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CONSTRUCTION

MANAGEMENT

C
onstruction is the mobilization and
utilization of capital and specialized
personnel, materials, and equipment to
assemble materials and equipment on a

specific site in accordance with drawings, specifi-
cations, and contract documents prepared to serve
the purposes of a client. The organizations that
perform construction usually specialize in one of
four categories into which construction is usually
divided: housing, including single-family homes
and apartment buildings; nonresidential building,
such as structures erected for institutional, edu-
cational, commercial, light-industry, and recrea-
tional purposes; engineering construction, which
involves works designed by engineers and may
be classified as highway construction or heavy
construction for bridges, tunnels, railroad, water-
ways, marine structures, etc.; and industrial
construction, such as power plants, steel mills,
chemical plants, factories, and other highly
technical structures. The reason for such speciali-
zation is that construction methods, supervisory
skills, labor, and equipment are considerably
different for each of the categories.

Construction involves a combination of special-
ized organizations, engineering science, studied
guesses, and calculated risks. It is complex and
diversified and the end product typically is non-
standard. Since operations must be performed at
the site of the project, often affected by local codes
and legal regulations, every project is unique.
Furthermore, because of exposure to the outdoors,
construction is affected by both daily and seasonal

weather variations. It is also often influenced
significantly by the availability of local construc-
tion financing, labor, materials, and equipment.

Construction Management can be performed by
construction contractors, construction consultants
also known as construction managers, or design
build contractors. All of these individuals or
entities have as their goal the most efficient, cost
effective completion of a given construction project.
Construction contractors typically employ super-
visory and administrative personnel, labor, ma-
terials and equipment to perform construction in
accordance with the terms of a contract with
a client, or owner. Construction managers may
provide guidance to an owner from inception of the
project to completion, including oversight of
design, approvals, and construction, or just provide
construction advisory services to an owner. A
construction manager may also act as an agent for
the owner, contracting with others for performance
of the work and provide administrative and
supervisory services during construction. A design
build entity can provide all of the above-mentioned
activities providing a completed project for the
owner with a single contract through one entity.

4.1 Tasks of Construction
Management

Construction management can involve the plan-
ning, execution, and control of construction
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operations for any of the aforementioned types of
construction.

Planning requires determination of financing
methods, estimating of construction costs, sche-
duling of the work, and selection of construction
methods and equipment to be used. Initially, a
detailed study of the contract documents is
required, leading to compilation of all items of
work to be performed and grouping of related
items in a master schedule. This is followed by the
establishment of a sequence of construction op-
erations. Also, time for execution is allotted for
each work item. Subsequent planning steps involve
selection of construction methods and equipment
to be used for each work item to meet the schedule
and minimize construction costs; preparation of a
master, or general, construction schedule; devel-
opment of schedules for procurement of labor,
materials, and equipment; and forecasts of expen-
ditures and income for the project.

In planning for execution, it is important to
recognize that not only construction cost but also
the total project cost increases with duration of
construction. Hence, fast execution of the work is
essential. To achieve this end, constructionmanage-
ment must ensure that labor, materials, and
equipment are available when needed for the
work. Construction management may have the
general responsibility for purchasing of materials
and equipment and expediting their delivery not
only to the job but also to utilization locations. For
materials requiring fabrication by a supplier,
arrangements should be made for preparation and
checking of fabrication drawings and inspection
of fabrication, if necessary. Also, essential for
execution of construction are layout surveys,
inspection of construction to check conformance
with contract documents, and establishment of
measures to ensure job safety and that operations
meet Occupational Safety and Health Act (OSHA)
regulations and environmental concerns. In ad-
dition, successful execution of the work requires
provision of temporary construction facilities.
These include field offices, access roads, coffer-
dams, drainage, utilities and sanitation, and design
of formwork for concrete.

Control of construction requires up-to-date
information on progress of the work, construction
costs, income, and application of measures to
correct any of these not meeting forecasts. Progress
control typically is based on comparisons of
actual performance of construction with forecast

performance indicated on master or detailed
schedules. Lagging operations generally are
speeded by overtime work or addition of more
crews and equipment and expedited delivery of
materials and equipment to be installed. Cost and
income control usually is based on comparisons of
actual costs and income with those budgeted at the
start of the project. Such comparisons enable
discovery of the sources of cost overruns and
income shortfalls so that corrective measures can
be instituted.

Role of Contractors n The client, or owner,
seeking construction of a project, contracts with an
individual or construction company for perform-
ance of all the work and delivery of the finished
project within a specific period of time and usually
without exceeding estimated cost. This individual
or company is referred to as a general contractor.

The general contractor primarily provides con-
struction management for the entire construction
process. This contractor may supply forces to
perform all of the work, but usually most of the
work is subcontracted to others. Nevertheless, the
contractor is responsible for all of it. Completely in
charge of all field operations, including procure-
ment of construction personnel, materials, and
equipment, the contractor marshals and allocates
these to achieve project completion in the shortest
time and at the lowest cost.

The contractor should have two prime objec-
tives: (1) provision to the owner of a service that is
satisfactory and on time; (2) making a profit.

Construction Manager n This is a general
contractor or construction consultant who per-
forms construction management under a pro-
fessional service contract with the owner. When
engaged at the start of a project, the construction
manager will be available to assist the owner and
designers by providing information and rec-
ommendations on construction technology and
economics. The construction manager can also
prepare cost estimates during the preliminary
design and design development phases, as well
as the final cost estimate after completion of
the contract documents. Additional tasks include
recommending procurement of long-lead-time
materials and equipment to ensure delivery when
needed; review of plans and specifications to
avoid conflicts and overlapping in the work of
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subcontractors; preparing a progress schedule for
all project activities of the owner, designers, general
contractor, subcontractors, and construction mana-
ger; and providing all concerned with periodic
reports of the status of the job relative to the
project schedules. Also, the construction manager,
utilizing knowledge of such factors as local labor
availability and overlapping trade jurisdictions,
can offer recommendations concerning the division
of work in the specifications that will facilitate
bidding and awarding of competitive trade con-
tracts. Furthermore, on behalf of the owner, the
manager can take and analyze competitive bids on
the work and award or recommend to the owner
award of contracts.

During construction, the construction manager
may serve as the general contractor or act as an
agent of the owner to ensure that the project meets
the requirements of the contract documents, legal
regulations, and financial obligations. As an agent
of the owner, the constructionmanager assumes the
duties of the owner for construction and organizes a
staff for the purpose. Other functions of construc-
tion management are to provide a resident en-
gineer, or clerk of the works; act as liaison with the
prime design professional, general contractor, and
owner; keep job records; check and report on job
progress; direct the general contractor to bring
behind-schedule items, if any, up to date; take steps
to correct cost overruns, if any; record and
authorize with the owner’s approval, expenditures
and payments; process requests for changes in the
work and issue change orders; expedite checking of
shop drawings; inspect construction for confor-
mance with contract documents; schedule and
conduct jobmeetings; and perform such other tasks
forwhich an ownerwould normally be responsible.

(D. Barry and B. C. Paulson, Jr., “Professional
Construction Management,” 2nd ed., G. J. Ritz,
“TotalProjectManagement,” andS.M.Levy, “Project
Management in Construction,” 3rd ed., McGraw-
Hill, Inc., New York (books.mcgraw-hill.com).)

4.2 Organization of
Construction Firms

The type of organization employed to carry out
construction is influenced by considerations
peculiar to that industry, many of which are unlike
those affecting manufacturing, merchandising, or
distribution of goods. This is due largely to the

degree of mobility required, type of risk inherent in
the particular type of construction, and geographic
area to be served.

4.2.1 Contractor Organization as
a Business

These contracting entities employ the usual
business forms. Perhaps the greater number are
sole proprietorships, where one person owns or
controls the enterprise. Many others are partner-
ships, where two or more individuals form a
voluntary association to carry on a business for
profit. The corporate form has a particular appeal
to both large- and small-scale enterprises operating
in the construction field. To the large enterprise,
corporate structure is an easier way to finance itself
by dividing ownership into many small units that
can be sold to a wide economic range of pur-
chasers, including those with only small amount of
capital to invest. In addition to assisting financing
operations, the corporate device brings a limited
liability to the persons interested in the enterprise
and a perpetual succession not affected by the
death of any particular owner or by the transfer of
any owner’s interest. Because of these features, the
corporate vehicle is also used by numerous small
contractors.

4.2.2 Special Considerations in
Organization for
Construction

Each facility that a construction team produces, it
produces only once; the next time its work will be
done at a new location, to a new pattern, and under
new, although often similar, specifications. Further-
more, from the very inception of each construction
project, contractors are wholly devoted to com-
pletion of the undertaking as quickly and econo-
mically as possible and then moving out.

The problems of construction differ from those
of industrial-type businesses. The solutions can
best be developed within the construction industry
itself, recognizing the unique character of the
construction business, which calls for extreme
flexibility in its operations. Based on foundations
resting within the industry itself, the construction
industry has erected organizational structures
under which most successful contractors find it
necessary to operate. They tend to take executives
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away from the conference table and put them in
close touch with the field. This avoids the type of
organizational bureaucracy that hinders rapid
communication between office and field and
delays vital decisions by management.

Contractor workforces usually are organized by
crafts or specialty work classifications. Each unit is
directed by a supervisor who reports to a general
construction superintendent (Fig. 4.1).

The general construction superintendent is in
charge of all actual construction, including direc-
tion of the production forces, recommendation of
construction methods, and selection of personnel,
equipment, and materials needed to accomplish
the work. This superintendent supervises and
coordinates the work of the various craft super-
intendents and foremen. The general construction
superintendent reports to management, or in cases
where the magnitude or complexity of the project
warrants, to a project manager, who in turn reports
to management. To enable the general construction
superintendent and project manager to achieve
efficient on-the-job production of completed physi-
cal facilities, they must be backed up by others not
in the direct line of production.

Figure 4.1 is representative of the operation of a
small contracting business where the sole proprie-
tor or owner serves as general construction super-
intendent. Such owners operate their businesses
with limited office help for payroll preparation.
They may do their own estimating and make

commitments for major purchases, but often they
use outside accounting and legal services.

As business expands and the owner undertakes
larger and more complex jobs, more crafts, fun-
ctions, or work classifications are involved than can
be properly supervised by one person. Accord-
ingly, additional crews with their supervisors may
be grouped under as many craft superintendents as
required. The latter report to the general construc-
tion superintendent, who in turn reports to the
project manager, who still may be the owner
(Fig. 4.2).

Along with this expansion of field forces, the
owner of a one-person business next finds that the
volume and complexities of the growing business
require specialized support personnel who have to
perform such services as:

1. Purchasing, receiving, and warehousing perma-
nent materials to be incorporated into the
completed project, as well as purchasing,
receiving, and warehousing goods and supplies
consumed or required by the contractor in
doing the work

2. Timekeeping and payroll, with all the ramifica-
tions arising out of federal income tax and Social
Security legislation, and detail involved in
contracts with organized labor

3. Accounting and auditing, financing, and tax
reporting

Fig. 4.1 Basic work-performing unit and organization for a small construction company.
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4. Engineering estimating, cost control, plant
layout, etc.

5. Accident prevention, labor relations, human
resources etc.

To coordinate the operation of support staff
required for general administration of the business
and servicing of its field forces, the head of the
organization needs freedom from the direct

demands of on-the-job supervision of construction
operations. This problem may be solved by em-
ploying a general construction superintendent or
project manager or by entering into a partnership
with an outside person capable of filling that
position, with the owner taking the overall man-
agement position.

Further growth may find the company operating
construction jobs simultaneously at a number of

Fig. 4.2 Project organization, with that for the smallest unit as shown in Fig. 4.1.
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locations. Arrangements for the operation of this type
of business take the form of an expanded head-
quarters organization to administer and control the
jobs and service the general construction super-
intendent or project manager at each location. This
concept contemplates, in general, delegation to the
field of those duties and responsibilities that cannot
best be executed by the headquarters function.

Accordingly, the various jobs usually have a
project manager in charge (Fig. 4.2). On small jobs, or
in those cases where the general construction super-
intendent is in direct charge, the project manager is
accompanied by service personnel to perform the
functions that must be conducted in the field, such as
timekeeping, warehousing, and engineering layout.

Some large construction firms, whose opera-
tions are regional, nationwide, or worldwide in
scope, delegate considerable authority to operate
the business to districts or divisions formed on a
geographical or functional basis (Fig. 4.3). District
managers, themselves frequently corporate offi-
cers, are responsible to the general management of
the home office for their actions. But they are free to
conduct the business within their jurisdiction with
less detailed supervision, although within definite
confines of well-established company policies.
The headquarters office maintains overall admin-
istrative control and close communication but
constructs projects by and through its district
organizations (Fig. 4.4).

4.2.3 Joint Ventures

Since risk is an important factor in construction, it
is only prudent to spread it as widely as possible.
One safeguard is a joint venture with other
contractors whenever the financial hazard of any
par-ticular project makes such action expedient. In
brief, a joint venture is a short-term partnership
arrangement wherein each of two or more
participating construction companies is committed
to a predetermined percentage of a contract and
each shares proportionately in the final profit or
loss. One of the participating companies acts as the
manager or sponsor of the project.

4.2.4 Business Consultants

Contractors often employ experts from various
disciplines to advise them on conduct of their
business. For example, in addition to the usual

architectural and engineering consultants, con-
tractors consult the following:

Accountant n Preferably one experienced in
construction contracting, the accountant should be
familiar with the generally accepted principles of
accounting applicable to construction projects, such
as costs, actual earnings, and estimated earnings on
projects still in progress. Also, the accountant
should be able to help formulate the financial status
of the contractor, including estimates of the
probable earnings from jobs in progress and the
amounts of reserves that should be provided for
contingencies on projects that have been completed
but for which final settlements have not been made
with all the subcontractors and suppliers.

Attorneys n More than one attorney may be
needed to handle a contractor’s legal affairs. For
example, the contractor may require an attorney for
most routine matters of corporate business, such as
formation of the corporation, registration of the
corporation in other states, routine contract ad-
vice, and legal aid in general affairs. In addition,
the company may need different attorneys to
handle claims, personal affairs, estate work, real
estate matters, taxes, and dealings with various
government bodies.

Insurance and Bonding Brokers n Con-
tractorswould bewell advised to select an insurance
broker who manages a relatively large volume of
general insurance. This type of broker can be
expected to have large leverage with insurance
companies when conditions are encountered invol-
ving claims for losses or when influence is needed in
establishment of premiums at policy renewal time.

For bonding matters, however, contractors will
find it advisable to select a broker who specializes
in bonding of general contractors and would be
helpful in solving their bonding problems. Bonding
and general insurance involve entirely different
principles. A broker who provides many clients
with performance and payment bonds should be
able to recommend bonding and insurance com-
panies best suited for the contractor’s needs. Also,
the broker should be able to assist the contractor
and the contractor’s accountant in preparation of
financial statements with the objective of showing
the contractor’s position most favorably for
bonding purposes.
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4.3 Nature and Significance
of a Proposal

Contractors obtain most of their business from
offers submitted in response to invitations to bid
issued by owners, both public and private (Art. 3.8).
Inasmuch as award is usually made to the “lowest

bidder” or “lowest responsible bidder,” the con-
tractor is constantly faced with the likelihood of
failing to secure the business if a bid is too high. On
the other hand, the contractor risks financial loss in
executing the work if a bid is low enough so that
the contract is awarded. Therefore, the submission
of a proposal is a commitment of far-reaching

Fig. 4.3 District-type organization, with district offices organized as shown in Fig. 4.4 and projects as
indicated in Fig. 4.2.
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significance. The contractor is responsible for the
consequences of such mistakes as may be made as
well as those risks inherent in construction over
which the contractor may have no control.

A proposal is an offer made by the contractor to
the owner to perform the work required by the
contract documents for a stated sum of money.
Furthermore, the proposal is a promise by the
contractor that upon acceptance of the proposal by
the owner, the contractor will enter into a contract
and perform the work for the stated remuneration.
Note that the proposal and its acceptance, together
with the monetary consideration, constitute the
essential elements of a contract between competent

parties. Ordinarily, a proposal is effective until it is
rejected by the owner. Most owners, however,
provide in their invitations for bid that award of
contract will be made within a stipulated period of
time, such as 30 days after the opening date.

By furnishing the form of proposal to be used by
contractors in submitting bids and stipulating how
it must be completed, the owner intends to put
all bids on the same basis, thereby permitting
equitable comparison and selection for award of
contract. Although the time allotted for preparation
of the estimate and submission of bid is seldom
regarded as sufficient by the contractor, it is
nonetheless incumbent upon the contractor to

Fig. 4.4 District-type organization for a construction company.
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prepare the proposal in strict conformity with
instructions in the invitation to bidders and other
documents. Failure to do so may result in dis-
qualification of the bid on the grounds of irregu-
larity, with a resulting loss of the time and money
expended in the preparation of the bid.

Bid Alternatives n In addition to the basic
bid, the owner may call for prices on alternative
materials, equipment, or work items. These prices
may be either added to or deducted from the base
bid. This device is generally employed as ameans of
ensuring that an award can be made within the
amount of the owner’s available funds. It serves
also as an aid to selection by the owner after having
the benefit of firmprices on the various alternatives.
Accordingly, figures quoted by the contractor on
alternatives should be complete within themselves,
including overhead and profit.

4.4 Prime Contracts

A construction contract is an agreement to con-
struct a definite project in accordance with plans
and specifications for an agreed sum and to
complete it, ready for use and occupancy, within
a certain time. Although contracts may be
expressed or implied, oral or written, agreements
between owners and contractors are almost
universally reduced to writing. Their forms may
vary from the simple acceptance of an offer to the
usual fully documented contracts in which the
complete plans, specifications, and other instru-
ments used in bidding, including the contractor’s
proposal, are made a part of the contract by
reference.

Recognizing that there are advantages to
standardization and simplification of construction
contracts, the Joint Conference on Standard Con-
struction Contracts prepared standard documents
for construction contracts intended to be fair to
both parties. The American Institute of Architects
also has developed standard contract documents.
And the Contract Committees of the American
Society of Municipal Engineers and the Associated
General Contractors of America have proposed
and approved a Standard Code for Municipal
Construction.

Contractors generally secure business by sub-
mitting proposals in response to invitations to bid
or by negotiations initiated by either party without

formal invitation or competitive bidding. Agencies
and instrumentalities of the federal government
and most state and municipal governments, how-
ever, are generally required by law to let construc-
tion contracts only on the basis of competitive
bidding. However, certain federal agencies, for
security reasons or in an emergency, may restrict
bidders to a selected list, and, in these cases, may
not open bids in public.

Normally, competitive bidding leads to fixed-
price contracts. These may set either a lump-sum
price for the job as a whole or unit prices to be paid
for the number of prescribed units of work actually
performed. Although negotiated contracts may be
on a lump-sum or unit-price basis, they often take
other forms embodying devices for making possi-
ble start of construction in the absence of complete
plans and specifications, for early-completion bonus,
or for profit-sharing arrangements as incentives to
the contractor (see also Art. 3.3).

One alternative often used is a cost-plus-fixed-
fee contract. When this is used, the contractor is
reimbursed for the cost plus a fixed amount, the fee
for accomplishment of the work. After the scope of
the work has been clearly defined and both parties
have agreed on the estimated cost, the amount of
the contractor’s fee is determined in relation to
character and volume of work involved and the
duration of the project. Thereafter the fee remains
fixed, regardless of any fluctuation in actual cost of
the project. There is no incentive for the contractor
to inflate the cost under this type of contract since
the contractor’s fee is unaffected thereby. But
maximum motivation toward efficiency and quick
completion inherent in fixed-price contracts may be
lacking.

A profit-sharing clause is sometimes written
into the cost-plus-fixed-fee contracts as an incen-
tive for the contractor to keep cost at a minimum,
allowing the contractor a share of the savings if the
actual cost, upon completion, underruns the
estimated cost. This provision may also be
accompanied by a penalty to be assessed against
the contractor’s fee in case the actual cost exceeds
the agreed estimated cost.

A fundamental requirement for all cost-plus-
fixed-fee contract agreements is a definition of cost.
A clear distinction should be made between
reimbursable costs and costs that make up the
contractor’s general expense, payable out of the
contractor’s fee. Some contracts, which would
otherwise run smoothly, become difficult because
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of failure to define cost clearly. Usually, only the
cost directly and solely assignable to the project
is reimbursed to the contractor. Therefore, the
contractor’s central office overhead and general
expense, salaries of principals and headquarters
staff, and interest on capital attributable to the
project frequently come out of the fee, although a
fixed allowance in cost for contractor’s home-office
expense may be allowed.

Cost-plus-fixed-fee contracts do not guarantee a
profit to the contractor. They may also result, par-
ticularly in government cost-plus-fixed-fee con-
tracts, in unusually high on-job overhead occa-
sioned by frequent government requirements for
onerous and cumbersome procedures in account-
ability and accounting.

(B. M. Jervis and P. Levin, “Construction Law:
Principles and Practice,” M. Millman, “General
Contracting: Winning Techniques for Starting and
Operating a Successful Business,” and M. Stokes,
“Construction Law in Contractor’s Language,” 2nd
ed., McGraw-Hill, Inc., New York (books.mcgraw-
hill.com).)

4.5 Subcontracts

General contractors generally obtain subcontract
and material-price bids before submitting a bid for
a project to the owner. Usually, these bids are
incorporated into the subcontracts. (Sometimes,
general contractors continue shopping for subcon-
tract bids after the award of the general contract, to
attain budget goals that may have been exceeded
by the initial bids.)

For every project, the contractor should keep
records of everything to be purchased for the job
and prepare a budget for each of the items. As each
subcontract is awarded, the contractor should enter
the subcontractor’s name and the amount of the
subcontract. Later, the profit or loss on the purchase
should be entered in the record, thus maintaining
a continuous tabulation of the status of the pur-
chase. For convenience, priority numbers may be
assigned to the various items, in order of preference
in purchasing. Examination of the numbers enables
a contractor to concentrate efforts on the subcon-
tracts that must be awarded first.

Contractors typically solicit bids from subcon-
tractors employed previously with satisfactory
results and through notices in trade publica-
tions, such as The Dodge Bulletin. If the owner or
the law requires use of specific categories of

subcontractors, the contractor must obtain bids
from qualified members of such categories. After
receipt of subcontractor bids, the contractor should
analyze and tabulate them for fair comparison. To
make such a comparison, the contractor should
ensure that the bidders for a trade are including the
same items. For this purpose, the contractor should
question each of the bidders, when necessary, and
from the answers received tabulate the exact items
that are included in or excluded from each bid.
Although this may seem obvious, it should be
reiterated that a good construction manager may
alter the division of work among subcontractors to
receive the most cost-efficient completion of work.
If a subcontractor’s proposal indicates that a
portion of the work is being omitted, the contractor
should cross-check the specifications and other
trades to be purchased to determine if the missing
items are the province of other subcontractors.

Various forms are available for use as subcon-
tract agreements. The standard form, “Contractor-
Subcontractor Agreement,” A401, American Insti-
tute of Architects, is commonly used. A subcontract
rider tailored for each job usually is desirable and
should be initialed by both parties to the contract
and attached to all copies of the subcontract. The
rider should take into account modifications
required to adapt the standard form to the job. It
should cover such items as start and completion
dates, options, alternatives, insurance and bonding
requirements, and special requirements of the
owner or leading agency.

To achieve a fair distribution of risks and
provide protective techniques for the benefit of
both parties, it is necessary for subcontracts to be
carefully drawn. The prime contractor wishes to be
assured that the subcontractor will perform in a
timely and efficient manner. On the other hand, the
subcontractor wishes to be assured of being
promptly and fairly compensated and that no
onerous burdens of performance or administration
will be imposed.

Basic problems arise where parties fail to
agree with respect at least to the essentials of the
transaction, including the scope of work to be
performed, price to be paid, and performance.
The subcontract must include the regulatory
requirements of the prime contract and appropriate
arrangements for price, delivery, and specifica-
tions. It is insufficient to assume that writing a
subcontractor a purchase order binds that sub-
contractor to the terms of the prime contractor’s
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agreement. Subcontracts should be explicit with
respect to observance of the prime contract. Also,
subcontractors should be fully informed by being
furnished with the prime-contract plans, specifica-
tions, and other construction documents necessary
for a complete understanding of the obligations to
which they are bound.

Although prime contracts often provide for
approval of subcontractors as to fitness and
responsibility, the making of a subcontract estab-
lishes only indirect relationships between owner
and subcontractor. The basis upon which subcon-
tract agreements are drawn on fixed-price work is
of no concern to the owner because the prime
contractor, by terms of the agreement with the
owner, assumes complete responsibility. Under
cost-plus prime contracts, however, subcontracts
are items of reimbursable cost. As such, their terms,
particularly the monetary considerations involved,
are properly subject to the owner’s approval.

Subcontract agreements customarily define the
sequence in which the work is to be done. They also
set time limits on the performance of the work.
Nevertheless, prime contractors are reluctant to
delegate by means of subcontracts portions of a
project where failure to performmight have serious
consequences on completion of the whole project—
for example, the construction of a tunnel for
diversion of water in dam construction.

In the heavy-construction industry, the greater
the risk of loss from failure to perform, the less
work is subcontracted. Such damages as may be
recovered under subcontract agreements for lack of
performance are usually small recompense for the
overall losses arising out of the detrimental effect
on related operations and upon execution of the
construction project as a whole.

This situation has given rise to a common trade
practice in the heavy-construction industry: The
prime contractor builds up a following of subcon-
tractors known for their ability to complete
commitments properly and on time and generally
to cooperate with and fit into the contractor’s job
operating team. The prime contractor often nego-
tiates subcontracts or limits bidding to a few such
firms. As a result, the same subcontractors may
follow the prime contractor from job to job.

Retainage n Prime contracts require, as a
rule, that a percentage—usually 10%—of the
contractor’s earnings be retained by the owner

until final completion of the job and acceptance by
the owner. Unless otherwise arranged, the pro-
visions of the prime contract regarding payment
and retainage pass into the subcontract. This is
done with the usual stipulation in the prime
contract that makes the subcontract subject to all
the requirements of the prime contract.

Subcontractors whose work, such as site clear-
ing, access-road building, or excavation, is per-
formed in the early construction stages of a project
may be severely impacted financially by this
retainage. The standard retainage provisions may
result in their having to wait a long time after
completion of their work to collect the retained
percentage. So the retainage on the general run of
subcontracts, particularly those for work in the
early phases of a project, often is reduced to a
nominal amount after completion of the subcon-
tractor’s work. Justification for waiting until final
completion of the job and acceptance by the owner
may exist, however, under subcontracts for instal-
led equipment carrying performance guarantees or
for other items with vital characteristics.

An agreement may be negotiated, however, for
early release or reduction of retainage. The sub-
contract should be specific in the matter of pay-
ment and release of retained earnings.

4.6 Prebid Site Investigations
and Observations

A contractor should never bid a job without first
thoroughly examining the site. This should be done
early enough for the owner to have sufficient time
to issue addenda to the plans and specifications, if
required, to clarify questionable items.

Before visiting the site, the contractor should
prepare a checklist of items to be investigated. The
checklist should include, where applicable, the
following: transportation facilities, electric power
supply, water supply, source of construction
materials, type of material to be encountered in
required excavation or borrow pits, possible
property damage from blasting and other opera-
tions of the contractor, interference from traffic,
available labor supply (number and length of shifts
per week being worked in the vicinity), areas
available for construction of special plant, location
of waste-disposal areas and access thereto, and
weather records if not otherwise available.

Construction Management n 4.11

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.

CONSTRUCTION MANAGEMENT



It is sometimes helpful to take pictures of critical
areas of the site at the time the investigation is
made. Frequently, questionable items that were not
covered on the original visit can be cleared up by
referring to the photographs. They are sometimes of
great value to the estimators doing the takeoff work
and can help explain the job to others reviewing the
estimate who have not visited the site.

4.7 Estimating Construction
Costs

The two most important requisites for success in the
construction business are efficient management of
work in progress and correct estimating. Costs
cannot be forecast exactly. But the contractor who
can approachmost nearly an accurate forecast of cost
will bid intelligently a high percentage of the time
and will be most successful over a period of years.

Construction estimates are prepared to deter-
mine the probable cost of constructing a project.
Such estimates are almost universally prepared by
contractors prior to submitting bids or entering into
contracts for important projects. To be of value,
an estimate must be based on a detailed mental
picture of the entire operation; that is, it is neces-
sary to plan the job and picture just how it is going
to be done. Accordingly, it is wise to have the
general construction superintendent or project
manager who will be in charge of the job take part
in the preparation of the job estimate.

4.7.1 Relationship of Estimating
to Cost Accounting

Estimatingandcost accounting shouldbevery closely
tied together. Theestimate shouldbeprepared in such
a way that if the bid is successful, the estimate can be
used as the framework for the cost accounts.

Estimating should be based on cost records to
whatever extentmay be reasonable in the particular
case. But, prominently in the picture, there should
also be a continuous study of new equipment,
methods, and cost-cutting possibilities. The data
most valuable, when used with due consideration
of surrounding conditions and possible improve-
ment, are cost records of the details of operations
rather than of operations as a whole. Cost records
and estimated costs for the labor portion of an
operation should be expressed in both man-hours
and dollars. A clear and complete narrative des-

cription of all the circumstances affecting the work
should be made a part of the cost records prepared
for use in future bidding. Otherwise, the usefulness
of the data is greatly reduced.

The need for good production and cost records
is emphasized by an increasing reluctance of some
engineers and owners to make decisions and
adjustments on the job. The resulting tendency is to
throw the settlement of ordinary business items
into arbitration or into court, where basic infor-
mation is a fundamental requirement.

Normally, cost records in full detail are not
available with sufficient promptness to be of
substantial value on the job on which the costs
are incurred. It is very desirable, however, that a
current check on operating costs be maintained.
This may be done by less formal procedures and
still be adequate to provide timely information on
undesirable deviations in progress and cost.

4.7.2 Forms for Estimating

Preparation of estimates is facilitated by standardi-
zation of forms. These are used for recording con-
structionmethods, equipment, and procedures that
the estimator proposes as best adapted to the
various items of work; to record calculations of the
estimated cost of performing the work; and to
summarize the estimated cost of the project. It is
unnecessary and impractical to provide detailed
printed forms for all types of work. A few simple
forms are all that are needed. The mechanical
makeup of an estimate must be simple, because
conditions usually require that it be prepared in a
short time—sometimes only two or three days
when the estimator would like to have a month.
These conditions do not change; it will always be
necessary to make estimates quickly.

4.7.3 Steps in Preparation of an
Estimate

It is advisable to have the routine to be followed in
preparing cost estimates and submitting bids well
established in a contractor’s organization. For
example:

1. Examine the contract documents for com-
pleteness of plans and specifications, and for the
probable accuracy that an estimate will yield from
the information being furnished.
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2. Prepare a tentative progress schedule (Art.
4.9.1).

3. Prepare a top sheet based on an examination
of the specifications table of contents. If there are no
specifications, then the contractor should use as a
guide top sheets (summary sheets showing each
trade) from previous estimates for jobs of a similar
natures or checklists.

4. Decide on which trades subcontractor bids
will be obtained, and calculate prices on work of
those trades where the work will be done by
the contractor’s own forces. Then, prepare a de-
tailed estimate of labor and material for those
trades.

5. Use unit prices arrived at from the contrac-
tor’s own past records, from estimates made by
the members of the contractor’s organization, or
various reference books that list typical unit
prices. It is advantageous to maintain a compu-
terized database of unit prices derived from pre-
viously completed work. The data can be up-
dated with new wage and material costs,
depending on the software used, so that prices
can be adjusted nearly automatically.

6. Carefully examine the general conditions of
the contract and visit the site, so as to have a full
knowledge of all the possible hidden costs, such
as special insurance requirements, portions of site
not yet available, and complicated logistics.

7. Receive and record prices for materials and
subcontracts. Compute the total price (see Art.
4.7.4).

8. Review the estimate and carefully note ex-
clusions and exceptions in each subcontract bid
and in material quotations. Fill in with allowances
or budgets those items or trades for which no
prices are available.

9. Decide on the markup, weighing factors such
as the amount of extras that may be expected, the
reputation of the owner, the need for work on
the part of the contractor, and the contractor’s
overhead.

10. Submit the estimate to the owner in the form
requested by the owner. It should be filled in
completely, without any qualifying language or
exceptions and submitted at the time and place
specified in the invitation to bid.

4.7.4 Constituents of a Cost
Estimate

The total price of a construction project is the sum of
direct costs, contingency costs, and margin.

Direct costs are the labor, material, and equip-
ment costs of project construction.

Contingency costs are those that should be
added to the costs initially calculated to take into
account events, such as rain or snow, or a probable
increase in the cost of material or labor if the job
duration is lengthy.

Margin (sometimes called markup) has three
components: indirect, or distributable, costs; com-
panywide, or general and administrative, costs;
and profit.

Indirect costs are project-specific costs that are
not associated with a specific physical item. They
include such items as the cost of project manage-
ment, payroll preparation, receiving, accounts
payable, waste disposal, and building permits.

Companywide costs include the following:
(1) costs that are incurred during the course of a
project but are not project related—for example,
costs of some portions of company salaries and
rentals; (2) costs that are incurred before or after a
project—for example, cost of proposal preparation
and cost of outside auditing.

Profit is the amount of money that remains from
the funds collected from the client after all costs
have been paid.

4.7.5 Types of Estimates

Typical types of estimates are as follows: feasibility,
order of magnitude, preliminary, baseline, defini-
tive, fixed price, and claims and changes. There is
some overlap from one type to another.

Feasibility estimates provide rough approxi-
mations of the cost of the project. They usually
enable the owner to determine whether to proceed
with construction. The estimate is made before
design starts and may not be based on a specific
design for the project under consideration. Such
estimates are not very accurate.

Order-of-magnitude estimates are more de-
tailed than feasibility estimates, because more in-
formation is available. For example, a site for
the project may have been selected and a schematic
design may have been developed. Generally made
by the designer, these estimates are prepared after
about 1% of the design has been completed.
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Preliminary estimates reflect the basic design
parameters. For the purpose, a site plan and a
schematic design are required. Preliminary esti-
mates can reflect solutions, identify unique con-
struction conditions, and take into account
construction alternatives. Usually, this type of esti-
mate does not reveal design interferences. Gener-
allypreparedby thedesigner, preliminary estimates
aremade after about 5 to 10% of the design has been
completed. Several preliminary estimates may be
made for a project as the design progresses.

Baseline estimates and preliminary estimates.
Identifying all cost components, the estimate pro-
vides enough detail to permit price comparisons of
material options and is sufficiently detailed to
allow equipment quotations to be obtained. The
baseline estimate, generally prepared by the
designer, is made after about 10 to 50% of the
design has been completed.

Definitive estimates enable the owner to learn
what the total project cost should be. The estimate
is based on plan views, elevations, section, and
outline specifications. It identifies all costs. It is
sufficiently detailed to allow quotes to be obtained
for materials, to order equipment and to commit to
material prices for approximate quantities. Gene-
rally prepared by the designer, it represents the end
of the designer’s responsibility for cost estimates. It
is made after about 30 to 100% of the design has
been completed.

Fixed-price estimates, or bids, are prepared by
a general contractor and represent a firm commit-
ment by the contractor to build the project. A bid is
based on the contractor’s interpretation of the
contract documents. To be accurate, it should be in
sufficient detail to enable the contractor to obtain
quotes from suppliers and to identify possible
substitutes for specific items. It is made after 90% to
100% of the design has been completed.

Claims and changes estimates are prepared
when a difference arises between actual construc-
tion and the requirements of the contract. This type
of estimate should identify the changes clearly and
concisely. It should specify, whenever possible, the
additional costs that will be incurred and provide
strong support for the price adjustments required.

4.7.6 Estimating Techniques

In preparing an estimate of the construction cost of
a project, an estimatormay use the parametric, unit-
price, or crew-development technique. During the

course of a project, any combination of these may
be used. In general, the parametric technique is the
least expensive, least time consuming, and least
accurate. The crew-development technique is the
most expensive, most time consuming, and most
accurate. Of the three techniques, the parametric
requires the most experience, and the unit-price
technique the least.

Parametric estimating takes into account the
strong correlation of project cost and project com-
ponents that because of size, quantity, installation
expense, or purchase price represent a very large
portion of project cost. A parameter need not pertain
to a specific design or to an item incorporated in the
drawings; for example, it could be the number of
barrels to be processed in a refinery project to be
estimated. For an office building, the parameter
could be floor area. For a warehouse, the parameter
could be the size and number of items to be stored
and the expected length of time each item is expected
to be stored. The parametric technique obtains data
from experience with completed work, standard
tables, or proprietary tables that compile data from
many projects of different types and are updated at
frequent intervals.

Unit-price estimating is based on data contained
in the contract documents. The project cost estimate
is obtained by adding the products obtained by
multiplying the unit cost of each itemby the quantity
required; for example, cubic yards of concrete, tons
of structural steel, number of electric fans. The
information needed is obtained from databases of
quantities per work item and unit prices.

Crew-development estimating is based on the
costs for personnel and equipment required for
each item during each construction phase. Employ-
ment of these resources varies with project status,
site conditions, and availability of labor, materials,
and equipment. For example, for a tight completion
schedule, the estimate might be based on a large
crew andmultiple shifts or overtime. For a site with
limited access or storage area for construction
materials and equipment, the estimate may assume
that a small crew will be used. Furthermore,
utilization of personnel and equipment may have
to be varied as the work progresses. Data for the
estimate may be obtained from production hand-
books, which usually are organized by trades or in
accordance with the use of a facility. Since it is
based on the sequence of construction for the
project, crew-development estimating is the most
accurate of the estimating techniques.
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Indirect Costs. When parametric estimating is
used, indirect costs may be determined as a
percentage of the direct cost of the project or as a
percentage of the labor cost, or they may be based
on the distance and the volume of materials that
must be moved from source to site. For the other
two methods of estimating, the estimator deter-
mines the various project activities, such as ac-
counting, project management, staff overhead, and
provision of temporary site offices, that are not
associated with a specific physical item. In unit-
price estimating, these activities are expressed in
some unit of measurement, such as linear feet or
cubic yards, and multiplied by an appropriate unit
price to obtain the activity cost. The total indirect
cost is the sum of the costs of all the activities. In
crew-development estimating, the estimator deter-
mines the starting and ending dates and salaries for
the personnel needed for those activities, such as
project engineer, project manager, and payroll
clerks. From these data, the estimator computes
the total cost of personnel. Also, the estimator
determines the length of time and cost of each
facility and service needed for the project. These
costs are added to the personnel costs to obtain the
total indirect cost.

Margin, or Profit. The amount that a contractor
includes for profit in the cost estimate for a project
depends on many factors. These include capital
required and capital risks involved, anticipated
troublesome conditions during construction,
locale, state of the industry, estimated competition
for the job, general economic conditions, need of
the firm for additional work, and disciplines re-
quired, such as structural, mechanical, and elec-
trical. When a contractor is very anxious to obtain
the job, the bid submitted based on the cost
estimate may not include much, if any, margin.
This may be done because of the prestige associ-
ated with the project or the expectation of profits
from changes during construction.

Normally, to establish margin for an estimate,
the estimator consults handbooks that express
gross margin as a percent of project cost for various
geographic regions and industries. Also, the esti-
mator consults periodicals to obtain the current
price for specific work. These data, adjusted for the
effects of other considerations, form the basis for
the margin to be included in the estimate.

Quantity Surveys.A quantity survey is a listing
of all the materials and items of work required for a
construction project by the contract documents.

Together with prices for these components, the
quantities taken off from these documents are the
basis for calculation of the direct cost of the project.
In the United States, it is customary, except for
some public works, for contractors to make
quantity surveys at their own expense. The con-
tractors may prepare the surveys with their own
forces or contract with professional quantity
surveyors for the task. Often, a contractor’s
estimator will take off the quantities and price
them either simultaneously with or after com-
pletion of the quantity survey.

Preparation of a quantity survey requires that
the project be resolved into its components, work
classifications, and trades. Because of the large
number of items involved, professional quantity
surveyors and estimators generally use checklists
to minimize the chance of overlooking items. When
each item in a checklist is assigned a code number,
the list serves the additional purpose of being a
code of accounts against which all expenses are
charged to the benefiting item. It is good practice in
recording an item on a quantity survey sheet or
estimate form to indicate this step with a check
mark on the checklist next to the item and to place
items in the same sequence as they appear on the
checklist. This will help ensure that items are not
overlooked. Furthermore, when a search has to be
made for an item, it will always appear in the
same place.

Computer Estimating. Several types of compu-
ter software are available for facilitating construc-
tion cost estimating. The most common may be
classified as utilities, databases, and expert systems
(artificial intelligence).

Utilities compile information and perform
arithmetic on the data, for example, in spreadsheet
programs. Enabling quick extraction and presen-
tation of needed information in convenient form
for analysis and reporting, utilities supplement the
expertise of estimators.

Databases are listings of unit prices formaterials,
equipment, fixtures, and work items. They are
usually designed for use with a specific utility
and may be limited to a specific type of estimate or
estimating technique.

Expert systems should ideally, when fed
complete, appropriate data, prepare an estimate
automatically, with aminimum of assistance from a
human estimator. In practice, they question the
estimator and use the answers to produce the
estimate.
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(N. Foster et al., “Construction Estimates from
Take-Off to Bid,” 3rd ed., G. E. Deatherage,
“Construction Estimating and Job Preplanning,”
McGraw-Hill, Inc., New York (books.mcgraw-
hill.com); J. P. Frein, “Handbook of Construction
Management and Organization,” Van Nostrand
Reinhold, New York.)

4.8 Bookkeeping and
Accounting

Contractors must maintain financial records for
many purposes. These include tax reporting,
meeting requirements of government agencies,
providing source data for indispensable support
services, serving the purposes of company man-
agement, and submission of financial statements
and reports to bankers, sureties, insurance compa-
nies, clients, public agencies, and others. Company
management is especially concerned with financial
accounts. Without complete, accurate records,
management would find it impracticable to, among
other things, estimate construction costs accurately,
keep the firm in a fluid cash position, make sound
decisions regarding acquisition of equipment, or
control costs of projects under way.

4.8.1 Bookkeeping

Bookkeeping is the art of recording business trans-
actions in a regular, systematic manner so as to
show their relationship and the state of the
business in which they occur. General practice in
contractor bookkeeping is to divide every trans-
action into two entries of equal amount.

One entry, called a debit, indicates the income,
materials, and services received by the contractor.
The other entry, called a credit, is entered in a
column on the right. Balancing and checking the
first entry, it records outflow, such as payments.

Usually, bookkeepers maintain at least two sets
of books, a journal and a ledger, both with debit
and credit entries. In the journal, transactions are
posted chronologically as they occur. For each
transaction, the date, nature or source of trans-
action, purpose, and amount involved are recorded
in successive entries. The amount received by the
contractor (debit) is recorded one line above the
outgoing amount (credit).

A second book, a ledger, is used to group
transactions by type. It allots a page or two for each

kind of transaction posted in the journal, such as
salaries, or taxes, or rent. Every debit entry in the
journal is recorded as a debit entry in the ledger.
Every credit entry in the journal is posted as a
credit entry in the ledger. Consequently if no
mistakes are made, the two books must balance:
The sum of the money recorded in the ledger must
equal the sum of the money posted in the journal.

4.8.2 Accounting Methods

Accounting includes bookkeeping but also other
services that provide more detail and explanations
affecting the financial health of a business. The
main objective is job costing or the determination
of income and expense from each construction
project. The cost estimate for each project serves as
a budget for it. Costs, as reported, are charged
against the project that incurs them.

General practice for contractors is to use an
accounting procedure known as the accrual method.
(It differs from the alternative cashmethod in which
income is recognized as received, not when billed.
Expense is posted as incurred.) For the accrual
method, income is recorded in the fiscal period
during which it is earned, even though payment
may not have been received. Also, expenses are
posted in the period in which they incur.

A procedure known as the straight accrual
method is used for accounting for short-term
contracts (projects completed within a single
accounting period). For long-term contracts (pro-
jects started in one taxable year and completed in
another), contractors usually use the completed-
contract or percentage-of-completion methods,
which are variations of the accrual method.

Percentage-of-Completion Method n In
this procedure, income and expenses are reported
as a project progresses, thus on a current basis
rather than at irregular intervals when projects are
completed. The method also reflects the status of
ongoing projects through current estimates of
percent completion of projects or of costs to
complete. Profit is distributed over the fiscal year
in which the project is under construction. The
percentage of the total anticipated profit earned to
the end of any period is generally estimated as the
percentage that incurred costs to that date are of the
anticipated total cost, with allowances for revised
estimates of costs to complete.
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Completed-Contract Method n In this
procedure, income and expenses are reported only
when the project is completed. This method offers
the advantage that income is reported after final
financial results are known rather than being
dependent on estimates of costs to complete the
project. It has several drawbacks, however, one of
which is the inability to indicate the performance to
date of long-term contracts. Also, it may result in
irregular reporting of income and expenses and
hence, sometimes, in larger income taxes.

Because the percentage-of-completion and com-
pleted-contract methods have advantages and dis-
advantages, particularlywith respect to income taxes,
a contractor may elect to use percentage-of-com-
pletion method for financial statements and the
completed-contract method for reporting income
taxes. Or, a contractor may use one method for
someprojects and the othermethod for other projects.
But once amethodhasbeen adopted for tax-reporting
purposes, approval of the Internal Revenue Service is
needed before the contractor can change it.

Financial Reports n Several types of finan-
cial reports are derived from business records. Two
of themost important are the income statement and
the balance sheet.

Income, or profit and loss, statements summa-
rize the nature and amounts of income and expense
over a specific period. A statement expresses profit
or loss as the difference between income received
and expenses paid out during the period.

Balance sheets, also known as financial state-
ments or statements of assets and liabilities,
summarize assets, liabilities, and net worth as of
a specific date, such as the end of a fiscal year.
These statements are intended to indicate the
financial condition of a business on that date.
Balance sheets derive their name from the require-
ment that total assets equal total liabilities plus net
worth. Assets include anything of value accruing to
the business, such as all property owned by the
business (less depreciations), cash on hand or in the
bank, receivables, and prepaid expenses. Liabilities
include financial obligations, such as notes and
accounts payable; accrued expenses, including
wages and interest accrued; deferred taxes; and
long-term debt. Net worth represents the contrac-
tor’s equity in the business.

(G. E. Deatherage, “Construction OfficeAdmini-
stration,” W. E. Coombs and W. J. Palmer,

“Construction Accounting and Financial Manage-
ment,” 5th ed., and M. Millman, “General
Contracting: Winning Techniques for Starting and
Operating a Successful Business,” McGraw-Hill,
Inc., New York (books.mcgraw-hill.com); “Con-
struction Cost Control,” ASCE Manuals and
Reports of Engineering Practice No. 65, American
Society of Civil Engineers (www.asce.org).)

4.9 Project Scheduling

One of the first things to be done by a contractor
when beginning the preparation of an estimate is to
make a time schedule of the proposed operation
and set up a tentative plan for doing the work. It is
necessary for the contractor to study the plans and
specifications in detail before visiting the site of the
project. This study should proceed far enough to
establish a tentative progress schedule for the more
important or governing items of work.

4.9.1 Job Progress Schedule

This schedule should show all items affecting the
progress of the work and consider the length of the
construction season (if applicable) or seasonal
weather influence at the particular site. Where
applicable, the schedule should note the most
advantageous date or the required date for early-
stage work, such as river diversion for a dam; when
deliveries of new or specialized construction plant
or equipment can be obtained; possible delivery
dates for critical items of contractor-furnished
permanent materials; delivery dates of major items
of permanent equipment to be furnished by the
owner; and other controlling factors. Based on the
preceding dates, production rates for the control-
ling items of work should be determined. Also, the
type, number, and size of the various units of
construction plant and equipment needed to
complete the work, as required by this schedule,
should be tentatively decided upon. Progress
schedules can be prepared in several forms.
Figure 4.5 shows a form that can be adapted to fit
most conditions.

Based on the progress schedule, a brief narrative
description of the job should be written. The
description should call attention to indefinite,
hazardous, and uncertain features as well as to
items likely to increase and decrease in quantity.
Also, the description should include a statement of
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Fig. 4.5 Bar-chart progress schedule. Start and end of a horizontal line indicate, respectively, start and
finish of an activity.
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the total man-hours of labor and the total machine-
hours for important equipment estimated as re-
quired for doing the work. In addition, the
description should include peak labor requirements
and controlling delivery requirements for important
material and equipment items. Finally, the descrip-
tion should contain a statement of cash requirements
derived from scheduled income and expenditures.

4.9.2 Scheduling to Save Money

Time is less tangible an ingredient of construction
than labor or material but nonetheless real and
important. Money and time are related in many
ways.

For the owner of revenue-producing facilities,
such as electric generating installations, processing
plants, and rental buildings, reduction in time
required for completion of construction results in
less interest expense on investment over the period
of construction. Also, increased income accrues to
the extent that completion time is shortened, thereby
permitting earnings to begin at an earlier date.

To the contractor, reduction in time for com-
pleting the job means, likewise, a reduction in
interest charges on cash invested during construc-
tion. Also, the shorter the time to complete the job,
the less the supervisory, administrative, and over-
head expense. In addition, benefits accrue from
shortened time because it permits earlier release of
equipment for use on other work.

Construction scheduling consists essentially of
arranging the several operations involved in the
construction of a project in the sequence required to
accomplish completion in the minimum period of
time consistent with economy. To ensure com-
pletion within the contract time limit and to
attempt to reduce the time required to do the job,
it is necessary to program each unit of the project
within itself and properly relate each unit to all the
others.

4.9.3 Scheduling with a
Rectangular-Bar Chart

Progress schedules show starting and completion
dates for the various elements of a project. For unit-
price work, the bid-item breakdown is normally
used. On lump-sum contracts, subdivision accord-
ing to that used in estimating the work is common.
Schedules may be prepared in either tabular or

graphical form, although the graphical form is
generally used because of ease in visualization.

The most widely used graphical representation
of the work schedule is the rectangular-bar chart
(Fig. 4.5). It shows starting and completion dates
for each item of work. Also, it indicates the items on
which work must proceed concurrently, the items
that overlap others and by how much, and the
items that must be completed before work on
others can begin.

Progress schedules should be prepared at the
outset of the job as an aid in coordinating work by
all departments of the contractor’s organization
(Art. 4.9.1). For instance, the progress schedule is a
convenient way to advise the purchasing agent of
critical material delivery dates.

Construction contracts often require the con-
tractor to submit a progress schedule to the owner
for approval within a specified time after award of
the contract and before construction is started. The
importance of this requirement often is empha-
sized in the contract by provisions to the effect that
failure to submit a satisfactory schedule shall be
just cause for annulment of the award and for-
feiture of the proposal guarantee.

For comparing performance of work with that
scheduled, a bar is often placed above the schedule
bar to show actual start and completion dates. The
chart in Fig. 4.6 indicates that excavation started on
the date programmed and was completed ahead of
time, whereas formwork began late. At the close of
December, formwork was 60% complete. This
method has the advantage of simplicity. It fails,
however, to disclose the rate of progress required
by the schedule or whether actual performance is
ahead of or behind schedule.

4.9.4 Triangular-Bar Chart

The concept of rate of progress is introduced in
Fig. 4.7, which deals with the same items charted in
Fig. 4.6. In Fig. 4.7, horizontal distances represent
time allotted for doing the work and vertical
distances represent percentage of completion.
Therefore, the sloping lines indicate the rate of
progress.

For example, Fig. 4.7 indicates that excavation
was scheduled to proceed from start to finish at a
uniform rate (straight sloping line). Work started
on time, progressed slowly at first, and tapered off
at the end (crosshatched area). Greater production
scheduled midway in the operation was sufficient,
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however, to bring the item to completion 15 days
early. The date on which formwork would have
begun was advanced by reason of the accelerated
rate of excavation from October 1 to September 15
(dashed lines).

Instead of being stepped up to take advantage of
the time gained on excavation, formwork was late
in getting started and progressed slowly until
December 1. Then it was speeded up, but the 60%
completion reached at the close of December falls
short of scheduled requirements. (In practice, the
time gained on excavation would doubtless have
been captured and put to beneficial use by ar-
ranging start of formwork on September 15, half a
month ahead of schedule.)

Time gained or lost on any one work item affects
many others. As a result, frequent revision is

necessary to keep progress schedules currently
accurate in all respects. Formalized revision of the
overall progress schedule, however, is often ren-
dered unnecessary because contractor dependency
on it is gradually supplanted by such intimate
acquaintance with the operations that controlling
factors become common knowledge and all con-
cerned know what must be done and when.

Critical items often are subjected to detailed
analysis and scheduling. This may take the form of
three-dimensional schematics, expanded views,
stage-construction drawings, concrete-pouring
diagrams, and similar devices as aids to visualiza-
tion. After that, further scheduling, such as
concrete-pouring programs, earthwork-quantity
movement schedules, or programming of piping
runs may be devised and utilized as required.

Fig. 4.7 Triangular-bar progress schedule.

Fig. 4.6 Rectangular-bar progress schedule.
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4.9.5 Critical-Path Method of
Scheduling (CPM)

The critical-path method has been developed as a
tool of management useful in specialized situ-
ations. It is required by several federal and state
agencies on some contracts. CPM is based on
planning and job analysis going far beyond that
necessary for bidding a job. In addition to the step-
by-step breakdown of the job into its component
tasks and subtasks, and the plotting of sequential
relationships, the planner must know how long
each task will take. For instance, the construction
and installation of a large air handler inside the
mechanical room requires shop drawings to be
developed by the HVAC subcontractor. The HVAC
contractor must calculate the time needed to
prepare the shop drawings, have them reviewed
by the engineer, allow time for any subsequent
revisions after the review and then time for re-
review and approval. All of these subtasks would
need to be completed prior to manufacturing of the
air ducts. All of the lead time for any other
additional equipment needed inside the ducts,
such as smoke detectors or dampers, would also
need to be known. Some projects such as clean
rooms or drug manufacturing facilities require
lengthy testing periods of the HVAC equipment
prior to acceptance. Even on the simplest of
construction projects each task can have many
subtasks. Most computer programs will allow a
large number of subtasks to be shown, but for ease
of reading, the subtasks can be hidden or
represented by a task line.

After the project has been broken down into all its
activities, the activities are listed or plotted in such a
way that all sequential relationships are shown.
Activities may be represented by arrows (Fig. 4.8a) or
by circles, or nodes, connected by sequence lines
(Fig. 4.8b). Analysis, by examination or computer,
should guide establishment of a realistic time sche-
dule and pinpointing of the operations whose com-
pletion times are responsible for establishing the
overall project duration. Also, the analysis should
facilitate settling change orders by determining the
operations affected and the effect on project duration.
In addition, it should help in establishing the proper
sequence of work operations and determining the
status ofwork in progress in relation to the number of
days behind or ahead of schedule.

An arrow diagram (Fig. 4.8a) is drawn by setting
the tail of an arrow representing an activity, such as

placing concrete, at the tip of an arrow representing
the immediately preceding activity, such as placing
electrical conduit and junction boxes. The nodes
(tips and tails) are assigned unique numbers to
identify the activities (1–2, 2–3, etc.). Each node
represents the completion of the preceding activi-
ties and the start of the following activities. Some-
times, a dummy arrow is needed to complete the
network.

A precedence (PERT) diagram (Fig. 4.8b) is
drawn by setting the node for an activity to the
right of the node representing an immediately
preceding activity. Each node is assigned a num-
ber greater than that of any preceding activity.
The nodes are connected by lines to indicate the
sequence of the work. Precedence diagrams are
simpler to draw and analyze than arrow diagrams.

In either type of diagram, the critical path is the
sequence of operations requiring the most time to
complete. The critical path determines the duration
of the project. To shorten the project, it is necessary
to decrease the time required for one or more
activities on the critical path (critical activities).
These activities have zero total float.

Total float is the difference between time
required and time available to execute an activity.
It is equivalent to the difference between earliest
and latest start (or finish) times for an activity.
Table 4.1 shows the calculation of float for the
simple network in Fig. 4.8. Float is determined in
two steps: a forward and a backward pass over the
network.

The forward pass starts with the early start (or
scheduled) date for the first activity, Erect Forms. In
this case, the date is 0. Addition of the duration of
this activity, 2 days, to the early start time yields the
early finish date, 2, which is also the early start date
for the next activity, Place Reinforcing. The early
finish date for this activity is obtained by adding its
duration, 1 day, to the early start date. The forward
pass continues with computation of early start and
finish times for all subsequent activities. Where one
activity follows several others, its early start date
is the largest of the early finish dates of those
activities.

The backward pass determines late start and
finish dates. It begins with the late finish date of the
final activity, Place Concrete, which is set equal to
the early finish date, 6, of that activity. Subtraction
of the duration, 1 day from the late finish date
yields the late start date, 5, which is also the late
finish date of preceding activities, PlaceMechanical
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and Place Electrical, and their late start dates are
found by subtracting their durations from the late
finish dates. Where one activity precedes several
others, its late finish date is the smallest of the late
start dates of those activities. The backward pass
continues until late start and finish dates are

computed for all activities. Then, the float can be
found for each activity as the difference between
early and late start times. Critical activities (those
with zero total float) are connected by heavy
arrows in Fig. 4.8a and by double lines in Fig. 4.8b
to indicate the critical path.

Table 4.1 Float Calculations for Critical-Path Method

Activity Number

Arrow
Diagram

Precedence
Diagram

Duration,
days

Early Start
Date

Early Finish
Date

Late Start
Date

Late Finish
Date

Total Float,
days

1–2 1 2 0 2 0 2 0
2–3 2 1 2 3 2 3 0
3–4 3 1 3 4 4 5 1
3–5 4 2 3 5 3 5 0
5–6 5 1 5 6 5 6 0
4–5 — 0 4 4 5 5 1

Fig. 4.8 Representation of activities in a CPM network: (a) arrows; (b) nodes.
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4.9.6 Scheduling for Fast
Tracking

CPM, described for application to construction of a
project inArt. 4.9.5, can also be used fordesign,which
usually is completed before the start of construction.
In addition, CPM is useful for integrated scheduling
of fast tracking, a procedure in which design and
construction proceed simultaneously. When CPM is
used for this purpose, it requires input from both
design and construction personnel.

When a project is fast-tracked, final design and
construction begin shortly after groundbreaking.
Field work on components of the project proceeds
as soon as applicable portions of the design have
been completed. Thus, what would be the normal
duration of the project is shortened by setting
design and construction on separate but parallel
tracks instead of in sequence, as is traditional.

One disadvantage of fast tracking is less control
over costs than with projects where design has been
completed before bids are taken. This disadvantage,
however, can be partly overcome if a professional
construction manager is employed for construction
management or a cost-plus-fixed-fee or cost-plus-
percentage-of-cost contract is awarded to a reputable
general contractor. Another disadvantage of fast
tracking is that coordination of the work is more
difficult and the input from various consultants may
be lacking. As a result, some work in place may have
to be removed or redone. Because of the lower
efficiency of fast tracking and the necessity of redoing
work, construction costs may be larger than they
wouldbewhenconstruction starts after completionof
design. Despite this, the total cost of the project to the
owner may be less, because of savings in interest on
construction loans, revenues from earlier use of the
project, and decreased effects of monetary inflation.

4.10 Role of Project Manager

A project manager, in brief, has responsibility for
all construction functions for a project, including
coordination of the work of job superintendents,
crew supervisors, and subcontractors. For a small
organization, the proprietor may serve as project
manager. For a large firm, an experienced project
manager may be assigned responsibility for one
large project or several smaller ones.

Success of a construction project depends
heavily on the abilities of the project manager.

This individual should have administrative and
managerial skills and be familiar with all details of
the contract documents. Knowledge of all phases
of construction is essential. From daily inspection
of projects assigned, the construction manager
should keep abreast of the current job status.

4.10.1 Duties of a Project
Manager

Among the duties of a project manager are the
following:

Coordination of contact with clients

Allocation of workforce to projects and organi-
zation of units for project operation

Coordination of the work of all units and divisions

Periodic review and analysis of project costs,
schedule, progress, and other construction data

Insure timely submittal of pay requests to owner

Purchasing

Arranging for surveys and construction layout

Instituting and supervising job safety programs
and compliance with all environmental programs

Securing permits from government agencies

Maintenance of files of labor agreements

Representing the contractor in jurisdictional
disputes

Dealing with changes and extras

Submitting and obtaining approval of shop draw-
ings and samples, and material certifications

Conducting conferences and job meetings with key
personnel and following up on decisions made

After construction starts, the project manager
should continually compare field performance with
the established schedule. When the schedule is not
beingmet, the corrective actions taken and reschedul-
ing phases are known as project time management.

The monitoring phase of time management
involves periodic measurement of actual job pro-
gress and comparison with the planned objectives.
This should be done by determining the work
quantities put into place and reporting this
information for comparison with work quantities
anticipated in the job schedule. Then, a determi-
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nation can be made of the effect of the current
status of the job on the completion date for the
project. Any corrective actions necessary can then
be planned and implemented. After that, the
schedule can be updated.

CPM provides a convenient basis for measuring
progress and for issuance of reports (Art. 4.9.5).
The network diagram should be corrected as
needed so that the current job schedule reflects
actual job status.

A variety of software is available and can be
used to produce reports that will assist project
managers. Following are descriptions of some
reports that contractors have found helpful:

Purchasing/Cost Report n This report lists
the various items to be procured and sets target
dates for bidding and award of contracts. It keeps
track of the budget and actual cost for each item. A
summary prepared for top management provides
totals in each category and indicates the status of
the purchasing.

Expediting/Traffic Report n This report
lists the items when they are purchased. It also
gives a continual update of delivery dates, shop
drawing and approval status, shipping infor-
mation, and location of the material when stored
either on or off the site.

Furniture, Fixture, and Equipment List n

This report, which is normally used when the job
involves a process or refinery, can also be used for
lists of equipment in a complex building, such as a
hospital or hotel. The report describes all the utility
information for each piece of equipment, its size,
functions, intent, characteristics, manufacturer,
part number, location in the finished job, and
guarantees. The report also provides information
relating to the item’s source, procurement, price,
and location or drawing number of the plan it
appears on.

Accounting System n The system consists
of a comprehensive series of accounting reports,
including a register for each supplier, and shows all
disbursements. This information is used in prepar-
ing requisitions for progress payments. It also can
be used to report costs of the job to date and to
make predictions of probable costs to complete.

4.10.2 Computerized Project
Management Control
System

This system combines project scheduling with cost
controls, resource allocation controls, and a con-
tract-progress statistical reporting system. The
objective is to provide total control over time, cost,
resources, and statistics.

Time n The time aspect of the system is
designed to produce, through project scheduling,
a set of time objectives, a visualmeans of presenting
these objectives, and the devising and enforcing of a
corrective method of adhering to the objectives so
that the desired results will be achieved.

Cost n These are summary costs monitored by
budget reports, produced monthly and distributed
to the owner. In addition, detailed reports for
construction company management list costs
under each class of construction activity. These
reports are used by project managers and field,
purchasing, and top-management personnel. A
report on probable total cost to complete the project
is intended for all levels of construction company
personnel but is used primarily by those respon-
sible for corrective action.

Resource Allocation n For the purpose of
resource allocation, a graphical summary should
be prepared of projected monthly use of personnel
for individual activities and also of the estimated
quantities of work to be in place for all trades on a
cumulative basis. An update of these charts
monthly will indicate which trades have low work
quantities in place. With this information, the
manager can ensure that lagging trades are
augmented with the proper number of workers to
permit them to catch up with and adhere to the
schedule.

Statistics n From the information received
from the preceding reports, an accurate forecast
can be made of the probable construction com-
pletion date and total cost of the project.

(F. S. Merritt and J. T. Ricketts, “Building Design
and Construction Handbook,” 5th ed., McGraw-
Hill, Inc., New York; J. P. Frein, “Handbook of
Construction Management and Organization,” Van
Nostrand Reinhold, New York.)
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4.11 Role of Field
Superintendent

A field superintendent has a wide variety of
duties. Responsibilities include the following: field
office (establishment and maintenance); fencing
and security; watchmen; familiarity with contract
documents; ordering out, receiving, storing, and
installing materials; ordering out and operation of
equipment and hoists; daily reports; assisting in
preparation of the schedule for the project; mainten-
ance of the schedule; accident reports; monitoring
extra work; drafting of backcharges; dealing with
inspectors, subcontractors, and field labor; punch-
listwork; quality control; and safety. Familiaritywith
contract documents and ability to interpret the plans
and specifications are essential for performance of
many of these duties.

Daily reports from the superintendent provide
essential information on the construction. From these
daily reports, the following information is derived:
names of persons working and hours worked; cost
code amounts; subcontractor operations and descrip-
tion of work being performed; materials received;
equipment received or sent; visitors to the job site;
summaries of discussions with key subcontractors
and personnel; other remarks; temperature and
weather; accidents or other unusual occurrences.

4.12 Purchase Orders

Issuance of a purchase order differs from award of
a subcontract (Art 4.5). A purchase order is issued
for material on which no labor is expected to be
performed in the field. A subcontract, in contrast, is
an agreement by a subcontractor not only to
furnish materials but also to perform labor in the
field. A purchase order notes the date, names of
issuer and supplier, description, price, terms of
payment, and signatures of the parties.

For the specific project, a purchase-order rider
and list of contract drawings should be appended
to the standard purchase-order form. The rider
describes special conditions pertaining to the job,
options or alternates, information pertaining to
shop drawings, or sample submissions, and other
particular requirements of the job.

Material price solicitations are handled in much
the same manner as subcontract price solicitations.
Material bids should be analyzed for complicated
trades in the same manner as for subcontracts.

To properly administer both the subcontract and
the purchase orders, it is necessary to have a
purchasing log in which is entered every subcon-
tract and purchase order after it has been sent to the
subcontractor or vendor. The log serves as a ready
cross reference, not only to names of subcontractors
and vendors but also to the amounts of their orders
and the dates the orders were sent.

Avariety of software is available to keep track of
all equipment and materials and related purchase
information, such as specifications, quotations,
final orders, shipment, and delivery dates. Soft-
ware typically is based on the concept of critical-
path items. The various tasks that must be
performed are assigned due dates. For example, a
report could be by project and show all open
purchase-order items for one project, or by buyer
name, with all open purchase-order items for each
buyer, including all projects.

In negotiating and awarding either a subcon-
tract or a material purchase, the contractor should
take into account the scope of the work, list
inclusions properly, note exceptions or exclusions,
and, where practicable, record unit prices for
added or deleted work. Consideration should be
given to the time of performance of units of work
and availability of workers and materials, or
equipment for performing the work. Purchase
orders should contain a provision for field meas-
urements by the vendor, if this is required. In ad-
dition, purchase orders should indicate whether
delivery and transportation charges and sales taxes
are included in the prices.

4.13 Job Safety and
Environmental Control

Accidents on a construction project, whether in-
volving employees or the public, can impose an
enormous burdenon the construction contractor and
others associatedwith the project. Consequently, it is
of great importance to all concerned with the job to
ensure that an appropriate job safety program is
instituted. Although the owner of the construction
firm or the company executives are legally respon-
sible if an accident should occur, the projectmanager
generally is responsible for establishing and super-
vising the safety program.

The federal government in 1970 passed the
Occupational Safety and Health Act (OSHA)
(Title 20—Labor Code of Federal Regulations,
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chap. XVII, part 1926, U.S. Government Printing
Office). Compared with state safety laws, the
federal law has much stricter requirements. For
example, a state agency has to take the contractor to
court for illegal practices. The Occupational Safety
and Health Administration, however, can impose
fines on the spot for violations, despite the fact that
inspectors ask the employers to correct their
deficiencies.

Construction accidents result from an unsafe act
or an unsafe condition. Company policy should
aim at preventing these through education, train-
ing, persuasion, and constant vigilance. On every
project, the project manager should remind super-
intendents and supervisors of safety requirements.
On visits to job sites, the manager should be
constantly alert for violations of safety measures.
The safety engineer or manager should ascertain
that the construction superintendent holds weekly
“toolbox” safety meetings with all supervisors and
is writing accident reports and submitting them to
the contractor’s insurance administrator. In
addition, the safety supervisor should maintain a
file containing all the necessary records relative
to government regulations and be familiar with
record-keeping requirements under the Occupa-
tional Safety and Health Act (Occupational Safety
and Health Administration, U.S. Department of
Labor, Washington, D.C.). Management should
hold frequent conferences with the project manager
and with the insurance company to review the
safety record of the firm and to obtain advice for
improving this safety record.

(“Manual of Accident Prevention in Construc-
tion,” Associated General Contractors of America,
Washington, DC 20006; “The 100 Most Frequently
Cited OSHA Construction Standards in 1991,” U.S.
Government Printing Office,Washington, DC 20402.)

Another federal regulation that the construction
manager must deal with is the Clean Water Act.
The amendment in 1987 to this act required the
Environmental Protection Agency to regulate
storm water discharges from construction sites
over five acres under the National Pollutant Dis-
charge Elimination System. Subsequent amend-
ments require almost all construction projects
(those over one acre in size) to submit a notice of
intent (NOI) to qualify the site for storm water
discharges under the EPA’s general permit. This
permit requires the development of a pollution
prevention plan that shows the devices that will be
used during construction to prevent the discharge

of sediment laden water from the site and
minimize the amount of erosion generated within
the site. These pollution prevention devices must
be maintained throughout the course of construc-
tion and their effectiveness should be monitored
by the construction manager. Additional infor-
mation can be obtained at Environmental Protec-
tion Agency’s website at www.epa.gov or from
“Storm Water Management for Construction
Activities: Developing Pollution Prevention Plans
and Best Management Practices,” USEPA, 1992.

4.14 Change Orders

Contract documents specify in detail the work
the contractor is required to perform. Often, how-
ever, changes or extrawork are foundnecessary after
the award of the contract, especially after construc-
tion is under way. The contract documents generally
contain provisions that allow the contractor or the
owner to make changes if both parties agree to the
change. If the change decreases construction costs,
the owner receives a credit. If costs increase, the
owner pays for the added costs. Cost of changesmay
be based on a negotiated lump sum; cost of labor and
materials, plus markup; or unit prices.

The owner may issue a change order for any of
several reasons. These include a change in the scope
of the work from that described in the specifica-
tions; change in material or installed equipment;
change to correct omissions; and change in ex-
pected conditions, such as subsurface rock not
disclosed in plans and specifications, abnormal
weather, or labor strikes. To provide for the oc-
currence of unexpected conditions, the construc-
tion contract should contain a changed-conditions
clause in the general conditions. (See “General
Conditions of the Contract for Construction,” AIA
A201, American Institute of Architects, 1735
New York Ave., N.W., Washington, DC 20006.) The
American Society of Civil Engineers Committee on
Contract Administration drafted the following
recommended changed-conditions clause:

The contract documents indicating the design of the
portions of the work below the surface are based upon
available data and the judgment of the Engineer. The
quantities, dimensions, and classes of work shown in
the contract documents are agreed upon by the
parties as embodying the assumptions from which the
contract price was determined.
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As the various portions of the subsurface are
penetrated during the work, the Contractor shall
promptly, and before such conditions are disturbed,
notify the Engineer and Owner, in writing, if the
actual conditions differ substantially from those
which were assumed. The Engineer shall promptly
submit to Owner and Contractor a plan or
description of the modifications which he or she
proposes should be made in the contract documents.
The resulting increase or decrease in the contract
price, or the time allowed for the completion of the
contract, shall be estimated by the Contractor and
submitted to the Engineer in the form of a proposal.
If approved by the Engineer, he or she shall certify
the proposal and forward it to the Owner with
recommendation for approval. If no agreement can be
reached between the Contractor and the Engineer, the
question shall be submitted to arbitration or alternate
dispute resolution as provided elsewhere herein.
Upon the Owner’s approval of the Engineer’s
recommendation, or receipt of the ruling of the
arbitration board, the contract price and time of
completion shall be adjusted by the issuance of a
change order in accordance with the provision of
the sections entitled, “Changes in the Work” and
“Extensions of Time.”

4.15 Claims and Disputes

During construction of a project, the contractor
may claim that work ordered by the owner, or
owner’s representative, is not included in the
contract and that there is no obligation to
perform that work without adequate compen-
sation. The contractor therefore may submit a
change-order proposal before performing the
work. (Sometimes, the contractor may proceed
with the work before the order is issued so as
not to delay the job.) If the owner disputes the
claim, the contractor may continue the work or
press for a decision on the claim through
mediation, arbitration, or other remedy available
under the contract or at law.

When a dispute between owner and contractor
arises during construction, the first step is an effort
to resolve it by negotiation. An optional procedure
is to recognize before construction starts the possi-
bility that disagreements may arise and make
provisions for facilitating negotiations. One way is
to appoint at that time a dispute resolutions board
(DRB), consisting of three qualified persons, to
assist in negotiation of a settlement. If an agreement

cannot be reached, the DRB should issue rec-
ommendations for a settlement. These, however,
are nonbinding on the parties.

Another method of resolving disputes is
arbitration, which may be required by the con-
struction contract. If arbitration is agreed on or
required, the parties involved submit the facts of
the dispute to impartial third parties who examine
the claims and render a decision, which is legally
binding on the parties. (See “Construction Contract
Disputes—How They May Be Resolved under
the Construction Industry Arbitration Rules,”
American Arbitration Association, 140 W. 51st St.
New York, NY 10020.) The American Arbitration
Association can provide assistance for arbitration
and also for mediation. The latter differs from
arbitration in that mediation is entered into by the
parties voluntarily and in addition the recommen-
dations are not legally binding. Inmediation, one or
more impartial mediators consult with the parties
with the objective of reaching an agreement that the
parties find acceptable. Mediation is desirable as a
less time-consuming and less costly step before
recourse to arbitration or a judicial forum.

4.16 Insurance

Contractors should establish a sound insurance
program for protection against financial losses due
to unforeseen contingencies. For this purpose,
insurance companies whose financial strength is
beyond doubt should be selected. A competent
insurance agent or broker experienced in construc-
tion work can be helpful in making such choices.
The one selected should be capable of preparing a
program that provides complete coverage of the
hazards peculiar to the construction industry and
of the more common perils. Also, the agent or
broker should be able to obtain insurance contracts
from qualified insurance companies that are in a
position to render on-the-job service when needed.
In addition, the contractor will need competent
advice to be certain that all insurance policies
protect all parties and provide adequate coverage
limits.

4.16.1 Liability Insurance

Law, contracts, and common sense require that
responsible contractors be adequately protected by
liability insurance in all phases of their operations.
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Required by Law n Most states require users of
highways to furnish evidence of automobile-bodily-
injury and property-damage liability insurance
in basic minimum limits. This is particularly true of
businesses that have trucks or other heavy equipment
on the highways or public roads. Special permits
tomove heavy equipment on the highways generally
require somewhat higher limits of protection.

A contractor who operates in foreign nations
generally finds that the liability-insurance require-
ments are even more stringent than those in the
United States and that automobile liability insu-
rance must be procured from an insurance com-
pany headquartered in the nation in which the
contractor operates.

Required by Contract n Almost without
exception, construction contracts require the con-
tractor to carry comprehensive liability insurance
whose purpose is to protect the contractor, owner,
and owner’s engineers against all liability for
bodily injuries or third-party property damage
arising out of or in connection with the perform-
ance of the contract. Occasionally, the contract
requires a separate Owner’s Protective Liability
Insurance policy. Also, when a contractor operates
alongside or across the property of a railroad
company, a Railroad Protective Liability Insurance
policy is generally required.

Required by Common Sense n Regardless
of the coverages required by law or contract,
the prudent contractor should carry liability-
insurance protection in substantial amounts. The
very nature of the construction industry subjects a
contractor to the possibility of substantial risk of
liability to third parties. In certain situations, par-
ticularly where the contractor is using explosives,
risk may approach absolute liability.

4.16.2 Property Insurance

In addition to liability insurance, contractors must
protect themselves against damage or loss to their
own property and to the projects on which they are
working.

Contractor’s Equipment, Plant, Tempo-
rary Buildings, Materials, and Supplies
Insurance n Almost all assets of the typical
construction contractor consist of contractor’s

equipment, construction plant, temporary build-
ings, materials, and supplies. Common sense dic-
tates that contractors keep their property insured.
Ordinarily, the contractor’s heavy equipment and
vehicles are purchased on conditional sales
contracts or leased under agreements that require
the contractor to maintain insurance against
physical damage to the equipment and vehicles.
Losses are payable to the contractor and the
secured owners as their respective interests may
appear at time of loss.

Contractors can maintain separate fire and theft
coverage for heavy equipment and automobiles.
They can also obtain collision coverage on their
highway trucks and automobiles, and fire and
extended-coverage insurance on plant and tempo-
rary buildings. However, “piecemeal” coverages
do not provide sound all-risk protection on all
property. Furthermore, the premiums in the ag-
gregate often add up to more than the cost of a
single all-risk blanket coverage on all property.
Obviously too, the risks to which a contractor’s
property is subject stem from different and more
varied sources than the risks of a merchant or
manufacturer. For example, a contractor engaged in
the construction of a dam may have little risk from
fire or the usual extended perils, but risk from flood
may be great. Yet, flood is generally a standard
excepted peril in most property coverages.

Contractors’ property insurance should be in
an amount sufficient to cover the total values of
property subject to any conceivable risk at one
location. A contractor who has a normal recurrence
of property losses may reduce the cost of insurance
by arranging a deductible in an amount that
approaches a normal loss recurrence. Ordinarily,
the deductibles are based on the value of
equipment at risk. A deductible of $1000 on
equipment valued in excess of $5000 may be
adequate to protect the ordinary contractor against
calamitous loss and still be sufficient to provide
coverage at the most reasonable premium cost. On
equipment valued in excess of $10,000, a deductible
of $2500 is reasonable. Generally, small tools,
materials, and supplies can be covered in the same
policy at a more reasonable premium than would
be charged for a separate policy covering the
contractor’s inventory of these items.

Builder’s All-Risk Insurance n Invariably,
the construction contract places full responsibility
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(and liability) on the contractor for protection of the
project work and for repair or replacement of
damage until the completed project work has been
accepted by the owner. Occasionally, the owner
carries “course of construction” insurance in which
the contractor is an additional insured. In these
situations, contractors should make sure they will
be relieved of the responsibility for repair or
replacement of damaged work. A contractor who
assumes such responsibility, as is usual, should
carry Builder’s All-Risk Insurance.

Perhaps the most serious risk of damage to the
work arises from the contractor’s operations, such
as failure of hoisting machinery or negligent
operation of heavy equipment. Contractors’ lia-
bility insurance would not be protection in such a
situation because risks arising from their negli-
gence or failure of machinery used by them are
excluded under the standard “care, custody, and
control” exclusion in the liability-insurance policy.
Likewise, fire and extended-coverage insurance,
being restricted to the specific perils named, would
not insure contractors against loss resulting from
operation of equipment, blasting, or other causes of
risk usual to their operations.

Builder’s All-Risk Insurance generally protects
against any natural occurrence, act of God, or
damage caused by human error. The possible loss
can be substantial in amount. Hence, the policy limit
should be adequate to cover the largest conceivable
loss. Inasmuch as the contractor’s main concern is
protection against catastrophic loss, the contractor
should require a high limit but permit a substantial
deductible that will permit the purchase of this
important coverage at the most reasonable cost.

4.16.3 Workmen’s Compensation
and Employee Benefits
Insurance

In all states of the United States, Canada, and most
foreign nations, Workmen’s Compensation Insu-
rance is required by law. The construction industry
is regarded as “extra-hazardous” in the termino-
logy employed in workers’ compensation laws.
Premiums are based on the classifications of work
in which each craft of construction worker is
engaged. Cost of Workmen’s Compensation Insu-
rance is an important factor in preparation of a bid.

Employer’s Liability Insurance is automatic-
ally included in most Workmen’s Compensation

Insurance policies. A Workmen’s Compensation
Insurance claim is, without exception, the sole
remedy of an injured worker or of the family of one
who dies as the result of an industrial injury.
Nevertheless, there may be occasions on which,
because of liability assumed by contract or
otherwise, a contractor may be required to defend
an action at law or pay a judgment based on injuries
to an employee or a subcontractor’s employee.

In several states of the United States, com-
monly called the monopolistic-fund states, and in
all provinces of Canada, Workmen’s Compen-
sation Insurance is required to be carried with the
state or provincial fund. In these states and
provinces, Employer’s Liability Insurance is
generally neither required by law nor furnished
by the funds. The prudent contractor carries a
special Employer’s Liability Insurance policy
with a private carrier when operating in these
states and provinces.

Also, the contractor engaged in work bordering
on a waterway or navigable stream should carry
insurance for protection against liability under the
Longshoremen’s and Harbor Workers’ Compen-
sation Act and the Jones Act. These coverages can
generally be provided by endorsement to the
standard Workmen’s Compensation Insurance
policy at little or no additional premium.

Other coverages that the contractor may wish to
consider but that are generally elective are group
hospital, surgical and medical plans, and group
term life and accidental death and dismemberment
coverages. Often, these coverages will be provided
by jointly administered employer-union benefit
plans created by collective bargaining in the
construction industry. The union plans, of course,
are limited solely to the contractor’s employees
covered by a collective-bargaining agreement. It is
up to the contractor to decide whether to provide
similar coverage for salaried, managerial, engi-
neering, and clerical personnel.

4.16.4 Miscellaneous Insurance
Coverages

Contractors’ miscellaneous insurance needs
vary with the type and scope of their operations.
Among those considered essential, however, are
consequential loss insurance, fidelity and forgery
insurance, and money and securities insurance.
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Consequential Loss Insurance n Con-
tractors soon discover that physical-damage
protection on the construction work in progress
or on contractor’s equipment will pay only a
portion of their out-of-pocket financial losses.
On permanent project work, Builder’s All-Risk
Insurance reimburses the actual cost of restoring
the work. This recovery, of course, is limited to
the original value of the work, and the
deductible, which is generally substantial, is
applied. No allowance is made for extra over-
head incurred for the time required to repair or
replace the damaged work, or for overtime
expense. These are almost always excluded
under the terms of the builder’s-risk coverage.
A contractor may procure a form of “business
interruption” insurance that will pay the con-
tractor any extra expense for extended overhead
and overtime expense resulting from a builder’s-
risk type of loss.

The contractor who loses the use of equipment
through physical damage must provide substitute
equipment for the time during which damaged
equipment is being repaired. Often, the contractor
can obtain insurance along with the contractor’s
equipment coverage that covers rental expense of
replacement equipment.

Fidelity and Forgery Insurance n A con-
tractor who has delegated authority with respect to
the firm’s business and financial affairs to one or
more employees should carry fidelity insurance up
to a limit adequate to cover such sums as the
employees may deal with. Likewise, the prudent
contractor carries depositor’s forgery insurance to
protect against financial loss caused by forgery of
checks against banking accounts.

Money and Securities Insurance n Ordi-
narily, the contractor keeps only small sums of
cash in the office or at job offices. However, there
may be some situations that require cash to be
kept at the jobsite or office. In such situations,
it is advisable to carry money and securities cov-
erage, which protects the contractor against loss
by outside theft, including burglary and robbery.
This coverage should carry a limit equal to the
largest sum of cash on hand at any one location.

4.16.5 “Coverage Boosters” and
“Cost Savers”

A prudent selection of insurance plans, coupled
with an active safety program, materially lessens
the contractor’s overall insurance costs.

Blanket Coverages and Package Plans n

One basic concept of insurance is “risk spreading.”
The more a risk can be spread, geographically or
otherwise, the more economical will be the pre-
mium. Therefore, a contractor who insures all
operations under a single policy against a common
risk, whether it be a liability, physical damage, or
fidelity, will enjoy the broadest protection at the
lowest cost. Consider builder’s-risk insurance, for
instance: Some of a contractor’s operations may
be quite hazardous; others may be virtually risk-
free. In such a situation, the contractor is able to
maintain builder’s-risk coverage at a reasonable
rate on a hazardous project by charging all oper-
ations at the same premium rate, simply because
the contractor’s low-risk work contributes to the
overall cost. The same reasoning holds with respect
to other coverages.

Contractor’s Safety Program n Contrac-
tors should always be aware of one of the best cost
savers available to them, namely, a good safety
program. The largest insurance expenditure by far
is the workers’ compensation premium. Almost
every underwriter of Workmen’s Compensation
Insurance offers substantial discounts, dividends,
or retrospective premium-return plans that are
based on low-accident experience. A contractor
often can maintain a safety program at a cost much
lower than the amount of the dividends earned
from such premium returns. For the small con-
tractor, almost every Workmen’s Compensation
Insurance carrier provides regular safety inspec-
tion and safety education materials and services.

On large projects with substantial payrolls,
contractors can generally avail themselves of a
retrospective premium-return plan, which essen-
tially is a “cost-plus” insurance program. With a
retrospective plan, the contractor pays the cost of
injuries plus a modest amount to cover the
insurance carrier’s administrative expense and
premium against a catastrophe or multiple-injury
accident.
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4.17 Bonds

Bonds are not insurance. A surety bond is
equivalent to a cosigned promissory note. The
principal on a surety bond, as on a promissory
note, is primarily liable to the obligee. The surety,
as is a cosigner, is liable only in the event that the
principal fails to discharge the obligation
undertaken.

The obligation undertaken in a contractor’s
surety bond runs in favor of the owner. And the
owner, alone, is protected. The contractor, as
principal, has no protection under a bond. On the
contrary, the contractor is ultimately liable and
fully obligated, not only to the owner, but to the
surety company that issued the bond.

Contractors should read in full the applications
they sign for bids, performance, or payment bonds.
They will discover that they have pledged,
transferred, and conveyed their entire assets and
all contract revenues to the surety as security
against the surety having to pay any amount or
discharge any obligation under the bond. The
smaller contractor pledges not only business but
home and personal assets. If the contractor is an
incorporated firm and its assets and income are
insufficient to afford adequate security, the surety
company will insist that the individual stock-
holders of the contracting company pledge suf-
ficient personal assets to indemnify the surety ade-
quately against loss.

The contractor pays a premium for a bond
similar to interest on a promissory note. The
premium charged depends on the type of con-
struction to be performed, the time that the bond
will be in effect, and the amount or contract price of
the project to be built.

Almost all public construction and most larger
private projects will require bid, performance, and
payment bonds. Prudent contractors, intending to
submit a bid, inquire of their surety companies
whether they will write bid bonds for them.
Generally, surety companies will not write a bid
bond on a project without being satisfied as to the
contractor’s financial capacity. Once so satisfied,
the surety, by issuing its bid bond, indicates its
intention to write the performance and payment
bonds if the contractor’s bid is successful and a
contract is awarded.

Bid bonds are generally based on the amount
of the bid. For the most part, they run from 5 to
20% of the amount of the accompanying bid.
This amount represents the damages or costs
that the owner may incur. These include the
losses if the bidder fails to enter into a contract
and the work has to be readvertised for bids.
Also, losses may be due to the difference in cost
between the low bid submitted by a defaulting
bidder and the next responsible bid, in the cases
where the work must be awarded to the next
lowest bidder.

Performance and payment bonds are usually in
the full contract amount, or at least 50% of the
contract amount. If, during the course of a project,
the contractor defaults or becomes insolvent and is
financially unable to carry on the work, the owner
will require the surety to complete the work and to
pay for labor, materials, and supplies. In such
event, the surety, in discharging its obligations
under the bond, has first claim as a secured creditor
against the contractor’s assets. Ultimately, the
surety company’s loss is the cost of completing
the work less the recovery it can make from the
contractor’s assets.
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