF(4) ¼ 24 � 22 ¼ 2 IF(4) ¼ 2 � 2 ¼ 0

5 TF(5) ¼ 24 � 20 ¼ 4 FF(5) ¼ 24 � 20 ¼ 4 IF(5) ¼ 4 � 4 ¼ 0

6 TF(6) ¼ 24 � 23 ¼ 1 FF(6) ¼ 24 � 23 ¼ 1 IF(6) ¼ 1 � 1 ¼ 0

� 7 TF(7) ¼ 24 � 24 ¼ 0 FF(7) ¼ 24 � 24 ¼ 0 IF(7) ¼ 0 � 0 ¼ 0

� 8 TF(8) ¼ 32 � 32 ¼ 0 FF(8) ¼ 32 � 32 ¼ 0 IF(8) ¼ 0 � 0 ¼ 0

� 9 TF(9) ¼ 42 � 42 ¼ 0 FF(9) ¼ 42 � 42 ¼ 0 IF(9) ¼ 0 � 0 ¼ 0

10 TF(10) ¼ 67 � 56 ¼ 11 FF(10) ¼ 56 � 56 ¼ 0 IF(10)= 11 � 0 ¼ 11

11 TF(11) ¼ 67 � 46 ¼ 21 FF(11) ¼ 56 � 46 ¼ 10 IF(11) ¼ 21 � 10 ¼ 11

� 12 TF(12) ¼ 57 � 57 ¼ 0 FF(12) ¼ 57 � 57 ¼ 0 IF(12) ¼ 0 � 0 ¼ 0

13 TF(13) ¼ 92 � 68 ¼ 24 FF(13) ¼ 92 � 68 ¼ 24 IF(13) ¼ 24 � 24 ¼ 0

� 14 TF(14) ¼ 67 � 67 ¼ 0 FF(14) ¼ 67 � 67 ¼ 0 IF(14) ¼ 0 � 0 ¼ 0

15 TF(15) ¼ 84 � 73 ¼ 11 FF(15) ¼ 77 � 73 ¼ 4 IF(15) ¼ 11 � 4 ¼ 7

16 TF(16) ¼ 84 � 77 ¼ 7 FF(16) ¼ 77 � 77 ¼ 0 IF(16) ¼ 7 � 0 ¼ 7

� 17 TF(17) ¼ 92 � 92 ¼ 0 FF(17) ¼ 0 � 0 ¼ 0 IF(17) ¼ 0 � 0 ¼ 0

18 TF(18) ¼ 92 � 80 ¼ 12 FF(18) ¼ 92 � 80 ¼ 12 IF(18)= 12 � 12 ¼ 0

19 TF(19) ¼ 92 � 83 ¼ 9 FF(19) ¼ 92 � 83 ¼ 9 IF(19) ¼ 9 � 9 ¼ 0

20 TF(20) ¼ 92 � 85 ¼ 7 FF(20) ¼ 92 � 85 ¼ 7 IF(20) ¼ 7 � 7 ¼ 0

� 21 TF(21) ¼ 93 � 93 ¼ 0 FF(21) ¼ 0 � 0 ¼ 0 IF(21) ¼ 0 � 0 ¼ 0

� 22 TF(22) ¼ 96 � 96 ¼ 0 FF(22) ¼ 0 � 0 ¼ 0 IF(22) ¼ 0 � 0 ¼ 0
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generalized relationships differing from the original example. This diagram is an extreme

case of the use of generalized relationships, done for the purposes of explanation. Most

CPM diagrams will have a much smaller proportion of nontraditional relationships.

8.12.1 Forward Pass (Generalized Relationships)

As with traditional relationships, an ESD of 0 is assigned to the initial Activity A. Because

this activity includes the three types of generalized relationships usually used in construc-

tion project diagrams, it can reveal the scheduling procedure for each one. Figure 8.27

shows a detail of the computations that follow.

The relationship between A and B, which can be called RAB for simplicity, is SS.

Therefore, the start of A (0) plus the lag of RAB (2) will be used in the computation of the

early start ESD of Activity B. Its EFD will be its ESD plus its duration T.

ESDB ¼ ESDA þ LAGAB ¼ 0þ 2 ¼ 2

EFDB ¼ ESDB þ TB ¼ 2þ 10 ¼ 12

The relation between A and C, RAC, is a traditional FS relationship to which a lag of 1

has been added. Therefore, the ESD of C is determined by adding this lag to the EFD of A.

The EFD is computed by adding the activity’s duration.

ESDC ¼ EFDA þ LAGAC ¼ 1þ 1 ¼ 2

EFDC ¼ ESDC þ TC ¼ 2þ 7 ¼ 9

The relationship between A and D, RAD, is FF. Therefore, the EFD of D is determined

as EFDA þ LAGAD, and then ESDD results from subtracting TD from its EFD.

EFDD ¼ EFDA þ LAGAD ¼ 1þ 16 ¼ 17

ESDD ¼ EFDD � TD ¼ 17� 14 ¼ 3

The three activities considered so far have a single predecessor, namely Activity A,

since the latter is the initial activity in the precedence diagram. Activity E, in contrast, is

preceded by B and C. Each one of the two relationships between B and Emust be evaluated

separately. Similarly to the computations already discussed for traditional relationships,

the ESD and EFD of E will be dictated by the one of its two predecessors that ‘‘pushes’’ it

the most into the future. That is, considering the FF relationship between B and E (since it

is an FF relationship, EFD is computed first):

EFDE ¼ EFDB þ LAGBBE FFð Þ ¼ 12þ 12 ¼ 24

ESDE ¼ EFDE � TE ¼ 24� 8 ¼ 16
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Figure 8.27 Forward pass for first four activities of generalized

network.
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Considering the FS relationship between B and E:

ESDE ¼ EFDB þ LAGBBE FSð Þ ¼ 12þ 3 ¼ 15

EFDE ¼ ESDE þ TE ¼ 15þ 8 ¼ 23

Finally, considering the FF relationship between C and E:

EFDE ¼ EFDC þ LAGCE ¼ 9þ 5 ¼ 14

ESDE ¼ EFDE � TE ¼ 14� 8 ¼ 6

The controlling relationship in this case is the FF between B and E, since it results in

the maximum of the three possible early dates:

ESDE ¼ MAX 16; 15; 6ð Þ ¼ 16

EFDE ¼ MAX 24; 23; 14ð Þ ¼ 24 ðalso; EFDE ¼ ESDE þ TE ¼ 16þ 8 ¼ 24Þ
Activity F has a traditional relationship with its sole predecessor C:

ESDF ¼ EFDC ¼ 9

EFDF ¼ ESDF þ TF ¼ 9þ 5 ¼ 14

The last activity G has traditional relationships with E and F, and an FS with lag relates

it to D. Therefore,

ESDG ¼ MAX EFDE; EFDF; EFDD þ LAGDG½ �ð Þ ¼ MAX 24; 14; 17þ 2½ �ð Þ ¼ 24

EFDG ¼ ESDG þ TG ¼ 24þ 1 ¼ 25

The complete forward pass is shown in Figure 8.28.

8.12.2 Backward Pass (Generalized Relationships)

The backward pass follows the logic discussed for traditional relationships. As in

traditional relationships, it determines the latest possible point in time to start each activity

without extending the project’s duration. The difference with traditional relationships is

that the lag between activities must be subtracted instead of added in the process of

examining activities from last to first. Moreover, the computations must be adjusted to

include FF and SS relationships, as will be discussed.

The first step in the backward pass is the assignment of an LFD to the last activity,

normally the same as its EFD. Its LSD is its LFD minus its duration. In the example,

LFDG ¼ EFDG ¼ 25

LSDG ¼ LFDG � TG ¼ 25� 1 ¼ 24
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Activity G’s predecessors are scheduled next. Since activities E and F are linked to G

by traditional relationships, their LFD is equal to the LSD of G. LSDs are found by

subtracting their respective duration from their LFD:

LFDF ¼ LFDE ¼ LSDG ¼ 24

LSDF ¼ LFDF � TF ¼ 24� 5 ¼ 19

LSDE ¼ LFDE � TE ¼ 24� 8 ¼ 16

Activity D includes a lag of 2 in its FS relationship to G. The LFD and LSD

computations are similar to the ones for E and F, but now the lag between D and G is

subtracted in the computations:

LFDD ¼ LSDG � LAGDG ¼ 24� 2 ¼ 22

LSDD ¼ LFDD � TD ¼ 22� 14 ¼ 8

The late dates of the activities considered so far are shown in Figure 8.29.

The next activity in the last-to-first sequence of the backward pass is C. It has a

traditional relationship to F, and an FF relationship to E. The rationale used so far applies

here, with the caveat that since the FF relationship links the respective finishes of C and E,

it is LFDE that must be considered:

LFDC ¼ MIN LSDF; LFDE � LAGCF½ �ð Þ ¼ MIN 19; 24� 5½ �ð Þ ¼ 19

LSDC ¼ LFDC � TC ¼ 19� 7 ¼ 12

Notice that in this case there is a tie between the two possible relationships, since

24� 5¼ 19. Such ties are allowed by the algorithm and in fact are common in projects with

a tight execution schedule.

Activity B is related to its successor by two relationships, and therefore, both must be

considered in the computations.

LFDB ¼ MIN LFDE � LAGBEðFFÞ
� �

; LSDE � LAGBEðFSÞ
� �� �

¼ MIN 24� 12½ �; 16� 3½ �ð Þ ¼ 12
LSDB ¼ LFDB � TB ¼ 12� 10 ¼ 2

The initial Activity A has the three types of generalized relationships with its successor.

The computations are best understood by analyzing separately each relationship. Notice that,

as expected, SSAB relates directly the LSDs of A and B. LFDA is computed after LSDA is

found, inverting the computation order used so far for these two dates.

LFDA and LSDAwill be equal to the minimum LSD and LFD imposed by each of the

three relationships.

Considering the SS relationship to B:

LSDA ¼ LSDB � LAGAB ¼ 2� 2 ¼ 0; LFDA ¼ LSDA þ TA ¼ 0þ 1 ¼ 1
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Figure 8.29 Late date computations for activities D, E, F and G.
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Considering the FS relationship to C (See Fig. 8.30):

LFDA ¼ LSDC � LAGAC ¼ 12� 1 ¼ 11; LSDA ¼ LFDA � TA ¼ 11� 1 ¼ 10

Considering the FF relationship to D:

LFDA ¼ LFDD � LAGAD ¼ 22� 16 ¼ 6; LSDA ¼ LFDA � TA ¼ 6� 1 ¼ 5

Now the LSD and LFD can be determined as follows:

LFDA ¼ MINðLFDA computed using each relationshipÞ ¼ MIN 1; 11; 6ð Þ ¼ 1

LSDA ¼ MINðLSDA computed using each relationshipÞ ¼ MIN 0; 10; 5ð Þ ¼ 0

ðOr; LSDA ¼ LFDA � TA ¼ 1� 1 ¼ 0Þ

8.12.3 Total Float and Critical Path (Generalized Relationships)

The TF of each activity is the difference between its LFD and ifs EFD (or its LSD and

its ESD). TFs are shown as the uppermost numbers of the two stacked at the bottom

center of each activity box in Figure 8.31, which shows all the scheduling results for the

example network.

The critical path is the chain of activities with TF ¼ 0. For the example network, it

consists of the chain of activities A-B-E-G. The relationships linking the critical activities

are drawn with double lines in Figure 8.31.
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All the critical path properties previously discussed for precedence diagrams with only

traditional relationships also apply for those with generalized relationships. Moreover,

there are a few additional issues to consider for generalized relationships:

� Critical activities in a traditional diagram are critical in their start, finish, and duration.

If any of these three elements change for any critical activity, the project will be

delayed.Generalized relationships aremore subtle in defining the critical path because

in some circumstances, only the start or the finish of an activity is truly critical.

Consider Activity E in the example network. The FF relationship with Activity B is

critical, and therefore, what is critical for E is to finish on time. Its duration could

perfectly change to, for example, 10without extending the project execution time, if it

starts by day 14. This type of flexibility is not possible in a traditional network.

� Two activities may be critical and yet one or more relationships linking them may

not be part of the critical path. This is the case for the FS relationship between

activities B and E.

8.12.4 Free Float (Generalized Relationships)

The FF for activities in a generalized precedence diagrams is conceptually identical to the

FF for activities in a traditional network already discussed. As before, it is the leeway, if

any, that an activity has before it ‘‘pushes’’ the ESD of any successor. The FF of the activity

is the minimum leeway between it and its successors. The computation of this leeway

depends on the type of relationship. For an Activity I followed by another Activity J, the

following formulas apply.

FS relationships : FF between j and i ¼ ESDj � LAGij � EFDi

SS relationships : FF between j and i ¼ ESDj � LAGij � ESDi

FF relationships : FF between j and i ¼ EFDj � LAGij � EFDi

Consider the case for Activity A of the example network, whose FF computation is

shown graphically in Figure 8.32.

FFA ¼ MIN 2� 2� 0½ �; 2� 1� 1½ �; 17� 16� 1½ �ð Þ ¼ 0

Notice that each of the three possibilities for FFA result in FF ¼ 0. This is expected.

Activity A is critical, and therefore all its floats are 0. Moreover, Activity A drives the ESD

of all its three successors, and therefore, there can be no leeway with any of them. Lastly,

remember that for any Activity J, TFj>= FFj. TFA¼ 0, and its FF cannot be greater. The FF

of each activity is shown in Figure 8.31 as the lower number of the two stacked at the center

and below its box.

A
1

C
7

B
10

D
14

10

122

92

3 17

02

1

16

FF = 2 - 2 - 0 = 0

FF = 2 - 1 - 1 = 0

FF=17 - 16 - 1 = 0

Figure 8.32 Free Float computation for Activity A.
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8.12.5 Interfering and Independent Floats (Generalized Relationships)

As in traditional diagrams, the IF of an activity is the difference between its total float TF

and its FF. This computation is so trivial that the IF is rarely explicitly included in the

scheduling reports.

The IndF of an activity is, as before, the leeway that may exist when all the activity’s

successors are located in their ESDs, and it is located in its LSD. The leeway formula for

each type of generalized relationship is identical to the one for its FF, with the only

difference of substituting the ESD/EFD of successors with their respective LSD/LFD.

Formulas for TF and FF never result in negative numbers. This is not the case with IndF.

Use 0 when a formula yields IndF < 0.

FS relationships : IndF between j and i ¼ ESDj � LAGij � EFDi

SS relationships : IndF between j and i ¼ ESDj � LAGij � ESDi

FF relationships : IndF between j and i ¼ EFDj � LAGij � EFDi

IndF is greater than 0 for relatively few activities in a typical network. Applying the

formulas, it can be verified that all activities in the example network have IndF ¼ 0. As

mentioned in the discussion of traditional networks, it is uncommon to include this float in

a schedule report.

8.13 WORKING TO CALENDAR DATES

An activity schedule must include the calendar dates intended for each start and finish.

Contractual terms almost universally specify calendar days for a project’s duration, time

to mobilize after the Notice to Proceed, finish deadline, and similar time-sensitive issues.

This practice is hardly surprising, since many project owners may not fully understand

the meaning and implications of working days versus calendar days. Moreover, calendar

dates are simpler to enforce from a contractual viewpoint: a contractor could allege,

perhaps truly, that their company does not work on Flag Day, and therefore it could not

be included in the working day count. Vice versa, an owner could claim that July 4th

could be included in the count. Such gray areas are avoided by specifying durations and

deadlines in calendar dates.

The key step to relate a project’s working days to their corresponding calendar dates

is to count the number of working days in a calendar in which the first calendar date of

project execution is marked as working day 1. Each following day is successively

marked in the calendar. Nonworking days such as weekend and holidays are skipped in

the count. This simple process is illustrated in Figure 8.33, showing the calendar for a

project with a start date of December 23. Its contractor has chosen not to work on

Saturdays and Sundays, as well as on December 25 and January 1. The workday to

calendar date conversion depends on each particular contractor. Another contractor

could have a different work calendar.

SatFriThuWedTueMonSun
26252423222120-Dec

WD2WD1

21-Jan3130292827
WD6WD5WD4WD3

9876543
WD11WD10WD9WD8WD7

16151413121110
WD13WD12

Figure 8.33 Project calendar with

working days.
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To illustrate this procedure, let us assume that the calendar of Figure 8.33 applies to the

small project whose schedule is shown in Figure 8.34.

As previously mentioned when discussing the forward pass computation process, the

ESDs shown in Figure 8.34 indicate the number of working days that must elapse before

each activity can start. The ESD of 5 for Activity D indicates that 5 working days (in this

case, the sum of the durations of activities A and B) must have elapsed before Activity D

can begin. Therefore, the early calendar date for activity D is 5 þ 1 ¼ 6. In the calendar

shown in Figure 8.33, this means that Activity D will begin on December 31. This one-day

shift applies as well to all other activities, as can be seen in Table 8.5. Late start dates

(LSDs) are also shifted by one day, as can be seen in Table 8.5.

The 1-day shift just discussed does not apply to early and late finish dates (EFDs and

LFDs) shown in the diagram. Their corresponding calendar dates can be read directly in the

conversion calendar. The calendar EFD for Activity D is, therefore, January 7. All finish

calendar dates are also shown in Table 8.5.

There are no differences between traditional and generalized relationships in the

conversion from working days to calendar dates.

8.14 SUMMARY

A project activity schedule developed using the techniques discussed in the last two

chapters can be of great help to the project manager entrusted with its execution.

Summarizing the discussion to this point, such schedule will provide:

� A clear definition of the work to performed, divided into the assignable segments

constituted by the project activities.

� A precedence diagram showing assumptions and strategic decisions about the

sequence of activities.

� Start and finish dates for each activity.

� The number of days that each activity can be delayed before resulting in a delay in

the overall project.
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B
3

E
3

D
520

52

72

105

52

20

105

105

1310

1310

0
0

0
0

0
0

3
3

0
0

Figure 8.34 Example network for

working to calendar dates example.

Table 8.5 Working to calendar dates conversion for example network
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Originally, CPM utilized a network convention called arrow notation as discussed in

Appendix E. This chapter has emphasized precedence notation since it is more widely used

today. CPM is used for the procurement and control of suppliers, subcontractors, and the

contractor’s own forces. Furthermore, it can be used to optimize decisions that otherwise

result in unnecessary effort and waste. For example, as introduced in the Critical Path

section, it makes no sense to expedite a project duration by requiring all ongoing activities

to work overtime. A CPM-based schedule will show which activities are critical, and

therefore, should be expedited. Expediting noncritical activities would only add to their

float, without shortening the project duration at all. With all its positive aspects, a project

schedule can be detrimental to the management of a project when its role and limitations

are not well understood. A schedule should be a management resource for rational decision

making in the field, instead of the control mechanism to which field management must

adjust their decisions. Any project manager approaching project management as an effort

to conform to the schedule instead of a continuous process to conform to the objectives of

the schedule will soon find that, regardless of its initial merits, any schedule must be

updated to reflect the changing conditions of the field.

REVIEW QUESTIONS AND EXERCISES

8.1 Develop the precedence diagram network for the follow-

ing project and then calculate the TF and FF for each activity.

Activity Duration

Immediately Following

Activities

a 22 dj

b 10 cf

c 13 dj

d 8 —

e 15 cfg

f 17 hik

g 15 hik

h 6 dj

I 11 j

j 12 —

k 20 —

8.2 Make a clear and neat sketch of the network specified below

using precedence notation. On the precedence diagram calculate

and show the early start (EST), early finish (EFT), late start (LST),

late finish (LFT), and TF in each activity. Start calculations with

day zero 0. Show the critical paths with colored pencil.

Label Duration

Must Follow

Operations

A 2 —

B 4 A

C 7 A

D 3 A

E 5 A

F 7 B

G 6 B

H 7 F

I 5 G

J 3 G

K 8 C,G

L 9 H,I

M 4 F,J,K

N 7 D,K

0 8 E,K

P 6 M,N

Q 10 N,0

R 5 L,O,P

S 7 Q,R

8.3 From the following network data, determine the critical

path, starting and finishing times, and TFs and FFs.

Activity Description Duration

Immediate

Predecessors

ST Start milestone - -

A Excavate stage 1 4 ST

B Order and deliver

steelwork

7 ST

C Formwork stage1 4 A

D Excavate stage 2 5 A

E Concrete stage 1 8 C

F Formwork stage2 2 C, D

G Backfill stage 1 3 E

H Concrete stage 2 8 E, F

I Erect steelwork 10 B, H

J Backfill stage 2 5 G, H

END End milestone - I, J
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8.4 Using the information given in figures shown, develop a

precedence notation CPM network for the bridge project de-

scribed. Certain logical relationships are implied by the bar

chart that has been supplied to you by the field superintendent

who has been chosen to run the job. According to contract

specifications your company must submit a network scheduling

(CPM) to the owner. Knowing that you area CPM expert, your

boss has given you the job of setting up the network. He also has

asked you to calculate the project duration in working days. The

duration of each activity can be developed from the dates given

on the bar chart.

Mobilization and procurement activities are as follows:

Act Duration Description Followers

1 10 Shop drawings, abutment,

and deck steel

11

2 5 Shop drawings, foot steel 6

3 3 Move in 7,8

4 15 Deliver piles 9

5 10 Shop drawings, girders 26

1 15 Deliver abutment and deck

steel

16

6 7 Deliver footer steel 12

6 25 Deliver girders 28

Hints and Restrictions

� There is only one excavation crew.

� There is one set of formwork material for footers and

abutments.

� Project duration should be approximately 65 days long.

� General sequence of activities:

� Excavation, piles driven, footer, abutment, deck

� Forming, pouring, curing, stripping

Example project, bridge profile.

Example project, bridge transverse section for problem 7.4.
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To calculate the work days from the bar chart, assume

June 17 is a Thursday. Workdays are Monday through Friday.

8.5 A new road section with concrete pavement, shown in

longitudinal section, is 11,600 feet long. It is to be constructed

in accordance with the following conditions:

� The balanced earthworks from station 00 to 58(00) may

be done at the same time as the balanced earthworks

from station 58(00) to 116(00) using two separate

independent crews.

� The double-box culvert will be built by one crew, and

another crew will build the two small culverts. Concrete

may be supplied either from the paving batch plant

or from small independent mixers at the culvert sites,

whichever is expedient.

� One small slip-form paver will do all the concrete

paving work, and all the shouldering will then follow

with one crew after the concrete pavement is cured.

� Seeding the embankments with grass must be left as late

as possible.

Prepare a network diagram and determine the minimum possi-

ble project duration.

If independent concrete mixers are used for the culverts,

what is the latest day for delivery of the paving batch plant to the

site, so that the paving crew may have continuity of work (no

idle time at all)?

Activity Description Duration

Deliver rebars—double-box culvert 10

Move in equipment 3

Deliver rebars—small culverts 10

Set up paving batch plant 8

Order and deliver paving mesh 10

Build and cure double-box culvert, station 38 40

Clear and grub, station 00–58 10

Clear and grab, station 58–116 8

Build small culvert, station 85 14

Move dirt, station 00–58 27

Move part dirt, station 58–116 16

Build small culvert, station 96 14

Cure small culvert, station 85 10

Cure small culvert, station 96 10

Move balance dirt, station 58–116 5

Place subbase, station 00–58 4

Place subbase, station 58–116 4

Order and stockpile paving materials 7

Pave, station 58–116 5

Cure pavement, station 58–116 10

Pave, station 00–58 5

Cure pavement, station 00–58 10

Shoulders, station 00–58 2

Shoulders, station 58–116 2

Guardrail on curves 3

Seeding embankments with grass 4

Move out and open road 3

Bar chart schedule for bridge project for problem 8.4. (Based on an example in Clough and Sears,

Construction Project Management).
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8.6 From the following network data, determine the critical

path, early start, early finish, late start, late finish, TF, and FF for

each activity. Highlight the critical path.

2

2

2

2

2
12 1

1

5
D G

J

K

3

3
E

3
B

C
4

H
4

A F

8.7 You need to provide a project’s owner with a 3-week

lookahead schedule. Identify one benefit and one limitation of

using a bar chart for the look-ahead schedule.

8.8 Develop an activity diagram for the following activity

list. Label each activity and minimize crossing relationship lines.

Activity Immediate Succeeding Activities

A N

B F

C K, J

D G

E A, M (SS)

F E

G M (SS), P

H None

I None

J D, L

K D, L

L G

M H, I

N I (FF)

O P (FF)

P H
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Chapter 9

Scheduling: Program Evaluation and Review
Technique Networks and Linear Operations
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Lean Construction

Lean construction has been called a project delivery system, a

collection of management techniques, and even a management

philosophy. It is based on a successful set of ideas and techniques

used in the manufacturing industry, generally called ‘‘lean

production’’ or ‘‘ the Toyota production system.’’ This

management approach was created and first implemented by

Taiichi Ohno at Toyota Motors in Japan. Ohno installed a system

designed to minimize the amount of inventory in the plant and

even stop the assembly line at any time a defective part was

detected.

Building a construction project, of course, is different from

assembling a car. The adaptation of lean techniques for construction

has been a gradual process that began in the mid-1990s, with

techniques that attempt to mimic the essence of the Toyota system.

Much of the current thrust of lean construction lies in its approach to

project planning and control. Traditional planning assumes that a

detailed plan can be created for the entire duration of a project.

Control consists of identifying deviations from the plan, and steering

the project execution back into compliance. This philosophy is not

too different from a traditional car production line approach. The

‘‘production line’’ is the plan, to which workers must yield even if it

leads to suboptimal decisions.

In contrast, lean construction asserts that it is virtually

impossible to develop a detailed plan of events that are months,
Lean Construction
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or even weeks, in the future. Instead of the top-down approach of traditional

management, top management provides deadlines and other production goals, and

implementation details are largely left to the project field personnel. Subcontractors

and foremen are supposed to stop the production line (i.e., do an immediate hold and

review) in the case of a questionable request. Weekly meetings have protocols to

investigate the root causes of execution problems. Middle managers, such as the

project’s superintendent, are the enablers of the detailed short-term plans developed

at the work face. For example, a key duty of middle management is procuring the

resources required by the short- and long-term plans.

Implementing lean construction can be difficult, in part because all these roles and

procedures seem so logical that many contractors allege that they already use them.

However, the orderly, cascading discipline for planning and control advocated by lean

construction is rarely in place without a concerted effort. The percent plan complete

(PPC) is a popular metric used in lean construction, consisting of the proportion of tasks

executed as planned in a given week. A 50% PPC means that only half of the tasks that

were planned to be done in a week were actually carried out. It does not imply a lack of

activity. As an automobile manufacturing worker in a traditional car production line keeps

adding parts to the inventory, each construction crew finds ways to keep busy, even at the

expense of what was deemed to be a rational plan just a week before. A 50% PPC is

typical for many contractors, revealing a lack of planning reliability, process transparency

and communication, among other negative implications.

9.1 INTRODUCTION

Bar charts and critical path method (CPM) networks assume that all activity durations are

constant or deterministic.1 An estimate is made of the duration of each activity prior to

commencement of a project, and the activity duration is assumed to remain the same (e.g., a

nonvariable value) throughout the life of the project. In fact, this assumption is not realistic.

As soon as work begins, due to actual working conditions, the assumed durations for each

activity begin to vary. The variability of project activities is addressed in a method

developed by the U.S. Navy at approximately the same time as CPM. This method was

called the Program Evaluation and Review Technique (PERT).

PERT incorporates means to consider uncertainty in the project planning by assuming

that the duration of some or all of the project activities can be variable. The variability is

defined in terms of three estimates of the duration of each activity as follows:

1. Most pessimistic duration.

2. Most optimistic duration.

3. Most likely duration.

Let’s assume that a 20,000-square-foot slab on grade is to be cast in place. For

scheduling purposes, the project superintendent is asked for estimates of the three durations

above (i.e., most pessimistic, optimistic and likely) rather than for a single constant

duration. The three estimates are used to calculate an expected activity duration. The

calculations are loosely based on concepts from mathematical probability. The expected

duration, te, is assumed to be the average value of a probability distribution defined by the

1Logic is also considered to be constant or invariable throughout the life of the project for each activity.
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three-estimate set. The expected duration, te, of each activity with variable characteristics

is given as:

te ¼ ½ta þ 4tm þ tb�=6
Where

ta is the most optimistic duration estimate

tm is the most likely duration estimate

tb is the most pessimistic duration estimate

For instance, if for the slab pour, the three estimates from the superintendent are:

ta ¼ 5 days

tm ¼ 8 days

tb ¼ 12 days

The expected activity duration is calculated as:

te ¼ ð5þ 4ð8Þ þ 12Þ=6 ¼ 49=6 ¼ 8:17 days; say 9 working days

The expected value for each activity with a constant value is te ¼ constant.

Once the te values for each variable duration activity have been calculated, the longest

path and project duration are determined using the same methods used by CPM. The

probability of completing the project within a predetermined time duration is calculated by

assuming that the probability distribution of the total project duration is normally

distributed with the longest path of te values as a mean value of the normal distribution.

The normal distribution is defined by its mean value x (i.e., in this case the value of the

longest path through the network) and the value, s, which is the so-called standard

deviation (s) of the distribution. The standard deviation is a measure of how widely about

the mean value the actual observed values are spread or distributed. Another parameter

called the variance is the square of the standard deviation, i.e., s2. It can be shown

mathematically that 99.7% of the values of normally distributed variables will lie in a range

defined by three standard deviations below the mean and three standard deviations above

the mean (see Figure 9.1).

In PERT, the standard deviation s of the normal distribution for the total project

duration is calculated using the variance of each activity on the critical path. The variance2

for each PERT activity is defined as:

s2 ¼ tb � tað Þ=6½ �2

Normal distribution
Mean = te

Standard
deviation = (Vt∗)

1/2

Scale of
random
variable t∗te − (Vt∗)

1/2

te − 2(Vt∗)
1/2

te − 3(Vt∗)
1/2

te + 2(Vt∗)
1/2

68% of area

95% of area

99.7% of area

te + 3(Vt∗)
1/2

te + (Vt∗)
1/2te

Figure 9.1 Selected

areas under the

normal distribution

curve.

2The variance is the standard deviation squared.
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where the expression inside the brackets approximates the standard deviation of the activity

being considered. If the variance of each activity on the longest (i.e., critical) path is

summed, that value is assumed to be the variance of the normal distribution of the entire

project duration values.

The fact that the normal distribution is used to represent the probability distribution of

the possible total project durations is based on a basic concept from probability theory

called the Central Limit Theorem. This is explained by Moder and Phillips as follows:

Theorem

Suppose m independent tasks are to be performed in order; (one might think of these as

the m tasks that lie on the critical path of a network). Let t�1; t
�
2; . . . tm

� be the times at which

these tasks are actually completed.

Note that these are random variables with true means t1, t2, . . . , tm, and true

variances V�
t1;V

�
t2; . . . ;V

�
tm, and . . . actual times are unknown until these specific tasks

are actually performed. Now define T � to be the sum:

T� ¼ t�1 þ t�2 þ . . .þ t�m
And note that T� is also a random variable and thus has a distribution. The Central Limit

Theorem states that if m is large, say four or more, the distribution of T� is approximately

normal with mean T and variance VT� given by

T ¼ t1 þ t2 þ . . .þ tm

V�
T ¼ V�

t1 þ V�
t2 þ . . .þ V�

tm

That is, the mean of the sum, is the sum of the means; the variance of the sum is the sum of

the variances; and the distribution of the sum of activity times will be normal regardless of

the shape of the distribution of actual activity performance times (Moder and Phillips, 1964).

9.2 AN EXAMPLE PROGRAM EVALUATION AND REVIEW TECHNIQUE NETWORK

To demonstrate the use of the PERT approach, consider the small arrow notation network3

shown in Figure 9.2. Three estimate durations for each activity in this activity network are

given in Table 9.1.

The te values shown for each activity are calculated using the formula:

te ¼ ðta þ tm þ tbÞ=6
For instance, te for Activity 7 is:

te ¼ ð4þ 4ð7Þ þ 13Þ=6 ¼ 45=6 ¼ 7:5

1

1

2

2
3

4

4

5

8

7

6
6

5

93 Figure 9.2 Small PERT

network.

3See Appendix E describing the use of arrow notation.
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The variance for each activity is approximated by the equation:

V ¼ ½ðtb � taÞ=6�2

For Activity 7, the variance is:

V7 ¼ ½ð13� 4Þ=6�2 ¼ 81=36 ¼ 2:25

Using the forward and backward pass methods described in Chapter 8, two paths have

an expected duration of 17.5 days. These paths are shown below.

DURATION VARIANCE

Path 1 3þ 8:5þ 6 ¼ 17:5 Var ¼ :444þ 2:25þ 1:0 ¼ 3:694
(1-4-8)

Path 2 3þ 3:5þ 7:5þ 3:5 ¼ 17:5 Var ¼ :444þ 1:361þ 2:25þ 1:361 ¼ 5:416
(1-5-7-9)

The mean of the normal distribution is therefore assumed to be 17.5 days. The

variances of the two longest paths are calculated by adding variances of the individual

activities in each path. The variance of path two (5.416) is greater than that of path one

(3.694). Because this means a greater spread of the probable total project durations, the

variance of path two is selected as the variance to be used for further PERT calculations.

The PERT normal distribution for total project duration is shown in Figure 9.3.

The normal distribution is symmetrical about the mean. The standard deviation will be

s ¼ SQRTð5:416Þ ¼ 2:327:

PERT answers the question: ‘‘What is the probability (given the variable durations

of the activities) that the project can be completed in N days?’’ The probability of

Table 9.1 Three Estimate Values and Calculated Values for Each Activity

Activity tm ta tb te Var

1 3 1 5 3 0.44

2 6 3 9 6 1.00

3 13 10 19 13.5 2.25

4 9 3 12 8.5 2.25

5 3 1 8 3.5 1.36

6 9 8 16 10 1.23

7 7 4 13 7.5 2.25

8 6 3 9 6 1.00

9 3 1 8 3.5 1.36

Prod(x)

x
X
– 

=17.5
N = 24.5

σ 2 = Variance = 5.416

σ =   5.416 = 2.327

σ σ

σ σ

σσ

3σ = 6.981

Figure 9.3 Normal

distribution of total

project durations for

small PERT network.
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completing the project is given by the area under the normal distribution to the left of the

value N selected for investigation. Because we know that 99.7% of the area (representing

probability) under the normal distribution is in the range of 3s below the mean and 3s

above the mean, we can say that there is a better than 99.7% chance that the project can

be completed in [xþ 3s] or [17.5þ 3 (2.327)]¼ 24.5 days or less. That is, at least 99.7%

of the area under the normal curve is to the left of the value 24.5 days in Figure 9.3.

In other words, we can be almost 100% sure that the project can be completed in 25 days

or less.

What if we want to know the probability of completing in 19 days? Given the values of

the mean and the variance, we can use a cumulative normal distribution function table such

as that shown in Appendix K to calculate the area under the curve left of the value 19. First,

we must calculate the Z value which for a given value x (e.g., 19):

Z ¼ Mean� x
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Variance

p or Z ¼
�X � xð Þ
s

where s is the standard deviation of the cumulative normal distribution. In our case:

Z ¼ 17:5� 19j
ffiffiffiffiffiffiffiffiffiffiffi
5:416

p ¼ 1:5

2:327
¼ 0:644

����

Consulting the cumulative normal distribution function table given in Appendix J with

a Z value of 0.644, yields a value of .7389 or 73.89% probability of completing the project

in 19 days. What would be the probability of completing the project in 16 days?

9.3 PROGRAM EVALUATION AND REVIEW TECHNIQUE SHORTCOMINGS

In fact, the PERT results are too optimistic. The method of using the te value to determine

the longest path through the project network and assuming that the duration of this path is

the most probable value for the total project duration is not totally accurate. Although

PERT introduces elements of probability into the calculation of the project duration, it

consistently underestimates the duration. The principal cause of this underestimation is a

condition known as merge event bias. Briefly, merge event bias occurs when several paths

converge on a single node. Figure 9.4 is a simplified depiction of how several paths in a

schedule network might converge on a single node.

PERT calculations give the early expected finish time of this node as the summation of

times on the longest path leading to the node. This path then becomes part of the longest

path through the network that determines expected project duration. However, because the

duration of the activities on the paths are random variables, it is possible that some other

path converging on the node could have an activity with a random duration longer than its

expected (mean) duration. Thus, this longer path would determine the early finish time of

the node. That this potential longer path is not taken into account in the PERT calculation

leads to an underestimation of project duration.

Additionally, the PERT method assumes statistical independence between activities.

This assumption allows the variance of activities along a path to be added, giving the

variance of the duration of the project. The assumption of independence, however, may not

Path 1

Path 2

Path 3 Figure 9.4 Merge event bias.
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always be appropriate. For instance, weather can create a positive correlation between

activities, and a delay in one activity may create a negative correlation between activities.

One solution to the difficulties noted above is computer simulation. Because Monte

Carlo simulation of schedule networks does not use a single number to represent activity

durations, it avoids the merge event bias described previously.

9.4 LINEAR CONSTRUCTION OPERATIONS

Often construction sites have linear properties that influence the production sequence.

Road construction, for instance, is worked in sections that require that a set of work

processes be completed in a particular sequence before the section is completed. The

individual sections can be thought of as ‘‘processing through’’ a series of workstations.

For example, a road job may be subdivided into 14 sections that must be completed

(see Figure 9.5[a]). This type of breakdown is typically established based on centerline

stationing (e.g., section 1 is defined as running from station 100 to station 254.3). Each of

the 14 stations must undergo the following work activities: (a) rough grading, (b) finish

grading, (c) aggregate base installation, (d) 5-inch concrete pavement, (e) 9-inch concrete

pavement, and (f) curb installation.

Each of the 14 sections can be thought of as being processed by crews and equipment

representing each of the six work processes. Because the site is linear, the normal way for

the work to proceed would be to start with section 1, then go on to the second section and so

forth. This implies that the sections will first be rough graded, then finish -graded, then

aggregate base will be placed, and so on. A bar chart indicating this sequence of activity is

shown in Figure 9.5(b).

The bar chart indicates that work activity overlaps such that several operations are in

progress simultaneously during the middle of the job. The required sequential nature leads
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Figure 9.5 Road project divided into 14 sections.
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to a ‘‘boxcar’’ effect. That is, a section must complete 5-inch concrete before proceeding to

9-inch concrete. Therefore, the sections can be thought of as a ‘‘train’’ or ‘‘parade’’ of work

that must pass each of the stations represented by the six construction processes.

Many types of projects exhibit this kind of rigid work sequence. A high-rise building,

for instance, requires each floor to pass through a set of operations. Each floor can be

thought of as a ‘‘car’’ in the ‘‘train’’ of work to be completed. Construction processes such

as erect formwork, install reinforcing steel and embedments, and pour concrete can be

viewed as workstations through which each floor must pass.

Tunnels are worked in sections in a fashion similar to road or pipeline work. Each

section must be processed through work processes such as drill, blast, remove muck,

and advance drilling shield. This again leads to a repetitive sequence that is rigidly

sequenced.

9.5 PRODUCTION CURVES

Bar charts and network schedules provide only limited information when modeling linear

operations and projects. They typically do not readily reflect the production rate or speed

with which sections or units are being processed. Because the rate of production will vary

across time, this has a major impact on the release of work for following work processes.

Delays in achieving the first units of production occur as a result of mobilization

requirements. As the operation nears completion, the rate of production typically declines

because of demobilization or closeout considerations. The period of maximum produc-

tion is during the mid-period of the process duration. This leads to a production curve

with the shape of a ‘‘lazy S,’’ as shown in Figure 9.6. The slope of the curve is flat at

the beginning and the end, but steep in the midsection. The slope of the curve is the

production rate.

These curves are also called time-distance, time-quantity, or velocity diagrams

because they relate units of production (i.e., quantities or distance) on the y axis (vertical,

ordinate) with time plotted on the x axis (horizontal, abscissa). The slope of the curve

relates the increase in production units on the y axis with the increment of time as shown on

the x axis. The slope of the curve, therefore, represents the number of units produced over a

given time increment. This is the rate of production.

The production curves for a typical road job are shown in Figure 9.7. The curves indicate

the beginning and ending points in time for each of the processes. The slope of each curve is

y

x

Figure 9.6 Production curve.
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the production rate for each process. The distance between the beginning points of each

process establishes the lag between processes. The aggregate base operation begins in week 6

and lags the finish-grading operation by 2 weeks. This means that 2 weeks of work (i.e.,

completed finish-grade sections) are built up before the aggregate base operation is started.

Leading processes generate work area or availability so that follow-on processes have

a ‘‘reservoir’’ of work from which to operate. Reservoirs of work are cascaded so that units

of work must be available from an ‘‘upstream’’ process reservoir beforework is available at

a following process reservoir. This illustrates that work flow moves from leading to

following processes.

In addition to indicating the rate of production, production curves or velocity diagrams

are helpful in establishing the project status. The planned status of the job as of week 12 can

be determined by simply drawing a vertical line at week 12 on the x axis of Figure 9.7. This

will intersect the aggregate base and 5-inch concrete curves. It also represents the

beginning of work on the 9-inch concrete pavement (overlaying the 5-inch base concrete).

It can be readily determined that:

1. Both rough and finish grading should be completed.

2. Approximately 80% of the aggregate base has been placed.

3. Placement of the 5-inch concrete base is approximately 30% complete.

4. Placement of 9-inch concrete is just commencing.

The planned status of construction as of week 12 is shown in Figure 9.8.

There is a definite advantage in balancing the production rates between processes.

Balancing rates means ensuring that the slopes of the production curves that interact are

roughly parallel and do not intersect. If rates are not balanced, the situation shown in

Figure 9.7 Velocity

diagrams for a road

construction

project.

Figure 9.8 Planned status of construction as of week 12.

9.5 Production Curves 161



E1C09_1 10/01/2010 162

Figure 9.9 can develop. In this example, the slope (production rate) of process B is so

steep that it catches or intersects the process A curve at time M. This requires a shutdown

of process B until more work units can be made available from A. Again, at time L,

process B overtakes the production in process A, resulting in a work stoppage. This is

clearly inefficient since it requires the demobilization and restarting of process B. The

stoppage of process B at M also causes a ‘‘ripple’’ effect since this causes a shutdown of

process C at time N.

It should be clear that these stoppages are undesirable. Thus, processes should be

coordinated so as to avoid intersections of production curves (e.g., times M, N, and L).

Obviously, one way to avoid this is to control production in each process so that the slopes

of the curves are parallel. This implies the need to design each process so that the resources

used result in production rates that are roughly the same for all interacting construction

processes. Because the six curves for the road job are roughly parallel, we can assume that

the production rates have been coordinated to avoid one process overtaking its leading or

preceding process.

9.6 LINE OF BALANCE CONCEPTS

Line of balance (LOB) is a graphical method for production control integrating bar-

charting and production curve concepts. It focuses on the planned versus actual progress

for individual activities and provides a visual display depicting differences between the

two. Indication of these discrepancies enables management to provide accurate control in

determining priorities for reallocation of labor resources. Those activities indicated ahead

of schedule can be slowed by directing part or all of their labor crews to individual activities

that lag behind schedule. This obviously assumes that resources are interchangeable. This

can present a limitation to the application of this procedure in construction.

The LOB method serves two fundamental purposes. The first is to control produc-

tion and the second is to act as a project management aid. Each of these objectives is

interrelated through development and analysis of four LOB elements. These elements

provide the basis for progress study on critical operations throughout the project

duration. The four elements are:

1. The objective chart.

2. The program chart.

Figure 9.9 Unbalanced

process production rates.
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3. The progress chart.

4. The comparison.

The objective chart is a straight-line curve showing cumulative end products to be

produced over a calendar time period. The number of end products may be specified in the

contract. Assume that the units being considered in this example are precast panels for the

exterior of a high-rise building. A typical objective chart is shown in Figure 9.10.

This example indicates a total of 30 units to be delivered or completed by June 1; 60

units to be delivered and completed by July 1; 180 units to be delivered and completed by

November 1; and a total of 240 units to be delivered and completed by February 28. The

contract start date is shown as March 1.

The program chart is the basic unit of the LOB system. It is a flow process chart of all

major activities, illustrating their planned, sequenced interrelationships on a ‘‘lead-time’’

basis. Three aspects to consider in development of the program chart are determination of

(a) operations to be performed, (b) the sequence of operations, and (c) processing and

assembly lead time.

The program chart indicated in Figure 9.11 describes the production process for the

240 units mentioned in the objective chart. Each activity (A through E) has associated with

it a lead time (latest start time) signified by an event starting symbol (&) and an event

coordination symbol (D) signifying its end or completion. These event coordination

MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB
C

um
ul

at
iv

e 
# 

of
 U

ni
ts

30

60

90

120

150

180

210

240

Figure 9.10 Objective

chart.

30 25 20 15 10 5 0

Lead time in work days

B
2

D

A
1

C

4

3

E
5

Figure 9.11 Program chart with lead time in workdays.
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symbols, referred to as progress monitoring points, are labeled from top to bottom and

from left to right. All five activities must be completed before one unit can be ready for

delivery. This takes 30 working days as shown on the program chart’s lead-time scale.

The progress chart is drawn to the same vertical scale as the objective chart and has a

horizontal axis corresponding to the progress monitoring points labeled in chronologic

order. Vertical bars represent the cumulative progress or status of actual performance at

each monitoring point, usually based on visiting the site and measuring actual progress

(e.g., assessing status of completion).

The progress chart of Figure 9.12 indicates that on a given day when inventory was

taken, 120 units had passed through monitoring point 5. In other words, the vertical height

of bar 5 is equal to the number of units actually having completed station 5. This

corresponds to activity E in the program chart, which is the last activity in the production

process. Similarly, activity D (bar 4) had completed 120 units and activity C (bar 3) had

completed 130 units; activity B (bar 2) had completed 150 units; and activity A (bar 1) had

completed 180 units.

In the comparison, actual progress is compared to expected progress. The objec-

tive, program, and progress charts are then used to draw the LOB by projecting certain

points from the objective chart to the progress chart. This results in a step-down line

graph indicating the number of units that must be available at each monitoring point

for actual progress to remain consistent with the expected progress as given by the

objective chart. Figure 9.13 indicates the LOB and the method used to project it from
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Figure 9.13 Progress Chart with Line of Balance.
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the objective chart to the progress chart. The procedure for striking the LOB is as

follows:

1. Plot the balance quantity for each control point.

a. Starting with the study date (e.g., 1 Sept) on the horizontal axis of the objective

chart, mark off to the right the number of working days (or weeks or months, as

appropriate) of lead time for that control point. This information is obtained

from the program chart.

b. Draw a vertical line from that point on the horizontal axis to the cumulative

objective curve.

c. From that point draw a horizontal line to the corresponding bar on the progress

chart. This is the balance quantity for that bar.

2. Join the balance quantities to form one stair-step-type line across the progress chart.

Analysis of the LOB reveals that activities 2 and 5 are right on schedule, whereas

activities 3 and 4 show values below the number of units required. Activity 1 shows surplus.

This surplus is the difference between the 180 units actually completed by activity 1 and

the 157 units indicated as necessary by the LOB. On the other hand, activities 3 and 4 are

lagging by 5 and 15 units, respectively. The LOB display enables management to begin

corrective action on activities 3 and 4 to ensure that they do not impede the progress rate of

the remaining units.

9.7 LINE OF BALANCE APPLIED TO CONSTRUCTION

To illustrate the use of LOB in a construction context, consider a high-rise building in

which repetitive activity sequences are a part of the floor-to-floor operation. To ensure a

smooth flow of production, a schedule is needed that accounts for the interrelationships

between different activities. This becomes even more obvious when an additional

constraint such as limited formwork is involved. Each floor consists of four sections

(A, B, C, and D). These sections can be viewed as processed units.

Each floor section must be processed through the following work activities:

1. Erect forms.

2. Place reinforcing steel.

3. Place concrete.

4. Dismantle forms.

5. Place curtain wall (exterior faScade).
6. Place windows.

Figure 9.14 shows a schematic of the status of activities at a given point in time. At the

time illustrated, work is proceeding as follows:

1. Erect forms section A, floor N þ 5.

2. Place reinforcing steel, section D, floor N þ 4.

3. Place concrete section C, floor N þ 4.

4. Dismantle forms sections B, floor N þ 1.

5. Place curtain wall section D, floor N.

6. Place windows section D, floor N � 1.

Crews proceed from section A to B to C to D.

The diagram in Figure 9.15 shows the LOB objective chart for a 10-story building. The

program chart for a typical section is shown above the objective chart. During the first
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2 weeks the floor cycle required is one floor (four sections) per week. For weeks 2 through

6 the rate of floor production is 1.5 floors (six sections) per week. That is, six floors must be

completed in the 4-weekperiod fromweek2 toweek 6. In the last 2weeks, the rate is reduced

to one floor per week. The lead times required for various activities are shown on the bar

program chart above the objective. To strike a LOB for the beginning of week 5, the lead

times are projected as described in Section 9.5. A diagram of this projection is shown in

Figure 9.16. The LOB values can be calculated by determining the slope relating horizontal

distance (lead time) to vertical distance (required sections). The slope of the objective during

weeks 5 to 6 is six sections (1.5 floors) per 40 hours (1 week) or 6/40 sections per hour.
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Figure 9.14 Schematic of floor

cycle work tasks.
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During the remaining weeks, the slope is four sections (one floor) per 40 hours or 1/10

section per hour. The LOB for control point I is given as:

LOBðIÞ ¼ Section completed as for week 5þ ½ðslopeÞ � ðlead time of control point IÞ�
The number of sections to be completed as of week 5 is 6.5 or 26 sections (6.5 � 4).

Therefore,

LOB(1) ¼ 26

LOB(2) ¼ 26 þ (6/40)2 ¼ 26.3

LOB(3) ¼ 26 þ (6/40)8 ¼ 27.2

LOB(4) ¼ 26 þ (6/40)14 ¼ 28.1

LOB(5) ¼ 26 þ (6/40)38 ¼ 31.7

LOB(6) ¼ 26 þ (6/40)40 ¼ 32

Control points 7 and 8 plot to the flatter portion of the objective:

LOBð7Þ ¼ 32þ ð1=10Þð42� 40Þ ¼ 32:2
LOBð8Þ ¼ 32þ ð1=10Þð44� 40Þ ¼ 32:4

The LOB for week 5 is shown in Figure 9.17. Field reports would be used to establish

actual progress, and a comparison will determinewhether actual progress is consistent with

expected progress.
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Figure 9.16 Enlarged projection of program chart onto objective chart.
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REVIEW QUESTIONS AND EXERCISES

9.1 (a) Using PERT, calculate expected project duration and

determine the critical path in the network defined by the data

below. (b) What is the probability of completing this project in

32 weeks or less?

9.2 (a) Given the data below for a small pipeline project, based

on a PERT analysis what is the expected project duration?

(b) What is the probability of completing this project in 120

days or less?
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3 2 1 Figure 9.17 Line of balance for week 5.

Activity # Activity Type Duration (Weeks) Followed by Act #

10 Prefab Wall Forms constant 2 40

20 Excavate Cols and Walls constant 3 50, 60, 70

30 Let Elec and Mech Subcontract ta, tm, tb 3, 4, 8 60, 70

40 Deliver wall Forms constant 4 80, 90, 100

50 Forms, Pour & Cure Wall & Col Fig ta, tm, tb 6, 7, 8 80, 90, 100

60 Rough-in Plumbing ta, tm, tb 5, 7, 10 110

70 Install Conduit ta, tm tb 9, 11, 15 110

80 Erect Wall Forms & Steel constant 9 110

90 Fabricate & Set Interior Column Forms constant 6 120

100 Erect Temporary Roof ta, tm, tb 12, 16, 18 140

110 Pour, Cure & Strip Walls constant 10 130

120 Pour, Cure & Strip Int. Walls constant 6 140

130 Backfill for Slab on Grade constant 1 140

140 Grade & Pour Floor Slab constant 5 END

Activity Description ta tm tb Followed by Activity

1 Start 0 0 0 2

2 Lead Time 10 10 10 3, 4, 5

3 Move to Site 18 20 22 6

4 Obtain Pipes 20 30 100 8, 9, 10

5 Obtain Valves 18 20 70 11

6 Lay Out Pipeline 6 7 14 7

7 Dig Trench 20 25 60 8, 10

8 Prepare Valve Chambers 17 18 31 11

9 Cut Specials 7 9 17 11

10 Lay Pipes 18 20 46 12

11 Fit Valves 8 10 12 13, 14

12 Concrete Anchors 11 12 13 13, 14, 15

13 Finish Valve Chambers 8 8 8 17

14 Test Pipeline 5 6 7 16

15 Backfill 8 10 20 16

16 Clean Up 2 3 10 17

17 Leave Site 3 4 5 18

18 End
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9.3 Consider the road job described in Figure 9.5, which

consists of 14 road sections to be completed. The objective

chart for this job is given. Assume that each month consists of

20 working days on the average. The program chart for this

process is also shown. Calculate the LOB for the study repre-

senting the beginning of month 9 (i.e., day to right of number 8).
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9.4 The objective chart for a 10-story building is show below.

Each floor is divided into four sections (A, B, C, and D). The

production for a typical section is shown in the objective chart.

Calculate the LOB values for control points 1 to 8 for week 5

(200 hours). Determine the LOB values in numbers of floor

sections.
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9.5 Given the following charts, calculate the LOB quantities

for July 1. What are these charts called?
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9.6 Discuss at least three disadvantages of PERT that, in your

opinion, have contributed to its limited use. Do not include the

shortcomings discussed in Section 8.3. Instead, discuss the

challenges that it may encounter in its data collection, software

support, interpretation of results, and similar practical issues.

9.7 How would you improve the popularity of LOB in the

United States?
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Using Life Cycle Cost to Assess Sustainable Construction Costs

Sustainable or ‘‘green’’ construction centers on the efficient use of resources that

create and support the built environment. The efficient use of energy, such as the

electricity required to run a home, is a key aspect of sustainable construction

especially during the occupancy phase of a building’s life cycle. Residential

construction accounts for about one-third of total expenditures in the U.S.

construction industry. Unfortunately, the rate of electricity losses in U.S. homes have

increased at a higher rate than the consumption of electricity, as shown in the figure

(Source: U.S. Department of Energy’s Annual Energy Review, 2008). This means

that despite the increased public awareness of sustainability issues, homes have

become less energy efficient over time.
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Life Cycle Cost (LCC) is a financial

technique increasingly used in sustainable

construction analyses to compare high-

efficiency construction materials, systems, and

designs with traditional alternatives that

initially may be less expensive but have higher

operational and maintenance costs. As its

name implies, LCC examines varying

alternatives that impact the overall costs and

savings of a process, product, or process over

a given time frame. In addition to considering

an appropriate time frame, one must include

an estimate of the cost of capital and in some

cases an inflation rate. LLC analysis depends

on a thorough understanding of the time value

of money, which will be discussed in detail in

this chapter.

A common dilemma confronted by

homeowners considering newer green

sustainable building systems is whether the

use of these technologies can be financially

justified. For example, a water heater

system which does not use a tank (shown

schematically in the figure) is more energy

efficient than a traditional water heater, and

therefore, preferable from a sustainability

perspective. But, is it a good idea to install

one? The initial cost of this new technology

is considerably higher than the initial cost

of a traditional water heater, and many

owners would be hesitant to adopt it. For

example, the owner of a new residence in

Fort Collins, Colorado had this dilemma

and decided to analyze the system using

LCC. He found that for his particular

circumstances, the LCC of the new system

was lower than the cost of the traditional

hot water tank alternative and installed a

high-efficiency unit. In this type of analysis,

LCC can be an important tool for the

objective assessment of sustainable

technologies.

10.1 INTRODUCTION

Management of money is critical to the success of any company. Therefore, a knowledge

of the role money plays in the day to day operations of a construction company is of the

utmost importance to a construction manager. Issues such as the borrowing of money,

(a) Electrical losses in US residences, 1950–2008
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expenditure of money for expansion of company operations, and similar topics play a

major role in the success of any construction enterprise. The role of money will be

examined in this and the following two chapters.

Construction firms acquire funds, as most individuals do, by borrowing money

from banks and similar lending sources. It is typical, for instance, to borrow money to

finance operations in the field pending receipt of progress payments from the client. As

will be discussed in the next chapter on project cash flow, this type of ‘‘inventory

financing’’ allows a contractor to cover overdrafts that occur during a project when

the progress payments from the client lag behind the costs of construction while work is

in progress.

A more long-term variety of borrowing occurs when purchasing new equipment or

expanding staff. A construction company may decide to move into a new geographical

location or industry sector (e.g., waste water treatment plant construction, bridge con-

struction, and so on) to pursue work. To do this, new equipment and a new staff of

professionals will be needed. This can be financed out of funds available within the firm

(i.e., the company’s net worth). In many cases, however, it may be decided to borrow this

money (much as a farmer borrows money for seed at the beginning of the planting season)

and to retire the debt based on revenues generated by the new company office or

construction sector activity.

When money is borrowed, the lender will require a fee for the use of the borrowed

funds.

The practice of charging a fee for borrowing money goes back to the dawn of recorded

history: indeed much of the earliest mathematical literature known to us deals with

questions related to interest.1

Anyone who has used a credit card is familiar with the concept of interest. The

payment of interest over time for use of money has generated a branch of mathematics,

which quantitatively analyzes the impact of the time value of money. This chapter

addresses the mathematics of borrowing and investment.

10.2 INTEREST IN ACTION

Interest and its application over time impact the cost of any transaction involving the

lending, borrowing, and investment of money. In fact, the cost of money and the time

during which money is tied up in any business decision process are crucial financial

management factors. To illustrate this point, consider the following cases.

1. Assume you are buying a new car. The purchase price is $26,050 and you plan to

pay this amount over a 60-month time period. One option involves a $1,000 cash

discount and a loan at the rate of 6.94%. A second option is to finance the car with a

5.9% interest loan but no discount.Which option is better? (Answer: the two are the

same; you’d pay around $500 per month taking either one)

2. What will be the balance of your mutual funds account when you retire at 65 if you

are 25 now and begin depositing $100 per month right away? Assume a 12% annual

interest. (Answer: Over a million dollars)

3. What is the down payment for a house worth $250,000, if you can get a 30-year

fixed interest rate of 7.50% and want to cap the payments to $1,500 per month?

(Answer: Exactly $35,473.56)

1Maor, E. (1994) The story of a number. Princeton: Princeton University Press.
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Similar decisions are frequently faced by any business enterprise. Typical questions

relating to financial management are:

1. Should my company continue leasing this building, or should it build a new one?

2. Should the firm rent or purchase a certain piece of equipment?

3. Is this 3-year project with a profit of $1 million better than another that can be

finished in a year with a $300,000 profit?

The discipline called engineering economy considers the time and cost of borrowing as

they relate to these and many other questions involving money as a construction resource.

The management of expensive, long-term construction projects definitely requires a

thorough understanding of the principles and techniques presented here. Money manage-

ment on complex long-term projects is too important to be dealt with using ‘‘horseback

questimates.’’ The mathematical approach of engineering economy is increasingly useful

even for small, personal decisions like those described above. Calculators, software, and

thousands of websites provide support in dealing with the topics covered here. Construc-

tion managers need to have a good working understanding of the concepts discussed in

this chapter.

10.3 TIME VALUE OFMONEY

Let us consider how interest and time influences many everyday monetary decisions. If

someone asked you to decide between receiving $1,000 right now or receiving it 1 year

from now, wouldn’t you choose to get the money right away? You could invest the money,

pay off a debt, or simply keep it until there is a good reason to spend it.

If you were lending $1,000 for 1 year to a perfect stranger, wouldn’t you expect to

receive more than $1,000 back? After all, you could have invested this money in a savings

account at the bank or in your own business. The borrower would have had the potential to

invest this money, whereas you would be deprived from this possibility. In short, it is

reasonable that anyone lending money asks for ‘‘rent,’’ and anyone borrowing money must

expect to pay ‘‘rent’’ for its use.

10.4 INTEREST

As noted previously, interest is the fee that a lender charges for the use of their money.

From the borrower’s viewpoint, it is the ‘‘rent’’ paid for the use of someone else’s money.

Normally, it is directly proportional to the amount of money loaned or borrowed. That is, a

$2,000 loan almost always earns twice the interest amount that a $1,000 loan earns. Interest

is also proportional to the time that money is loaned or borrowed. A 3-year loan earns more

interest than a 1-year loan for the same dollar amount.

The money that $1 earns for each unit of time that it is loaned is called its interest rate.

This rate is expressed as a percentage: If $20.00 earns $2.40 over a year, then the interest

rate in this case is $2.40/$20.00 ¼ 0.12 or 12% per year. It is so common to deal with

interest rates that often it is referred to simply as ‘‘interest,’’ with the ‘‘rate’’ being implied

by the context of the situation. To avoid confusion, the money earned by charging interest is

frequently called total interest. It should be easy to notice which of these terms is being

used in a specific context. If the interest refers to a percentage, then the complete term

should be interest rate.
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The interest rate established for any business transaction is of paramount importance.

Let us suppose that you take a $200,000 mortgage loan to purchase a house. If you agree to

pay back the loan over 30 years at a 15% interest per year, your monthly payment toward

repaying the loan will be $2,528.89. If the interest is 7% per year, your payment would be

$1,330.60, approximately half the previous amount. Whereas the total interest paid over

the 30 years would be $710,399.70 at 15%, it would be $279,017.80 at 7%.

In both cases, you end up paying more for interest than the original borrowed amount.

But why would anyone agree to pay 15% instead of 7%? The degree of investment risk, the

inflation rate, and the stability of the market where the money will be used are important

factors determining the interest rate of a particular loan. For instance, lenders charge higher

interest rates to borrowers with a higher risk of defaulting on the loan. Other factors can

also influence rates, such as the level of competition among lenders and the cost of the

money to them (since often lenders, in turn, borrow their money). The setting of the interest

rate is discussed in the context of a construction project in Chapter 12.

10.5 SIMPLE AND COMPOUND INTEREST

There are two fundamentally different ways to compute interest. Let us suppose that you

need $10,000, which you will pay back at the end of 3 years, plus all the interest

accumulated over the 3 years. If you have to pay a 10% interest rate, how much money will

you have to pay back? The original borrowed amount, or loan principal, is $10,000. The

total interest, as previously mentioned, depends on the principal, the time that the money

was borrowed, and the interest rate. Also, it depends on the type of interest: whether it is

simple or compound.

10.5.1 Simple Interest

You ask Uncle Fudd to lend you the $10,000. He agrees to allow you to pay simple interest,

as a concession to one of his favorite relatives. Paying simple interest means that you pay

interest on the principal, but not on the interest accumulated from previous periods.

Therefore, your debt at the end of each year is computed as follows:

Year (n) Base for applying i Interest i for period Total owed (F)

0 (now) 10,000

1 10,000 10,000 � 0.10 ¼ 1,000 11,000

2 10,000 10,000 � 0.10 ¼ 1,000 12,000

3 10,000 10,000 � 0.10 ¼ 1,000 13,000

For simple interest, the future value Fn of a principal P borrowed over n periods at an

interest rate i can be computed as Fn ¼ P þ P � i � n, or more directly,

Fn ¼ P� ð1þ i� nÞ
In this case, we can compute F3 ¼ 10;000� ð1þ 0:10� 3Þ ¼ 10;300 without devel-

oping the table.

10.5.2 Compound Interest

You decide to use a bank to borrow the $10,000 instead of asking your uncle. Banks never

use simple interest to compute your debt. Instead, the interest owed after each time period

is computed by adding the total interest accumulated from previous periods to the loan
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principal, and then multiplying this total by the interest rate. The computations below help

to illustrate how this process works

Year (n) Base for applying (i) Interest for period Total owed (F)

0 (now) 10,000

1 10,000 10,000 � 0.10 ¼ 1,000 11,000

2 11,000 11,000 � 0.10 ¼ 1,100 12,100

3 12,100 12,100 � 0.10 ¼ 1,210 13,310

Using the same notation as for simple interest above, you can see that

Fn ¼ P� ð1þ iÞn

Using this formula, we can find F3 directly:

F3 ¼ 10;000� ð1þ 0:10Þ3 ¼ 13;310

The formula also works in the opposite direction. One can find the principal that would

result in a future value, F, after n periods at an interest rate of i using the formula

P ¼ Fn=ð1þ iÞn:
The P found here is usually called the present value (P) of the future amount, F.

Compound interest is more logical and equitable than simple interest. Why would the

interest accumulated to date be exempt of consideration, as in simple interest? In fact, as

you can appreciate in the mortgage loan example in the previous section, many times the

earned interest is higher than a loan’s principal. Simple interest is never used for business

transactions.

10.6 NOMINAL AND EFFECTIVE RATE

A lender could advertise in big letters a 1% interest rate and then add in small letters that it

refers to the monthly rate, not the annual rate as many people would assume. Technically,

the lender would be telling the truth: an interest rate can refer to any time unit, from seconds

to decades, but many people would be deceived by such advertising strategy. To protect

consumers, Congress passed in 1968 the Truth in Lending Act, which among other issues,

requires that lenders clearly indicate interest rates as an annual percentage of each received

dollar. This annual percentage rate (APR) also includes upfront commissions and fees

converted to equivalent annual percentages.

Requiring that lenders disclose their APR was an important step for consumer

protection. However, an APR can still be misleading. The APR simply adds the interest

rates charged in 1 year, instead of compounding these intermediate periods. If your credit

card charges 1% per month, then its APR is ð1%=monthÞ � ð12 months=yearÞ ¼ 12%.

This is the nominal interest rate of your card, but it is not its effective interest rate. If you

have $10,000 in credit card charges, the APR suggests that you will owe $10;000�
ð1:12Þ ¼ $11;200 a year from now (assuming that you skip payments during the year).

However, since the card company computes financial charges every month, you would owe

$10;000� ð1þ 0:01Þ12 ¼ $11;268:25 at the end of the year, using the compound formula

for F that we examined in the previous section. The $68.25 difference is substantial and

perfectly legal for the credit card company to charge. Almost all credit cards charge interest

by the day, which means that total the annual interest that you would owe almost certainly

would be

$10;000� 1þ 0:12
�
365

� �365

¼ $11;274:75
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It is possible to find the effective annual rate that you pay on a loan (usually called its

annual percentage yield or APY) if you know its APR and the number of times per year that

the interest is compounded. The following formula finds a loan’s APY when its APR and

the number of times per year that the APR is compounded (theC in the formula) are known.

If the interest is compounded monthly, then C ¼ 12, the number of months in a year.

APY ¼ 1þ APR
�
C

� �C

� 1

In the previous example, APR ¼ 12% compounded monthly. Its APY is:

APY ¼ 1þ 0:12
�
12

� �12 � 1 ¼ 12:6825%

An APY is not too different from its APR compounded C times, but a seemingly small

difference can be significant. If you take $100,000 to repay after 15 years at i ¼ 12.0000%

and at12.6825%, the future amounts owed are:

For i ¼ 12:0000%: F ¼ $100;000� ð1þ 0:120000Þ15 ¼ $547;356:57

For i ¼ 12:6825%: F ¼ $100;000� ð1þ 0:126825Þ15 ¼ $599;580:20

The difference of $52,223.63 is due exclusively to the difference between APR

and APY.

Once a loan’s APY is computed, n must be expressed in years for all calculations.

Alternatively, the APR can be divided by the number of compounding periods per year

(e.g., 12 for monthly compounding), and the number of periods n expressed in the same

units. For a 30-year loan with an APR of 12% compounded monthly, one could use i ¼
12.6825%/year (the APY previously calculated) and n ¼ 30 years, or i ¼ 1%/month

(i.e. 12%year/12 months/year) and n ¼ 360 months.

10.7 EQUIVALENCE ANDMINIMUM ATTRACTIVE RATE OF RETURN

If you have an offer to receive $100 now or $101 a year from now, which option would you

choose? Assume that you have enough resources to think about this offer in terms of

investing the money, as opposed to spending it on some ‘‘spur of the moment’’ purchase.

Even with enough money to subsist, many people will choose the $100 now, for the reasons

previously discussed in the section on the time value of money. But what happens if instead

of $101, you are offered $500 a year from now?What if the future amount offered is $400?

Or $300? Or $150? Deciding which offer to take gets more tricky. It is quite possible that

you would choose the $500 a year from now, but some of the lower amounts would

probably be attractive enough to prefer them over the $100 offered now in this hypothetical

example.

Let us take this mental exercise to the point that you are offered an amount that is just

high enough to make you indifferent to having it now or in the future. The two amounts are

said to be equivalent to you. The ‘‘you’’ in the previous sentence is important. Someone

else could have a different idea of what is equivalent to $100 now. Moreover, you would

certainly require a higher amount 2 years from now than what you would get a year from

now to declare equivalence in preference.

Equivalence is usually considered in terms of interest rates instead of total interest. If

your equivalent amount for $100 is $150 received a year from now, then the total interest

would be $150� $100¼ $50. The interest rate would be $50/$100¼ 50%. This particular

interest rate is called yourminimum attractive rate of return (MARR). In an actual business

environment, MARR is not found as arbitrarily as previously shown. If you are in heavy

construction and in your experience a reasonable return on equity is 20%, then you would

not aspire to a 50% MARR. Or, if you are paying 10% interest on your borrowed money,
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then your MARR cannot be less than 10%. If your MARR is less than 10%, you would lose

money when borrowing at 10%; you would pay more borrowing costs than you would

make on the return from your MARR. If your Uncle Fudd makes 25% on his money and is

willing to let you invest in his company, then you could establish this rate as yourMARR. If

Uncle Fudd can consistently offer you 25%, why should you accept less?

Computing MARR is a sensitive and sophisticated issue for any company and will not

be covered in detail here. However, keep in mind that when an interest rate i is specified in

this chapter, it is assumed to be the MARR for at least one of the stake holders in the

problem.

10.8 DISCOUNT RATE

What we have called so far interest rate is sometimes called discount rate. When we

discussed the concept of interest, it was presented from the perspective of someone

beginning with an amount P (at time present) and ending in the future with an amount F.

When we know the value in the future of a given sum and want to know its equivalent value

now, one speaks of discounting the future amount, F, to the present at some i value. We

want to find P given F. P is equivalent to the known value Fwhen F is discounted using the

formula P ¼ Fn=ð1þ iÞn. This formula is the inverse of Fn ¼ P� ð1þ iÞn.
The equivalence of P and F can be extended to include several Fs. Suppose that we are

offered a payment of $55.00 a year from now and a second payment of $60.50 2 years from

now. If our MARR is 10%, we can find that the first future amount is equivalent to a present

amount of $55.00/1.10¼ $50, and the second amount is equivalent to $60:50=1:102 ¼ $50

now. We will be willing to accept $50þ $50¼ $100 now, is equivalent to the two amounts

in the future.

10.9 IMPORTANCE OF EQUIVALENCE

Equivalence is a handy way of moving values such as P and F from point to point in time.

For instance we can use this principle to compare payment now (cash and carry) versus

purchase of merchandise on credit. If a seller offers 10% credit, we can purchase a $100

music player and arrange to pay for it in two payments: one payment of $55.00 a year from

now and another payment of $60.50 2 years from now. As noted, these two payments are

equivalent to $100 today at 10%. The seller may be willing to let us take home the

merchandisewith our written promise to pay back these two amounts at the specified points

in time. (More likely, we would prefer to pay two equal payments of $57.62; such equal

amounts are called annuities, as will be discussed later.) The concept of equivalence allows

us to compare various payment options.

10.10 SUNK COSTS

Any cost that has already been expended is called a sunk cost. As such, it cannot be revoked

and therefore, is irrelevant to future decisions. The following example illustrates the

concept of sunk costs.

You purchased new laptop computer 2 months ago for $2,000. However, a new model

with the same features is available now for $1,000. Cousin Elmer offers you $1,200 for the

old computer. Should you sell the old computer and purchase the new model?

The answer, from a financial viewpoint, is that you should sell the old computer and

buy the newmodel. The cost of the original laptop is irrelevant to the decision of keeping or

selling it. Many people have difficulty in selling a possession at a loss compared to the price

they paid for it. In this case, keeping the computer would avoid the sense of having taken a

bad decision by purchasing it in the first place. But that is a faulty logic. The key point to
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consider should be whether you are better off by your decision. What is relevant is that

selling the old computer would give you an extra $200, and keeping it would prevent you

from realizing this profit.

10.11 CASH FLOW DIAGRAMS

So far, we have used only words to describe our examples. In most real situations, this is a

cumbersome approach at best, especially when compared to the power and simplicity of

graphics to convey information. Cash flow diagrams provide a graphical means for

describing situations in which interest and time interact. Developing the appropriate

cash flow diagram is often the critical step in solving an engineering economy analysis.

After the proper diagram is developed, the numerical solution of the problem is

straightforward.

A cash flow diagram has the structure shown in Figure 10.1.

Specifically, it consists of the following:

1. A timeline consisting of a horizontal line, which begins at present time, usually

represented as time 0. The end of each future period is drawn as a tick mark on the

line. The timeline normally ends at period n, that is, the last time period in the

analysis. Since n can be relatively large, the line is frequently broken as shown.

2. Arrows placed on the tick marks show each sum of money. An inflow of money is

shown as an arrow pointing up at the point the money or value of an asset was

earned; similarly, the arrow for a money outflow is drawn pointing down. A

person’s inflow is another person’s outflow (e.g., lender/borrower; seller/buyer),

and therefore it is important to keep track of which side of a transaction applies

to the situation at hand. If a person buys a car and pays it in two payments of

$15,000, then the value of the car appears as an arrow pointing up (it is a new

asset for the person), and the two payments are shown as arrows pointing down.

From the seller’s perspective, the arrows would point exactly opposite to the

buyer’s.

3. Comments and additional data are written near the main timeline and arrows. The

interest used is usually included in this way.

It is tempting to skip the diagram and jump into the numerical solution just by reading

the problem. This is a relatively safe way to approach a simple problem, including many of

the examples discussed in this chapter. However, real-life situations tend to be complicated,

with multiple amounts of money flowing in and out of the scenario. A cash flow diagram is

indispensable in these real-life analyses because it is quite easy to forget or misplace some

of the amounts that must be included. A cash flow diagram is the easiest way of making

sure that the whole cash flow sequence is in view and each individual amount is included in

the computations.

Figure 10.1 Structure of a

Cash Flow Diagram.
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10.12 ANNUITIES

An annuity is a series of equal payments (or receipts) paid out or received in a sequence

over a period of time. Our examples so far have consisted of single amounts of money in the

present or the future. We have discussed situations such as a $100 article purchased at a

20% interest, which can be paid as $120 a year from now or $144 in 2 years. But one-time

payments are the exception, not the norm in a real business environment. Many common

business transactions consist of purchasing an article or service by paying a number of

equal amounts of money (installments) over a number of time periods. For example, a

person rarely purchases a $30,000 car on credit by promising to make a single payment of

$40,446 in 36 months from date of purchase, based on an APR of 10% compounded

monthly. Much more frequently, the arrangement will be that the person pays $968 per

month for 36 months, assuming the same principal of $30,000, as well as the same APR and

compounding frequency.

You know by now that the $44,446 can be found with the formula Fn ¼ P� ð1þ iÞn
so that F ¼ $30;000� ð1:008333Þ36 ¼ $40;446. But how do we know that the 36

payments of $968 are equivalent to $30,000 in the present with the lending terms

presented?2 We could check that this is the case by finding the present value, P, of

each payment, which we will call An, and then adding all these individual Ans. Since the

APR is 10% compounded monthly, the effective monthly interest is i ¼ 10%/12 ¼
0.83333% or 0.008333.

P1 ¼ $968=ð1þ 0:008333Þ1 ¼ $960:00
P2 ¼ $968=ð1þ 0:008333Þ2 ¼ $952:07
P3 ¼ $968=ð1þ 0:008333Þ3 ¼ $944:20
P4 ¼ $968=ð1þ 0:008333Þ4 ¼ $936:39
½. . .�
P36 ¼ $968=ð1þ 0:008333Þ36 ¼ $718:00

The total present value, P, is:

Ptotal ¼ P1 þ P2 þ P3 þ P4 þ ½. . .� þ P36
Ptotal ¼ $30; 000

This present value P is the amount of merchandise that can be purchased by n

installments A at an interest i. In this case, the computations check that 36 installments of

$968 and an APR of 10% compounded monthly can purchase exactly $30,000 of

merchandise.

Finding the present value of a series of equal payments this way is totally impractical.

Instead of a number of individual F to P conversions, we can find the present value of a

series of equal payments (for a given interest rate and a specified number of payment

periods) using a simple, single formula.

To develop this formula, we need to consider once more the previous example.

You can see that what we did can be expressed as the following mathematical series:

P ¼ A=ð1þ iÞ1 þ A=ð1þ iÞ2 þ A=ð1þ iÞ3 þ ½. . .� þ A=ð1þ iÞn

You may remember from Algebra that a series like this can be converted into a single

equivalent formula. In this case, the resulting formula is:

P ¼ A� ½ð1þ iÞn � 1�=½i � ð1þ iÞn�

2F ¼ 30; 000ð1þ 0:1=12Þ36 ¼ 30; 000� ð1:008333Þ36 ¼ 30; 000 ð1:34820Þ ¼ 40; 446. It is important to

remember when using i in these formulas, that it has to be expressed as a decimal value (e.g., 10% is 0.1) and 0.1

divided by 12 (used to convert APR to a monthly interest rate) is 0.008333.
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For the previous example,

Ptotal ¼ 968� ½ð1þ 0:008333%Þ36 � 1�=½0:008333%�ð1þ 0:8333%Þ36�
Ptotal ¼ 968� 30:99142 ¼ $30; 000

This formula is a bit more complicated than the basic P from F conversion, but it is

much more straightforward than the individual amount conversion of the example,

especially when a high number of Fs need to be converted.

10.12.1 Finding A Given P

The inverse of the formula can be used to find A given P, i and n. The most com-

mon business situation is to know the price of a merchandise and then to compute the

monthly (or more generically, the periodic) amount to be paid for the merchandise.

For i¼ 0.008333% and n¼ 36, the A to P formula for P¼ $1 will always result in the value

30.99142. The P to A computation consists of using the inverse of this factor. Therefore, to

find the monthly payment of a $30,000 car paid with 36 equal payments over 36 months at

an APR of 10% compounded monthly, the following computation applies:

A ¼ $30;000=30:99142 ¼ $968

More generally, the formula to convert P to A can be written as follows, which is simply the

inverse of the formula for A to P:

A ¼ P� ½i � ð1þ iÞn�=½ð1þ iÞn � 1�

10.13 CONDITIONS FOR ANNUITY CALCULATIONS

Let us recapitulate the conditions that a series of payments or receipts must fulfill to be

considered an annuity.

1. All payments must be equal. Figure 10.2a is an annuity, but Figure 10.2b is not one

because not all payments are equal.

2. Payments must take place without interruption throughout a number of periods and

the periods must be of the same length or duration (e.g., week, month, and so on).

For example, it is not acceptable to have one period of 2 weeks followed by a period

of 2 days. Figure 10.2c is not an annuity since one payment is missing. This causes

the payment periods to vary in duration.

3. Payments normally begin at the end of the first period. Figure 10.2d begins after the

first period, and therefore, cannot be directly considered an annuity.

4. All payments must carry the same interest.

Annuities do not necessarily refer to annual payments. Although the semantics are

contradictory (think of annual), any series of payments fulfilling the aforementioned

conditions is an annuity regardless of its time unit. An alternative expression for an annuity

sequence is uniform payment series.

10.14 CALCULATING THE FUTURE VALUE OF A SERIES OF PAYMENTS

A similar mathematical process can be used to find the future value of an annuity.

Consider the following situation. Assume a person saves $1,000 per year over 20 years at
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10% annual interest. What would be the balance of this savings account at the end of the

20 years?

In this case, we are interested in the amount of the account at the end of the n periods

instead of at present. The first $1,000, deposited at the end of year 1, would have

accumulated interest over 19 years. The last one, at the end of the twentieth year, would

have no interest gain (in this example, depositing $1,000 at the end of the 20 years to retire

them right away does not make much sense, but in many other situations this is reasonable).

This situation is shown in Figure 10.3.

The balance of the savings account would be:

F1 ¼ $1;000� ð1þ 0:10Þ19 ¼ $6;115:91
F2 ¼ $1;000� ð1þ 0:10Þ18 ¼ $5;559:92
F3 ¼ $1;000� ð1þ 0:10Þ17 ¼ $5;054:47
½. . .�
F19 ¼ $1;000� ð1þ 0:10Þ1 ¼ $1;100:00
F20 ¼ $1;000� ð1þ 0:10Þ0 ¼ $1;000:00

The balance would be the sum of all the individual deposit future values:

Ftotal ¼ F1 þ F2 þ F3 þ ½. . .� þ F19 þ F20
Ftotal ¼ $57;275:00

0 1 2 3 4 n-1 n

A A A A A A

0 1 2 3 4 n-1 n

F1 F2

F3

F4

Fn-1

Fn

0 1 2 3 4 n-1 n

A A A A

0 1 2 3 4 n-1 n

A A A A A

a. Standard Annuity

b. Unequal Payments

c. Missing Payment

d. First payment not at Period 1
Figure 10.2 Standard and

Defective Annuity Schemes.
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Following a line of reasoning parallel to the one discussed for the present value of an

annuity, we find that a single formula can take care of the 21 individual computations. The

formula for the future value of an annuity (e.g., to convert A to F) is:

F ¼ A� f½ð1þ iÞn � 1�=ig
We would find the same result for Ftotal by directly applying the given formula:

F ¼ $1;000� f½ð1þ 0:10Þ20 � 1�=0:10g ¼ $1;000� 57:2749995
F ¼ $57;275:00

As with present value, we can use the inverse of the formula to compute an annuity

given a goal future value, that is, to convert F to A. To find the annual payment that would

result in a balance of $50,000 after 20 years at 10%,

A ¼ $50;000=57:2749995 ¼ $872:98

The direct formula to find A given F is the inverse of the previous formula to find F

given A:

A ¼ F � fi=½ð1þ iÞn � 1�g
Annuity calculations address many practical situations such as:

� Given an assumed MARR, how much should you save each month to accumulate

$400,000 over 20 years? This is a sinking fund type of calculation. Assuming an

MARR of 10% APR, the answer is $526.75.

� What is the amount of the monthly interest payment you should expect to pay for a

15-year mortgage in the amount of $100,000 at a fixed borrowing rate of 6.0%? The

answer is $843.85. In a typical mortgage agreement, taxes and insurance would be

added to this interest amount. If taxes are $2,500 per year ($2,500/12 monthly) and

insurance is $1,000 annually ($1,000/12 monthly), your mortgage payment would

be around $1136 per month.

Real estate and financial professionals are involved with calculations similar to these

examples on a daily basis.

10.15 SUMMARY OF EQUIVALENCE FORMULAS

Table 10.1 gives a summary of the formulas and factors we have discussed linking P to F, F

to P, A to F, F to A, A to P, and P to A. The factors relating the principal variables (P, F, and

A) have the standard ‘‘full’’ names shown. Moreover, they are frequently referred to by

abbreviations in parentheses at the right of their full names. The abbreviations are

expressed as ‘‘fractions’’ and are borrowed from nomenclature used in statistics. An

abbreviation such as F/P is read ‘‘Find F given P.’’ P/A is read ‘‘Find P given A.’’

1. Compound amount factor (F/P)

2. Present worth factor (P/F)

0 1 2 3 4 n-1 n

Notice that the last
annuity is at the n th period

F

A A A A A A
Figure 10.3 Future Value of an

Annuity.
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3. Compound amount factor uniform series (F/A)

4. Sinking fund factor (A/F)

5. Present worth factor uniform series (P/A)

6. Capital recovery factor (A/P)

These six conversion factors along, with the concept of equivalence, are the building

blocks that make complex engineering economy calculations possible. They are sufficient

for most financial situations involving time value of money. Given an interest rate (e.g., a

MARR), we can find the amount of a future payment F based on a P and interest accruing at

the rate, i over some number, n, of time periods (in shorthand, we can convert P to F).

Conversely, given F, i, and n, we can calculate P. We have discussed that annuities (A) are

so common in business that formulas have been developed to allow the conversion of these

sets of payments to an equivalent present value (that is, converting A to P) or to a point in

the future (converting A to F). We also found that the formulas for these conversions work

in either direction. That is, the formula converting P to A is the inverse of the formula

converting A to P.

The formulas we have discussed consist of an amount of money times an expression

involving i and n. For example F ¼ P� ð1þ iÞn. The expression ð1þ iÞn will always result
in the same number for a given i and n (e.g., for i ¼ 10% and n ¼ 2, the result is always

ð1þ 0:10Þ2 ¼ 1:21). If we make a table listing the result of this expression for many

combinations of i and n, we can simply look up its result for a given i and n. Because the

formula relating F and P is relatively simple, the advantage of using tables is not so obvious.

However, in cases where more complicated situations must be analyzed, such as the one for

taking A to P or combinations of calculations are required in the same problem (e.g., F to P

plus A to P, and the result converted to F), the advantage of using tables is more apparent.

Tables for the various interest factors shown in Table 10.1 are given in Appendix G.

The tables are easy to use. Let us repeat the example used in the section where we

calculated the future value of a series of payments by the use of a formula. In the example, a

person saves $1,000 per year over 20 years at 10% annual interest. We want to find the

balance of this savings account at the end of the 20 years.

Using the tables in Appendix G, we look for the page for interest ¼ 10.00% (the

10.00% is shown at the top of the page). Then, find the line for n ¼ 20. Finally, choose the

appropriate column to find the factor. In this case, we are looking for the compound amount

factor, which is described on the table as ‘‘Find F given A.’’ Looking up the number, it is

57.27500.

This factor is the future amount of $1 after 20 years of depositing $1000/year at an

interest of 10%/year. To find the amount for $1,000/year, we multiply the annual deposit by

the factor:

F ¼ $1000� 57:27500 ¼ $57;275:00

Table 10.1 Interest Factors

Type of
Single Payment Uniform Series (Annuities)

Cash Flow

Name

Compound

Amount Factor

Present

Worth Factor

Compound

Amount Factor

Sinking Fund

Factor

Present

Worth Factor

Capital Recovery

Factor

Description Find F given P

(F/P)

Find P given F

(P/F)

Find F given A

(F/A)

Find A given F

(A/F)

Find P given A

(P/A)

Find A given P

(A/P)

Formula ð1þ iÞn 1

ð1þ iÞn
ð1þ iÞn � 1½ �

i

i

ð1þ iÞn � 1½ �
ð1þ iÞn � 1½ �
i�ð1þ iÞn

i�ð1þ iÞn
ð1þ iÞn � 1½ �
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This, of course, is the same result that we previously obtained using the formula to find

F given A.

10.16 WORTH ANALYSIS TECHNIQUES: AN OVERVIEW

Financial options can be compared by calculating the Worth of each option and determin-

ing which is most attractive. Consider the following situation, which requires comparison

of options.

Cousin Thaddeus offers to pay you $3,000 every year for the next 10 years if you give

him $20,000 now. Let us suppose that your MARR is 10%, and that a local bank is offering

this rate. How can you determine whether Cousin Thaddeus’ offer is better than putting the

money in the bank?

There are three techniques that can be used to compare investments involving time and

money. This offer would be attractive:

1. If the present value of a $3,000 annuity over 10 years at your MARR is greater than

the $20,000 that Thaddeus will borrow from you; or

2. If the $3,000 per year is greater than the annuity resulting from investing $20,000

over 10 years at your MARR; or

3. If the interest that yields 10 payments of $3,000 from an initial investment of

$20,000 is greater than your MARR.

The three options should result in the same decision to accept or reject your

cousin’s offer.

(1) The Present Worth (PW) of an investment consists of the present value of all

the amounts involved in the investment. If this sum, which is the net present worth of

the entire investment, is negative (i.e., less than $20,000), then you would better off if

you placed the $20,000 in a bank for 10 years at your MARR.

In our case,

PW ¼ �20;000þ 3;000ðP=A; 10%; 10Þ ¼ �20;000þ 3;000� 6:1446

¼ �1;566:30

Because the present worth of the entire investment is negative, we should reject

Thaddeus’s proposition.

(2) We can determine the equivalent annual worth (EAW) of Thaddeus’ proposal.

All the money is converted into equivalent annuities and these annuities are added up.

If the resulting net annuity is a negative number, you would be better off if you placed

your money in a bank for 10 years at your MARR and withdrew $3,000 every year.

For our example,

EAW ¼ �20;000ðA=P; 10%; 10Þ þ 3;000 ¼ �20;000� 0:1627þ 3;000

¼ �254:91

Consistent with the previous finding, and because the annual equivalent is negative, we

conclude that the proposed arrangement is not attractive.

(3) The method of determining the effective rate of interest given n, and two of

the values P, F, or A (i.e., P and F, or P and A, or F and A) is called internal rate of

return (IRR). The concept of IRR is discussed briefly in the following paragraphs.

Based on Uncle Thaddeus’ proposal, you are offered a 10-year annuity of $3,000 per

year based on a payment to him of $20,000. Using this technique, you can use an

interpolation approach to determine which rate of interest you will be receiving. If this
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interest rate is less than your MARR, then by definition the investment opportunity

yields less than you require. In such case, you should consider placing your money with

an investment firm or bank offering an interest rate which meets of exceeds your MARR.

To find the investment IRR, we use either of the equations given previously, with two

differences: We begin with the assumption that PW or EAW is 0; and second, the interest

rate we are calculating is the (yet unknown) IRR. In other words, we could use any of the

following equations:

PW ¼ 0 ¼ �20;000þ 3;000ðP=A; IRR; 10Þ
EAW ¼ 0 ¼ �20;000ðA=P; IRR; 10Þ þ 3;000

If we use PW: 20,000 ¼ 3,000 (P/A,IRR,10)

ðP=A; IRR; 10Þ ¼ 20;000=3;000 ¼ 6:6667

Knowing that (P/A, IRR, 10 year) is 6.6667, we can proceed by looking up in a

compound interest table (see Appendix G) the two values between which we find 6.6667.

We can then interpolate to find our unknown value of i.

The IRR in this case turns out to be 8.15%.

Because this interest rate is lower than our MARR of 10%, we also conclude using the

IRR approach that the offer made by Thaddeus is not attractive for us.

The following sections discuss the use of PW, EAW and IRR in greater detail.

10.17 PRESENTWORTH ANALYSIS

There are many situations in which it is important to know whether we are paying too

much upfront for something that will yield future profit, or how much money should we

ask for something that will be paid for in the future. In such cases, PW is an excellent

way to proceed, as we will see in the following examples. This technique does, however,

have its limitations. First, we need to estimate our MARR, which is a relative quantity,

and can change depending on many circumstances. Second, this is not the simplest

approach when we need to choose between alternatives with different lifespan: A 10-

year project with a total profit whose present worth of $100,000 is obviously less

attractive than a 1-year project whose profit’s present worth is $90,000. Finally, of all

four analysis techniques, it probably is the one whose results are most difficult to explain

to a layperson.

10.17.1 Example: Down Payment on a Car

How much is the down payment for a $30,000 car, if you want to limit your payments to

$450 per month for 60 months? You will pay a 12.00% APR, compounded monthly

(therefore, i ¼ 1%/month)

The car dealer doesn’t care whether the car is paid for with a $30,000 check right away

or by a check from the bank financing your loan and another check from you, as long as the

two checks add up to $30,000. The bank will pay the dealer the PWof your 60 installments

of $450 each compounded at 12%. If you can figure this PW, then you can find you must

pay upfront to complete the $30,000. In other words:

ðDown paymentÞ þ ðPW of installmentsÞ ¼ Value of your purchase

ðDown paymentÞ þ $450� ðP=A; 1%; 60Þ ¼ $30;000
Down payment ¼ $30;000� $450 � 44:9550 ¼ $9;770:23

This example is useful. It applies to any similar situation involving installment

payments, from a bulldozer to your mortgage loan to your living room sound component.

186 Chapter 10 The Mathematics of Money



E1C10_1 10/01/2010 187

10.17.2 Example: Small Excavator

Fudd and Nephews, Inc., purchased a small excavator for $100,000 two years ago. The

excavator was supposed to generate a net benefit of $30,000 per year, but it has generated

only $5,000 per year. It is expected to generate the same amount of net benefit of

$5,000 for the next 4 years, with a negligible market value after these 4 years. Another

contractor offers to purchase the machine for $15,000 now. Should Fudd sell the

machine?

In this case, we have to decide the better of two undesirable options. Regardless of

whether or not Fudd sells the machine, it will end up losing money. Because the machine

has not lived up to expectations, the first impulse for many people would be to sell the

machine and move on. But the original plans are water under the bridge. The chief

consideration is whether or not the $15,000 offered for the excavator is more than the PWof

the annuity of $5,000 over 4 years. This PW, of course, is not $5,000 � 4 ¼ $20,000

because the money is received over a period of time. Using the formula for the PW of an

annuity that we previously discussed, we find that:

PW at a MARR of 13:0% ¼ $14;872
PW at a MARR of 12:6% ¼ $15;000
PW at a MARR of 12:0% ¼ $15;187

If Fudd’s MARR is less than 12.6%, then the best deal is to keep the excavator because

the PWof the money stream that it will generate over its remaining economic life is higher

than the $15,000 offered for it now.

In this case, as before, there could be other factors that are not readily visible that may

influence the decision. If Uncle Elmer’s ulcer acts up each time he receives a repair bill

from another breakdown of this excavator, it may be better to get rid of it. Notice, however,

that even this rationale considers only what will happen from now on.

10.18 EQUIVALENT ANNUALWORTH

The EAW of an investment is its value expressed as a uniform dollar amount over a

time period. More concisely, it is the equivalent annuity of an investment. When the

cost of an investment is the main issue under consideration, then the term equivalent

annual cost (EAC) instead of EAW is frequently used. Both terms refer to the same

concept.

If the PWof an investment’s cost at, say 8%, is $15 million and the PWof its revenue is

$16 million, then the investment is desirable. It will result in more income than the

minimum required by its investors at their MARR: $16million� $15million¼ $1million.

If you ‘‘spread out’’ $1 million present value dollars over 10 years at an interest rate of 8%

(8.14%, to be more accurate), the resulting annuity is $150,000. Any PW value can be

expressed as an EAW by just converting the PWof the whole investment into an equivalent

annuity. The formula for this conversion, as previously discussed, is

EAW ¼ P� ½i � ði þ 1Þn�=½ði þ 1Þn � 1�
Using factors from a compound interest factor table (CRF column in Appendix G)

EAW ¼ P� ðA=P; i; nÞ
(A/P, i, n) is the capital recovery factor.

A future value F can also be converted into equivalent annuities, using a similar

procedure:

EAW ¼ F � ½i�=½ði þ 1Þn � 1�
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Or, using factors from a compound interest factor table,

EAW ¼ F � ðA=F; i; nÞ
(A/F, i, n) is called the sinking fund factor, as discussed in Section 10.15.

A given annuity does not need to be converted at all. It is already in the desired format.

The EAW of an investment involving initial costs, annuities, and future values is the

sum of the EAW of each component.

10.18.1 Example: Best Job Offer

Greg is undecided between two job offers. Fudd Associates, Inc., offers a $10,000 sign-

up bonus and $50,000/year, which will be revised after 3 years. ABC Contractors, Inc.,

offers an annual salary of $54,000, which will also be revised after 3 years. Greg has

made 12% on the money invested in the stock market and believes that he can keep

getting the same return if he invests the entire $10,000 bonus. Both companies offer

comparable benefits and Greg likes both of them. Based on the salary offer, which offer

is better?

Solution: The timeframe for the comparison is 3 years and the interest is 12%. The

question is whether the extra $4,000/year are more attractive than the initial $10,000 bonus.

The EAW for the $10,000 is:

EAW ¼ 10;000� ðA=P; 12%; 3Þ ¼ $10;000� 0:41635 ¼ $4;163:50

Based exclusively on salary considerations, Fudd Associates, Inc.’s offer is slightly

better ($163.50/year) than the offer made by ABC Contractors, Inc. Since this is such a

small difference, other considerations will play a role (e.g., office location, job assign-

ments, etc.) because the two alternatives are practically the same.

10.19 INTERNAL RATE OF RETURN

The Internal Rate of Return (IRR) of an investment is the interest rate at which the

investment has a PW of 0. The PW of any investment depends on the interest used for the

computations. More specifically, the higher the interest, the lower the investment’s PW.

You can recall that an investment with a positive PW is desirable and one with a negative

PW is not. An investment with a PWof 0 is exactly breaking even at the interest rate used in

the PW calculations. (When an investment’s PW is 0, its EAW is also 0. The IRR is usually

defined as the interest resulting in PW ¼ 0, but it is also perfectly correct to define it as the

interest at which the investment’s EAW ¼ 0)

The concept of IRR is best understood in the context of an example. Suppose that an

investment consists of the following:

Initial cost: $100,000

Net benefits: $27,057/year

Investment span: 5 years

The PW of this investment can be expressed as:

PW ¼ �100; 000þ 27; 057� ðP=A; i; 5Þ
If we look this P/A for several interest rates, we can develop the following table:

ðP=A; 12%; 5Þ ¼ 3:60478 PW12% ¼ �$100;000þ $27;057� 3:79079 ¼ �$2;465
ðP=A; 11%; 5Þ ¼ 3:69590 PW11% ¼ �$100;000þ $27;057� 3:69590 ¼ $0

ðP=A; 10%; 5Þ ¼ 3:79079 PW10% ¼ �$100;000þ $27;057� 3:79079 ¼ $2;567
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The results indicate that if we want to get a return of 12% on our money, this

investment is not desirable; whereas if we want a 10% return, the project is generating

money above and beyond the desired return. Eleven percent is the IRR for this project

because it the interest rate that leaves no shortfall or surplus money.

The IRRof simple investment scenarios can be computed bymanipulating the timevalue

of money formulas that we have discussed. For example, Cousin Wolfgang wants to borrow

$1,000 and pay you back $1,500 five years from now. What is the IRR of this investment?

Because F ¼ P� ð1þ iÞn, we can solve for i:

$1;500 ¼ $1;000� ð1þ iÞ5
i ¼ ð$1;500=$1;000Þ1=5� 1 ¼ 8:45%

Unfortunately, most cases involve the use of factors for (P/A, i, n) and (P/F, i, n). The

mathematical formulas for each of these factors involve i multiple times. It is practically

impossible to find a neat solution for i as in the previous example for even one of these

complex formulas, let alone a combination of them. The practical ways to find the IRR of

most investments is by using financial calculators, financial functions in a computer

spreadsheet, or by trial and error. The trial and error process will be demonstrated in

Chapter 11 by calculating IRR values comparing project cash flow situations. An example

of IRR applied to owner financing using bonds will be presented in Chapter 12.

10.20 LIMITATIONS OF THE INTERNAL RATE OF RETURNMETHOD

The IRR method has some limitations. If we need to choose among two investments A and

B, it could happen that A had the higher IRR, indicating that it is the most desirable.

However, B could have the larger PW of the two when computed using MARR as the

interest rate. This is frequently the case when there are large differences in the size of the

investments. For example, investment A may involve $100,000 and have an IRR of 17%,

whereas investment B can have an IRR of 15% but involve $1 million in approximately the

same time frame. If the company’s MARR is 12% and the PWof both projects is computed

using this interest, B will have the largest PW. The results of the two methods (PW and

IRR) are contradictory in such case. There are other more obscure shortcomings, such as

the capital reinvestments assumptions of the method, which are not appropriate for

discussion at this introductory level. In general, IRR is not well suited for selecting

mutually exclusive options unless their size and time frame is similar.

The IRR, in summary, is intuitive and proceeds from having the expected amounts in

an investment to finding which interest rate is implicit in the investment. In contrast, the

PW and EAW methods check these amounts against a goal interest rate (normally the

company’s MARR), and their results are more difficult to interpret by a non-specialist. The

IRR, as discussed previously, has its share of drawbacks, and must be part of the analysis

arsenal instead of outright replacing the other two methods.

10.21 A PRACTICAL EXAMPLE USING PRESENTWORTH ANALYSIS

In the purchase of equipment, contractors are confronted with how to recover the cost of

purchase and operation over a given life span. The following example takes a engineering

economy approach to solving this using a MARR of 10%.

Assume we buy an earth hauler for $80,000. The following data regarding anticipated

costs for the operation of the equipment piece are available.

1. Initial cost $80,000

2. Annual operational costs (operator, fuel, oil, etc.) $20,000

3. Tire replacement at the end of years 2 and 4 $11,000
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4. Major overhaul at the end of year 3 $15,000

5. Sale at the end of year 5 (salvage value) $8,000

The cash flow diagram for this situation is shown in Figure 10.4.

The first thing we must do is to refer all costs to present value. That is, we calculate the

PW for all cost and the resale value. The following present values are calculated:

1. The cost of the unit – $80,000 – is at Present Value.

2. The operational costs each year of $20,000 are considered as a uniform series of

payments. Therefore, A is $20,000 and P is calculated. Find P, given A.

P ¼ AðP=A; 10%; 5Þ ¼ $20;000ð3:7905Þ ¼ $75;820:

3. The tire replacement costs of $11,000 are assumed to occur at the end of year 2 and

4. Since the payments are not a uniform series, we find P, given F for each

expenditure. (Why can’t we use find P, given A?)

P ¼ FððP=F; 10%; 2Þ þ ðP=F; 10%; 4ÞÞ ¼ $11;000ð0:8264þ 0:6830ÞÞ ¼ $16;603

4. The major overhaul occurs at the end of year 3. Therefore,

P ¼ FðP=F; 10%; 3Þ ¼ 0:7512ð$15;000Þ ¼ $11;200

5. Because the resale or salvage value represents revenue, it is considered to have a

negative value in this calculation (i.e., costs are plus and revenues are negative).

Then,

P ¼ �8;000ðP=F; 10%; 5Þ ¼ �$8;000ð0:6209Þ ¼ �$4;967

Summation of the values calculated in (1) through (5) yields

P ¼ $80;000þ $75;820þ $16;603þ $11;270� $4;967 ¼ $178;726:

To find the amount which must be recovered each year from clients, we spread the

present value calculated across the 5-year period as an annuity or uniform series using a

capital recovery factor (A/P)—see Figure 10.5. Using Appendix G to find A given P, we

can see that the factor is 0.26380

A ¼ P� ðcapital recovery factorÞ ¼ $178;726� ð0:26380Þ � $41;100

10.22 COMPARISON USING EQUIVALENT ANNUALWORTH

Let us consider a situation comparing two alternatives using an MARR of 7%. A new

reservoir has been constructed providing water to a mid-size town called Littleville (See

Figure 10.6).

0 1 2 3 4

$80K

$20K

$11K

$8K

$20K$20K$20K $20K

$11K
$15K

(Annuity)

Years

5

Figure 10.4 Cash Flow

Diagram for Equipment

Problem.
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Two options are available for transporting water from the reservoir to Littleville town.

Option A involves building a 10-mile long gravity pipeline at an initial cost of $2.8 million.

Option B envisions using a pumping station to lift water over some barrier high ground.

This option reduces the length of the pipeline to a length of 2 miles. A 40-year service life is

used to compare these two alternatives.

Costs for pipeline A Costs for pipeline B

Initial investment pipeline $2.8 million $1.5 million

Cost of pumping station $0 $500,000

Annual operation and maintenance (O & M) costs $30,000 $60,000

Annual power costs during first 10 years $0 $40,000

Annual power costs after 10 years $0 $120,000

To compare these two options, we refer all cost to present value.

For Plan A, the cash flow diagram is shown in Figure 10.7.

Pð1Þ ¼ $2;800;000
Pð2Þ ¼ $30;000 ðP=A; 7%; 40Þ Using the Tables in Appendix G
Therefore; Pð2Þ ¼ $30;000 ð13:332Þ ¼ $399;960:
PðtotalÞ ¼ $2;800;000þ $399;960 ¼ $3;199;960

The EAW is

EAW ¼ $3;199;960 ðA=P; 7%; 40Þ ¼ $3;199;960ð:07501Þ ¼ $240;029:00

0 1 2 3 4 5

Years

$47,100 / year is equivalent (recovers) the initial
$178,726 over 5 years at 10% interest 

$178,726 is the present lump sum amount that is
equivalent to the investment scheme above 

Figure 10.5 Distribution of Costs/Revenue Using A/P.

Pumping
station

Reservoir

10 mile
gravity line

Plan A – Gravity Line Plan; Plan B – Line Using Pumping Station

Littleville 
town

2 miles

Figure 10.6 Alternatives

for Littleville water supply.
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For Plan B, the cost of operating the pumping station must be included. The diagram

describes this option as a cash flow diagram (See Figure 10.8)

The present value of the cost of building the pipelinewith pumping state is $1,500,000þ
$500,000 or $2,000,000. Therefore,

Pð1Þ ¼ $2;000;000

The cost of O &M plus power for the first 10 years is $60,000þ $40,000 or $100,000/

year. The present value of this as a uniform series over 10 years is

Pð2Þ ¼ $100;000 ðP=A; 7%; 10Þ ¼ $100;000 ð7:024Þ ¼ $702;400:00

Cost of O & M and power for the last 30 years is $60,000 þ $120,000 or $180,000/

year. The present value of this alternative is calculated as follows:

First we calculate P(3) by referring the uniform series of payments from years 11

through 40 to year 10. This yields:

Pð3Þ ¼ $180;000 ðP=A; 7%; 30Þ ¼ $180;000 ð12:409Þ ¼ $2;233;620

This gives the present value of the last 30 years of expense consolidate as a single

payment at year 10. This value must now be referred from year 10 to year 0 (i.e., PWat time

0). Therefore, we have a given F, find P situation. Using the tables in Appendix G,

Pð4Þ ¼ $2;233;620 ðP=F; 7%; 10Þ ¼ $2;233;620 ð0:5084Þ ¼ $1;135;572:

PðtotalÞ ¼ Pð1Þ þ Pð2Þ þ Pð4Þ ¼ $2;000;000þ $702;400þ $1;135;572 ¼ 3;837;972

Converting this to EAW over the 40-year life span (i.e., find A given P),

EAW ¼ $3;837;972 ðA=P; 7%; 40Þ ¼ $3;837;972ð0:07501Þ ¼ $287;886:31:

Since $240,029 is < $287,886, Option A is less expensive and should be selected.

10.23 SUMMING UP

No enterprise can survive the modern business environment without a good grasp of the

concepts and techniques about the time value of money. At the most obvious level, the

company must be able to estimate the payments that it will make to repay borrowed money.

0 1 2 3 4 39 40

$2,800,000

$30,000 /yr

Figure 10.7 Cash Flow for Plan A.

0 1 2 3 4 9 10

$2,000,000

$100,000 /yr

$180,000 /yr

11 12 13 39 40

Figure 10.8 Cash Flow

for Plan B.
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But many other more subtle issues can be equally important. Determining the attractive-

ness of a business scheme, comparing several alternatives, finding the true cost of a

business proposition when interest is considered, are examples of the immediate and

critical usefulness of these techniques This chapter has introduced some of the basic

concepts which comprise the foundations of time value of money and the mathematical

techniques available for considering value in various borrowing and repayment sequences.
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REVIEW QUESTIONS AND EXERCISES

10.1 If your credit card’s APR is 24% compounded daily, what

is the effective annual interest rate that you are paying?

10.2 Explain why is it that sunk costs are not considered in the

analysis of investment alternatives.

10.3 You want to accumulate $500,000 in a savings account in

20 years. If the bank pays 6% compounded annually, how much

should you deposit in the account?

10.4 What is the future value 8 years from, of $ 2,000 invested

today at a periodic interest rate of 12% compounded annually?

10.5 What would be the result of the previous problem, if

simple interest were used?

10.6 You must decide between job offers from CPM Con-

struction and Fudd Associates. Both companies concentrate on

sustainable commercial construction, have similar fringe bene-

fits and offer comparable salary increases. CPM Construction

offers you a $20,000 sign-up bonus, whereas Fudd Associates

will give you $30,000 after 3 years in the job.Which offer would

you take? Why? Consider engineering economy principles in

your explanation.

10.7 You want to purchase a car with a sticker price of

$25,000. The car dealer offers you a $2,000 discount and a

48-month, 8.5% APR compounded monthly, or no discount

with a 4.0% APR on a 48-month loan. Which offer is better?

10.8 Repeat problem 10.7, considering an inflation of 4.0%.

How does inflation affect the results of the previous problem?

10.9 Develop the table below comparing the monthly pay-

ments for a 30-year $200,000 mortgage loan with its APR

compounded monthly.

APR Monthly Payment Difference

0%

4%

8%

12%

16%

10.10 The total monthly payment for a home mortgage loan is

affected by the property tax and insurance. This amount is

around 15% of the principal plus interest payment that you

calculated in the previous problem. Moreover, as a rule of

thumb, a family should not devote more than 28% of its gross

income for home loan payments. With this information, find the

amount that a family must earn to afford a $200,000 mortgage

loan using the APRs of the previous problem. The table below

should help you in your computations.

A B C D E

APR Monthly

Payment

(From

previous

problem)

Total

payment

(1.15 �
Column B)

Annual

Payment

(12 �
Column C)

Minimum

Annual

Income

(Column

D/0.28)

0%

4%

8%

12%

16%

10.11 Develop the table comparing the monthly payments for

a $200,000 mortgage loan with an 8.00% APR compounded

monthly

Years Monthly Payment Difference

100

30

15

10

5
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10.12 Find the minimum amount that a family should earn to

afford the loan scenarios in problem 10.11. Use the same

assumptions of the previous similar problem, and the table

given.

A B C D E

Years Monthly

Payment

(From

previous

problem)

Total

payment

(1.15 �
Column B)

Annual

Payment

(12 �
Column C)

Minimum

Annual

Income

(Column

D/0.28)

100

30

15

10

5

10.13 CPM Construction plans to buy a truck for $150,000

and sell it for $15,000 at the end of 5 years. The annual

operating cost of the vehicle is $60,000. What is the equivalent

annual cost of this truck, if the company uses a MARR of 12%?

10.14 What is the present value of the truck described in

problem 13?

10.15 CPM Construction plans to charge $100,000/year for

the truck described in problem 10.13 (because the annual

operating cost is estimated at $60,000, this means that the

annual income will be $40,000). What is the IRR of this

investment? Given CPM’s MARR, is this an attractive

investment?

194 Chapter 10 The Mathematics of Money



E1C11_1 09/29/2010 195

Chapter 11

Project Cash Flow

CONTENTS

Scenario Testing 195

11.1 Cash Flow Projection 196

11.2 Cash Flow to the Contractor 197

11.3 Overdraft Requirements 198

11.4 Comparison of Payment Schemes 199

Review Questions and Exercises 204

Scenario Testing

Construction company operations are project

based. Cash flows can be estimated by attempting

to assess flows from (a) projects in progress,

(b) projects under contract but not yet begun, and

(c) potential projects which will start during the

coming financial accounting period. These sources

of income can be viewed as (a) ‘‘birds in the hand,’’

(b) ‘‘birds in the bush,’’ and (c) ‘‘birds flying in the

sky.’’ In other words, cash flows can be projected

from projects in progress and projects which may,

with some probability, start in the coming period

for which forecasts are being made. The advent of

spreadsheet analysis and high speed computing has

led to ‘‘scenario testing’’ of future cash flow

expectations.

Spreadsheets allow managers to run probabilistic

cash flow projections that take into account the

factors previously noted. More advanced analysis can also factor in historical evidence of

payment trends and the potential impact of macroeconomic factors. These techniques go

beyond the typical best-, expected-, and worst-case scenario modeling and may rely on

Monte Carlo simulation, Markov modeling, or the use of fuzzy data sets to build up

statistically valid outcomes. At the most advanced level, when future cash flows are tied

to a multitude of unknowns, probabilistic techniques may be employed in combination

with real-options theory to gain an improved view of the impact of a financial decision

(e.g., accepting or declining a project or changing market strategy) on value creation for a

company. This level of analysis used to be in the economist’s realm, but it is now

commonplace in the finance and business development groups of corporations.

Cash Flow Diagram

195
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11.1 CASH FLOW PROJECTION

The projection of income and expense during the life of a project can be developed from

several time-scheduling aids used by the contractor. The sophistication of the method

adopted usually depends on the complexity of the project. In many contracts (e.g., public

contracts such as those used by state agencies), the owner may require the contractor to

provide an S-curve of estimated progress and costs across the life of the project. The

contractor develops this by constructing a simple bar chart of the project, assigning costs to

the bars, and smoothly connecting the projected amounts of expenditures over time.

Consider the highly simplified project (Figure 11.1) in which four major activities are

scheduled across a 4-month time span. Bars representing the activities are positioned along

a time scale indicating start and finish times. The direct costs associated with each activity

are shown above each bar. It is assumed that the monthly cost of indirect charges (i.e., site

office costs, telephone, heat, light, and supervisory salaries, which cannot be charged

directly to an activity) is $5,000. Assuming for simplicity that the direct costs are evenly

distributed across the duration of the activity, the monthly direct costs can be readily

calculated and are shown below the time line. The direct charges in the second month, for

example, derive from activities A, B, and C, all of which have a portion in the period.

The direct charge is simply calculated based on the portion of the activity scheduled in

the second month, as:

Activity A: 1/2 � 50,000 ¼ $25,000

Activity B: 1/2 � 40,000 ¼ $20,000

Activity C: 1/3 � 60,000 ¼ $20,000

$65,000

The figure shows the total monthly and cumulative monthly expenditures across the

life of the project. The S-curve is nothing more than a graphical presentation of the

cumulative expenditures over time. A curve is plotted below the time-scaled bars through

Figure 11.1 Development of the S-curve.
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the points of cumulative expenditure. As activities come online, the level of expenditures

increases and the curve has a steeper middle section. Toward the end of a project, activities

are winding down and expenditures flatten again. The points are connected by a smooth

curve because the assumption is that the expenditures are relatively evenly distributed over

each time period. This curve is essentially a graphical portrayal of the outflow of monies

(i.e., expense flow) for both direct and indirect costs.

11.2 CASH FLOW TO THE CONTRACTOR

The flow of money from the owner to the contractor is in the form of progress payments. As

already noted, estimates of work completed are made by the contractor periodically (usually

monthly) and are verified by the owner’s representative. Depending on the type of contract

(e.g., lump sum, unit price, etc.), the estimates are based on evaluations of the percentage of

total contract completion or actual field measurements of quantities placed. This process is

best demonstrated by further consideration of the four-activity example just described.

Assume that the, contractor originally included a profit or markup in his bid of $50,000

(i.e., 25%) so that the total bid price was $250,000. The owner retains 10% of all validated

progress payment claimsuntil one-half of the contract value (i.e., $125,000) has beenbuilt and

approved as an incentive for the contractor to complete the contract. The retainage will be

deducted from the progress payments on the first $125,000 and eventually paid to the con-

tractor on satisfactory completion of the contract. The progress payments will be billed at the

end of the month, and the owner will transfer the billed amount minus any retainage to the

contractor’s account 30 days later. The amount of each progress payment can be calculated as:

Pay ¼ 1:25ðindirect expenseþ direct expenseÞ
�0:10½1:25ðindirect expenseþ direct expenseÞ�

The minus term for retainage drops out of the equation when 50% of the contract has

been completed. Because of the delay in payment of billings by the owner and the retainage

withheld, the revenue profile lags behind the expense S-curve as shown in Figure 11.2.

The revenue profile has a stair-step appearance because the progress payments are

transferred in discrete amounts based on the preceding equation. The shaded area in

Figure 11.2 between the revenue and expense profiles indicates the need on the part of the

contractor to finance part of the construction until such time as he is reimbursed by the

owner. This difference between revenue and expense makes it necessary for the contractor

to obtain temporary financing. Usually, a bank extends a line of credit against which the

contractor can draw to buy materials, make payments, and pay other expenses while

waiting for reimbursement. This is similar to the procedure used by major credit card

companies in which they allow credit card holders to charge expenses and carry an

outstanding balance for payment. Interest is charged by the bank (or credit card company)

Figure 11.2 Expenses and income profiles.
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on the amount of the outstanding balance or overdraft.1 It is, of course, good policy to try to

minimize the amount of the overdraft and, therefore, the interest payments. The amount of

the overdraft is influenced by a number of factors, including the amount of markup or profit

the contractor has in his bid, the amount of retainage withheld by the owner, and the delay

between billing and payment by the owner.

Interest on this type of financing is usually quoted in relationship to the prime rate. The

prime rate is the interest rate charged preferred customers who are rated as reliable and

who represent an extremely small risk of default (e.g., Proctor and Gamble, Exxon, etc.).

The amount of interest is quoted in the number of points (i.e., the number of percentage

points) above the prime rate. The higher-risk customers must pay more points than more

risky borrowers. Construction contractors are normally considered high-risk borrowers; if

they default, the loan is secured only by somematerials inventories and partially completed

construction. In the event that a manufacturer of household appliances defaults, the

inventory of appliances is available to cover part of the loss to the lender. Additionally,

since construction contractors have a historically high rate of bankruptcy, they are more

liable to be charged higher interest rates in most of their financial borrowings.

Some contractors offset the overdraft borrowing requirement by requesting front,

or mobilization, money from the owner. This shifts the position of the revenue profile

so that a reduced, or zero, overdraft occurs (Figure 11.3). Since the owner is normally consi-

dered less of a risk than the contractor, the owner or client can borrow short-term money at a

lower interest rate. If the owner agrees to this approach, he or she essentially takes on the

interim financing requirement normally carried by the contractor. This can occur on cost-

reimbursable contracts in which the owner has great confidence in the contractor’s ability to

complete the project. In such cases it represents an overall cost savings to the owner because

otherwise the contractor will charge for the higher financing rate he or she must pay.

11.3 OVERDRAFT REQUIREMENTS

To know how much credit must be made available at the bank, the contractor needs to know

what the maximum overdraft will be during the life of the project. With the information

given regarding the four-activity project, the overdraft profile can be calculated and plotted.

For purposes of illustration, the interest rate applied to the overdraft will be assumed to be

1% per month. That is, the contractor must pay the bank 1% per month for the amount of the

overdraft at the end of the month. More commonly, daily interest factors may be employed

Figure 11.3 Influence of front, or mobilization, payment on expense and income profiles.

1Similar examples of this type of inventory financing can be found in many cyclic commercial undertakings.

Automobile dealers, for instance, typically borrow money to finance the purchase of inventories of new car

models and then repay the lender as cars are sold. Clothing stores buy large inventories of spring or fall fashions

with borrowed money and then repay the lender as sales are made.
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for the purpose of calculating this interest service charge. Month-end balances might

otherwise be manipulated by profitable short-term borrowings at the end of the month. The

calculations required to define the overdraft profile are summarized in Table 11.1.

The table indicates that the payment by the owner occurs at the end of a month based

on the billing at the end of the previous month. It is assumed that the interest is calculated

on the overdraft and added to obtain the amount financed. This amount is then reduced by

the amount received from the owner for previous billings. To illustrate: The overdraft at the

bank at the end of the second month is $100,300. The interest on this amount is $1,003 and

is added to the overdraft to obtain the total amount financed ($101,303). To obtain the

overdraft at the end of the third month, the progress payment of $33,750 is applied to

reduce the overdraft at the beginning of the third month to $67,553. The overdraft at the end

of the period is, then, $67,553 plus the costs for the period. Therefore, the overdraft is

$67,553 plus $80,000, or $147,553. The information in the table is plotted in Figure 11.4.

The overdraft profile appears as a sawtooth curve plotted below the baseline. This profile

shows that the maximum required is $149,029. Therefore, for this project the contractor

must have a line of credit that will provide at least $150,000 at the bank plus a margin for

safety, say $175,000 overall to cover expenses.

Requirements for other projects are added to the overdraft for this project to get a total

overdraft or cash commitment profile. The timing of all projects presently under construc-

tion by the contractor leads to overlapping overdraft profiles that must be considered to

find the maximum overdraft envelope for a given period of time. Bids submitted that may

be accepted must also be considered in the projection of total overdraft requirement. The

plot of total overdraft requirements for a set of projects is shown in Figure 11.5.

Cash flow management involves the techniques described in this chapter—and much

more. Cash flows are affected by a significant degree of uncertainty. A cash flow manage-

ment model of a relatively simple kind involves making provision for a set of at least 50

variables and requires a computer program to secure sufficient, timely, and usable cash

management decision-making information.

11.4 COMPARISON OF PAYMENT SCHEMES

Analysis using internal rate of return (IRR) as described in Chapter 10 is helpful in

comparing the economic value to a contractor of varying payment schemes. This

comparison is made by determining the IRR of competing payment sequences. It provides

a vehicle for examining the economic impact of (a) varying retainage policies, (b) delay in

payment strategies, and (c) the payment of a mobilization item to the contractor.

Consider the small four-activity project of Figure 11.1. The owner will consider the

payment of a mobilization item at the end of the first period. This will be deducted from

the final payment to the contractor. The amount of the payment will be $20,000. To

determine the impact of this payment, the rate of return on the original payment sequence

will be compared with the rate of return given the mobilization payment. Figure 11.6 shows

a diagram of the original payment and expenditure sequence. Expenditures as taken from

Table 11.1 are shown above the baseline in the figure. Revenues are shown below the line.

The IRR for a given sequence of payments and expenditures must be found by

determining which value of i satisfies the following relationship.

Xall I
PW REV Ið Þ½ � �

Xall I
PW EXP Ið Þ½ � ¼ 0

where

Rev(i)¼ revenue for period i

Exp(i)¼ expenditure for period i

PW¼ present worth of these values

11.4 Comparison of Payment Schemes 199



E
1C

11_1
09/29/2010

200

Table 11.1 Overdraft Calculations

Month

1 2 3 4 5 6

Direct cost $25,000 $65,000 $75,000 $15,000

Indirect cost 5,000 5,000 5,000 5,000

Subtotal 30,000 70,000 80,000 20,000

Markup (25%) 7,500 17,500 20,000 5,000

Total billed 37,500 87,500 100,000 25,000

Retainage withheld (10%) 3,750 8,750 0 0

Payment received $33,750 $78,750 $100,000 $37,500

Total cost to date 30,000 100,000 180,000 200,000 200,000

Total amount billed to date 37,500 125,000 225,000 250,000 250,000

Total paid to date $33,750 112,000 212,500 250,000

Overdraft end of month 30,000 100,300 147,553 90,279 (8,818)b (46,318)b

Interest on overdraft balancea 300 1,003 1,476 903 0 0

Total amount 30,300 101,303 149,029 91,182 (8,818)

financed

aA simple illustration only. Most lenders would calculate interest charges more precisely on the amount/time involved employing daily interest factors.
bParentheses indicate a positive balance in this case.

2
0
0
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Figure 11.6 ROR for small bar chart problem.

Figure 11.4 Plot of maximum overdraft.

Figure 11.5 Composite overdraft profiles.
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The difference between revenues and expenditures for a given period is Rev(i) �
Exp(i) ¼ Net(i), and therefore, the equation can be reduced to

P
PW[Net(i)] ¼ 0. In other

words, the sum of the present worth values for all period NET values must equal to 0. This

assumes that all expenditures and all revenues are recognized at the end of each period i.

The IRR will be the value of interest that satisfies this equation or, in effect, causes the

present value of all expenditures (recognized at the end of each month) to equal the present

value of all revenues (again recognized at the end of the month).

As noted in Chapter 10, in most cases there is no closed-form mathematical solution

technique thatallowsfor thedeterminationof thecorrect interestvalue i.Therefore,an iterative

approachmust be used to bracket the proper valueof i. Values for the present valueof revenues

and expenditures or net values in eachperiod are calculatedusing an assumedvalueof interest,

i. The summation of the net values at present worth must equal zero. If the value of the

summation ofNet(i) changes sign (fromminus to plus) between two different values of i, then

the value of i that satisfies the equation is contained between those two values. Table 11.2

summarizes the calculations required to determine the rate of return for the original payment

scheme given in Table 11.1. The net values [Net(i)] for the five periods are shown in the first

column. A value of i of 20% is selected. The summation of the net values is calculated to

beþ517. The i value is increased from 20 to 22% and the summation of net values becomes

�1786. The value of i that satisfies the equality of PW
P

[Net(i)]¼ 0must be between 20 and

22%. The correct IRR value is found by interpolation to be 20.45%.

The alternative sequence of payment including the $20,000 mobilization payment

is shown in Figure 11.7. This sequence pays the contractor $20,000 at the end of the first

work period and deducts the prepayment from the final payment. The final payment is

reduced from $37,500 to $17,500. The cash flow calculations for this sequence are shown

in Table 11.3. It can be seen that the mobilization payment causes the revenue profile to

Table 11.2 ROR Calculations for Small Project

N NETa
PWFb

@ 20%

Total

@ 20%

PWF

@ 25%

Total

@ 25%

PWF

@ 22%

Total

@ 22%

1 �30300 .8333 �25249 .8000 �24240 .8196 �24834

2 �37253 .6944 �25868 .6400 �23842 .6719 �25030

3 �2726 .5787 �1577 .5120 �1396 .5507 �1501

4 79097 .4822 38140 .4096 32398 .4514 35704

5 37500 .4019 15071 .3277 12289 .3700 13875

S ¼ þ517 S ¼ �4971 S ¼ �1786

20%
22%•

x = 0.45%

−1786

+517

X

2%
¼ 517

ð1786þ 517Þ ROR ¼ 20% þ 0.45%

X ¼ 0.45% ¼ 20.45%

aA negative net value indicates expenses exceed revenue for this period.
bPWF ¼ Present Worth Factor.

Figure 11.7 ROR for small bar chart problem with mobilization payment.
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Table 11.3 Overdraft Calculations with Mobilization Payment

Month

1 2 3 4 5 6

Direct cost $25,000 $65,000 $75,000 $15,000

Indirect cost 5,000 5,000 5,000 5,000

Subtotal 30,000 70,000 80,000 20,000

Markup (25%) 7,500 17,500 20,000 5,000

Total billed 37,500 87,500 100,000 25,000

Retainage withheld (10%) 3,750 8,750 0 0

Payment received $20,000 $33,750 $ 78,750 $100,000 $ 17,500

Total cost to date 30,000 100,000 180,000 200,000 200,000

Total amount billed to date 37,500 125,000 225,000 250,000 250,000

Total paid to date $20,000 $53,750 $132,000 $232,500 $250,000

Overdraft end of month 30,000 80,300 127,353 69,877 (29,424)a (46,924)a

Interest on overdraft balance 300 803 1,274 699 0 0

Total amount financed $30,300 $81,103 $128,627 $70,576 (29,424)

aParentheses indicate a positive balance.

2
0
3
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move closer to the expense curve, thus reducing the area between the two. This also reduces

the overdraft and peak financial requirement.

The calculations to determine the IRR of this payment sequence are given in

Table 11.4. The correct value is bracketed between 32 and 34%. The final rate of return

(ROR) is 32.6%. This indicates that payment of the mobilization payment at the end of the

first period increases the rate of return on this project to the contractor in the amount of

approximately 12%. This is due in part to the reduction in the amount of inventory

financing that must be carried by the contractor. What would be the impact of paying a

$30,000 mobilization payment immediately on commencement of the job? This is left as

an exercise for the reader to determine the change in the ROR.

REVIEW QUESTIONS AND EXERCISES

11.1 Giventhefollowingcostexpendituresforasmallwarehouse

project (to include direct and indirect charges), calculate the peak

financial requirement, the average overdraft, and the ROR on

invested money. Sketch a diagram of the overdraft profile.

Assume 12% markup

Retainage 10% throughout project

Finance charge ¼ 1.5% month

Payments are billed at end of month and received one month later

11.2 The table and graph that follows represent a contractor’s

overdraft requirements for a project. Complete the table shown

for costs, markup, total worth, retainage, and pay received.

Retainage is 10%, markup is 10%, and interest is 1% per month.

The client is billed at the end of the month. Payment is

received the end of the next month, to be deposited in the bank

the first of the following month.

Table 11.4 ROR Calculations to Include Mobilization Payment

N Neta PWFb 30% Total @ 30% PWF 32% Total @ 32% PWF 34% Total @ 34%

1 �10300 .7692 �7923 .7575 �7802 .7463 �7687

2 �37053 .5917 �21925 .5739 �21265 .5569 �20635

3 �2524 .4552 �1149 .4348 �1097 .4156 �1049

4 79301 .3501 27765 .3294 26122 .3101 24591

5 17500 .2693 4713 .2495 4366 .2315 4051

S ¼ 1482 S ¼ 324 S ¼ �729

324

32%

34%

729
x = 0.62

X

2%
¼ 324

ð324þ 729Þ ROR ¼ [32 þ .62]%

X ¼ 0.62 ¼ 32.62%

aA negative net value indicates expenses exceed revenue for this period.
bPWF = Present Worth Factor.

Month 1 2 3 4

Indirect þ Direct Cost ($) $69,000 $21,800 $17,800 $40,900

Overdraft �50,000 �120,500 �82,205 �13,727 þ10,336

Interest �500 �1; 205 �822 �137 ��
Cumulative �50,500 �121,705 �83,027 �13,864 þ10,336

204 Chapter 11 Project Cash Flow



E1C11_1 09/29/2010 205

11.3 Given the following data with the direct costs for each

activity as shown, calculate the ROR of the contractor.

Assume that (a) the markup is 15%; (b) retainage is 5%

on the first 50% of worth, and 0% thereafter; (c) payment

requests are submitted at the end of each month, and pay-

ments are received one month later; and (d) the finance charge

is 1% per month of the amount of the overdraft at the end of

the month.

11.4 A contractor is preparing to bid for a project. He has

made his cost estimate together with the schedule of work. His

expected expenses and their time occurrence are as shown in the

following table. For simplicity of analysis he assumed that all

expenses are recognized at the end of the month in which

they occur.

(a) The contractor is planning to add 10% to his esti-

mated expenses to cover profits and office expenses.

The total will be his bid price. He is also planning

to submit for this progress payment at the end of

each month. Upon approval, the owner will subtract

5% for retainage and pay the contractor one month

later. The accumulated retainage will be paid to

the contractor with the last payment (i.e., end of

month 13).

(i) Develop the cash flow diagram.

(ii) What is the peak financial requirement and when

does it occur?

(b) Assume the same as in part (a), except that the owner

will retain 10% instead of 5%. Plot the cash flow

diagram and calculate the peak financial requirement.

1 2 3 4 5

Direct cost

Indirect cost 10,000 10,000 5,000

Total cost

Markup

Total worth

Retainage

Pay received

Timing and allocation $25,000 $65,000 $75,000 $15,000

Total direct costs $180,000

Indirect costs $5000/month 5,000 5,000 5,000 5,000

Total indirect costs $20,000

$30,000 $70,000 $80,000 $20,000 $200,000

Mobilization Field

Month Demobilization Subcontractors Materials Payroll Equipment Overhead

0 $40,000 $0 $0 $0 $0 $0

1 0 10,000 10,000 10,000 20,000 1,000

2 0 30,000 20,000 15,000 10,000 5,000

3 0 30,000 30,000 20,000 20,000 6,000

4 0 40,000 30,000 20,000 30,000 6,000

5 0 50,000 40,000 40,000 20,000 6,000

6 0 50,000 40,000 40,000 15,000 6,000

7 0 40,000 30,000 40,000 10,000 6,000

8 0 40,000 10,000 20,000 10,000 6,000

9 0 70,000 10,000 10,000 10,000 6,000

10 0 30,000 5,000 5,000 10,000 6,000

11 0 30,000 5,000 5,000 5,000 6,000

12 20,000 50,000 0 5,000 5,000 5,000

Total $60,000 $470,000 $230,000 $230,000 $165,000 $65,000

Total cost ¼ $60,000 þ $470,000 þ $230,000 þ $230,000 þ $165,000 þ $65,000 þ $1,220,000

Profits þ overhead 10% ¼ $122,000

Bid price ¼ $1,342,000
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11.5 What is the cash position (overdraft) amount for the

1-Aug column in the table?

Date 1-Jun 1-Jul 1-Aug 1-Sep 1-Oct 1-Sep

Cash Inflow ($ received) - - 97 3,483 20,975 107,235

Cash Outflow ($ expended) 100 3,584 11,579 83,324 27,908 288

Net cash flow for month (100) (11,482) (79,841) (6,933) 106,947

Cash Position (Overdraft)
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Build Operate and Transfer (BOT)1

Pollalis (1996) defines build operate and transfer (BOT)

as follows:

In the BOT approach, a private party or concessionaire

retains a concession for a fixed period from a public

party, called principal (client), for the development and

operation of a public facility. The development consists

of the financing, design, and construction of the facility,

managing and maintaining the facility adequately, and

making it sufficiently profitable. The concessionaire

secures return of investment by operating the facility

and, during the concession period, the concessionaire

acts as owner. At the end of the concession period, the

concessionaire transfers the ownership of the facility

free of liens to the principals at no cost.

The modern implementation of BOT concepts is

generally accredited to the Turkish government

under the leadership of Prime Minister Turgut Ozal.

This method of funding and constructing a large

infrastructure program was initiated in Turkey

starting in 1984. In fact, the financing and

construction of the Suez Canal by the French in the

19th century was done using a system that would be considered BOT by today’s

standards (Levy, 1996).

Traditionally, highways, dams, public buildings (e.g., jails), tunnels, etc.have been

constructed using funds that were generated from taxes levied by public entities (e.g.,

federal, state, or municipal government). In many cases, tax payers have rebelled and

Stakeholders in BOT Funding

1BOT is also referred to as Public Private Partnership (PPP).
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failed to support the issuance of bonds and similar borrowing instruments to allow

construction of critically needed public facilities. In developing countries with relatively

weak economies, modest tax revenues have led to a delay in developing infrastructure to

support national development.

The concept of privatization as defined by the BOT approach became popular in the

early 1980s. Privatization addresses the problems of developing infrastructure projects by

using private funds to finance and construct public projects. For instance, if a bridge is

needed to connect two political entities separated by a river or a strait, a private

consortium can raise the funds and construct the bridge recovering the cost and effort

involved by charging tolls to users of the bridge. The Confederation Bridge linking New

Brunswick with Prince Edward Island in Canada is an example of a BOT infrastructure

project.

12.1 MONEY: A BASIC RESOURCE

The essential resource ingredients that must be considered in the construction of a project

are usually referred to as the four M’s. These basic construction resources are (a) money,

(b) machines, (c) manpower, and (d) materials. They will be examined in the next few

chapters in this same order. Here, the first of these resources to be encountered in the

construction process, money, is considered. Money (i.e., actual cash or its equivalent in

monetary or financial transactions) is a cascading resource that is encountered at various

levels within the project structure. The owner or developer must have money available to

initiate construction. The contractor must have cash reserves available to maintain

continuity of operations during the time spent awaiting payment from the owner. The

major agents involved in the flow of cash in the construction process are shown in simple

schematic format in Figure 12.1.

Rising construction costs have increased the pressure on the construction industry to

carefully monitor and control the flow of money at all levels. As a result, more emphasis is

being placed on cash flow and cost control functions in construction management than ever

before. In the planning phases, more thorough investigations and more accurate cost

Confederation Bridge Crossing, Prince Edwards Island, Canada

Figure 12.1 Project money flow.
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estimates are being required for those seeking financial backing. To remain competitive,

contractors are being forced to monitor their cost accounts more closely and to knowwhere

losses are occurring. In this chapter, the methods by which the owner/entrepreneur acquires

project funding will be considered. The relationship between the flow of money from

owner to contractor and its impact on the contractor’s project financing was discussed in

Chapter 11.

12.2 CONSTRUCTION FINANCING PROCESS

The owner’s financing of any significant undertaking typically requires two types of

funding: short-term (construction) funding and long-term (mortgage) funding. The short-

term funding is usually in the form of a construction loan, whereas the long-term financing

involves a mortgage loan over a term ranging from 10 to 30 years.

The short-term loans provide funds for items such as facility construction, land

purchases, or land development. Typically these short-term loans extend over the con-

struction period of the project. For large and complex projects, this can be a period of 6 to

8 years as in the case of utility power plants. A short-term loan is provided by a lending

institution, based on the assurance that it will be repaid with interest, by some other loan.

This subsequent mortgage loan constitutes the long-term financing. Therefore, the first

objective of any entrepreneur is to seek a commitment for long-term, or permanent,

financing from a mortgage lender. Regardless of the type of project, this commitment will

permit the construction loan, and any other funding required, to be obtained with relative

ease or, at least, more easily.

Unless he or she is in a position to raise the funds required directly by the issue of

personal securities, the entrepreneur will seek to obtain a commitment from one of several

alternate sources, including real estate investment trusts (REITs), investment or merchant

banks, commercial banks, savings and loan associations, insurance companies, govern-

mental agencies (e.g., Veterans Administration, Federal Housing Administration), or, in

special cases, from one of the international development banks. Public institutions often

raise project construction funds by the sale of bonds. The choice of lender depends on the

type and size of project. The choice of security employed depends on a number of factors

such as relative cost, the time period for which the funds will be available, and the degree of

flexibility involved (the freedom to pay out or refinance) as to whether there are any

restrictions involved and whether there is any sacrifice of control to the lender. The funding

of some larger projects may be handled by a consortium of international bankers (e.g., the

Channel Tunnel).

Lending institutions are cautious; they are not interested in financing failures or in

owning partially completed projects. Therefore, they normally undertake a great deal of

research and evaluation prior to providing a commitment for funding. At a minimum, an

entrepreneur will be expected to provide the following as part of the loan application:

1. A set of financial statements for the firm.

2. Personal financial statements from the principals of the firm.

3. Proof of clear title to the land for the project and documentation that it has an

appropriate zoning.

4. Preliminary floor plans and elevations for the project.

5. Preliminary cost estimates.

6. A market research study to verify expected income.

7. A detailed pro forma indicating projected income and expense throughout the life

of the mortgage loan.

12.2 Construction Financing Process 209
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12.3 LONG-TERM PRO FORMA EXAMPLE

An example of a long-term finance pro forma for a venture involving the construction and

leasing of a 75-unit apartment complex is shown in Figure 12.2a. This document indicates

that the annual income from the proposed apartment complex project will be $306,830.

The requested loan is $2,422,000, and the annual debt service (i.e., interest) on this amount

is $236,145, realizing an income after debt service of approximately $70,000. The ratio

between income and debt service is 1.3. Lenders normally wish this ratio to be below 1.3.

The basis for the loan amount is given in Figure 12.2b. Items 1 to 34 are construction-

related items and are developed from standard references [e.g., R. S. Means Building

Construction Cost Data (published annually)] based on unit measures such as square

footage. The lender normally has a unit-price guide for use in verifying these figures. Items

35 to 46 in Figure 12.2b cover nonconstruction costs that are incurred by the entrepreneur.

It should be noticed that the interest for the construction loan is included in the costs carried

forward to the long-term financing.

The method used to calculate the actual dollar amount of the loan is of great interest to

the entrepreneur. The interest the developer pays for the use of the borrowed money is an

expense, and it is generally considered prudent business policy to minimize expenses. One

way to minimize the interest expense would be to borrow as little as possible. This is not,

however, the way a developer moves toward the objective of financing the project. The

developer seeks primarily to protect personal assets (or those of the company) in efforts to

complete the project. The more the developer invests, the more he stands to lose if the

project fails. With this consideration in mind, the developer may seek to minimize his or

her own investments. That is, the developer tries to expand a small initial asset input into a

large amount of usable money. This is called leverage. He takes a small amount and levers,

or amplifies, it into a large amount.

Figure 12.2a Pro forma for 75 apartment units.
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The amount of the mortgage loan should be a happy medium between too much

and too little. If the mortgage is too small, there will not be enough to cover the project.

On the other hand, if the mortgage is too large, the developer will find that the individual

mortgage payments will exceed available revenue and may be unable to meet all financial

obligations.

Construction
Related
Costs

Non-
Construction
Costs

Figure 12.2b Construction cost breakdown for 75 apartment units.
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The amount the lender is willing to lend as long-term funding is derived from two

concepts: the economic value of the project and the capitalization rate (cap rate). The

economic value of the project is ameasure of the project’s ability to earnmoney.Onemethod

of predicting the economic value is called the income approach to value and is the method

shown in Figure 12.2a. Simply stated, it is the result of an estimated income statement of the

project in operation. Like any income statement, it shows the various types of revenue and

their sum. These arematched against the predicted sums of the different expenses. Although

the predicted net income is a function of many estimated numbers, commonly a fairly

reasonable degree of accuracy is achieved. The expected net income divided by the cap rate

produces the economic value of the project. The cap rate used in Figure 12.2a is 9.5%. The

capitalized economic value of the project is obtained by dividing the net income ($306,830)

by the cap rate factor (0.095). This yields an economic value of $3,229,789.

How is the cap rate obtained? First, a lender generally provides a mortgage that is

about 75% of the estimated economic value of the project. This is done because 25% of

the value, or thereabouts, must be invested by the developer and will serve as an incentive

for making the project a success. That is, the lender furnishes 75% and the developer

furnishes 25%. The lender must then decide what the interest rate will be and takes up the

developer’s rate of return. The sum of these numbers, times their respective portions,

gives the cap rate.

As an example, suppose that the lender decides that the interest rate will be 8.5% and

that the developer’s planned rate of return will be 12%. Then, the cap rate is obtained as

8.5% times 75% plus 12% times 25%, which gives 9.375% or 0.09375 as the cap rate

factor. Obviously, the value of the cap rate can be adjusted by the values that the lender

places on the own interest rate and the developer’s rate of return. These numbers are a

function of the existing economic conditions and thus fluctuate with the state of the

economy. The lender, therefore, cannot exert as much influence on their values as might at

first be expected. In addition, the lender is in business to lend and wisely will not price

himself or herself out of the competition. He will attempt to establish a rate that is

conservative but attractive. The expected income divided by the cap rate yields the

economic value. The mortgage value may then be on the order of 75% of the calculated

economic value. Not every lender will follow this type of formula approach; some,

for example, may have a policy of lending a fixed proportion of their own assessed

valuation, which may not be based on the economic value but instead on their estimate of

the market value of the property.

The mortgage loan may be the critical financial foundation of the entire project and

may also involve protracted and complex negotiations. For this reason, the project

developing company may exercise its right to hire a professional mortgage broker whose

business it is to find a source of funds and service mortgage loan dealings. The broker’s

reputation is based on his or her ability to obtain the correct size mortgage at the best rate

that is also fair to his or her client. The broker acts as an advisor to the client, keeping the

client apprised of all details of the proposal financing in advance of actually entering into

the commitment. For this service, the mortgage broker receives a fee of about 2% of the

mortgage loan, although the rate and amount will vary with the size of the loan.

12.4 MORTGAGE LOAN COMMITMENT

Once the lending institution has reviewed the venture and the loan committee of the lender

has approved the loan, a preliminary commitment is issued. Most institutions reserve their

final commitment approval until they have reviewed and approved the final construction

plans and specifications.

The commitment issued is later embodied in a formal contract between the lender

and borrower, with the borrower pledging to construct the project following the approved
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plans, and the lender agreeing that upon construction completion, and the achievement

of target occupancy, the agreed upon amount of funds will be provided at the stated

interest rate for the stated period of time. As noted previously, the actual amount of funds

provided generally is less than the entire amount needed for the venture. This difference,

called owner’s equity, must be furnished from the entrepreneur’s own funds or from

some other source. The formal commitment will define the floor and ceiling amounts of

the long-term loan.

During the construction period, no money flows from the long-term lender to the

borrower. Funds necessary for construction must be provided by the entrepreneur or

obtained from a short-term construction lender. Typically the lender of the long-term

financing will pay off the short-term loan in full, at the time of construction completion,

thereby canceling the construction loan and leaving the borrower with a long-term debt to

the mortgage lender.

12.5 CONSTRUCTION LOAN

Once the long-term financing commitment has been obtained, the negotiation of a construc-

tion loan is possible. Commercial banks often make construction loans because they have

some guarantee that the loan will be repaid from the long-term financing. However, even in

these situations, there are definite risks involved for the short-term lender. These risks relate

to the possibility that the entrepreneur or contractor may, during construction, find

themselves in financial difficulties. If this occurs, it may not be possible for the entrepre-

neur/contractor to complete the project, in which case the construction leader may have

to take over the job and initiate action for its completion. This risk is offset by a discount

(1–2%), which is deducted from the loan before anymoney is disbursed. For example, if the

amount of construction money desired is $1,060,000, the borrower signs a note that he will

pay back $1,020,000. The borrower, in effect, pays immediately an interest of $20,000. This

is referred to as a discount and may be viewed as an additional interest rate for the

construction loan. One way to minimize these risks is to require the borrower to designate

his intended contractor and design architect. The lender may also require that all contactors

involved in the construction be bonded aswell. Some commercial banks evaluate and seek to

approve theowner’s intendedcontractor, his primesubcontractors, and theowner’s architect,

as a prerequisite to approving the construction loan. This evaluation extends to an evaluation

of their financial positions, technical capabilities, and current workloads.

To minimize the risks involved, the banks will also base their construction loans on the

floor of the mortgage loan, and only 75 to 80% of this floor will be lent. Of course, the

developermay need additional funds to cover construction costs. Oneway to ensure this is to

finance the gap between the floor and ceiling of the long-term mortgage loan. The

entrepreneur goes to a lender specializing in this type of financing and obtains a standby

commitment to cover the difference or gap between what the long-term lender provides

and the ceiling of the long-term mortgage. Then, if the entrepreneur fails to achieve the

breakeven rent roll, he still is ensured of the ceiling amount. In this situation, the construction

lender will provide 75 to 80% of the ceiling rather than the floor. If the floor of the loan is

$2.7 million and the ceiling is $3 million, the financing of the gap can lead to an additional

$240,000 for construction (i.e., 80%of $300,000). Financing of the gap is usually expensive,

requiring a prepaid amount of asmuch as 5% to thegap lender. In the preceding example, this

would be $15,000 paid for money that may not be required if the rent roll is achieved.

Nevertheless, the additional $240,000 of construction fundingmay be critical to completion

of the project and, therefore, the $15,000 is well spent in ensuring that the construction loan

will include this gap funding.

Once the construction loan has been approved, the lender sets up a draw schedule for

the builder or contractor. This draw schedule allows the release of funds in a defined
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pattern, depending on the site and length of the project. Smaller projects, such as single unit

residential housing, will be set up for partial payments based on completion of various

stages of construction (i.e., foundation, framing, roofing, and interior), corresponding to

the work of the various subcontractors who must be paid (see Figure 12.3). For larger

projects, the draw schedule is based on monthly payments. The contractor will invoice the

owner each month for the work put in place that month. This request for funds is usually

sent to the owner’s representative or architect who certifies the quantities and value of work

in place. Once approved by the architect and representative, the bank will issue payment for

the invoice, less an owner’s retainage (see Chapter 3).

The owner’s retainage is a provision written into the contract as an incentive for the

contractor to complete the project, as well as a reserve fund to cover defective work that

must be made good by the contractor before the retainage is released. Typically retainage is

10%, although various decreasing formulas are also used. When the project is completed,

approved, cleared, and taken over by the owner, these retainages are released to the builder.

In addition to the funds mentioned, the developer should be aware that some front

money is usually required. These funds are needed to make a good-faith deposit on the loan

to cover architectural, legal, and surveying fees and for the typical closing costs.

Figure 12.3 (a) Profile of project financing by the entrepreneur and (b) draw schedule.
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12.6 OWNER FINANCING USING BONDS

Large corporations and public institutions commonly use the procedure of issuing bonds2

to raise money for construction projects. A bond is a kind of formal IOU issued by the

borrower promising to pay back a sum of money at a future point in time. Sometimes this

proviso is supported by the pledging of some form of property by way of security in case of

default by the borrower. A series of bonds or debentures, issued on the basis of a

prospectus, are the general type of security issued by corporations, cities, or other

institutions, but not by individual owner-borrowers. In this discussion, owner financing

means financing arrangements made by those corporations or institutions that are the

owners of the project property. In the illustrative material that follows, ‘‘Joe’’ stands as a

surrogate for ‘‘any borrower’’ (‘‘Joan’’ would have served as well). During the period in

which he has use of the money, the borrower promises to pay an amount of interest at

regular intervals. For instance, Joe borrows $1,000 and agrees to pay back the $1,000

(referred to as the principal) in full at the end of 10 years. He pays an annual interest of 8%

(at the end of each year). That is, he, in effect, pays a rent of $80.00 per year on the principal

sum of $1,000 for 10 years and then pays back the amount borrowed. The rent is payable at

the end of each year. The sequence of payments for this situation would be as appears in

Figure 12.4. When a series of bonds is issued, there may be a commitment to pay the

interest due in quarterly installments rather than in one amount at the end of the year. A

bond, as a long-term promissory note, may take any one of a variety of forms depending on

the circumstances; mortgage bonds involve the pledging of real property, such as land and

buildings; debentures do not involve the pledging of specific property. Apart from the

security offered, there is the question of interest rates and the arrangements to be made for

the repayment of the principal sum. Sometimes a sinking fund may be set up to provide for

the separate investment, at interest, of capital installments that will provide for the orderly

retirement of the bond issue. Investors find this type of arrangement an attractive condition

in a bond issue.

In preparing for a bond or debenture issue, financial statements must be drawn up and

sometimes a special audit may be required. A prospectus for the issue may need to be

drawn up, and this will involve settling the terms of issue and of repayment, the interest

rates payable, and the series of promises or conditions related to the issue, such as its

relative status in terms of priority of repayment, limitations on borrowing, the relative value

of the security, and the nomination of a trustee to watch the interests of bond or debenture

holders. These details are usually settled with the aid of specialists such as a certified public

accountant (CPA) firm or the mortgage broker.

Public bodies may need the approval of some local regulatory authority, and corpora-

tions may have to file and have approved a prospectus for the proposed bond issue. Charters

or other constitutional documents must, of course, confer on the public body or corporation

Figure 12.4 Sequence of payments for a bond.

2 In this case, bonds refer to financial borrowing instruments.
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the power to borrowmoney in thisway; this power is exercised by the council or by the board

of directors or governors. For public offerings that are particularly attractive, banks bid for

the opportunity to handle the placement of the bonds. The banks recover their expense and

profit by offering to provide a sum of money slightly less than the amount to be repaid. As

noted previously, this is called discounting the loan. The fact that morewill be repaid by the

borrower than is lent by the lender leads to a change in the actual interest rate. This is

established through competitive bidding by the banks wishing to provide the amount of the

bond issue. The bank that offers the lowest effective rate is normally selected; this represents

the basic cost incurred for the use of the money.

Consider the following situation in which a city that has just received a baseball

franchise decides to build a multipurpose sports stadium. The design has been completed,

and the architect’s estimate of cost is $40.5 million. The stadium building authority has

been authorized to issue $42 million in bonds to fund the construction and ancillary costs.

The bonds will be redeemable at the end of 50 years with annual interest paid at 5% of the

bond principal. Neither the term nor its rate purported to be representative of current

market conditions. At this time the term for any bond issue would tend to be shorter and its

rate higher. In some commercial dealings, ‘‘index number’’ escalation clauses are also

occasionally seen. The banks bid the amounts for which they are willing to secure payment

support. Suppose the highest bid received is $41 million.

To determine the effective rate of interest, the internal rate of return (IRR) can be

calculated as discussed in Chapter 10. The profile of income and expense is shown in

Figure 12.5. The effective rate of interest is that rate for which the present worth of the

expenses is equal to the presentworth (PW) of the revenue (in this case, $41million). That is,

PW ðrevenueÞ ¼ PW ðexpensesÞ
The annual interest paid is $2.1 million. This in an annuity A (Uniform Series) with n¼ 50

years. The $42 million must be repaid as a single payment at the end of the 50 years

(therefore, it is a future amount F).

Using this information, this expression for the bond issue problem becomes:

$41;000; 000 ¼ $2;100;000 ðP=A; i; 50 yrÞ þ $42;000;000 ðP=F; i; 50 yrÞ
In taking this approach to a solution, a trial-and-error method must be employed to

solve the equation. That is, values of imust be assumed and the equation solved to see if the

relationship [i.e., PW(revenue) � PW(expenses) ¼ 0] is satisfied. In this case, two initial

interest candidates are chosen for consideration i ¼ 5.00% and i ¼ 6.00%.

The present worth factors P/A and P/F can be found consulting compound interest

tables or using the formulas discussed in Chapter 10. The right side of the equation is

evaluated as follows:

For i ¼ 5:00%; P=A ¼ 18:256 and P=F ¼ 0:0872
PW ¼ $2;100;000� ð18:256Þ þ $42;000;000� ð0:0872Þ ¼ $42;000;000
Difference : $42;000;000� $41;000;000 ¼ þ$1;000;000

Figure 12.5 Profile of

revenue-expense for a

bond issue.
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For i ¼ 6:00%; P=A ¼ 15:762 and P=F ¼ 0:0543
PW ¼ $2;100;000� ð15:762Þ þ $42;000;000� ð0:0543Þ ¼ $35;380;000
Difference ¼ $35;380;000� $41;000;000 ¼ �$5;620;000

Since the equation balance goes from plus to minus, the value satisfying the

relationship is between 5.00 and 6.00%. Using linear interpolation (i expressed in decimal

form, 0.05 and 0.06), the effective interest rate is found to be

_z ¼ 0:05þ ð0:06� 0:05Þ � 1;000;000

1;000;000þ 5;620;000

� �� �

¼ 0:05þ 0:01� 1;000;000

6;620;000

� �� �
¼ 0:0515

Therefore, the effective rate of interest is i ¼ 5.15%.

REVIEW QUESTIONS AND EXERCISES

12.1 What is the present level of the prime rate? How does this

rate relate to the current financing and overdraft charges for new

building construction in your locality? (How many points above

the prime is this rate?) Does this overdraft rate vary with the

magnitude of the monies involved?

12.2 Referring to the example in Figure 12.2a, suppose the

market rent for a two-bedroom unit is $550 per month and for a

three-bedroom unit is $650 per month. If the going cap rate is

10%, rework the pro forma calculations for the apartment

project of Figure 8.2. Then determine the lender’s interest

rate. What is the new breakeven vacancy factor?

12.3 What determines the number of draws a builder can make

in completing a facility? What is the existing policy regarding

number of draws in your locality?

12.4 Suppose that for the multipurpose sports stadium example

considered in the text, the bond issue was for 40 years and

the annual interest rate is 9% of the bond principal. Using the

architect’s estimate of cost of $41million, determine the effective

interest rate.

12.5 Suppose in the preceding problem that the bonds are

financed by a bank that discounts the bond issue to $40 million.

What is the new effective interest rate?

12.6 What were the reasons that originated the real estate

bubble of the early to mid-2000s? Do some research to justify

your reasoning.

12.7 What should be done to avoid a repetition of the real

estate bubble of the early to mid-2000s? Support your analysis

with pertinent facts.

Review Questions and Exercises 217
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Radio Frequency Identification Application

in Construction

Electronic identification tags can be used for tracing and

identifying construction equipment on construction sites.

With radio frequency identification (RFID) technology, no

line of sight or direct contact is required between the

reader and the tag. Because RFID does not rely on optics,

it is ideal for dirty, oily, wet, or harsh environments. RFID

is an automatic identification technology, similar to bar

code technology, with positive identification and automatic

data transfer between a tagged object and a reader.

Because the RFID tags are read by low wattage radio

waves, instead of light waves (as with bar codes), they will communicate through non-

metallic materials such as paint, plastic, grease, and dirt and are impervious to vibration,

light, water, and heat up to 100�C in most cases.

A RFID system consists of two major components, called reader and tag, that work

together to provide the user with a noncontact solution to uniquely identify people, assets,

and locations. The reader performs several functions, one of which is to produce a low-

level radio frequency magnetic field. This radio frequency magnetic field serves as a

carrier of power from the reader to the passive (no battery required) RFID tag. When a tag

is brought into the magnetic field produced by the reader, the recovered energy powers the

integrated circuit in the tag and the memory contents are transmitted back to the reader.

Once the reader has checked for errors and validated the received data, the data are
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decoded and restructured for transmission to a user in the format required

by the host computer system. The RFID tags used are both readable and

writable. This capability enables information to be written back to the tag

for enhanced asset management. RFID tags do not require a line of sight

for identification, and readability is not affected by bright lighting

situations.

13.1 GENERAL

Equipment resources play a major role in any construction activity. Decisions regarding

equipment type and combination can have a major impact on the profitability of a job. In

this respect, the manager’s goal is to select the equipment combination that yields the

maximum production at the best or most reasonable price. Quite obviously, the manager

must have a basic understanding of the costs associated with a particular piece of

equipment. This person must also be capable of calculating the rate of production of

the piece or combination of equipment. The cost and the rate of production combine to

yield the cost per unit of production. For example, if it is estimated that the cost of a

particular fleet of haulers and loaders is $500 per hour and the production rate is 750 cubic

yards per hour, the unit price can be easily calculated as $0.66 per cubic yard.

Construction equipment can be divided into two major categories. Productive equip-

ment describes units that alone or in combination lead to an end product that is recognized

as a unit for payment. Support equipment is required for operations related to the placement

of construction such as movement of personnel and materials and activities that influence

the placement environment. Typical production units are pavers, haulers, loaders, rollers,

and entrenchers. Hoists, lighting sets, vibrators, scaffolds, and heaters represent typical

classes of support equipment. In most cases, equipment units are involved either in

handling construction materials at some point in the process of placing a definable piece of

construction (e.g., crane lifting a boiler, pavers spreading concrete or asphalt into lifts on a

base course) or in controlling the environment in which a piece of construction is realized

(e.g., heaters controlling ambient temperature, prefabricated forms controlling the location

of concrete in a frame or floor slab).

In heavy construction, large quantities of fluid or semifluid materials such as earth,

concrete, and asphalt are handled and placed, leading to the use of machines. The

equipment mix in such cases has a major impact on production, and the labor component

controls production rates only in terms of the skill required to operate machines. Therefore,

heavy construction operations are referred to as being equipment intensive. Heavy

construction contractors normally have a considerable amount of money tied up in fixed

equipment assets because capitalizing a heavy construction firm is a relatively expensive

operation.

Hand held RFID device
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Building and industrial construction require handwork on the part of skilled labor at

the point of placement and are therefore normally not as equipment intensive.

Equipment is required to move materials and manpower to the point of installation and

to support the assembly process. Emphasis is on hand tools; and, although heavy equip-

ment pieces are important, the building and industrial contractors tend to have less of their

capital tied up in equipment. Also because of the variability of equipment needs from

project to project, the building contractor relies heavily on the renting of equipment. The

heavy construction contractor, because of the repetitive use of many major equipment

units, often finds it more cost effective to own this equipment.

13.2 EQUIPMENT OWNING AND OPERATING COSTS

The costs associated with construction equipment can be broken down into two major

categories. Certain costs (e.g., depreciation, insurance, and interest charges) accrue

whether the piece of equipment is in a productive state or not. These costs are fixed

and directly related to the length of time the equipment is owned. Therefore, these costs are

called fixed, or ownership, costs. The term fixed indicates that these costs are time

dependent and can be calculated based on a fixed formula or a constant rate basis. On

the other hand, the operation of a machine leads to operating costs that occur only during

the period of operation. Some of these costs accrue because of the consumption of supplies,

such as tires, gas, and oil, and the widespread practice of including the operator’s wages in

the operating costs. Other costs occur as a result of the need to set aside moneys for both

routine and unscheduled maintenance. Thus, operating costs are variable costs.

The total of owning and operating costs for items of equipment such as tractors, shovels,

scrapers, dozers, loaders, and backhoes is typically expressed on an hourly basis. These two

categories of cost accrue in differentways.Ownership costs are usually arrived at by relating

the estimated total service life in hours to the total of those costs. If the equipment is idle for

some of those hours, the relevant costs would be taken up as part of general operating

overhead; when the equipment is in use, the hourly costs are charged to the job or project.

Operating costs are variable in total amount, being a function of the number of

operating hours, but these hourly costs are found to be relatively constant.

The hourly charge for a piece of equipment is made up of four elements. An allowance

for estimated hourly overhead costs is added to the ownership and operating costs. The

fourth element is an amount for income or profit. A schematic illustration of this

breakdown of the hourly charge for a piece of equipment is shown in Figure 13.1.

Ownership costs are composed of two elements: first, an estimate for depreciation on

the cost of using the equipment itself. Each piece of equipment represents an estimated

number of hours of useful service life and the depreciable value, the major part of its

original cost, is divided by the total hours to yield a charging rate for this element of

equipment costs. The second component of ownership costs consists of estimates of

allowance for interest, insurance, and taxes.

Operating costs cover a broader range of items, the principal elements being: fuel, oils

and lubricants, hydraulics fluid, grease, filters, and other supplies; maintenance, general

Figure 13.1 Cost components in a

production unit.
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overhauls, and repairs; and parts replacement (e.g., cutting edges, blades, and buckets), tire

replacements, and the like. Also included here are the direct labor costs—the operator’s

wages—including all of the expense loadings for holidays, sick leave, and insurance.

To the direct operating costs just enumerated are added allowances for general

overhead expenses and the indirect costs of supervisory labor. This total establishes the

total hourly cost of owning and operating a unit of equipment. A percentage markup is

added to provide for an income or profit element.

Some of these costs are incurred and paid for concurrently with the operation of the

equipment, but the allowances or estimates included for items such as repairs and

maintenance are provisions for costs that will have to be paid at some future time.

General administrative costs (e.g., overhead) are an allowance that forms part of the

hourly charging rate. It includes items such as telephones, stationery, postage, heat, light

and power, and the costs of idle equipment in general, are aggregated together as general

overhead expense.

13.3 DEPRECIATION OF EQUIPMENT

The method by which depreciation is calculated for tax purposes must conform to

standards established by the Internal Revenue Service (IRS). Federal law has introduced

the use of fixed percentages as given in published tables to calculate the amount of

depreciation for various classes of equipment and depreciable property. The tables have

replaced accelerated methods referred to as the declining balance and sum-of-years-digits

(SOYD) methods, which were used prior to 1981. The methods used under pre-1981

legislation are still relevant in understanding the tables presently used and are still required

in some situations, and therefore, they will be described briefly.

The four most commonly used methods of calculating depreciation on equipment prior

to 1981 are:

1. Straight line

2. Declining balance (DB)

DB and sum of years are referred to as acceleratedmethods because they allow larger

amounts of depreciation to be taken in the early years of the life of the asset. (Only the DB

method will be described in this chapter.) The contractor usually selects a method that

offsets or reduces the reported profit for tax purposes as much as possible. In effect, for

companies paying taxes at the corporate rate (assume 34%), each dollar of depreciation

reduces the amount of tax paid by 34 cents (assuming that the depreciation does not reduce

revenue below zero).

Most heavy construction contractors assume that each machine in the fleet is a small

‘‘profit center’’ and will attempt to apply any depreciation associated with a piece of

equipment to offset the profit generated by that machine. The major factors to be

considered in calculating the depreciation of an asset are shown in Figure 13.2. The three

major factors form the three sides of the depreciation ‘‘box’’ that are linked by the method

of depreciation selected. They are:

1. Initial cost or basis in dollars

2. Service life in years or hours

3. Salvage value in dollars

The amount that can be depreciated or claimed by way of a tax deduction is the

difference between the initial net value of the asset and its residual or salvage value. This is

referred to as the depreciable amount and establishes the maximum number of depreciation

dollars available in the asset during its service life.
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The declared initial cost of the asset must be acceptable in terms of the IRS definition

of depreciable cost. For instance, suppose a $75,000 scraper is purchased. The tires on the

scraper cost $15,000. These tires are considered a current period expense and therefore are

not depreciable. That is, they are not part of the capital asset for purpose of depreciation.

The tires are considered consumable and have a service life different from that of the asset.

In this case, the initial value of the scraper for depreciation purposes is $60,000.

The initial depreciable cost or basis is often referred to as the net first cost. In addition

to the purchase price minus major expenses, items such as tires, freight costs, and taxes are

included in the net first cost and are part of the amount depreciable. If we have purchased a

rubber-tired wheeled tractor, the net first cost for purposes of depreciation would be arrived

at as follows:1

Purchase price $84;000 ðPrice at factory;FOBÞ1
Less tires $ 4;000

$80;000
Plus tax at 5% $ 4;000
Plus freight $ 2;800
Net first cost $86;800

The depreciable basis for the calculation of depreciation allowances is this first cost of

$86,800.

The concept of salvage value implies that there is some residual value in the piece of

equipment (i.e., scrap value) at the end of its life. Unless this value exceeds 10% of the first

cost of the equipment, this value is neglected and the entire first cost is considered to be

available for depreciation. In the case cited, if the salvage value is less than $8,680, the

entire first cost will be considered as depreciable and the piece of equipment will yield tax

payment reductions in the amount of $29,512 for a contractor paying 34% of marginal tax

(i.e., $86,800 � 0.34) across its service life.

The IRS publishes tables indicating the appropriate service life values. Most construc-

tion equipment items fall into the 3-, 5-, or 7-year service life categories. Manufacturers

typically publish tables such as that shown in Table 13.1 indicating a variable service life

based on operating conditions. Service life is defined by the IRS tables, and the only question

has to dowith the category or class of property towhich an equipment type is to be assigned.

Given the present highly defined system of depreciation based on fixed tabular

percentages, decisions regarding depreciation are simplified as to whether an accelerated

Figure 13.2 Factors in

depreciation.

1FOB is discussed in Section 16.2 of Chapter 16. In this case it indicates the cost of the equipment at the factory

prior to shipment.
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or linearly prorated system of depreciation is to be used. To better understand the concepts

behind the tables and the prorated system, two of the basic methods of calculating

depreciation will be discussed in the following sections.

13.4 STRAIGHT-LINEMETHOD

An accountant (and the IRS) would describe the straight-line method of calculating

allowable depreciation as being based on the assumption that the depreciation, or the loss in

value through use, is uniform during the useful life of the property. In other words, the net

first cost or other basis for the calculation, less the estimated salvage value, is deductible in

equal annual amounts over the estimated useful life of the equipment. An engineer would

call this a linear method. This simply means that the depreciable amount is linearly

prorated or distributed over the service life of the asset. Let us assume that we have a piece

of equipment that has an initial cost or base value of $16,000 and a salvage value of $1,000.

The service life is 5 years and the depreciable amount is $15,000 (initial cost minus salvage

value). If we linearly distribute the $15,000 over the 5-year service life (i.e., take equal

amounts each year), we are using the straight-line method of depreciation. The amount of

depreciation claimed each year is $3000. This is illustrated in Figure 13.3.

Figure 13.3 Straight-line

depreciation.

Table 13.1 Estimated Service Life Table (Caterpillar Tractor Co.)

Type of

Equipment

Excellent

Conditions:

Hours

Average

Conditions:

Hours

Severe

Conditions:

Hours

Track-type tractors

Traxcavators

Wheeled loaders 12,000 10,000 8,000

Wheeled tractors

Scrapers

Motor graders 15,000 12,000 10,000

To determine the cost per hour due to depreciation, the above information may be

used as follows:

Depreciation cost per hour ¼ Purchase price � Tire value

Estimated service life in hours
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The remaining value of the piece of equipment for depreciation purposes can be

determined by consulting the stepwise curve of declining value. During the third year of the

asset’s service life, for example, the remaining base value, or book value, of the asset is

$10,000. If we connect the points representing the book value at the end of each year

(following subtraction of the depreciation), we have the ‘‘straight line.’’

The concept of the base value, or book value, has further tax implications. For

instance, if we sell this asset in the third year for $13,000, we are receiving more from the

buyer than the book value of $10,000. We are gaining $3,000 more than the depreciated

book value of the asset. The $3,000 constitutes a capital gain. The reasoning is that we have

claimed depreciation up to this point of $6,000, and we have declared that as part of the cost

of doing business. Now the market has allowed us to sell at $3,000 over the previously

declared value, demonstrating that the depreciation was actually less than was claimed. We

have profited and, therefore, have received taxable income. Prior to the 1986 tax law, a

capital gain was not taxed at the full rate but at approximately half of the tax rate for normal

income. Presently, capital gains are taxed as normal income (i.e., 34%). Business entities

have been pressing for the reinstatement of the alternate capital gains tax rate.

The base value for depreciation is affected if we modify substantially the piece of

equipment. Assume in the preceding example, that in the third year we perform a major

modification on the engine of the machine at a total cost of $3,000. Since this is a capital

improvement, the term basis is used to refer to the depreciation base. The modification

increases the base value of the unit by $3,000 as shown in Figure 13.4 It also may extend the

service life of the asset. Something similar occurs if we make some improvements to a

building. The value is increased and this added value can be depreciated.

If we can depreciate real property, can we depreciate the house in which we live?

Depreciation represents a cost of doing business. In most cases we do not ‘‘do business’’ in

our own home, and therefore our home is not a depreciable asset. You can, however, think

of some instances in which a person conducts some business at home. Special depreciation

rules apply to that situation.

13.5 DECLINING BALANCE

One of the accelerated methods previously (prior to 1981) used is the declining balance

(DB) method. When applied to new equipment with a useful life of at least 3 years, the

effective rate at which the balance is reduced may be twice the straight-line rate. For this

reason, the expression double-declining balance (DDB) is used when this IRS option is

applied to new assets. For assets that are not purchased new but are secondhand, the

Figure 13.4 Adjustment of

basis.
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optional rate is 150% of the straight-line rate. In this method, it is the rate that is important

because it remains constant throughout the calculations.

Formally stated, in the DBmethod, the amount of depreciation claimed in the previous

year is subtracted from the book value (base value) at the beginning of the previous year

before computing the next year’s depreciation. That is, a constant rate is applied to a

balance, which is declined each year by the amount claimed in the previous year. For new

equipment the rate is calculated by dividing 200% by the number of service life years

(SLY) (i.e., 200/SLY). For used equipment the rate is 150% divided by the SLY.

To illustrate, consider the $16,000 piece of equipment used in discussing the straight-

line method. We will assume the piece is purchased new at this price. Because the service

life of the unit is 5 years, the constant rate to be applied will be 200%/5 ¼ 40%. The

calculations for this example are summarized in Table 13.2.

A repetitive process of calculation can be detected. The constant rate of 40% (column 2)

is applied to the book value at the end of the previous year (column 3) to obtain the

depreciation (column 4). The reduced value of the property is column 3 minus column 4, as

shown in column 5. The ‘‘Book Value End of This Year’’ for yearN is the ‘‘Book Value End

of Previous Year’’ for year Nþ 1. It follows that the value in column 3 for year 2 will be the

same as the value in column 5 for year 1.

Another interesting fact is noted. The amount of depreciation taken over the 5-year

service life is less than the depreciable amount. The book value at the end of 5 years is

$1,244.16 and the salvage is $1,000. Therefore, $244.16 has not been recovered. Typically,

the method is changed to the straight-line approach in the fourth or fifth year to ensure

closure on the salvage value. This underlines the fact that the only role played by the

depreciable value in the DB method is to set an upper limit on the amount of depreciation

that can be recovered. That is, an asset may not be depreciated below a reasonable salvage

value. A common mistake is to apply the rate to the depreciable value in the first year. The

rate is always applied to the total remaining book value, which in this example during the

first year is $16,000.

If the piece of equipment had been purchased used, for $16,000, the procedure would

be the same but the rate would be reduced. In this case, the rate would be 150%/15 or 30%.

The 150% calculations are summarized in Table 13.3. In this situation, because

$1,689.12 in unclaimed depreciation would remain at the end of year 5, the method could

be changed to the straight-line approach in the fourth or fifth year with some advantage. A

comparison of the DDB methods and the straight-line method is shown in Figure 13.5.

The proportionately higher rate of recovery in the early service life years is revealed by

this figure. More depreciation is available in the first year using the DDB method ($6,400)

than in the first 2 years using the straight-line method ($6,000). Equipment rental firms that

intend to sell the equipment after the first 2 years of ownership are in a good position to

capitalize on this feature of the accelerated methods. Of course, if they sell at a price well

above the book value, they must consider the impact of the capital gains tax.

Table 13.2 Double-Declining-Balance Method

Book Value End of Depreciation Book value

Rate Applied to Previous Year for this End of this

SLY Balance (%) ($) Year ($) Year ($)

1 40 16,000.00 6,400.00 9,600.00

2 40 9,600.00 3,840.00 5,760.00

3 40 5,760.00 2,304.00 3,456.00

4 40 3,456.00 1,382.40 2,073.60

5 40 2,073.60 829.44 1,244.16

TOTAL $14,755.84
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13.6 PRODUCTIONMETHOD

It was stated previously that the contractor tries to claim depreciation on a given unit of

equipment at the same time the equipment is generating profit to reduce the tax that might

otherwise be payable. The production method allows this because the depreciation is taken

based on the number of hours the unit was in production or use for a given year. The asset’s

cost is prorated and recovered on a per-unit-of-output basis. If the $16,000 equipment unit

we have been discussing has a 10,000-hour operation time, the $15,000 depreciable

amount is prorated over 10,000 hours of productive service life. This method is popular

with smaller contractors since it is easy to calculate and ensures that the depreciation

available from the asset will be recovered at the same time the unit is generating profit. A

reasonable estimate of the total operating hours for a piece of equipment may be obtained

by referring to the odometer on the unit together with the logbook or job cards.

In some cases, unless this method is used, the units may be depreciated during a period

when they are not generating income and, consequently, the full benefit of the depreciation

Table 13.3 150 Declining-Balance Method

Book Value End of Depreciation for Book Value End

SLY Rate (%) Previous Year ($) this Year ($) of this Year ($)

1 30 16,000.00 4,800.00 11,200.00

2 30 11,200.00 3,360.00 7,840.00

3 30 7,840.00 2,352.00 5,488.00

4 30 5,488.00 1,646.40 3,841.60

5 30 3,841.60 1,152.48 2,689.12

TOTAL $13,310.88

Figure 13.5 Comparison of

double-declining-balance

and straight-line methods.
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deduction may be lost. The objective of the contractor is to have a depreciation deduction

available in years in which it can be more effectively applied to reduce taxable income. It

may not be possible to defer depreciation and to take it in years in which it can be applied

with more advantage. Therefore, the strategy should be to have it available in the years in

which profits are likely to be high. The production method ensures that depreciation

deduction is available when the machine is productive and theoretically profitable or

income producing.

At the time of construction of the Alaska pipeline, contractors with contracts for the

access road to parallel the pipeline purchased large equipment fleets in anticipation of

project start-up. Then, environmental groups delayed the project several years during

which time the contractors were forced to put their equipment fleets in storage. Because

these units were not in use and were not productive and profitable during this delay, the

contractors claimed no depreciation.

Nevertheless, the production method allowed them to apply the depreciation at the

proper time when the job mobilized and the units were put into production.

In some situations, the production method might be less desirable. If we own an

entrenching machine (service life of 10,000 hours) but only operate it 500 hours per year,

using the production method would stretch the period of recovery out over 20 years. If the

machine is sold after 5 years, we would have claimed only one-quarter of the available

depreciation. One advantage offsetting this apparent disadvantage is that we might have a

smaller adjustment to make by way of capital gain on the sale. In such a case, clearly a

method other than the production method would be more appropriate and a more balanced

way of dealing with the matter.

13.7 DEPRECIATION BASED ON CURRENT LAW

For equipment placed in service prior to 1981, depreciation was calculated using methods

such as the straight-line or DDB described previously. For equipment placed in service

during the period 1981 to 1986, contractors were required to depreciate using either the

Accelerated Cost Recovery System (ACRS) method or the alternate ACRS system, which

was equivalent to a straight line prorating of the cost across the life of the asset (e.g., the

straight-line or production method).

A set of tables defines accelerated depreciation amounts for equipment placed in

service after 1986, and has been onlyminimally revised in the years since. The depreciation

system defined by these tables is referred to as the Modified ACRS or MACRS.

The amount depreciated is calculated using prescribed depreciation methods for each

class of equipment. For example, 3-, 5-, 7-, and 10-year property are depreciated using the

200% declining-balance method with a switch to the straight-line method at a time that

maximizes the deduction. In addition, the ‘‘half-year convention’’ is used to calculate the

first-year depreciation.

The alternate MACRS method uses the straight-line method as did its predecessor, the

alternate ACRS.

The accelerated MACRS values are given in Table 13.4. To better understand the basis

of the values in the table, consider the following situation. A $100,000 piece of equipment

is to be depreciated using the accelerated MACRS method. It is assumed that the

equipment has a 5-year property life. The MACRS table is based on using the 200%

DB method. The rate of depreciation will be 40% (200% divided by 5 years). However,

due to the half-year convention, only half of the 200 DB depreciation is taken in the first

year. Therefore, the effective percent is 20 and $20,000 can be depreciated in the first year.

The remaining value is $80,000. The second-year depreciation is 40% of $80.000, or

$32,000. This amounts to 32% of the original $100,000 basis. The balance is now declined

to $80,000—$32,000, or $48,000. Again for the third-year depreciation the 200 DB
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method yields 40% of $48,000, or $19,200. The depreciation table for this equipment is as

follows:

Year Depreciation Book Value

1 $20,000 $80,000

2 $32,000 $48,000

3 $19,200 $28,000

4 $11,520 $17,280

5 $11,520 $ 5,760

6 $ 5,760 $ 0

It will be noted that although this is a 5-year property class equipment, it is depreciated

out across a 6-year period. Also, following the third year, a switch from 200 DB to straight-

line method is made to close on a residual or salvage value of zero. By dividing the

depreciation amounts for each year by the original basis of $100,000, it will be seen that the

percentage of depreciation in each year is the same as the values given in Table 13.4. To

confirm that this method is used to determine the percentages in Table 13.4, the reader

should try to calculate the annual depreciation amounts for a $100,000 piece of equipment

with a 10-year service life.

13.8 DEPRECIATION VERSUS AMORTIZATION

Depreciation is a legitimate cost of business that recognizes the loss in value of equipment

over time. As such, it is an expense and can be deducted from revenues, resulting in a

lowering of taxes (e.g., 34 cents per dollar of depreciation as noted previously). This yields

Table 13.4 MACRS Table for Accelerated Depreciation

Annual Recovery (Percent of Original Depreciable Basis)

Recovery 3-Year Class 5-Year Class 7-Year Class 10-Year Class 15-Year Class 20-Year Class

year (200% d.b.) (200% d.b.) (200% d.b.) (200% d.b.) (150% d.b.) (150% d.b.)

1 33.00 20.00 14.28 10.00 5.00 3.75

2 45.00 32.00 24.49 18.00 9.50 7.22

3 15.00 19.20 17.49 14.40 8.55 6.68

4 7.00 11.52 12.49 11.52 7.69 6.18

5 11.52 8.93 9.22 6.93 5.71

6 5.76 8.93 7.37 6.23 5.28

7 8.93 6.55 5.90 4.89

8 4.46 6.55 5.90 4.52

9 6.55 5.90 4.46

10 6.55 5.90 4.46

11 3.29 5.90 4.46

12 5.90 4.46

13 5.90 4.46

14 5.90 4.46

15 5.90 4.46

16 3.00 4.46

17 4.46

18 4.46

19 4.46

20 4.46

21 2.25
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the contractor a tax savings that can be used to replace the equipment. However, this

savings would represent only 34% of the original value of the equipment. To provide for the

replacement of the equipment at some point in the future, contractors charge the client an

amount that provides a fund to purchase new equipment. This practice of charging clients

an amount to be used to purchase replacement equipment is referred to as amortizing the

equipment. This is a protocol throughout the industry and allows the contractor to

accumulate (i.e., escrow) funds for renewing the equipment fleet over time.

For instance, the contractor will charge clients an annual amount of $20,000 for a

$100,000 equipment with a service life of 5 years. This provides $100,000 at the end of

5 years to purchase replacement equipment. Of course, due to inflation and escalating

prices, a piece of replacement equipment may cost $120,000. This would indicate that the

contractor should recover $24,000 per year to escrow the needed $120,000 for a new

machine. Part of this amount will be recovered through depreciation due to reduced taxes:

$34,000 will be available through the reduction of taxes. The contractor may consider this

in calculating the amount of back charge to the client.

Since the amortization charge leads to larger revenue and the possibility of incurring

income, the contractor may end up paying some tax on the amount charged to the client to

amortize equipment. There is a complex interaction between depreciation and amortiza-

tion, and this must be studied in the context of each equipment piece and the tax structure of

each company.

13.9 INTEREST, INSURANCE, AND TAX (IIT) COSTS

In addition to the amortization/depreciation component, the ownership costs include a

charge for other fixed costs that must be recovered by the equipment owner. Throughout the

life of the unit, the owner must pay for insurance, applicable taxes, and either pay interest

on the note used to purchase the equipment or lose interest on the money invested in

equipment if the unit was paid for in cash. These costs are considered together as what can

be called the interest, insurance, and tax (IIT) costs. Recovery of these charges is based on

percentages developed from accounting records that indicate the proper levels that must be

provided during the year to offset these costs. The percentages for each cost are applied to

the average annual value of the machine to determine the amount to be recovered each hour

or year with respect of these cost items.

The average annual value is defined as:

AAV ¼ Cðnþ 1Þ=2n
where AAV is the average annual value, C is the initial new value of the asset, and n is the

number of service life years. This expression assumes that the salvage value is zero. What

the formula does is level the declining value of the asset over its service life so that a

constant average value on an annual basis is achieved. This is indicated graphically in

Figure 13.6.

Applying this formula to a machine with initial capital value of $16,000 and zero

salvage value, the average annual value is calculated as:

AAV ¼ $16;000� ð6Þ=10 ¼ $9;600

The area under the rectangle in Figure 13.6 representing the AAVequals the area under

the plot representing the straight-line decline in value. Using this fact, the formula can be

derived. If we consider the salvage value, the area under the stepped curve is increased by

the area of the shaded segment in Figure 13.6b. Therefore, the AAV is increased somewhat.

The appropriate expression for AAV including the salvage value is:

AAV ¼ ½Cðnþ 1Þ þ Sðn� 1Þ�=2n
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For the $16,000 piece of equipment considered, this yields

AAV ¼ ½$16;000 ð6Þ þ $1;000 ð4Þ�=10 ¼ $10;000

Verification of this expression is left as an exercise for the reader.

Assume that the proper levels of the annual provision to cover IIT costs for the unit are

as follows:

Interest ¼ 8% of AAV

Insurance ¼ 3% of AAV

Taxes ¼ 2% of AAV

Total ¼ 13% of AAV

The amount to cover these ownership costs must be recovered on an hourly basis by

backcharging the owner. Therefore, an estimate of the number of hours the unit will be

operational each year must be made. Assume the number of hours of operation for the unit

is 2,000 hours per year. Then, the IIT cost per hour would be:

IIT ¼ 0:13ðAAVÞ=2000 ¼ 0:13ð9600Þ=2000 ¼ $0:624 or $0:62 per hour

Manufacturers provide charts that simplify this calculation.

The interest component may be a nominal rate or an actual rate or, again, it may reflect

some value of the cost of capital to the company. Some contractors also include here a charge

for the protective housing or storage of the unit when it is not in use. These adjustments may

raise the annual provision to cover IIT costs by from 1 to 5% with the following effect (in this

case, each 1% charge may represent a 5 cents per hour increase in the charging rate).

Percentage

of AAV (%)

General Provision

for IIT Costs ($)

Hourly Rate

(Base 2,000 Hours, $)

13 1248 0.62

14 1344 0.67

15 1440 0.72

16 1536 0.77

17 1632 0.82

18 1728 0.87

Figure 13.6 Interpretation of average annual value: (a) average annual value without salvage value

included and (b) average annual value considering salvage value.
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Ultimately it is the competitive situation that sets practical limits to what may be

recovered. That is why the tax limitation strategies discussed previously are of such

importance.

Figure 13.7 shows a chart for calculating the hourly cost of IIT. To use the chart the

total percent of AAV and the estimated number of annual operating hours are required.

Entering the y axis with the percent (use 13% from the example computing IIT) and reading

down from the intersection of the 13% line with the 2,000-hour slant line, the multiplier

factor is 0.039. The hourly charge for IIT is calculated as:

IIT=hour ¼ factor � delivery price=1000

In the example discussed,

IIT=hour ¼ 0:039� 16; 000=1000 ¼ $0:624 or $0:62 per hour

If the amortization/depreciation costs using the straight-line method for the $16,000

unit in the example are $1.50 per hour, the owner must recover $1.50 plus $0.62 or $2.12

per hour for fixed costs.

13.10 OPERATING COSTS

The major components contributing to the operating or variable costs are fuel, oil, and

grease (FOG), tire replacement (on rubber-wheeled vehicles), and normal repairs. Nor-

mally, historical records (e.g., purchase vouchers) are available that help in establishing the

rate of use of consumables such as fuel, oil, and tires. Maintenance records indicate the

frequency of repair. The function that best represents the repair costs to be anticipated on a

unit starts low and increases over the life of the equipment. Because repairs come in

discrete amounts, the function has a stepwise appearance (see Figure 13.8).

The following guidelines for establishing the amount to set aside for repairs are taken

from Caterpillar Tractor material. To estimate hourly repair costs, select the appropriate

Figure 13.7 Guide for estimating hourly cost of interest, insurance, and taxes

(Caterpillar Tractor Co.).
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multiplier factor from the table below and apply it in the following formula:

Repair factor � ðdelivered price� tiresÞ=1000 ¼ estimated hourly repair reserve

Operating Conditions

Excellent Average Severe

Track-type tractors 0.07 0.09 0.13

Wheel tractor scrapers 0.07 0.09 0.13

Off-highway trucks 0.06 0.08 0.11

Wheel-type tractors 0.04 0.06 0.09

Track-type loaders 0.07 0.09 0.13

Wheel loaders 0.04 0.06 0.09

Motor graders 0.03 0.05 0.07

The cost of tires on rubber-wheeled vehicles is prorated over a service life expressed in

years or hours. Therefore, if a set of tires has an initial cost of $15,000 and a service life of

5,000 hours, the hourly cost of tires set aside for replacements is:

Hourly cost of tires ¼ $15; 000=5000 ¼ $3:00

13.11 OVERHEAD ANDMARKUP

In addition to the direct costs of ownership and operation, general overhead costs must be

considered in recovering costs associated with equipment ownership and operation.

Overhead charges include items such as the costs of operating the maintenance force

and facility including: (a) wages of the mechanics and supervisory personnel, (b) clerical

and records support, and (c) rental or amortization of the maintenance facility (i.e.,

maintenance bays, lifts, machinery, and instruments). The industry practice is to prorate

the total charge to each unit in the equipment fleet based on the number of hours it operates

as a fraction of the total number of hours logged by the fleet. For instance, if the total

number of hours logged by all units in the fleet was 20,000 and a particular unit operated

500 hours, its proportion of the total overhead would be 500/20,000 � 100, or 2.5%. If the

total cost of overhead for the year is $100,000, the unit must recover $2,500 in backcharge

Figure 13.8 Repair cost profile.
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to the client to cover its portion of the overhead. Overhead rates are updated annually from

operating records to ensure adequate coverage. If overhead costs overrun projections, the

coverage will be inadequate and the overrun will reduce profits.

The last component of the total charge associated with a unit of production is the profit

expressed as a percentage of total hourly operating costs, which, in turn, may be expressed

in cubic yards of material moved or in some other bid-relevant measure. The amount of

profit per cubic yard, square foot, or linear foot is a judgment that contractors must make

based on their desire to win the contract and the nature of the competition. In a tight market

in which competition is strong, the allowable margin of profit that still allows the bidder to

be competitive maybe only 1 or 2%. In a ‘‘fat’’ market, in which a lot of jobs are available,

the demand is greater and the client is ready to pay a higher markup to get the work under

way. Competition is bidding higher profit so the amount of profit can be adjusted upward.

Bidding strategy will include attention to the concept of marginal costs, which may

permit the acceptance of jobs yielding less than the desired rate of return. In general,

bidding, based on margins as low as 1 or 2% is uncomfortably close to what one might call

the disaster area; the area of operating losses.

REVIEW QUESTIONS AND EXERCISES

13.1 What are the major cost components that must be con-

sidered when pricing out a piece of equipment? How can a

contractor manipulate amortization for a piece of equipment to

increase or reduce direct costs charged per unit of production?

Why are tires on a rubber-tired vehicle not considered for

depreciation?

13.2 What is the cost of a new CAT Standard Scraper 631G?

(You may be surprised by its cost!)

13.3 You have just bought a new pusher dozer for your

equipment fleet. Its cost is $100,000. It has an estimated service

life of 4 years. Its salvage value is $12,000.

a. Calculate the depreciation for the first and second year

using the straight-line and DDB methods.

b. The IIT components of ownership cost based on

average annual value are:

Tax: 2%

Insurance: 2%

Interest: 7%

What cost per hour of operation would you charge to cover IIT?

13.4 You have just bought a used track-type tractor to add to

your production fleet. The initial capitalized value of the tractor

is $110,000. The estimated service life remaining on the tractor

is 10,000 hours and the anticipated operating conditions across

the remainder of its life are normal. The salvage value of the

tractor is $12,000. The tractor was purchased on July 1, 1997.

a. What amount of depreciation will you claim for each

calendar year between 2007 and 2010?

b. What percent of the total depreciable amount is taken

in the first year?

c. The IIT components of ownership cost based on

average annual value are:

Tax: 3%

Insurance: 2%

Interest: 8%

What cost per hour of operation would you charge to

cover IIT?

d. If the total average operating cost for the tractor is

$23.50 per hour and the amount of overhead cost

prorated to this tractor for the year is $4,000, what

would be your total hourly cost for the operation of the

tractor (during the first year of its service life)?

13.5 Verify the 5- and 7-year property class percentage given

in Table 12.4 by applying the 200% DB approach to a piece of

equipment with a nominal value of $1,000. For the 7-year

property class, in what year is the switch from 200% DB to

straight line made based on the percentages given in the table?
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Laser-Based Machine Control

Construction equipment using laser control technology can achieve higher levels

of productivity. The guiding of road construction equipment in curving contours

requires references such as hubs, staking, or elevated string lines. These

benchmarks limit productivity because their installation is slow, subject to human

error, and requires skilled operators to accurately steer the machine using

rudimentary control methods. Attempts to guide equipment in curves using radio

communication have been tried but this solution is still slow and unreliable.

New systems use three modules to control the piece of equipment:

1. Survey plans are uploaded in a total station using a laptop computer. The total

station converts the digital information into an infrared laser beam.

2. A receiver, mounted on the blade of the equipment, intercepts the laser beam

emitted by the total station and continuously determines (20 upgrades per

second) the blade’s current position and grade with respect the theoretical ones

defined by the designer plans.

3. The interface between the positioning information and the actual steering of the

equipment is performed through the use of a control system device, which

converts the digital data into machine hydraulic valve pulses.

The main benefit of these systems is the obvious gain of productivity generated

by this innovation. According to some research carried out by manufacturers of such

guide systems, the laser devices can triple the productivity of equipment on highway

projects as well as drastically increase their levels of precision and performance.

Laser-based systems represent the next generation of equipment controlling devices

bringing an alternative to the existing slower and unreliable manual systems.

Grader with TopCon 3D-MC

Computer and Total station

Receiver
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14.1 PRODUCTIVITY CONCEPTS

Now that a basis for charging each unit of production has been established, the rate of

production, or the number of productive units that can be generated per hour, per day, or

other period of time must be considered. Our discussions here will be limited primarily

to heavy construction units such as haulers, graders, and dozers. The concepts devel-

oped, however, are applicable to all types of construction equipment performing

basically repetitive or cyclic operations. The cycle of an equipment piece is the sequence

of tasks, which is repeated to produce a unit of output (e.g., a cubic yard, a trip load, etc.).

There are two characteristics of the machine and the cycle that dictate the rate of

output. The first of these is the cyclic capacity of the machine or equipment, which

establishes the number of units produced per cycle. The second is the cyclic rate or speed

of an equipment piece. A truck, for instance, with a capacity of 16 cubic yards, can be

viewed as producing 16 yards each time it hauls. The question of capacity is a function of

the size of the machine, the state of the material that is to be processed, and the unit to be

used in measurement. A hauler such as a scraper pan usually has a rated capacity,

‘‘struck,’’ versus its ‘‘heaped’’ capacity. The bowl of the scraper can be filled level

(struck), yielding one capacity, or can be filled above the top to a heaped capacity. In

both cases, the earth hauled tends to take on air voids and bulks, yielding a different

weight per unit volume than it had in the ground when excavated (i.e., its in situ

location). The material has a different weight-to-volume ratio when it is placed in its

construction location (e.g., a road fill, an airport runway) and is compacted to its final

density. This leads to three types of measure: (a) bank cubic yards (cu yd [bank], in situ

volume), (b) loose cubic yards (cu yd [loose]), and (c) compacted cubic yards. Payment

in the contract is usually based on the placed earth construction, so that the ‘‘pay’’ unit is

the final compacted cubic yard. The relationship between these three measures is shown

in Figure 14.1.

The relationship between the bulk or loose volume and the bank volume is defined by

the percent swell. In Figure 14.1, the percent swell is 30%. Percent swell is given as:

Percent swell ¼
��

1

load factor

�
� 1

�
� 100

where

Load factor ¼ pounds per cubic yard� loose

pounds per cubic yard� bank

Tables such as Table 14.1 give the load factor for various types of materials indicating

their propensity for taking on air voids in the loose state. The higher the load factor, the

smaller tendency the material has to ‘‘bulk up.’’ Therefore, with a high load factor the

loose volume and the in situ volume tend to be closer to one another. Each material has

Figure 14.1 Volume relationships.
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its own characteristic load factor. In the preceding example, the material has a load factor

of 0.77.

Percent swell ¼
��

1

0:77

�
� 1

�
� 100 ¼ 30%

Therefore, we would expect 10 yards of bank material to expand to 13 yards during

transport. The shrinkage factor relates the volume of the compacted material to the volume

of the bank material. In the example, the shrinkage factor is 10% because the bank cubic

yard is reduced by 10% in volume in the compacted state.

Table 14.1 Approximate Material Characteristicsa

Material

Pounds per Cubic

Yard—Bank

Percent

of Swell

Load

Factor

Pounds per Cubic

Yard—Loose

Clay, natural bed 2,960 40 0.72 2,130

Clay and gravel

Dry 2,960 40 0.72 2,130

Wet 2,620 40 0.72 2,220

Clay, natural bed

Anthracite 2,700 35 0.74 2,000

Bituminous 2,160 35 0.74 1,600

Earth, loam

Dry 2,620 25 0.80 2,100

Wet 3,380 25 0.80 2,700

Gravel, 1
4
–2 in.

Dry 3,180 12 0.89 2,840

Wet 3,790 12 0.89 3,380

Gypsum 4,720 74 0.57 2,700

Iron ore

Magnetite 5,520 33 0.75 4,680

Pyrite 5,120 33 0.75 4,340

Hematite 4,900 33 0.75 4,150

Limestone 4,400 67 0.60 2,620

Sand

Dry, loose 2,690 12 0.89 2,400

Wet, packed 3,490 12 0.89 3,120

Sandstone 4,300 54 0.65 2,550

Trap rock 4,420 65 0.61 2,590

aThe weight and load factor will vary with factors such as grain size, moisture content, and degree of compaction.

A test must be made to determine an exact material characteristic.

In order to understand the importance of capacity, consider the

following situation. A front-end loader has an output of 200

bank cu yd of common earth per hour. It loads a fleet of four

trucks (capacity 18 loose cu yd each), which haul the earth to a

fill where it is compacted with a shrinkage factor of 10%. Each

truck has a total cycle time of 15 min, assuming it does not

have to wait in line to be loaded. The earth has a percent swell

of 20%. The job requires a volume of 18,000 compacted cu yd.

How many hours will be required to excavate and haul the

material to the fill? Two types of productive machines are

involved: four trucks and a front-end loader. We must see

which unit or set of units is most productive. Reference all

calculations to the loose cubic yard production per hour. Then

the loader productivity (given 20% swell) is:

200 cu yd ðbankÞ=hr ¼ 1:2ð200Þ or 240 cu yd ðlooseÞ=hr
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14.2 CYCLE TIME AND POWER REQUIREMENTS

The second factor affecting the rate of output of a machine or machine combination is the

time required to complete a cycle, which determines the cyclic rate. This is a function of the

speed of the machine and, in the case of heavy equipment, is governed by (a) the power

required, (b) the power available, and (c) the usable portion of the power available that can

be developed to propel the equipment unit.

The power required is related to the rolling resistance (RR) inherent in the machine

due to internal friction and friction developed between the wheels or tracks and the

traveled surface. The power required is also a function of the grade resistance (GR)

inherent in the slope of the traveled way. RR in tracked vehicles is considered to be

zero because the track acts as its own roadbed, being laid in place as the unit advances.

The friction between track and support idlers is too small to be considered. RR for

rubber-wheeled vehicles is a function of the road surface and the total weight on the

wheels. Tables such as Table 14.2 are available in equipment handbooks giving the RR

in pounds per tons of weight. Figure 14.2 indicates visually the factors influencing

Table 14.2 Typical Rolling Resistance Factors (Caterpillar Tractor Co.)

A hard, smooth, stabilized roadway without penetration under load

(concrete or blacktop)

40 lb/ton

A firm, smooth-rolling roadway flexing slightly under load

(macadam or gravel-topped road)

65 lb/ton

Snow-packed 50 lb/ton

Loose 90 lb/ton

A rutted dirt roadway, flexing considerably under load; little maintenance,

no water (hard clay road, 1 in. or more tire penetration)

100 lb/ton

Rutted dirt roadway, no stabilization, somewhat soft under travel

(4–6 in. tire penetration)

150 lb/ton

Soft, muddy, rutted roadway, or in sand 200–400 lb/ton

Figure 14.2 Factors influencing rolling resistance.

The truck fleet production is

4 trucks � 60min=hr

15min=cycle
� 18 cu yd ðlooseÞ truck

¼ 72 cu yd ðlooseÞ � 4 cycle=hr

¼ 288 cu yd ðlooseÞ=hr for 4 trucks

Because the loader production is lower, it constrains the

system to a maximum output of 240 cu yd (loose)/hr. We must

now determine howmany loose cubic yards are represented by

18,000 cu yd (compacted).

18;000 cu yd compacted ¼ 18; 000

0:9
or 20;000 cu yd ðbankÞ

20;000 cu yd ðbankÞ ¼ 24;000 cu yd ðlooseÞ required
Therefore, the number of hours required is

Hours ¼ 24;000 cu yd ðlooseÞ
240 cu yd ðlooseÞ=hr ¼ 100

This problem illustrates the interplay between volumes

and the fact that machines that interact with other machine

cycles may be constrained or constraining.
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RR and therefore contributing to the required power that must be developed to move

the machine.

If tables are not available, a rule of thumb can be used. The rule states that the RR is

approximately 40 lbs/ton plus 30 lbs/ton for each inch of penetration of the surface under

wheeled traffic. If the estimated deflection is 2 inches and the weight on the wheels of a

hauler is 70 tons, we can calculate the approximate RR as:

RR ¼ ½40þ 2ð30Þ� lb=ton� 70 tons ¼ 7; 000 lb

The second factor involved in establishing the power required is the grade resistance.

In some cases, the haul road across which a hauler must operate will be level and, therefore,

the slope of the road will not be a consideration. In most cases, however, slopes (both uphill

and downhill) will be encountered and lead to higher or reduced power requirements based

on whether gravity is aiding or resisting movement (see Figure 14.3).

The percent grade is calculated by the ratio of rise over run, as depicted in Figure 14.3.

If, for instance, a slope rises 6 feet in 100 feet of horizontal distance, the percent grade is 6.

Similarly, a slope that increases 1.5 feet in 25 feet also has a percent grade of 6. Percent

grade is used to calculate the GR using the following relationship:

GR ¼ percent grade� 20 lb=ton=% grade � weight on wheels ðtonsÞ
If the 70-ton piece of equipment referred to previously is ascending a 6% grade, the

GR is

GR ¼ 6% grade � 20 lb=ton=% grade� 70 tons ¼ 8; 400 lb

Assuming the RR calculated above holds for the road surface of the slope and assuming

the equipment is wheeled, the total power required to climb the slope will be

Power required ¼ RRþ GR ¼ 7; 000 lbþ 8; 400 lb ¼ 15; 400 lb

If the slope is downward, an aiding force is developed, and the total power required

becomes

Power required ¼ RR� GR ¼ 7; 000 lb� 8; 400 lb ¼ �1; 400 lb
The sign of the GR becomes negative since it is now aiding and helping to overcome

the RR. Because a negative RR has no meaning, the power required on a downward 6%

grade is zero. In fact, the 1,400 lb represents a downhill thrust that will accelerate the

machine and lead to a braking requirement.

Traveled ways or haul roads normally consist of a combination of uphill, downhill, and

level sections. Therefore, the power requirement varies and must be calculated for each

section. Knowing the power required for each haul road section, a gear range that will

provide the required power can be selected. The gear range allows a speed to be developed

Figure 14.3 Grade resistance: (a) negative (resisting) force and (b) positive (aiding) force.
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and, given the speed, we can develop the time required to transit each section and the total

time required for a cycle.

Consider the haul road profile shown in Figure 14.4 with RR and percent grade values

as shown. The calculation of power required for each section of the road based on a 70-ton

machine is shown in Table 14.3. Given the power requirements, the next section indicates

how a gear range is selected. As noted previously, this allows determination of the speed

across each section and the time required.

14.3 POWER AVAILABLE

The power available is controlled by the engine size of the equipment and the drive train,

which allows transfer of power to the driving wheels or power take-off point. The amount

of power transferred is a function of the gear being used. Most automobile drivers realize

that lower gears transfer more power to overcome hills and rough surfaces. Lower gears

sacrifice speed to provide more power. Higher gears deliver less power, but allow higher

speeds. Manufacturers publish figures regarding the power available in each gear for

individual equipment pieces in equipment handbooks that are updated annually. This

information can be presented in a tabular format such as that shown in Table 14.4 or in

graphical format such as the nomograph shown in Figure 14.5.

For tracked vehicles, the power available is quoted in drawbar pull. This is the force

that can be delivered at the pulling point (i.e., pulling hitch) in a given gear for a given

tractor type. Power available for a wheeled vehicle is stated in pounds of rimpull. This is the

force that can be developed by the wheel at its point of contact with the road surface.

Manufacturers also provide information regarding rated power and maximum power.

Rated power is the level of power that is developed in a given gear under normal load and

over extended work periods. It is the base or reference level of power that is available for

continuous operation. The maximum power is just what it indicates. It is the peak power

that can be developed in a gear for a short period of time to meet extraordinary power

Table 14.3 Calculations for Haul Road Sectionsa

Section

Percent

Grade (%)

Grade

Resistance (lb)

Rolling

Resistance (lb)

Power

Required (lb)

1 0 0 4,200 4,200

2 6 8,400 2,800 11,200

3 0 0 5,600 5,600

4 �4 �5,600 5,600 0

5 0 0 2,800 2,800

aAll calculations assume travel from pit to fill.

Figure 14.4 Typical haul road profile.
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requirements. For instance, if a bulldozer is used to pull a truck out of a ditch, a quick surge

of power would be used to dislodge the truck. This short-term peak power could be

developed in a gear using the maximum power available.

Most calculations are carried out using rated power. If, for example, the power

required for a particular haul road section is 25,000 pounds based on the procedures

described in Section 14.2, the proper gear for the 270-hp track-type tractor is third gear.

This is determined by entering Table 14.4 and comparing power required with rated power.

Consider the example shown in the shaded box example.

Nomographs are designed to allow quick determination of required gear ranges as well

as the maximum speed attainable in each gear. The nomograph shown in Figure 14.5 is for

a 35-ton, off-highway truck. To illustrate the use of this figure, consider the following

problem. On a particular road construction job, the operator has to choose between two

available routes linking the select material pit with a road site fill. One route is 4.6 miles on

a firm, smooth road with a RR ¼ 50 lb/ton. The other route is 2.8 miles (one-way) on a

rutted dirt road with RR ¼ 90 lb/ton. The haul road profile in both cases is level so that

grade resistance is not a factor. Using the nomograph of Figure 14.5, we are to determine

the pounds pull to overcome RR for a loaded 35-ton, off-highway truck. The same chart

allows determination of the maximum speed.

To use the chart, consider the information in the chart regarding gross weight. The

weight in pounds ranges from 0 to 280,000 (140 tons). The weights of the truck empty and

with a 70,000-lb load (i.e., 35-ton capacity) are indicated by vertical dashed lines

The sum of the rolling resistance and grade resistance

that a particular wheel-type tractor and scraper must overcome

on a specific job has been estimated to be 10,000 lb. If the

‘‘pounds pull-speed’’ combinations listed below are for this

particular machine, what is the maximum reasonable speed of

the unit?

Third gear would be selected since the rated rimpull

is 12,190 lb. (If the total power required had been in excess

of 12,190 lb. we would select second gear because you recall

that rated pounds pull should always be used for gear

selection. The reserve rimpull of the maximum rating is

always available-at reduced speed-to pull the unit out of small

holes or bad spots.)

Pounds Rimpull

Gear Speed Rated Maximum

1 2.6 38,670 49,100

2 5.0 20,000 25,390

3 8.1 12,190 15,465

4 13.8 7,185 9,115

5 22.6 4,375 5,550

Table 14.4 Speed and Drawbar Pull (270 hp) (Track-Type Tractor)

Drawbar Pull Forwarda

Forward Reverse At Rated rpm Maximum at Lug

Gear mph km/h mph km/h lb kg lb kg

1 1.6 (2–6) 1.6 (2.6) 52,410 (23,790) 63,860 (28,990)

2 2.1 (3–4) 2.1 (3.4) 39,130 (17,760) 47,930 (21,760)

3 2.9 (4.7) 2.9 (4.7) 26,870 (12,200) 33,210 (15,080)

4 3.7 (6.0) 3.8 (6.1) 19,490 (8,850) 24,360 (11,060)

5 4.9 (7.9) 4.9 (7.9) 13,840 (6,280) 17,580 (7,980)

6 6.7 (10.8) 6.8 (10.9) 8,660 (3,930) 11,360 (5,160)

aUsable pull will depend on traction and weight of equipped tractor.
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intersecting the gross weight axis (top of chart) at approximately 56,000 lb (empty) and

126,000 lb (loaded). For this problem, the loaded line is relevant since the truck hauls loads

from pit to fill.

Next consider the slant lines sloping from lower left to upper right. These lines indicate

the total resistance (i.e., RR þ GR) in increments from 0 to 25% grade. In this problem,

there is no GR. In dealing with RR, it is common to convert it to an equivalent percent

grade. Then, the total resistance can be stated in percent grade by adding the equivalent

percent grade for rolling resistance to the slope percent grade. To convert RR to equivalent

percent grade, the following expression is used:

Equivalent percent grade ¼ ðRRÞ=ð20 lb=ton=% gradeÞ
For the RR values given in the problem, the equivalent percent grades become as

follows:

Equivalent

Route Distance RR Percent Grade

1 4.6 miles 50 1b/ton 2.5

2 2.8 miles 90 1b/ton 4.5

To determine the required pounds pull, the intersection of the slant line representing

the equivalent percent gradewith the load vertical line is located. This intersection for route

1 is designated point A in Figure 14.5. The corresponding point for route two is labeled B.

The pounds required value is found using these points by reading horizontally across

to the y axis, which gives the rimpull in pounds. For route 1, the approximate power

Figure 14.5 Gear requirements chart-35-ton, off-highway truck (Caterpillar Tractor Co.).
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requirement is 2,500 pounds. The requirement for route 2 is 5,500 pounds. Points A and B

are also used to determine the maximum speed along each route.

Consider the curves descending from the upper left-hand corner of the chart to the

lower right side. As labeled, these curves indicate the deliverable power available in first,

second, and third ranges as well as the speed that can be developed. At 25,000 pounds of

rimpull, for example, on the y axis, reading horizontally to the right the only range

delivering this much power is first range (see point C). Reading vertically down to the x

axis, the speed that can be achieved at this power level is approximately 5 mph.

Proceeding in a similar manner, it can be determined that two ranges, second and third,

will provide the power necessary for route 2 (i.e., 5,500 lb). Reading horizontally to the

right from point B, the maximum speed is developed in third range at point D. Referencing

this point to the x axis, the maximum speed on route 2 is found to be approximately 19

mph. Route 1 requires considerably less power. Again reading to the right, this time from

point A, the third range provides a maximum speed of approximately 41 mph (see point E).

Now, having established the maximum speeds along each route and knowing the

distances involved, it should be simple to determine the travel times required. Knowl-

edge of the speeds, however, is not sufficient to determine the travel times since the

requirements to accelerate and decelerate lower the effective speed between pit and fill.

Knowing the mass of the truck and the horsepower of the engine, the classic equation,

force¼mass� acceleration (F¼ma), would allow determination of the time required to

accelerate to and decelerate from maximum speed. This is not necessary, however, since

the equipment handbooks provide time charts that allow direct readout of the travel time

for a route and piece of equipment, given the equivalent percent grade and the distance.

These charts for loaded and empty 35-ton trucks are given in Figure 14.6. Inspection of

the chart for the loaded truck indicates that the distance to be traveled in feet is shown

along the x axis. The equivalent percent grade is again shown as slant lines sloped from

lower left to upper right. Converting the mileages given to feet yields the values 24,344

feet for route 1 and 14,784 feet for route 2. Entering the chart, with an equivalent percent

grade of 4.5 for route 2, the travel time can be read (on the y axis), as 9.5 min.

A problem develops in reading the travel time for route 1 since the maximum distance

shown on the chart is 16,000. One way of reconciling this problem is to break the 24,344

into two segments: (a) 16,000 ft as shown and (b) the 8,344 ft remaining. The assumption is

made that the 8,344 feet is traveled at the maximum speed determined previously to be 41

mph. At this speed, the travel time for this segment is

T2 ¼ ½8; 344 ft ð60 mi=hrÞ�=½ð41 mi=hrÞð5; 280 ft=miÞ� ¼ 2:31 min

The time for the remaining 16.000 feet is read from the chart as 7.2 min. It is assumed

that acceleration and deceleration effects are included in this time. Therefore, the required

time for route 1 is also 9.5 min (T1þ T2¼ 7.2þ 2.31). Therefore, the decision as to which

route to use is based on wear and tear on the machines, driver skill, and other considera-

tions. This problem illustrates the development of time, given information affecting power

required and power available. Using the same procedure, the travel time empty returning to

the pit from the fill can be determined and total cycle time can be determined.

14.4 USABLE POWER

To this point, it has been assumed that all of the available, power is usable and can be

developed. Environmental conditions play a major role in determining whether the power

available can be used under operating conditions. The two primary constraints in using the

available power are the road surface traction characteristics (for wheeled vehicles) and the

altitude at which operations are conducted. Most people have watched the tires of a

powerful car spin on a wet or slippery pavement. Although the engine and gears are
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delivering a certain horsepower, the traction available is not sufficient to develop this power

into the ground as a driving force. Combustion engines operating at high altitudes

experience a reduction in oxygen available within the engine cylinders. This also leads

to reduced power.

Consider first the problem of traction. The factors that influence the usable power that

can be developed through the tires of wheeled vehicles are the coefficient of traction of the

surface being traveled and the weight of the vehicle on the driving wheels.

The coefficient of traction is a measure of the ability of a particular surface to

receive and develop the power being delivered to the driving wheels and has been

determined by experiment. The coefficient of traction obviously varies based on the

surface being traversed and the delivery mechanism (i.e., wheels, track, etc.). Table 14.5

gives typical values for rubber-tired and tracked vehicles on an assortment of surface

materials.

The power that can be developed on a given surface is given by the expression:

Usable pounds pull ¼ ðcoefficient of tractionÞ � ðweight on driversÞ
In the consideration of RR and GR, the entire weight of the vehicle or combination was

used. In calculating the usable power, only theweight on the driving wheels is used because

it is the weight pressing the driving mechanism (e.g., wheels) and surface together.

Figure 14.6 Travel time: (a) empty and (b) loaded (Caterpillar Tractor Co.).
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Equipment handbooks specify the distribution of load to all wheels for both empty and

loaded vehicles and combinations. The weight to be considered in the calculation of usable

power for several types of combinations is shown in Figure 14.7. To illustrate the constraint

imposed by usable power, consider the following situation. A 30-yard capacity, two-wheel

tractor-scraper is operating in sand and carrying 26-ton loads. The job superintendent is

concerned about the high RR of the sand (RR ¼ 400 lb/ton) and the low traction available

in sand. The question is: Will the tractors have a problem with 26-ton loads under these

conditions? The weight distribution characteristics of the 30-yard tractor-scraper are

as follows:

Empty

Weight (lb) Percentage (%)

Loaded

Weight (lb) Percentage (%)

Drive wheels 50,800 67 76,900 52

Scraper wheels 25,000 33 70,900 48

Total weight 75,800 100 147,800 100

The difference between the total weight empty and loaded is 72,000 pounds, or 36 tons.

The loaded weight with 26-ton loads would be 127,800 pounds.

Figure 14.7 Determination of driver weights.

Table 14.5 Coefficients of Traction

Materials Rubber Tires Tracks

Concrete .90 .45

Clay loam, dry .55 .90

Clay loam, wet .45 .70

Rutted clay loam .40 .70

Dry sand .20 .30

Wet sand .40 .50

Quarry pit .65 .55

Gravel road (loose, not hard) .36 .50

Packed snow .20 .25

Ice .12 .12

Firm earth .55 .90

Loose earth .45 .60

Coal, stockpiled .45 .60
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Assuming the same weight distribution given above for fully loaded vehicles, the

wheel loads would be as follows:

Percentage (%) Weight in Pounds

Drive wheels 52 66,456

Scraper wheels 48 61,344

Total 100 127,800

The resisting force (assuming a level haul site) would be

Pounds required ¼ 400 lb=ton� 63:9 tons ¼ 25; 560 1b

The deliverable or usable power is

Usable power ¼ 0:20� 66; 4561b ¼ 13; 291:20 1b

Quite obviously, there will be a problem with traction since the required power is

almost twice the power that can be developed. The ‘‘underfoot’’ condition must be

improved. A temporary surface (e.g., wood or steel planking) could be installed to improve

traction. One simple solution would be to simply wet the sand. This yields an increased

usable power:

Usable power ¼ 0:40� 66; 4561b ¼ 26; 582:41b > 25; 560 1b

The impact of usable power constraints can be shown graphically (see Figure 14.8).

Now, if the total resistance of the unit (RR plus GR) is 10,000 pounds, then an operating

range for the machine is indicated in Figure 14.8b.

The altitude at which a piece of equipment operates also imposes a constraint on the

usable power. As noted previously, the oxygen content decreases as elevation increases, so

that a tractor operating in Bogota, Colombia (elevation 8,600 feet), cannot develop the

Figure 14.8 Impact of

usable power

constraints.
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same power as one operating in Atlanta, Georgia (elevation 1,050 feet). A good rule of

thumb to correct this effect is as follows: Decrease pounds pull 3% for each 1,000 feet

(above 3,000 feet). Therefore, if a tractor is operating at 5,000 feet above sea level, its

power will be decreased by 6%.

14.5 EQUIPMENT BALANCE

In situations in which two types of equipment work together to accomplish a task, it is

important that a balance in the productivity of the units be achieved. This is desirable so

that one unit is not continually idle waiting for the other unit to ‘‘catch up.’’ Consider the

problem of balancing productivity within the context of a pusher dozer loading a tractor

scraper. A loading simple model of this process is shown in Figure 14.9. The circles

represent delay or waiting states, while the squares designate active work activities with

associated times that can be estimated. The haul unit is a 30 cubic yard scraper, and it is

loaded in the cut area with the aid of a 385-horsepower pusher dozer. The system consists

of two interacting cycles.

Assume that in this case the 30-cubic yard tractor scraper is carrying rated capacity and

operating on a 3,000-foot level haul where the RR developed by the road surface is 40 lb/

ton. Using the standard formula, this converts to

Effective grade ¼ ðRRÞ=ð20 lb=ton=% gradeÞ
¼ ð40 lb=tonÞ=ð20 lb=ton=% gradeÞ ¼ 2% grade

By consulting the charts given in Figure 14.10, the following travel times can be

established:

1. Time loaded to fill: 1.4 min

2. Time empty to return: 1.2 min

Assume further that the dump time for the scraper is 0.5 minutes and the push time

using a track-type pusher tractor is 1.23 minutes, developed as follows:

Load time ¼ 0.70

Boost time ¼ 0.15

Transfer time ¼ 0.10

Return time ¼ 0.28

Total ¼ 1.23 minutes

Using these deterministic times for the two types of flow units in this system (i.e., the

pusher and the scrapers), the scraper and pusher cycle times can be developed, as shown in

Figure 14.11.

Figure 14.9 Scraper-pusher

dual-cycle model.
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Figure 14.10 Travel time nomographs (Caterpillar Tractor Co.).

Figure 14.11 Scraper-pusher cycle times.
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Pusher cycle ¼ 1:23 minutes

Scraper cycle ¼ 0:95þ 1:2þ 1:4þ 0:5 ¼ 4:05 minutes

These figures can be used to develop the maximum hourly production for the pusher

unit and for each scraper unit as follows.

Maximum system productivity (assuming a 60-min working hour)

1. Per scraper

Prod ðscraperÞ ¼ ð60 min=hr 4:05 minÞ � 30 cu yd ðlooseÞ ¼ 444:4 cu yd ðlooseÞ=hr
2. Based on single pusher

Prod ðpusherÞ ¼ ð60=1:23Þ � 30 cu yd ðlooseÞ ¼ 1; 463:4 cu yd ðlooseÞ=hr
Using these productivities based on a 60-minute working hour, it can be seen that the

pusher is much more productive than a single scraper and would be idle most of the time if

matched to only one scraper. By using a graphical plot, the number of scrapers that are

needed to keep the pusher busy at all times can be determined.

The linear plot of Figure 14.12 shows the increasing productivity of the system as the

number of scrapers is increased. The productivity of the single pusher constrains the total

productivity of the system to 1,463.4 cubic yards. This is shown by the dotted horizontal

line parallel to the x axis of the plot. The point at which the horizontal line and the linear

plot of scraper productivity intersect is called the balance point. The balance point is the

point at which the number of haul units (i.e., scrapers) is sufficient to keep the pusher unit

busy 100% of the time.

To the left of the balance point, there is an imbalance in system productivity between the

two interacting cycles; this leaves the pusher idle. This idleness results in lost productivity.

Figure 14.12 Productivity plot.
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The amount of lost productivity is indicated by the difference between the horizontal line

and the scraper productivity line. For example, with two scrapers operating in the system, the

ordinate AB of Figure 14.12 indicates that 574.6 cubic yard, or a little less than half of the

pusher productivity, is lost because of the mismatch between pusher and scraper productivit-

ies. As scrapers are added, this mismatch is reduced until, with four scrapers in the system,

the pusher is fully used. Now the mismatch results in a slight loss of productivity caused by

idleness of the scrapers. This results because, in certain instances, a scraper will have to wait

to be loaded until the pusher is free from loading a preceding unit. If five scraper units

operate in the system, the ordinate CD indicates that the loss in the productive capacity of the

scraper because of delay in being push loaded is

Productive loss ¼ 5ð444:4Þ � 1463:4 ¼ 758:6 cu yd

This results because the greater number of scrapers causes delays in the scraper

queue of Figures 14.9 and 14.11 for longer periods of time. The imbalance or mismatch

between units in dual-cycle systems resulting from deterministic times associated with

unit activities is called interference. It is due only to the time imbalance between the

interacting cycles. It does not consider idleness or loss of productivity because of

random variations in the system activity durations. In most cases, only a deterministic

analysis of system productivity is undertaken because it is sufficiently accurate for the

purpose of the analyst.

14.6 RANDOMWORK TASK DURATIONS

The influence of mismatches in equipment fleets and crew mixes on system productivity

was discussed in the last section in terms of deterministic work task durations and cycle

times. In systems in which the randomness of cycle times is considered, system

productivity is reduced further. The influence of random durations on the movement

of resources causes various units to become bunched together and thus to arrive at and

overload work tasks. Resulting delays impact the productivity of cycles by increasing the

time that resource units spend in idle states pending release to productive work tasks.

Consider the scraper-pusher problem and assume that the effect of random variation in

cycle activity duration is to be included in the analysis.

In simple cases such as the two-cycle system model of Figure 14.9, mathematical

techniques based on queuing theory can be used to develop solutions for situations in which

the random arrival of scrapers to the dozer can be postulated. To make the system amenable

to mathematical solution, however, it is necessary to make certain assumptions about the

characteristics of the system that are not typical of field construction operations.

Figure 14.13 indicates the influence of random durations on the scraper fleet

production. The curved line of Figure 14.13 slightly below the linear plot of production

based on deterministic work task times shows the reduction in production caused by the

addition of random variation of cycle activity times. This randomness leads to bunching of

the haulers on their cycle. With deterministic work task times, the haul units are assumed to

be equidistant in time from one another within their cycle.

In deterministic calculations, all three of the haul units shown in Figure 14.14a are

assumed to be exactly 1.35 minutes apart. In this system, there are three units, and the

hauler cycle time is taken as a deterministic value of 4.05 minutes. In systems that

include the effect of random variation of cycle times, ‘‘bunching’’ eventually occurs

between the units on the haul cycle. That is, the units do not stay equidistant from one

another but are continuously varying the distances between one another. Therefore, as

shown in Figure 14.14b, a situation often occurs in which the units on the haul are

unequally spaced apart in time from one another. This bunching effect leads to increased

idleness and reduced productivity. It is intuitively clear that the three units that are
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bunched as shown in Figure 14.14b will be delayed for a longer period at the scraper

queue since the first unit will arrive to load only 1.05 minutes instead of 1.35 minutes in

advance of the second unit. The bunching causes units to ‘‘get into each other’s way.’’

The reduction in productivity caused by bunching is shown as the shaded area in

Figure 14.13 and occurs in addition to the reduction in productivity caused by mis-

matched equipment capacities.

This bunching effect is most detrimental to the production of dual-cycle systems

such as the scraper-pusher process at the balance point. Several studies have been

conducted to determine the magnitude of the productivity reduction at the balance point

because of bunching. Simulation studies conducted by the Caterpillar Tractor Company

indicate that the impact of random time variation is the standard deviation of the cycle

time distribution divided by the average cycle time. Figure 14.15 illustrates this

relationship graphically.

As shown in the figure, the loss in deterministic productivity at the balance point is

approximately 10% due to the bunching; this results in a system with a cycle coefficient

of variation equal to 0.10. The probability distribution used in this analysis was

Figure 14.14 Comparison of haul unit

cycles.

Figure 14.13 Productivity curve to include effect of random cycle times.

250 Chapter 14 Equipment Productivity



E1C14_1 09/21/2010 251

lognormal. Other distributions would yield slightly different results. The loss in

productivity in equipment-heavy operations such as earthmoving is well documented

and recognized in the field, mainly because of the capital-intensive nature of the

operation and the use of scrapers in both single-unit operations and fleet operations.

To some extent, field policies have emerged to counteract this effect by occasionally

breaking the queue discipline of the scrapers so that they self-load when bunching effects

become severe. The resulting increased load and boost time for the scraper add little to

the system productivity, but it does break down the bunching of the scrapers.

REVIEW QUESTIONS AND EXERCISES

14.1 A customer estimates that he is getting 30 cubic yards

(loose) of gypsum in his scraper. Determine the percent over-

load if the load estimate is correct. The maximum load capacity

of the scraper is 84,000 pounds.

14.2 Stripping overburden in the Illinois coal belt, the Dusty

Coal Company uses 270-horsepower, track-type tractors (with

direct-drive transmissions) and drawn scrapers. The overburden

is a very soft loam that weighs 2,800 lb/yd (loose). Estimated

RR factor for the haul road is 300 lb/ton. If the scraper weighs

35,000 lb (empty) and carries 25 loose cubic yards per trip, what

is the RR of the loaded unit? What operating gear and speed do

you estimate for the loaded machines on level ground? (See

Table 14.4.)

14.3 The ABC Company is planning to start a new operation

hauling sand to a ready-mix concrete plant. The equipment

superintendent estimates that the company-owned 30-yard

wheel tractor scrapers can obtain 26-ton loads. He is concerned

about the high RR of the units in the sand (RR factor 250 lb/ton)

and the low tractive ability of the tractors on this job. Will

traction be a problem? If so, what do you suggest to help?

14.4 Estimate the cycle time and production of a 30-cubic-yard

wheel tractor scraper carrying rated capacity, operating on a

4,500-foot level haul. The road flexes under load, has little

maintenance, and is rutted. Material is 3000 lb/BCY. The

scrapers are push-loaded by one 385-horsepower, track-type

pusher tractor. How many scrapers can be served by this one

pusher?

14.5 How many trips would one rubber-tired Herrywampus

have to make to backfill a space with a geometrical volume of

5400 cubic yard? The maximum capacity of the machine is 30

cubic yard (heaped), or 40 tons. The material is to be compacted

with a shrinkage of 25% (relative to bank measure) and has a

swell factor of 20% (relative to bank measure). The material

weighs 3,000 lb/cu yd (bank). Assume that the machine carries

its maximum load on each trip. Check by both weight and

volume limitations.

14.6 You own a fleet of 30-cubic-yard tractor-scrapers and

have them hauling between the pit and a road construction job.

The haul road is clayey and deflects slightly under the load of

the scraper. There is a slight grade (3%) from pit at the fill

location. The return road is level. The haul distance to the dump

location is 0.5 miles and the return distance is 0.67 miles. Four

scrapers are being used.

a. What is the rimpull required when the scraper is full

and on the haul to the fill?

b. What are the travel times to and from the dump

location (see Figure 14.10)?

Figure 14.15 Plot of cycle time coefficient of variation.

Review Questions and Exercises 251



E1C14_1 09/21/2010 252

c. The scrapers are push loaded in the pit. The load time

is 0.6 min. What is the cycle time of the pusher dozer?

d. Is the system working at, above, or below the balance

point? Explain.

e. What is the production of the system?

14.7 You are excavating a location for the vault shown

below. The top of the walls shown are 1 foot below grade.

All slopes of the excavation are 2 to 1 to a toe 1 foot outside

the base of the walls. The walls sit on a slab 1 foot in depth.

Draw a sketch of the volume to be excavated, break it into

components, and calculate the volume. The material from the

excavation is to be used in a compacted fill. The front-end

loader excavating the vault has an output of 200 bank cubic

yards of common earth per hour. It loads a fleet of four trucks

(capacity 18 loose cubic yards each) that haul the earth to a fill

where it is compacted with a shrinkage factor of 10%. Each

truck has a total cycle time of 15 minutes, assuming it does not

have to wait in line to be loaded. The earth has a swell factor of

20%. How many hours will it take to excavate and haul the

material to the fill?

a. What is the production of this system in cubic yards

per hour, assuming the trucks carry 35 cubic yard per

load?

b. Is the system working at, above, or below its balance

point?

c. If there is probability of major delay on the travel

elements to and from the fill of 7% and the mean value

of delay is 5 minutes, what is the new system

production?

14.8 You have four 35-ton, off-highway trucks hauling from a

pit to an airfield job. The haul road is maintained by a patrol

grader and has a rolling resistance of 80 lb/ton. The road is

essentially level and the distance one-way is 2.1 miles. The

gross weight of the truck when loaded is 70 tons.

a. What is the power required on the haul to the fill

location?

b. What is the maximum speed when hauling to the fill?

c. What are the travel times to and from the fill (i.e.,

loaded, and empty)? The trucks are being loaded by a

shovel with a 5-yard bucket (assume seven load cycles

per truck load). The cycle time for the shovel is 0.5

minutes.

d. What is the total truck cycle time?

e. Is the new system above or below the balance point?

14.9 You are given the following information about a dry-

batch paving operation. You are going to use one mixer that has

a service rate of 30 services per hour. The dry-batch trucks you

use for bringing concrete to the paver have an arrival rate of 7.5

arrivals per hour. Each truck carries 6 cubic yard of concrete.

You have a total amount of 13,500 cubic yard of concrete to

pour. You rent a truck at $15 per hour and the paver at $60 per

hour. If the job takes more than 80 hours, you pay a penalty of

$140 per hour owing to delays in job completion. On the basis of

least cost, determine the number of trucks you should use. Plot

the cost versus the number of trucks used.

14.10 The superintendent in a concrete batch plant has meas-

ured the following cycle times for a large pouring operation, for

which he is using 10 trucks of 9 cubic yards each.

Cycle # Duration (min)

1 30.5

2 25.4

3 27.3

4 29.1

5 23.5

6 24.3

7 19.8

8 25.8

9 23.7

10 25.1

a. What is the productivity of this system, in cubic yards

per hour?

b. What is the approximate loss of productivity due to the

bunching effect explained in 14.6? Use the Caterpillar

method.

c. Using the results from (b), what would be the theo-

retical productivity of this system without considering

the bunching effect? Hint: If the loss of productivity

is 9%, then the theoretical productivity would be

[Actual productivity (from a)]/(1–9%)
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Biometric Identification Recognition

The access control system plays a major role in site security.

These days, only a few engineers and managers are needed to

wholly control a 20-story building’s physical security objects

such as elevators, door locks, lights, security system control, etc.

through computerized automatic systems. Controlling and

screening personnel entering a facility is almost impossible for a

few security people to physically control. Even though visitors,

office workers, and residents are given keys or ID tags after

being screened, there is still a possibility that unauthorized

people could access important property with fake IDs or keys.

Recently, biometric technology has arisen as a new, effective, and

secure method for identification recognition of personnel.

Biometrics are computerized methods of recognizing people based on physical or

behavioral characteristics. The main biometric technologies include face recognition,
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fingerprint, hand geometry, iris, palm prints, signature, and voice.

Biometric technologies can work in two modes—authentication (one-

to-one matching) and identification (one-to-many matching). However,

only three biometrics are capable of the latter—face, finger, and iris.

This technology has great potential for controlling access to

construction work sites as well as other facilities.

15.1 LABOR RESOURCE

The manpower component of the four M’s of

construction is by far the most variable and

unpredictable. It is, therefore, the element that

demands the largest commitment of time and

effort from the management team. Manpower or

labor has four major aspects that are of interest

to management. To properly understand the

management and control of labor as a resource,

the manager must be aware of the interplay

among the following elements:

1. Labor organization

2. Labor law

3. Labor cost

4. Labor productivity

The cost and productivity components were central to the discussion of equipment

management in Chapters 13 and 14. Labor includes the added human factor. This element

can only be understood in the context of the prevailing legal and organizational climate that

is characteristic of the construction industry.

15.2 SHORT HISTORY OF LABOR ORGANIZATIONS

The history of labor organizations begins in the early 19th century, and their growth

parallels the increasing industrialization of modem society. Initially, tradesmen pos-

sessing some skill or craft began organizing into groups variously called guilds,

brotherhoods, or mechanics societies. Their objectives were to provide members,

widows, and children with sickness and death benefits. In addition, these organizations

were interested in the development of trade proficiency standards and the definition of

skill levels such as apprentice and journeyman. They were often ‘‘secret’’ brotherhoods

because such organizations were considered unlawful and illegal conspiracies posing a

danger to society.

From the 1840s until the era of the New Deal1 in the 1930s, the history of labor

organizations is the saga of confrontation between management and workers, with the

pendulum of power on the management side. With the coming of the New Deal and the

need to rejuvenate the economy during the Depression, labor organizations won striking

gains that virtually reversed the power relationship between managers and workers. The

American Federation of Labor (AFL) was organized by Samuel Gompers in 1886. This

was the first successful effort to organize skilled and craft workers such as cabinetmakers,

leather tanners, and blacksmiths. Since its inception, the AFL has been identified with

skilled craft workers as opposed to industrial ‘‘assembly line’’ type of workers. The

Biometric Identification Devices
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Building and Construction Trades Department of the AFL, which is the umbrella

organization representing all construction craft unions, was organized in 1908.

The semiskilled and unskilled factory workers in ‘‘sweat shop’’ plants and mills were

largely unorganized at the time Gompers started the AFL. Many organizations were

founded and ultimately failed in an attempt to organize the industrial worker. These

organizations, with euphonious-sounding names, such as Industrial Workers of the World

and the Knights of Labor, had strong political overtones and sought sweeping social

reforms for all workers. This was particularly attractive to immigrant workers arriving

from the socially repressive and politically stagnant atmosphere in Europe. Such organi-

zations attracted political firebrands and anarchists preaching social change and upheaval

at any cost. Confrontation with the police was common, and violent riots often led to

maiming and killing. The most famous such riot occurred in the Haymarket in Chicago

in 1886.

Gompers was seriously interested in protecting the rights of skilled workers and had

little interest in the political and social oratory of the unskilled labor organizations.

Therefore, separate labor movements representing skilled craft and semiskilled factory

workers developed and did not combine until the 1930s. This led to different national and

local organizational structures and bargaining procedures that are still used and strongly

influence the labor picture even today.

In the 1930s, industrial (i.e., factory semiskilled) workers began to organize

effectively with the support of legislation evolving during the post-Depression period.

The AFL, realizing such organizations might threaten its own dominance, recognized

these organizations by bringing them into the AFL camp with the special designation of

Federal Locals. Although nominally members, the industrial workers were generally

treated as second-class citizens by the older and more established craft unions. This led

to friction and rivalry that culminated in the formation of the Committee for Industrial

Organizations (CIO). This committee was established in 1935 unilaterally by the

industrial locals without permission from the governing body of the AFL. The act

was labeled treasonous, and the AFL board ordered the committee to disband or be

expelled. The AFL suspended the industrial unions in 1936. In response, these unions

organized as the Congress of Industrial Organizations (CIO), with John L. Lewis of the

United Mine Workers as the first CIO president. Following this rift between the

industrial and craft union movements, the need to cooperate and work together was

apparent. However, philosophical and personal differences prevented this until 1955, at

which time the two organizations combined to form the AFL–CIO. This organization

remains the major labor entity in the United States today.

15.3 EARLY LABOR LEGISLATION

The courts and legislative bodies of the land have alternately operated to retard or

accelerate the progress of labor organizations. The chronology of major items of

legislation and the significant events in the labor movement are shown in Table 15.1.

At the outset, the law was generally interpreted to check organization of labor and,

therefore, management was successful in controlling the situation. The most classic

illustration of this is the application of the Sherman Antitrust Law to enjoin workers from

organizing. The Sherman Antitrust Act had originally been enacted in 1890 to suppress

the formation of large corporate trusts and cartels, which dominated the market and acted

to fix prices and restrain free trade. The oil and steel interests formed separate cartels in

1The administration of President Franklin D. Roosevelt.
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the late 19th century to manipulate the market. More recently, Microsoft Corporation has

been reviewed by the Justice Department to prevent similar dominance in the computer

market. To break up such potential market control, the Antitrust Law provides the

government with the power to enjoin corporations from combining to control prices and

restrict trade.

In 1908, the Supreme Court ruled that the Antitrust Law could be applied to prevent

labor from organizing. The argument ran roughly as follows: ‘‘If laborers are allowed to

organize, they can act as a unit to fix wage prices and restrict free negotiation of wages.

This is a restraint of trade and freedom within the labor market.’’ Based on this

interpretation, local courts were empowered to issue injunctions to stop labor from

organizing. If a factory owner found his workers attempting to organize, he could simply

go to the courts and request an injunction forbidding such activity.

In 1914, Congress acted to offset the effect of the Sherman Antitrust Act by passing the

Clayton Act. This act authorized employees to organize to negotiate with a particular

employer. However, in most cases the employer could demonstrate that the organizing

activity was directed by parties outside the employer’s shop. This implied that the action

was not a local one and, therefore, was subject to action under the Sherman antitrust

legislation. Therefore, the injunction remained a powerful management tool in resisting

unionization.

15.4 NORRIS-LAGUARDIA ACT

The passing of the Norris–LaGuardia Act heralded the first major movement of the

power pendulum away frommanagement and toward labor. This act, sometimes referred

to as the Anti-Injunction Act, accomplished what the Clayton Act had failed to do. It

specifically stated that the courts could not intercede on the part of management so as to

obstruct the formation of labor organizations. It effectively overrode the Supreme Court

interpretation that the Sherman Antitrust Act could be applied to labor organizations. It

Table 15.1 Chronology of Labor Law and Organization

Labor Law Labor Movement

1890 Sherman Antitrust Act 1886 AFL founded by Samuel Gompers; Knights of Labor

organized factory workers1908 Supreme Court supported application to union

activity 1905 Industrial Workers of the World

1914 Clayton Act Ineffective—individual basis—as

court rules

1908 Building and Construction Trades Department of AFL

founded

1931 Davis–Bacon Act

Applied to federal contracts, wages and fringes

paid at prevailing rate

1930s AFL takes in industrial workers as federal locals

1932 Norris–LaGuardia Act (Anti-Injunction Act)

1935 Committee for Industrial Organization-AFL ordered

disbanding

1935 Wagner Act (National Labor Relations Act) 1936 Federal locals (CIO) thrown out of AFL

1938 Fair Labor Standards Act

Minimum wages, maximum hours defined

1938 Congress of Industrial Organizations

1943 Smith–Connolly Act (War-Labor Disputes Act)

Reaction to labor in wartime; ineffective

1940s Wartime strikes-labor accused of not supporting war effort

Criminal activities alleged

1946 Hobbs Act—‘‘Anti-Racketeering law’’

Protects employer from paying kickbacks to labor

1955 AFL and CIO reconcile differences and recombine as

AFL–CIO

1947 Taft–Hartley (Labor Management Relations Act)

1959 Landrum–Griffin Act (Labor Management

Reporting and Disclosures)

1964 Title IV Civil Rights Act
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curtailed the power of the courts to issue injunctions and protected the rights of

workers to strike and picket peaceably. It also outlawed the use of ‘‘yellow-dog’’

contracts on the part of management. It was a common practice to have an employee sign

a contract upon being hired in which he agreed not to join or become active in

any union organization. Such yellow-dog contracts were declared illegal by the

Norris–LaGuardia Act. This piece of legislation as interpreted by the Supreme Court

during the period of the New Deal effectively freed labor from the constraints of the

Sherman Antitrust Act.

15.5 DAVIS-BACON ACT

In 1931, a far-reaching piece of legislation was passed that even today has a significant

impact on the cost of federally funded projects throughout the United States. The Davis-

Bacon act provides that wages and fringe benefits on all federal and federally funded

projects shall be paid at the ‘‘prevailing’’ rate in the area. The level of prevailing rates is

established by the secretary of labor, and a listing of these rates is published with the

contract documents so that all contractors will be aware of the standards. To ensure that

these rates are paid, the government requires submittal by all contractors of a certified

payroll each month to the federal agency providing the funding. These rates are reviewed to

determine whether any violations of the Davis-Bacon pay scale have occurred. This act is

so far-reaching in its effect because much of public construction at the state and local level

may be funded in part by federal grants. A large municipal mass-transit system or

wastewater treatment plant, for instance, may be funded in part by a federal agency. In

such cases, the prevailing rates must be paid. Since the Department of Labor generally

accepts the most recently negotiated union contract rates as the prevailing ones, this allows

union contractors to bid without fear of being underbid by nonunion contractors paying

lower wage rates.

15.6 NATIONAL LABOR RELATIONS ACT

The National Labor Relations Act, also referred to as the Wagner Act, is a landmark

piece of legislation that established a total framework within which labor management

relations are to be conducted. Its central purposes are to protect union-organizing

activity and encourage collective bargaining. Employers are required to bargain in good

faith with the properly chosen representatives of the employees. Among other things, it

establishes the procedures by which labor can organize and elect representatives.

Discrimination against an employee for labor-organizing activities or participation in

a union is forbidden by this act.

Employer unfair labor practices defining precisely what actions are not acceptable in

management dealings with labor are specified. These practices are summarized in

Table 15.2. Comparable unfair practices on the part of labor in dealing with management

were not defined. It was assumed that labor was the abused party and would act equitably

in its dealings with management. This trust had to be specifically spelled out later in the

Taft-Hartley Act.

The act also established a ‘‘watch dog’’ organization to ensure its provisions were

properly administered. This organization is the National Labor Relations Board (NLRB).

The NLRB acts as the clearinghouse for all grievances and issues leading to complaints by

labor against management and vice-versa. It is the highest tribunal below the Supreme

Court for settling labor disputes and rules on most issues affecting labor–management

relationships.

The act also established the concept of a closed shop. For years, labor organizations

had fought for the right to force all members of a particular work activity (shop) to be

15.6 National Labor Relations Act 257



E1C15_1 10/01/2010 258

members of a union. If the majority voted for union membership, then towork in the shop, a

new employee had to belong to the union. This is in contrast to the open shop in which

employees are not organized and do not belong to a union. The Wagner Act endorsed

the concept of the closed shop and made it legal. This concept was later revoked by the

Taft-Hartley Act and replaced by the union shop. The closed shop was attacked as illegal on

the basis that it infringed upon a person’s ‘‘right to work’’ and freedom of choice regarding

union membership. The union shop will be discussed later in the section on the Taft-

Hartley Act.

15.7 FAIR LABOR STANDARDS ACT

The Fair Labor Standards Act is commonly referred to as the minimum wage law. It was

originally passed in 1938 and establishes the minimum wages and maximum hours for all

workers. The minimum wage level is periodically changed to be consistent with changing

wage rates. The law defines the 40-hour work week and time over this amount as overtime.

It is, generally, an outgrowth of the child labor abuses that occurred in the 19th century. It

also forbids discrimination by establishing the concept of ‘‘equal pay for equal work.’’

Recent arguments against increasing the minimum wage have hinged on the ideas that

certain menial and domestic tasks that could provide unskilled workers with employment

have become so expensive that it no longer is reasonable to perform them. The clearing of

Table 15.2 Employer Unfair Labor Practices

Under the National Labor Relations Act, as amended, an employer commits an unfair

labor practice if he:

1. Interferes with, restrains, or coerces employees in the exercise of rights protected by the act,

such as their right of self-organization for the purposes of collective bargaining or other mutual

assistance {Section 8(a)(1)}.

2. Dominates or interferes with any labor organization in either its formation or its administration

or contributes financial or other support to it {Section 8(a)(2)}. Thus ‘‘company’’ unions

dominated by the employer are prohibited, and employers may not unlawfully assist any union

financially or otherwise.

3. Discriminates against an employee in order to encourage or discourage union membership

{Section 8(a)(3)}. It is illegal for an employer to discharge or demote an employee or to single

him out in any other discriminatory manner simply because he is or is not a member of a union.

In this regard, however, it is not unlawful for employers and unions to enter into compulsory

union-membership agreements permitted by the National Labor Relations Act. This is subject to

applicable state laws prohibiting compulsory unionism.

4. Discharges or otherwise discriminates against an employee because he has filed charges or given

testimony under the act {Section 8(a)(4)}. This provision protects the employee from retaliation

if he seeks help in enforcing his rights under the act.

5. Refuses to bargain in good faith about wages, hours, and other conditions of employment with

the properly chosen representatives of his employees {Section 8(a)(5)}. Matters concerning rates

of pay, wages, hours, and other conditions of employment are called mandatory subjects, about

which the employer and the union must bargain in good faith, although the law does not require

either party to agree to a proposal or to make concessions.

6. Enters into a hot-cargo agreement with a union {Section 8(e)}. Under a hot-cargo agreement, the

employer promises not to do business with or not to handle, use, transport, sell, or otherwise deal

in the products of another person or employer. Only in the garment industry and the construction

industry (to a limited extent) are such agreements now lawful. This unfair labor practice can be

committed only by an employer and a labor organization acting together.

Source: From Clough and Sears, Construction Contracting, 6th ed., John Wiley & Sons, New York, 1994.
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refuse and cutting of grass along roadways were done in former times by hand labor at low

wages. Increasing minimum wages make this too expensive.

15.8 UNION GROWTH

Under the provisions of the union legislation of the 1930s, the labor unions began to

flourish. As is often the case during periods of transition, in which inflexible barriers

previously existed, a vacuum in favor of labor developed. The hard line of management

was broken, and labor rushed in to organize and exploit the new situation. Along with the

benefits accruing to the worker from these events, the inevitable abuses of the unstructured

and unrestricted growth soon became apparent. In 1938, the unbridled actions of the unions

and their leaders started to swing public opinion against them. Some unions flaunted their

newfound power by introducing restrictive labor practices and wartime strikes, which

shut down plants producing critical military supplies. Criminal activities within the unions

were widespread and virtually unchecked. In 1943, Congress responded to this changing

public perception of unions by passing the War Labor Disputes Act (Smith Connolly Act).

This reflected public displeasure with the high-handed tactics and unpatriotic stance of the

labor unions. It was designed to limit strikes in critical wartime industries and expedite

settlement of disputes. It was largely ineffective but did reflect increasing public support of

legislation that would control the prerogatives of labor unions. By 1947, thirty-seven states

had enacted some form of labor control bill.

The inroadsmade by criminal elements active in union activities were recognized by the

Hobbs (Anti-Racketeering) Act of 1946. This legislation was enacted to protect employers

from threats, force, or violence by union officials extorting payments for ‘‘services

rendered.’’ Payments requested included commissions for various types of aid and assistance,

gifts for controlling labor trouble, and equipment rentals forced on the employers at

exorbitant costs. These laws and the continuing difficulties developing from abuse of power

on the part of unions set the stage for the enactment of the Taft-Hartley Act of 1947.

15.9 LABORMANAGEMENT RELATIONS ACT

The LaborManagement Relations (Taft-Hartley) Act together with theWagner Act form the

two cornerstones of U.S. labor relations legislation. The Taft-Hartley Act amended the

Wagner Act and reversed the swing of the power pendulum oncemore, still leaving labor in a

strong position, but pushing the pendulummore toward center. It is the first post-Depression

law to place effective constraints on the activities of labor. It restructured the makeup and

operation of the NLRB, attempting to give management a stronger voice and to balance

representation of labor andmanagement. Section 7 of the bill defines the rights of workers to

participate in or refrain from union activities. Section 8 provides the counterpoint to the

Employer Unfair Practices Section of the Wagner Act. It defines Union Unfair Labor

Practices, which specify tactics on the part of the labor that are illegal (see Table 15.3). The

law also established the Federal Mediation and Conciliation Service, which acts as a third

party in trying to expedite a meeting of the minds between unions andmanagement involved

in a dispute. This service has been visible in meeting with representatives of players unions

and sports team owners to work out the terms of player contracts.

Under the Taft-Hartley legislation, the president is empowered to enjoin workers on

strike (or preparing to strike) to work for an 80-day cooling-off period during which time

negotiators attempt to reach agreement on contractual or other disputes. This strike

moratorium may be invoked in industries in which a strike endangers the health of the

national economy. The president has used his powers under this provision of the law on

numerous occasions since 1947.
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Table 15.3 Union Unfair Labor Practices

Under the National Labor Relations Act, as amended, it is an unfair labor practice for a labor

organization or its agents:

1. a. To restrain or coerce employees in the exercise of their rights guaranteed in Section 15.8 of

the Taft–Hartley Act {Section 8(b)(1)(A)}. In essence Section 15.8 gives an employee the

right to join a union or to assist in the promotion of a labor organization or to refrain from

such activities. This section further provides that it is not intended to impair the right of a

union to prescribe its own rules concerning membership.

b. To restrain or coerce an employer in his selection of a representative for collective bargaining

purposes {Section 8(b)(1)(B)}.

2. To cause an employer to discriminate against an employee in regard to wages, hours, or other

conditions of employment for the purpose of encouraging or discouraging membership in a labor

organization {Section 8(b)(2)}. This section includes employer discrimination against an employee

whose membership in the union has been denied or terminated for cause other than failure to pay

customary dues or initiation fees. Contracts or informal arrangements with a union under which an

employer gives preferential treatment to union members are violations of this section. It is not

unlawful, however, for an employer and a union to enter an agreement whereby the employer

agrees to hire new employees exclusively through a union hiring hall so long as there is no

discrimination against nonunion members. Union security agreements that require employees to

become members of the union after they are hired are also permitted by this section.

3. To refuse to bargain in good faith with an employer about wages, hours, and other conditions of

employment if the union is the representative of his employees {Section 8(b)(3)}. This section

imposes on labor organizations the same duty to bargain in good faith that is imposed on

employers.

4. To engage in, or to induce or encourage others to engage in, strike or boycott activities, or to

threaten or coerce any person, if in either case an object thereof is:

a. To force or require any employer or self-employed person to join any labor or employer

organization, or to enter into a hot-cargo agreement that is prohibited by Section 8(e)

{Section 8(b)(4)(A)}.

b. To force or require any person to cease using or dealing in the products of any other producer

or to cease doing business with any other person {Section 8(b)(4)(B)}. This is a prohibition

against secondary boycotts, a subject discussed further in Section 14.18 of this text. This

section of the National Labor Relations Act further provides that, when not otherwise

unlawful, a primary strike or primary picketing is a permissible union activity.

c. To force or require any employer to recognize or bargain with a particular labor organization

as the representative of his employees that has not been certified as the representative of such

employees {Section 8(b)(4)(C)}.

d. To force or require any employer to assign certain work to the employees of a particular

labor organization or craft rather than to employees in another labor organization or craft,

unless the employer is failing to conform with an order or certification of the NLRB {Section

8(b)(4)(D)}. This provision is directed against jurisdictional disputes, a topic discussed in

Section 14.12 of this text.

5. To require of employees covered by a valid union shop membership fees that the NLRB finds to

be excessive or discriminatory {Section 8(b)(5)}.

6. To cause or attempt to cause an employer to pay or agree to pay for services that are not

performed or not to be performed {Section 8(b)(6)}. This section forbids practices commonly

known as featherbedding.

7. To picket or threaten to picket any employer to force him to recognize or bargain with a union:

a. When the employees of the employer are already lawfully represented by another union

{Section 8(b)(7)(A)}.

b. When a valid election has been held within the past 12 months {Section 8(b)(7)(B)}.

c. When no petition for a NLRB election has been filed within a reasonable period of time, not

to exceed 30 days from the commencement of such picketing {Section 8(b)(7)(C)}.

Source: From Clough and Sears, Construction Contracting, 6th ed., John Wiley & Sons, New York, 1994.
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Section 14(b) is significant in that it redefines the legality of closed-shop operations

and defines the union shop. A totally closed shop is one in which the worker must be a

union member before he or she is considered for employment. As already stated this is

declared illegal by the Taft-Hartley Act. The union shop is legal. A union shop is one in

which a nonmember can be hired. The worker is given a grace period (usually 30 days in

manufacturing shops and a shorter period in the construction industry), during which time

he or she must become a union member. If the new employee does not become a member,

the union can request that the candidate employee be released. Under the closed-shop

concept, it was much easier for the unions to block a worker from gaining employment.

This could be used to discriminate against a potential employee. The union shop gives the

worker a chance to join the union (see Figure 15.1). If the worker requests membership and

the union refuses after 30 days,2 management can ask the union to show cause why the

employee has not been admitted to membership.

The law also recognizes the concept of ‘‘agency’’ shop. In such facilities a worker can

refuse to join the union. The employee, therefore, has no vote in union affairs. The worker

must, however, pay union dues because he or she theoretically benefits from the actions of

the union and the union acts as his or her ‘‘agent.’’ If the union, for instance, negotiates a

favorable pay increase, all employees benefit and all are required to financially support the

labor representation (i.e., the union negotiators).

Because of the way in which the law regarding closed shop under the Wagner Act was

implemented, many workers felt that their constitutional right to work was being

abrogated. That is, unless they were already union members, they were not free to

work in certain firms. They had no choice. They were forced to either join the union

or go elsewhere. The Taft-Hartley Act allows the individual states to enact right-to-work

Figure 15.1 Contract typical member clause.

2The period shown in Figure 15.1 is 7 days. This is typical in the construction industry and recognizes the more

transient nature of construction work.
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laws that essentially forbid the establishment of totally union shops. States in the South and

the Southwest where unions are relatively weak have implemented this feature at the state

level. Clough and Sears explain this as follows.

Section 14(b) of the Taft-Hartley Act provides that the individual states have the right to

forbid negotiated labor agreements that require union membership as a condition of

employment. In other words, any state or territory of the United States may, if it chooses,

pass a law making a union-shop labor agreement illegal. This is called the ‘‘right-to-work’’

section of the act, and such state laws are termed right-to-work statutes. At the present

writing, 21 states have such laws in force.3 It is interesting to note that most of these state

right-to-work laws go beyond the mere issues of compulsory unionism inherent in the union

shop. Most of them outlaw the agency shop, under which nonunion workers must pay as a

condition of continued employment the same initiation fees, dues, and assessments as union

employees, but are not required to join the union. Some of the laws explicitly forbid unions

to strike over the issue of employment of nonunion workers.4

The fact that a right-to-work provision has been implemented can be detected by reading

the language of the labor agreements within a given state. In states in which no right-to-

work law is in effect, a clause is included indicating that a worker must join the union

within a specified period. Such a clause taken from an Illinois labor contract is shown in

Figure 15.1. This clause would be illegal in Georgia.

15.10 OTHER LABOR LEGISLATION

The Labor Management Reporting and Disclosure (Landrum–Griffin) Act was passed in

1959 to correct some of the deficiencies of previous legislation. Among its major objectives

were (a) the protection of the individual union member, (b) improved control and oversight

of union elections, and (c) an increased government role in auditing the records of unions.

Misappropriation of union funds by unscrupulous officials and apparent election fraud

were the central impetus in enacting this law. Under this law, all unions must periodically

file reports with the Department of Labor regarding their organization finances and other

activities. The act provides that employers cannot make payments directly to union

officials. They can, however, pay dues and fringe benefits to qualified funds of the union

for things such as health and welfare, vacation, apprenticeship programs, and the like.

Records regarding these funds are subject to review by government auditors.

Title IV of the Civil Rights Act (enacted in 1964) establishes the concept of equal

employment opportunity. This legislation was expanded by the Civil Right Act of 1991. It

forbids discrimination on the basis of race, color, religion, sex, or national origin. It is

administered by the Equal Employment Opportunity Commission (EEOC) and applies to

discrimination in hiring, discharge, conditions of employment, and classification. Its

application in the construction industry has led to considerable controversy. Individual

workers can file an unfair labor practice charge against a union because of alleged

discrimination. Unions found guilty face cease-and-desist orders as well as possible

rescission of their mandate to act as the authorized employee representative.

Executive Order 11246 issued by President Lyndon B. Johnson in 1965 further

amplified the government position on equal opportunity. It establishes affirmative action

requirements on all federal government or federally funded construction work. It is

administered by the Office of Federal Contract Compliance (OFCC). This office is

3Alabama, Arizona, Arkansas, Florida, Georgia, Idaho, Iowa, Kansas, Louisiana, Mississippi, Nebraska, Nevada,

North Carolina, North Dakota, South Carolina, South Dakota, Tennessee, Texas, Utah, Virginia, and Wyoming

now have right-to-work legislation in effect.
4Clough, R. and Sears, G. (1994) Construction Contracting (6th ed.). New York: John Wiley and Sons.
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instrumental in establishing the level of minority participation in government work. It has

spawned a number of plans for including minority contractors in federally funded projects.

Executive Order 11375 (1968) extends Order 11246 to include sex discrimination.

Contractors working on federally funded work are required to submit affirmative action

reports to the OFCC. If the plan is found to be deficient, the OFCC can suspend or terminate

the contract for noncompliance.

15.11 VERTICAL VERSUS HORIZONTAL LABOR ORGANIZATION STRUCTURE

The traditional craft unions are normally referred to as horizontally structured unions. This is

because of the strong power base that is located in the union local. Contract negotiations are

conducted at the local level and all major decisions are concentrated at the local level.

Construction unions are craft unions with a strong local organization. The local normally is

run on a day-to-day basis by the business agent. Representatives at the individual job sites

are called job stewards. The local elects officers and a board of directors on a periodic basis.

The local president and business agent may be the same individuals. The bylaws of the local

define the organizational structure and particulars of union structure. At the time of contract

negotiations, representatives from the local meet with representatives of the local union

contractors to begin discussions. The Associated General Contractors (AGC) in the local area

often acts as the contractor’s bargaining unit. This horizontal structure leads to a proliferation

of contracts and a complex bargaining calendar for the contractors’ association. If a

contractors’ group generally deals with 12 craft unions in the local area and renegotiates

contracts on an annual or biennial basis, it is obvious that the process of meeting and

bargaining can become complicated. Contracts are signed for each union operating in a given

area. The national headquarters organizations for construction craft unions normally coordi-

nate areas of national interest to the union, such as congressional lobbying, communication of

information regarding recently negotiated contracts, national conventions, printing of news-

letters and magazines, seminars, workshops, and other general activities. The real power in

most issues, however, is concentrated at the local level. The horizontal organization then is

similar to a confederation, with strength at the bottom and coordination at the top.

Vertically structured unions tend to concentrate more of the power at the national level.

Significantly, labor contracts are negotiated at the national level. This means a contract is

signed at the national level covering work throughout the country. This is considerably

more efficient than the hundreds of locally negotiated contracts that are typical of

horizontally structured unions. The industrial unions of the CIO have traditional organi-

zation in a vertical structure, whereas the construction unions of the AFL maintain the

strong local horizontal structure. The construction elements within industrial unions

usually follow the example of the parent union. The construction workers of the United

Mine Workers (UMW) are an example of this. They sign a single contract with the mine

owners covering all of the crafts from operating engineers to electricians. A list of scales

covering all specialties (i.e., craft disciplines) is contained in the national contract. Since

the members of the union are mine construction workers first and carpenters, operators, or

electricians second, the jealousy regarding so-called craft lines and jurisdiction is less

pronounced. It is not uncommon to see an equipment operator in a vertically structured

union get down from a tractor and do some small carpentry. This would be impossible in a

horizontally organized craft union situation because the carpenters would immediately

start a jurisdictional dispute.

15.12 JURISDICTIONAL DISPUTES

In addition to the fragmentation of contracts by craft and local area, one of the major

difficulties inherent in the horizontal craft structured union is the problem of craft
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jurisdiction. Job jurisdiction disputes arise when more than one union claims jurisdiction

over a given item of work. This is true primarily because many unions regard a certain type

of work as a proprietary right and jealously guard against any encroachment of their

traditional sphere by other unions. As technology advances and new products are

introduced, the question of which craft most appropriately should perform the work

involved inevitably arises. A classical example in building construction is provided by the

introduction of metal window and door frames. Traditionally, the installation of windows

and doors had been considered a carpentry activity. However, the introduction of metal

frames led to disputes between the carpenters and the metal workers as to which union had

jurisdiction in the installation of these items. Such disputes can become heated and lead to a

walkout by one craft or the other. This may shut down the job. The contractor is sometimes

simply an innocent bystander in such instances. If these disputes are not settled quickly, the

repercussions for client and contractor can be serious, as indicated by the following excerpt

from Engineering News Record:

The nozzle-dispute on the $1-billion Albany, N.Y., mall project has caused hundreds of

stoppages on that job, which employs over 2,000 persons. The argument revolves around

whether the teamster driving a fuel truck or the operating engineer running a machine shall

hold the nozzle during the fueling operation. Both unions claim the job. Because holding the

nozzle involves a certain amount of work, the question is why either union should want it,

since regardless of which man does the job, the other still gets paid. The answer undoubtedly

is that the union that gets jurisdiction will eventually be able to claim the need for a helper.

This particular dispute has been reported as plaguing contractors in many states, including

West Virginia, Oklahoma, Missouri, California and Washington.5

Although this is a rather extreme example, it is indicative of the jealousies that can

arise between crafts.

Concern on the part of unions for jurisdiction is understandable because rulings that

erode their area of work ultimately can lead to the craft slowly dwindling into a state of

reduced work responsibilities and, eventually, into extinction. Therefore, the craft unions

jealously protect their craft integrity. The following clause from a contract indicates how

comprehensive the definition of craft responsibility can become.

Scope of Work

This Agreement shall cover all employees employed by the Employer engaged in work

coming under all classifications listed under the trade autonomy of the United Brotherhood

of Carpenters and Joiners of America.

The trade autonomy of the United Brotherhood of Carpenters and Joiners of America

consists of the milling, fashioning, joining, assembling, erection, fastening or dismantling of

all material of wood, plastic, metal, fiber, cork and composition, and all other substitute

materials and the handling, cleaning, erecting, installing and dismantling of machinery,

equipment and all materials by members of the United Brotherhood.

Our claim of jurisdiction, therefore, extends over the following divisions and sub-

divisions of the trade: Carpenters and Joiners; Millwrights; Pile Drivers; Bridge, Dock and

Wharf Carpenters; Divers; Underpinners; Timbermen and Core Drillers; Shipwrights, Boat

Builders, Ship Carpenters; Joiners and Caulkers; Cabinet Makers, Bench Hands, Stair

Builders, Millmen; Wood and Resilient Floor Layers, and Finishers; Carpenter Layers;

Shinglers; Siders; Insulators; Acoustic and Dry Wall Applicators; Shorers and House

Movers; Loggers, Lumber and Sawmill Workers; Furniture Workers, Reed and Rattan

Workers; Shingle Weavers; Casket and Coffin Makers; Box Makers, Railroad Carpenters

and Car Builders, regardless of material used; and all those engaged in the operation of

woodworking or other machinery required in the fashioning, milling or manufacturing of

5 ‘‘Low Productivity: The Real Sin of High Wages,’’ Engineering News Record, February 24, 1972.
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products used in the trade, or engaged as helpers to any of the above divisions or

subdivisions’ burning, welding, rigging and the use of any instrument or tool for layout work

incidental to the trade. When the term ‘‘carpenter and joiner’’ is used, it shall mean all the

subdivisions of the trade. The above occupational scope shall be subject to all agreements

between International Representatives.6

Jurisdictional disputes present fewer problems in vertically structured unions, since

craft integrity is not a matter that determines the strength of the union. All major

automobiles are assembled by members of the United Automobile Workers (UAW).

The UAW is a typical vertically structured union. Technological changes do not mean the

work could be shifted to another union. Therefore, UAW workers can be installing

windows today and can be moved to installation of electrical wiring next month. Craft

integrity does not have to be jealously protected.

European construction workers are organized into vertically structured unions.

National agreements in countries such as Germany cover all workers and are signed

periodically defining wage scales and general labor management procedures. Each worker

has a primary specialty and is paid at the rate established in the national agreement.

Because craft jurisdiction is not a major issue, it is not unusual to see a worker who is

operating a backhoe get down and work as part of a crew installing shoring. Similar

mobility back and forth across craft lines is common in the UMW, since it is also vertically

structured.

15.13 UNION STRUCTURE

The largest labor organization in the United States is the AFL–CIO. The building and

construction trade unions are craft unions and as such are affiliates of the Building and

Construction Trades Department of the AFL–CIO. The structure of affiliates from local to

national level is shown schematically in Figure 15.2. A list of the construction unions that

6Excerpted from Agreement Between The United Brotherhood of Carpenters and Joiners of American Local No.

44 Champaign-Urbana, Illinois, and the Central Illinois Builders Chapter of Associated General Contractors of

America.

AFL-CIO

National and
international unions

Regional
vice-presidents

International
representatives

State
AFL–CIO

Local
councils

Building and construction
trades department

State building and
construction trades

councils

Local building and
construction trades

councils

Local union

Executive council

Business agent

Job stewards

Figure 15.2 Structure typical of an

affiliate of the Building and Construction

Trades Department, AFL–CIO.
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are within the AFL–CIO is given in Table 15.4. Most construction-related unions are

presently affiliated with the AFL–CIO.

There are two ways a national union may join the AFL–CIO. The first is for an already

established union to apply for a charter. The other is for the federation to create a new union

from a related group of locals that are not members of any national union but are directly

associated with the AFL–CIO.

The top governing body of the AFL–CIO is the biennial convention. Between

conventions, the executive council runs the affairs of the federation. The members are

the president, secretary-treasurer, and several vice-presidents elected by the majority at the

convention (usually from among the presidents of the national unions). The president has

the authority to rule on any matters concerning the constitution or a convention decision

between meetings of the council.

The AFL–CIO maintains trade departments at the level directly below the executive

council. The mission of these major sections is to further unionization in the appropriate

industry or trade. They also aid in the settlement of jurisdictional disputes between the

members in their department. Disputes with a union in another department are appealed to

the executive council. Departments also represent their members before Congress and

other government agencies. The Building and Construction Trades Department is respon-

sible for all construction craft unions.

15.14 NATIONAL UNIONS

National unions are defined as those unions having collective bargaining agreements with

different employers in more than one state and federal employee unions with exclusive

bargaining rights. Because of their assumed role of collective bargaining in many areas,

the national unions have become increasingly powerful. In construction unions, however,

the locals still play the most important role in collective bargaining and, therefore, power

still resides at the local level.

Each union has exclusive jurisdiction to function as the workers’ representative in its

trade or branch of industry. The jurisdiction of most unions is at least partially set forth in

their charter and constitution. As the unions’ outlook and purposes have changed or as their

members’ jobs have altered, many unions have changed their jurisdiction as well.

The daily conduct of union business is in the hands of the national president, whose

influence is a big factor in deciding what issues the union executive board will discuss and

Table 15.4 AFL–CIO Construction Unions

1. International Association of Bridge, Structural, Ornamental, and Reinforcing Iron Workers

2. International Association of Heat and Frost Insulators and Asbestos Workers

3. International Brotherhood of Boilermakers, Iron Ship Builders, Blacksmiths, Forgers, and

Helpers

4. International Brotherhood of Electrical Workers

5. International Brotherhood of Painters, and Allied Trades

6. International Union of Bricklayers and Allied Craft Workers

7. International Union of Elevator Constructors

8. International Union of Operating Engineers

9. International Brotherhood of Teamsters

10 Laborers International Union of North America

11. Operative Plasterers and Cement Masons’ International Association

12. Sheet Metal Workers’ International Association

13. United Association of Journeymen and Apprentices of the Plumbing and Pipe Fitting Industry

of the United States and Canada

14. United Brotherhood of Carpenters and Joiners of America

15. United Union of Roofers, Water proofers and Allied Workers
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vote on. What the president decides will have an effect on the general public as well as on

the union. The president’s more important powers are to decide on constitutional matters,

issue or revoke local charters, hire or fire union employees, and sanction strikes. Most

actions involving the powers of the president can be appealed to the board or to the

convention.

The organizer or representative of the union provides contact between the locals and

the national headquarters and attempts to gain newmembers for the union and to set up new

locals. He or she is the union advisor to all of the locals within his/her area and must explain

national policies to them. Moreover, the organizer informs the national level of local

problems.

15.15 STATE FEDERATIONS AND CITY CENTRALS

State federations are concerned mostly with lobbying for needed legislation and public

relations on the state level. They are composed of locals whose national union is a member

of the AFL–CIO. Conventions are held annually in which programs of interest to all of the

state’s workers are concerned.

City centrals are concerned morewith economics, serving as a clearinghouse for locals

and aiding in dealings with employers. They have become increasingly involved in general

community affairs and activities that may indirectly benefit their members.

Joint boards and trade councils are composed of locals involved in similar trades or

industries. Their principal duty is to ensure that workers present a unified front in collective

bargaining and obtain uniform working conditions in their area. A joint board or council is

usually required for unions with more than three locals in the same region. The joint board

is made up of all locals of the same national union, whereas the trades council is composed

of locals of different national unions in related trades in the same industry.

The prototype for local trades councils is the Building and Construction Trades

Council, which has its higher-level counterpart in the Building and Construction Trades

Department of the AFL–CIO. Its problems are not limited to labor–management relations;

it is often involved in settling ticklish jurisdictional disputes. The Building and Construc-

tion Trades Council provides craft unions with an important advantage characteristic to the

industrial unions: the ability to present a united front in dealings with management. Some

councils negotiate city-wide agreements with employers or see that the agreements of their

member locals all expire on the same date. They have a great deal of influence with the

locals but may not make them act against national union policy.

15.16 UNION LOCALS

The locals are the smallest division of the national union. They provide a mechanism

through which the national union can communicate with its members at the local level.

Locals provide for contact with other workers in the same trade and area means by which

better working conditions are obtained, grievances are settled, and educational and

political programs are implemented. They may be organized on an occupational or craft

basis or on a plant or multiplant basis. In the building industry, it is common to have locals

for each craft in large cities. The local officials who preside over the committees and the

general meeting are the president, vice-president, treasurer, and various secretaries. They

are usually unpaid or paid only a small amount and continue to work at their trade. They

perform their union duties in their spare time. In small locals, a financial secretary will take

care of the local books and records; but in large locals a trained bookkeeper is employed for

this purpose.

The most important local official is the business agent, a full-time employee of the

local. He exercises a great deal of leadership over the local and its affairs through the advice

he provides to the membership and elected officials. He is usually trained and experienced
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in labor relations and possesses a large amount of knowledge of conditions on which other

members are poorly informed.

The business agent’s duties cover the entire range of the local’s activities. He or she

helps settle grievances with employers, negotiates agreements, points out violations of

trade agreements, and operates the union hiring hall. The business agent is also an

organizer, trying to get unorganized workers into the union. Only locals with a large

membership can afford a full-time agent, and over one-half of the locals employing agents

are in the building trades where there is a greater need due to the transient nature of the

work. For the locals who do not have enough money to employ their own business agent, an

agent is usually maintained by the city central or state federation.

The shop steward is not a union official but is the representative who comes in closest

contact with the members. He or she must see that union conditions are maintained on the

job and handle grievances against the employer. The steward is a worker on the job site

elected by his or her peers.

15.17 UNION HIRING HALLS

One of the salient features of construction labor is its transient nature. Construction

workers are constantly moving from job site to job site and company to company. It is not

uncommon for a construction worker to be employed by five or six different contractors in

the same year. The union hiring hall provides a referral service that links available labor

with contractor’s requests. Following each job, a worker registers with the union hall and is

referred to a new job site as positions become available. The procedures governing

operation of the union hiring hall constitute an important part of the agreement between the

union and the contractor. Articles of the labor contract specify precisely how the hiring hall

is to operate. Although there are small variations from craft to craft and region to region,

similar procedures are commonly used for referring workers through the union hall.

15.18 SECONDARY BOYCOTTS

The legality of boycotts to influence labor disputes has been an issue of primary importance

throughout the history of labor–management relations. A boycott is an action by one party

to exert some economic or social pressure on a second party with the intent of influencing

the second party regarding some issue. A secondary boycott is one in which party Awho

has a dispute with party B attempts to bring pressure on B by boycotting party C who deals

with B and who can bring strong indirect pressure on B to agree to some issue. This is

shown schematically in Figure 15.3. If the electrical workers in a plant fabricating small

Figure 15.3 Types of boycotts: (a) primary

boycott and (b) secondary boycott.
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appliances go to the factory and form a picket line to get an agreement, there is a primary

boycott in progress. If, however, the workers send some of their members into the town and

put pickets up at stores selling appliances from the plant, a secondary boycott is

established. The store owners are a third party (C) being pressured to influence the factory

to settle with the workers. The Taft-Hartley Act declared the use of a secondary boycott to

be illegal.

In the construction industry, such secondary boycotts occur on sites with both union

and nonunion workers when a union attempts to force a nonunion subcontractor to sign a

union contract. In such cases, the union will put up a picket line at the entrance to the work

site, in effect, to picket or boycott the nonunion subcontractor. Tradition among labor

unions, however, demands that no union worker can cross another union’s picket line.

Therefore, the actual effect of the union picket line will be to prevent all union workers

from entering the site. This may cause the shutdown of the entire site pending resolution of

the nonunion subcontractor’s presence on the site. In this situation, the general or prime

contractor is a third party being pressured by the union to influence the nonunion

subcontractor. This is called common situs picketing. In 1951, the U.S. Supreme Court

ruled this practice to be a secondary boycott and, therefore, illegal under the Taft-Hartley

Act. The high court made this ruling in the case of the Denver Building and Construction

Trades Council.

Following this decision, the doctrine of ‘‘separate gates’’ was developed to deal with

secondary boycott problems. Under this policy, the prime contractor establishes a

separate or alternate gate for the nonunion subcontractor with whom the union has a

dispute. The union is then directed to place its picket line at this gate rather than the main

project gate. If it fails to comply, it can be enjoined from boycotting. Other union

personnel entering the site can enter at the main gate without crossing the picket line of

another union.

Certain interpretations of the secondary boycott have essentially provided exceptions

in the construction industry. Unions normally have attempted to refrain from handling

goods or products from nonunion shops. Such materials are called ‘‘hot cargo,’’ and unions

have bargained for hot-cargo contract clauses that, in effect, prevent a contractor from

handling such materials from nonunion fabricators. This is a secondary boycott in the sense

that the contractor becomes an innocent third party in the dispute between the union and the

fabricator or product supplier. The Landrum–Griffin Act provides that such hot-cargo or

subcontractor clauses that ban use of these materials or contact with these open shop units

are illegal. An exemption is made, however, for the construction industry. As noted by

Clough and Sears:

Subcontractor agreements typically require the general contractor to award work only to

those subcontractors who are signatory to a specific union labor contract or who are under

agreement with the appropriate union.7

The Supreme Court also ruled in 1967 that prefabrication clauses that ban the use of

certain prefabricated materials are exempted from the secondary boycott legislation if such

prefabricated items threaten the craft integrity and eliminate work that would normally be

done on site. Union carpenters, for instance, might refuse to install prefabricated door units

because the doors and the frames are preassembled in a factory off site. This eliminates

assembly work that could be done on site and endangers the union scope of work. Use of

such prefabricated items could lead to the decay of the craft’s jurisdiction and integrity.

7Clough and Sears, op. cit., p. 376.
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Therefore, the use of such clauses in labor agreements is not considered to be an unlawful

practice in these instances.

15.19 OPEN-SHOP AND DOUBLE-BREASTED OPERATIONS

Restrictive work rules and high wages have made it difficult for union contractors to be

competitive in some market areas. In an open-shop firm, there is no union agreement and

workers are paid and advanced on a merit basis. The largest group of open-, or merit, shop

contractors is represented by the Associated Builders and Contractors (ABC). Tradition-

ally, open-shop contractors have bid successfully in the housing and small building market

in which the required skill level is not high. Union contractors have dominated the more

sophisticated building and heavy construction markets based on their ability to attract

skilled labor with higher wages and benefits.

Large open-shop contractors have been willing to meet or exceed the union wage rates

to avoid the costly work delays associated with jurisdictional disputes and restrictive work

rules. In some cases, the unions have responded by signing project agreements that relax

certain work rules for the duration of a given job.

To be able to bid in both open-shop and union formats, some firms have organized as

double-breasted contractors. Large firms will have one subsidiary that operates with no

union contracts. A separately managed company will be signed to all union contracts. In

this way, the parent firm can bid both in union shop markets8 and in markets in which the

lower-priced open shop encourages more cost-competitive bidding.

15.20 LABOR AGREEMENTS

Just as the contractor enters into a contract with the client, with vendors supplying

materials (i.e., purchase orders), and with subcontractors working under his direction, if

union labor is used, the contractor also enters into contracts, or labor agreements, with each

of the craft unions with whom he or she deals. These contracts usually cover a 1- or 2-year

period and include clauses governing the reconciliation of disputes, work rules, wage

scales, and fringe benefits. The wages are normally defined in step increases throughout the

period of the contract. These step increases are usually contained in the addendum to the

labor contract.

The opening sections of the agreement typically provide methods for reconciling

disputes that can arise between the contractors and the union during the life of the contract.

To handle disputes, articles in the contract set up a joint conference committee to reconcile

disputes and provide for arbitration procedures for disputes that cannot be settled by the

committee. Typical contracts also include provisions governing:

1. Maintenance of membership

2. Fringe benefits

3. Work rules

4. Apprentice program operation

5. Wages (addendum)

6. Hours

7. Worker control and union representation

8. Operation of the union hiring hall

8The owner may specify that union labor is to be used, or Davis-Bacon rulings may dictate that union rates

will prevail.
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9. Union area

10. Subcontractor clauses (see Section 15.18)

11. Special provisions

Fringe benefits are economic concessions gained by unions covering vacation pay,

health and welfare, differentials in pay due to shift, contributions by the contractor to

apprenticeship programs, and so-called industrial advancement funds. These are paid by

the contractor in addition to the base wage and garnish the salary of the worker. The

building and construction trades councils for each union area normally disseminate

summaries of contract wage and fringe benefit provisions that assist in the preparation

of payroll. Such a summary is shown in Figure 15.4.

Work rules are an important item of negotiation and have a significant effect on the

productivity of workers and the cost of installed construction. A typical work rule might

require that all electrical materials on site will be handled by union electricians. Another

might require that all trucks moving electrical materials on site be driven by union

electricians. Such provisions can lead to expensive tradesmen doing work that could be

done by less-expensive crafts or laborers. Therefore, work rules become major topics of

discussion during the period of contract negotiation.

15.21 LABOR COSTS

The large number of contributions and burdens associated with the wage of a worker makes

the determination of a worker’s cost to the contractor a complex calculation. The contractor

must know how much cost to put in the bid to cover the salary and associated contributions

for all of the workers. Assuming that the number of carpenters, ironworkers, operating

engineers, and other craft workers required is known and the hours for each can be

estimated, the average hourly cost of each craft can be multiplied by the required craft

hours to arrive at the total labor cost. The hourly average cost of a worker to the contractor

consists of the following components:

1. Direct wages

2. Fringe benefits

3. Social security contributions (FICA)

4. Unemployment insurance

5. Workmen’s compensation (WC) insurance

6. Public liability and property damage insurance

7. Subsistence pay

8. Shift pay differentials

The direct wages and fringe benefits can be determined by referring to a summary of

wage rates such as the one shown in Figure 15.4.

All workers must pay social security and Medicare on a portion of their salary. For

every dollar the worker pays, the employer must pay a matching dollar. Theworker pays a

fixed percent on every dollar earned up to a cutoff level. After the annual income has

exceeded the cutoff level, the worker (and the worker’s employer) need pay no more. The

FICA and Medicare contribution in 2010 was required on the first $106,800 of annual

income at the rate of 7.65%. Therefore, a person making $106,800 or more in annual

income would contribute $8170.20 and the person’s employer or employers, the

contractor, would contribute a like amount.

Unemployment insurance contributions are required of all employers. Each state sets a

percentage rate that must be paid by the employer. The premiums are escrowed on a
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Figure 15.4 Labor organizations and wage rates. (Figures provided are for demonstration only and do not purport to be accurate.)
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monthly or quarterly basis and sent periodically to the state unemployment agency. The

amount to be paid is based on certified payrolls submitted by the employer at the time of

paying this contribution. The fund established by these contributions is used to pay benefits

to workers who are temporarily out of work through no fault of their own.

The states also require employers to maintain WC insurance for all workers in their

employ. This insurance reimburses the worker for injuries incurred in the course of

employment. Labor agreements also specifically state this requirement. This recognizes

the employer’s responsibility to provide a safe working environment and the employer’s

obligation to provide support to disabled workers. Without this insurance, workers injured

in the course of their work activity could become financially dependent on the state. The

rates paid for WC area function of the risk associated with the work activity. The

contribution for a pressman in a printing plant is different from that of a worker erecting

steel on a high-rise building. A typical listing of construction specialties and the

corresponding rates is given in Table 15.5. Similar summaries of WC rates are printed

in theQuarterly Cost Roundup issues of Engineering News Record. The rates are quoted in

dollars of premium per $100 of payroll. The rate for an ironworker, for example, is $29.18

(or 29.2%) per hundred dollars of payroll paid to ironworkers and structural steel erectors.

The premium paid for public liability and property damage (PL and PD) insurance is also

tied to the craft risk level and is given in Table 15.5.

When a construction project is underway, accidents occurring as a result of thework can

injure persons in the area or cause damage to property in the vicinity. If a bag of cement falls

fromanupper story of a project and injures persons on the sidewalk below, these personswill

normally seek a settlement to cover their injuries. The public liability (PL) arising out of this

situation is the responsibility of the owner of the project. Owners, however, normally pass

the requirement to insure against such liability to the contractor in the form of a clause in the

General Conditions of the construction contract. The General Conditions direct the

contractor to have sufficient insurance to cover such public liability claims. Similarly, if

the bag of cement falls and breaks the windshield of a car parked near the construction site,

the owner of the car will seek to be reimbursed for the damage. This is a property damage

situation that the owner of the construction project becomes liable to pay. PD insurance

carried by the contractor (for the owner) covers this kind of liability. Insurance carriers

normally quote rates for PL and PD insurance on the same basis as for WC insurance.

Therefore, to provide PL and PD insurance, the contractor must pay $3.00 for PL and $1.88

for each $100 of steel erector salary paid on the job. These rates vary over time and

geographical area and can be reduced by maintaining a safe record of operation. The total

amount of premium is based on a certified payroll submitted to the insurance carrier.

Subsistence is paid to workers who must work outside of the normal area of the local.

As a result, they incur additional cost because of their remoteness from home and the need

to commute long distances or perhaps live away from home. If an elevator constructor in

Chicago must work in Indianapolis for 2 weeks, he will be outside of the normal area of his

local and will receive subsistence pay to defray his additional expenses.

Shift differentials are paid to workers in recognition that it may be less convenient to

work during one part of the day than during another. Typical provisions in a sheet metal

worker’s contract are given in Figure 15.5. In this example, the differential results in an

add-on to the basic wage rate. Shift differential can also be specified by indicating that a

worker will be paid for more hours than he works. A typical provision from a California

ironworkers contract provides the following standards for shift work: (a) If two shifts are in

effect, each shift works 7.5 hours for 8 hours of pay and (b) if three shifts are in effect, each

shift works 7 hours for 8 hours of pay. This means that if a three-shift project is being

worked the ironworker will receive overtime for all time worked over 7 hours. In addition,

he or she will be paid 8 hours pay for 7 hours work. Calculation of shift pay will be

demonstrated in the following section.
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Table 15.5 Building Craft Wage and Insurance Ratesa

Locals Wages Pension

Health and

Welfare Vacation

Apprentice

Training Misc

Workmen’s

Compensationb
Public

Liabilityc
Property

Damagec

Asbestos Workers $20.30 $1.20 $1.10 $0.20 $12.18 $2.00 $1.10

Boilermakers $20.50 $1.50 $2.10 $0.04 $12.92 $0.74 $0.72

Bricklayers $18.70 $1.00 $1.10 $1.30 $0.16 prom. $7.10 $0.76 $0.54

Carpenters $18.90 $ .90 $1.00 $0.04 $11.34 $0.80 $0.52

Cement Masons $17.80 $1.10 $ .80 $0.40 bldg. $5.02 $0.82 $0.58

Electricians $20.90 1.1% 0.9% 0.8% 0.05% $4.38 $0.34 $0.42

Operating Engineers $18.70 $1.50 $1.00 $0.14 $0.20 admin. $11.22 $1.86 $2.00

Iron Workers $19.20 $1.14 $1.30 $1.00 $0.14 $29.18 $3.00 $1.88

Laborers $12.50 $0.66 $0.40 $0.10 educ. $7.50 $0.38 $0.40

Painters $18.90 $1.30 $1.30 $500/yr $7.18 $0.26 $0.88

Plasterers $18.34 $1.10 $ .80 $0.40 bldg. $6.96 $0.78 $0.54

$0.20 prom.

Plumbers $21.50 $1.00 $1.30 $0.22 $0.12 prom. $5.60 $0.58 $1.18

$0.04 natl.

Sheet Metal $20.40 $1.40 $1.00 $0.08 $0.18 ind. $ 7.14 $0.41 $0.40

Unemployment 5.0%

Social Security 7.65%
aThese rates are only indicative of wage and insurance rates. They are not representative of current data.
bRates are applied per $100 of pay.
cPublic liability. Maximum coverage under these rates—$5000/person, $10,000 per accident

For higher coverage—$10,000/$20,000: 1.26 � basic rate

$25,000/50,000: 1.47 � basic rate

$50,000/100,000: 1.59 � basic rate

$300,000/300,000: 1.78 � basic rate

Property damage: Maximum coverage under these rates—$5000/person, $25,000 per accident

For higher coverage—$25,000/100,000: 1.23 � basic rate

$50,000/100,000: 1.30 � basic rate
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15.22 AVERAGE HOURLY COST CALCULATION

A typical summary9 of data regarding trade contracts in given areas is presented in

Table 15.5. A worksheet showing the calculation of an ironworker’s hourly cost to a

contractor is shown in Figure 15.6. It is assumed that the ironworker is working in a

subsistence area on the second shift of a three-shift job during June and will be paid 8 hours

for 7 hours of work (i.e., shift differential).

The ironworker works 10-hour shifts each day for 6 days, or 60 hours for theweek. It is

important to differentiate between those hours that are straight-time hours and those that

are premium hours. Insurance premiums and fringe benefit contributions are based on

straight-time hours. Social security and unemployment insurance contributions are calcu-

lated using the total income figure. The Hours Worked column breaks the weekday and

Saturday hours into straight-time and premium-time components. Since the worker

receives a shift differential, the first 7 hours are considered straight time and the other

3 hours are paid at overtime rate. The straight-time hours corresponding to the hours

worked are shown in the second column. Eight hours are paid for the first 7 hours worked.

The overtime is double time. The single-time portion, or first half of the double time, is

credited to straight time. The second half of the double time is credited to the premium-

time column. Based on the column totals the worker works 60 hours and will be paid 66

straight-time hours and 26 premium hours.

By consulting Table 15.5, it can be determined that the base wage rate for ironworkers

is $19.20 per hour. This yields a straight-time wage of $1,267.20 (66 hours) and premium

pay of $499.20 (26 hours). Total gross pay is $1,766.40.

9Although representative, data in this table is not current. Such information is dynamic and changes

continuously.

Figure 15.5 Shift work provision.
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Fringes are based on straight-time hours, and the rates are given in the contract wage

summary. The fringes paid by the contractor to union funds amount to $3.58 per hour.

The vacation portion of the fringe is considered to be a deferred income item and,

therefore, is subject to FICA. It is also used in the calculation of unemployment insurance

contribution.

The amounts to be paid to the insurance carrier for WC, PL, and PD can be taken from

Table 15.5. The contract calls for increased PL and PD rates. The bodily injury (PL) portion

and the property damage coverage are to be increased to cover $50,000 per person/

$100,000 per occurrence. This introduces a multiplier of 1.59 for the PL rate and 1.30 for

the PD rate (see notes to Table 15.5). The total rate per $100 of payroll for WC, PL, and PD

is $36.39. This is applied to the straight-time pay of $1,267.20 and gives a premium to be

escrowed of $461.13.

Figure 15.6 Sample wage calculation.
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Both FICA and unemployment insurance are based on the total gross pay plus the

deferred vacation fringe. Subsistence is $20.00 per day not including travel pay and time to

travel to the site (not included in this calculation). By summing all of these cost

components, the contractor’s total cost becomes:

Gross pay $1766.40

Fringes $ 236.28

WC, PL, PD $ 461.13

FICA $ 140.18

Unemployment $ 91.62

Subsistence $ 120.00

Total $2815.61

Hourly rate ¼ $2815.61/60 ¼ $46.93 or approx. $47.00

This is considerably different from the base wage rate of $19.20 per hour. A contractor

relying on the wage figure only to come up with an estimated price will grossly underbid

the project and ‘‘lose his shirt.’’

It is particularly important to verify that the WC, PL, and PD rates being used for a

worker are the correct ones. Particularly hazardous situations result in rates as high as $44

per $10 of payroll (e.g., tunneling). However, if a worker is simply installing miscellaneous

metals he should not be carried as a structural steel erector. The difference in the rates

between the two specialties can be significant. It should also be noted that the rates given in

Table 15.5 are for a particular geographical area and are the so-called manual rates. The

manual rate is the one used for a firm for which no safety or experience records are

available. These rates can be substantially reduced for firms that evidence over years of

operation that they have an extremely safe record. This provides a powerful incentive for

contractors to be safe. If the WC, PL, and PD rates can be reduced by 30%, the contractor

gains a significant edge in bidding against the competition.

The calculation of the hourly average wage indicates the complexity of payroll

preparation. A contractor may deal with anywhere from 5 to 14 different crafts, and each

craft union has its own wage rate and fringe benefit structure. Union contracts normally

require that the payroll must be prepared on a weekly basis, further complicating the

situation. In addition, all federal, state, and insurance agencies to which contributions or

premiums must be paid require certified payrolls for verification purposes. Because of this,

most contractors with a work force of any size use the computer for payroll preparation.

REVIEW QUESTIONS AND EXERCISES

15.1 What is meant by the following terms?

a. Yellow-dog contract

b. Agency shop

c. Subcontractor clause

15.2 What is a secondary boycott? Name two types of sec-

ondary boycotts. Does the legislation forbidding secondary

boycotts apply to construction unions? Explain.

15.3 What is a jurisdictional dispute? Why does this kind of

dispute present no problem in District 50 locals?

15.4 What are the basic differences between the AFL as a

labor union and the CIO type of union?

15.5 What will be the impact on double-breasted operations

and the right-to-work provision of the Taft-Hartley legislation if

labor is able to revoke existing practices regarding common

sites picketing?

15.6 Answer the following questions true (T) or false (F):

a. _________ Some state laws authorize use of closed

shops.

b. _________ A union can legally strike a job site in

order to enforce the provision of a sub-

contractor clause.

c. _________ The Teamsters union is the largest mem-

ber of the AFL–CIO.

d. _________ Open-shop operations have caused con-

struction labor unions to rethink their

position vis a vis union contractors.
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e. _________ The right-to-work clause of the Taft-Hart-

ley law allows the individual states to

determine whether union shops are legal.

f. _________ The unit-price contract is an incentive-

type negotiated contract.

g. _________ The local AFL craft unions have very little

authority and are directed mainly by the

national headquarters of AFL–CIO.

h. _________ The Sherman Antitrust Law was origi-

nally designed to prevent the formation of

large corporations or cartels that could

dominate the market.

i. _________ The business agent is the representative of

the union charged with enforcing the work

rules of the labor agreement.

j. _________ A submittal must be verified for accuracy

in accordance with contract plans and

specifications.

k. _________ The Sherman Antitrust Act, enacted in

1890, was used to suppress the formation

of large trusts and cartels, which domi-

nated the market and acted to fix prices

and restrain free trade.

l. _________ Yellow-dog contracts were used by

employers to encourage their employees

to join and become active in union

organizations.

m. _________ Under the Taft-Hartley legislation, the

president of the United States is empow-

ered to enjoin workers on strike (or pre-

paring to strike) to work for a 90-day

cooling-off period during which time ne-

gotiators attempt to reach agreement on

contractual or other disputes.

n. _________ The National Labor Relations Act was

enacted to protect union-organizing

activity and encourage collective

bargaining.

o. _________ In an open-shop working environment,

workers are paid based on which union

hall they belong to.

p. _________ The calculation of fringe benefits is based

on gross pay, whereas FICA is based on

straight-time hours.

q. _________ If a general contractor does not feel like

paying worker’s compensation fees, then

the contractor does not have to. Each state

has appropriated funds that will cover this

option.

15.7 Compute the average hourly cost of a carpenter to a

contractor. Assume the work is in a subsistence area and the

daily subsistence rate is $19.50. The carpenter works the

second shift on a two-shift project where a project labor

contract establishes a ‘‘work 7 pay 8 hour’’ pay basis for

straight time. He works 6 days, 10 hours a day. In addition

to time and a half for overtime Monday through Friday, the

contract calls for double time for all work on weekends. Use

6.2% FICA and 5.0% for unemployment insurance. Assume all

data relating to the WC, PL, PD, fringes, and wage are as given

in Table 15.5.

15.8 Identify the local labor unions that operate in your region.

List the relevant business agents and the locations of the hiring

halls.

15.9 List the labor unions that you consider would be involved

in a project similar to the gas station project of Appendix I.

15.10 Visit a local contractor and a local hiring hall and

determine the procedure to be followed in the hiring of labor.

15.11 Discuss the effects of the increasing popularity of

nonunion contractors.

15.12 Ask a union tradesperson the monthly amount of his or

her current dues for union membership. Does he or she consider

that the benefits offset the membership fees?
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Estimating Using Handheld Devices

Estimators need a way to increase efficiency and lessen the

chance for error when collecting estimate information in the field.

With handheld devices, users can have access to the same

precision estimating data they use in the office. Cover page

information, item numbers and descriptions, assembly numbers

and descriptions, VMS codes, variables, and variable help can all

be stored on a handheld device. This ensures that estimators have

the information they need to collect all project details necessary

to deliver an accurate, complete bid.

Designed for handheld devices, estimating programs on

personal digital assistants (PDAs) equip estimators with all the

tools needed to perform detailed takeoffs remotely. Then, when

convenient, data can be transferred to desktop software to

instantly generate a detailed estimate or change order. With this

type of mobile data acquisition, there’s a much better chance of

collecting all the necessary dimensional information to create a

bid the first time. Specialized programs allow the user to take

information from the desktop into the field to use as a checklist

for takeoff.

PDA estimating lets users access existing estimate

information or create brand new estimates directly in the

field. All the project information can be logged in one place,
Using handheld and portable devices.

(Source: Corbis Digital Stock).
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keeping estimators better organized and ready to make additions and changes

as needed.

16.1 ESTIMATING CONSTRUCTION COSTS

The key to a good job and successful cost control is the development of a good estimate as

the basis for bid submittal. The estimate represents the cost ‘‘flight plan’’ that will be

followed by the constructor and that will aid him or her in achieving profit. If the flight plan

is unrealistic or contains basic errors, the contractor will lose money on the job. If the

estimate is well-thought out and correctly reflects the costs that will be encountered in the

field, the chances of a profitable job are greatly increased.

Estimating is the process of looking into the future and trying to predict project costs

and resource requirements. Studies indicate that one of the major reasons for the failure of

construction contracting firms is incorrect and unrealistic estimating and bidding practices.

If 20 estimators or contractors were furnished the same set of plans and specifications and

told to prepare an estimate of cost and resources, it would be safe to assume there would not

be more than two estimates prepared on the same basis or from the same units. Therefore, a

consistent procedure or set of steps for preparing an estimate is needed to minimize errors

and achieve reliable results.

16.2 TYPES OF ESTIMATES

Estimating methods vary in accordance with the level of design detail that is available to

the estimator. Prior to the commencement of design, when only conceptual information is

available, a comprehensive unit such as a square foot of floor space or a cubic foot of usable

space is used to characterize the facility being constructed. The representative unit is

multiplied by a price per unit to obtain a gross estimate (� 10% accuracy) of the facility

cost. A table of square foot and cubic foot building costs as given in Building Construction

Cost Data published by the R. S. Means Company is shown in Figure 16.1. Such

information is available in standard references and can be used for preliminary cost

projections based on minimal design data. This conceptual estimate is useful in the

schematic or budgetary phase, when design details are not available. The figures devel-

oped are of limited use for project control, and their use should be discontinued as soon

as design data are available. These estimates are based on documents such as that given

in Figure 2.2.

As the level of design detail increases, the designer typically maintains estimates of

cost to keep the client informed of the general level of costs to be expected. The

production of the plans and specifications usually proceeds in two steps. As noted in

Chapter 2, the first step is called preliminary design and offers the owner a pause in which

to review construction before detail design commences. A common time for this review

to take place is at 40% completion of the total design. The preliminary design extends the

concept documentation. At this point in the design process, a preliminary estimate is

prepared by the architect or architect/engineer to reflect expected costs based on more

definitive data.

Once the preliminary design has been approved by the owner, final or detail design is

accomplished. The detail design phase culminates in the plans and specifications that are

given to the constructor for bidding purposes. In addition to these detailed design

documents, the architect/engineer produces a final engineer’s estimate indicating the total

job cost minus markup. This estimate should achieve approximately �3% accuracy since

total design documentation is now available. The owner’s estimate is used (a) to ensure that

the design produced is within the owner’s financial resources to construct (i.e., that the
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architect/engineer has not designed a gold-plated project) and (b) to establish a reference

point in evaluating the bids submitted by the competing contractors.

On the basis of the final drawings and specifications the contractor prepares his or her

estimate of the job’s cost to include a markup for profit. This is the bid estimate. Both the

engineer’s and bid estimates require a greater level of effort and a considerable number of

Figure 16.1 Costs based on a representative unit. From Building Construction Cost Data 2008.

Copyright Reed Construction Data, Kingston, MA, 781-585-7880. (All rights reserved.)
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estimator hours to prepare. A rough rule of thumb states that the preparation of a bid estimate

by the contractorwill cost one-fourth of 1%of the total bid price. From the contractor’s point

of view this cost must be recovered as overhead on jobs that are won. Therefore, a prorate

based on the number of successful bids versus total bids must be included in each quotation

to cover bid costs on unsuccessful bids.

In building construction, these four levels of estimates are the ones most commonly

encountered. To recapitulate, the four types of estimates are:

1. Conceptual estimate.

2. Preliminary estimate.

3. Engineer’s estimate.

4. Bid estimate.

These four levels of precision reflect the fact that as the project proceeds from concept

through preliminary design to final design and the bidding phase, the level of detail

increases, allowing the development of a more accurate estimate. Estimating continues

during the construction phase to establish whether the actual costs agree with the bid

estimate. This type of ‘‘estimating’’ is what allows the contractor to project profit or loss on

a job after it is in progress.

The definitive estimate can be prepared when all components comprising the project

scope definition have been quantitatively determined and priced by using actual anticipated

material and labor costs.This estimate is normallypreparedwhen theproject scope is defined

in terms of firm plot plans, mechanical and process flow diagrams, equipment and material

specifications, and engineering and design layouts. The pricing is based on formal vendor

quotations for all major items and current predictable market costs for all commodity

accounts.

AACE International has developed a Cost Estimate Classification System (Recommended

Practice No. 18R-97, 2005 revision). A summary of this system is shown in Figure 16.2. It

includes five ‘‘classes’’ which reflect the engineering/procurement/construction (EPC) projects

typical of this association. As Figure 16.2 shows, the amount of variability inherent in each

class of estimate is quite high at the concept screening level and decreases to the 3 to 10% range

as bid-level documents become available.

16.3 DETAILED ESTIMATE PREPARATION

The preparation of a detailed bid-level estimate requires that the estimator break the project

into cost centers or cost subelements. That is, the project is broken down into subcompo-

nents that will generate costs. It is these costs that the estimator must develop on the basis

of the characteristic resources required. The word resource is used here in the broad sense

and applies to the man hours, materials, subcontracts, equipment hours, and dollars needed

to accomplish the work or meet the requirements associated with the cost center. Typically

in construction, the cost center relates to some physical subcomponent of the project, such

as foundation piles, excavation, steel erection, interior dry wall installation, and the like.

Certain nonphysical components of the work generate costs, however, and these cost

centers must also be considered.

Many of the items listed as ‘‘indirects’’ are typical of costs that are not directly

connected with physical components or end items in the facility to be constructed. Such

items do, however, generate cost that must be recovered. These costs include insurance and

bonding premiums, fees for licenses and permits required by contract, expense for special

items relating to safety and minority participation programs, and home office overheads

projected as allocated to the job.
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These items are sometimes referred to as general conditions, or general requirements,

although theymayormaynot be specifically referred to in the contract documents.Accounts

relating to these items fall into the categories for conditions of contract and general

requirements of the contract. As estimators prepare bids, they have a general framework

for cost recovery in mind. In addition, they have a knowledge of the technologies involved

in building the project, which allow them to divide projects into individual pieces of work

(i.e., physical subcomponents, systems, etc.). These work packages consume resources,

generating costs that must be recovered from the client. Typically, a chart of cost accounts

specific to the company acts as a guide or checklist as the estimator reviews the plans and

specifications to highlight what cost centers are present in the contract being estimated.

Although the process of estimating is part art, part science, the estimator generally

follows certain steps in developing the estimate:

1. Break the project into cost centers.

2. Estimate the quantities required for cost centers that represent physical end items

(e.g., cubic yards of earth, lineal feet of pipe, etc.). For physical systems this

procedure is commonly called quantity takeoff. For those cost centers that relate to

nonphysical items, determine an appropriate parameter for cost calculation (e.g.,

the level of builder’s risk insurance required by the contract or the amounts of the

required bonds).

3. Price out the quantities determined in step 2 using historical data, vendor quotations,

supplier catalogs, and other pricing information. This pricing may be based on a

price per unit (unit cost) basis or a lump-sum (one job) basis. Price development for

Figure16.2 Cost estimate classification system (Source:AACEInternationalRecommendedPractice

No. 18R-97, 2005 Revision).
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physical work items may require an analysis of the production rates to be achieved

based on resource analysis. If this analysis is used, the estimator must:

a. Assume work team composition to include number of workers (skilled and

unskilled) and equipment required.

b. On the basis of team composition, estimate an hourly production rate based on

the technology being used.

c. Make an estimate of the efficiency to be achieved on this job, considering site

conditions and other factors.

d. Calculate the effective unit price.

4. Calculate the total price for each cost center by multiplying the required quantity by

the unit price. This multiplication is commonly called an extension, and this

process is called running the extensions.

The estimator usually summarizes the values for each cost center on a summary sheet,

such as that shown in Figure 16.3.

16.4 DEFINITION OF COST CENTERS

The subdivisions into which the project is divided for detailed cost estimation purposes are

variously referred to as:

1. Estimating accounts.

2. Line items.

3. Cost accounts.

4. Work packages.

The estimating account is typically defined so as to provide target values for the cost

accounts that will be used to collect as-built costs while the job is in progress. Therefore,

the end item that is the focus of cost development in the estimating account is linked to a

parallel cost account for actual cost information collecting during construction. The cost

account expenditures developed from field data are compared with the estimated cost as

reflected by the estimating account to determine whether costs are exceeding, under-

running, or coming in on the original estimate values. Therefore, the use of the term cost

account is not strictly correct during the preparation of bid because this account is not

active until the job is in progress and actual cost data are available.

The term work package is commonly used to indicate a subdivision of the project that

is used both for cost control and scheduling (i.e., time control). When both cost and time

control systems are combined into an integrated project management system, work

packages are controlled to determine cost versus estimate and time versus schedule.

The subdividing of the project into work packages results in the definition of a work

breakdown structure (WBS).

A work package is a well-defined scope of work that usually terminates in a deliverable

product. Each package may vary in size, but must be a measurable and controllable unit of

work to be performed. It also must be identifiable in a numerical accounting system in order

to permit capture of both budgeted and actual performance information. A work package is

a cost center.1

1 James N. Neil. (1982) Construction Cost Estimating for Project Control, Englewood Cliffs, NJ: Prentice-Hall,

p. 73.
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The breakdown of a project into estimating accounts or work packages (depending on

the sophistication of the system) is aided by a comprehensive chart of cost accounts or

listing of typical work packages that can be used as a checklist. This checklist or template

can be matched to the project being estimated to determine what types of work are present.

That is, accounts in the general chart are compared to the project being estimated to

determine which ones apply.

Fudd Associates Contractors, Inc.

ESTIMATE SUMMARY

Estimate No. 6692 By: DWH

Date: 1 August 2xxx

Owner: NASA Project: Admin Building

Code Description LH Labor Material Sub Owner Total

01 Site improvements

02 Demolition

03 Earthwork

04 Concrete

05 Structural steel 8,265 93,840 75,665 169,505

06 Piling

07 Brick & masonry

08 Buildings

09 Major equipment 11,240 130,295 8,970 139,265

10 Piping 14,765 172,590 287,085 7,500 172,705 639,880

11 Instrumentation 165,000 165,000

12 Electrical 632,710 632,710

13 Painting 70,170 70,170

14 Insulation 21,150 21,150

15 Fireproofing 2,650 5,550 8,200

16 Chemical cleaning

17 Testing

18 Const. equipment 178,330 178,330

19 Misc. directs 5,040 53,040 10,250 10,000 73,290

20 Field extra work

Sub Total Direct Cost 39,310 449,765 384,620 902,080 361,035 2,097,500

21 Con. tools/sup. 36,805 36,805

22 Field payroll/burden 82,900 82,900

23 Start-up asst.

24 Ins. & taxes 26,340 26,340

25 Field sprvsn. 2,400 36,000 10,190 46,190

26 Home off. exp. 12,270 12,270

27 Field emp. ben. 51,975 51,975

Sub Total Indirect Cost 2,400 36,000 36,805 183,675 256,480

Adjustment Sheets

Total Field Cost 41,710 485,765 421,425 902,080 544,710 2,353,980

28 Escalation

29 Overhead & profit 41,710 25,285 45,105 50,950 163,050

30 Contingency 90,380

31 Total Project Cost 2,607,410

Figure 16.3 Typical estimate summary.
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16.5 QUANTITY TAKEOFF

The development of the quantities of work to be placed in appropriate units (e.g., square feet

cubic yards, etc.) is referred to as the quantity takeoff or quantity surveying.2 The pro-

cedures employed by the estimator to calculate these quantities should incorporate steps to

minimize errors. Five of the most common errors experienced during quantity takeoff are:

1. Arithmetic: Errors in addition, subtraction, and multiplication.

2. Transposition: Mistakes in copyingor transferring figures, dimensions, or quantities.

3. Errors of omission: Overlooking items called for or required to accomplish the

work.

4. Poor reference: Scaling drawings rather than using the dimensions indicated.

5. Unrealistic waste or loss factors.

The first step in the quantity takeoff procedure is to identify the materials required by

each estimating account or work package. Once the types of materials are identified,

relevant dimensions are recorded on a spreadsheet so that quantity calculations in the

required unit of measure can be made. Calculation of quantities by estimating account or

work package has several advantages, not the least of which is the fact that it allows the

estimating process to be performed by several estimators, each with a well-defined area of

responsibility. No matter how competent an estimator may be in his own field, it is not

reasonable to expect him to have an intimate knowledge of all phases of construction. This

method enables one estimator to check another estimator’s work. It also facilitates

computations required to develop the financial ‘‘picture’’ of the job and processing of

progress payment request. When changes occur, only those activities affected must be

recalculated. Other procedures require a completely new takeoff.

Before the calculations for the quantity takeoff are performed, detailed working

drawings are sometimes required to clarify the contract drawings and specifications or the

chosen construction method (e.g., forming techniques). Such a drawing for a small wall is

given in Figure 16.4. During construction these details are of tremendous value to the

2This term is commonly used in the United Kingdom and the Commonwealth countries.

Figure 16.4 Small wall construction (CMU ¼ concrete masonry unit).
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person in the field who is trying to perform the work within the cost guidelines provided.

From these drawings and details, a checklist should be developed to indicate all of the

materials required for each work package. After this checklist has been made, it should be

checked against a standard checklist to identify errors of omission.

The actual calculations should be performed on a standard spread sheets to allow for

independent check and self-checks. As the calculations for those items shown on the plans

progress, each item taken off should be highlighted by a color marker so that those items

remaining to be considered are obvious at a glance. Arithmetic should be performed on a

calculator or computer that produces hard copy output. This output should be used by the

estimator to identify errors. All supporting documentation should be attached to the

estimate to aid in checking by other sources or at a later date. The quantities calculated

should be exact. Waste and loss factors will be applied later. A materials takeoff sheet for

the small wall (Figure 16.4) is given in Figure 16.5.

A summary, or ‘‘recap sheet,’’ should be made. This recap sheet should consist of a

listing, by material type, of all the materials required for the entire work item or package.

The listing should include total quantities as well as subquantities identified by activity

Figure 16.5 Activity material list.
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code. The listing should also include appropriate waste and loss factor calculations. An

example of a recap sheet is given in Figure 16.6. This example is simple and is included

only to demonstrate the nature of quantity development. In practice, most companies will

use computerized databases and spreadsheet programs to prepare final estimates. The basic

principles of estimating must be well understood, however, to avoid omissions that could

prove disastrous at the time of bid submittal.

16.6 METHODS OF DETAILED COST DETERMINATION

After quantities have been determined for accounts that are relevant to the project at hand,

the method by which costs will be assigned can be selected. The two methods of cost

determination most frequently used are (a) unit pricing and (b) resource enumeration. If the

work as defined by a given estimating account is fairly standard, the cost can be calculated by

simply taking dollar per unit cost from company records and applying this cost with a

qualitative correction factor to the quantity of work to be performed. For instance, if the project

calls for 100 lineal feet of pipe and historical data in the company indicate that the pipe can be

placed for $65 a lineal foot to include labor and materials, the direct cost calculation for the

work would yield a value of $6,500. This value can then be adapted for special site conditions.

Figure 16.6 Construction support materials recap sheet.
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Unit pricing values are available in many standard estimating references. The standard

references normally give a nationally averaged price per unit. A multiplier is used to adjust

the national price to a particular area. These references are updated on an annual basis to

keep them current, and usually are available in printed and online versions. Examples of

these services are:

1. R. S. Means Company’s Building Construction Cost Data

2. R. Walker’s Building Estimator’s Reference Book

3. Richardson Construction Estimating Standards

These references contain listings of cost line items similar to the cost account line

items a contractor would maintain.

The development of direct costs to include overhead and profit for a particular line

item using the R. S. Means system is shown in Figure 16.7.

The line items, specified in the R. S. Means Construction Cost Data are defined by

using the Construction Specifications Institute (CSI) MasterFormat numerical designators.

The system assumes a given crew composition and production rate for each line item. In the

case illustrated a standard crew designated C-1 can construct 190 square foot contact area

Figure 16.7 Line item cost development using R. S. Means data. FromMeans Building Construction

Cost Data 1981. Copyright Reed Construction Data, Kingston, MA 781-585-7880. (All rights

reserved.)
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(SFCA) of plywood column form per shift (daily output). This underlines the fact that unit

pricing data must make some assumption regarding the resource group (i.e., crew,

equipment fleet, etc.) and the production rate being used. That is, although unit pricing

data are presented in dollars-per-unit format, the cost of the resource group and the rate of

production achieved must be considered.

The dollars-per-unit value is calculated as follows:

Cost of resources per unit time=Production rate of resources ¼ unit=hr ¼ $=unit

The unit cost is the ratio of resource costs to production rate. The crew composition

and assumed cost for the crew are shown in the middle of Figure 16.7.

In the R. S. Means system, two costs are specified for each line item. The bare cost is

the direct cost for labor and materials. The total cost includes the cost of burdens, taxes, and

subcontractor overhead and profit (inclusive O& P). In Figure 16.7, the bare cost of the C-1

crew is calculated as $1156.40 per shift. Therefore; the bare unit installation cost is

ð$1156:40=shiftÞ=ð190 SFCA=shiftÞ ¼ $6:09; rounded to $6:10=SFCA

Combining this installation cost with the material cost per unit of $2.64 yields a bare

unit cost for materials and installation of $8.74/SFCA.

The O&P charges associated with labor (as considered in the Means system) are:

1. Fringe benefits (included in bare costs).

2. Workmen’s compensation.

3. Average fixed overhead.

4. Subcontractor overhead.

5. Subcontractor profit

To adjust the bare costs of installation to include subcontractor’s O& P, the appropriate

craft values for the members of the craft are located and applied. For the carpenters the total

correction is 55.6%, or $21.20 (rounded) per hour. Therefore, the carpenter rate to include

O & P is $59.30 per hour. Similarly, the laborer rate is adjusted to $47.05 per hour to

include O& P. Amarkup of 10% is applied to the materials, yielding a cost of $2.90/SFCA.

The new installation rate to include O & P is

$1799:60=190 ¼ $12:35=SFCA

16.7 PROBLEMSWITH UNIT-COSTMETHOD

The data that the contractor has available from company records are presented as dollars

per unit, and in most cases no records of the crew composition, cost, and production rates is

maintained. In fact, the dollars-per-unit value is typically an average of the values obtained

on recent jobs. Because on each job the crew composition, costs, and production rates

achieved are probably unique to the individual job, the figure represents an aggregate cost

per unit. The actual number of man hours used and the productivity achieved are masked by

the dollar per-unit figure. Unless the resource (i.e., man hour, etc.) information is kept

separately, it has been lost. Therefore, the unit price available from averaging values on

previous jobs has to be treated with some caution.

Since every job is unique, some of the estimator’s intuition must be applied to ensure

that the value is adapted to the conditions of the job being estimated. If the conditions of

jobs vary little, however, the application of the unit pricing approach is both practical and

efficient.

Clearly, the numerator (cost of resources per unit time) of the unit-cost ratio will vary

significantly over time as the costs of labor and machines vary. The costs of all components
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of the construction process have risen sharply over the past 20 years. This is shown

dramatically in the Engineering News Record construction and building cost indexes

shown in Chapter 2. To factor out the inflationary escalation inherent in resource costs,

some contractors maintain the ratio of man hours or resource hours (RHs) per hour to

production. This establishes a company database tied to resource hours required rather than

dollars per unit. Therefore, the contractor can retrieve a man hour or RH per unit value for

each line item. The value is calculated as:

Resource hours per hour=Units per hour ¼ RH=unit

The cost per unit can then be calculated by multiplying the RHs per unit value by the

average hourly cost per resource. If it takes 25 RHs per unit and the average cost of a RH is

$20.00, the unit cost will be $500.00 per unit. This method recognizes that the number of

RHs required per unit is much more stable over the years than the cost per unit. Therefore,

data on RHs per unit collected over several years will not be affected by inflationary trends

and escalation in the cost of goods and services.

Use of the unit-pricing approach assumes that historical data have been maintained for

commonly encountered cost accounts. Data are collected and linked to a reference unit

such as a cubic yard or square foot. The costs of materials and installation are aggregated

and then presented as a cost per unit. Companies typically accumulate such data either

manually or on the computer as a by-product of the job cost system. On a typical job 80 to

90% of the work to be accomplished can be estimated by calculating the number of

reference units and multiplying this number by the unit price. Typically the estimator will

intuitively adjust this price to reflect special characteristics of the job, such as access

restrictions, difficult management environment, and the like. One historical approach to the

quantification of these site and job unique factors was proposed by Louis Dallavia

(Estimating General Construction Costs, 1957). Although not currently used, it elegantly

frames the factors that are considered by an estimator in adjusting general unit prices to a

given project. The system defines a percent efficiency factor based on a production range

index for each of eight job characteristics. The method of calculating the percent efficiency

factor and the table production range indices are shown in Figure 16.8.

16.8 RESOURCE ENUMERATION

Although the unit-pricing approach is sufficiently accurate to estimate the common

accounts encountered on a given project, almost every project has unique or special

features for which unit-pricing data may not be available. Unusual architectural items that

are unique to the structure and require special forming or erection procedures are typical of

such work. In such cases, the price must be developed by breaking the special work item

into its subfeatures and assigning a typical resource group to each subfeature. The

productivity to be achieved by the resource group must be estimated by using either

historical data or engineering intuition. The breakdown of the cost center into its subele-

ments would occur much in the same fashion in which the wall of Section 16.5 was

subdivided for quantity development purposes. The steps involved in applying the resource

enumeration approach are shown in Figure 16.9.

An example of resource enumeration applied to a concrete-placing operation is shown

in Figure 16.10. In this example a concrete placement crew consisting of a carpenter

foreman, two cement masons, a pumping engineer (for operation of the concrete pump),

and seven laborers for placing, screeding, and vibrating the concrete has been selected. A

concrete pump (i.e., an equipment resource) has also been included in the crew. Its hourly

cost has been determined using methods described previously. The total hourly rate for the

crew is found to be $370.00. The average assumed rate of production for the crew is 12

cubic yards per hour. This results in an average labor cost per cubic yard of concrete of
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Figure 16.8 Dallavia method.
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$30.83. The line items requiring concrete are listed with the quantities developed from the

plans and specifications. Consider the first item that pertains to foundation concrete. The

basic quantity is adjusted for material waste. The cost per unit is adjusted to $34.25 based

on an efficiency factor for placement of foundation concrete estimated as 90%.

The resource enumeration approach has the advantage over unit pricing in that it

allows the estimator to stylize the resource set or crew to be used to the work in question.

The rates of pay applied to the resource group reflect the most recent pay and charge rates,

and therefore incorporate inflationary or deflationary trends into the calculated price. The

basic equation for unit pricing is

Resource cost per unit time=Production rate ¼ $=hr=unit=hr ¼ $=unit

In the unit-pricing approach the resource costs and the production rates are the

aggregate values of resources and rates accumulated on a number of jobs over the period of

historical data collection. With the resource enumeration approach, the estimator specifies

a particular crew or resource group at a particular charge rate and a particular production

level for the specific work element being estimated. This should yield a much more precise

cost-per-unit definition. The disadvantage with such a detailed level of cost definition is the

fact that it is time consuming. Therefore, resource enumeration would be used only on

Figure 16.9 Resource enumeration method of

estimating.
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(a) items for which no unit cost data are available (b) ‘‘big-ticket’’ items, which constitute a

large percentage of the overall cost of the job and for which such a precise cost analysis

may lead to cost savings that may provide the winning margin at bid time, or (c) extremely

complex work items on complicated and unique projects for which the use of the unit-

pricing approach is deemed inadequate.

16.9 WORK PACKAGE OR ASSEMBLY-BASED ESTIMATING

In this approach to estimate development, a work package or assembly that is commonly

encountered in construction is viewed as an estimating group, and appropriate dimensional

and cost-related parameters are defined for the package. The wall of Figure 16.4 could be

Figure 16.10 Labor resource enumeration.
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considered an assembly. In this case, the height, width, and depth of the footer, block

portion, and cap beam would be specified each time the assembly is encountered. Pricing

information for the defined wall would be retrieved from a pricing catalog. Since the

reference subelement in this approach is the work package, an extensive listing of

assemblies or packages into which the work can be subdivided is maintained.

A concrete footer assembly is shown in Figure 16.11. The relevant data required for

takeoff are the dimensional values shown as items A through K. Data regarding the

methodology of placement and the relevant specifications are indicated by items (1) to (9)

in the figure. Such work-package-based systems can be considered a structured extension

of the resource enumeration approach and can be calculated manually. In general, most of

these system-based (i.e., assembly-based) systems are computerized and are based on

presenting the estimator with individual assemblies. The estimator is interrogated by the

computer and provides the dimensional and methodology information in a question-and-

answer format. This procedure is shown schematically in Figure 16.12. The estimator goes

through the construction systems sequentially, selecting those that are relevant and

providing the required data. These data are integrated with information from a pricing

catalog. The pricing catalog allows for price, resource, and productivity adjustment. The

Figure 16.11 Construction systems concept—concrete footing.
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Figure 16.12 Work

package concept.

Figure 16.13 Work package collection sheet—concrete slab (Source: J. M. Neil, Construction Cost

Estimating and Cost Control, Englewood Cliffs, NJ: Prentice-Hall, 1982, p. 231).

296 Chapter 16 Estimating Process



E1C16_1 09/29/2010 297

manual or computer program integration of these data produces the estimate reports

required for bid preparation.

If a manual approach is used to estimate each work package, a work package takeoff

sheet is helpful in organizing the collection of data. Such a work package or assembly

collection sheet can be organized as shown in Figure 16.13. This form illustrates the

development of an estimate for slab on grade in a building project. Material, labor, and

equipment resources required for the package are shown on the left side of the sheet,

together with target prices for each resource. It is interesting to note that the equipment

resources are normally charged on a period basis because partial-day allocation of

equipment is not a common practice. The right side of the sheet considers the productivity

rate to be used, special notes or characteristics relating to the package, and a total cost

summary for the package. This sheet is quite versatile and can be used for earthwork,

masonry, and virtually any assembly encountered in the construction of a project. A similar

sheet for earthwork is shown in Figure 16.14.

16.10 SUMMARY

The estimate is the basis for the contractor’s bid, and as such, has a significant effect on

whether or not a given project is profitable. In building construction the four levels of

estimate preparation are (a) conceptual, (b) preliminary, (c) engineer’s, and (d) bid.

The first three of these estimates are typically prepared by the architect/engineer and

reflect the increasing refinement of the design. Large and complex projects include a

magnitude and definitive estimate in addition to those noted previously. The bid estimate is

Figure 16.14 Work package collection sheet—excavation (Source: J. M. Neil, Construction Cost

Estimating and Cost Control, Englewood Cliffs, NJ: Prentice-Hall, 1982, p. 221).
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a detailed estimate prepared by the contractor. The steps involved in preparing a detailed

estimate are shown graphically in Figure 16.15. The project to be estimated is subdivided

for cost analysis purposes into estimating accounts or work packages. Quantities for each

package or account are developed. These quantities are priced, and the extensions are

calculated and checked for errors.

At this stage, professional judgment and engineering intuition are used to adjust the

bid to reflect special or unique factors peculiar to the particular job. Profit margin is also

applied at this point, and the bid is revised as required and finalized. Steps 3 through 6 are

quantitative in nature and involve the application of formulas and arithmetical concepts.

Steps 1 and 2 require professional expertise. Steps 7 and 8 require a good deal of experience

and engineering judgment.

In the development of the estimate three methods are commonly used. These are:

1. Unit-pricing or catalog lookup method.

2. Resource enumeration.

3. Work package/assembly method.

The work package method can be thought of as an extension of the resource

enumeration method. Different methods may be used on different parts of the job. On

portions of the job that are cost sensitive and constitute a large portion of the overall

project, methods 2 and 3 may be appropriate. On parts of the work that are standard and

straightforward, the unit-pricing approach is normally acceptable. Selection of methods is

a tradeoff between the need for accuracy and the cost of obtaining that accuracy. The keys

to a successful estimate are (a) the ability to assess the required level of accuracy and (b) the

ability to achieve the required level of accuracy at minimal cost.

REVIEW QUESTIONS AND EXERCISES

16.1 Explain the difference between unit-cost estimating

methods and resource enumeration methods. When would

you use unit cost? When would you use resource enumeration?

16.2 What is meant by contractor O & P? Give three compo-

nents that are considered in the O & P.

16.3 What is the difference between labor cost and labor

productivity? Use a sketch to illustrate.

16.4 The partition wall shown below is to be constructed of

8� 16� 6 block. Estimate the cost of the wall to include labor,

materials, and contractor O & P using the R. S. Means building

Figure 16.15 Steps in the estimating process.
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cost data or other appropriate estimating reference. The job is

located in Cincinnati, Ohio.

16.5 Given the bridge abutment shown here, determine the

number of man hours required to form the structure using data

from R. S. Means or other appropriate reference.

16.6 Find the labor cost, including overhead and profit for the

formwork for 48 columns of 2400 � 2400 � 90. Use the data shown
in Figure 16.7.

16.7 Revise the cost for the formwork for the columns of the

previous problem if the carpenters earn $42.00/hr.

Review Questions and Exercises 299
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Leadership in Energy and Environmental Design Certification

The Leadership in Energy and Environmental Design (LEED) certification program

provides tangible recognition to project owners for their interest and investment in

sustainability. It is hosted by the Green Building Council (USGBC) and examines five

aspects of sustainability: (1) sustainable site development, (2) water use efficiency, (3)

energy and atmospheric impact, (4) choice of materials and resources, and (5) indoor

environmental quality. The achievements in each of these aspects are evaluated by a panel

of experts chosen by the USGBC, and quantified in a point scale. Depending on the total

points achieved, the project is either certified or denied certification.

There are several possible levels of certification: Certified, Silver, Gold, and Platinum.

Each category is more stringent than the preceding one (e.g., Gold needs to fulfill more

requisites than Silver). A LEED certified project receives a formal certificate of

recognition and a plaque, is registered in an online directory of registered and certified

projects, and included in the U.S. Department of Energy High Performance Buildings

Database.

Professional consultants are frequently used by the owner to help attain LEED

certification. These consultants are accredited by the Green Building Certification

Institute, at the levels of associate, accredited professional (AP), and fellow. The

prerequisites, examination, and continuing professional education are similar to those

of any licensed profession.

In addition to the intrinsic importance of creating sustainable construction, LEED

certification can be an excellent marketing tool for both owner occupants and developers.
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This side of LEED is important because it helps the owner and design teams compare in

financial terms the initial costs necessary to build a high performance building with a

frequently less expensive but less sustainable traditional design.

17.1 COST CONTROL AS AMANAGEMENT TOOL

The early detection of actual or potential cost overruns in field construction activities is

vital to management. It provides the opportunity to initiate remedial action and increases

the chance of eliminating such overruns or minimizing their impact. Because cost

overruns increase project costs and diminish profits, it is easy to see why both project

management and upper-level management must become sensitive to the costs of all

project activities.

An important byproduct of an effective cost reporting system is the information that it

can generate for management on the general cost performance of field construction

activities. This information can be brought to bear on problems of great interest to project

management. The determination of current project status, effectiveness of work progress,

and preparation of progress payment requests require data generated by both project

planning and cost control reporting systems. Project cost control data are important not

only to project management in decision-making processes but also to the company’s

estimating and planning departments because these data provide feedback information

essential for effective estimates and bids on new projects. Thus, a project control system

should both serve current project management efforts and provide the field performance

database for estimating future projects.

17.2 PROJECT COST CONTROL SYSTEMS

The design, implementation, and maintenance of a project cost control system can be

considered a multistep process. The five steps, shown schematically in Figure 17.1,

form the basis for establishing and maintaining a cost control system. The following

questions regarding each step in the implementation of the cost control system must be

addressed.

1. Chart of Cost Accounts: What will be the basis adopted for developing estimated

project expenditures, and how will this basis be related to the firm’s general

accounts and accounting functions? What will be the level of detail adopted in

defining the project cost accounts, and how will they interface with other financial

accounts?

Leed Data Processes Leed Data Collection
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2. Project Cost Plan: How will the cost accounts be used to allow comparisons

between the project estimate and cost plan with actual costs as recorded in the field?

How will the project budget estimate be related to the construction plan and

schedule in the formation of a project cost control framework?

3. Cost Data Collection: How will cost data be collected and integrated into the cost

reporting system?

4. Project Cost Reporting: What project cost reports are relevant and required by

project management in its cost management of the project?

5. Cost Engineering: What cost engineering procedures should project management

implement in its efforts to minimize costs?

These are basic questions that management must address in setting up the cost control

system. The structure of cost accounts will be discussed in this chapter.

17.3 COST ACCOUNTS

The first step in establishing a cost control system for a construction job is the definition of

project-level cost centers. The primary function of the cost account section of a chart of

accounts is to divide the total project into significant control units, each consisting of a

given type of work that can be measured in the field (see Figure 17.2). Once job cost

accounts are established, each account is then assigned an identifying code known as a cost

code. Once segregated by associated cost centers, all the elements of expense (i.e., direct

labor, indirect labor, materials, supplies, equipment costs, etc.) constituting work units can

be properly recorded by cost code.

Figure 17.1 Steps in cost control.
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Figure 17.2 List of typical project expense (cost) accounts.
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The design, structure, and development of a cost coding system and its associated set

of expense accounts have a significant impact on the cost management of a company or

project. The job cost accounting system is essentially an accounting information system.

Therefore, management is free to establish its own chart of accounts in anyway that helps it

in reaching specific financial and cost control objectives, whether these objectives are

related to general company performance, to the control of a specific project, or to specific

contract requirements.

17.4 COST CODING SYSTEMS

A variety of cost coding systems exist in practice, and standard charts of accounts are

published by organizations such as the American Road Builders Association, Associated

General Contractors, and theConstruction Specifications Institute. Inmany industries, cost

codes have a company-wide accounting focus emphasizing expense generation based on a

departmental breakdown of the firm. In some construction firms, cost systems have a

structured sequence corresponding to the order of appearance of the various trades or types

of construction processes typical of the company’s construction activity. In most con-

struction companies, detailed project cost accounts such as those shown in Figure 17.2 are

used. This method recognizes the fact that construction work is project oriented and that to

achieve the cost management goal of maximizing profit, projects must be accounted for

individually. One project may be a winner while another is losing money. Such situations

may be masked in the accounting system unless job cost accounts are maintained on a

project-by-project basis. Therefore, both billings (revenue) and cost (work in progress)

accounts are typically maintained for each project. The actual account descriptions or

designations vary in accordance with the type of construction and the technologies and

placement processes peculiar to that construction. Building contractors, for instance, are

interested in accounts that describe the cost aspects of forming and casting structural

concrete as used in building frames. Heavy construction contractors, on the other hand, are

interested in earthwork-related accounts such as grading, ditching, clearing and grubbing,

andmachine excavation. Standard cost accounts published by theAmerican RoadBuilders

Association emphasize these accounts, whereas the MasterFormat classification, pub-

lished by the Construction Specifications Institute, emphasizes building-oriented

accounts. A breakdown of the major classifications within the MasterFormat account

system is shown in Table 17.1. A portion of the second level of detail for classifications 0

to 3 is shown in Figure 17.3.

17.5 PROJECT COST CODE STRUCTURE

The MasterFormat code as used by the R. S. Means Building Construction Cost Data

identifies four levels of detail, an example of which is shown in Figure 17.4. At the highest

level the major work classification as given in Table 17.1 is defined. In Figure 17.4, the first

two digits 03 apply to all concrete items. Level 2 identifies a major subdivision within the

work of level 1. In this case, 03 11 is assigned to concrete forming. There are many types of

concrete forms, and they are defined at the third level. In the case of Figure 17.4, the item is

structural cast-in-place concrete forming. This level adds two additional digits to the

identifier, resulting in 03 11 13. The fourth level adds a two-digit decimal to level 3 and

gives even more specificity to the item. In this case, 03 11 13.25 refers to forms in place,

columns. MasterFormat does not provide further detail in its system, and it is left to each

user to add more digits to the identifier. R. S. Means adds four digits in a fifth level. In

Figure 17.4, the complete description of the item is 03 11 13.25 5000, for structural cast-in

place concrete forms made of plywood and used once for job-built 8"� 8" columns. This
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Figure 17.3 Detailed codes for classification within Uniform Construction Index.
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precise description requires of 12 digits. At this level, the cost engineer and construction

manager have a great deal of flexibility in reflecting unique aspects of the placement

technology that lead to cost fluctuations and thus must be considered in defining cost

centers.

Large and complex projects in industrial and energy-related construction may require

cost codes that reflect additional information, such as the project designation, the year in

which the project was started, and the type of project. Long and complex codes in excess of

10 digits can result. An example of such a code is shown in Figure 17.5. This code,

consisting of 13 digits, specifically defines the following items:

1. Year in which project was started (2014).

2. Project control number (15).

3. Project type (5 for power station).

4. Area code (16 for boiler house).

5. Functional division (2, indicating foundation area).

6. General work classification (0210, indicating site clearing).

7. Distribution code (6, indicating construction equipment).

The distribution code establishes what type of resource is being costed to the work

process (i.e., clearing), the physical subelement (i.e., foundations) in what area of which

project. Typical distribution codes might be as follows:

1. Labor.

2. Permanent materials.

3. Temporary materials.

4. Installed equipment.

5. Expendables.

6. Construction equipment.

7. Supply.

8. Subcontract.

9. Indirect.

A high concentration of information can be achieved by proper design of the cost code.

Such codes are also ideally suited for data retrieval, sorting, and assembly of reports on the

Figure 17.4 UCI cost (line item) structure in the master format code. (R. S. Means Building

Construction Cost Data)
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Table 17.1 Major Divisions in CSI’s MasterFormat Uniform Construction Index 2004

Procurement ands Contracting subgroup

00 – Procurement and Contracting Requirements

General Requirements subgroup

01 – General Requirements

Facilities Construction subgroup

02 – Existing Conditions

03 – Concrete

04 – Masonry

05 – Metals

06 – Wood, Plastics, and Composites

07 – Thermal and Moisture Protection

08 – Openings

09 – Finishes

10 – Specialties

11 – Equipment

12 – Furnishings

13 – Special Construction

14 – Conveying Equipment

15 – Reserved for future use in Mechanical

16 – Reserved for future use in Electrical

Facilities Services subgroup

21 – Fire Suppression

22 – Plumbing

23 – Heating Veritilating and Air Conditioning

25 – Integrated Automation

26 – Electrical

27 – Communications

28 – Electronic Safety and Security

Site and Infrastructure subgroup

31 – Earthwork

32 – Exterior Improvements

33 – Utilities

34 – Transportation

35 – Waterway and Marine Construction

Process Equipment subgroup

40 – Process Integration

41 – Material Processing and Handling Equipment

42 – Process Heating, Cooling, and Drying Equipment

43 – Process Gas and Liquid Handling, Purification and Storage Equipment

44 – Pollution Control Equipment

45 – Industry-Specific Manufacturing Equipment

48 – Electrical Power Generation

Figure 17.5 Classification of accounts: typical data structure for a computerized cost code.
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basis of selected parameters (e.g., all construction equipment costs for concrete forming on

project 10 started in a given year). The desire to cram too much information into cost codes,

however, can make them so large and unwieldy that they are confusing to upper-level

management.

17.6 COST ACCOUNTS FOR INTEGRATED PROJECTMANAGEMENT

In large and complex projects, it is advantageous to break the project into common building

blocks for control both of cost and time. The concept of a common unit within the project

that integrates both scheduling and cost control has led to the development of the work

breakdown approach. The basic common denominator in this scheme is the work package,

which is a subelement of the project on which both the cost and time data are collected for

project status reporting. The collection of time and cost data based on work packages has

led to the term integrated project management. That is, the status reporting function has

been integrated at the level of the work package. The set of work packages in a project

constitutes its work breakdown structure (WBS).

The WBS and work packages for control of a project can be defined by developing a

matrix similar to the one shown in Figure 17.6. The columns of this matrix are defined by

breaking the down project into physical subcomponents. Thus, we have a hierarchy of

levels that begins with the project as a whole and, at the lowest level, subdivides the project

into physical end items such as foundations and areas. As shown in Figure 17.6, the project

is subdivided into systems. The individual systems are further divided into disciplines (e.g.,

civil, mechanical, electrical). The lowest level of the hierarchy indicates physical end items

(foundation 1, etc.). Work packages at this lowest level of the hierarchy are called control

accounts.

Figure 17.6 Project control matrix.
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The rows of the matrix are defined by technology and responsibility. At the lowest

level of this hierarchy, the responsibilities are shown in terms of tasks, such as concrete,

framing, and earthwork. These tasks imply various craft specialties and technologies.

Typical work packages then are defined as concrete tasks on foundation 1 and earthwork on

foundations 1 and 2.

This approach can be expanded to a three-dimensional matrix by considering the

resources to be used on each work package (see Figure 17.7). Using this three-dimensional

breakdown, we can develop definition in terms of physical subelement, task, and

responsibility, as well as resource commitment. A cost code structure to reflect this matrix

structure is given in Figure 17.8. This 15-digit code defines units for collecting information

in terms of work package and resource type. Resource usage in terms of monetary units,

quantities, man hours, and equipment hours for a foundation in the boiler building would be

collected under work package code 121002. If this work relates to placement and vibration

of concrete by using a direct chute, the code is expanded to include the alphanumeric code

Figure 17.7 Three-

dimensional visual-

ization of work-

package-oriented

cost accounts.

Figure 17.8 Basic cost code structure.
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DF441. The resource code for the concrete is 2121. Therefore, the complete code for

concrete in the boiler building foundations placed by using a chute would be 121002-

DF441-2121.

This code allows collection of cost data at a fine level. Scheduling of this work is also

referenced to the work package code as shown in Figure 17.9. The schedule activities are

shown in this figure as subtasks related to the work package.

17.7 EARNED VALUEMETHOD

One widely accepted way of calculating progress on complex projects using a work or

account based breakdown system is the earned value approach. This system of determining

project progress addresses both schedule status (i.e., on schedule, behind schedule or ahead

of schedule.) and cost status (i.e., on budget, over budget or under budget). This method of

tracking cost and schedule was originally implemented by the Department of Defense in

the late 1970s to help better control complex projects. The system was called the Cost and

Schedule Control Systems Criteria or C/SCSC. This method of monitoring contracts

proved to be so effective that other government agencies (e.g., Department of Energy,

Veterans Administration) adopted C/SCSC as a means of maintaining oversight on

complex projects such as nuclear and conventional power plants. Private owners such

as power companies implemented similar systems since reporting to various government

authorities encouraged or required the use of C/SCSC and earned value concepts.

Ultimately, owners of complex industrial projects began to use the system as well.

The idea of earned value is based upon a rigorous development of percentage complete

of the budgeted costs associated with individual work packages or line items. Each work

package has an initial budget or estimate which is defined as the budgeted cost at

completion or BCAC. As work proceeds on an individual work package or account,

assessment of the percentage complete is made at various study dates. The initial schedule

Figure 17.9 Project control matrix with scheduling of subtasks.
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establishes an expected level of work completion as of the study date. The level of expected

production is often shown as an S-Curve plotting the cost or units of production (e.g., units

produced, work hours expended, and so on) against time. This cost/production curve is

referred to as the baseline. At any given time (study date), the units of cost/production

indicated by the baseline are called the budgeted cost of work scheduled (BCWS).

The tracking system requires that field reports provide information about the actual

cost of work performed (ACWP) and the actual quantity of work performed (AQWP). The

earned value is the budgeted cost of work performed (BCWP). The relative values for a

given work package or account at a given point in time (see Figure 17.10) provide

information about the status in terms of cost and schedule variance. The six parameters

which form the foundation of the earned value concept are:

BCWS: Budgeted Cost of Work Scheduled ¼ Value of the baseline at a given time

ACWP: Actual Cost of Work Performed. Measured in the field

BCWP: Budgeted Cost of Work Performed ¼ [% Complete] � BCAC

BCAC: Budgeted Cost At Completion ¼ Contracted total cost for the work package

AQWP: Actual Quantity of Work Performed. Measured in the field

BQAC: Budgeted Quantity At Completion. Value of the quantity baseline as pro-

jected at a given point.

To put these terms into context, consider the small project shown in Figure 17.11. The

project consists of two control accounts—‘‘A’’ and ‘‘B.’’ A consists of two subaccounts,

A.1 and A.2. The information for these work packages depends on its cutoff date (the

Study Date Time

ACWP

BCWP

BCWS

BCAC

Cost
Variance

Schedule
Variance

Baseline

Cost/Prod. Units

Figure 17.10 Control Values

for Earned Value Analysis.

PROJECT

A B

A. 1 A. 2
Figure 17.11 A Simple Project Hierarchy.
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‘‘now’’ date – obviously, each date may have different values), and for the example it is

given in Table 17.2. In this example, the budget is expressed in worker hours so the baseline

for control is in worker hours. The estimated total number of worker hours for this scope of

work is 215 (the sum of the estimated worker hours for A.1, A.2, and B). The BCWP or

earned value for a given work package is given as:

BCWPi ¼ PCi � BCACi

where i is the work package or account label, and PC is the percentage complete as of the

study date.

The percent complete (PC) for each package is based on the ratio of the actual

quantities (i.e., its AQWP) divided by its Budgeted Quantity at Completion (i.e., BQAC)

based on the latest quantity assessment. If we know the original quantity estimate is 100

units but updated information indicates that a total of 120 units will be required to complete

the work, completion of 50 units would not indicate 50 percentage complete. The correct

PC would be 50/120 (i.e., AQWP/BQAC).

Based on the information in Table 17.2, the PC for each work package in the small

project would be:

PC ðA:1Þ 35=105 ¼ 0:333
PCðA:2Þ 60=77 ¼ 0:780

PCðBÞ ¼ 100=125 ¼ 0:800

Then

BCWP ðProjectÞ ¼ :333 ð100Þ þ :78 ð50Þ þ :8 ð65Þ 33:3þ 39þ 52 ¼ 124:3

Therefore, the project percentage complete (PPC) for the small project is:

PPC 124:3=215f g � 100 ¼ 57:8 percent

This simple example illustrates several points:

1. The PC for a given package is based on the ratios of the AQWP/BQAC.

2. The PPC is calculated by relating the total BCWP (i.e., earned value) to the total

BCAC for the project scope of work.

3. The total work earned is compared to the work required. The values of units to be

earned are based on the originally budgeted units in an account/work package and

the percentage earned is based on the latest projected quantity of units at

completion.

Worker hours are used here to demonstrate the development of the PPC. However,

other cost or control units may be used according to the needs of management.

It is important to know that schedule and cost objectives are being achieved. Schedule

and cost performance can be characterized by cost and schedule variances as well as cost

Table 17.2 Study Date Data for Simple Project

BCAC ACWP BQAC AQWP PC (%) BCWP ECAC

A

A.1 100 40 105 35 33.3 33.3 120

A.2 50 35 77 60 78.0 39.0 45

B 65 50 125 100 80.0 52.0 62.5

TOTAL 215 125 — — 57.8 124.3 227.5

Project PC (PPC) ¼ Total BCWP � Total BCAC ¼ 124.3 � 215 ¼ 57.8%

ECACi ¼ Estimated Cost at Completion for Work Package i ¼ ACWPi � PCi
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performance and schedule performance indices. These values in C/SCSC are defined as

follows:

CV; Cost Variance ¼ BCWP� ACWP

SV; Schedule Variance ¼ BCWP� BCWS

CPI; Cost Performance Index ¼ BCWP=ACWP

SPI; Schedule Performance Index ¼ BCWP=BCWS

Figures 17.12 a, b, and c plot the values of BCWP, ACWP, and BCWS for the small

project data given in Table 17.2. At any given study date, management will want to know

what are the cost and schedule variance for each work packages. The variances can be

calculated as follows:

CV ðA:1Þ ¼ BCWP ðA:1Þ � ACWP ðA:1Þ ¼ 33:3� 40 ¼ �6:7
CV ðA:2Þ ¼ BCWP ðA:2Þ � ACWP ðA:2Þ ¼ 39� 35 ¼ þ4

CV ðBÞ ¼ BCWP ðBÞ � ACWP ðBÞ ¼ 52� 50 ¼ þ2

Since the CV values for A.2 and B are positive, those accounts are within budget (i.e.,

the budgeted cost earned is greater than the actual cost). In other words, less is being paid in

the field than was originally budgeted. The negative variance for A.1 indicates it is

overrunning budget. That is, actual cost is greater than the cost budgeted.

This is confirmed by the values of the CPI for each package.

CPI ðA:1Þ ¼ 33=40 < 1:0 A value less that 1:0 indicates cost overrun of budget
CPI ðA:2Þ ¼ 39=35 > 1:0
CPI ðBÞ ¼ 52=50 > 1:0 Values greater than 1:0 indicate actual cost less than budgeted cost

The schedule variances for each package are as follows:

SV ðA:1Þ ¼ BCWP ðA:1Þ � BCWS ðA:1Þ ¼ 33:3� 50 ¼ �16:7
SV ðA:2Þ ¼ BCWP ðA:2Þ � BOWS ðA:2Þ ¼ 39� 32 ¼ þ7

SV ðBÞ ¼ BCWP ðBÞ � BCWS ðBÞ ¼ 52� 45 ¼ þ7

The positive values for A.2 and B indicate that these items are ahead of schedule. The

negative value for A.1 indicates a scheduling problem. The calculation of the SPI values

will confirm this assessment. Overall, it can be stated that A.2 and B are ahead of schedule

and below cost while A.1 is behind schedule and over cost.

Six scenarios for permutations of AQWP, BCWP, and BCWS are possible as

established by Singh (1991). The various combinations are shown in Figure 17.13 and

Table 17.3. The reader is encouraged to verify the information in this table.

The earned value approach requires a comprehensive knowledge of work packaging,

budgeting, and scheduling. It is a data intensive procedure and requires the acquisition of

current data on the ACWP and AQWP for each work package or account. It is a powerful

tool, however, when management is confronted with complex projects consisting of

hundreds of control accounts. In large projects consisting of thousands of activities

and control accounts, it is a necessity. Without it, projects can quickly spiral out of

control. A more detailed presentation of this topic is beyond the scope of this chapter. The

interested reader should refer to current government publications that describe the earned

value management system (EVMS) and the inherent procedures associated with its

implementation.

17.8 LABOR COST DATA COLLECTION

The purpose of the payroll system is to (a) determine the amount of and disburse wages to

the labor force, (b) provide for payroll deductions, (c) maintain records for tax and other
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purposes, and (d) to provide information regarding labor expenses. The source document

used to collect data for payroll is a daily or weekly time card for each hourly employee

similar to that shown in Figure 17.14. This card is usually prepared by foremen, checked by

the superintendent or field office engineer, and transmitted via the project manager to the

head office payroll section for processing. The makeup of the cards is such that the foreman

or timekeeper has positions next to the name of each employee for the allocation of the

WH/Cost

WH/Cost

100 WH

50 = BCWS

33.3 = BCWP
40 = ACWP

Time

(a) Baseline for A.1

Study Date

50 WH

BCWP = 39

32 = BCWS
ACWP = 35

Time

(b) Baseline for A.2

Study Date

WH/Cost

65 WH

BCWP = 52

45 = BCWS
ACWP = 50

Time

(c) Baseline for B

Study Date

CV = BCWP-ACWP = −6.7

BCWP

ACWP
CPI = =

33.3

40
<1.0

Over Budget

CV = BCWP-ACWP = +4.0

BCWP

ACWP
CPI = =

39

35
>1.0

Within Budget

CV = BCWP-ACWP = +2.0

BCWP

ACWP
CPI = =

52

50
>1.0

Within Budget

SV = BCWP-BCWS = −16.7

BCWP

BCWS
SPI = =

33.3

50
<1.0

Behind Schedule

SV = BCWP-BCWS = +7.0

BCWP

BCWS
SPI = =

39

32
>1.0

Ahead of Schedule

SV = BCWP-BCWS = +7.0

BCWP

BCWS
SPI = =

52

45
>1.0

Ahead of Schedule

Figure 17.12 States of Control Account for Single Project.

314 Chapter 17 Cost Control



E1C17_1 09/16/2010 315

time worked on appropriate cost subaccounts. The foreman in the distribution made in

Figure 17.14 has charged 4 hours of A. Apple’s time to an earth excavation account and

4 hours to rock excavation. Apple is a code 15 craft, indicating that he is an operating

engineer (equipment operator). As noted, this distribution of time allows the generation of

management information aligning work effort with cost center. If no allocation is made,

these management data are lost.

The flow of data from the field through preparation and generation of checks to cost

accounts and earnings accumulation records is shown in Figure 17.15.

This data structure establishes the flow of raw data or information from the field to

management. Raw data enter the system as field entries and are processed to service both

payroll and cost accounting functions. Temporary files are generated to calculate and

produce checks and check register information. Simultaneously, information is derived

from the field entries to update project cost accounts. These quantity data are not required

by the financial accounting system and can be thought of as management data only.
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Figure 17.13 Scenarios for Permutations Between ACWP, BCWP, and BCWS (Singh, 1991).
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From the time card, the worker’s ID (badge number), pay rate, and hours in each cost

account are fed to processing routines that cross check them against the worker data

(permanent) file and use them to calculate gross earnings, deductions, and net earnings.

Summations of gross earnings, deductions, and net earnings are carried to service the legal

reporting requirements placed on the contractor by insurance carriers (public liability and

property damage, workmen’s compensation), the unions, and government agencies (e.g.,

Social Security and Unemployment Compensation).

17.9 CHARGES FOR INDIRECT AND OVERHEAD EXPENSE

Contractor-incurred expenses associated with the construction of a given facility relate to:

1. Direct cost consumed in the realization of a physical subelement of the project (e.g.,

labor and material costs involved in pouring a slab).

2. Production support costs incurred by the project-related support resources or

required by the contractor (e.g., superintendent’s salary, site office costs, various

project related insurances) costs associated with the operation and management of

the company as a viable business entity (e.g., home office overhead, such as the

costs associated with preparation of payroll in the home office, preparation of the

estimate, marketing, salaries of company officers).

The production support costs are typically referred to as project indirect costs. The

home office charges are normally referred to as home office overhead. All of these costs

must be recovered before income to the firm is generated. The home office overhead, or

general and administrative (G & A) expense, can be treated as a period cost and charged

Table 17.3 Values of CPI, CV, and SPI, SV for the Six Scenarios (Singh, 1991)

CPI < 1
CV < 0

SPI < 1
SV < 0

overrunning
cost

behind
schedule

CASE I

CPI < 1
CV < 0

SPI > 1
SV > 0

overrunning
cost

ahead of
schedule

CASE V

CPI > 1
CV > 0

SPI < 1
SV < 0

within
budget

behind
schedule

CASE II

CPI < 1
CV < 0

SPI < 1
SV < 0

overrunning
cost

behind
schedule

CASE IV

CPI > 1
CV > 0

SPI > 1
SV > 0

within
budget

ahead of
schedule

CASE III

CPI > 1
CV > 0

SPI > 1
SV > 0

within
budget

ahead of
schedule

CASE VI
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separately from the project (direct costing). On the other hand, they may be prorated to the

job and charged to the job cost overhead accounts and the work-in-progress expense ledger

accounts (absorption costing).

17.10 PROJECT INDIRECT COSTS

Job-related indirect costs such as those listed in the labor cost report of Figure 17.16 (e.g.,

haul trash) are typically incurred as part of the on-site related cost associated with realizing

the project. As such, they are charged to appropriate accounts within the job cost system.

The level and amount of these costs should be projected during the estimating phase and

included in the bid as individual estimate line items. Although it is recommended that job

indirect be precisely defined during estimate development, many contractors prefer to

XX

Figure 17.14 Foreman’s daily labor distribution report.
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handle these charges by adding a flat rate amount to cover them. Under this approach, the

contractor calculates the direct costs (as defined previously) and multiplies these charges

by a percentage factor to cover both project indirects and home office fixed overhead. To

illustrate, assume that the direct costs for a given project are determined to be $200,000. If

the contractor applies a fixed factor of 20% to cover field indirects and home office

overhead, the required flat charge would be $40,000. If he adds 10% for profit, his total bid

amount would be $264,000.

The estimate summary shown in Figure 16.3 establishes line items for indirect charges

and calculates them on an -item-by-item basis (rather than applying a flat rate). Typical

items of job-related indirect cost that should be estimated for recovery in the bid are those

listed in Figure 17.2 as project overhead accounts (700-999). This is the recommended

procedure because it is felt that sufficient information is available to the contractor at the

time of bid to allow relatively precise definition of these job-related indirect costs. The R.

S. Means method of developing overhead and profit (illustrated in Figure 16.7) represents a

percentage rate approach that incorporates a charge into the estimate to cover overhead on a

Figure 17.15 Payroll data structure.
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line item-by-item basis. This is essentially a variation of the flat rate application described

previously.

17.11 FIXED OVERHEAD

Whereas the project indirect charges are unique to the job and should be estimated on a job-

by-job basis, home office overhead is a more or less fixed expense that maintains a constant

level not directly tied to individual projects. In this case, the application of a percentage rate

to prorate or allocate home office expense to each project is accepted practice, since it is not

reasonable to try to estimate the precise allocation of home office to a given project. Rather,

a percentage prorate or allocation factor is used to incorporate support of home office

charges into the bid.

The calculation of this home office overhead allocation factor is based on:

1. The G & A (home office) expenses incurred in the past year.

2. The estimated sales (contract) volume for the coming year.

3. The estimated gross margin (i.e., markup) for the coming year.

This procedure is illustrated in the following example (Adrian, 1998).

Step 1: Estimate of Annual Overhead (G & A Expense)

Last year’s G & A $270,000

10% inflation 27,000

Firm growth 23,000

Estimated G & A $320,000

Step 2: Estimate of $ of Cost Basis for Allocation

Estimated volume $4,000,000

Gross margin 20% ¼ $800,000

Labor and material $3,200,000

Step 3: Calculate Overhead Percentage

Overhead costs estimated (G & A)/Labor and material estimate

¼ 320; 000=3; 200; 000 ¼ 10%

Step 4: Cost to Apply to a Specific Project

Estimated labor and material costs $500,000

Overhead to apply (@ 10 percent) 50,000

$550,000

In the example, the anticipated volume for the coming year is $4,000,000. The G & A

expense for home office operation in the previous year was $270,000. This value is adjusted

for inflation effects and expected expansion of home office operations. The assumption is

that the overhead allocation factor will be applied to the direct labor and materials costs.

These direct costs are calculated by factoring out the 20% gross margin. Gross margin, in

this case, refers to the amount of overhead and profit anticipated.

Direct costs amount to $3,200,000. The $320,000 in G & A costs to be recovered

indicate a 10% prorate to be applied against the $3,200,000 of direct costs. This means that

an overhead amount of $50,000 would be added to a contract bid based on $500,000 of

direct cost to provide for G & A cost recovery. The profit would be added to the $550,000

base recovery amount.
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17.12 CONSIDERATIONS IN ESTABLISHING FIXED OVERHEAD

In considering costs from a business point of view, it is common to categorize them either

as variable costs or fixed costs. Variable costs are costs directly associated with the

production process. In construction they are the direct costs for labor, machines, and

materials as well as the field indirect costs (i.e., production support costs). These costs are

considered variable since they vary as a function of the volume of work underway. Fixed

costs are incurred at a more or less constant rate independent of the volume of work in

progress. To be in business, a certain minimum of staff in the home office, space for home

office operations, telephones, supplies, and the like must be maintained, and costs for these

items are incurred. These central administrative costs are generally constant over a given

range of sales/construction volume. If volume expands drastically, home office support

may have to be expanded also. For purposes of analysis, however, these costs are

considered fixed or constant over the year. Fixed costs are essentially the general and

administrative costs referred to previously.

As described in Section, 17.11, the level of G & A (fixed) costs can be estimated by

referring to the actual costs incurred during the previous year’s operation. The method of

projecting fixed overhead as a percentage of the estimated total direct costs projected for

the coming year is widely used. Since the fixed overhead incurred in the previous year is

typically available as a percentage of the previous year’s total sales volume, a simple

conversion must be made to reflect it as a percentage of the total direct cost. The formula

for this conversion is

PC ¼ PS= 100� PSð Þ
where

PC¼ percentage applied to the project’s total direct cost for the coming year

PS¼ percentage of total volume in the reference year incurred as fixed or G & A

expense

If, for instance, $800,000 is incurred as home office G&A expense in a reference year

in which the total volume billed was $4,000,000, the P value would be 20% ($800,000/

$4,000,000 � 100). The calculated percentage to be added to direct costs estimates for the

coming year to cover G & A fixed overhead would be

PC ¼ 20= 100� 20ð Þ ¼ 25%

If the direct cost estimate (e.g., labor, materials, equipment, and field indirects) for a

job is $1 million, $250,000 would be added to cover fixed overhead. Profit would be

added to the total of field direct and indirects plus fixed overhead. The field (variable)

costs plus the fixed overhead (G & A) charge plus profit yield the bid price. In this

example, if profit is included at 10%, the total bid would be $1,375.000. It is obvious that

coverage of the field overhead is dependent on generating enough billings to offset both

fixed and variable costs.

Certain companies prefer to include a charge for fixed overhead that is more

responsive to the source of overhead support. The assumption here is that home office

support for management of certain resources is greater or smaller, and this effect should be

included in charging for overhead. For instance, the cost of preparing payroll and support

for labor in the field maybe considerably higher than the support needed in administering

materials procurement and subcontracts. Therefore, a 25% rate for fixed overhead is

applied to labor and equipment direct cost, while a 15% rate on materials and subcontract

costs is used. If differing fixed overhead rates are used on various subcomponents of the

field (variable) costs in the bid, the fixed overhead charge will reflect the mix of resources

used. This is shown in Table 17.4 in which a fixed rate of 20% on the total direct costs for
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three jobs is compared to the use of a 25% rate on labor and equipment and a 15% rate on

materials and subcontracts.

It can be seen that the fixed overhead amounts using the 25/15% approach are smaller

on jobs 101 and 102 than the flat 20% rate. This reflects the fact that the amount of labor

and equipment direct cost on these projects is smaller than the materials and subcontract

costs. The assumption is that support requirements on labor and equipment will also be

proportionately smaller. On job 102, for instance, it appears that most of the job is

subcontracted with only $200,000 of labor and equipment in house. Therefore, the support

costs for labor and equipment will be minimal, and the bulk of the support cost will relate to

management of materials procurement and subcontract administration. This leads to a

significant difference in fixed overhead chargewhen the 20% flat rate is used, as opposed to

the 25/15% modified rates (i.e., $440,000 vs. $350,000).

On job 103, the fixed overhead charge is the same with either of the rate structures

because the amount of labor and equipment cost is the same as the amount of the materials

and subcontract cost.

It should be obvious that in tight bidding situations use of the stylized rate system,

which attempts to better link overhead costs to the types of support required, might give the

bidder an edge in reducing his bid. Of course, in the example given (i.e., the 25/15% rate vs.

20%) the 20% flat rate would yield a lower overall charge for fixed overhead on labor- and

equipment-intensive jobs. The main point is that the charge for fixed overhead should be

reflective of the support required. Because the multiple rate structure tends to reflect this

better, some firms now arrive at fixed overhead charges by using this approach rather than

the flat rate applied to total direct cost.

REVIEW QUESTIONS AND EXERCISES

17.1 As a construction project manager, what general catego-

ries of information would you want to have on a cost control

report to properly evaluate what you think is a developing

overrun on an operation, ‘‘place foundation concrete,’’ that is

now under way and has at least 5 weeks to go before it is

completed?

17.2 What are the major functions of a project coding system?

17.3 List advantages and disadvantages of the Uniform Con-

struction Index (UCI) coding system.

17.4 Assume you are the cost engineer on a new $12 million

commercial building project. Starting with your company’s

standard cost code, explain how you would develop a project

Table 17.4 Comparison of Fixed Overhead Rate Structures

20% on

Total Direct

25% on Labor and

Equipment; 15% on

Material and

Subcontracts

Labor and equipment $ 800,000 $160,000 $200,000

Job 101 Materials and subcontracts $1,200,000 240,000 180,000

$400,000 $380,000

Labor and equipment 200,000 $ 40,000 $ 50,000

Job 102 Materials and subcontracts 2,000,000 400,000 300,000

$440,000 $350,000

Labor and equipment 700,000 $140,000 $175,000

Job 103 Materials and subcontracts 700,000 140,000 105,000

$280,000 $280,000
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cost code for this job. Be sure the differences in purpose and

content between these two types of cost codes are clear in your

explanation. Specify any additional information that may be

needed to draw up the project cost code.

17.5 Develop a cost code system that gives information

regarding:

a. When project started

b. Project number

c. Physical area on project where cost accrued

d. Division in UCI

e. Subdivision

f. Resource classification (labor, equipment)

17.6 The following planned figures for a trenching job are

available:

Quantity Resources (hours) Cost

Excavation—second

hauling

Machines 1000 $100,000

Labor 5000 $100,000

100,000 cubic yard Trucks 2000 $ 62,500

At a particular time during the construction, the site

manager realizes that the actual excavation will be in the range

of 110,000 cubic yards. Based on the new quantity, he figures

that he will have 30,000 cubic yards left.

From the main office, the following job information is

available:

Resources Cost

Machines 895 hours 85000

Labor 6011 work hours 79000

Trucks 1684 hours 50140

What would concern you as manager of this job?

17.7 Categorize the following costs as (a) direct, (b) project

indirect, or (c) fixed overhead:

Labor

Materials

Main office rental

Tools and minor equipment

Field office

Performance bond

Sales tax

Main office utilities

Salaries of managers, clerical personnel, and estimators

17.8 The following data are available on Del Fabbro Inter-

national, Inc. The fixed (home office) overhead for the past

year was $365,200. Total volume was $5,400,000. It is

assumed that G & A costs will account for $1,080,000 of

this volume. Del Fabbro uses a profit markup of 10%. The

estimating department has indicated that the direct and field

indirects for a renovation job will be $800,000. What bid price

should be submitted to ensure proper coverage of fixed over-

head? Assume a 5% inflation factor and a 12% growth factor in

the calculation.

17.9 Calculate the cost and scheduling variances for each of

the work packages shown. What is the percentage complete for

the entire package?

WORK HOURS QUANTITIES

EST ACT FORECAST EST ACT FORECAST

A 15000 8940 15500 1000 600 1100

B 2000 1246 1960 200 93 195

C 500 356 510 665 540 680

17.10 Draw a hierarchical diagram of the work packages

given, using the WBS code values. Calculate the BCWP and

percent complete for all codes and work packages to include

A.00 and B.00. Finally, compute the total percentage complete

of the project.

WORK HOURS QUANTITIES

CODE DESCRIPTION EST ACT FORECAST EST ACT FORECAST

A.00 E/W Duct 440

A.10 Partitions 230 150 225 25 14 25

A.20 Hangers 210 130 220 3 2.2 3.8

B.00 N/W Duct 645

B.10 Partitions 370 75 390 50 12 48

B.20 Hangers 275 85 260 16 4.5 16
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17.11 Given the following diagrams of progress on individual

work packages of a project answer the following questions:

a. For Case 1, is the project ahead or behind schedule?

b. For Case 2, is the project over or under budget?

c. For Case 3, is the CPI greater than 1?

d. For Case 1, is the SPI greater than 1? Explain by

calculation.

e. For Case 4, is the project on schedule and budget?

Explain.

17.12 A project with an SPI < 1 is, according to the discus-

sions in this chapter, behind schedule. How would the critical

path in its critical path method schedule look? Is there any

possibility that the SPI leads to an erroneous conclusion about

the project’s schedule?

BCWS

ACWP

BCWP

TimeCase I

Cost BCWP

BCWS

ACWP

TimeCase III

Cost

BCWS

BCWP

ACWP

TimeCase II

Cost ACWP

BCWS

BCWP

TimeCase IV

Cost
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Fiber Reinforced Polymer Rebar

Reinforced concrete is a common building material for the

construction of facilities and structures. As a complement to

concrete’s very limited tensile strength, steel rebar has been an

effective and cost-efficient reinforcement. However,

insufficient concrete cover, poor design or workmanship, and

the presence of large amounts of aggressive agents in the

concrete as well as environmental factors can all lead to

cracking of the concrete and corrosion of the steel rebar. For

instance, in the United States, almost 40% of bridges are

structurally deficient or functionally obsolete largely due to

cracking and corrosion.

Composite materials made of fibers embedded in a

polymeric resin, also known as fiber-reinforced polymers

(FRPs), have become an alternative to steel reinforcement for concrete structures.

Aramid fiber-reinforced polymer (AFRP), carbon fiber-reinforced polymer (CFRP),

and glass fiber-reinforced polymer (GFRP) rods are commercially available products

for use in the construction industry. They have been proposed for use in lieu of steel

reinforcement or steel prestressing tendons in non-prestressed or prestressed concrete

structures. The problems of steel corrosion are avoided with the use of FRPs because

FRP materials are nonmetallic and noncorrosive. In addition, FRP materials exhibit

several properties including high tensile strength, which make them suitable for use

as structural reinforcement. Fiberglass rebar may be a suitable alternative to steel

reinforcing in architectural concrete, in concrete exposed to de-icing or marine salts,

and in concrete used near electromagnetic equipment.

(a) Dry Dock #4 Pearl Harbor, Hawaii
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18.1 MATERIALMANAGEMENT PROCESS

In the traditional contractual relationship, the owner contracts with a general contractor or

construction manager to build a facility and with an architect to perform the design. The

general contractor, through this contract with the owner, is obligated to perform the work in

accordance with the architect’s instructions, specifications, and drawings. Thus, the

architect is the owner’s agent during the design and construction of a project. The lines

of communication between the three parties are established as shown in Figure 18.1.

The materials that comprise facilities in building construction are subject to review by

the architect or design professional. The contractor usually delegates responsibility for

some of the categories of work involved in the project to subcontractors and suppliers. This

delegation is accomplished through subcontracts and purchase orders. As a result of this

delegation, a distinct life cycle evolves for the materials that makeup the project. The four

main phases of this cycle are depicted in Figure 18.2.

18.2 THE ORDER

When the contract for construction is awarded, the contractor immediately begins

awarding subcontracts and purchase orders for the various parts of the work. How

much of the work is subcontracted depends on the individual contractor. Some contractors

subcontract virtually all of the work in an effort to reduce the risk of cost overruns and to

have every cost item assured through stipulated-sum subcontract quotations. Others

perform almost all the work with their own field forces.

The subcontract agreement defines the specialized portion of the work to be performed

and binds the contractor and subcontractor to certain obligations. The subcontractor,

(b) Caissons and port facilities

Figure 18.1 The owner–architect–construction

relationship.

Figure 18.2 Material

life cycle.
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through the agreement, must provide all materials and perform all work described in the

agreement. Most contractors either adopt a standard agreement, such as that provided by

the Associated General Contractors of America (AGC), or implement their own agreement.

In most cases, a well-defined and legally-tested subcontract is used for subcontracting

work. All provisions of the agreement between the owner and contractor are made part of

the subcontract agreement by reference. The most important referenced document in the

subcontract agreement is the General Conditions. Procedures for the submittal of shop

drawings and samples of certain materials are established in the General Conditions. The

General Conditions provide that

Where a Shop Drawing or Sample is required by the Contract Documents . . . any related

Work performed prior to ENGINEER’S review and approval of the pertinent submittal will

be at the sole expense and responsibility of the CONTRACTOR.

The purchase order is a purchase contract between the contractor and the supplier. This

document describes the materials to be supplied, their quantities, and the amount of the

purchase order.

Purchase orders vary in complexity and can be as simple as a mail order house order

form, or as complex as the construction contract itself. When complex and specially

fabricated items are to be included in the construction, detailed specifications and drawings

become part of the purchase order. Some typical purchase order forms are shown in Figures

18.3 and 18.4. Figure 18.3 shows a form for field-purchased items procured from locally

available sources. These items are usually purchased on a cash-and-carry basis. The

purchase order in this case is used primarily to document the purchase for record-keeping

and cost accounting purposes (rather than as a contractual document). A more formal

purchase order used in a contractual sense is shown in Figure 18.4. It is used in the purchase

of more complex items from sources that are remote to the site.

Figure 18.3 Field purchase order (Courtesy of Henry C. Beck Co.).
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Regardless of the complexity of the transaction, certain basic elements are present in

any purchase order. Five items can be identified as follows:

1. Quantity or number of items required.

2. Item description. This may be a standard description and stock number from a

catalog or a complex set of drawings and specifications.

3. Unit price.

4. Special instructions.

5. Signatures of agents empowered to enter into a contractual agreement.

Figure 18.4 Formal purchase order (Courtesy of Henry C. Beck Co.).
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For simple purchase orders, the buyer normally prepares the order. If the vendor is

dissatisfied with some element of the order, he may prepare his own purchase order

document as a counterproposal.

The special instructions normally establish any special conditions surrounding the

sale. In particular, they provide for shipping and invoicing procedures. An invoice is a

billing document that states the billed price of shipped goods. When included with the

shipped goods, it also constitutes an inventory of the contents of the shipment. One item of

importance in the order is the basis of the price quotation and responsibility for shipment.

Price quotations normally establish a free on board (FOB) location at which point the

vendor will make the goods available to the purchaser. FOB means that the vendor will be

responsible for presenting the goods at some mutually agreed-upon point such as the

vendor’s sales location, factory, or the purchaser’s yard or job site. This is important

because if the FOB location is other than the vendor’s location, the vendor is indicating that

the price includes shipment. The vendor may quote the price as cost, insurance, and freight

(CIF). This indicates that the quoted price includes item cost plus the shipment cost to

include freight and insurance expenses to the FOB location.

In the event the vendor ships the goods, it is of interest to establish at what point in time

title of ownership passes from the vendor to the purchaser. This is established by the bill of

lading. The bill of lading is a contractual agreement between a common carrier and a

shipper to move a specified item or group of goods from point A to point B at a contracted

price. If ownership passes to the purchaser at the vendor’s location, the contract for

shipment is made out between the purchaser and the common carrier. In cases in which the

vendor has quoted a CIF price, he acts as the agent of the purchaser in retaining a carrier

and establishing the agreement on behalf of the purchaser. The bill of lading is written to

pass title of ownership at the time of pickup of the goods by the common carrier at the

vendor’s location. In such cases, if the common carrier has an accident and damages the

goods during transfer, the purchaser must seek satisfaction for the damage because he or

she is the owner at that point.

If goods are to be paid cash on delivery (COD), the title of ownership passes at the time

of payment. In such cases, the bill of lading is between vendor and common carrier. If

damage should occur during shipment, recovery of loss falls to the vendor as owner.

The sequence of events in CIF and COD transactions is shown in Figure 18.5. This

figure also indicates the relationship between order, bill of lading, and invoice. A typical

bill of lading memorandum and invoice are shown in Figures 18.6 and 18.7.

Figure 18.5 Procurement documents and title transfer sequence.

18.2 The Order 329



E
1C

18_1
09/29/2010

330

3
3
0



E
1C

18_1
09/29/2010

331

Figure 18.6 Typical bill of lading (Courtesy of Augusta Meadow Steel Products, Inc.).
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The invoice normally states the payment procedures and establishes trade discounts

that are available to the purchaser if payment is made in a timely fashion. Trade discounts

are incentives offered by the vendor for early payment. If the purchaser pays within a

specified period, he or she must pay the stated price minus a discount. Failure to pay within

the discount period means that the full price is due and payable. Terminology relating to

trade discounts is as follows:

1. ROG/AOG: The discount period begins upon receipt of goods (ROG) or arrival of

goods (AOG).

2. 2/10 NET 30 ROG: This expression appearing on the invoice means 2% can be

deducted from the invoiced amount if the contractor pays within 10 days of AOG/

ROG. Full payment is due within 30 days of AOG/ROG.

3. 2/10 PROX NET 30: A 2% cash discount is available if invoice is paid not later

than the 10th of the month following ROG. Payment is due in full by the end of the

following month.

Figure 18.7 Typical invoice.
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4. 2/10 E.O.M.: The discount (2%) is available to the 11th of the month following

ROG. Payment in full is due thereafter.

Trade discounts received are treated as earned income in financial statements.

The special conditions of the purchase order may include a ‘‘hold harmless’’ clause.

Such clauses protect one of the parties to the purchase order from liability arising out of

damages resulting from the conditions of the purchase order. A transit concrete mix

company, for instance, may have the contractor submit orders on their forms holding the

vendor harmless for damages arising out of delivery of the concrete to the site. Thus, if the

transit mix truck should back across a gas main on the site, rupturing it during normal

delivery, liability for repair costs will accrue to the contractor because the concrete vendor

is ‘‘held harmless.’’ The converse could, of course, occur if the contractor uses his own

purchase order form, which holds him harmless in such an event. These situations are not

covered by normal liability insurance since such ‘‘contractually accruing’’ liability is

considered to be outside the realm of normal liability. If the language of the order is

prepared by the contractor, the hold harmless clause will operate to protect him. If the

vendor’s language is used, the special conditions will hold him harmless in these damages

situations.

For the contractor’s protection, reference is made in complex purchase orders

(requiring special fabrication) to the contractor specifications and other documents that

define the materials to be supplied. Specifications detail the required shop drawings,

product data, and samples that must be submitted for approval prior to fabrication and

delivery. The provisions of the purchase order and the subcontract agreement require the

subcontractor and supplier to obtain approval for their materials.

18.3 APPROVAL PROCESS

The contract drawings prepared by the architect are generally not specific enough to

facilitate accurate fabrication of the materials involved. Therefore, to produce the neces-

sary materials for a project, subcontractors and suppliers must provide details that further

amplify the contract drawings. These details can be classified into three groups: (a) shop

drawings, (b) product data, and (c) samples.

Shop drawings are defined in the AGC General Conditions as

All drawings, diagrams, illustrations, schedules, and other data or information which

are specifically prepared or assembled by or for CONTRACTOR and submitted by

CONTRACTOR to illustrate some portion of the Work.

The detailing, production, and supplying of shop drawings are the sole responsibility

of the contractor or the contracted agent. However, the design professional is responsible

for verification that the supplied shop drawings correctly interpret the contract documents.

Dimensions, quantities, and coordination with other trades are the responsibility of the

contractor. Approved shop drawings become the critical working drawings of a project and

are considered a part of the contract documents. Typically, shop drawings are submitted for

materials such as reinforcing steel, formwork, precast concrete, structural steel, millwork,

casework, metal doors, and curtain walls.

Product datamay be submitted to illustrate the performance characteristics of thematerial

items described by the shop drawings or may be submitted as verification that a standard

product meets the contract specifications. Product data are illustrations, standard schedules,

performance charts, instructions, brochures, diagrams, and other information furnished by the

contractor to illustrate a material, product, or system for some portion of the work. Mill test

reports, concrete mix designs, masonry fire rating tests, curtain wall wind test reports, and

mechanical equipment performance tests are examples of product data.
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Product data are particularly important when a subcontractor or supplier is submit-

ting data on a product that is a variance from the contract specifications. The architect

carefully analyzes the submitted data prior to rendering an approval of the substitution.

Also, the product data are used extensively to coordinate the materials used by the

mechanical and electrical subcontractors. The contractor must communicate the product

data between these major subcontractors to ensure proper performance of their portion of

the work.

Samples usually involve the finishes of a project and are physical examples of materials

to be supplied. The architect may require samples of plastic laminate finishes for doors and

counters, flooring, wall coverings, paint, stucco, precast concrete, ceilings, and other items.

These are used by the architect in developing the overall building finish scheme.

The approval process involving shop drawings, product data, and samples has several

substages that are critical to the material life cycle. These are: (a) submission by the

subcontractor or supplier, (b) review of the submittal by the contractor, (c) review by the

architect or design professional, and (d) return of submittal to the subcontractor or supplier.

At the time of awarding subcontracts and purchase orders, the contractor usually

establishes the quantity, size, and other requirements for all submittals. In most cases,

several blue line prints (usually six) are required when shop drawings are submitted for

approval. The product data quantities required may range from three to six copies. The

copies of a submittal may vary depending on the number of other subcontractors or vendors

that must receive approved copies to coordinate their work. In all cases, careful planning of

the quantity of submittals will expedite the other substages by eliminating the handling of

unnecessary copies of submittals.

Timing of submittals is of utmost importance in the effective processing of material

submittals. Subcontracts and purchase orders often contain language such as ‘‘all submit-

tals must be made immediately’’ or ‘‘fifteen (15) days after execution of this agreement, all

submittals must be made.’’ In most cases, contractors do not preplan in detail the required

submittal data from a subcontractor or supplier. The result is a landslide of submittals, most

of which are not necessary, in the early stages of the project. Thus, field office personnel

waste time sorting and determining the most critical submittals. Awell-planned approach

to scheduling submittals will ensure timely processing and better control of required

submittals.

Once a submittal is received by the contractor, the process of checking for conformance

with the intent of the contract documents is performed. A submittal, whether it is a shop

drawing, product data, or sample, is governed by the contract drawings and specifications.

The contractor’s field or main office personnel in charge of submittals may make notations

and comments to the designer or his engineers to clarify portions of the submittal or to correct

the submittal. The submittal represents specific details of the project and is of primary

importance in coordination, as well as depicting exactly what a supplier or subcontractor is

providing. The contractor is required by the general conditions to clearly note to the architect

or design professional any variation from the contract documents.

The amount of time involved in the contractor’s review of submittals may vary from 1

to 5 days, depending on the nature of the submittal and its correctness. Reinforcing steel

and structural steel shop drawings typically require the greatest amount of time. Also,

schedules such as doors, hardware, and door frames consume a great deal of time because

of the minute details that must be checked. However, the time expended in submittal

processing by the contractor can most easily be controlled at this substage. It must be

remembered that time spent in reviewing, checking, and coordinating submittals is one of

the most effective methods of ensuring a highly coordinated and smooth running project.

Once the contractor has completed the review of a submittal, the document is trans-

mitted to the architect for approval. The contractor may indicate on the transmittal the date

when approval is needed. Here again, the amount of time required for the architect to
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review a submittal depends on its complexity and whether or not other engineers (i.e.,

mechanical, electrical, or structural) must participate in the review. As a general rule, 2 to

3 weeks is a good estimate for the time required by the architect to complete the review and

return the submittal.

The period when a submittal is in the hands of the architect is probably the most

critical substage of the approval process for materials. During this critical substage, the

contractor’s submittal can be ‘‘lost in the shuffle’’ if the architect’s activities are not

monitored daily. The most common method of monitoring submittals is through the use of

a submittal log, which indicates the date, description, and quantity of each submittal. From

this log the contractor can develop a listing of critical submittals to monitor on a daily basis.

Once the submittal leaves the contractor’s control in the field office, its return must be

followed constantly or valuable time will be wasted.

The final substage of the approval process for a material item is the return of the

submittal to the supplier or subcontractor. The submittal may be in one of the following

four states when returned by the architect:

1. Approved.

2. Approved with noted corrections; no return submittal needed.

3. Approved with noted corrections; however, a final submittal is required.

4. Not approved; resubmit.

The first through third designations would release the vendor or subcontractor to

commence fabrication and delivery. The fourth stage would require that the approval

process be repeated. In some cases the disapproval by the architect is due to a sub-

contractor or supplier not communicating clearly through the submittal of the infor-

mation needed. A meeting between all parties may then be arranged to seek a reasonable

solution.

When the approval process is completed, the material has been accepted as part of the

project. Its details have been carefully reviewed for conformance with the contract

documents. Also, through this process, the item has been coordinated with all trades

involved in its installation and verified for inclusion into the project. The material is now

ready for fabrication and delivery.

18.4 FABRICATION AND DELIVERY PROCESS

As a submittal is returned to the subcontractor or supplier, the needed delivery date to meet

the construction schedule is communicated on the transmittal, verbally, or through other

correspondence. In any event, delivery requirements are established and agreed on. The

supplier or subcontractor may be required to return to the contractor corrected file and

field-use drawings, product data, or samples. These are used to distribute to the contractor’s

field personnel (i.e., superintendent or foreman) and the other subcontractors and suppliers

that must use these final submittals.

Of the four phases of a material’s life cycle the fabrication and delivery process is

the most critical. Generally, the largest amount of time is lost or gained in this phase.

The duration of the fabrication and delivery process depends directly on the nature of

the material and the amount of physical transformation involved. For these reasons, the

contractor must employ every available method of monitoring materials throughout the

fabrication and delivery process.

Contractors generally devote the largest amount of time and effort to controlling and

monitoring the fabrication and delivery phase. The term expediting is most commonly used

to describe monitoring methods in this phase of a material item’s life. Methods used to

ensure timely fabrication and delivery may range from using checklists developed from
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the job schedule to actually including this phase as a separate activity on a job schedule.

Unfortunately, the fabrication and delivery usually only become activities on the job

schedule when the delivery becomes a problem. Extremely critical items requiring

extended fabrication times often warrant visits by the contractor to the fabrication facility

to ensure the material is actually in fabrication, and proceeding on schedule.

At the completion of fabrication, the delivery of the material is made and the final

phase of the life cycle is begun. Materials delivered are checked for compliance with the

approved submittal as regards quality, quantity, dimensions, and other requirements.

Discrepancies are reported to the subcontractor or supplier. These discrepancies, whether

they are shortages or fabrication errors, are subjected to the same monitoring and

controlling processes as the entire order. Occasionally they become extremely critical

to the project and must be given a great deal of attention until delivery is made.

18.5 INSTALLATION PROCESS

The installation process involves the physical incorporation into the project of a material

item. Depending on how effectively materials are scheduled and expedited, materials

arriving at the job site may be installed immediately, partially installed and partially stored,

or completely stored for later installation. When storage occurs, the installation process

becomes directly dependent on the effective storage of materials.

One of the most important aspects of the effective storage of materials is the physical

protection of material items. Careful attention must be given to protection from weather

hazards such as prevention of water damage or even freezing. Another important aspect is

protection against vandalism and theft. Finish hardware, for instance, is generally installed

over a considerable time period. A secure hardware room is usually set aside where it is

sorted, shelved, and organized to accommodate the finish hardware installation process.

Locationofmaterials stored outside the physical building on the project site orwithin the

building must be carefully planned and organized to facilitate effective installation. In high-

rise building construction material storage, each floor can be disastrous if careful planning is

not used. For instance, materials stored concurrently on a floor may include plumbing and

electrical rough-in materials, ductwork, window wall framing, glazing materials, drywall

studs, and other items. The magnitude of the amount of materials involved warrants

meticulous layout of materials. Equally important is the storage of materials to facilitate

hoisting with a minimal amount of second handling. Reinforcing steel, for instance, may be

organized in a ‘‘lay-down’’ area and then directly hoisted as needed. Adequate lay-down

areas must be provided within reach of vertical hoisting equipment.

18.6 MATERIAL TYPES

Building construction materials can be logically grouped into three major categories: (a)

bulk materials that require little or no fabrication, (b) manufacturer’s standard items that

require some fabrication, and (c) items that are fabricated or customized for a particular

project. Grouping materials into categories can be of value in determining which materials

warrant major contractor control efforts. Obviously, material items that require fabrication

have longer life cycles because of submittal requirements and fabrication. These materials

require a great deal of control by the contractor.

The bulk material category includes those materials that require little vendor modifi-

cation and can be delivered from vendor storage locations to the job site with little

fabrication delay. Table 18.1 lists examples of typical bulk materials in building construc-

tion projects. These materials usually require only a 1- to 5-day delivery time, fallowing

execution of purchase order or subcontract and approved submittals. Submittal require-

ments generally include only product and performance data.
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Table 18.1 Typical Bulk Materials

Paving materials

Fill materials—crushed stone, soil, sand, etc.

Damproofing membrane

Lumber and related supplies

Form materials—plywood, post shores, etc.

Ready-mix concrete

Wire mesh

Stock reinforcing steel and accessories

Masonry

Stock miscellaneous metals

Soil and waste piping

Water piping

Electrical conduit

Electrical rough-in materials—outlet boxes, switch boxes, etc.

Caulking and sealants

Table 18.2 Typical Standard Material Items

General Materials

Fencing materials

Formwork systems—metals and fiberglass pans, column forms, etc.

Brick paving

Brick or ceramic veneers

Standard structural steel members

Metal decking

Waterproofing products

Insulation products

Built-up roof materials

Caulking and sealants

Standard casework and millwork

Special doors

Metal-framed windows

Finish hardware and weather-stripping

Ceramic and quarry tile

Flooring materials

Acoustical ceilings

Paints and wall coverings

Lath and plaster products

Miscellaneous specialties

Equipment—food service, bank, medical, incinerators, etc.

Building furnishings

Special construction items—radiation protection, vaults, swimming pools, integrated ceilings

Elevators, escalators, dumbwaiters, etc.

Mechanical and Plumbing Equipment and Materials

Fire protection equipment

Water supply equipment

Valves

Drains

Clean-outs

Plumbing fixtures

Gas-piping accessories

Pumps

Boilers

Cooling towers

Control systems

Air-handling equipment

Refrigeration units (chillers)
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Manufacturer’s standard material items include materials that are usually stocked

in limited quantities and are manufactured for the project after the order is executed

and submittals are approved. Table 18.2 illustrates typical materials that are included

in this category. Submittal requirements include detailed shop drawings, product

and performance data, and samples. Finish materials such as paints, wall coverings,

floor coverings, and plastic laminates require a fully developed finish design for

the project. Development of the finish design can have serious consequences on

ordering and delivery of finish materials. Manufacturing and delivery times generally

range from 3 to 12 weeks for these materials. These extended manufacturing and

delivery times place considerable importance on planning and controlling these

materials.

The fabricated category of construction materials must conform to a particular

project’s unique requirements. The fabricated item, however, is composed of or results

from modification of standard components. Table 18.3 illustrates materials that fall into

this category. Submittals required include highly detailed shop drawings, product data, and

samples. Fabrication and delivery times range from 2 weeks for items such as reinforcing

steel and precast concrete to 10–12 weeks for curtain wall systems, doors and frames, and

similar items.

Table 18.3 Typical Fabricated Materials Items

Electrical Equipment and Materials

Busduct

Special conduit

Switchboards and panels

Transformers

Wire

Trim devices

Lighting fixtures

Underfloor duct

Communications devices

Motors and starters

Motor control centers

Electric heaters

Fire alarm equipment

Lightning protection equipment

Concrete reinforcement

Structural steel

Precast panels and decks

Stone veneers

Miscellaneous and special formed metals

Ornamental metals

Millwork

Custom casework and cabinetwork

Sheet metal work

Sheet metal veneers

Hollow metal doors and frames

Wood and plastic laminate doors

Glass and glazing

Storefront

Window walls and curtain walls
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REVIEW QUESTIONS AND EXERCISES

18.1 Name four important items of information that should be

on a typical purchase order.

18.2 What are four good sources of price information about

construction materials?

18.3 What is meant by the following expressions?

a. CIF

b. 2/10 E.O.M.

c. 2/10 net 30

d. ROG

e. Bill of lading

18.4 Visit a local architect’s office and ascertain how product

data are obtained and used.

18.5 Visit a local building contractor and determine how he or

she handles control of submittals from subcontractors to archi-

tect/engineer. What system does he or she use to ensure the job

will not be held up due to procurement and approval delays?

18.6 Visit a construction site and determine what procedures

are used for verifying receipt arrival and ensuring proper storage

of materials at the site.

18.7 Determine what procedures are used for removing waste

materials from a local construction (building) site. Is there any

scrap value in these materials? Explain.

18.8 Determine the local prices for some bulk materials such

as concrete, sand, cement, steel mesh, bricks, and lumber and

compare them to the periodically published prices in Engineer-

ing News Record.

18.9 Select a particular material item (e.g., concrete) and

follow its material handling process from the local source

through final installation in the building. What special equip-

ment is needed (if any)?

18.10 What types of special materials handling equipment can

be identified on local building sites? Do they take advantage of

certain properties of the material being handled (e.g., the fluidity

of concrete)?

18.11 A 9-cubic-yard concrete truck gets stuck in traffic and

arrives just after the maximum time allowed for fresh concrete.

The project superintendent rejects the concrete, but the driver

insists that it is visible still in good shape. However, because the

superintendent refuses to accept the concrete, it is dumped

nearby the project. Who should pay for this concrete?
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Safety in Trenches

Even though heavy construction equipment, such as a crane or

backhoe excavator, is used to perform the task of pipe laying

in the trench, workers are required to be inside the trench to

guide the excavation, pipe laying, and final alignment.

Workplace safety has become a major concern in the

construction industry over the past few decades, and trench

cave-ins have caused serious and often fatal injuries to workers

in the United States. It has become of crucial importance to

implement the use of new technologies to prevent accidents in

trench excavation and pipe installation.

Diverse approaches such as shoring, shielding, and sloping

have been applied to protect workers from cave-ins in

trenching and pipe laying operations. However, even when

support systems are used, the danger of cave-ins still exists

due to the nature of the soil and unexpected circumstances.

One method which has been developed involves advanced new

technology: the prototype robotic excavation and pipe

installation system called Pipeman.

The basic Pipeman concept consists of a three-dimensional

(3-D) spatial positioning system (SPS), which is interfaced with an

excavator to provide the location of the excavator and a beam

laser. A pipe manipulator prototype is attached to the bucket of thePipe manipulator mounted on the

excavator
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excavator, which is capable of handling pipes of various sizes. A beam laser is also used

to help the operator align pipes.

Integration of SPS with a computer-aided design (CAD) system updates the excavator

position in real time and provides an as-built drawing of pipe laying.

The main components of the concept are the man-machine interface, actuation system,

laser beam, and feedback system. The man-machine interface is used to keep the operator

in a safe area and allow him to guide the Pipeman intelligently while the excavator works

in a hazardous environment.

19.1 NEED FOR SAFE PRACTICE

A disabling injury or fatal accident on the job site has negative impact on operations at

many levels. Accidents cost money and affect worker morale. Because of the type of work

involved in construction, many dangers exist both for the workers and for the public. For

this reason, the subject of safety offers one area of noncontroversial mutual interest

betweenmanagement and theworkforce. The necessity of safe operations and of protecting

and conserving lives by preventing accidents is understood by all.

Although the fatality rate in construction has been reduced within recent years, the

improvement in safety record achieved by the construction industry still lags seriously

behind that achieved in other hazardous industries. The annual number of fatalities in

the construction industry in 2003 exceeded the number of combat deaths during the first

18 months of armed conflict in Iraq (period 2003–2004). Construction is a dangerous

business.

It is the contractor’s responsibility to see that everything possible is done to provide a

safe working environment for the work force and the public in general. The factors that

motivate safe practices at the job site are generally identified as follows:

1. Humanitarian concerns.

2. Economic costs and benefits.

3. Legal and regulatory considerations.

Society has taken the position that because of the high health and accident potential

intrinsic to the construction industry, the contractor must accept the liabilities associated

with this hazardous environment and make an appropriate commitment to safe practice and

accident prevention.

Layout of the robotic trenching and pipe installation system

(Huang & Bernold, 1993). Overview of pipe manipulator
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19.2 HUMANITARIAN CONCERNS

It is normally accepted that day-to-day living has intrinsic risks that may result in

members of the society being subjected to mental and physical hardship. One of the

functions of society is to minimize pain and suffering. Particularly at the level of the

work site, society has defined the principle that the employer is responsible for providing

a safe environment for the workforce. This is based on humanitarian concern. If, for

instance, a worker loses a leg because of a job-related accident and is confined to a

wheelchair, the worker is, in a sense, a casualty of the workplace. Through his desire to

be a participating member of society and support members of his family, the worker is

injured. Society has traditionally shouldered the responsibility for this limitation on a

worker’s abilities. Over the past 130 years, the principle of employer liability for death

and injury resulting from accidents or health hazards occurring at the workplace has been

firmly established in common law. The courts have further charged the employer with

the following five responsibilities:1

1. To provide a reasonably safe workplace.

2. To provide reasonably safe appliances, tools, and equipment.

3. To use reasonable care in selecting employees.

4. To enforce reasonable safety rules.

5. To provide reasonable instructions regarding the dangers of employment.

Mandatory requirements for the employer to make formal provision for injuries

and deaths on the job resulted in the enactment of Workmen’s Compensation laws in all

50 states during the first half of the 20th century.

In 1884, Germany enacted the first workmen’s compensation act, followed by Austria

in 1887 and England in 1897. The U.S. federal government passed the first U.S. com-

pensation act in 1908 covering government employees. Following several legal battles,

the Supreme Court, in 1917, declared that states could enact and enforce compulsory

Workmen’s Compensation laws under their power to provide for the public health, safety,

and welfare.

19.3 ECONOMIC COSTS AND BENEFITS

Safety costs can be broken into three categories as follows:

1. Direct cost of previous accidents

a. Insurance premiums and ratings

b. Mandatory accident prevention methods

c. Records, safety personnel

2. Direct cost of each accident occurrence

a. Delay to project

b. Uninsured damages

3. Indirect cost

a. Investigation

b. Loss of skilled workers

c. Loss of equipment

d. Lost production

1Lee E. Knack, in Handbook of Construction Management and Organization, Bonny and Frein (eds.), Van

Nostrand Reinhold, New York, 1973, Chapter 25.
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Direct costs from previous accidents come primarily in the form of insurance

premiums, which have a significant effect on a contractors operating expense. Workmen’s

compensation and liability insurance premiums can be calculated using either manual or

merit rating systems.

Manual rating is based on the past losses of the industry as a whole. The premium rate

for compensation is normally set by the individual state Compensation Rating Bureaus.

Many states are guided by or actually have their rates set by the National Council on

Compensation Insurance (NCCI). The premium rates are based on factors such as

classification of operations, rates of pay, the frequency and severity of accidents in a

particular classification, increases in the cost of cases, and the attitudes of various industrial

compensation commissions. The rates as set and approved by each state insurance

commissioner are known as the manual (standard) rates. These manual rates are published

periodically in the Engineering News Record (ENR) Quarterly Cost Roundup issues. A

listing of some of the rates as reported in the R. S. Means Building Construction Cost Data

is given in Figure 19.1.

The merit rating system bases premiums on a particular company’s safety record.

High-risk (high-accident-rated) companies are therefore penalized with higher premiums

than those paid by companies with low accident rates. In this way, a good safety program

can result in substantial financial savings to a company. Higher returns on jobs can be

realized, and the ability to bid lower and win more jobs is greatly enhanced.

Once the premiums reach a value of $1,000, the contractor is eligible for a merit

system rating. That is, the cost of the premium will be individually calculated with the

safety record of the company being the critical consideration. Under the merit system,

there are two basic methods used to incorporate the safety record into the final cost of the

premium. These are referred to as the experience rating and retrospective rating methods.

Most insurance carriers use the experience rating method, which is based on the

company’s record for the past 3 years not including the most recent preceding year. In this

system, an experience modification rate is multiplied by the manual rate to establish the

premium for a given firm. Data on losses, the actual project being insured, and other

variables are considered in deriving the experience modification rate (EMR). If the

company has an EMR of 75%, it will pay only 75% of the manual premium. Good

experience ratings (EMRs) can lead to significant savings. Clough and Sears (Wiley, 1994)

illustrate this with the following example:

Assume that a building contractor does an annual volume of $10 million worth of work.

Considering a typical amount of subcontracting and the cost of materials, this general

contractor’s annual payroll will be of the order of magnitude of $2.5 million. If his present

workmen’s compensation rate averages about 8%, his annual premium cost will be about

$200,000. Now assume that an effective accident prevention program results in an

experience modification rate (EMR) of 0.7. This will result in a reduction of the annual

premium cost to about $140,000 for this contractor. Annual savings on the order of $60,000

are thereby realized on the cost of this one insurance coverage alone.

Retrospective rating is somewhat like self-insurance. It is basically the same as

experience rating except for one point. It uses the loss record of the contractor for the

previous year or other defined retrospective period to compute the premium. This can raise or

lower the premium cost based on performance during the retrospective period. The starting

point or basis for thismethod is again themanual premium.A percentage (usually 20%) of the

standard premium resulting from applying the experience modification factor to the manual

rate is used to obtain the basic premium. The retrospective rate is then calculated as

Retrospective rate ¼ ðTax multiplierÞ � fBasic premiumþ ½ðIncurred lossÞ
� ðLoss conversion factorÞ�g
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The incurred loss is the amount paid out to settle claims over the retrospective period.

The loss conversion factor is a percentage loading used to weight the incurred losses to

cover general claims investigation and adjustment expenses. The tax multiplier covers

premium taxes that must be paid to the state. If the data for a given company are:

Manual premium $25; 000
EMR 0:75
ð25% creditÞ

then

Standard premium ¼ 0:75ð$25; 000Þ ¼ $18; 750
Basic premium@20% of standard ¼ 0:20ð$18; 750Þ ¼ $3; 750
Loss conversion factor ¼ 1:135 ðderived from experienceÞ
Tax multiplier ¼ 1:03 ðbased on state taxÞ
Incurred losses ¼ $10; 000

Then

Retrospective premium ¼ 1:03½$3; 750þ ð1:135� $10; 000Þ� ¼ $15; 553

This is a nice savings over the standard premium of $18,750 and provides the

contractor with a clear incentive to minimize the incurred losses. By so doing, the

contractor can expect a large premium rebate at the end of the year.

19.4 UNINSURED ACCIDENT COSTS

In addition to the cost of insurance premiums, additional direct costs for things such as the

salary of the safety engineer and his or her staff as well as costs associated with the

implementation of a good safety program can be identified. The precise amount of the costs

associated with other safety cost categories is more difficult to assess, and these costs can

be thought of as additional uninsured costs resulting from accidents. Typical uninsured

costs associated with an accident are shown in Table 19.1.

Although varying slightly from source to source, hidden losses of this variety have

been estimated to be as much as nine times the amount spent on comprehensive insurance.

In addition to the costs noted in Table 19.1, another cost is that of paying an injured

employee to show up for work even if he or she cannot perform at his or her best. This is a

common, if questionable, practice for relatively minor injuries. It is done to avoid

recording a lost time accident, which might impact their employer’s insurance premium.

Although it is tempting for workers with small injuries to return quickly to work, it is

important that they refrain from returning too soon to avoid their being reinjured or injured

more seriously.

The following situation illustrates the additional losses resulting from hidden costs. At

a large industrial construction site, the survey party chief was on the way to the office to get

a set of plans. The survey crew was to lay out four machine foundations that morning. The

wooden walkway beneath the party chief collapsed. Due to the confusion resulting from

the accident, work activity on the entire site was impacted. The party chief was in the

hospital for 5 weeks with a shattered pelvis. Another party chief who was unfamiliar with

the site was assigned to the surveying crew. As a result, the four machine foundations were

constructed 2 feet farther west than called for in the plans. After this was discovered, six

laborers worked for 20 hours removing the reinforced concrete. The survey crew of four

spent another 5 hours laying out the foundations.

Four carpenters worked 20 more hours preparing new forms. Five more hours were

required for the ironworkers to place the steel reinforcement. The total indirect cost was

approximately $5,000. Although this activity was not on the critical path, if it had been,
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liquidated damages might have been charged to the contractor. Still, the accident resulted

in costs amounting to 1 week’s pay for the employees affected and the cost of material that

had to be replaced.

19.5 FEDERAL LEGISLATION AND REGULATION

The federal government implemented a formal program of mandatory safety practices in

1969 with the passage of the Construction Safety Act as an amendment to the Contract

Work Hours Standard Act. This legislation requires contractors working on federally

funded projects to meet certain requirements to protect the worker against health and

accident hazards. In addition, certain reporting and training provisions were established.

This program of required procedures has been referred to as a physical approach to

achieving safety. That is, regulations are prescribed that are designed to minimize the

possibility of an unsafe condition arising. A typical physical measure of this type is the

requirement to install guard rails around all open floors of a multistory building during

construction. Guard rails are needed anytime there is change in elevation of 6 feet and the

worker is not protected by a personnel fall arrest system, warning line, or warning attendant

(used to watch workers and warn them if they’re too close to falling).

Furthermore, physical measures are implemented to minimize injury in the event of

an accident.

Table 19.1 Uninsured Costs

Injuries Associated Costs

1. First-aid expenses

2. Transportation costs

3. Cost of investigations

4. Cost of processing reports

1. Difference between actual losses and amount

recovered

2. Rental of equipment to replace damaged

equipment

3. Surplus workers for replacement of injured

workmen

4. Wages or other benefits paid to disabled workers

5. Overhead costs while production is stopped

6. Loss of bonus or payment of forfeiture of delays

Wage Losses Off the Job Accidents

1. Idle time of workers whose work is

interrupted

2. Man-hours spent in cleaning up

accident area

3. Time spent repairing damaged

equipment

4. Time lost by workers receiving first aid

1. Cost of medical services

2. Time spent on injured workers’ welfare

3. Loss of skill and experience

4. Training replacement worker

5. Decreased production of replacement

6. Benefits paid to injured worker or dependents

Production Losses Intangibles

1. Product spoiled by accident

2. Loss of skill and experience

3. Lowered production of worker

replacement

4. Idle machine time

1. Lowered employee morale

2. Increased labor conflict

3. Unfavorable public relations

Source: From Lee E. Knack, in Handbook of Construction Management and Organization, Bonny and Frein

(eds.), Van Nostrand Reinhold, New York, 1973, Chapter 25.
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An example of this is the requirement to wear a safety belt when working with high

steel, and the installation of safety nets to protect a man who slips and falls. This physical

approach is in contrast to the behavioral approach that is designed to make all levels of the

workforce from top management to the laborer think in a safe way and thus avoid unsafe

situations.

Shortly after the passage of the Construction Safety Act, a more comprehensive

approach to mandatory safe practices was adopted in the form of the Williams-Steiger

Occupational Safety and Health Act (OSHA) passed by Congress in 1970. This act

established mandatory safety and health procedures to be followed by all firms operating in

interstate commerce.

Under this act, all employers are required to provide ‘‘employment and a place of

employment which are free from recognized hazards that are causing or are likely to cause

death or serious physical harm to his employees.’’ The provisions of the Construction

Safety Act were included in the act by reference. The provisions of OSHA fall within the

jurisdiction of the secretary of labor. In 1971, the law was implemented by publishing the

Code of Federal Regulation (CFR) 1926 that specifically refers to the construction industry

and CFR 1910 that pertains to General Standards. Many existing standards issued by

various standards organizations, including the American National Standards Institute

(ANSI), were included in the basic law by reference. The schematic development of

the legislation is shown in Figure 19.2. OSHA has a service for providing update

information on standards that is designed to aid in keeping the six volumes of regulations

current. The regulations are divided as follows:

Volume I: General Industry Standards

Volume II: Maritime Standards Volume III: Construction Standards

Volume IV: Other Regulations and Procedures

Volume V: Field Operation Manual

Volume VI: Industrial Hygiene Manual

Under the OSHA legislation, the assistant secretary of labor for occupational safety

and health administers and enforces OSHA through the labor department’s Occupational

Safety and Health Administration and its regional offices around the country. The

Occupational Safety and Health Review Commission is designed by OSHA as the

review body to which citations for alleged violations and proposed penalties can be

Figure 19.2 Development of OSHA legislation.
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appealed. Research on safety topics is under the control of the National Institute for

Occupational Safety and Health (NIOSH), which is part of the Department of Health and

Human Services.

The OSHA legislation allows individual states to establish programs that operate in

place of the federal program. Many contractors prefer a state-operated program since this

affords a closer contact with the inspector and the regulatory agency. Appeals and requests

for clarification are handled at a state level. This expedites the process of responding to

citations and rectification of disputes if differences of opinion arise. The state agency must

establish that it is able to administer the law as effectively as the federal government.

Presently, 26 states operate approved state plans.

19.6 OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION REQUIREMENTS

Employers must ‘‘make, keep and preserve, and make available to representatives of the

Secretaries of Labor, and Health and Human Services’’ records of recordable occupational

injuries and illnesses (Williams-Steiger Act, 1970). Any fatal or serious accidents must be

reported to OSHA within 8 hours. Certain records of job-related fatalities, injuries, and

illnesses must be maintained by firms having eight or more employees. The two key forms

that must be available for review when a compliance officer makes an inspection are:

1. OSHA 300: This is a log that summarizes each reportable case as a single line entry

and must be posted for employee inspection (see Figure 19.3). The instructions that

accompany the OSHA record-keeping forms do include the following instructions.

‘‘You must post the Summary (Form 300A) only–not the Log (Form 300)–by

February 1 of the year following the year covered by the form and keep it posted

until April 30 of that year.’’ OSHA allows the use of industry-generated forms

similar to the OSHA forms as long as they have at least the same information as the

OSHA forms.

2. First report of injury: Example in Figure 19.4.

These records must be preserved for 5 years.

The employer is also required to post at the work site records of citations and notices of

employees’ rights. There have been strong drives to change OSHA so that employers with

scattered work sites, as in construction, can be allowed to maintain the required records at a

central location (e.g., home office).

19.7 HOW THE LAW IS APPLIED

The OSHA regional and area offices employ inspectors whose duties include visits to

active projects to determine if the builders are conforming to the regulations. As noted,

there are ‘‘State Plan States’’ that have their own laws, rules, and regulations. The OSHA

legislation allows this as long as the program is ‘‘at least as effective’’ as the federal OSHA

provisions. Indiana, for instance, operates a state system that simply adopted all of the

federal OSHA rules, regulations, changes, and so forth. Michigan, on the other hand, writes

and publishes its own rules, some of which go above and beyond what federal OSHA rules

require.

An inspection can be initiated at random by OSHA or state safety inspectors or by an

employee (or his union) who submits a written statement to the labor department that he

believes there is a violation that threatens physical harm or imminent danger. All

inspections must be on an unannounced basis during the working day. Rulings by the

Supreme Court, however, require that an inspection warrant be obtained from the proper

authority if access to the site is denied. It is not unusual that the contractor requires a
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Figure 19.3 OSHA Form 300.
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Figure 19.4 Typical first report of injury/illness form.
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warrant prior to permitting entry to the work site. This essentially changes the ‘‘surprise’’

nature of the inspection and allows the work site supervisor to prepare for the inspection.

The inspection is divided into four parts:

1. An opening conference with the employer.

2. Selection of a representative of the employees and of the employer to accompany

the inspector on a tour of the workplace.

3. The walk-around inspection. The inspector is allowed to talk with any employees.

4. The closing conference during which the inspector discusses the conditions and

practices he observed that might be safety or health violations. Only ‘‘alleged

violations’’ are discussed. Any Safety Orders will follow via U.S. mail 2 weeks to 3

months after the actual inspection. However, correction of any items mentioned by

the safety officer in the closing conference for which there is no basis for appeal

should be corrected immediately. Fines may be proposed with the citations. The

employer is allowed 15 days to appeal a penalty.

The appeals of citations, penalties, or abatement periods are made through a procedure

to the Occupational Safety and Health Review Commission or appropriate state board. The

commission, after a hearing and review, can affirm, modify, or vacate the citation, proposed

penalty, and abatement period.

Table 19.2 is a list of OSHA standards representing job site physical hazards that are

commonly cited as violations. In addition to those listed, the 1988 provision requiring firms

to inventory and label hazardous materials is the most highly cited violation. This Hazard

Communication (HazCom) Standard also requires that employees be trained in the safe use

of such materials. Material Safety Data Sheets (MSDS) must be maintained for each

hazardous substance. The program addresses the need to make employees more aware of

the chemical hazards in the workplace.

If, during the course of an inspection, a violation is noted, a written citation is given to

the employer and the area in which the violation occurs will be posted. A reasonable length

of time shall be granted the employer for correction of the violation.

These violations, and failure to abate in the given time, incur monetary violations up to

$70,000. Serious violations incur a mandatory fine of $7,000. Failure to abate within the

given time period can result in a fine of $7,000 a day for the period the violation persists.

Table 19.2 OSHA Standards Most Commonly Cited for Violations

Section Subject Section Subject

1926.500 Guardrails, Handrails, Covers 1926.100 Head Protection

.451 Scaffolding .552 Materials, Hoists, Personnel

Hoists, Elevators

.450 Ladders .50 Medical Services, First Aid

.350 Gas Welding and Cutting .501 Stairways

.401 Grounding and Bending .300 General Requirements, Hand and

.550 Cranes and Derricks .651 Excavation

.25 Housekeeping Power Tools

.152 Flammable and Combustible Liquids .51 Sanitation

.400 General Electrical .28 Personal Protective Equipment

.402 Electrical Equipment Installation and

Maintenance

.102 Eye and Face Protection

.150 Fire Protection .302 Power-operated Hand Tools

.652 Trenching .351 Arc Welding and Cutting

.601 Motor Vehicles .105 Safety Nets
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19.8 SAFETY RECORD KEEPING

Documentation under the Williams-Steiger Act is required as follows: ‘‘Every employer

who is covered under this act must keep occupational injury and illness records for his

employees in the establishment in which his employees usually report to work.’’

The OSHA laws require employers to keep both a log of recordable occupational

injuries and illnesses and a supplementary record of each injury or illness. These records

must be kept up to date and should be available to government representatives.

These records are also used to compile the annual accident report (OSHA 300), which

must be posted in a prominent place in the establishment available to the employees.2 Also

the poster titled ‘‘Safety and Health Protection on the Job’’ shall be posted in a similar

manner.

The only employers excluded from this portion of the act are those who are already

reporting this material under the Federal Coal Mine Health and Safety Act or the Federal

Metal and Nonmetallic Mine Safety Act.

Recordable occupational illnesses and injuries are those that result from a work

accident or from exposure to the work environment and lead to fatalities, lost workdays,

transfer to another job (temporary or permanent), termination/limitation of employment, or

treatment beyond simple first aid measures. Also, those cases involving loss of conscious-

ness or restriction of work or motion are recordable.

Reporting at the job site level breaks into six reporting levels as follows:

1. First aid log.

2. First report of injury log.

3. Supervisor’s accident investigation report.

4. Project accident report.

5. OSHA required Injury Report (OSHA 300).

6. Fatality or major accident report.

The first aid log is kept on the job and lists every treatment given. The first report of

injury log is required by the workmen’s compensation laws in most states. It is prepared to

record every personal injury that requires off-site medical treatment regardless of whether

the employee lost time from work or not. The supervisor’s accident investigation report is

prepared by the foreman for each recordable accident and places special emphasis on

identifying methods by which the accidents could be prevented in the future. A typical

project accident report form is shown in Figure 19.5. It is a monthly summary of disabling

injuries and lost time sent to the home office. The form shown is a report of information on

each disabling injury required by OSHA and kept at the job site. Finally, as noted

previously, any fatality or accident that hospitalizes three or more employees must be

reported to the OSHA area director within 8 hours.

19.9 SAFETY PROGRAM

A good job site safety program should be founded on:

1. Safety training of all new personnel arriving on the site.

2. Continuous inspection for possible safety hazards.

3. Regular briefings to increase the safety awareness of personnel at all levels.

4. Written programs and documentation specifying all safety activities.

2The OSHA 300 (or equivalent) must be kept up to date at all times.

352 Chapter 19 Safety



E1C19_1 09/21/2010 353

If workers or supervisors flagrantly neglect safety rules and regulations, warnings should

be considered.

It is good practice to personally brief each employee arriving on site regarding job

procedures. A briefing sheet such as the one shown in Figure 19.6 is an effective aid for

conducting this type of briefing. This focuses the worker’s attention at the outset on the

importance of safety and indicates management’s interest in this phase of the job. Safety

rules and regulations such as those shown in Figure 19.7 should be available in ‘‘handout’’

form and be conspicuously posted around the job site.

General safety meetings conducted by the safety engineer should be held at least once

a month with supervisors at the foreman and job steward level. A typical report for such a

meeting is shown in Figure 19.8. The objective of these meetings is primarily to heighten

the safety awareness of supervisors directly in charge of workers. These foreman-level

personnel in turn should hold at least one ‘‘tool box’’ safety meeting each week to transfer

this awareness to the work force and discuss safety conditions with their crew. The report

format includes a record of those in attendance, the first aid report, and a description of the

Figure 19.5 Project accident report.
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Figure 19.6 Job briefing sheet.
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Figure 19.6 (Continued )

19.9 Safety Program 355



E1C19_1 09/21/2010 356

Figure 19.7 Job safety rules and regulations.
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Figure 19.7 (Continued )
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Figure 19.7 (Continued)

Figure 19.8 Safety meeting minutes.
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safety topics discussed. In addition to the general safety meetings, each job should have a

designated safety committee that meets regularly. The members of the safety committee

should include key supervisory personnel and craftsmen with an alertness to potential

danger and a genuine desire to prevent accidents and injuries. One of the purposes of the

safety committee should be to make suggestions as to how to improve overall job safety.

Therefore, the members appointed should be sensitive to safety and innovative in devising

safe methods.

REVIEW QUESTIONS AND EXERCISES

19.1 What factors should motivate a contractor to have a safe

operation and a good safety program?

19.2 What factors influence the rate assigned to a contractor

for Workmen’s Compensation Insurance?

Figure 19.8 (Continued)
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19.3 What are two major economic benefits of a good con-

struction program?

19.4 Explain organizing for safety.

19.5 What actions could you as the contractor take to instill a

sense of safety among your workers?

19.6 Observe several construction sites and ascertain details of

their safety program. If possible attend a tool box safety meet-

ing. Then prepare a list of both good and bad examples of safety

practice.

19.7 Using OSHA regulations as a guide, determine what are

the accepted safety standards for:

(a) Guard rails

(b) Exposed reinforcing steel

(c) Protection of openings

(d) Man hoists

19.8 Many construction workers resist the use of safety

helmets, goggles, and protective mittens and clothing despite

the fact that they are designed to protect them. Give several

reasons why this practice persists.

19.9 Investigate and report the main safety issues emphasized

in a country of your choice (not the United States). You can

search the Internet for this exercise.
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1Reprinted by permission of the Engineers Joint Contract Documents Committee (EJCDC). Copyright 2002.

National Society of Professional Engineers, 1420 King Street, Alexandria, VA 22314; American Consulting

Engineers Council, 1015 15th Street N.W., Washington, DC 20005; American Society of Civil Engineers, 1801

Alexander Bell Drive, Reston, VA 20191-4400. To order AGC contract documents, phone 1-800-AGC-1767 or

fax your request to 703-837-5405, or visit the AGC website at www.agc.org.
2Builders Association of Chicago, Inc.
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AppendixA

Typical Considerations Affecting the Decision to Bid

TYPICAL CONSIDERATIONS: THE DECISION TO BID (OR NOT)1

A. Goals and Present Capabilities of Your Company (Plans for Growth, Type of Work, Market
Conditions)

1. It is quite reasonable to actually want to stay where you are if you are satisfied with

a situation of making a good living and staying active in work.

� If so, is this job the kind you like doing? Does it have a good profit potential?

2. If you wish to grow larger, how fast do you wish to grow? Do you have the people

and capital to do so?

� Will the project to be bid help you in your growth?

� Or will you have to bid it low just to keep your present men and equipment

working, thus tying them up and postponing growth? (If you prefer type 1 goals,

this latter strategy may be fine.)

3. Type of work. Which type of work do you presently have the capability and

experience to do? What types of work do you want to do in the future? Can you

handle this particular project now? Will it give you good experience for the type of

work you want to do in the future?

4. Consider the present and future competitive market conditions in this type of work.

� Is it possible to earn a fair and reasonable profit? Or is the competition heavy?

� Think of the job as an investment of your time, your talent, and your money. It

should earn a good return—in money, in satisfaction, and pride; or provide some

other return.

B. Location of the Work

1. Is the project located in an area in which you normally like to operate?

2. If not, would too large a portion of your time be consumed traveling to and from

this job?

3. Do you have an associate or assistant who you believe can do a good job of

supervising the job if you cannot often visit the site yourself?

4. Do you plan to expand your area of operations anyway, and if so, is this job in an

area in which you want to expand?

C. Time and Place for Bid

1. When is the bid due (day and hour)? Will you have time to prepare an accurate and

careful estimate? (For example, if you need 2 weeks to prepare a good bid and only

4 days remain, don’t bid the job.)

1Based on material prepared by Prof. Boyd C. Paulson, Jr., Stanford University.
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2. Where is the bid to be submitted? Howwill you get it there? Do you have to allow 2

or 3 days for the mail?

3. Are there special rules for late delivery? For faxing last-minute changes?

D. How to Obtain Plans and Specifications

1. If you are a prime contractor, you must find out who will provide the plans and

specifications.

� Is there a fee? How much?

� Is there a deposit? How much? Is it refundable?

� Is a plans room open and available? Where? What hours?

2. If you are a subcontractor, you want to know which prime contractors have plans

and specifications.

� Will they give you a copy of those that apply to your work?

� Do they have a plans room for subcontractors? Where? What hours?

� Can you get your plans and specifications directly from the owner? Fees?

Deposits? How much? Refunds?

E. Legal and Other Official Requirements

1. Licensing. Some states, counties, cities, and towns require that a contractor have a

license to work in their area.

� If required, it is a legal necessity.

� In some cases, unlicensed contractors can be fined without it.

� Unlicensed contractors may not have recourse to the courts, even if wronged.

� Especially note this when working on local government-funded projects.

2. Prequalification may be required. If so, documents such as a financial statement, a

statement of work in progress and experience, as well as a past litigation and

performance history will be required.

3. Bonding

� Does project require (a) bid bond? (b) performance bond? (c) payment bond?

� What is your bonding limit?Can you qualify for bonds on this project?

F. Scope of Work

1. What is the approximate size of the project (or subcontract):

(a) In dollars—is it within your financial and bonding limits?

(b) In major units of work (e.g., earth-moving equipment, cubic yards of concrete,

pounds of steel, etc.) is it within the capacity of your available manpower and

equipment resources?

2. What are the major types of work on the project or subcontract?

(a) Are they the kind your company prefers to do?

(b) Are they the kind your company is qualified to do?

3. How much time is available to complete the work?

(a) When does it start; when does it finish?

(b) How much other work do you plan to have going at that time? Can you handle

this job as well?
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G. Comparison of Resources
Compare the resources available to you to those that will be needed (order of magnitude

only) on the job to be bid.

1. Men:Do you have a supervisor or foreman for the job? Can you get the laborers and

craftsmen that who be needed?

2. Equipment: What major items of equipment (truck, crane, loader, etc.) will be

needed? Do you own it already? Will it be available? Can you purchase new

equipment? Can you rent or lease the equipment you will need?

3. Money: Will loans or credit be needed? How much? Can you get the financing

needed?

H. Summary
All of these items should be considered in making the decision to bid or not bid on a

particular job.

� This is an executive decision.

� It is a decision you as the contractor must make.
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Appendix E

Arrow Notation Scheduling Calculations

E.1 CPM CALCULATIONS (ARROW NOTATION)

In making calculations with arrow notation, the arrow and its two associated nodes have

attributes that are formally defined as symbols for mathematical purposes. This formal

notation associated with the arrow is shown in Figure E.1.

The left-hand node on the arrow represents the event time at which the activity

begins. It is referred to as the i node. The right-hand node represents the end time of the

activity. It is referred to as the j node. Associated with each node is an earliest time,

which is shown as TE
i for the i node and T

E
j for the j node. Similarly, each node can have

a latest event time, which is shown in the figure as TL
i for the i node and TL

j for the j

node. This establishes four events, two associated with starting and two with ending

nodes, which are of interest in calculating the critical path of the network. The duration

of the activity (as shown in the figure) is given as tij. Because the starting and ending

nodes in arrow notation are referred to as i and j, arrow notation is sometimes referred to

as i-j notation.

A schematic diagram representing the application of the forward-pass algorithm using

arrow notation is shown in Figure E.2. The objective of the forward-pass algorithm is to

calculate the earliest point in time at which a given event can occur. That is, the algorithm

calculates the earliest event time of a given node. The earliest event time for a given node is

controlled by the earliest event times of each of the set of events that precede it. The

algorithm is given as follows:

TE
j ¼ max ½T E

i þtij�
All i

i2M

where M is the set of all i events that immediately precede j.

The earliest event time for a given node j is controlled by the earliest event times of

each of the i nodes that precede it. Each i node plus the duration of the associated activity, tij
which links it to the j node, must be investigated. The maximum of the preceding i node

early event times plus the durations of the appropriate activity ij controls the earliest time at

which a given event j, can occur.

To demonstrate this, consider Figure E.2. Node 30 is preceded by nodes 22, 25, and 26.

The durations of the activities emanating from each of these nodes are as follows:

Act 22; 30 t22;30 ¼ 7 days

Act 25; 30 t25;30 ¼ 2 days

Act 26; 30 t26;30 ¼ 6 days

Figure E.1 Arrow notation symbols.
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The earliest event times for each of the preceding nodes are as follows:

TE
22 ¼ 10

TE
25 ¼ 13

TE
26 ¼ 15

The algorithm for the early event time for node 30 is then

TE
30 ¼ maxðTE

22 þ t22;30; T
E
25 þ t25;30; T

E
26 þ t26;30Þ

TE
30 ¼ maxð10þ 7; 13þ 2; 15þ 6Þ ¼ 21

E.2 CALCULATING THE EARLY EVENT TIMES (ARROW NOTATION)

In order to understand how the forward-pass algorithm is applied, consider the arrow

notation network model of the small gas station in Figure E.3. In order to record the

calculated values of the early event time (TE
i), a partitioned oval is located above each

node. The calculated early event time is recorded in the left side of the oval. During the

backward pass, the late event times for each node will be recorded in the right side.

The forward-pass algorithm is applied repetitively starting with the source node (node

A) and moving from left to right in a ‘‘bootstrapping’’ fashion. The starting node A is given

an early event time of zero (0). Moving to node B, the set of preceding events consists of

only one event. Therefore, TE
B is max (TE

A þ tAB)¼max (0 þ 10) ¼ 10. Calculations for

all of the nodes are shown in Table E.1. The values for each node are shown in Figure E.3.

The earliest time at which each activity can begin is given by the TE
i value for the i

node associated with the activity of interest. In addition to this information, it is now clear

that the minimum duration of the project is 96 days since the earliest time at which node S

can be realized has been calculated as 96 time units.

E.3 BACKWARD-PASS ALGORITHM (ARROWNOTATION)

A schematic diagram representing the application of the backward-pass algorithm is shown

in Figure E.4. The backward-pass algorithm calculates the latest time at which each event

can occur. The latest event time for a node i is controlled by the latest event times of the set

of events that follow it. The late event time of each j node minus the duration of the

associated activity, ij, must be investigated. Theminimum of the following j node late event

times minus the duration of activity ij controls the latest time at which the i event can occur.

To demonstrate this, consider Figure E.4.

Figure E.2 Schematic of forward-pass calculation.
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Figure E.3 Expanded Project Model with Early Event Times. (The dotted lines represent so-called ‘‘dummy’’ logical connections and have a duration of zero).
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Node i, labeled 18, is followed by nodes 21, 23, and 25. The durations of the associated

ij activities are:
Act 18; 21 t18;21 ¼ 12

Act 18; 23 t18;23 ¼ 3

Act 18; 25 t18;25 ¼ 10

The latest event times for each of the following nodes are as follows:

TL
21 ¼ 52

TL
23 ¼ 46

TL
25 ¼ 53

The expression for the late event time of node 18 is:

TL
18 ¼ min 52� 12; 46� 3; 53� 10ð Þ ¼ 40

Again considering the small gas station arrow notation network, the same boot-

strapping approach used to work stepwise through the network is used to determine late

event times (see Figure E.5). In this case we start at the last node (right side) of the network

FigureE.4 Schematic of backward-pass

algorithm.

Table E.1 Calculation of Early Event Times

Node Formula Numerical Value TE
i

A N/A N/A 0

B TE
B ¼ max TE

A þ tAB
� �

max (0þ 10) 10

C TE
C ¼ max TE

B þ tBC; T
E
A þ tAC

� �
max (10þ 8, 0þ 15) 18

D TE
D ¼ max TE

C þ tCD
� �

max (18þ 0) 18

E TE
E ¼ max TE

C þ tCE
� �

max (18þ 0) 18

F TE
F ¼ max TE

B þ tBF ; T
E
C þ tCF ; T

E
D þ tDF ; T

E
E þ tEF

� �
max (10þ 12, 18þ 2, 18þ 5, 18þ 6) 24

G TE
G ¼ max TE

F þ tFG
� �

max (24þ 8) 32

H TE
H ¼ max TE

G þ tGH
� �

max (32þ 10) 42

I TE
I ¼ max TE

H þ tHI

� �
max (42þ 0) 42

J TE
J ¼ max TE

H þ tHJ

� �
max (42þ 15) 57

K TE
K ¼ max TE

H þ tHK ; T
E
I þ tIK

� �
max (42þ 14, 42þ 4) 56

L TE
L ¼ max TE

J þ tJL; T
E
K þ tKL

� �
max (57þ 10, 56þ 0) 67

M TE
M ¼ max TE

L þ tLM
� �

max (67þ 0) 67

N TE
N ¼ max TE

O þ tON
� �

max (77þ 0) 77

O TE
O ¼ max TE

L þ tLO; T
E
M þ tMO

� �
max (67þ 6, 67þ 10) 77

P TE
P ¼ max TE

O þ tOP
� �

max (77þ 0) 77

Q TE
Q ¼ max TE

K þ tKQ; T
E
N þ tNQ; T

E
O þ tOQ; T

E
P þ tPQ; T

E
L þ tLO

� �
max (56þ 12, 77þ 3, 77þ 6, 77þ 8, 67þ 25) 92

R TE
R ¼ max TE

Q þ tQR

� �
max (92þ 1) 93

S TE
S ¼ max TE

R þ tS
� �

max (93 þ 3) 96
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Figure E.5 Expanded Project Arrow Notation Model with Early and Late Event Times.
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and step from right to left. In order to commence calculations, a late event time is needed

for node S. The late event time of S will be set to the early event time (i.e., 96). Since we

wish to complete the project in the minimum period of time, it is logical to set the early and

late event times of S to 96. If we were to use a greater number, the finish date for the project

would be extended. Since 96 time units (e.g., days) is the minimum duration of the project,

a lesser value is not feasible.

Walking the network from right to left, wewould start with node R. Node R is followed

only by node S. The backward-pass algorithm reduces to:

TL
R ¼ minð96� 3Þ ¼ 93

Similarly, the late event time of Node Q can be calculated as 92. Again, the late event times

for nodes N and P can be calculated as:

TL
R ¼ minð92� 3Þ ¼ 89

TL
P ¼ minð92� 8Þ ¼ 84

Node O is followed by nodes N, and Q. Therefore, its late event time is calculated as:

TL
O ¼ minð89� 0; 84� 0; 92� 6Þ ¼ 84

All of the late event times are shown in the right side of the ovals above each node in Figure

E.5. It should be noted that the late event time for the beginning node A is 0. The early and

late event times of the source or beginning node must be equal (i.e., zero). Otherwise, a

mistake in calculating the backward-pass values has occurred.

E.4 IDENTIFYING THE CRITICAL PATH

As previously stated, the set of critical activities that form the critical path(s) cannot be

delayed without causing an extension of the project duration. Therefore, they can be

identified as the activities that have early and late event times (associated with their i and j

nodes) that are equal. Activities with i and j node early and late times that are not equal can

be delayed a certain amount without extending the duration of the project. By looking at

Figure E.5 it can be determined that the following activities are critical.

AB; BC; CE; EF; FG; GH; HJ; JL; LQ; QR; RS

This is both the critical and longest path through the network. The duration of this path

must be equal to the minimum project duration calculated using the forward-pass

algorithm. All other paths will have durations that are less than the minimum project

duration. Check to see that the critical path has a duration of 96 and that all other paths have

a duration less than 96 time units.
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Appendix F

AGC Builders Association of Chicago:
Typical Agent Job Descriptions

PROJECTMANAGER

A. General Functions

The project manager in the construction industry is usually an ‘‘inside’’ and ‘‘outside’’

man. The position may vary considerably from company to company. The project manager

in some companies may be an estimator, and expeditor, and even handle some duties

normally done by the job superintendent, while with other companies he may merely

supervise superintendents.

B. Detailed Functions

1. May procure the invitation to bid on jobs.

2. May, when working as an estimator, prepare bids.

3. May handle the legal requirements for a contract.

4. May negotiate the specialty contractor’s arrangements and agreements.

5. Set up completion schedules by bar graph or critical path method.

6. Supervise subcontractors and coordinate their material deliveries.

7. Arrange for sufficient manpower for the project.

8. Supervise superintendents on the job—‘‘walk the job’’ each day to see progress

being made and, during this time, review the work with a superintendent.

9. Control the movement of workers from one job to another.

10. Arrange for permits from the city, county, and so forth.

11. Hire and fire superintendents, foremen, engineers, and other personnel under his

supervision.

12. Set up occupancy dates for buildings.

13. Act as public relations representative.

14. Coordinate with architect and owner requested revisions or errors found in

drawings.

ESTIMATOR

A. General Functions

An estimator makes as close an estimate as possible of what the costs will be. In order to do

so, he must itemize all of the building materials and calculate labor costs for the entire
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project—the cost estimate may also include a percentage for profit, though this may be

done with or by top management.

B. Detailed Functions

1. Mail or telephone bid proposals to subcontractors.

2. Follow up with subcontractors on submission of their bids.

3. Review bid with subcontractors.

4. Prior to bid, inspect job site to determine access and that the land is the same as on

the plans. Look for water conditions and other problems that might arise.

5. Analyze plans and specifications, that is, ‘‘learn the job.’’

6. Make a takeoff for each type of work to be done by general contractor forces.

7. Does takeoff for subcontractors when necessary.

8. May sit in on owner, architect, and contractor conferences.

9. May check on other estimator’s work or have his work checked by another

estimator.

10. Price the quantity takeoffs.

11. Read prints, noting discrepancies.

12. Make itemized lists of prices for materials.

13. Review and preview subcontractors’ bids.

14. In some companies, purchase steel, lumber, and all other materials necessary for

the job.

15. Compute a percentage for overhead and profit, which would be added to estimated

cost.

16. Arrive at final bid price or cost price.

17. Prepare change order (estimates cost of changes) as needed or required—if major

item and not handled by field personnel.

18. Expedite distribution of plans, including general and mechanical.

19. Serve in quality control capacity, because of position in purchasing, and plan review.

20. Make bar graphs, network, or CPM for scheduling.

21. Make cost breakdown of work performed by company forces for cost control

purposes.

EXPEDITOR

A. General Functions

An expeditor may schedule or coordinate job material requirements. He serves as a

troubleshooter when there is a breakdown in delivery schedule. He foresees problems by

reviewing plans and specifications of the subcontractors and coordinating these with the

plans and specifications of the architect.

B. Detailed Functions

1. In some companies receives the plans and specifications and breaks the specifica-

tions down by trade.
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2. In some companies writes to all subcontractors advising them what is necessary to

do on their plans.

3. Follows up on drawings, that is, shop drawings or the detailed drawings of project.

4. Submits drawings to the architect after having checked them to see if they match,

that the job is correct, that the materials used are those specified, and analyzes the

drawings.

5. Maintains constant follow-up on plans and drawings to ensure documents reach

the proper place at the proper time.

6. Distributes approved plans to subs or to anyone else who should get them. Has to

order enough plans from subcontractors so that entrusted parties will have

sufficient documentation for project schedule.

7. In some companies establishes delivery time for materials, equipment, or labor,

based on when they will be required and when they can be acquired, and

determines the lead time required for acquisition.

8. May follow a CPM printout, make out delivery schedules, use a bar graph method

or the critical path method. Makes sure the shop items are on the critical path

method or the bar graph.

9. In some companies does small buying such as purchasing mailboxes, signs, and

finish items.

10. Maintains constant follow-up to ensure that schedule is accomplished.

11. Checks all incoming tests to ensure they meet specifications.

12. In some companies checks the concrete design, that is, the mix or fixed formula of

the concrete used.

13. Plans material delivery and schedules with job superintendents.

14. Keeps in contact each day with subcontractors.

15. Writes memos as needed to architects, superintendents, subcontractors, and so

forth.

16. Follows up daily on trouble areas, that is, those places where delivery of materials

may be lagging.

17. In some companies accumulates change order information.

18. Generally troubleshoots, especially for delivery problems.

EQUIPMENT SUPERINTENDENT

A. General Functions

Maintains and repairs equipment owned by company. To do this, he supervises garage and

yard personnel and coordinates delivery of equipment to the specific job sites and expedites

repairs and deliveries.

B. Detailed Functions

1. Supervises, maintains, and repairs.

2. Purchases parts for maintenance and repairs.

3. Expedites repairs of equipment that cannot be done in the company garage.

4. Keeps detailed records of equipment, including maintenance costs for each piece of

equipment.
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5. Keeps track of equipment, that is, which job is using it at any given time.

6. Makes recommendations concerning purchase of new equipment.

7. Provides delivery of equipment to job sites, helps to plan the time, provides means

of delivery to the site, and provides equipment setup at site.

8. Keeps weekly repair costs on his crew.

9. Prepares an annual budget for operation.

FIELD SUPERINTENDENT

A. General Functions

Builds the building. Manages men and materials on the job site so that the project is built

for profit. Coordinates schedules so that men and materials are available to promote

efficient erection of the building at a profit level.

B. Detailed Functions

1. ‘‘Learns the building.’’ Studies plans and specifications so that he can plan the

work to be accomplished.

2. Tries to anticipate problems.

3. Studies the costs.

4. Arranges scheduling and manufacture of building parts or components.

5. Coordinates building when the manufactured items become available for the

building.

6. Does survey and layout work or supervises technical or field engineer who does this.

7. Keeps constant check on all trades, overseeing workmanship and materials.

8. Hires and fires workmen.

9. Supplies information to accounting department so that records of costs can be

maintained.

10. Supervises men directly or indirectly (i.e., through the foreman).

11. May be responsible for deliveries.

12. Is responsible for drawings and seeing that drawings are made of changes or

incomplete items.

13. Arranges for plan changes as needed.

14. May be responsible for written schedules or physical schedules.

15. Does on-the-spot estimating (material or labor).

16. May price out extra items or charges.

17. Does limited buying (supplies and items missed by the purchasing department).

18. Makes daily safety inspections.

19. May record daily field activities in a log.

MECHANICAL SUPERINTENDENT

A. General Functions

The mechanical superintendent coordinates subcontractor’s work with that of the general

contractor to ensure that project remains on schedule and quality is maintained.
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B. Detailed Functions

1. Compiles listing of major mechanical electrical equipment required.

2. Expedites shop drawings and equipment deliveries.

3. Assists in preparation of project schedules.

4. Prepares weekly progress reports on electrical and mechanical work.

5. Coordinates subcontractors’ work with general contractor.

6. Checks schedule to ensure project is on schedule.

7. Supervises general contractor’s work done for subcontractors (equipment produc-

tion, excavations, etc.).

8. Processes and distributes shop drawings.

9. Supervises, inspects, and evaluates work performed by subcontractors—ensures

there is compliance with plans and specifications.

10. Supervises project closely to ensure that the owner is getting his money’s worth on

subcontractor work.

SCHEDULING ENGINEER (FIELD ENGINEER)

A. General Functions

Scheduling engineer schedules and coordinates. He serves as a troubleshooter when there

is a breakdown in delivery schedule. He maintains a constant follow-up on the schedule to

ensure progress as previously planned.

B. Detailed Functions

1. Receives plans and specifications and breaks them down by trade.

2. Writes to all subcontractors telling them when their work is necessary on the

schedule.

3. Expedites follow-up for drawings, that is, shop drawings or detailed drawings.

Checks with own staff for follow-up.

4. Keeps a close follow-up to ensure that plans and drawings reach the right people at

the right time.

5. Establishes delivery times for materials, equipment, or labor, based on when they

can be acquired, and determines the lead time required for acquisitions.

6. Makes out delivery schedules, using a bar graph method or critical path method.

Makes sure that the shop items are on the bar graph or CPM.

7. Discusses material delivery and scheduling with job superintendent.

8. Keeps in touch with subcontractors as needed.

9. Writes memos as needed to superintendents, subcontractors, and so forth.

10. Follows up daily on trouble areas, where delivery of materials may be lagging.

11. Generally troubleshoots.

TIMEKEEPER

A. General Functions

A timekeeper is primarily concerned with maintaining cost control of labor force on a

project. He maintains payroll records and may also maintain records on material deliveries.
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B. Detailed Functions

1. Ensures that the men are on the job, checks what specific tasks they are

performing, and checks this against job sheets given to him daily by the foreman.

2. Checks with the foreman to determine exact job and classification of work each

man is doing so that the work can be coded and entered against the correct amount.

3. Walks the job a few times each day.

4. Computes previous day’s work sheets to obtain costs.

5. Projects daily costs to determine if work was completed within the allocated

budget.

6. Talks over costs with superintendent.

7. Posts workers’ hours to the payroll on a daily basis.

8. Types a cost report each week. In some companies this may be done by central

office staff.

9. Types payroll each week. In some companies this may be done by central office

staff.

10. Types paychecks each week. In some companies this may be done by central office

staff.

11. Types all back charges and time tickets.

12. Estimates costs of requests from subcontractors for sheds, shanties, carpenters,

and concrete work performed for them.

13. May compile subcontractors’ invoices for payment and discuss these with archi-

tect to determine accuracy.

14. Codes all delivery tickets to maintain costs on all building parts.

15. Keeps records of all reinforcing steel deliveries.

16. Records all concrete pours.

17. May assist superintendent by ordering labor, lumber, and other materials.

18. On certain big load days may call the union halls for extra men; will sign these men

for the day and pay them by check at night.

19. Signs up all new workmen (W-4 forms, applications, etc.) and submits originals to

central office.

20. Enters new employees’ names and proper wage rate for the particular trade on

payroll.

21. Types monthly report on welfare and pension. In some companies this may be

done at the central office.

22. Balances the payroll and types it eachMonday. Submits it to the main office so that

checks can be made out and returned to the job site by Wednesday. In some

companies this may be done at central office.

23. May travel to various job sites and perform same duties for each of the projects.

24. On projects involving federal funds, he collects payroll data from subcontractors

for submission to the government in compliance with their regulations.

25. Maintains time record on company truck drivers when material deliveries are

made.

26. May supervise ‘‘time checkers’’ on larger project.
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Compound Interest Tables
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Plans for Small Gas Station
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Appendix I

Site Reconnaissance Checklist

GENERAL CONSIDERATIONS

A. What features are native to topography and climate?

B. What is required for construction method selected?

C. What features are needed to support construction force?

D. What features might encroach on local society or environment?

A. Features native to topography and climate

1. Actual topography (excessive grades, etc.)

2. Elevation

3. Geology (soil characteristics, rock, etc.)

4. Ground cover

5. Excessive seasonal effects

6. Wind direction

7. Natural defenses

8. Drainage

9. Subsurface water conditions

10. Seismic zones

B. Features required that contribute to construction method

1. Accessibility to site (rail, road, water)

2. Labor availability (skill, cost, attitude)

3. Material availability (salvage, cost, attitude)

4. Locate borrow pits (gravel, sand, base, fill)

5. Locate storage areas, plant sites

6. Alternate building, campsites

7. General working room about site

8. Location of existing structures and utilities

9. Conflicts with existing structures and utilities

10. Overhead

11. Disposal areas

12. Land usage

13. Local building practices
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C. Features to support construction force

1. Billeting/shelter

2. Food (also on-job meals)

3. Special equipment

4. Clothing

5. Communications

6. Local hazards

7. Fire/security protection available

8. Local customs/culture

9. Potable H2O

10. Sanitary facilities (also for job)

11. Entertainment

12. Small stores

13. Medical

14. Banking, currency

15. Transportation

16. Local maintenance available

D. Features that might encroach on local society or environment

1. Noise

2. Dust

3. Blasting

4. Hauling over roads

5. Use of water

6. Burning (smoke)

7. Drainage (create problems)

8. Flight operations

9. Disposal areas

10. Utility disruption

11. Relocation problems

12. Work hours

13. Economy impact

14. Community attitude

15. Security

16. Political
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Appendix J(1)

The Cumulative Normal Distribution Functiony
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Appendix J(2)

The Cumulative Normal Distribution Functiony
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