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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM

Systematic, well-designed research provides the most effec-
tive approach to the solution of many problems facing high-
way administrators and engineers. Often, highway problems
are of local interest and can best be studied by highway
departments individually or in cooperation with their state
universities and others. However, the accelerating growth of
highway transportation develops increasingly complex prob-
lems of wide interest to highway authorities. These problems
are best studied through a coordinated program of coopera-
tive research.

In recognition of these needs, the highway administrators
of the American Association of State Highway and Transpor-
tation Officials initiated in 1962 an objective national
highway research program employing modern scientific tech-
niques. This program is supported on a continuing basis by
funds from participating member states of the Association
and it receives the full cooperation and support of the Federal
Highway Administration, United States Department of
Transportation.

The Transportation Research Board of the National Re-
search Council was requested by the Association to ad-

minister the research program because of the Board’s recog- -
nized objectivity and understanding of modern research .

practices. The Board is uniquely suited for this purpose as:
it maintains an extensive committee structure from which
authorities on any highway transportation subject may be
drawn; it possesses avenues of communications and cooper-
-ation with federal, state, and local governmental agencies,
universities, and industry; its relationship to its parent orga-
nization, the National Academy of Sciences, a private, non-
profit institution, is an insurance of objectivity; it maintains
a full-time research correlation staff of specialists in highway
transportation matters to bring the findings of research
directly to those who are in a position to use them.

The program is developed on the basis of research needs
identified by chief administrators of the highway and trans-
_portation departments and by committees of - AASHTO.

Each year, specific areas of research needs to be included in .

the program are proposed to the Academy and the Board by
the American Association of State Highway and Transporta-
tion Officials. Research projects to fulfill these needs are
defined by the Board, and qualified research agencies are
selected from those that have submitted proposals. Adminis-
tration and surveillance of research contracts are the respon-
sibilities of the Academy and its Transportation Research
Board.

The needs for highway research are many, and the Na-
tional Cooperative Highway Research Program can make
significant contributions to the solution of highway transpor-
tation problems of mutual concern to many responsible
groups. The program, however, is intended to complement
rather than to substitute for or duplicate other highway re-
search programs. '
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PREFACE

FOREWORD

By Staff
Transportation
Research Board

There exists a vast storehouse of information relating to nearly every subject of
concern to highway administrators and engineers. Much of it resulted from re-

" search and much from successful application of the engineering ideas of men faced

with problems in their day-to-day work. Because there has been a lack of systema-
tic means for bringing such useful information together and making it available to
the entire highway fraternity, the American Association of State Highway and
Transportation officials has, through the mechanism of the National Cooperative
Highway Research Program, authorized the Transportation Research Board to
undertake a continuing project to search out and synthesize the useful knowledge
from all possible sources and to prepare documented reports on current practices

‘in the subject areas of concern.

This synthesis series attempts to report on the various practices, making
specific recommendations where appropriate but without the detailed directions
usually found in handbooks or design manuals. Nonetheless, these documents can
serve similar purposes, for each is a compendium of the best knowledge available
on those measures found to be the most successful in resolving specific problems.
The extent to which they are utilized in this fashion will quite logically be tempered
by the breadth of the user’s knowledge in the particular problem area.

This synthesis will be of special interest to construction engineers and others
concerned with contract administration. Guidelines are presented for the con-
sideration of relevant factors in determining contract time.

~
4

Administrators, engineers, and researchers are faced continually with many
highway problems on which much information already exists either in documented
form or in terms of undocumented experience and practice. Unfortunately, this
information often is fragmented, scattered, and unevaluated. As a consequence,
full information on what has been learned about a problem frequently is not
assembled in seeking a solution. Costly research findings may go unused, valuable
experience may be overlooked, and due consideration may not be given to recom-
mended practices for solving or alleviating the problem. In an effort to correct this
situation, a continuing NCHRP project, carried out by the Transportation Re-
search Board as the research agency, has the objective of synthesizing and report-
ing on common highway problems. Syntheses from this endeavor constitute an
NCHRP report series that collects and assembles the various forms of information
into single concise documents pertaining to specific highway problems or sets of
closely related problems.



Transportation agencies must set reasonable times fur complction of con-
struction projects. Factors to be considered in determining contract time include
materials, equipment, manpower, cost, and constraints such as weather, regula-
tions, traffic, utilities, and user convenience. This report of the Transportation
Research Board presents guidelines and recommendations for the establishment
and enforcement of contract times.

To develop this synthesis in a comprehensive manner and to ensure inclusion
of significant knowledge, the Board analyzed available -information assembled
from numerous sources, including a large number of state highway and transpor-
tation departments. A topic panel of experts in the subject area was established to
guide the researcher in organizing and evaluating the collected data, and to review
the final synthesis report.

This synthesis is an immediately useful document that records practlces that
were acceptable within the limitations of the knowledge available at the time of its
preparation. As the processes of advancement continue, new knowledge can be

.. expected to be added to that now at hand.
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SUMMARY

CONTRACT TIME DETERMINATION

State transportation agencies devote considerable time and effort in attempt-
ing to set a reasonable time for completion of a construction project, as each day
of work beyond the predetermined completion date generates costs for the
agency, the road user, and the general public. Contract time is based on the
estimated number of working days or calendar days or on a specific completion
date. :

Contracts providing more time than is actually needed for a project may
discourage innovative management or construction techniques, encourage con-
tractors to bid more work than can be handled, and increase agency costs.
However, additional time may also result in lower bid prices and permit low-
productivity contractors to bid.

‘Contracts specifying less time than necessary for completion of a project can
result in higher bid prices and eliminate qualified contractors. However, they can
also encourage good management, high productivity, and lower administrative and
engineering costs.

Transportation agencies usually determine contract time based on ()
construction season limits, (b) quantity or production rates, (c) work-flow tech-
niques, (d) estimated costs, and (e) external factors, such as coordination with
utilities and railroads, need for industrial access, and other commitments.

With working-day contracts, the ability of an agency to have a project com-
pleted in a reasonable time depends on the policy for making time charges. Most
agencies charge a full day if more than one-half of a normal shift is suitable for
work. Several agencies account for time charges to the nearest one-fourth of a day.
Among the items that will affect the charge of working days are adverse weather
conditions, materials shortages, delivery delays, labor problems, and agency
delays.

Incentive payments (or bonuses) are used by some agencies where there is a
compelling need for early completion of a project. All agencies have some provi-
sion for liquidated damages for late completion of a project; the daily charge is
usually related to the total contract amount.

" The conclusions reached in this synthesis include the following:

® When establishing or modifying a time-estimation procedure, the perfor-
mance of the procedure should be monitored, the effects of site conditions and
terrain should be considered, and information should be obtained from state con-
tractor associations.

e In determining contract time, a construction data file that covers the pre-
vious 3 to 5 yr should be used. The schedule should be reviewed and adjusted to
reflect other factors, such as project size, availability of materials, and commit-
ments of the agency engineering and inspection forces.



® Except for certain projects that must be completed within narrow time
limits, there does not appear to be a need for highly restrictive contract duration
times. : '

® The working-day and calendar-day methods have an advantage over the
completion-date method in that the contractor is not liable for circumstances
beyond his control; however, the agency must be careful to document each day
that is charged.

Suggested guidelines include:

e Agencies shiould be flexible in establishing contract time. Construction
season time limits have merit for some work, particularly for paving and resurfac-
ing projects. '

® Once specified, contract time becomes a contractual condition and should
be enforced. Time charges on working-day contracts should be administered uni-
formly and fairly. .

e It appears desirable and equitable to prescribe liquidated damages for (a)
the time that traffic and the public are inconvenienced and (b) supervision costs
incurred by the agency. ' ,,

e A formal, rational approach should be developed to determine contract
time; it should be based on past experience and updated frequently.

/



CHAPTER ONE

INTRODUCTION

There is a consensus among state transportation agencies
on the need to specify the time limitations of contracts and to
assess charges for failure to complete a project within the
specified time. Many state agencies devote considerable time
and effort in attempting to set a reasonable time for comple-
tion of each project, because each day of work beyond the
predetermined time period of the contract generates propor-
tional costs for the agency, the road user, and the general
public.

Responsible contractors have sufficient motivation to
complete a project at the earliest possible date. Early com-
pletion of a project results in lower overhead costs, lower
interest costs for borrowed dollars, less exposure to damage
by the elements (repairs must be made at the contractor’s
expense), avoidance of increased costs of labor and ma-
terials, and freedom to bid on other work. Nevertheless,
some projects are delayed by contractors for various rea-
sons, such as incompetence and financial problems. As there
can be no advance indication of which project will encounter
difficulties in progress because of contractor problems
and/or external conditions, it is necessary to impose on all
projects -a disincentive for failure to meet the prescribed
time.

The state transportation agency is responsible for estab-
lishing the time period for completion of a construction proj-
ect. For over 50 yr, it has been common practice for agencies
to-estimate the number of working or calendar days required
to complete work or to set a specific calendar date for com-
pletion. Procedures for assessing damages against the con-
tractor were established by all 48 states in 1929 (/).

Different procedures are used to estimate the number of
working days or calendar days needed to complete construc-
tion projects. Some of these techniques are simple and
depend on the individual judgment. Others are more compli-
cated, drawing heavily on past data accumulated by the agen-
cy and possibly using a computer system for storage and to
develop time schedules. _

The contract time as determined by a transportation
agency generally is not used by contractors in preparing bids.
Many contractors prepare their own estimates of time re-
quirements based on personnel, equipment production rates,
and work methods. The agreement or lack of agreement be-
tween the agency and the individual contractors often will be
reflected in the bidding on the project. This does not mean
that one estimate is more correct than the other, but that the
agency may use an average time and the contractor may use
more specific production rates.

ESTIMATING CONTRACT TIME

A review of AASHTO and transportation agency proce-
dures for estimating contract time reveals some differences.
Contract time is based on the estimated number of working
days or calendar days or on a specific completion date (fixed

date). The completion date may be established by computing
working days or determined by external influences. -

The following definitions.are relevant to a discussion on
estimating contract time: -

Calendar day. Any day shown on the calendar beginning
and ending at midnight (2).

Working day. A calendar day during which normal con-
struction operations could proceed for a major part of a shift
(Saturdays, Sundays, and holidays are usually excluded) (2).

Controlling item(s). Contract work item that (a) is large in
volume, (b) requires a lengthy period for completion, or (c)
is on the critical path of a precedence diagram.

Saturdays, Sundays, and legal holidays are not counted as
working days by most agencies (some agencies permit the
contractor to work on these days). The controlling items are
usually the basis for charging a work day. Several agencies
permit the engineer to charge a fraction of a day. Time may
or may not be charged on a working-day contract during the
3 or 4 winter months with adverse weather.This is intended
to encourage the contractor to work during this period;
however, in some cases, this allows the contractor to stop all
work. .

A calendar-day contract may or may not be the same as a
fixed- or completion-date time period. Both contracts may
include guaranteed work days or a specified number of days
for each month. The completion-date contract, with or with-
out a guaranteed number of working days, is widely used by
state agencies. Specifications for completion-date contracts
are not consistent among the states. The following specifica-
tions were derived from several states.

Completion date (specific). The contractor must have all
(essential) work completed by a specific date without regard
Sfor working days.

Completion date (guaranteed working days). The contract
completion date can be extended if the contractor has not
had available the number of working days as stated in the
contract. Either the number of working days for each month’
or the total number of days for the contract period may be
stipulated.

If a project must be completed on or before a specific date,
the contract should have a specific completion date. In other
cases, contract time can be determined by means of working
days, calendar days, or a completion date with guaranteed
days.

RESPONSIBILITY FOR SETTING TIME LIMITS

The responsibility for setting contract time limits generally
is assigned to the design and/or construction personnel with-
in a transportation department. If the critical path method
(CPM) or a similar planning method is used, the design team
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- FIGURE 1 Contract time determination and review originating at the district level.
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Policies and practices are determined by the size of a proj-
ect. Although most agencies can list projects in which polit-
ical necessity played a part in setting the completion date,
these cases are few when compared to the total program.

CONTRACT PERIOD

Strong arguments can be made by contractors for both-
long and short contract periods. One objective in the deter-
mination of a time period by agencies is to encourage a rea-
sonable number of contractors to bid on the project. Knowl-
edge of the capabilities'and work loads of the contractors that
normally bid each type of work is required. In some cases,
projects are delayed in order to obtain more favorable prices

" during a period of reduced work loads.-

Contracts that specify an excessive number of working

days or a long time period may:

e Discourage innovative managemenf or construction
techniques. . '

e Encourage contractors to bid more work than can be
handled in a timely manner.

® Require mcreased agency admlmstratlon and engmeer—
ing costs.

e Encourage lower bid prices.

e Permit both high- and low-productnon contractors to bid-
on project.

e Reduce the bonding capacity of contractors.

Contracts that specify too few working days or a short time
period may: ’

e Encourage higher bids. .

e Increase bond costs for contractors.

¢ Eliminate some qualified contractors.

e Encourage good management and thus high production.

e Cause the contractor to question each work-day charge
(on working-day contracts).

e Lower administration and engineering costs.

CHAPTER TWO

CURRENT PRACTICE

BASIS FOR DETERMINING CONTRACT TIME

The determination of contract time by transportation agen-
cies is primarily based on: ,

@ Construction season limits,
e Quantity or production rates,
e Work-flow techniques, and
e Estimated costs.

In many cases, a the above practices is used—even for a
single project (Table 1). Other methods that have been used
by several agencies include time units and completion date
specified by the contractor at the time of the bid.

Construction Season Limits

Perhaps the most common practice for determining con-
tract time for surfacing and paving projects is to set the time
limits at or shortly after the end of the construction season.
This method is satisfactory when: (a) the projects are
awarded early in the season; (b) a large number of projects

are not awarded to a single contractor; (¢) materials are
readily available; and (d) the contractor is held responsible
for the expense of maintaining the project over the winter or
paying liquidated damages.

Consideration should be given to the latest feasible starting
date for critical items on seasonal projects. For example,
concrete bridge decks should not be placed late in the fall if
chemicals might be used for ice control during the winter.

Quantity or Production Rates

- The quantity approach involves the determination of a
daily production rate for each controlling item in the.con-
tract. The agency may compute the daily rate for all items or
only the controlling items that could significantly affect the
prOJect time.

The Construction Dally Production Table used in Illinois
to compute increments of time, along with the supporting
figures, is presented in Appendix A. The production table for -
work items is usually based on experience and past data from
completed projects. This information is tempered with judg-
ment, with the controlling items used as the pnmary basis for
specifying contract time. -



TABLE 1 CURRENT PRACTICES FOR DETERMINING CONTRACT TIME

Have Bids
Contract Time Determined gzggngﬁn Techniques or Procedures Used to Determine L
by Different Contract Time Liquidated Damages g Range/D
sTaTE Working Calendar Fixed Numbers Work Production| CPM Cost Est. Ran%ggDay onus (;gge i
Days (%) | Days (%) Date (%) | of Days? | Season (%){Rates (%) (%) (%)

ALABAMA 97 1 2 No X X . 45 - 980

ALASKA X X No X X 50 - 500

ARIZONA X No X 42 - 420

ARKANSAS X No X 42 - 420

CALIFORNIA X No 20 60 20 50 - 1500

DELAWARE X X X No 10 30 60 30 - 420

DIST. OF COL. Yes X 30 - 150

FLORIDA X No X (1) - 300

GEORGIA 60 5 35 No 30 70 30 - 420

HAWAII X i No 10 30 30 30 42 - 420

IDAHO 95 1 4 Yes X 75 - 1300

ILLINOIS 99.5 0.5 No X 30 - 5600 1500 - 10 000
INDIANA 5.2 ] 48 No X X 30 - 1000 (2) 50 - 1000 day
10WA X Yes (3) X 42 - 200

KANSAS X No X 75 - 1500 (11) 750 -
KENTUCKY 35 65 No 65 35 60 - 600

LOUISIANA 80 20 No X X 42 - 420

MAINE 80 20 No X 30 - 420

MARYLAND 75 25 No X X X (4)

MASSACHUSETTS X No X X 30 - 500

MICHIGAN 70 30 No 20 80 20 - 1000 (5)

MINNESOTA 90 10 No 150 - 900 (6)1000 - 3500.
MISSISSIPPI X X 0 - 560

MISSOURI 95 X No 50 50 50 - 1500

MONTANA X No X X 28 - 420

NEBRASKA 98 2 No X 42 - 420 (7)

NEVADA X No X 300 - 1000

NEW HAMPSHIRE 2 98 No X 30 - 300 (8) 100 - 500 |
NEW YORK X No X 50 - 1000 ]
NORTH DAKOTA 20 80 No 75 15 10 50 - 700 (9) - 500
OHIO X No X X 30 - 600

OKCAHOMA 75 15 10 No 75 75 30 - 1000

OREGON (10) 1 50 20 No X X X 40 - 840

PENNSYLVANIA X (12) X (13) 300

RHODE ISLAND X Yes X X 30 - 300

SOUTH CAROLINA X No X X 20 - 420

SOUTH DAKOTA X X No X 50 - 600

TENNESSEE 90 10 No X X X 30 - 420

UTAH X X X No X X 42 - 420

VERMONT X No X 42 - 420

VIRGINIA X X No X X 50 - 500
WASHINGTON X 0.5 No . X X 42 - 2000 0 - 2000
WISCONSIN 30 40 30 No 90 10 50 - 595
WYOMING X No X X X 50 - 600

NOTES: (1) 1/4% of contract amount per day. (2) Used on less than 1% of contracts with "not to exceed 1imit." (3) Only on selected projects with
normal versus round-the-clock day. (4) Based on engineering, administration, and other costs of time overrun. (5) Used in special cases.
(6) Bonus set by special provision, (7) Same as penalty, but rarely used., (8) Only for special projects. (9) Recent use on selected
projects with $400-500 range. (10) Calendar work days - 29%. (11) One project only. (12) Only under special circumstances. (13) Bar
chart for most projects; CPM only on large, complex projects.




Several agencies require that the contractor review the
production rates and the time provided and then prepare a
bar chart, a precedence CPM diagram, or other acceptable
work-flow chart to indicate scheduling and work-control ef-
forts. The chart is used to measure progress on the project
and to aid the agency and contractor in addressing the proper
items if the work lags.

Work-Flow Techniques

Large, complicated projects requiring extensive co-
ordination of materials, equipment, personnel, and adminis-
trative support can best be handled by means of work-flow
techniques. Such techniques include the critical path method
(CPM) (3, 4), project engineering control (PROJECT) (5),
and program evaluation and review technique (PERT) (6).
Heuristic concepts have been suggested as a replacement for
CPM in the planning of the construction process (7). A 1980
research report (8) recommended CPM to the Indiana State
Highway Commission for planning construction projects.

A number of texts and manuals offer specific instructions
on CPM and its use for construction projects. Information on
the basic elements of CPM is given in Appendix B. Only
seven state agencies use CPM routinely; however, other
agencies prepare CPM charts for major projects. In some
cases, each work item is accounted for, but for most projects
only the major or controlling items are charted.

The accuracy of any work-flow diagram or chart is depen-
dent on the experience, judgment, and data sources avail-
able. In general, agencies have indicated that key personnel
possess both experience and judgment and have an intimate
knowledge of construction conditions and contractors in
their areas. However, concern has been expressed that much
of this experience and judgment is concentrated in a few
senior individuals and that it is not possible to transfer this
knowledge in a short period of time.

There is also some concern about the time period for data
accumulation on production rates. Some agencies claim that
the time set for specific work items should be based on recent
data to reflect advances in technology. Other agencies sug-
gest that applying present-day production rates in estimating
time could eliminate some contractors who have a good per-
formance record but are using older equipment.

In a few cases, agency methods for the collection of
production-rate data have been questioned. For example, in
projects where productioh was restricted or intermittent, the
data have been biased to some extent.

Although CPM is widely used by highway agencies and
contractors, many agencies use the conventional bar or prog-
ress chart, either alone or with a CPM network. Some agen-
cies have suggested that the progress or bar chart (Figure 4)
can be explained more easily than an elaborate CPM network
to property owners, members of the press, inspectors, and
contractors’ foremen. It is also less complicated to present in
court if the agency is involved in litigation.

An example of contract time determination in Wyoming is
presented in Appendix C. The steps taken and the selection
of a completion date for a project involving grading, paving,
structure, highway, and miscellaneous work are described.

Estimated Costs

Projects costs are related to the time or working days
required to complete a construction project. Several agen-
cies use the estimated costs of a project as a basis for deter-
mining time requirements.

The procedure used by the New Mexico Highway Depart-
ment is one method of using project costs to estimate work
time (see Appendix D). This procedure was developed from
a study of the current practices for estimating time in New
Mexico and seven other states.

Some agencies use estimated costs to set the number of
working days; other agencies indicate that this procedure is
usually used for smaller or less complicated projects. The
experience in Washington, D.C. (structure) and in New Mex-
ico (grading, paving) with cost versus completion time is
shown in Figure 5. The need for each agency to develop its
cost data based on location and type of work is clearly
demonstrated. (Separate curves for urban and rural work
may be necessary.)

Time Units

A research effort in Mississippi developed a computer-
generated procedure for estimating work time and for report-
ing and monitoring contractor progress (9). CPM is used to
generate bar-graph progress schedules. Time units are used
as the measure of work; each month has an assigned number
of time units that varies with the type of work. The use of
time units for days enables the project engineer to make time
charges based on the actual work performed on the control-
ling items. A brief description of the Mississippi procedure is
given in Appendix E.

Completion Date Set by Contractor

Projects in Washington, D.C., and Mississippi provide
examples of contracts where the contractors were given a
role in the selection-of the completion date. In the Washing-
ton, D.C., project, contractors could choose between two
completion dates presented by the agency and submit a bid
for completion of work by either date. The agency accepted
the lowest valid bid. The Mississippi project involved shifting
traffic from two divided lanes in each direction to single lanes
in each direction, with an increase in user cost of $7,000 per
day. Each contractor entered a bid and a completion date.
The agency added an adjustment to the bid, which was the
product of the number of days and the $7,000 per day in-
creased cost. The four lowest bids are shown below. The
combination of $4,721,599.82 for work items and $1,057,000
for user costs ($7,000 x 151) produced the low bid. The
$7,000 per day cost was also added to the amount usually
charged for liquidated damages.

Direct Work No. Days Total Work and
Bidder Total Items($) @ $7,000 Days Comparison($)
1 4,721,599.82 151 5,778,599.82
2 4,544 .930.41 250 6,294,930.41
3 5,271,196.81 212 6,755,196.81
4 5,215,617.29 266 7,077,617.24
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FACTORS AFFECTING CONTRACT TIME

The contract time set by an agency using one of the tech-

niques described above may require some adjustment be- - )

cause of external factors that affect the construction progress
or necessitate the completion of a facility by a specific date.
These external influences include:

® Coordination requirements,

® Commitments, :

e Effects on road users and others, and
¢ Financial requirements.

As these external factors generally preclude extending the
completion date, setting a specific date for completion in-
stead of specifying contract time by working or calendar days
may be necessary.

Coordination Requirements
Stage Construction

Some projects or portions of projects must be completed
by a specific date to allow access by subsequent contractors
to abutting projects. Delays in completion by the contractor
can result in considerable claims for delay costs by the sub-
sequent contractor. Therefore, a specific completion date
associated with a sufficiently high rate for liquidated dam-
ages is advisable. -

When the working-day or calendar-day method is used for
setting contract times, the second-stage contractor may be
put at a disadvantage by the failure of the first-stage contrac-
tor to overcome relatively minor obstacles of weather, delays
in materials shipment, etc. Furthermore, the agency is vul-
nerable to such delay claims because the exercise of its au-
thority to charge or not to charge working days affects the
completion date of the first-stage contractor.

Delivery of Materials

Problems associated with the timely delivery of materials
are common to all agencies. In some cases, contracts for
major structures are awarded separately at earlier dates in

“order to ensure that materials are delivered on time. During
the peak construction periods, shortages of bituminous ma-
terials, portland cement, and other essentials can delay proj-
ect completion. One method of avoiding this problem is to
schedule completion so that the critical stages will be com-

pleted before shortages develop. If an industry-wide short- -

age of required materials develops, time charges may be
halted until the materials are available.

Coordination with Other Events

A specific completion date is usually required in order to
coordinate the completion of a transportation facility with
urban renewal, the opening of a major shopping center, con-
struction of an industrial facility, utility or railroad project,
special events, or the like. In some cases, although the trans-
portation agency was not involved in the early planning of
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FIGURE 5 Cost versus completion time.

such projects, it may be asked to provide a completed facility
on short notice.

Transportation facilities required for service to special
events, such as the Olympics, a World’s Fair, or other major
events scheduled for a specific date, must be completed on
time. To assure that every effort is made to meet this comple-
tion date, both a date for completion and a sufficiently large
amount of liquidated damages must be specified in the con-
tract. The working- and calendar-day methods are not appro-
priate in these cases, because it is critical that the contractor
overcome all delays by means of the use of multiple shifts,
overtime, additional work force and equipment, etc. A key
football game, the opening of the hunting season, or other
such activities may also be justification for completing a
construction project rapidly. -

Criticism by the public of street cuts or other utility work
that follows highway or street paving has led to improved
coordination between transportation agencies and utilities. It
is common practice to have completion of a project some-

- what dependent on a utility’s effort to renovate or rebuild its

facility. In some cases, the project work order may be
delayed; however, more often there is a requirement that
some part of the project be completed before a utility can
begin work. Major natural gas line adjustments are critical,
requiring special equipment that is not readily available and
may warrant special consideration. '

Much railroad construction or adjustment is performed by
the railroad or contract firms that are responsible for the
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work on the entire railroad system. In some cases, problems
in reaching agreements have caused major impacts on con-
struction timing and completion. In a few cases, the railroad
has contracted with the highway contractor, which can accel-
erate completion of work.

The completion of construction on major bridges by toll
agencies or an abutting state can create a need for a period
of accelerated construction. In most cases, the need for the
new facility is recognized well in advance, but problems with
right-of-way, design, or funding can contribute to a crisis.

Water levels in reservoirs or artificial lakes are controlled
by generating demand, rainfall, recreational activity, mos-
quito control, and flooding streams. Contracts for construc-
tion across or adjacent to reservoirs either limit the time
available or require that the contractor suspend operations
during periods of high or low water levels.

Commitments

Occasionally, commitments are made to local govern-
ments for projects to be completed by a certain date. Pres-
sure on meeting that date may necessitate a mandatory com-
pletion date to be specified in the contract.

-Effects on Road Users and Others

The demands of traffic in urban areas have caused agen-
cies to be extremely careful when setting completion dates.
High traffic volumes can greatly delay a contractor’s work.
At the same time, construction work can seriously impede
traffic. A lengthy detour around a project will generate con-
siderable costs in terms of time, fuel, and maintenance.
Travel on a project site that is hindered by construction
delays also increases road-user costs in terms of time, safety,
and convenience. The increase in such costs is largely af-

fected by field conditions, the degree of completion of the
project, and the adequacy of provisions for traffic mainte-
nance and protection. On the other hand, if a contractor were
to initiate double shifts to complete a project by an unrea-
sonable date, greater exposure to hazards and traffic disrup-
tions might result than would occur with the expeditious
continuation of work with moderate use of overtime. Thus
establishing a tight, optimum completion time cannot be j _]US-
tified in all cases solely by road user costs.

Even with comprehensive provision for the maintenance
of traffic and allowance for access to abutting properties, a
road under construction generally has a detrimental impact
on business and abutting property owners. However, once
the roadway and driveways are paved, the impact of minor
completion wotk is generally negligible. It may be desirable
to assess one level of charges when traffic or access is dis-
rupted and another level of charges, on a smaller level, for
failure to complete on time.

Financial Requirements

Although contract time limits are important to state fi-
nance and budgeting personnel in estimating expenditure
requirements, some agencies have indicated that there are
too many other factors affecting the expenditure rate to jus-
tify the necessity of precise computations of contract dura-
tion for the purposes of budgeting. Other agencies suggest
that contractor payments and contract time are major factors
in predicting cash flow and in scheduling projects.

Setting limits on contract time is important in conserving
the limited engineering manpower of a state and holding

. down related supervision costs. These objectives can be ful-

filled by means of the currently used methods for defining
contract time limits.

Funds from other agencies or from a special category of
federal or state funds may be made available with either an
early-start or an early-completion requirement.

~
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TIME CHARGES AND TIME EXTENSIONS

When contracts that provide for working days are used,
the ability of an agency to have construction completed in a
reasonable time depends to a large extent on the policy for
making time charges and granting extensions. A lenient
.charging policy by an agency (central, district, or project
engineer’s office) can counteract efforts to predict work time
and establish completion dates. It is important that the proj-
ect engineer be consistent and reasonable in charging time on
all contracts specifying the number of working days.

TIME CHARGES

Procedures for charging or not charging all or some part of
a working day vary among the agencies. Key considerations
in the charging of time include the amount of time in which
the work can be completed and the controlling or major work
item. Many agencies identify the controlling items. It is the
responsibility of the project engineer to assess work condi-
tions and make time charges.

The time charged is reported to the contractor, usually
weekly, and any objections by the contractor must be pre-
sented within a specified period, usually within 2 weeks.
Although agency specifications may state that the contractor
must appeal a time charge within a specified time, a claim
board or court may be persuaded to reexamine the time
charges. Several agencies have indicated that objections-to
time charges are routinely made by some contractors if there
is any question concerning their ability to complete work
within the specified time.

Some agencies charge the contractor for a whole day if a
major part of the day is suitable for work. A major part of the
day may be as short as 2 hr; however, most agencies specify
this time as more than one-half of a normal shift. Several
agencies account for time charges to the nearest one-fourth
of a day. The time unit used in Mississippi is rounded to the
nearest one-tenth of a day, except that no time is charged if
the total is less than two-tenths of a day (see Appendix E).

Time charges for completion-date contracts with a guar-
anteed number of working days are usually reported as on
working-day contracts; thus it is important that careful atten-
tion be given to the determination of working days. Inatten-
tion to documentation and checking during the early stages of
this type of contract can increase the chance of later claims
and suits if the project is not completed in the time specified
in the contract.

Adverse Weather

Determination of the effect of adverse weather on a work-
ing day can be difficult. Even those specifications that are

precise in setting the conditions for charging a working day

leave much to the discretion of the project engineer. It is’
difficult to be present at each site on a major project to
evaluate the effect of adverse weather (temperature, rain,
etc.) on specific controlling items of work. For example,
supervisors for the contractor may be quick to point out real

+ or imagined effects of a nearby shower on an isolated opera-

tion that may not actually affect work on a controlling item.
The project engineer must be fair in determining work days

. and must be able to defend his judgment with adequate docu-

mentation. If an error is made, it should be corrected im-
mediately with all parties being advised. Working days on a
calendar-day or a completion-date contract with a guaran-
teed number of working days must be accounted for as care-
fully as the time on a working-day contract.

Shortage of Materials

Most agencies do not count working days when there is a
genuine unforeseeable shortage of material that is not the
fault of the contractor. In some cases, steel, cement, or as-
phalt that has been ordered well in advance cannot be de-
livered. It is the responsibility of the contractor to provide
documentation for the delay that is acceptable to the agency.
Documentation may include a letter from the manufacturer
or vendor stating the date of receipt of the firm order for
materials and the reason for the delay in delivery. Less docu-
mentation is required when there is an industry-wide short-
age, as agencies are usually aware of the situation.

Delivery Time .

Agencies are not always aware of the lead time for fabrica-
tion and delivery of key materials. If there is a delay in
delivery, it is the responsibility of the contractor to show that
the order for special materials was placed with a dependable
supplier, that the fabrication and delivery times are reason-
able, and that no other available supplier could have fur-
nished the material on time.

Labor Problems

Most agencies give consideration in charging time, even on
completion-date - projects, when labor problems create a
shortage or cause a delay. In most cases, the actual amount
of delay is known; however, a strike that is remote from the
work area can have an influence on the supply of material to
a project and may need to be considered in charging time.
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Agency Delays

Problems with right-of-way and access that affect the start
or continuation of a controlling operation are considered suf-
ficient justification for not charging work days to a project.
All the facts and dates relating to the problem should be listed
in the project diary. Design changes for structures or errors

in field work by the agency that cause delays are also con-

sidered when charging work days. Some agency officials
contend that admission of liability for delay by the agency
encourages claims. Other officials find that acknowledging
agency delays is the practical and straightforward way to
handle the problem and that a better defense can be offered
if there is a later claim by the contractor.

Additional Considerations in Charglpg Time

Utility adjustments, coordination with other contractors,
court actions, scheduled public events, etc., can appreciably
affect the scheduling and progress of work. However, the
actual time delay is not easy to compute or estimate. The
‘specific reasons for charging or not charging time should be
carefully and fully explained in the engineer’s diary and time
reports. Fires, floods, war, and sovereign acts of government
that could affect the project completion time are automati-
cally considered in charging time.

TIME EXTENSIONS

It is common practice to consider time extensions for net
quantity overruns, additional items of work, or for various
delays previously discussed. When weather conditions or
other problems prevent the contractor from completing work
on a project within the given number of working days, the
method most used for granting time extensions' is not to -
charge for working days. Either the contractor or project
engineer may request a time extension.

Quantity Overrun .

"Although the language of standard specifications and con-
tracts may differ among the state agencies, the intent is
usually to provide additional time, taking into account an
increase in the quantity of controlling items and the relation-

ship to total project cost. In some cases, time extensions are

based on an increase in total project cost.

Additional Work

-If new itéms of work are added to the contract, the need for
additional time is discussed at that time and made a part of
the supplemental agreement. The importance of agreement
before the work is done should be emphasized.

CHAPTER FOUR

‘

LIQUIDATED DAMAGES AND INCENTIVE PAYMENTS

The amounts of liquidated damages and the justification
for incentive payments have caused much concern to both
transportation agencies and contractors. The liquidated dam-
ages concept has been tested in numerous court cases and
has been found valid as a method of compensating an agency
for costs and delays when a project is not completed on time.

LIQUIDATED DAMAGES

Considerable literature has been published on the provi-
sion for liquidated damages in construction contracts. Cohen
(10) and Sweet (/1) provide information on liquidated dam-
ages and delay, citing numerous cases. More recent cases are
cited in The Government Contractor and The Construction
. Contractor.

The right of an owner and a contractor to enter into a
contract specifying amounts for liquidated damages if the

project is not completed in the specified time has been ac-
cepted by the courts provided (10, 12):

e The damages anticipated by the parties are uncertain in
amount or difficult to prove.

¢ The parties must have intended to stipulate or liquidate
these damages in advance.

e The amount stated must be a reasonable estimate of the
loss expected upon a breach of contract.

The items most often considered when estimating amounts
of liquidated damages are (/0):

® Additional costs of engineering, administration, etc.,

® L oss of time, . .

® Increased operating costs and the safety for facility
users, and

® Damage and
owners.

inconvenience to adjacent property



SCHEDULE OF LIQUIDATED DAMAGES Charge for liquidated damages for each day of delay

" Original Amount of Contract Per Diem Amount of Original contract price C“es“;’e“éﬁri%’ al
For More Toand Liquidated Damages From more . To and Completion Working Day
Than Including  Calendar Day* Workday than including— Date
$ o $ ' - ' $50, 00 ¥ 150000 3% et
25,000 $ 30 $ 42 100,000° 500,000 400 560
gg,ggg 50,000 50 70 | So0.000 1,000,000 0 0
E 100,000 . 75 105 ' 000, o
100,000 : 500,000 100 140 200,000 ” =
500,000 1,000,000 150 210
- 1,000,000 2,000,000 200 - 280
2000000 300 420

*Calendar day amounts are applicable when the contract time is expressed
-On the calendar day or calendsr workday or fixed date basis. . :
LIQUIDATED DAMAGES. Unless otherwise
provided in the contract, liquidated damages
will be in accordance with the following sched-
ule:
Schedule of Deductions for Each

Day of Overrun in Contract Time Daily Charge

Original Contract Amount

From To And
Original Contract Amount * Daily Charge More Than Including L )
) $ 0 $ 25,000 $ 30.00
From More - To and Calendar Work .. 25 000 50 000 50.00
__ Than Including -~ _Day . _Day , 50,000 100,000 75.00
$ 0 $  25.000 $ 30 $ 42 . 100,000 500,000 100.00
25,000 50,000 50 70 500,000 1,000,000 150.00
50,000 - 100,000 75 105 1,000,000 2,000,000 200.00
100,000 500,000 100 140 - 2,000,000 300.00
500,000 1,000,000 150 210
1,000,000 2,000,000 200 280
2,000,000 3,000,000 300 420
3,000,000 5,000,000 500 700 Schedule of Liquidated Damages for
- 5,000,000 7,500,000 750 1,050 Each Day of Overrun in Contract Time.
7,500,000 10,000,000 1,000 1,400 Original Contract Amount Daily Charge -
10,000,000 15,000,000 1,500 2,100 From To and Calendar Day
15,000,000 20,000,000 2,000 2,800 More Than Including or Fixed Date Work Day
20,000,000 25,000,000 2,500 3,500 0 25,000 $ 30.00 $ 42.00
25,000,000 30,000,000 3,000 4,200 gg,ggg lgg,&?g gggg 18(5)88
30,000,000 35,000,000 3,500 4,900 100,000 500i000 100.00 . 14000
35,000,000 and over 4,000 5,600 500,000 1,000,000 150.00 210.00
1,000, 1000 2,000,000 200.00 280.00
* The daily charge shall be made for every day shown on the calendar 2,000,000 4,000,000 300.00 420.00
beyond the specified completion date; and, when the time limit is 3,883,888 13%888 ggg% ggggg
specified as working days, the daily charge shall be made for each iO:OOO:OOO 700:00 980:00

additional working day, computed as specified in Article 108.04.

FIGURE 6 Typical schedules for liquidated damages.

£l
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CONTRACT #33482
FAI Route 94
Section
1975-118-R&BR
Cook County

SPECIAL PROVISION--INCENTIVE/LIQUIDATED DAMAGES

Because time is ot the essence in cumpleting the contract work Sections 108,10,
102.07(c), and 102.07(f) of the Department's Standard Specifications for Road
and Bridge Construction are hereby deleted in their entirety and the following
is substituted therefor:

FAILURE TO COMPLETE THE WORK ON TIME

NORTHBOUND LANES

Should the Contractor fail to complete all the work including cleanup on the
northbound lanes as required by this contract, on or before October 31, 1979,
the Contractor shall be liable to the Department for each calendar day after
October 31, 1979, as liquidated damages and not as a penalty, in the amount of
$10,000. Such daily amount shall continue to accrue until such time as all
work on the northbound lanes under this contract is completed. Provided, how-
ever, if this contract is part of a combination bid award, such daily.amount
shall continue to accrue regardless of completion of work on the northbound
lanes under this contract until all work on contracts which are a part of the
combination award has been completed.

INCENTIVE PAYMENT

NORTHBOUND LANES

Should the Contractor complete all the work on the northbound lanes including
cleanup, as required by this contract; before September 30, 1979, the Contractor
shall be entitled to $5,000 as an individual incentive payment for each calendar
day of completion prior to September 30, 1979. No individual incentive payment
will be made should any work not be completed before September 30, 1979, regard-
less of any extension of time. Individual incentive payments shall if no event .
be paid for more than 50 calendar days. If this contract is part of a combina-
tion award, no individual incentive payment shall commence on this or any other
contract which is a part of the combination until all work on contracts which
are a part of the combination award has been completed.

Should all work on the northbound lanes be completed for all six sections of
the Edens Expressway reconstruction as covered by this contract and by Depart-
ment contracts numbered 33434, 33470, 33461, 33432 and 33433, the Contractor
shall be entitled to an additional $5,000 as a cooperative incentive payment
for each calendar day of completion prior to September 30, 1979. No cooperative
incentive payment will be made solely because the Contractor has finished early
and no cooperative incentive payments will begin to accrue until the date of
completion of all work on the northbound lanes under this contract and the five
contracts enumerated above. The Contractor and the Department recognize that
the prosecution of work by other contractors may not be effectively under the
control of the Contractor; however, it is also recognized and agreed that the
nature of the project is such that use of the highway cannot safely and effi-
ciently begin until all sections are completed. - No cooperative incentive pay-
ment will be made should any work not be completed before September 30, 1979,
regardless of any extension of time. Cooperative incentive payments shall in
no event be paid for more than 50 calendar days.

FIGURE 7 Special provisions for incentive payments and liquidated damages (Illinois).



Typical schedules for liquidated damages in relation to
original contract amount are shown in Figure 6. Other pen-
alty ranges for liquidated damages are given in Table 1.

INCENTIVE PAYMENTS

Agencies set bonus payments in an attempt to reward the
contractor with an amount that is equal to the benefit of early
completion or the cost of delayed completion. Bonus pay-
ments are used only for projects where there is a compelling
public need. Incentive or bonus payments are not required in
order to include a provision for liquidated damages in the
contract. (Contracts with incentive payment clauses always
include provisions for liquidated damages.)

In the survey of state transportation agencies conducted
for this synthesis, only 10 of 43 respondents indicated that
they provide for incentive payments on construction con-
tracts. Some of these agencies indicated that incentive pay-
ments have been used on selected or special projects (see
Table 1). For example, a recent contract in Maine to repair
a vital bascule bridge contained a provision for a $10,000 per
day bonus for early completion.

The special provisions for incentive payments and liqui-
dated damages used by the Illinois Department of Transpor-
tation in contracts for rehabilitation projects are shown in
Figure 7. The provisions provide for a maximum payment
period of 50 days at $5,000 per day. During a 1-month period
no incentive was to be paid or damages charged; thereafter,
there would be a damage charge of $10,000 per day (Figure
8). The contractor completed the work during the 1-month
period.

Transportation officials are reluctant to use an incentive or
bonus payment. If a contractor concentrates forces and
equipment to complete a project early and collects a
substantial bonus, the individuals setting the time limits and
the agency are subject to criticism by the press, federal of-
ficials, and others, even though (a) later completion of the
project most likely would have increased construction costs,

15

400,000}
3_00,000L—

200,000}

CONTRACTOR COST ($)

100,000+

50 days
maximum

No charge

[Vperiod completed

31.

100,000

Oct.

200,000

DOT COST ($)

FIGURE 8 Computation of incentive payments and
liquidated damages for a specific contract in Iilinois. [An
additional $5,000 per day incentive payment was available
if all six contracts were completed early (see Figure 7).]

(b) the bonus payment probably resulteéd in earlier use of the
facility, and (c) other contractors had the same opportunity

. to place bids and collect bonus payments.

Arguments that have been presented against bonus pay-
ments include:

¢ Difficulty in budgeting an amount for bonus payments.

® Need for additional data to decide on an amount or rate.
- ® Value received may not be proportional to the additional
cost.

® Increase in claims by contractors.

® Provision in contract for liquidated damages is suﬂ'nc1ent
incentive.
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CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

State transportation agencies use various methods for set-
ting time limits on ‘construction projects. Some agencies rely
on construction seasons; others rely on the predicted produc-
tion rates for the work items in the contract; several use CPM
or some other work-flow technique; and a few agencies use
the estimated project cost as the basis for determining con-
tract time. Many agencies use a combination or all of the
above methods, depending on the size and type of the project
and the degree of urgency for project completion.

When establishing a new time-estimation procedure or

modifying an existing procedure, the performance of the
existing procedure should be carefully monitored both for
projects with major time overruns and for projects completed
much earlier than the contract date. It is also important to
identify projects that were completed on time, even though
work was not continuous. Special attention should be given
to identifying items of work that must be completed in spe-
cific sequence. Although the experience of other organiza-
tions can be useful in establishing estimating procedures,
each agency should also use its own data and historical files
to develop new methods or to check the validity of existing
procedures.

The state construction contractor associations (e.g., AGC,
ARTBA) can provide valuable information. Contractors are
usually concerned with realistic construction time limits and
will take an active role in assisting an agency in this effort.
Some contractors contend that agencies need not be overly
concerned with setting time limits because of the desire of
contractors to finish each project at the earliest practical
date. However, transportation agencies are able to cite proj-
ects that were not completed on time and for which the
contractor made payment of liquidated damages. None of the
agencies suggested that the contractor should have complete
control over the setting of a completion date.

Provision in a contract for more time than is actually
needed encourages a contractor to seek other work. In some
cases, the contractor may place bids for other agency work,
perform private work in the area, or work on projects in other

- states. Sometimes all work is stopped on projects for ex-
tended periods. Although the contractor may resume work
and finish on time, these actions cause difficulties for the
agency and may result in traffic problems.

Recognition of the need for improved methods of estimat-
ing the time requirements for transportation construction
projects is a part of the trend toward overall improved trans-
portation management and more efficient use of agency per-
sonnel. Funding is limited and interest rates are high; there-
fore, each opportunity to improve cash flow should be
seriously considered. Recently, contractors have been rush-

" ing work, thus creating the need for increased cash flow.

Officials have been and continue to be criticized by the

public, local officials, federal officials, and others for allow-

ing an excessive amount of time for the completion of con-
struction contracts. Some contractors have expressed con-
cern that excessive amounts of time specified in contracts
permit those with older, inefficient equipment to submit low
bids. Others do not think that this is a serious problem be-
cause the firm with the more efficient equipment and organi-
zation can reduce costs by completing.a project well under
the time limit.

Ideally, an agency should use a construction data file

' (time, inflation rates, weather, production rates, etc.) that

covers the previous 3 to 5 yr to develop a realistic work time
schedule. This schedule should be reviewed and adjusted to
reflect other factors (program size, money flow, seasonality,
etc.). The work schedules of potential contractors, avail-
ability of materials, requirements for utility work, and the
commitments of the agency’s engineering and inspection

‘forces also should be reviewed. Most agencies take into con-

sideration many, if not all, of the above factors before setting
the number of days or a completion time on construction
projects. However, problems still occur: contractors bid
more work than can be handled; there are union problems;
and coordination of work is not as effective as planned. The
effects of site conditions and terrain on production rates and
the contractor’s ability to work with particular materials can
influence time requirements. Many unforeseeable difficulties
can result in a project slowdown; this creates the need to
establish procedures to monitor work progress, determine if
the projected schedule is being met, and take steps to get
back on schedule. All these procedures must be included in
the agency specifications or in the project contract.

Should all efforts fail to prevent a time overrun, the project
records should support or refute claims for time extensions
and be used to assess the liquidated damages to be paid by
the contractor. Excessive claims by contractors for time ex-
tensions and the assessing of liquidated damages by the con-
tract agency may indicate that some parts of the procedure
for setting contract time need modification. For example, if
the time allowed is too short to complete construction, con-
tractors may increase bid prices to cover anticipated liqui-
dated damages. ' :

Construction records should be carefully reviewed to up-
date cost data and to validate time charges. Field diaries and
other construction documents can provide information to aid
in developing production rates. Representatives of the con-
struction industry are usually available to work with state
agencies in developing realistic time estimates. However, it
is the agency that ultimately must accept the responsibility
for setting the time limits for each construction project. The
objective of the agency is the satisfactory and timely comple-
tion of work—not the collection of liquidated damages.

Except for projects that must be completed within narrow
time limits, there does not appear.to be a need for highly-



restrictive contract duration times. Time requirements on a
contract that are too restrictive could result in higher bid
prices. Also, frequent assessments of liquidated damages are
likely to be reflected in the bidding on all projects. For paving
and resurfacing projects, except where specific completion
dates are critical and/or monetary incentives for earlier com-
pletion are specified, there is no need to be concerned about
contract duration other than construction seasons.

The working- or calendar-day method has an apparent ad-
vantage over the completion-date method in that it relieves
the contractor of being liable for liquidated damages due to
circumstances beyond control (e.g., weather conditions).
The specified completion-date method requires the contrac-
tor to overcome such delays at his own expense, because

climatic conditions (except ‘‘acts of God’’) or other localized.

impediments to progress do-not relieve liability. However,
if the specified completion date is sufficiently liberal, it
should have no adverse effect on bid prices. The specified
completion-date method is simpler to administer and to de-
fend in the event of the filing of a claim. The working- or
calendar-day method requires careful documentation of each
day charged in the event of later challenge in court.

RESEARCH STUDIES

Several state transportation agencies have completed
studies that review current methods of estimating time and
present recommendations for preparing future estimates.
The Indiana and Mississippi reports are listed in the refer-
ence section (8,9). Appendix D contains a description of the
practice implemented in New Mexico after a consultant-
supported in-house study was conducted; Appendix E con-
tains a description of the Mississippi procedures. Other agen-
cies have conducted informal reviews of procedures in order
to make modifications to current practices.

There does not appear to be any compelling need for a
major research effort to identify the more successful proce-
dures for estimating time or to develop new techniques. Each
agency should study the procedures now in use to determine
their effectiveness in ensuring that construction projects are
completed as soon as practical and at reasonable costs.

RECOMMENDATIONS

In view of the established preferred procedures in each
state for computing and administering contract time and the
various benefits and disadvantages of the different methods,
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it is difficult to propose recommendations. However, the
following general guidelines are suggested:

1. Itis recommended that agencies be flexible in establish-
ing project working days or completion dates. It is not desir-
able to be highly restrictive in specifying contract duration.
For some projects, selecting contract time based on con-
struction seasons appears to have merit. Liberal use of
construction-season time limits on paving and resurfacing
projects will help contractors in keeping bids reasonable.

2. When a contract must be completed within a narrow
range of time, specifying a contract completion date is prefer-
able to the stipulation of the number of working or calendar
days.

3. Once specified, contract time becomes a contractual
condition and should be rigorously enforced.

4. It appears desirable and equitable to prescribe liqui-
dated damages at two levels: (a) for the time that traffic
and/or the general public is inconvenienced; and (b) for direct
engineering supervision costs of minor completion work' off
the roadway.

5. The time required to complete a construction project
may be based on past experience with similar work. It is
recommended that a formal rational approach be developed
for use in determining time requirements.

6. Some means of showing the time available for specific
items of project work is recommended. A precedence (CPM)
chart or bar chart may be prepared manually or with the aid
of a computer. .

7. Time schedules should be compared with the actual
progress on the project. The contractor should be required to
prepare a revised schedule if a work slowdown occurs.

8. Enforcement of time charges on working-day contracts
should be administered uniformly and fairly. The contractor
should be given the opportunity to contest time charges.

9. Production rates and other variables used to estimate
contract time should be updated monthly or after each major
letting. Data not reflecting current conditions should be
removed from the file.

10. In setting contract time limits, a decision must be
made on whether to have the construction project completed
by a specific date at any cost or to have the project completed
in a reasonable period of timeat reasonable cost. The agency
should be responsible for identifying the projects that must
be completed at the earliest practical date. The agency must
also decide whether to use only liquidated damages or to
specify incentive payments in addition to liquidated
damages. ’ .

11. Each method of setting contract time should be eval
uated by comparing contract completion times to actual com-
pletion times. An analysis of the frequency of .the use of
excessive liquidated damages and bonuses should be made
when modifications of the methods are considered.



18

REFERENCES

ConnoRr, C. N., and P. F. SEwarp. 1930. A survey in the
48 states of weather conditions, working days, bonus
and penalty requirements. ARBA Proc: 71-77.

AASHO Highway Definitions. 1968. American Asso-
ciation of State Highway Officials, Washington, D.C.
A Manual for Applying the Critical Path Method to
Highway Department Engineering & Administration.
1963. Prepared by E. S. Preston & Assoc. Ltd. for U.S.

" Bureau of Public Roads. ;
Peuriroy, R. L. 1970. Construction Planning, Equip-

ment and Methods. McGraw-Hill, New York, pp.
19-37.

DanieLs, R. L. 1968. Engineering User’'s Manual.
ICES PROJECT-1, 2nd Ed. Massachusetts Institute of
Technology, Cambridge.,

PERT Fundamentals. Vol. I. Networking. U.S. Navy,
PERT Orientation and Training Center, Washington,
D.C.

Birger, G. S. 1980. Contruction planning—beyond the
critical path. J. Construc. Div., Proc. Am. Soc. Civ.
Eng. 106: 389-407.

. Rowings, J. E., Jr. 1980. Determination of Contract

10.

11.

12.

Time Durations for ISHC Highway Contruction Proj-
ects. Joint Highway Research Project No. C-36-67].
Final report prepared in cooperation with Indiana State
Highway Commission. Purdue University, West Lafay-
ette, Indiana.

OswaLT,J. H., L. R. JounsoN, and D. G. Horarp. 1975.

A Method to Determine Contract Work Duys—

Implementation. Report by Engineering and Industrial
Research Station, Mississippi State University, for
Mississippi State Highway Department in cooperation
with the Federal Highway Administration, U.S.
Department of Transportation. '

CoHEN, H. A. 1961. Public Construction Contracts and
the Law. McGraw-Hill, New York.

SweeT, J. Legal Aspects of Architecture Engineering
and the Construction Process. West Publishing Co.,
pp- 446-451.

Hare, D. W. 1978. Liability for delay in completion of
highway construction contract. Pp. 1495-1524 in J. C.
Vance (Ed.), Selected Studies in Highway Law, Vol. 3..
Transportation Research Board, National Research
Council, Washington, D.C.



19

APPENDIX A
CONSTRUCTION DAILY PRODUCTION TABLE—ILLINOIS

CONSTRUCTION DAILY PRODUCTION TABLE .

ITEM UNIT RATE PER DAY
Adjusting Frames & Grates Each 5
Aluminum Handrail Lin. Ft 80
Bituminous Concrete Base Course Widening 9* Sq. Yds 1,100
Bituminous Concrete Binder & Surface Course, Sub I-11 Tons 500-550
Bituminous Materials Gals. 5,000 s
Bituminous Materials Pumped Gals. 5,000
Borrow Excavation Cu. Yds See Figure 8-501.02a
Catch Basins Each 5 X
Chain Link Fence Lin. Ft. 1,200
Channel Excavation Cu. Yds 650
Class ''A'’ Concrete Cu. Yds 8
Class ‘'A'* Excavation for Structures Cu. Yds 150
Class ‘’B’' Excavation for Structures Cu. Yds 100
Class '"X'* Concrete (Culverts) Cu. Yds 8
Class '’X'’ Concrete (Headwalls) Cu. Yds 4
Class '*X’'’ Concrete (Superstructure Bridge) Cu. Yds 12
Class ’X'* Concrete (Substructure Bridq(S Cu. Yds 8
Cleaning & Painting Lbs. 50,000 (3 men/day)
Cofferdams Excavation Cu. Yds 75
Combination Curb & Gutter Lin. Ft. 300
Concrete Gutter Lin. Ft. 500
Concrete Removal . Cu. Yds. 20
Coacrete Riprap Sq. Yds. 175
Continuously Reinforced Concrete Pavement Sq. Yds. See Figure 8-501.02b
Curb & Gutter Lin. Ft. 300
Curb & Gutter Removal Lin. Ft. 800
Driving Concrete Piles Lin. Ft. 250
Driving Steel Piles Lin. Ft. 3s0 . -
Driving Timber Piles Lin. Ft. 300
Electric Cable Lin. Ft. 2,500
Embankment Cu. Yds. 2,200
Erecting Handrail Lin. Ft. 80
Erecting Right-of-Way Markers Each 30
Erecting Structure Steel Lbs. 25,000
Evergreens Each 20-25
Excavation:
Borrow Cu. Yds See Figure 8-501.02a
Earth Cu. Yds See Figure 8-501.02a
Special Cu. Yds 500
Channel Cu. Yds 650
Cofferdam Cu. Yds 7
Earth (Shouldering, Widening) Cu. Yds 500
Rock Cu. Yds 100
Expansion Bolts Each 25
Exploration Trench, 52’ Depth ) Lin. Ft 200
Fabrication & Fumishing Structural Steel
(Avg. 3 Span Structures)
. WF Beam Calendar Days 150
Welded Plate Girder ‘ Calendar Days 180
Gravel or Crushed Stone Base Course - Tons 800
Gravel or Crushed Stone Shoulders Tons 800
Gravel or Crushed Stone Surface Course Toas 800
Granular Backfill . Cu. Yds. 300
' Granular Embankment Special Tons 800
Guard Rail Lin. Ft. 275
Gutter Cracking Lin. Ft. 1,000
Handholes (Electric) Each 4
Handrail Concrete Cu. Yds. 1
Hedge Removal Unit S-10
Holes Drilled. Each 250
Inlets Each S
Intermediate Trees: Each 25-50
Jute Matting Sq. Yds. 1,200
Landscaping:
Evergreens Each 20-25
Intermediate Trees Each 25-35
Seeding Actes 10 s
Shade Trees Each 15-20
Shrubs Each 250-350
Sodding Sq. Yds. 800-1,000
Top Soil Cu. Yds.
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ITEM
Laying Signal Conduit
Lightweight Structural Concrete
Limestone Ground Aggregate
Manholes
Median
Median Surface (Concrete)
Membrane Waterproofing
Metal Handrail .
Moving; Fire Hydrants, Light Standards, Traffic Signals,
Buffalo Boxes, etc.
Patching
Paved Ditch
Pavement Removal
Pavement Removal and Replacemeant
Pipe Culverts
Pipe Underdrains
P.C. Concrete Base Course
P.C. Concrete Base Course Widening
P.C. Concrete Driveway

: P.C. Concrete Median

P.C. Concrete Pavement
P.C. Concrete Sidewalk
Porous Granular Embankment
Precast Concrete Bridge Deck
Preparation of Base
Prestress Concrete Beams

Protective Coat
Raceway for Magnetic Detectors
Reinforcement Bars (Culverts)

Reinforcement Bars (Substructure)
Reinforcement Bars (Superstructure)
Relocate Existing Traffic Signal Posts
Remove and Reset Metal Handrail
Rock Excavation

Seeding (Large Jobs)

Seedling Trees

* Shade Trees

Shrubs . )
Sidewalk, P.C. Concrete

Sidewalk Removal

Slope Wall-

Sodding

Special Excavation

Stabilized Shoulders

Stabilized Subbase 4'’

Steel Plate Beam Guard Rail

Storm Sewers

Straw far Asphalt Coated Mulch

Subbase Granular Materials
Thermoplastic Pavement Marking
Thermoplastic Pavemenat Marking Symbol |
Top Soil

Traffic Signal Head Alterations

Traffic Signal Posts

Tree Removal (6'' to 15*')

Tree Removal (Over 15'')

Tree Removal -

Trench Excavation (52'* Deep Explorcmon) +,___“__
Trench and Backfill

Vines. .?,

_ Woven Wife Fence

UNIT
Lin. Ft.

Cu. Yds.

Tons
Each
Lin. Ft.
Sq. Ft.
Sq. Ft.
Lin. Ft.

Each

Sq. Yds.

Lia. Ft.

Sq. Yds.
'Sq. Yds.

Lin. Ft.
Lia. Ft.

Sq. Yds.
Sq. Yds.
Sq. Yds. .

Lin. Ft.

Sq. Yds.

Sq. Ft.

Cu. Yds.

Sq. Ft.
Sq. Yds.

Lin. Ft. .

Sq. Yds.

Lin. Ft.

Lbs.-

Lbs.
Lbs.
Each
Lin. Ft.

Cu. Yds.

Acres
Each

Each
Each
Sq._Ft.

Sq. Ft.

Sq. Yds.
Sq. Yds.
Cu. Yds.
Sq. Yds.
. Sq. Yds.

Lin. Ft.
Lin. Ft.
Tons *
Tons
Lin. Ft.

Cu Yds.

Each
Each
In. Dia.
In. Dia.
Acres
Lin. Ft.
Lin. Ft.

Lin. Ft.

RATE PER DAY

S00 -

See Fxg\ue 8501.02

1,200

100

300

See Figure 8-501.02b
1,000

500 .

250-300

4000 .

3 weeks for approval
of shop plans, then
3 beams @ 50'/day
plus 3 days for
curing -
10,000

50

(Considered with
Cl. X concrete)

2,500

5,000

4

S0

100

10

2000(By Hand)
10,000(By Machine)
15-20.

250-350

1,000

1,500

50-
800-1,000
S00

1,500

4,000

250
200
4-6
800
15,000
45

350



Average Daily Rate {Sq. Yds.)
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Project

STATE OF ILLINOIS
BD-220 (Rev. 11-72) Route
DEPARTMENT OF TRANSPORTATION

Section
County
ESTIMATE OF TIME REQUIRED
RATE DAYS NOT TOTAL
ITEM ) UNIT QUANTITY PER DAYS AFFECTING DAYS
DAY TIME LIMIT | REQUIRED
Earth Excavation and Borrow Excavation Cu. Yds.
Rock Excavation Cu. Yds.
Channel Excavation . ) Cu. Yds.
P. C. Concrete Pavement Sq. Yds.
Gravel or Crushed Stone Surface Course ’
Curbs and Gutters Lin. Ft.
Gravel or Crushed Stone Shoulders ’
Concrete in Bridges and Culverts Cu. Yds.
Guard Rail Lin. Ft.
P. C. Concrete Base Course Sq. Yds.
Bituminous Concrete Binder & Surface Course Tons

Total Actual Working Days Required

Made by Date Examined 19

Checked by Date District Engineer

23
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CRITICAL PATH METHOD—ESSENTIAL ELEMENTS AND TECHNIQUES (3)

THE CRITICAL PATH METHOD

During recent years the critical path method of planning, analyzing, and
controlling a construction project has become a useful tool for engineers,
architects, contractors, und others who are associated with construction.
Many government and private agencies require the preparation and use
of this method when planning the construction of a project.

In order to ‘analyze a project by using the critical path method it
is necessary to divide the project into activities. The number of units
of work required to complete each activity.should be determined. Then
the.time required to complete each activity, considering available equip-
ment and labor, should be éstimated in appropriate units, such as days,
weeks, or months. Also, it is necessary to determine the time sequence
in which the activities should be constructed. For example, concrete
for a beam can not be placed until the forms have been erected and the
reinforcing steel has been placed.

Euach activity should be identified by a symbol or an appropriate
description or both, and then listed in column form, with the duration
of the activity, together with the activities which immediately precede
and follow it, given. (This procedure is illustrated in Table 2-1.) Then
the interrelationship of the activities can be indicated by a network or
arrow diagrum, in which each arrow represents an activity. Figure 2-1
illustrates an arrow diagram for a simple project involving five activities,
designated by the letters, A, B, C, D, and E, for which the durations ure
estimated to be 4, 5, 3, 6, and 8 days, respectively.

Activities 4 and B can be started at the same time. Activities C
and D cannot be started until A is completed. Activity ¥ cannot be
started until B and C are completed. An examination of Fig. 2-1

. =3 Critical poth
_8  Activity
-5 Ourotion

7 Earliest start for £

Fig. 2-1 Arrow diagram.

Table 2-1 Llist of activities, durations,
and precedences

Aclivities which immedialely

Actwity Duration precede Jollow
A 3 None B, C D
B 5 A E .
[ 4 A FG
D 6 A G H
E 4 B 1
F 5 C J
G 3 C, D K
H 6 D L
1 5 E N
J 7 F (4]
K 4 [ 4
L 5 H M, Q
M 3 L P
N 4 1 S
(o] 5 J S, T
P 6 K M T
Q 4 L R
R 4 Q T
S 5 N, 0 U
T 4 0,P R U
1 3 S, T None

reveals that the minimum total time required to complete the project
is the sum of the durations of activities 4, C, and E, which is equal to
15 days. This is the critical path for the network.

If the project illustrated in Ilig. 2-1 is modified by eliminating
activity C, with the condition that activity E cunnot be started until
activities 4 and B are completed, a method must be used to indicate

:
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Flg. 22 Arrow diagram.

this requirement in the network. Since activity C docs not appesr in
the network, it must be replaced with a dummy arrow, as itlustrated in
Iig. 2-2. A dummy is not a true activity, und it requires no time for
completion. The critical path now lies along activities B und E.

DEFINITIONS OF TERMS AND SYMBOLS

Because terms and symbols are used in analyzing a project and con-
structing the arrow diagram, it is necessary to define these items.

Activity An nctivity is the performance of a specific task, such as placing
reinforcing steel. It requires time to perform un activity.

Event An event represents the completion of an activity. It requires
no time in itself. It is usually indicated on the arrow diagram by
a number enclosed in a circle.

Arrow An arrow is drawn to represent cach activity included in the
network for a project, joining two events. An arrow is designated
by two numbers, one at the tail and one at the head, with the -
number at the head always lurger than the number at the tail.
The length of the arrow has no relation to the duration of the activity
which it represents.

Network This is an arrow diagram drawn to represent the relutions of
the activities and cvents. It is common’ practice to start time und
the first arrow or arrows at the left end of the network and to proceed
to the right.

Dummy A dummy is un artificiul activity, represented on the arrow
diagrum by a dotted line, which indicates that an activity following
the dumimny cannot be started until the activity or activities preced-
ing the dummy are completed. A dummy activity does not require
any time.

Duration This is the estimated time, expressed in any desired unit,
required to perform an activity. :

Earliest start: ES This is the earliest time that an activity cun be
started. :

Earliest finish: EF This is the earlicst time that an activity can be
finished. It is the earliest starting time plus the duration of an
activity: LF = ES + D.

Latest start: LS This is the latest time that an activity may be started
without delaying the completion of a project: LS = LF — D.

Latest finish: LF 'This is the latest time that an activity. can be finished
without delaying the completion of u project: LF = LS + D.

Total float: TF This is the amount of time that the start or finish of an
activity can be delayed without delaying the completion of a
project: IF = LF — EF = LS — ES. In Fig. 2-1 the earliest time
for event 3 is the sum of the durations for activities A and
C =44 3 =7 days. Because activity B has a duration of only
5 days, it can be completed 2 days prior to event 3. Thus its
total float is 7 — 5 = 2 days. If the start or finish of activity B .
is delayed 2 days, it will not delay the completion of the project.

Free float: FF This is the amount of time that the finish of an activity
can be delayed without delaying the earliest starting time for a
following activity. FF = IS (following activity) — EF (of this
activity).

Critical path The critical path is the series of interconnected activities
through the network for which each activity has zero float time.
The critical path determines the minimum time required to com-
plete a project.

The uses of these terms and symbols are illustrated more fully in
the examples which appear below.
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Persons who wish more comprehensive information on this subject
may obtain such information from books devoted to the treatment of
the critical path method.

STEPS IN CRITICAL PATH SCHEDULING

For persons.who wish to apply the critical path method of scheduling
the construction of a project it is suggested that the following steps be
used.

L. Prepare a list of activities for the project.
2. Estimate the duration of each activity.
3. Determine which activity or activities immediately precede each

activity. )

4. Determine which activity or activities immediately follow each
activity.

5. Draw a network with the activities and events properly intercon-
nected.

6. Assign numbers to the events, being sure that the number at the head
of cach arrow is larger than the number at the tail of the arrow.
7. Prepare a chart with vertical columns and horizontal lines on which
to list cach activity with an appropriate designation: duration,
carlicst start, earliest finish, latest start, latest finish, and total float.
A column for free flont may be included, if this information is desired.

8. Determine which activities lic on the critical path.

DEVELOPING A CRITICAL PATH SCHEDULE

The following example illustrates a method of scheduling a project by
the critical path method. Table 2-1 illustrates a form that can be used
to tabulate the activities, together with the estimated durations, and
the activities that immediately precede and follow ecach activity.
Although the activities are designated by letters in this example, it is
desirable in actual practice to designate each activity by appropriate
descriptive words. Thus this example is intended to demonstrate how
an arrow diagram and the related information are developed. This
table provides the information specified in steps 1 through 4 of the pre-
ceding section.

Steps 5 and 6 are illustrated by Fig. 2-3. In this figure it will be
noted that there are four dummies. The dummies C' and D’ indicate
that activities C and D, respectively, must be completed before activity
G can be started. Xf activity G is drawn directly from event 4, without
dummy C’, it will be necessary to draw dummy D’ from event § to cvent
4. This then will indicate that activity F cannot be started until

activity D is completed, which is not true. Thus the two dummies O’
and 0" are required for the same reusons.

=3 Critico) poth
Activity
Duration

Earliest start for A
Lotest start for A
All doys shown gre end of days

@R oo

Flg. 2-3  Arrow diagram.

In the figure the heavy lines representing activities A, D, H, L,
M, P, T, and U lie on the critical path. The estimated time required
to complete the project is 36 working days.

Table 2-2 lists the activities, events, durations, starts, finishes,
total floats, and free floats. Numbers appearing in the events columns
should be taken from the arrow diagram after it is completed and the
events numbered thereon. . .

Perhaps the easiest method of completing this table is to determine
and record the earliest start time and finish time for each activity,
including the dummies. The earliest start time for an activity is the
controlling earliest finish time for the one or more immediately preceding
activities. If two preceding activities have earliest finish times of 12

Table 2-2 List of activities and related Information

Activity Events D ES EF LS LF TF FF
A* 1 2 3 0 3 0 3 0 0
B 2 3 5 3 8 10 15 7 0
c 2 4 4 3 7 7 11 4 0
c 4 [ 0 7 7 16 16 9 2
D* 2 5. 8 3 9 3 9 0 0
D 5 [ 0 9 9 16 16 7 0
E 3 7 4 8 12 15 19 7 0
F 4 8 5 7 12 1 16 4 0
[} 6 9 3 9 12 16 19 7 0
He s 10 8 9 15 9 15 0 0
1 7 1 5 12 17 19 24 7 0
J 8 12 7 12 19 16 23 4 0
K 9 14 4 12 16 19 23 7 7
L* 10 13 5 15 20 15 20 0 0
M 13 4 3 20 23 20 23 0 0
N 11 18 4 17 21 24 28 7 3
0 12 15 5 19 24 23 28 4 0
13 15 17 0 24 24 29 29 5 0
[ 15 18 0 24 24 28 28 4 0
P 14 17 6 23 29 23 29 0 0
Q 13 16 4 20 24 21 25 1 0
R 18 17 4 24 28 25 29 1 1
S 18 19 5. 24 29 28 33 4 4
T* 17 19 4 29 33 20 33 0 0
U 19 .20. 3 33 36 33 36 0 0

* Thesc activitics are on the critical path.
Nore: All days shown are the ends of days.

and 16 days, respectively, the 16 days will determine the earliest start
time for the following activity.

After the minimum time required to construct the project is deter-
mined, 36 days for-this project, the latest finish times for each activity
can be determined by working backward from the 36 days. For example,
the latest finish times for activities S and T are determined by sub-
tracting the duration of activity U, namely 3 days, from 36 to give 33
days. The latest start time for activity S is its latest finish time minus
the duration of S, numely 5 days, to give a valuc of 28 days. This
procedure is applied along each path of activities.

The symbo! 19 appearing under event 12 in Fig. 2-3 indicates that
19 days is the earliest finish time for activity J and the earliest start
time for activity 0. The symbol 23 appearing abové event 12 indicates
that 23 days is the latest finish' time for activity J and the latest start
time for activity O.

DETERMINING TOTAL FLOAT

The total float of an activity is the number of days or other appropriate
units of time that the start or finish of an activity may be delayed without
delaying the completion time for the overall project. Referring to Fig.
2-3 it will be noted that the earliest finish date for activity B is the end
of the eighth day, while the latest finish time is the end of the fifteenth
day: Thus there is-a leeway of 15 — 8 = 7 days for completing nctivity
B. This is the total float designated in Table 2-2. The total float of
7 days may be allocated to any one of the activities along the path B,
E, I, N, or it may be allocated in parts to more than one activity, pro-
vided the total delays do not exceed 7 duys.
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CONTRACT TIME DETERMINATION—WYOMING

After completion of contract plans and determination of
a letting date, the Highway Department determines the con-
tract date of completion using the critical path method.

Contract time is determined independently by two indi-
viduals. Production factors and anticipated adverse weather
days are considered. The critical path is based on expecta-
tions of the contractor’s work methods. The time determina-

tion (contract completion date) of each analysis is reviewed
by a staff engineer who compares the analyses, reconciles
any differences, and determines the contract completion
dates to be used in the contract documents.

Two independent analyses, the engineer’s review, and the
final time determination on a construction project in Wyo-
ming are presented here.

CONTRACT TIME DETERMINATION
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CONTRACT TIME DETERMINATION
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CONTRACT TIME DETERMINATION
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_CONTRACT TIME DETERMINATION
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CONTRACT TIME DETERMINATION
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CONTRACT TIME DETERMINATION
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APPENDIX D
ESTIMATING CONTRACT WORKING DAYS—NEW MEXICO

" FESTIMATING CONTRACT WORKING DAYS ~

The steps listed below detail the process of estimating contract
workdays for a construction project.

1.

To obtain the Table Estimate, multiply the current
engineer's estimate by the ratio of the 1970 Con-
struction Cost Index to the current construction
cost index. :

Using the Table Estimate, select the base value -
for workdays from the Contract Workday Table.

From Attachment 5, select the appropriate adjuétment
factors for use in the "Workday Equation".

The number of workdays are computed using the "Workday
Equation!

The number of workdays computed must be evaluated in
relation to the letting' date and the number of con-
struction work seasons required to complete the project.
Adjust the letting date whenever possible to keep the
number of work seasons to a minimum. An average of
180 days per construction season should be used as a
basis for this analysis,.

Coﬁpare the number of workdays determined in Step 5
to the range of acceptable values in the Contract
Workday Table.

The above procedure can be superseded to obtain an
earlier completion date when a contract end date is
required due to extenuating circumstances.



Tab

1967
1968
1969
1970
1971
1972

le Estimate =

N
Reference:

= 100.00%
= 114.38%
= 117.81%
= 131.20%
= 149.20%
= 137.36%

TABLE ESTIMATE

Less Than $100,000

$

L

2
3
5
7

Workdays = .Base Valuex(l-+23Factors - Number of Factors)

1/ For projects less than $100,000 workdéys are assigned by
evaluating plan quantities and type of work. ’

100,000
250,000
500,000
750,000
,000,000
,000,000
,000,000
,000,000
,000,000

TABLE ESTIMATE

Current Engineer's Estimate;([

Construction Cost Indices

1973 =
1974 =
1975 =
1976 =
1977 =
1978 =

167.80%
252.94%
235.27%
225.92%
292.87%
350.00%

CONTRACT WORKDAY TABLE

BASE VALUE

v
100
125
150
200
250
300
350
400
450

WORKDAY EQUATION

(Estimated)

ACCEPTANCE
RANGE
£ 100
75-125
100-150
120-180
170-230
215-285
260-340
305-395
350-450
400-500

37

1970 Cost Index(131.20
Current Index



ADJUSTMENT FACTORS
FOR PROJECT COMPLEXITY

<

Contract Type

New Construction - 1.00
Reconstruction 0.90
Overlay & Widening 0.80
Overlay 0.70
Safety 0.60
Number of’Major Structures
0 0.90
1-2 0.95
3-5 1.00°
>5 1.10
Traffic Handling
~ Minor | ~0.90
Moderate 1.00
Major 1.10
Location
Rural 0.90
Urban : 1.10
Terrain
Flat 0.95
Rolling : 1.00
Mountainous 1.15
Special Consideratidns
Unusual Items 0.90-1.10
Other 0.90-1.10
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CONTRACT WORKDAYS CALCULATION

DATE ' " PROJECT NUMBER
NAME BID ESTIMATE

[ 131.20 )
Current Index

Bid Estimate X

Table Estimate

[}
—~

Table Estimate

) x )
( )

.
Base Value = - (Using Table Estimate, Interpolate from Table)
. \
ADJUSTMENT F,ACTORS
(" Factor Rénge Selected Value - . Remarks
(one per factor)
New Construction 1.00
Contract Reconstruction .90
Type Overlay & Widening .80
- 1YP Overlay .70
Safety . .60
Number 0 .90
of Major 1-2 .95
Struc- 3-5 1.00
tures - >5 1.10
Minor _ .90
Traffic Moderate 1.00
Hlandling Major 1.10
. Rural ) .90
Location Urban 1.10
Flat .95
Terrain Rolling 1.00
Mountainous 1.15
. Simple Items .90
<
Special
Considerations - Unusual Items . 1.10
‘ .90
k; Other : . . 1.10
Factor
Total

Workdays = Base Value X (1 + Factor Total - No. of Factors Selected)

Workdays = (___ ) X (1 + = - )

Workdays = ."® (Compare against Acceptance Range)
' : (Sce NOTE) )
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CONTRACT WORKDAY CHART
7
PROJECTS $1 - 1,000,000 /
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SUMMARY OF CONTRACT TIME DETERMINATION—MISSISSIPPI

The Mississippi State Highway Department uses a prog-
ress schedule (bar chart) both to establish and to charge
contract time.The progress scheduie is published in the pro-
posal so that a bidder can identify the items and rates of work
that were considered in determining the time and thus rea-
sonably estimate resources; i.e., personnel, equipment, etc.,
required to complete the work within the allotted time.

The progress schedule is developed by applying produc-
tion parameters to the contract work items. Allied or similar
work items are grouped into phases that are positioned on a
bar chart in logical sequence. The positioning allows for

mobilization and transition among the various phases. Addi- -

tionally, applicable seasonal limitations are taken into con-
sideration. The resulting chart indicates the number of pro-
ductive days (termed time units) that are considered
necessary for the work.

Contracts are let on a completion-date basis. To establish
the completion date, a monthly allotment of time units is used
(see Table E-1). This table was formulated by a review
of monthly contractor estimates for the various types of
projects and is indicative of the contractors’ ability to
earn money in any given month according to previous
performance.

These monthly divisions are graphically indicated on the
bar chart form. The work phase bars are entered on the chart
in their proper calendar position oriented to the beginning of
construction date. The end result after positioning the bars
establishes the specified completion date. '

As previously stated, the contracts are let ona completion-
date basis. However, in recognition that abnormal weather
conditions may occur within the life of a contract that could
prevent the timely completion of the work, the contractor is
guaranteed access to the number of time units determined by
the state as necessary to do the work. If, on the completion
date, the contractor has not been afforded the time units, the
contract is automatically extended daily until the required
time units have occurred.

The progress schedules govern the daily assessment of

contract time and, as uniformity is vital, they are all prepared
in the central office of the Construction Division where con-
sistent oversight can be more easily exercised.

It is recognized that the actual management of a project
rests with the contractor. In order not to mandate the se-
quence of operations, the contractor is given the option of
either accepting the state’s progress schedule or submitting
his own. He may not, however, modify the specified comple-
tion date.

Examples of production parameters, a progress schedule
that shows the grouping of work items into phases and bar
interrelationships, and instructions relative to the daily time
assessments follow.

TABLE E-1
TIME UNITS

COLUMN COLUMN COLUMN COLUMN
MONTH A g B c D
January S 5 6 7
February 5 6 7 8
March 9 9 11 13
April 13 14 14 17
May 17 19 19 19
June 19 20 22 19
July 21 22 23 18
August 21 2 22 18
September 20 20 22 17
October 15 17 17 15
November 10 11 11 12
December - 5 S 5 7
Calendar Year 160 170 180 . 170
Column A: Grading and Drainage Projects
Column B: Base and Paving Projects
Column C: Bridge or Specialized Projects
Column D: Widening and Overlay (Asphalt) Projects
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PRQDUCTIQN PARAMETERS

Large

Small Med fum

Projects Projects Projects Overlay

0-750 M 750-1, 500 M 1,500 M-Greater Projects
1. Mob. 10T 12 TU 147 ' 15 TU
2, . C&6G ‘ 5 TU (lead) 8 TV (1ead) 10 TV (lead
‘3, Small Struct. 5T (ead) . 8 TU (1ead) 10 TU (lead)
4, Unclass. Exc. 2500-400 CY/TU 3500-600 CY/TU 6000-12000 CY/TU
5. Embankment (CF) 1500-3000 CY/TU 2000-3500 CY/TU 2500-5000 CY/TU
6. In-Gr. Mod. 10000 SY/TU 10000 SY/TU 10000 SY/TU .
7. Lime Treat A 8000 SY/TY (+20 TU) 8000 SY/TU (+20 TU) 8000 SY/TU (+20 TU) .
8. Lime Treat B 8000 SY/TU (420 TU) 8000 SY/TU (+20 TU) 8000 SY/TY (+20 TU)
9. Lime Treat C . . 10000 SY/TU 10000 SY/TU 10000 SY/TU
10. Lime Treat D 15000 SY/TU 15000 SY/TU . 15000 SY/TU
11."  Cement Treat 8000 SY/TU 8000 SY/TU 8000 SY/Tu
12. - Gran. Mat. (CF) 1000-2000 CY/TU 1500-2500 CY/TU 2000-3000 cY/TV
13. Top Soil 500 CY/Tu 1000 CY/TU 1500 CY/TU
14. Plating Mat. 500 CY/Tu 1000 CY/TU 1500 CY/TU
15. EC 22,200 SY/TY 39,000 SY/TU 56,000 SY/TU 0.5 MI/TU
16. HB Base 700 Tons/TU 850 Tons/TU 1000 Tons/TU 700 Tons/TU
7. HB Leveling ' 500 Tons/TU
18.  Trench & Widen 1 Mile ea. side/TU
19, Grout. Slabs 150-300 holes/TU
20. Rem. RCP 250 SY/TU
21. Clepn & Seal Jts. 2000 FT/TU
22.  prelim. Rolling . A 2 My
23. HB Binder 700 Tons/TU . 700 Tons/TU 850 Tons/TU 700 Tons/TU
24, HB Surface 500 Tons/TU ' 500 Tons/TU 700 Tons/TU 500 Tons/TU
25,  DBST 0.5 MI/TU (2 Lane) 0.5 MI/TU (2 Laﬁe) 0.5 MI/TU (2 Lane) 0.5 MI/TU (2 Lane)
26. SBST 1.0 MI/TU (2 Lane) 1.0 MI/TU (2 Lane) 1.0 MI/TU (2 Lane) 1.0 MI/TU (2 Lane)
27. Sho.lﬂat. ) . 500 CY/Tu
28. RC Curb 100 FT/TU (min. 5 TU) 200 FT/TU (m1ﬁ. 5 TY) 3OOAFT/TU (min. 5 TU) 100 FT/TU (min. § TU)
29. HB Curb 506 FT/TU 500 FT/TU 500 FT/TU 500 FT/TU-
30. Curb & Gutter 100 FT/TU (min. 5 TU) 200 FT/TU (min. 5 TU) 300 FT/TU (min. _5 TU) 100 FT/TU (min. 5 TU)
n. Traffic Stripe 4 MI (of stripe)/TU 4 MI/TU (min. 5 TU) 4 MI/TU (min. § TU) 2 MI/TU (min. 5 TU)

' (min. 5 TU)

32. Detail Stripe 2000 FT/TU 2000 FT(TU '2000 FT/Tu 2000 FT/TU
33. Legend Paint 500 SF/TU 500 SF/TU 500 SF/TU 500 SF/TU
34, Conc. Base 5000 SY/TU 8000 SY/TU 8000 SY/TU
35. CP (Platn) 5000 SY/TU 8000 SY/TU 8000 SY/TU
36. RCP 5000 SY/TU ) 8000 SY/TU 8000 SY/Tu
37.  CRep 5000 SY/TU 8000 SY/TU 8000 SY/TU



PROGRESS SCHEDULE wo. 2

HORIZONTAL SCALE-1"=20 TIHE UNITS
REVISED IUE TO LATE NOTICE TO PROCEED

o PROJECT NUMBER _ TQF-019-2(11)/09-0019-02-011-10
FOR USE WITH COLUMN “B™ IN THE TABLE OF TIHE UNITS DUNTY Yalobusha
HORK PHASE coNTROLLING|  1BM PHASE [ttt L ﬁ i i i il no.|  Avru
NO. DESCRIPTION | QUANTITY | NUMBERS | VALUE i 3
1-k, 56-58,)
1 | MISCELLANEOUS 68,69,76,
DRAINAGE g,u1-50, | FHHHHEHSHSS S B R R R R
2 | STRUCTURES & RIP-RAP T3,
EXCAVATION &
3 | GRANULAR MATERIA 426,27, |
ASPHALT, SOIL,
CEMENT, CURB 25,
4 | AND GUTTER 2814, 54,
5 | CONCRETE PAVING 35-L0,
ERDSION CONTROL,
MED. & ISLAND PA 10-24
6 |& GUARD RAIL ety 51-53, 55,
PERMANENT TRAFFL
STRIFE, DELINEA 59-57,
7_|& RALSED MARKERS 0Tk
LET: Feb.27,1979
NTP: April 2, 199
BCT: May 3, 1979
SCD: June 12, 19p0
TIME UNITS: 195
i -
5 CALENDAR DAY INCREMENTS | [ L1 170
MONTH HAY JUNE JULY AUGUST SEPT ocT NOV peclirn[Fes [HAR | APRIL HAY JUNE TINE UNITS
TIHE UNITS PER MONTH 19 20 22 22 20 17 11 [6|6]6] 8 14 19 20 PER YEAR
CUHULATIVE TIHE UNITS
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T CE0-808 YERR __ 1580
MWORK PHRSE CONTROLLING 181 PHASE 35 53
NO. DEGCRIFTION | QuRNTITY VALLE [ i 35
35,27, =
1 [ MISCEILANEON £1.81
2 | CIFARING & GRURRING 1, 2
STEUCTURE B, 33-50,
4 | EXCAVATION §, 7
5 | ERNSION CONTROL 9-22
I 24,
23,25, 26
2L EAYEMENT 28-32
|
—
|
! YEAR 1902
15, 27,
1 | MISCELUANEQUS S1-81,
2 | [LEARING & GRUSE NG 1.2,
]
3 | STRUCTURE 8, 33-50,
& | ERCAVATION 6, 7,
5 | EROSION CONTROL 9-22,
il ,
23,25,26,
PAYEMENT B-3

5 CALENDAR DAY IMCREMENTS

HOMTH

PROGRESS SCHEDULE 0. 1
FOR USE WITH COLUMN "B" IN THE TRBLE OF TIME UNITS

4

vear 1991

PROJECT NUMBER

COUNTY

97-0008-04-035-10

Yazoo

i
flH

TIME UNITS PER HONTH
CUAULRTIVE TIRE UNITS

LET: August 26, 1980
WTP: September 15, 1980
BLT: October 20, 1980
5C0: September 10, 1982
TIME UNITS: 32%

i HE i ¥ L i ] l 1 1 I Hal
8| MAR | APRIL MAY | JUNE | JULY | AUDUST | GEPT | OCT | WOV per MAR nrn'u. | mAY | JUNE |  JuLY | RUOUST | : BEPT | oCT NOV
HEE s 19 | O T | = %6 | 17 [ 11 |[s6]6] 8@ 14 | 18 [0 ==l=—"9¢ I I s [ e R 1]

R¥IL

170
TIRE UNITE
PER YEAR

HORIZONTAL SCALE-17=20 TIWE UNITS



DAILY REPORT OF TIME UNIT ASSESSMENT
EXAMPLE

Ratio

Work Phase to (6) (7}
{Daily| Work :
(2) "(3) [votallCondition| Hours

a|qe|1eAy
SANOY
JALIdINPOUd
SJNOH
3A}39NpoAd
paisnipy

(1)
No.

L~
&
o

Description T AvTU (5) |Sat.[Uns.|Worked

E-3
E-3
~N
~N

Excavation 5,935 .55

~
-]
~N
~N

Granular Mat'l & Prime 3,030 .28

-
o
-
w

@ |0 W

X
X

Minor Dr Str, Etc 1,429 .13 | x 10
X

o
-]
o
w

Erosion Control Items 392 | .04

()

(2)
(3)

(4)

+8

Daily Total 10,786 . (10} - 6.0 . 0.7 (1)

+

Previgusly Assessed Time Units 69.9

Cumulative Time Units Assessed To Date 70.6

This is a 1ist of all the controlling phases of work that should be in progress on the
date shown. The phase numbers are as they are shown on the Progress Schedule.

This is a plain language description of each phase, also from the Schedule.

This is the Average Value per Time Unit (AVTU) to the closest dollar for the phases
shown. This value is determined by dividing the total value of all contract item

- in a phase by the total number of time units allotted to the phase.

(4)
(5)
(6)

)
(8)

(9)

)
(10)

oan

This 1s the AVTU total for all phases that should be in progress this day.

" This is the ratio of the individual AVTU to the total-- (3)+(4).

These columns are where the Project Engineer must exercise unbiased judgement when
ﬁaking entries. If soil and weather conditions are satisfactory for any part of the
day, enter an X under Sat. by each of the phases for which conditions were satisfactory
for work even if for only part of the day. If conditions were unsatisfactory during
the entire day, enter an X under Uns. -

This column is self-explanatory, it is the hours actually worked on a phase.

This is another column where the Project Engineer must depend upon his judgement
to make an entry. It shdws the total number of productive hours that the Con-
tractor could work on each phase. The hours for each phase should not exceed 8
unless the Contractor actually worked more than 8 hours. If he works more than
8 productive hours, the entry is to be the hours actually worked. If the produc-
tive hours available are shown to be less than the hours worked, the Project

.Engineer should make a note qf explanation on the front sheet of the diary.

This column shows the adjusted productive hours for each phase. The adjusted pro-
ductive hours for each phase is determined by multiplying the ratio under (5) by
the productive hours available shown under (8).

fhislfigure is the total Adjusted Productive Hours for the day or the sum of the
Adjusted Productive Hours for each phase.

This figure is the number of time units to charge for the day. It is the quotient
of (10) + 8. For contracts awarded in and after June 1975, this figure is not to
exceed 1.0 time unit per day.

* Round down to nearest tenth
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THE TRANSPORTATION RESEARCH BOARD is an agency of the National
Research Council, which serves the National Academy of Sciences and the National
Academy of Engineering. The Board’s purpose is to stimulate research concerning the
nature and performance of transportation systems, to disseminate information that the
research produces, and to encourage the application of appropriate research findings. The
Board’s program is carried out by more than 250 committees, task forces, and panels
composed of more than 3,100 administrators, engineers, social scientists, attorneys,
educators, and others concerned with transportation; they serve without compensation.
The program is supported by state transportation and highway departments, the modal
administrations of the U.S. Department of Transportation, the Association of American
Railroads, and other organizations and individuals interested in the development of
transportation.

The Transportation Research Board operates within the Commission on Sociotechnical
Systems of the National Research Council. The National Research Council was estab-
lished by the National Academy of Sciences in 1916 to associate the broad community of
science and technology with the Academy’s purposes of furthering knowledge and of
advising the Federal Government. The Council operates in accordance with general
policies determined by the Academy under the authority of its congressional charter of
1863, which establishes the Academy as a private, nonprofit, self-governing membership
corporation. The Council has become the principal operating agency of both the National
Academy of Sciences and the National Academy of Engineering in the conduct of their
services to the government, the public, and the scientific and engineering communities.
It is administered jointly by both Academies and the Institute of Medicine.

The National Academy of Sciences was established in 1863 by Act of Congress as a
private, nonprofit, self-governing membership corporation for the furtherance of science
and technology, required to advise the Federal Government upon request within its fields
of competence. Under its corporate charter the Academy established the National
Research Council in 1916, the National Academy of Engineering in 1964, and the Institute
of Medicine in 1970.
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