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SUMMARY

The purpose of this research was to develop a technique for
evaluating proposed projects in the construction industry during the pre-
bid phase, when there is a continuous flow of potential projects requir-
ing consideration. The technique will allow a contractor to repeatedly
select from current information the most attractive project or mix of pro-
jects on which to bid, to do this more efficiently and accurately, and to
increase his probability of having submitted the winning bid. The follow-
ing specific objectives were established:

1. The development of a technique to assist general contractors
in evaluating a project by providing a rapid approximation of its attrac-
tiveness.

2. The development of a procedure to enable general contractors
to evaluate multiple proposed projects constituting a continuous flow
throughout time.

3. The establishment of guidelines and procedures for the develop-
ment and adaptation of scoring models,

4. The analysis of the effects of a contingency such as weather
on a selected project.

5. The design of an operational subsystem with which a general
contractor could employ the multi-project evaluation technique.

6. An evaluation of the applicability of the technique in a real-

world situation.




Procedures for determining the information required by the technique
were described, and the application of the technique was demonstrated in
a local construction company. The technique utilizes an approximate an-
nual rate of return to estimate the profitability of a project and uses

a multi~criteria seoring model to estimate the inherent risk.




CHAPTER T

INTRODUCTION

Purgose

The purpose of this research is to develop a technique for evaluat-
ing proposed projects in the construction industry during the pre-bid
phase, when there is a continucus flow of potential projects requiring
consideration. The technique will enable a general contractor to repeat-
edly select from current information the most attractive project or mix
of projects on which to bid, will allow this selection to be made more ef-
ficiently and accurately, and will increase the contractor's probability

of having submitted the winning bid.

Source of Interest

The author initially became interested in the construction industry
through a course in project management that required the application of
the Critical Path Method (CPM) and other techniques to a real-world pro-
ject. The selected project was the construction of a new building, and
from this experience the author's interest in the construction industry
grew., Specific interest in the subject of this research stemmed from a
general interest in the construction industry and was stimulated by a
variety of people, study, and other media.

The most influential factor in motivating this study was the past

financial failure rate in the construction industry. The more that was




learned, the more the author became convinced that an improved method for
selecting projects on which to bid would significantly reduce the failure
rate. In the past much attention has been given to improving the manage-
ment of a construction project after the project has been selected or after
the bid has been won. However, no amount of project management nor any
optimization techniques can take an undesirable project and convert it

into an attractive one. Assuring a mix of reasonably desirable projects
can only be done in the pre-bid phase, and to date there has been little

work done in this critical area.

Background Information

The construction industry in the United States has a phenomenal
growth record and for many years has made the greatest single contribution
to the Gross National Product (GNP} (22). The effect of massive needs for
labor, materials, equipment, and capital is felt in every sector of the
cconomy. The industry has consistently comprised approximately 14 percent
of the GNP and at construction sites has consistently employed more than
6 percent of the total civilian work-force (25). As utilized here, the
total industry is a fusion of two categories: first, new construction
work which ineludes major alterations and additions and second, maintenance
and repair work, The first category alone annually comprises more than
10 percent of the GNP (25).

For many years the GNP has demonstrated a steady increase. In the
six years since 1965 it has increased approximately 55 percent to an es-
timated 1,051 billion doliars. 1In Figure 1 is a graph illustrating the

rise in the GNP since 1929 (19,11). This increase in the GNP has been
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accompanied by a somewhat commensurate increase in the size of the con-
struction industry. A graph that gives a broad view of the growth of the
industry since 1915 with a projectiocn to the year 2000 is presented in
Figure 2 (22). Admittedly a portion of this rise comes from the inflation
in the value of the dollar which, of course, accounts for some of the in-
crease in the GNP. However, the physical volume of new construction put

in place has been establishing new records nearly every month and year (25).

Despite this attractive picture, the business failure rate in the
construction industry has been unusually high for many years, especially
among subcontractors. To make the situation even worse, the high failure
rate has been coupled with an even higher liability rate which is illus-
trated in Table 1 (10). Although the number of failures remained a rather
fixed proportion of the total business failures for a number of years,
e.g., 1963 through 1967, the corresponding liabilities increased relatively
as well as absolutely. Although the trend of increasing failures began to
reverse itself in 1967, the rate remains significant, especially in light
of the accompanying liabilities.

The majority of these reported failures have occurred in companies
that were in business for five years or less; however, in 1965 a trend
started which was toward more failures in companies that had been in busi-
ness for ten or more years. The 2513 failures in 1965 were distributed

as follows (22):

Years in Business Percent Failed
5 years or less 50
6-10 years 26

over 10 years 24
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Table 1. Construction Failures and Liabilities

Year Failures Liabilities
No. %* Amt** RAE
1940 760 5.6 13,311 8.
1945 92 11.4 3,559 11.
1950 912 9.9 25,651 10.
1955 1404 12.8 83,179 18,
1960 2607 16.9 201,369 21.
1961 2752 l6.1 333,043 30.
1962 2703 17.1 243,535 20.
1963 2401 16.7 231,354 17.
1964 2388 17.7 262,392 19.
1965 2513 18.6 290,980 22,
1966 2510 19.3 326,376 23.
1967 2261 18.3 323,680 25,
1968 1670 17.3 212,459 22.
1969 1590 17.4 171,717 15.
1970 1687 15,7 231,533 12.

*
Percent of total failures of all failing U.S. industries.

Kk
Stated amounts are in thousands of dollars.

ki

Percent of total liabilities of all failing U.S. industries.




This increased failure of older and larger companies having greater assets
resulted in more than a proportionate increase in the total amount of
liabilities.

The failure rate which is mentioned above is based upon reported
business failures. Business failures are those businesses that ceased
operations following assignments or bankruptcy; ceased with loss to cred-
itors after actions such as execution, foreclosure, or attachment; volun-
tarily withdrew leaving unpaid obligations; were involved in court actions
such as receivership, reorganization, or arrangement; or voluntarily com-
promised with creditors out of court (5). There are two additional ways
whereby a business may discontinue operation: first, closeout where the
owner voluntarily ceases operations, frequently with large finmancial
losses and second, sellout where the owner sells at a profit or loss to
preclude disaster.

It is logical to assume that the failure rate is actually even
higher than reported. For example, from data published in 1960, California
had approximately 320,000 businesses of which approximately 2,500 failed,
30,000 closed out, and 20,000 sold out during the year (22). With the
assumption that one half of the businesses in the latter two categories
were on the verge of failure, there were ten additional business failures
for each reported failure, Correspondingly, for each reported failure in
the construction industry there may be ten other contracting firms that
also fail in some manner and cease operation.

Some factors contributing to this high failure rate are (1):

1. The ease of entry into the industry.

2. Poor management and supervision.



3. 1Inadequate estimating, bidding, and cost control techniques.

4. Inability to determine the amount of involvement in more than
one project at the same time,

5. PFailure to minimize construction time through efficient sched-
uling of individual activities,.

6. Inadequate cost analysis preceeding the bidding phase.

7. Inaccurate analysis of demand for those engaged in speculative
bidding.

8. Inefficient control of overhead.

There appears to be a seven year period during which contracting
firms are most vulnerable to failure. This period begins between the first
and second years of business and extends to a point between the eighth and
ninth years of business, From the graph presented in Figure 3 for failures
in 1970, it can be seen that the peak of business failures occurred in the
construction industry in firms that had been in business for approximately
three yvears. The assumption that precipitating causes extend back at
least a year establishes the start of the seven year period. Early failure
is the probable result of inexperience in new construction companies. The
end of the period is established approximately a year before the tenth
year after which approximately 25.9 percent of all contractor failures oc=-
curred, About this time previously successful firms attempt to expand
into new types of construction in which the company does not have the re-
quired expertise.

The average profit of general construction firms has exhibited a

steady decrease from approximately 3.44 percent in 1946 to 1.15 percent
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in 1970. The latter figure is the mean average profit for all general
contractors, regardless of size, who were members of the Associated Gen-
eral Contractors of America (AGC) organization. Since this organization
should include the better contractors, an average profit figure less than
1.15 percent can be predicted for non-AGC members and for firms in the
less profitable size categories. The figures in Table 2 reflect the trend
of decreasing profit in the construction industry {24).

During the past 15 years competition has forced profits down, un-
ions have forced labor costs up, and material suppliers have demanded more
for their products. '"The low profit stature of the construction industry
is the direct result of such factors as low bids, rising costs, keen com-
petition, and inadequate management'" (22). Little can be done by the in-
dividual contractor to improve the second and third factors. Although
management can be improved, the first factor appears to offer the greatest
potential for quickly improving the profit status of a construction
company.

The connection of bidding and profit was emphasized in 1964 by
Mr., Frank T. Fitzgerald, Vice President of Continental Illinois National
Bank and Trust Company in Chicago, who said that loans to contractors are
one of the most dangerous areas of bank lending. '"He attributed this
chiefly to the borrowers' narrowed profit margins resulting from intense
bidding competition and from what he said has been a high rate of failures
of contractor concerns" (2). The importance of the bid cannot be over
emphasized. 1If it is too high, the construction company will not receive

the contract. If it is too low, the contract for a project may be won,
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General Contractor Profits

Table 2.
YEAR PROFIT*
1962 1.9
1964 1.5
1966 1.3
1968 1.3

*

This is the mean average profit as a percentage of gross volume
for Associated General Contractor members in the five to six million
dollar volume of business category.
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but the profit margin will be inadequate. Unexpected circumstances may
easily lead to financial loss.

In summary, the past failure rate in the construction industry has
been high with even higher liabilities. The facts appear to indicate that
this high failure rate is, at least in part, the result of companies be-
coming involved in unattractive and unprofitable projects. There is un-
certainty over which job to bid as part of the uncertainties associated
with a construction job. If a technique were developed to assist con-
tractors in selecting their projects, the unsatisfactory failure rate
could be reduced, and the construction industry as a whole would benefit.
The need for such a technique was emphasized by Burkart (4), as chairman
of a committee on research requirements for construction. The committee
proposed numerous research topics of which several are included in this

study and are directly related to the technique that is developed.

General Approach

The general approach used in conducting this research is also uti-
lized to present the results. Initially, the necessary assumptions and
constraints were developed to set the problem in its own environment so
that it might be analyzed from the proper perspective. These are dis-~
cussed in Chapter II. Then, the technique that is to be utilized for the
evaluation of a particular project was developed and is the basis for
Chapter IIL. The technique was developed in a flexible form to allow any
general contractor to modify the form and to adjust the parameters to meet
his particular situation and requirements. The technique is based upon

the use of a multi-criteria scoring wmodel to evaluate risk and an approx-
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imate annual rate of return to evaluate profit.

The basic technique for the evaluation of a single project was ex-
tended to enable the technique to be applied to the evaluation of multiple
projects that constitute a continuous flow arriving through time. In this
manner projects are ranked in a dynamic fashion where the consideration
of each additional project may influence the rank of one or more of the
projects previously considered. This material is presented in Chapter IV.

To demonstrate the applicability of the technique it was utilized
by the author in work with Van Winkle and Company, Inc., which is a gen~-
eral contracting firm in Atlanta, Georgia. A discussion of the trial ap-
plication and an evaluation of the results are presented in Chapter V,
Chapter VI contains a subsystem which was designed to assist a general
contractor in employing the proposed evaluation technique that was de-
veloped during this research.

The material developed in this study should be a significant con-
tribution toward filling the void that has existed in project management
techniques employed by general contractors during the pre-bid phase of any
construction project. In addition, the technique will provide such con-
tractors with a means of increasing the probability of their being in-
volved in attractive, desirable projects that will have a higher proba-
bility of providing a better return on the time and money expended by the

contractor during the life of the project.
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CHAPTER II

PROBLEM ENVIRONMENT

Objectives

The following specific objectives were established as the primary
elements related to the achievement of the stated general purpose of this
research:

1. The development of a technique to assist general contractors
in evaluating a project by providing a rapid approximation of its attrac-
tiveness.

2. The development of a procedure to enable general contractors
to evaluate multiple proposed projects constituting a continuous flow
throughout time.

3., The establishment of guidelines and procedures for the develop-
ment and adaptation of scoring models.

4. The analysis of the effects of a contingency such as weather
on a selected project.

5, The design of an operational subsystem with which a general
contractor could employ the multi-project evaluation technique.

6. An evaluation of the applicability of the technique in a real-

world situation.

Assumptions and Constraints

Placing the problem into a proper environment that is sufficiently
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defined to allow the study to proceed with meaning is achieved by making
certain assumptions and defining particular constraints. First, it is
assumed that the reader has a sufficient knowledge of networks and CPM to
make it unnecessary to discuss the fundamentals of these subjects.

With regard to the problem, it is assumed that the general con-
tracting company can handle only one additional project and would prefer
to select the most attractive one on which to bid. The attractiveness of
a particular project might vary among companies, and a company may even
find that all projects under consideration are unattractive based upon a
low cut~-off score. It is also assumed that the general contractor is in-
terested in private and public competitive bids, although many of the pro-
cedures could be applied to negotiated contract work. In the company
there is adequate knowledge and experience to use CPM with one-time es-
timates for the project activity durations in lieu of multiple-time esti-
mates.

It is further assumed that the general contractor desires to have
a formalized technique teo assist in choosing among competing projects and
that he desires to expend minimum time, effort, and capital on this tech-
nique to achieve a reasonably accurate evaluation of each project. An
analysis and bid require time and money to prepare. A swift evaluation
will allow more time to be utilized in preparing the competitive bid for
submission prior to the bid cut-off time which, in turn, will improve its
quality and its probability of success.

Finally, it is recognized that the technique presented in this study

will not be universally adaptable by all general contractors without




i6

modification. Depending upon the size, goals, and other factors of a spe-
cific company, some adjustments may be required in the technique or in
the parameters of the scoring model for this general method to satisfy the

particular requirements of an individual company.

Bidding Procedure

Any construction project includes three basic elements. The first
element is the project owner who decides on the need for the project and
furnishes the money to pay for it. An architect, the second element, de-
signs the project for the owner, inspects the project during the construc-
tion phase to insure that the work and materials conform to the project
specifications, and generally represents the owner in dealing with the
contractor. The contractor is the final element and is the project bid
winner who has been awarded the contract. He constructs the project for
the owner as prescribed in the architect's plan.

The sequence of events which occur from the time a project is con-
ceived until the contract for the project is awarded is complex and, de-
pending on the particular situation, can include some peculiar variations.
Nevertheless, the comprehension of subsequent material in this research
may be facilitated through a discussion of a typical sequence of events
for a private bid, The events to be discussed are summarized in the flow
chart which is presented as Figure 4. The sequence is not inflexible, and
events may be added to or deleted from the list.

Every construction project begins with the owner conceiving the
idea or recognizing the need for the project. Studies are initiated by

the owner to determine the feasibility of the project. 1If these studies
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indicate feasibility, the owner engages an architect to design the pro-
ject. The formal agreement between the owner and the architect is nor-
mally based upon a fixed percentage of the cost to the owner of the work
designed by the architect.

The architect obtains from the owner a set of criteria for the
project and then develops the first preliminary drawings and a preliminary
cost estimate. These are submitted for approval to the owner who is con-
cerned not only with the design but also with the cost. When approval has
been given, the architect prepares the working drawings which are detailed
drawings of all phases of the construction project. He also prepares the
project specifications which describe the construction and the materials
to be utilized. It is these two items, the drawings and the specifica-
tions, that are henceforth in this study called the bid documents.

At this point the bidders list is prepared by the owner. He nor-
mally requests that the architect recommend the names of interested, high
quality contractors who specialize in work of the character and scope in-
volved in the project. Needless to say, the owner is free to add the
names of orher contractors to the list. However, adequate price competi-
tion can generally be obtained from as many as five bidders. This will
depend on the size of the project, but normally varies between five and
twelve bidders. When the bidders list has been completed, bids are solic-
ited from the contractors and must be submitted to the owner no later than
a specified date, which is largely dependent upon the size and complexity
of the project. Adequate time in which to prepare the bid is essential

and in geperal should not be less than two weeks.
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To each bidder who submits the required deposit ($25.00-$500.00)
the owner issues a complete set of contract documents which consists of
the (8):

1. WNotification of bidders.

2. Instructions to bidders.

3. Required format for bid.

4. Contract.

5. Contract conditions {(general and special).

6. Project specifications (general and special).

7. Drawings.

It should be remembered that items 6 and 7 comprise the bid documents, as
defined earlier.

Each contractor utilizes the bid documents to prepare a cost esti-
mate for the project. He develops direct and indirect cost figures for
the work that he will perform and simultaneously develops his plan for the
way in which the project will be completed. Required work that is beyond
the capability of the contractor is planned to be subcontracted to appro-
priate organizations. The contractor solicits bids from subcontractors
for specified work, selects the winners, and incorporates their bids into
the cost estimate for the entire project to which the contractor adds a
margin to cover his overhead and profit. The completed bid is submitted
to the owner after which the contractor receives his deposit,

At the established opening time and frequently in the presence of
all bidders and other interested persons, the owner opens the bids. If

all bidders have met the necessary qualifications and prerequisites, the
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bid should be awarded to the contractor with the lowest bid. The signing
of the contract terminates the sequence of events under discussion,

The construction contract agreement between the owner and the con~
tractor will be of the form stipulated in the contract documents. This
contract is generally based on a stipulated sum or on the cost plus a
fixed fee, although other contract variations do exist., In either case
the contractor generally receives a series of partial and final payments
which is established in the contract. For example, no later than the
fifth day of the month a contractor must present to the architect an in-
voice stating the quantity and cost of work that has been completed. This
includes materials that have been delivered to the site but have not yet
been installed. The architect substantiates the invoice for the owner
who in turn pays the contractor no later than the fifteenth day of the
month. The owner normally retains five or ten percent of the payments un-
til the project has been completed and accepted. This payment process

will be discussed in more detail in the following chapter,.
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CHAPTER IIIX

SINGLE PROJECT EVALUATION TECHNIQUE

Introduction

The proposed technique for evaluating a particular construction
project during the pre-bid phase involves a number of steps that culminate
in an evaluation of the risk and profit. Although a specific contracting
firm might decide to delete from or to add to the presented sequence, it
should be remembered that this technique is flexible and can be modified
to suit the individual needs of a given company.

Lest the reader become confused, the following explanation must be
made. In the previous chapter a number of steps were presented to depict
a typical sequence of events betweenthe conception of a project and the
award of a contract. These steps will not be mentioned further. Another
sequence of steps will be presented near the end of this chapter to depict
the proposed evaluation technique., Rather than present the entire se-
quence of steps for evaluating a project at this time, certain of the
steps will be discussed in detail in the succeeding sections of this chap-
ter. The complexity of these steps necessitates their being developed
more explicitly than other steps in the proposed technique.

The proposed evaluation technique involves the continuous and pro-
" gressive screening of a project. If a project survives the preliminary

screening, the bid documents will be obtained, and the project will be
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processed through a final screening. Several of the steps which occur
during the final screening phase require the use of the bid documents and
are rather complex. Consequently, these steps will be discussed in the
following sections of this chapter before the entire evaluation technique
is presented.

The next, or second, section involves developing the estimated
amount of work and materials required to complete the project. From this,
estimates are developed for project cost and for activity durations. The
third section deals with the construction of the project network from
which the project duration and the critical path are obtained. The fourth
section consists of the analysis of certain contingencies that may arise
and affect the cost and/or duration of the project., The fifth section
demonstrates a different solution to the problem of how to take a contin-
gency such as weather into comsideration when planning a project. This
step terminates in an adjusted network. The sixth section concerns the
application of bidding strategy from which an expected profit is deter-
mined, The seventh section involves the analysis of anticipated cash
flows as a means of determining a measure of profitability. The eighth
section deals with the development of the multi-criteria scoring model,

In the last section of this chapter the various steps are assembled, and
the method of employing the technique to evaluate a single project is dis-

cussed.

Estimating the Costs and Durations

There are two types of estimates that are obtained directly from

the bid documents, The first type is an estimate of the quantities of
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required materials. The second type is an estimate of the amounts of
essential labor and services that are independent of the materials employed.

Estimates of the quantities of required materials, including equip-
ment, are expressed in appropriate units, such as cubic yards of concrete,
etc. These estimates are utilized in conjunction with appropriate cost
tables to produce a series of estimated material costs. Simultaneously
the quantity estimates are utilized in conjunction with work-rate tables
and with past experience to obtain the number of time units that will be
required to install the specific material. The time units are expressed
in hours, days, weeks, or any other appropriate form and are the basis
for arriving at estimated duration times for the various project activi-
ties. These time units then interact with the appropriate wage schedules
to produce a2 series of estimated labor costs which are directly related
to and are dependent upon the amounts of materials employed.

The second type of estimate ig divided into two parts. The first
part involves labor that is directly related to non~material consuming
project activities, such as hauling away excavated earth, cleaning up,
etc. In a manner similar to the procedure emploved with materials, esti-
mates are developed for the amount of work to be accomplished, e.g., haul
away 600 cubic yards of excavated material, and are used in conjunction
with work-rate tables and with past experience to arrive at the number
of time units that will be required to perform the activity. These time
units also interact with the appropriate wage schedules to produce another
series of estimated labor costs.

The other part of the second type of estimate which is normally
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specified in the general conditions of the project specifications considers
labor and services that are indirectly related to the entire project but

do not fall into the company overhead classification. Examples of this

are having an engineer on site during part of the construction and having
utilities available on site during the construction phase. These estimates
are expressed in time units from which estimated costs are developed.
Examples of the general procedure that is utilized in obtaining the above
estimates are presented in Figure 5.

After the cost estimates have been obtained, they are assembled
under varicus headings, such as earthwork, steelwork, concrete, masonry,
electrical, etc., which will be determined by the nature of the project,
the required bid format, and company policy. Since a considerable por-
tion of most large projects is subcontracted, appropriate subcontractors
(subs) must be contacted to obtain the estimate for their work that is
included in the project. Here consideration should be given to develop-
ing work packages. This would facilitate the future use of PERT/Cost as
a project management tool, if the contracting company were to be awarded
the project. This recommendation is, of course, based upon the assumption
that the company uses PERT/Cost.

Certain items need to be added to the above estimated costs. These
items include project costs for taxes, insurance, bonding fees, and over-
head which is a function of the anticipated project duration. Note that
profit has not been included in these items, which comprise the total
project cost, but will be added later. This information is presented on
the summary sheet of the cost estimate, an example of which is located

at Appendix B.
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1. Estimated Material Cost:

Concrete = (600 yd>) » ($13.50/yd>) = $8,100.00
2, Estimated Activity Duration:

Steel Erection = (150 tons) + (25 tons/day) = 6 days
3. Estimated Labor Costs (related to materials):

(600 £t) — (300 ft/day) - (8 hrs/day) - ($28.13/hr)"

Roof Nailer

$450.00

li

4, 1In certain cases where the duration of an activity may be immaterial
and/or where valid data may not be available, the following method for
estimating cost may be useful. Estimate the amount of work to be ac-
complished, e.g., fine grade 2975 square feet, and then use it in con-
junction with the correct cost per unit of work calculation. For
example:

(2975 £t2) - (5.05/£t%)

Fine Grading Cost

$149.00

*
The figure of $28.13 per hour represents the total amount of wages
per hour paid to the work crew.

Figure 5. Examples for Obtaining Estimates
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The total cost of completing a project is dependent upon the
material, equipment, and labor costs; and upon the administration and
supervision charges, interest, site expenses, and penalty payments. The
first group of costs are direct costs, as they are directly related to
individual activities and vary with the duration of the specific activity.
The second group of costs are indirect costs, since they are not related
to activity durations, normally vary almost linearly with the project
duration, and are estimated for the entire project,

The manner in which the project direct and indirect costs are com-
bined to achieve the total cost at alternative project lengths is shown in
the graph in Figure 6. From this figure it is evident that the minimum
project cost, $*, will occur at a particular project length or duration,
d*. However, during the pre-bid project evaluation no attempt is made to
locate d* for this specific project. Although it is optimal to operate
at this point, time and costs tend to preclude locating it at this time,
Proper analysis and experience should place the contractor sufficiently
close to the point for the evaluation being made. 1If the decision is made
to bid on the project, efforts can be undertaken at that time to locate

d* and $*.

Constructing the Network

Although many contractors do not develop a project network until
the bid has been won, it is a decided aid during the pre-bid phase and
should be employed. Historical data from similar size and/or cost projects
should not be copied in an effort to obtain an estimate of the project

duration, as no two projects are identical. Even the minimum of variation
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dictates that a separate network and duration estimate must be developed
for each project. The network does not have to be constructed in detail,
since this can be done later. From the network the critical path can be
determined and the project analyzed more thoroughly. Although done on an
elementary level, this will cause problems and options to be discovered
earlier, will result in a better project plan, and will produce a more
accurate cost estimate., This is especially true where the proposed pro-
ject is significantly different from any other project which the contrac-
tor has undertaken in the past. Last, but not least, it should be men-
tioned that there are contractors who have voluntarily submitted a project
network with their bid and were awarded the contract, although their bid
was not the lowest figure (21).

For a long time it has been realized that complex construction pro-
jects require special management tools, PERT (Project Evaluation and Re-
view Technique) and CPM (Critical Path Method) were developed in response
to this requirement. Although these techniques were developed in differ-
ent environments, PERT and CPM are basically similar network approaches
from which more than a hundred variations by name have grown,

In brief, the network is constructed by dividing the project into
its separate activities which are represented by arrows. These arrows are
connected together by nodes in the correct order of their sequence to de-
pict the anticipated flow of work during the construction of the project.
Duration estimates are assigned to each activity in the manner described
in the previous section. Appendix C contains a completed sample network

that utilizes the activities-on-arrows convention,
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When the network has been completed, the necessary calculations for
determining the project duration and critical path can be performed man-
ually or with the aid of an electronic computer. The choice would depend
on a variety of factors which will not be discussed here. For purposes
of demonstration the sample network has been processed on a Burroughs
B-5500 electronic computer utilizing the PROMIS (Project Oriented Manage-~
ment Information System) Time program. The computer output is presented
in Appendix D and has the activities sorted by early start date, early

finish date, predecessor number, and successor number.

Planning for Contingencies

During the construction of any project the occurrence of chance
events, i.e., contingencies, may adversely affect the cost and/or duration
of the project. Plans must be developed and reflected in the project net-
work and cost estimate to minimize the effects of such events whose dura-
tion may be a random variable. There are two basic classes of contingen-
cies. One class is comprised of chance events that may or may not occur
and is discussed in the following paragraph. The other class of contin-
gencies is comprised of events that will occur throughout the duration
of the project and is discussed in the next section of this chapter.

Contingencies that may or may not occur are varied and must be con-
sidered individually for each project. Examples include strikes, nona-
vailability or late arrival of materials and equipment, defective materi-
als, critical construction errors, and incorrect drawings or specifica-
tions. Each contingency must be analyzed to determine its possible effect

on the project., If the influence of a contingency 1s judged to be adverse,
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there are several ways in which the effect of the occurrence of such an
event may be minimized. First, a cushion may be built into the project
plan by increasing the estimated project duration and cost. Second, the
project plan may be modified to avoid a contingency by performing activ-
ities in a different sequence, by using slack time to start an activity
at a later date, or by crashing an activity to complete it earlier.
Contingencies must be anticipated, Appropriate subjective analysis
can produce plans that will minimize or preclude any adverse effects.

Further discussion of this point is not considered germane to this research.

Adjusting the Network for Weather

Contingencies that occur throughout the duration of a project must
also be considered. Although a contractor knows that events such as rain
and absenteeism will occur during any project, the magnitude and frequency
of these events is unknown. To minimize the effects of such events the
estimated project duration and cost may be increased arbitrarily to pro-
vide a larger cushion. However, there is an objective quantitative method
for considering the effects of such events on a construction project.
Weather will be used to illustrate this method, and it should be of par-
ticular interest to contractors who may be considering a project that will
be located in a different climatic area.

Every project will normally lose some time because of bad weather,
such as rain and low temperature, Of course, weather varies from one
geographical region to another which is a fact that will influence the im-
portance of considering the weather effects on a project. The total wea-

ther effect is comprised of two factors: first, the weather and second,
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the degree to which an activity is weather sensitive. For the project
duration and the scheduled event dates to be more realistic, the weather
must be considered when preparing the project network. Furthermore, ad-
justing the initial network for weather will not only realistically in-
crease the planned duration of a project, but may also cause the critical
path to change. Xnowledge of such facts could save a contractor consider-
able money in the form of penalty payments.

To obtain historical weather data for the Atlanta, Georgia area,
the Atlanta Weather Bureau was contacted., Data was extracted from the
records for the 53 years of 1918 through 1970 (12). Pertinent facts were
collected concerning rain and cold. The author defined rain as rainfall
equal to or greater than .01 inches during a 24 hour period from midnight
to midnight., A figure greater than .0l inches could be used, if the data
were extracted in a different manner from the historical records. It was
assumed that any amount of rain would have the same effect on an activity.

Cold was defined as a maximum daily temperature equal to or less
than 45 degrees Fahrenheit, Typical construction specifications state
that concrete will not be poured and bricks will not be laid unless the
temperature is above 40 degrees or is 40 degrees and rising. If the max-~
imum daily temperature does not equal or exceed 46 degrees, concrete and
brick work may well be interrupted or delayed., It was assumed that any
temperature below 46 degrees in the Atlanta area would have the same ef-
fect on an activity. The reader may perceive that a high daily tempera-
ture may also cause the work on certain activities to be less efficient;
however, this situation has not been included as an influencing factor in

this study.
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With certain terms having been defined, the theoretical development
of the weather adjustment method will be presented. The examination of
the historical weather data for rain or temperature on a specific date was

defined as a random experiment.
Let f. =R, _<n, 0=f, =1

X X .th
where fir = relative frequency of rain on the 1t calendar day

R. number of occurrences of rain on the ith calendar day in

ir

n years
n = number of years, and
i=1,2,3,...,365 (during non-leap years).

It is assumed that n = 53 is a sufficiently large number that the relative

frequency of occurrence does exhibit statistical regularity,

Thus, lim (Rir - n) = Pip
n—53
where Pip = the probability of rain on the ith calendar day.

Now loock at a network activity with a scheduled duration of 1 = j s k days.

Let Rjr be a discrete random variable having a Bernoulli distribution such

that

R =

1, if there is rain on the jth activity day.
jr {

0, otherwise,
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Let R = the number of activity days on which it rains.
k
= + =
Thus, Ry #Ry +Ry + ... + Ry z Rjr
=1
k k
And, E{R) = E(z Rjr) = z E(Rjr)
1 j=1
Let pjr = P(Rjr = 1) = the probability of rain on the jth activity day.
Therefore, E(Rjr> =0 - (1 - pjr +1 - (pjr) - pjr
k
Consequently, E(R) = E: pjr QED
=1

The above formula states that the expected number of days of rain during
any activity with a scheduled duration of k days can be determined from

a summation of the daily probabilities of rain on the activity days in-

volved. The probabilities are actually obtained from the probabilities

of rain on the corresponding calendar dates.

The above comments concerning rain can also be directly applied to
cold weather. The same 53 years were used to obtain historical data con-
cerning the frequency with which the maximum daily temperature was less
than or equal to 45 degrees. The following notation is used for cold:
Pio = the probability of cold on the ith calendar day; and pjc = the
probability of cold on the jth activity day. The Pir and Pie for the

Atlanta area are located in Tables 3 and 4, respectively.

Having developed expressions for the expected number of days of




Table

3. Probability of Rain in the Atlanta Area

_RAIR.FAUIQR = (DAILY RALFALL Z9VA TO OR GREATZR THAN L0l HUMNDREDTHS INCHES IN ATLANTA, GZARGIAYL . _ .

(KISTORICAL FREGUJENCY OF VCCURRENCE 8y PERCENTARGE OF JATES)

JANJARY  FEBRUARY  MARCH  APWIL  MOY JUNE  JULY  AUGUST  SEPTEMARER  QCTOHER  NJIVEMAEF  DECEWRER
+ W91 321 CUVE58 TR LAY L9B3 W30 (396,293 TLas9 U302 .27 -
T e L2B3 L ATT U321 L 20 L3un . L350 L#15 L360 L1700 7 TLaze T Les3” T T T,pug T
3 321 453 323 L. 302 L340 .264 o528 415 245 .208 .226 358
6 .226 w15 L415 .15 .321  .321  .3e6  L35B J491 T Uiz T Lm0 .
5 .395  .26M T340 37T LBB4 .20R LUR3 396 37T T .p2e  L.226  .377
T T L9415 472 L3177 .30% .35 .396 L340 321 245 .208 245
7,415 L4958 L415 L2684  .32]  L.358  .453  ,396  +170 321 264 L3072 -
8 353 302 T .2e4 L.283 L.22a 2R3 LUK} L340 208 340 .208  ,mse
9,377 4Tz L 305 . 283 L2485  .321  .434  .p4S 264 189 189 .358
TIU 0 JBup W2B3 L3ér W3TT L2008 .302 .302  L38R J340 T .151 W302 26w
it .3g2 L3022 LATT T 8537 L 377 3210 L3580 L3z uzes T L.y89 T Y. A
12 ,3u2 340 377 LY L35R 377 .377 321 .226 2094 TY 591
T 13,415 W853 891 .26 358 ,321 LA L340 226 .113  .189  Lusx T
Ui L380 4396 W15 .254 L340 453 453 340  .189 T Lira T a228 0 Leis ‘*
15 415 L415 .358 . 321 L2B3 .377 <435 L453 . 358 .226 .226 3986
16 283 377 Y 264 L2648 .377  W472 L815 L2485 ,264 L340 321
17 W358 J34n JEhD L2886 L2485 L283 L3096 L30T W17¢ T LausT T T Tlsze T T Lmer’ T
18 Lu72 + 396 302 254 245 « 340 « 396 302 +189 132 302 +358
TN T T L 3% L430 181 37T .358 566 .358  .358  ,p08  .358 .38
""" 20 340 L377 W377 226 4396 4264 W3 L1A% 248 “up2e | G170 W32

we



Table 3. (Concluded)

21 .3zl 264 » 358 $ 287 . B4 358 AL «302 +208 “E76 «PHU 302
T2z .283 L 3u2 T L34 W26 L2660 .321 266G L170  ,p08 o302 ,302
T3 .39 W358 321 .208 <302 .358  .377 302 L0ST  .226  .28% Usaa

24 ,49) 434 .358 321 2302 L4115 W30 283 .264 « 245 +302 .302
T2y L L434 302 340 <283 566 396,264 .208 <151 L 245 a3

€% .398 L3u2 . L453 e28% W21 453 G835 _,2NB 4283 .08 W%21 __ .264

27 .358__ . _.358 _#H91  _ LHSR _ aJuQ 245 ,26%_ _.340_ 358 _e132 _ 4396 «283
_&o_ 377 2358 2245 2377 2264 358 4453 L 2R3 .358 a245 «321 2396

29 L2BY 3B L W30P w233 302,396 302 | L3402 1245 _ei?n <302 .415

VIR 3 5 S o377 .28 268,302 G3u0 L3302 .208 321 Li89 340

31,323 $341) 2302 1315 L245 +321 +509

99



Table 4, Probability of Cold in the Atlanta Area
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rain, E{R), and for the expected number of days of cold, E(C); the ex-

pected number of days of bad weather, E(X), for an activity was defined as

EX) =E(R + C) = ER) + E(C).

This expression is based upon the assumption that the events of rain and

cold are mutually exclusive, From such an assumption it follows that

P(Rain U Cold) = P(Rain) + P{(Cold).

Although the two events are actually independent, the assumption that
they are mutually exclusive greatly simplifies the computations without
seriously affecting the accuracy of the results.
The expected number of days of rain or cold must be combined with
a factor that represents the Loss of Efficiency due to Weather (LEW) which
was defined as the percent decrease in the efficiency of working on an
individual project activity due to rainm or cold, This is assigned to each
activity based on the discretion and experience of the contractor. The
LEW assigned will, in some cases, depend not as much on the type activity
as it will on the location of the project site and where in the network
the activity is located. For example, weather will have more of an adverse
effect on pouring a concrete parking area than it will on pouring a con-
crete floor in a partially enclosed building. Hypothetical LEW factors
for individual activities in the sample project are presented in Table 5.
The LEW factors for rain and cold are combined with the probabili-
ties of rain and cold to determine the number of days to be added to the

original estimated duration of each activity. The number of days to be
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Table 5, Loss of Efficiency Due to Weather (LEW) Factors
for Sample Project

Pred Succ Description LEW
Number Number Rain Cold
1 2 MOVE IN AND SETUP LAYOUT .0 .0
2 3 MACH EXCAVATION W. SIDE .7 .3
3 4 DRILL CASSIONS .6 .2
3 7 FORM/POUR WEST RT. WALL .5 1.0
3 9 POUR SET BED .5 1.0
3 10 MACH EXCAVATION E. SIDE .7 .3
4 5 POUR AND FINISH CASSIONS .5 1.0
4 7 EXCAVATE/POUR GR. BEAMS .5 1.0
4 10 DRILL/SET (H) PILES .6 .2
5 6 SET AB AND BASE PLATES .2 .0
5 POUR ELEVATOR BASE .5 1.0
6 12 ERECT STR. STEEL TOWER .6 .2
6 14 POUR CORE SLAB .5 1.0
7 8 FORM/POUR A-LINE RT WALL .5 1.0
8 6 FORM/POUR WING WALLS .5 1.0
9 10 POUR PRECAST LAGGING .5 1.0
10 11 SET STR. STEEL KICKERS .2 .0
11 6 EXCAVATE /SET PRECAST LAG .7 .3
12 13 INSTALL MET DECK, FLOOR 1 .6 .2
12 18 FIREPROOF COLS AND BEAMS N .2
12 19 METAL STAIRS, GROUND TO 1 N .1
12 26 ERECT PARK DECK STEEL .6 .2
12 34 ELEVATOR PLUNGER & RAILS .2 .1
13 15 INSTALL MET DECK, FLOOR 2 .6 .2
13 18 ELEC IN BSMT/MAIN CD RUN .1 .1
13 22 POUR FLOOR 1 5 1.0
13 25 MECH EQP BSMT/MAIN DUCTS .2 .1



Table 5. (Continued)

40

Pred Succ Description LEW
Number Number Rain Cold
14 13 MASONRY IN CORE «5 1.0
15 16 INSTALL MET DECK, FLOOR 3 .6 .2
16 17 INSTALL MET DECK, FLOCOR 4 .6 .2
17 18 INSTALL ROOF DECK .6 .2
17 34 DRYWALL IN ELEV CORE .0 .0
18 35 PARAPET /WINDOWWALL, FL 4 .0 .1
18 48 INSTALL SKYLLTES .6 .2
19 20 METAL STAIRS, FL 1 TQ 2 4 .1
20 21 METAL STAIRS, FL 2 TO 3 4 .1
21 17 METAL STAIRS, FL 3 TO & 4 .1
22 23 POUR FLOOR 2 .5 1.0
23 24 POUR FLOOR 3 .5 1.0
24 18 POUR FLOOR 4 .5 1.0
25 48 INSTALL MECH EQUIP ROOF .5 .1
26 27 LAY STEEL PARK DECK .6 .2
27 28 POUR PARK DECK .5 1.0
28 29 DEMOLISH OLD BUILDING .2 .1
29 30 INSTALL STORM DRAINAGE .7 .3
30 31 LAY BLACKTOP PAVING .8 1.0
31 32 PAINT PARKING STRIPS 1.0 .1
32 33 LANDSCAPE .8 .1
33 48 CLEANUP OUTSIDE .2 .1
34 48 INSTALL ELEVATOR .0 .0
35 36 INSTALL CEILING GRID, FL 4 .0 .0
35 37 HM FRAMES & WD DOORS, FL 4 .0 .0
35 38 INSTALL OVERHEAD ELEC, 4 . .0
35 39 INSTALL DUCTWORK, FLOOR 4 . .0
35 40 INSTALL ROUGH PLUMBING, 4 . .0
35 46 WINDOWWALL FLOORS 3,2,1 . .
35 48 ROOFING AND SHEET METAL . .2
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Table 5. (Concluded)

Pred Suce Description LEW
Number Number Rain Cold
36 37 INSTALL DRYWALL, FLOOR 4 .0 .0
37 41 INSTALL CEILING TILE, FL 4 .0 .0
37 42 INSTALL CERAMIC TILE, FL &4 .0 .0
37 44 MILLWORK, FLOOR 4 .0 0
37 45 CONNECT MECH SYSTEM, FL 4 .0 .0
39 37 INSTALL DIFFUSERS, FL &4 .0 .0
41 44 INSTALL ELEC FIXTURES, 4 .0 .0
42 43 SET PLUMBING FIXTURES, 4 .0 .0
43 44 INSTALL TOILET ACC., FL 4 .0 .0
44 47 PAINT AND COVER WALL, FL 4 .0 .0
&4 48 LAY FLOOR COVERING, FL & .0 .0
45 48 CHECK & BAL MECH SYSTEM .0 .0
&7 48 CLEANUP & PUNCH LIST, FL 4 .0 .0
48 49 INSTALL DUCTWORK, FLS 321 .0 .0
48 50 INSTALL OVERHEAD ELEC 321 .0 .0
48 53 INSTALL ROUGH PLUMB. ,321 0 .0
49 50 INSTALL CEILING GRID, 321 .0 .0
50 51 INSTALL DRYWALL, 321 .0 .0
50 55 CONNECT MECH sYSs, 321 .0 .0
50 56 INSTALL ELEC FIX., 321 .0 .0
51 52 INSTALL CEILING TILE, 321 .0 .0
51 56 PAINT & COVER WALLS, 321 .0 0
53 54 LAY CERAMIC TILE, 321 .0 .0
54 52 SET PLUMB. FIXTURES, 321 .0 .0
55 57 CHECK & BAL SYS, 321 .0 .0
56 57 COVER FLOORS, 321 .0 .0
57 58 FINAL CLEANUP .0 .0

58 59 FINAL INSPECTION .0 .0
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added is equal to the expected number of days to be lost, E(Lost), during

an activity. Then, for any activity
Days Added = E(Lost) = LEW(Rain) - E(R) + LEW(Cold) - E(C).

The specific Pir and Pj. are obtained by taking the activity early start
(ES) date from the initial network computation at Appendix D and then ob-
taining the corresponding Pir and Pie from Tables 3 and 4,
An example of the computatiomal method that is utilized is:
Activity Number: 2-3
Original Duration: 5.0
ES: 9 Nov 72
Correction for Rain:

5

<
LEW(Rain) - E(R) = LEW(Rain) . ‘Ll Pir

J—_'

= (.7} - (1.283) = 0.8981
Correction for Cold: 5
-
LEW(Cold) - E(C) = LEW(Cold) . jé1 pjc
= (.3) . (.208) = 0.0624
Total Duration: 5.9605
Ad justed Duration: 6.0

The final adjusted duration is based upon rounding to the nearest whole
or half day. Any reasonable variation in this method could be employed,
if greater accuracy were deemed necessary.

It should be noted that, as one progresses through the network
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with these calculations, subsequent activity ES dates must be incremented
by the appropriate number of days to compensate for the number of days
that have been added to the durations of preceding activities. This must
be done while referring to the project network and the critical path to
ingsure that the correct number of days are added to the original ES date
of each activity. 1If this is not done, the Pir and P will not be se-
lected for the correct calendar dates corresponding to the new activity
ES dates in the adjusted network. For purposes of demonstration, the
sample network has been reprocessed utilizing the same PROMIS Time program
and is presented in Appendix E with the same activity sort code as pre-
viously employed.

From this adjusted network it can be seen that the critical path
has shifted from activities 1-2-3-4-5-8-6-12-13-18-35-36-37-41-44-47-48-
49-50-51-56-57-58-59 to activities 1-2-3-4-5-8-6-(iz)f13-22f23f24f18-35-
36-37-41-44-47-48-49-50-51-56-57-58-59, where *'s denote changes. The
adjusted mnetwork has three branches that are suberitical by an amount of
less than three days of slack time. In a project of this duration these
suberitical paths, at least, require the same attention as does the criti-
cal path. 1In addition, the early finish (EF) date of 22 April 1974 in
the original network increased to 22 May 1974 in the adjusted network.
This increase represents the addition of five weeks to the original dura-
tion of 76 weeks.

Other methods could be employed to provide a weather adjustment
for the project network. One possibility might be to use a reduced
number of working days per week during periods that have a high probabil-

ity of bad weather to make the initial network calculations. Although
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this might give a more rapid approximation for the duration of the ad-
justed network, it would not only be indeterminably inaccurate but would
also indiscriminately increase the duration of activities that were not
weather sensitive. Another possibility might be the combination of the
two network computations to produce an adjusted network initially. How-
ever, the author feels that it is imperative for a contractor to start
with an unad justed network which can be used as a basis for evaluating
any subsequent adjustments that are made to the network. Other alterna-
tives also exist; however, the method which has been developed appears to
offer a good balance between accuracy and a reasonable speed of calcula-
tion.

At this point it should be noted that, when one or more days are
added to the duration of an activity, the probability of rain or cold on
the added day or days should also be comsidered. This would require the
continual recalculation of the days to be added and would result in an
infinite series. Conseguently, this problem is ignored during application
of this method by merely making the caleulation once to determine the
number of days to be added to an activity, regardless of the original
duration of the activity.

This theoretical deficieney is reconciled by the fact that the
above method for predicting the expected number of days of rain or cold
in the distant future is objective in nature and is a great improvement
over present techniques involving subjective analysis. Since the infinite
series problem is avoided, the number of days to be added to an activity
through this method will tend to be biased on the conservative, or low,

side, However, there is an opposite influence from two other sources,
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The number of days will tend to be biased on the high side, because the
events of rain and cold were assumed to be mutually exclusive when, in
fact, they can occur together, In addition, some activities have LEW
factors that sum to a number greater than 1.0. This implies that the
total loss of efficiency from rain and cold is greater than 100 percent
which is impossible and tends to bias the number of days on the high side.
The net result of these different biases is not considered to be signifi-
cant.,

In summary, weather and various contingencies, as mentioned in the
previous section of this chapter, must be analyzed for each project,
When it is aporopriate, realistic and objective adjustments must be made
in the project duration and/or cost prior to formulating the competitive

bid.

Applying Bidding Strategy

"Historically, many more contractors have probably been hurt as a
result of poor bidding practices than have been hurt by poor building
practices" (25). This statement emphasizes the importance of bidding.
As Mr. William R, Park, senior engineering economist at Midwest Research
Institute in Kansas City, Missouri, said (13):

Anyone can bid low enough to get a job, or high enough to insure
a profit if he does get a job. It is the area between the ex-
tremes of unrealistically low and unachieveably high markups
that skillful management methods must be employed to insure an
effective competitive strategy.

Without sufficient well-founded successful bids a construction com-

pany will be committed below its potential, This situation may cause a

contractor to bid a project below cost to hold his organization together,
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to keep his supervisors or equipment busy, or for any number of reasons.
For example, if a contractor believed that there would not be any pro-
fitable projects on which to bid during the next X months, he might
determine that it would be less unprofitable to take a job for X months
on which he would lose $10,000 as opposed to taking no job and having to
pay 520,000 in overhead expenses during the same period of X months. Ai-
though taking a job below cost may seem advisable in this and other situa-
tions, such a course of action is not recommended, This position is sup-
ported by Mr, Charles Snepp (23), who stated that, if a contractor is
heavily committed in undesirable projects, he will not have the time to
locate or handle desirable ones. Once a contractor takes his first job
below cost, he has started down a rocky road from which it is difficult
to turn. Consequently, it is assumed in this study that a contractor
will not consider such a course of action.

The competitive bid of a general contractor is critical for two
main reasons. It determines whether or not his bid will be successful,
and it determines his margin of profit. Mr. Emmett H. Karrer (14) said,
"If a contractor is to remain in business, he must make a profit on his
work." This fundamental statement apparently has been forgotten by some
contractors. Not only should a margin of profit be included in the bid,
but methods should also be sought whereby it may be increased once the
contract has been awarded., It should be noted that it is partially this
process of awarding contracts to the lowest bidder that has caused the
construction industry to have the lowest margin of net profit of all

other industries.
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Bidding strategy, as developed in this chapter, is a method through
which a contractor may determine his expected profit on a project and the
corresponding probability of his being the low bidder. It is a means of
obtaining an advantage over competitors not only through intuition and
experience but also through the use of quantitative analysis methods that
utilize statistics and mathematics.

To employ bidding strategy a contractor must have some basic data
on his bidding competitors. Greater amounts of data and more accurate
information on them will make the strategy even more effective, The ma-
jority of these data are obtained from past bids in which the contractor
was involved with various competitors. It is possible to ascertain their
past bids through announcements that are made when many of these contracts
are awarded. Obviously, this represents a dynamic environment where per-
sonnel changes, experience, ete. will affect the behavior of a competitor.
Consequently, all data must be up-dated frequently, if a contractor is to
be able to reasonably predict the behavior patterns of his competitors.

In employing bidding strategy as a step in project evaluation, it
is assumed that a contractor desires a method that is quick and easy to
use and achieves an acceptable degree of accuracy without requiring know-
ledge of advanced mathematics or calculus. The methed to be developed
satisfies these requirements, In addition, it is realized that a con-
tractor may not have sufficient data on all potential projects to facili-
tate the use of an identical procedure on each. Consequently, the method
that is presented consists of five different procedures for determining

an optimum bid with its associated expected profit. 1In each procedure it
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is assumed that all competitors will arrive at approximately the same
cost figure for each project. The basis for the first four procedures is
presented by Rubey and Milner (20).

Procedure Number 1

This procedure can be employed in two different situations: (1)
the contractor has mo knowledge about the number of bidders or who they
are and desires to beat his competitors and (2) the contractor is a lone
bidder and is concerned about the project owner's accepting his bid. 1In
either case, the strategy is the same, since the contractor must estimate
the probability of being awarded the contract for a specific bid to de-
termine his expected profit. If the bid price is too high, the probabil-
ity of being awarded the contract is zero. Conversely, if it is toco low,
the probability is one. Between these two extremes are other bid prices
of which each has an associated probability of being successful. Al-
though these probabilities may be completely subjective, this procedure
is consistent and makes explicit the normal procedure of formulating
intuitive decisions about bidding.

The above reference to bid levels and the associated probabilities
can be stated as a cumulative probability distribution, Using the esti-
mated cost figure of ¢ = $§1,148,500 from the sample project in Appendix B
and assuming the following cumulative distribution, the procedure can be
demonstrated, The terms which are used are: x, = a bid of a stated size;
p; = the corresponding probability of no lower bid, i.e., of winning the
contract; and P(xi) = the probability that the given bid is submitted,

i.e., P(xi) =P; -~ Piq It should be noted that 1 is the probability
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that the owner will accept a given bid from a lone bidder. This proba-
bility could be equal to one for several consecutive bids and then drop

to zero for the remaining higher bids. 1In additionm, Ps is the probability
that a given bid will win, if it is submitted by a contractor when he has
no knowledge about his competition. In the demonstration below, the un-
knowledgeable contractor and the lone bidder are assumed to utilize the

same p., although the pi's can be different.

i ¥ Py P(x;)
1 1,108,500 1.00 0.07
2 1,148,500 0.93 0.15
3 1,188,500 0.78 0.32
4 1,228,500 0.46 0.17
5 1,268,500 0.29 0.16
6 1,308,500 0.13 0.13
7 1,348,500 0.00 0.00
1.00 Total

The respective expected profits, E(Pi)’ are determined from the

relationship E(Pi) = pi-(xi - ¢), which produces the following results:

[

E(Pi)

-$40,000
50
$31,200
$36,800
$34,800
$20,800
$0

~ Oy PN

The maximum expected profit is $36,800 and occurs at a bid of
$1,188,500. This is the bid which the contractor should submit. It will

vield a profit of approximately 3,1 percent,
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Procedure Number 2

This procedure is utilized when the contractor knows neither the
identity nor the number of his competitors, although he does know that he
is not a lcone bidder., 1Initially, the contractor must develop an estimate
of the number of his competitors. The importance of this number can be
seen in the hypothetical graph in Figure 7, where it is apparent that ex-
pected profit decreases as the number of competitors increases., Any con-

tractor can develop such a graph from his own data and experience,
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Figure 7. Effect of Number of Bidders

To develop an estimate of the number of competitors, a contractor

should consider the size of the contract, as there may be a correlation
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between its size and the number of bidders., From past projects this num-
ber can be plotted against cost estimates to obtain a distribution to
which a curve or straight line may be fitted. TFigure 8 (20) is an ex-
ample of the use of linear regression on the data to produce a straight
line from which the contractor may obtain an estimate of the number of
competitors by intersecting the horizontal axis at a point equal to his
estimated project cost. However, this method is theoretical, and a con-
tractor may feel that it is of little use., Not only may he bid on pro-
jects that vary greatly in size, but he may also find that the number of
bidders varies only slightly between four and ten, regardless of the size

of the project.

10+

Number of Bidders

0 } } } ¥ t +— —a
.2 .6 1.0 1.4
Estimated Cost in Millions of Dollars

Figure 8. Estimated Number of Bidders
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Lacking specific information about any of the competitors makes it
necessary to introduce the concept of an average bidder. To obtain data
for this bidder, the contractor must use the data collected from all past
projects on ratios, R, of competitor's bids to the contractor's cost esti-
mates. For example, the competitor's bid divided by the contractor's
cost estimate equals Ri’ and Ri occurred N times. This frequency of oc-
currence data is consolidated into a single probability distribution from
which the average cumulative probability distribution is obtained, The
latter distribution gives the probability that a specific bid, represented
by Ri’ will be less than the bid of the average competitor.

Assuming that the number of competitors has been estimated at n = 5
and letting x = the bid of the average competitor, the relationship

BP(x, < Ei) = (pi)n yvields the following figures:

i

;i R P; P(x, < xi)
1 0.89 1.00 1.60
2 0.99 0.95 0.77
3 1.09 0.89 0.56
4 1.19 0.75 0.24
5 1.29 0.53 0.04
6 1.39 0.32 0.00
7 1.49 0.20 0.00
8 1.59 0.07 0.00
9 1.69 0.03 0.00
10 1.79 0.00 0.00

The respective E(Pi) are obtained from the equation E(Pi) =

P(x, < SEi) * (R.e - o).
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QWL W=

E(Pi)

-.1100c¢
-.0077¢c
.0504¢
.0456¢
.0116c
.0000¢
.0000c
.0000c¢
.0000c
.0000c¢
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Thus, the maximum expected profit is 0.0504c or $57,884, which

corresponds to a bid of 1.09c or $1,251,865.

Procedure Number 3

This procedure is employed when the contractor does not know the

identity of his competitors but does know their number. Consequently,

the format of procedure number 2 can be utilized by deleting the step in

which the estimate of the number of competitors is obtained, since this

number is given,

Procedure Number 4

This procedure is used when the contractor knows both the identity

and the number of his competitors.

For each competitor, the appropriate

bid data are vtilized to determine the probability that the contractor's

bid is less than the bid of the particular competitor.

For two competi-~

tors, A and B, the following information might be obtained:

R,
i

0.89
0.99
1.09
1.19

<
P(xi X

1,00
0.98
0.92
0.79

Ai

)

<
P(xi X

1.00
0.94
0.86
0.72

Bi)
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5 1.29 0.49 0.45
6 1.39 0.17 0.19
7 1.49 0.06 0.05
8 1.59 0.02 0.03
9 1.69 0.00 0.00

To obtain the probability that the contractor's bid is less than
the bids of both A and B, the product of the separate probabilities is

formed. This becomes the following expression:

PLG <) MGy <3 0] = POy = xy0) » PRy - )

The E(Pi) is determined in the same manner that was explained in procedure

number 2,

i P{(xi <x DN (g < xBi)] E(P,)

1 1.00 -.1100c
2 0.92 -,0092¢
3 0.79 .0711c
4 0.57 .1083¢
5 0.22 .0638¢c
b 0.03 .0117¢
7 0.00 .0000¢
8 0.00 .0000c
9 0.00 .0000¢

Although this procedure has been demonstrated for only twe competi-
tors, it may be extended for any number, if the required data are avail-
able. Of course, as the number of bidders increases, the expected profit
decreases. In the above example, the maximum expected profit is 0.1083c
or §124,382, which corresponds to a bid of 1.19¢ or 51,366,715,

Procedure Number 5

This last procedure is presented by Mr., William R. Park (18) and

is based upon graph analysis, It can be employed under the same conditions
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as were procedures 1, 2, 3, and 4.

The graph in Figure 9 illustrates how the optimum bid is found and
shows the probability of a contractor's underbidding one of his principal
competitors by placing any specific bid. The solid curve represents the
probability of underbidding the particular competitor, and the dotted
curve represents the expected profit from an associated bid. Zero ex-
pected profit occurs when the bid equals the estimated cost, Bids below
that point have a negative expectation, and those above it reach a maximum
value, e.g., 0.11lc for a bid of 1.20¢ with an associated probability of
success of 0.44, and then approach zero again as the bid gets unreasonably
high. The use of this graph is similar to procedure number 1.

Graphs resembling Figure 9 can be developed for any competitor on
whom there are sufficient data. Information from each graph can be sum-
marized like the example in Table 6 (18) in which is presented the proba-
bility of underbidding five competitors and the corresponding expected
profit. This is similar to procedure number 4.

A graphical method can also be used in lieu of procedures number
2 and 3. The same technique as was demonstrated in procedure number 2
must be utilized to determine the estimated number of bidders. A graph
is developed for the average bidder from data on all competitors and is
employed in the same manner as explained in the above paragraph,

Summary

The procedures that have been developed for a competitive bidding
strategy will provide contractors with a guide for:

1. Determining the probability of being the low bidder on a

particular project.
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Table 6, Example of Expected Profit Determination
. Ry Pa Py Pc Pp PR Pal1 EPy)
1 1.00 .83 .77 .83 .71 .78 .294 .00000c
2 1.01 .81 .73 .80 .68 .76 .245 .00245¢c
3 1.02 .80 .70 .77 .65 .73 .204 .00408c
4 1.03 .78 .G6 .73 .61 .70 .160 .00480¢
5 1.04 .76 .62 .70 .58 .68 .130 .Q0520c
6 1.05 .74 .59 .66 .54 .65 .101 .00505¢
7 1.06 .72 .56 .61 .50 .61 .075 .00450¢
8 1.07 .70 .54 .56 47 .58 .057 .0039%¢
9 1.08 .68 .52 .51 % .36 .043 .00344¢
10 1.09 .66 .49 46 .40 .53 .032 .00288c
il 1,10 .64 AT .40 .37 .51 .023 .00230c
i2 1.11 .62 .45 .34 .34 .48 .016 .00176¢
13 1.12 .60 A .29 .3 46 .011 .00132¢
14 1.13 .57 42 .25 .29 A .008 00104
15 1.14 .55 .40 .21 .26 Al .005 .00070¢
16 1.15 .53 .38 .17 .24 .39 .003 .00045¢

NOTE: 1In this example of bidding against all five competitors,
the maximum expected profit is .00520¢ which results from a bid of 1.05¢.
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2. Determining the maximum expected profit for a particular pro-
ject.

3. Identifying projects for which there is an unacceptably low
probability of being the low bidder.
Although a contractor desires to maximize his expected profit by submit-
ting the "optimum'" bid, his expected margin of profit on any bid is deter-

mined by subtracting the estimated project cost from the bid price.

Investigating the Cash Flows

The determination that a project has a desirable margin of profit

is not an end in itself. The profit may be expressed in dollars or as a
percentage and is rather deceptive, unless two additional factors are
also investigated: first, the amount and timing of the cash flows during
the construction of the project and second, the degree of risk associated
with the profit. For example, a project with a small return having a low
risk may be preferable to a large return at a high risk. To clarify the
discussion that is to ensue, a brief description of the general cash
flows of the contractor for a typical construction project should prove
beneficial.

The contractor receives funds from the project owner in accordance
with the provisions of the contract agreement. A standard stipulated sum
agreement states that (8):

The Contractor, not latter than the fifth day of every month,
should present to the Engineer (i.e., the architect) an invoice
covering the total quantities under each major element of the
work that has been completed from the start of the project up

to and including the last day of the preceding month, The in-
voice should ineclude an allowance for the cost of material
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required in the project that has been delivered at the site
but has not as yet been incorporated or installed in the work.

Not later than on the fifteenth day of the month the Owner

should, after deducting previous payments made, pay to the
Contractor ninety percent of the amount of the invoice. The
retained ten percent may be held by the COwner until the value

of the project completed at the end of any month equals fifty
percent of the total amount, at which time, if satisfactory
progress is being made, the remaining monthly payments may be
made in full (or 95 percent) for the work completed during each
month. Payments for work under subcontracts to the general con-
tract should be subject to the same conditions after the work
under the subcontract involved has been fifty percent completed,

Final payment of all moneys due should be made within thirty

days of completion and acceptance of the project, or there
should be added daily interest on the amount due at the rate
of six percent per annum.

To complete this description of cash flows, it must be mentioned
that an accompanying disbursement of funds is simultaneously made by the
contractor to subcontractors, material suppliers, and his own employees
and for miscellaneous expenses. The contractor pays the subcontractors
in the same manner that he is paid by the owner. Thus, for all practical
purposes the subcontractors are paid by the owner. The material suppliers
must be paid by the tenth of the month following delivery for the contrac-
tor to receive a cost discount. This cost to the contractor is also, in
effect, borne by the owner. The personnel who are directly employed by
the contractor are normally paid weekly or twice a month. The contractor
must bear this and other miscellaneous costs for which, in the optimum
situvation, sufficient funds will be available to cover the costs from
gsources other than the contractor's pre-project assets, In other words,
the contractor hopes to provide for such costs by "getting ahead" on the
progress payments received from the owmer.

In general, a contractor gets ahead by being overpaid during the

early part of a project., This may be accomplished in three ways. First,
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the contractor may have submitted an unbalanced itemized bid in which he
intentionally overestimated the cost of the initial activities and under-
estimated the cost of the final activities, Second, he may expend as

much money as possible on the initial activities. Third, he may be overly
optimistic in preparing the initial monthly payment requests which state
the amount of work done to date, if his integrity, the architect, and the
owner will allow such a procedure,

The degree to which a contractor is able to get ahead will affect
his final profit margin and will determine the amount of working capital
required by him for the project, It is imperative that a contractor make
the money of others work for him by using the funds of the owner, the
suppliers, and the subcontractors as much as possible. However, a con-
tractor must have sufficient funds readily available to defray any ex-
penses, if the requirement should arise. The importance of this statement
is even more eritical in light of the uncertainty that accompanies both
the size and timing of these expenses, The average construction company
requires working capital that is equal to approximately 20 percent of the
estimated project cost (6).

Accurate cash flows for any construction project are quite diffi-
cult to develop during the pre-bid evaluation. Although a2 cash flow pro-
jection is sometimes required by a project owner or a bonding company, it
does not seem wise for a contractor to expend an unrequired effort in
developing cash flows that have such an inevitable degree of uncertainty
in the amount and timing of the flows for the contractor.

More consideration must be given to the subcontractors to be in-

volved in the project, since they share a major portion of the financial
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burden of any project through the ten percent retained by the contractor,
Furthermore, on large projects approximately 85 percent of the work is
subcontracted. The importance of subcontractors can be better appreciated
by studying the following analysis of the sample project. It is recom-
mended that a similar analysis be made by the contractor as a step in
evaluating any project.

Bid Price Elements:

Subcontractor Price (81.5%) 934,780

Contractor Cost (18.5%) 213,720
Total Estimated Cost 1,148,500
Profit Margin 40,000
Bid Price 1,188,500

Receipts from QOwmer:

Interim (assumed to be a constant 907%

of full payment) 1,069,650
Final (10% of bid price) 118,850
Total 1,188,500

Disbursements by Contractor:

Interim:
Subcontractors (90%) 841,302
Contractor Cost 213,720
Subtotal 1,055,022
Final:
Subcontractors (10%) 93,478
Total 1,148,500
Cash Flows:
Interim:
Receipts 1,069,650
Disbursements 1,055,022
Interim Profit 14,628
Final:
Receipts 118,850
Disbursements 93,478
Final Profit 25,372

Total Profit 40,000
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Several things are apparent from this analysis. First, subcontrac-
tors will perform 81.5 percent of the estimated cost of the work which is
not unusual in a project of this size. Second, the total profit of $40,000
is comprised of an interim profit of $14,628 and a final profit of $25,372.

The effect which the percentage of subcontracted work will have on
the contractor's profit is significant and must be considered. It is ob-
vious that a contractor can increase his profit by doing the subcontracted
work himself. Although a contractor is neither as efficient nor can work
as economically as a subcontractor, he could pocket some of the subcon-
tractor's profit for himself, However, it is assumed that a contractor
is indifferent between subcontracting the work and earning a slightly
greater profit at a higher level of risk and work,

To determine a general expression for the effect of subcontractors:

Let
X=Y4+ 2+ PT
where
X = contract, or bid, price
Y = contractor's cost
Z = subecontractor price, and
PT = total profit.

The contractor's interim receipts from the owner are equal to (1 - r)
percent of the contract price where r = the percent retained. The con-
tractor desires these receipts to be greater than his interim disburse-
ments which are comprised of his own expenses plus (1 - r) percent of the

subcontractors' payments. Thus,
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(L -o)X>(l -)z+yY
X-1X>Z2 -1Z+ Y

X -rX>Z2 -ri+X-2-P

T
rZ > rX - PT
P
Z>X - =
T
and, Z>X - 10PT (when r = 10%)

This relationship must exist if the interim profit figure is to be
positive. 1In the sample project, the '"Subcontractor Price' must be
greater than $788,500, which is 68.7 percent of the estimated total cost.
The more this figure is increased; the larger the interim profit will be.
The effect of the percentage of subcontracted work on the interim profit
of the sample project is summarized below:

% Subcontracted Interim Profit Final Profit Total Profit

0.0 -$78,850 $118,850 $40,000
68.7 $0 $ 40,000 $40,000
100.0 $36,000 $ 4,000 $40, 000

Although the figure for total profit is the same in each case,
there is actually such a significant difference in the alternatives that
the latter one is clearly the most desirable., It should be noted, however,
that subcontracting 100 percent of the estimated total cost of a project
is unrealistic, If a contractor undertakes any project, there are certain
inescapable costs, such as taxes, insurance, and building permit fees,
which he must pay. Nevertheless, the $36,000 received as interim profit

in the above summary not only demonstrates the financial advantage in
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subcontracting more of the work but also is theoretically the most attrac-
tive alternative. The attractiveness is indicated by two facts. First,
this is the most positive interim profit. A contractor does not want a
negative interim profit, because it would require him to use more of his
own funds or to borrow greater amounts of capital to defray project ex-
penses. Second, the time value of money makes the $36,000 worth more than
if the same amount were received as a final profit. However, the actual
increase in the worth of the interim profit is impossible to calculate
without a cash flow projection.

The interim profit figure is also influenced by the location of
the subcontracted work in the duration of a project., This influence is
caused by the time wvalue of money and will not be calculated without a
cash flow projection. Consequently, the cost of subcontracted work is
assumed to be spread evenly throughout a project. In addition to the
influence of the percent of subcontracted work on the interim profit, the
percent of retainage held by the owner from the contractor and by the
contractor from the subcontractors will also affect the interim profit.
The effect of these two percentages can be shown by developing a general
expression for the interim profit,

It is known that:

PI=PT-PF
PF =r(X ~ 2)
K=Y+2Z+P,
Z=s(X - PT)

=]
1]
~—
—
]
n
—
~
]

- PT)
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total profit

interim profit

final profit

bid price

contractor's cost

subcontractor price

percent retained (assumed to be equal for contractor and sub-
contractor), and

percent subcontracted.

Starting with the first known relationship:

Using this general expression for P

=X-Y-Z- PF

=X-Y~2Z-1(X-2)

=X - (1 - 8)(X - PT) - rX+1rZ - Z

=¥ - X+ s8X + PT - sPT -rX + (r - D(s(X - PT))

= gX + PT - SPT - rX + rsX - sX - rsPT + sPT

= ¥(s ~r+1rs -s) + PT(I -8 -7rs + 8)

= X(rs - ) + PT(l - rs)

I and assuming X = 51,000,000

and PT = $40,000, specific figures for PI were calculated for various

values of s at r = ,05 and r = .10, The results of these calculations

are presented in Table 7,



Table 7. The Effect of Two Variables on Interim Profit
s (%) r (%)
5.0 10.0
0.0 -10,000 -60,000
5.0 - 7,600 -55,000
10.0 - 5,200 -50,400
15.0 - 2,800 -45,600
20.0 - 400 -40,800
25,0 2,000 -36,000
30.0 4,400 -31,200
35.0 6,800 -26,400
40.0 9,200 -21,600
45.0 11,600 -16,800
50.0 14,000 -12,000
55,0 16,400 - 7,200
60.0 18,800 - 2,400
65.0 21,200 2,400
70.0 23,600 7,200
75.0 26,000 12,000
80.0 28,400 16,800
85.0 30,800 21,600
90.0 33,200 26,400
95.0 35,600 31,200
100.0 38,000 36,000
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The constant difference of $2,400 for r = .05 stems from the general
expression for Po where r = .05 and X and PT equal the assumed constants,
Thus,

PI = 1,000,000(.05s - .05) + 40,000(1 - .05s)

I

50,000s - 50,000 4 40,000 - 2,000s

]

48,000s - 10,000

Each 5 percent increment of s changes PI by $2,400, A similar analysis

for r = ,10 indicates that P_ changes by $4,800. Although these calcula-

I
tions would be different if the subcontracted work were concentrated in
one portion of the project duration, the important thing to notice in
Table 7 is the effect which a change in s or r can have on the interim
profit, which has a decided influence on the attractiveness of the profit
in a project.
Before developing a measure of the profit in a project, construc-
tion profits, in general, demand further attention. The average profit
in the construction industry is not as low as indicated by the figures in
Table 2 which are a ratio of the net profit to the contract price, or
gross revenue. There are many ways in which a "profit" may be determined.
The numerator may be a "before taxes'" or an "after taxes" value of the
net profit or gross profit. The denominator may be the contract price,
the estimated cost, or the contractor's cost. A standard definition of
profit is the ratio of the financial gain to the amount of capital invested.
A contractor who handles a large volume of construction work based

upon the dollar value of the projects on which he was awarded the contract

may have a low percentage of profit on each dollar of work., However, he
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may make a satisfactory or unusually large profit as a percentage of the
capital which he has invested in a project. Consequently, contractor
profits as a percentage of his capital investment are undoubtedly more
meaningful for the construction industry.

It was previocusly stated that a contractor requires pre-project
capital equal to approximately 20 percent of the estimated project cost.
This is assumed to be true; however, there are several points which make
it imperative that each contractor determine his own capital investment
requirements for a project., The amount of required investment is influ-
enced by the interim profit figure, the contractor's ability to ''get
ahead" on progress payments, the percentage of non-subcontracted work,
and other factors.

At this point the problem is one of developing an objective evalua-
tion of the profit in different projects that have inherent wvariations in
duration, cost, etc., In this situation the author feels that the applica-
tion of an approximate annual rate of return will provide a reasonable
evaluation. The rate of return approach has several advantages over
other methods for evaluating profit. The concept of the rate of return
as a profit measure expressed as a percentage is easy to comprehend and
directly relates to the profit goals of a construction firm. Moreaver,
the rate of return approach simplifies the ranking problem. Other methods
such as annual cost and present worth make it difficult to rank the rela-
tive profitability and attractiveness of projects that require different
capital investments for different periods of time (3). An approximation
of the true rate of return must be employed, because the absence of cash

flow projections precludes the use of more exact methods.
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The approximate annual rate of return is applied not only to the
total profit but also to the interim profit. The net size of the interim
profit is all that can be determined, for it is impossible to determine
the timing of the receipts without a cash flow projection. It could be
assumed that this profit is received at a particular point, e.g., the mid-
point, in the project duration, but such an assumption may be incorrect
and is unnecessary. It is assumed, however, that the interim profit,
regardless of size, is received at approximately the same point in the
duration of each project. Consequently, it is the size, not the timing,
that is important in analyzing the interim profit of a project. To obtain
a valid comparison of the interim profit with the total profit for either
the annual profit or the approximate annual rate of return, the same period
of time must be used for the project duration.

The rate of return analysis is performed by using a graph similar
to the one in Figure 10. The graph has one axis on which is plotted the

capital investment, V, and

where ¢ = estimated project cost.

On the other axis is plotted the annual profit for both the total profit,

PT’ and the interim profit, PI‘ For the annual total profit,
P
T
APT = E;

and for the annual interim profit,
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where d+ = project duration in years plus 1/12 of a year for the time
extension until final payment, i.e., d+ =d 4 .083.

The intersection of V and each profit measure determines the approximate

annual rate of return for the corresponding profit, This determination

is facilitated by drawing iso~interest lines from the origin of the graph.

The two annual profit measures for the sample project appear in

Figure 10 and were calculated as follows:

v = .2(1,148,500) = $229,700

_ 40,000
T - (81752 + .083)

AP = $24,400

API = %éﬁg%? = 58,950
From the graph the approximate annual rate of return was estimated at 11
percent for the total profit and at 4 percent for the interim profit.
The less distance that there is between the total and interim profits,
the more desirable is the project.

Although the rates of return may be calculated, the main emphasis
is on a graphical solution. A contractor may establish a cut-off per-
centage for profit, e.g., all projects must have a total profit greater
than 5 percent, and a glance at the graph in Figure 10 will determine

whether a project is attractive. However, in any project there is a
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certain amount of inherent risk that will also affect the attractiveness
of the project. The multi-criteria scoring model which is developed in

the next section evaluates the inherent risk in a project,

Developing the Scoring Model

In the construction industry, the decision to accept or reject the
opprortunity toc bid on a project is critical and may affect the future fi-
nancial position of a firm. A contractor's initial interest in a project
will be influenced by preliminary information concerning the structure,
the owner, the architect, and other relevant factors, The decision to
bid must be made in the two to three week period between the availability
of the bid documents and the time designated for opening the bids. Dur-
ing this period the contractor must also allow sufficient time for the
preparation of his bid. For example, the bid on a million dollar project
will require approximately seven to ten days to prepare (24),.

Whether the decision is right or wrong, the submission of a bid
leads to a virtually irreversible process, If a contractor is the low
bidder, he will be awarded the contract and must complete the work, even
at a financial loss, under the provisions of the agreement, or he may de-
fault in which case the reputation of the firm will suffer severe damage.
If a contractor decides not te bid on a project, he loses all opportunity
to do so after the bids are opened.

The analysis in the preceding section of this chapter may lead one
to believe that a project with an attractive approximate annual rate of
return will be desirable. However, there are many other significant fac-

tors that influence the desirability of a project and determine the actual
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profit, if any, to be realized from its execution. Many of these factors
can be anticipated and analyzed during the pre-bid evaluation. Although
this is frequently done by contractors through an intuitive analysis of
the subjective input data, the number of factors requiring consideration
casts suspicion on the validity of the evaluation. This analysis could be
performed by establishing criteria with which to evaluate each factor.

The number of factors to be evaluated, however, demands a formal structure
that will permit the independent evaluation of each factor while combining
the evaluations in a logical manmer. A device that integrates the use of
relevant evaluation criteria during the pre-bid phase to obtain a measure
for risk in the entire project is a multi-criteria scoring model.

For the project evaluation process, one might envision the use of
other models, e.g., economic models, risk analysis models, and constrained
optimization models such as linear or integer programming. Nevertheless,
a scoring model has several advantages that dictate its use in this process.
As Moore and Baker (16) state,

Primary among these advantages is the fact that the scoring
model is the only model to pexrmit the explicit inclusion of
subjective or qualitative factors that may influence the de-
cision to undertake a project. ...Another advantage of the
scoring model is the opportunity to use simple, low-cost methods
of data acquisition. In situations where the uncertainty asso-
ciated with a project does not permit a meaningful point estimate
of performance to be made, interval estimates not only suffice

but give a true picture of the accuracy of the information being
used. ...Since the model builder is free to include whatever
factors he finds relevant to the decision, the scoring model
becomes adaptable to the conditions of data availability asso-
ciated with the problem or decision situationm.

In developing a scoring model for use in the construction industry

to evaluate project risk, it is necessary to make several assumptions.
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First, it is assumed that the reader has a sufficient knowledge of scor-
ing models to make it unnecessary to delve deeply into the developmental
theory. It is assumed that 'knowledge of how a project scores with re-
spect to one criterion contains no information regarding how the project
will score relative to any other criteria'" (17). It is further assumed
that project performance with respect to each evaluation criterion is
distributed according to the normal distribution, This final assumption
demands some explanation.

The actual distributions of project performance can often be ob-
tained by producing frequency histrograms from historical data maintained
by the construction company. When insufficient information is available,
subjective distributions may be obtained through experience or intuition
in the company and revised as the supply of historical data is improved.
However, in the absence of specific data or information to the contrary,
all distributions of project performance will be assumed to be normal,.
This places the greatest number of projects near the center, or mean, of
the distribution and places significantly good and bad projects near a
tail of the distribution where such projects will receive low and high
risk scores, respectively., The assumption of normality is facilitated by
the fact that scoring models are rather insensitive to errors made in
estimating the shape of the distribution. Furthermore, the assumption
simplifies any calculations that must be performed.

The mean and standard deviation of each project performance dis-
tribution are used to partition the corresponding performance measurement

scale into equal or unequal intervals. Intervals of equal width, except
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for the end intervals, will be used, since they simplify calculations and
produce scores that are sensitive to statistically low and high levels of
project performance. To obtain equal intervals, all values of project
performance, to include extreme values, should be distributed symmetri-
cally to the left and right of the mean and should correspond to the
standard deviations, as demonstrated in the following example and as illus-

trated in Figure 11 (16):

Performance Distribution Performance Score
Measurement
Under p - 1.75¢0 15 or less 9
b= 1.750 to u - 1.250 15 - 25 8
B = 1.250 to u - 0.75¢0 25 - 35 7
b= 0.750 to p - 0.25¢0 35 - 45 6
b - 0.25¢0 to y + 0.25c¢ 45 - 55 5
M+ 0.250 to u + 0.750 55 -~ 65 4
pw+ 0.750 to p + 1.250 65 - 75 3
uw+ 1.250 to u + 1.750 75 - 85 2
Over pu + 1.750 85 or more 1
61| 4 ,
jprorr=n
9<— 8 |’ 2

\

d N

10 36 30 70 30

Performance Measurement Scale

Figure 11. Scored Performance Distribution
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1t should be noted that the performance measurement scale can be expressed
in percentages, dollars, time units, numbers, or any other measurement
that adequately describes the wvarious values that a particular level of
performance may receive. In the above example, the nine measurements, if
all are used, could easily have read, Terrible, Very Bad, Below Average,
Average, Above Average, Good, Very Good, and Excellent.

The contractor's estimate, even from historical data, of the mean
value of project performance for any criterion is subject to considerable
error. Consequently, it is important that the mean value be estimated as
accurately as possible and be centered on the distribution mean. If the
mean value of performance is incorrectly estimated, valuable results are
still possible, but the model will be unable to differentiate between
certain extreme values of performance. For example, Figure 12 shows the
results of a 50 percent underestimation of the performance mean. Rather
than performance values being scored on the solid curve distribution,
they should be scored on the dotted curve distribution. Hence, for this
criterion, the model is unable to distinguish between a project having an

average level of performance and one having a high level.
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Performance Measurement Scale

Figure 12. Error in Estimating a Performance Mean
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Criteria Selection

The first step in developing the scoring model is the consideration
of the specific objectives of the construction company. Information ob-
tained in personal interviews conducted by the author supported the hypo-
thesis that the primary objective of most contractors is profit. To
achieve this objective attractive construction projects must be selected,
To select such projects appropriate criteria that are relevant to the
evaluation of the risk in a construction project must be determined. The
final list of criteria may vary among individual contractors.

Moore and Baker (16) describe several properties which a criteria
list should possess. It should be complete; each criterion should be
truly relevant and measurable; and there should be a minimum overlap be-
tween criteria. A number of criteria between five and ten is generally
considered sufficient for project evaluation. Appendix F contains a list
of 12 evaluation criteria for assessing the risk in a construction pro-
ject. The list is arranged in no particular order and for a typical con-
struction company is believed to be representative, based upon information
assembled during this research,

The reader may question whether all of the criteria are relevant
to the evaluation of the risk per se in a proposed project, Criteria D,
I, J, K, and L may appear especially questionable. However, the author
has extended the definition of risk (see Appendix A) to include these
criteria which affect the attractiveness of a proposed project and the

ability of a contractor to win the bid or undertake the project.
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Performance Measurement

The second step in developing the scoring model is the formulation
of a performance measure and scale, i.e.,, a scoring function, for each
evaluation criterion. A scoring function is a process or an established
relationship for each criterion that assigns a value from the scoring
scale to a measure or an estimate of the project performance. A contrac-
tor may use either a point or an interval estimate for each criterion to
measure project performance and may use either a discrete or a continuous
gscale to score that performance.

Both point and interval estimates were used to describe the project
performance measures for the criteria in Appendix F. Point estimates were
considered appropriate to measure quantitative criteria such as the number
of bidders and the number of uncontrollable organizations. Interval esti-
mates were utilized for all gqualitative criteria and for one quantitative
criterion, i.e., the amount of labor, which was expressed in percentage
intervals. The preponderance of qualitative criteria in Appendix F makes
the interval estimate appear most useful.

The scale selected to measure project performance cannot be more
definitive than the performance values supplied by the contractor. These
scales are subdivided into nine scoring intervals. Although nine is not
a mandatory number, it is considered optimal by the author in this situa-
tion. Less than nine intervals decreases the discriminatory power of the
scoring model and reduces the ability of the model to compensate for
errors made in estimating a performance mean, while more than nine gener-

ally exceeds a person's ability to measure judgmental data (16). The same
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number of intervals should be used for every criterion. As mentioned
earlier, the scoring intervals will be of equal width except for the end
intervals that include the extreme points of each performance scale,
Moore and Baker (16) suggest the use of interval widths that are "equal
to one-half the estimated standard deviation of each project performance
distribution function."

A discrete or a continuous scale may be used to score any measure
of project performance. A discrete scale contains only integer-valued
scores, while a continuous scale contains all numerical values between
and inclusive of the end points, Discrete scales were used to score all
measures of performance for the criteria in Appendix F, as this was con-
sidered simplier and more appropriate for these criteria.

Once it has been decided how to measure each performance distribu-
tion and to partition the scoring intervals, the appropriate quantitative
or qualitative descriptions are assigned to each score, numbered one
through nine. The scores for all performance measures must be selected
from this same interval (1 - 9). If a criterion were scored from a dif-
ferent interval, e.g., (7 - 15), it would be weighted differently than
the other criteria. The method for assigning criteria weights will be
discussed in the following subsection of this chapter,

Although the maximum number of performance measurement descriptions
is nine, there may be less. For qualitative criteria that require subjec-
tive evaluations, two or three descriptions with the corresponding scores
may be sufficient for evaluation. For example, performance measures a,
b, ¢, and d may be assigned scores of 1, 4, 6, and 9, respectively. How-

ever, a contractor is not limited to these specified scores in subjectively
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evaluating such a criterion. He may assign any score (1 - 9) that he
considers appropriate.

Descriptive terms for the criteria in Appendix F have been assigned
scores. The interval estimates which were developed to measure project
performance could be made more explicit for a specific contractor. It
should be realized that the risk evaluation criteria will normally be
utilized by the same person in each construction company and that they
may be modified to fit the particular needs of a company or individual.

Criteria Weights

The third step in developing the scoring model is the assignment
of a weight to each criterion to specify its relative importance. This
step is obviously based upon the assumption that all criteria are not
equally important. The weight may be assigned, for example, through an
exponential or a logarithmie function. However, the use of coefficients
to weight the criteria will keep the mathematics at a much less complex
level. Although this importance coefficient of a criterion score is
constant, it may be adjusted to reflect a change in the relative impor-
tance of a ¢riterion and in the perceived environment in which the con-
tractor is operating.

Eckenrode (9) discusses weighting criteria by six methods which
are ranking, rating, complete paired comparisons, successive comparisons,
and two methods using partial paired comparisons. He determines that no
gignificant difference exists in the developed sets of weights by using
any of the methods, although the simple ranking method is the easiest to
use. Regardless of the method that is employed, the weights must be care-

fully assigned to maintain the relative importance of the evaluation
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criteria.

Weights were not assigned to the criteria in Appendix F at this
point in the research but were assigned during the trial application of
the scoring model. The assigmnment of criteria weights should reflect the
priorities of an individual contractor. For the author to have arbi-
trarily made such an assignment would have clouded the discussion that is
presented in Chapter V.

Model Structure

The final step in developing the scoring model is the collection
of the various criteria scores and their respective criteria weights,
This will produce a dimensionless number as the score of a specific pro-
ject or a portion thereof. The number is a measure of the risk in the
corresponding scored portion of the project and should be interpreted
accordingly by the contractor,

Two indices that may be used to form the project score from the
products of each criterion score and weight are the additive index and
the multiplicative index. The additive index adds the products to form
the project score, while the multipiicative index multiplies the products
to form the score. Although the multiplicative index produces a wider
range of project scores, it tends to favor projects that are given aver-
age evaluations on all criteria over projects that are given extreme
evaluations, Furthermore, the multiplicative index is more sensitive to
errors that may be made in estimating the mean of the performance distri-
bution. Consequently, the additive index will be used to produce the

project score,
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The model may be structured in one of several ways to produce an
evaluation of the risk in a project. Regardless of the method that is
used, it must be logical and must be used consistently on all projects
until the methoed is revised. Furthermore, the method must produce an
evaluation that is meaningful and can be understood by the contractor.

In brief, the method must assist him in making his evaluation of the in-
herent risk involved in a project.

A common methed for structuring a scoring model is one that com-
bines risk and profit evaluations to produce a single overall project
score, Although some decision makers might prefer this method, it makes
it difficult for the contractor to know whether the single score repre-
sents high return and low risk or vice versa. This method unjustifiably
combines cost and performance factors and appears to be impractical in
this situation. The structure of the scoring model should be based upon
an evaluation of the inherent risk in a project and should not include an
evaluation of profit. Although a contractor is primarily concerned with
the profit and risk in a proposed project, the two items should not be
combined in a single value scoring model. The evaluation of profit is
based upon the approximate annual rate of return and will be discussed
further in the last section of this chapter. Risk is determined from the

12 criteria which are combined in the following scoring model:

where R = rigsk score for project

=]
1]

weight for criterion j
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C.
J

j

performance score for criterion j, and

number of criteria (j = 1,2,3,...,n)}.

This multi-criteria scoring model is used to evaluate the risk in
a project. It is employed as soon as there is sufficient information
with which to analyze the first criterion. The risk score is cumulative
and is developed by summing the weighted performance score of each cri-
terion which is evaluated as soon as appropriate information becomes
available., A risk score which is expressed as a single value may not
convey sufficient information to a decision maker who desires to know the
composition and source of the risk in a project. To provide this addi-
tional information, a graph that is similar to the hypothetical one in
Figure 13 may be employed. The risk score for each evaluated criterion,
numbered 1 through 12, is plotted separately on the graph in such a manner
that the score for each criterion contributes visibly to the total risk
score for the project. From this graph a contractor not only can deter-
mine the total risk in a project but also can ascertain the source and
magnitude of each element of the risk.

Model Evaluation

After the scoring model has been developed, it must be evaluated
for accuracy. This evaluation begins by checking each aspect of the
model design and structure to determine the possible effects upon a result-
ing project score. The structural parameters, e.g., the scoring functions,
are altered until a satisfactory degree of model performance is obtained.
In all cases the accuracy of the model is compared with some standard, or

benchmark, which probably will be the method, either mathematical or
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intuitive, that was used by the contractor for the evaluation of project
risk prior to the scoring model.

Next, the model must be tested and verified. It is assumed that
the contractor has sufficient data from past projects to experiment with
the scoring model, A variety of past projects which must include some
that are considered good, bad, and average are reevaluated using the
scoring model. Any inconsistencies between the model and the benchmark
are analyzed to determine the source of the discrepancy. This analysis
may lead to the conclusion that a criterion was improperly weighted or
that an important factor was excluded from the model. Conversely, it may
be decided that the source of the discrepancy is the benchmark and the
inconsistency of the intuitive evaluation. The model has been initially
verified when it produces consistent, accurate results for mean and ex-
treme project performances.

The evaluation of the scoring model is not complete without some
form of sensitivity analysis to determine what alterations in the model
are possible without affecting the overall project evaluation. If the
results of this analysis indicate that the model is too sensitive to
relatively unimportant criteria or is insensitive to important criteria,
the criteria weights, or possibly the model structure, should be adjusted
to give the model the necessary degree of sensitivity.

At this point the scoring model will be placed into operation.
After each application of the model the results should be analyzed to
determine if any adjustments to the model are warranted., As mentioned
earlier, changes in the construction company or in the operational en-

vironment may dictate adjustments to the model. In any case, the continued
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use of the model in evaluating project risk will allow the project per-
formance distributions to be reestimated which should improve the reality
and accuracy of the scoring model. This should result in a model which
the contractor is confident can produce a reliable evaluation of the in-

herent risk in a proposed construction project.

Employing the Technique

The previous sections of this chapter have dealt with the more
complex project evaluation steps which occur during the final screening
phase after the contractor has received the bid documents, There is also
a preliminary screening phase which begins when the contractor receives
the initial word that there will be a project. This initial word nor-
mally comes from the owner or from the architect, although some large
contracts are initially publiecized in the trade journals of the construc-
tion industry. In any case, the initial word generally contains suffi-
cient information with which to evaluate the first ten criteria in
Appendix F,

The complete technique involves the continuous and progressive
evaluation of a project during the preliminary and final screening phases.
The steps involved in these phases must be integrated into a logical se-
quence that will facilitate a contractor's employment of the technique in
evaluating a construction project. This section discusses, in a general
way, the sequence which a contractor should follow in employing the tech-
nique to obtain maximum benefit from its use. The technique is not, how-
ever, a rigid sequence of events but is flexible and can be modified based

upon the availability of information to meet the needs of an individual
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contractor or of a specific situwation.

Because a contractor gathers a great deal of information about a
construction project prior to having his name placed on the bidders list
or prior to obtaining the bid documents, the evaluation of risk through
the use of the multi-criteria scoring model can begin at an early date.

At any time during the preliminary phase, additional information may per-
mit the contractor to reevaluate some previously analyzed criterion, or

may precipitate his decision that the project is unattractive and deserves
no further consideration, During the preliminary analysis, such a decision
will be based sclely upon the fact that the project or a specific criterion
contains a risk evaluation score that is too high, since, at that time, a
contractor will have no information on which to base an evaluation of the
profit in the project.

I1f a contractor determines that a project is attractive after the
preliminary analysis, he will confirm his name on the bidders list and
receive the bid documents. At this point in the sequence, the contractor
begins the final analysis of the project and must be careful not to need-
lessly harass subcontractors by having them prepare bids for work on a
project for which a bid may not be submitted. He will continue to develop
his evaluation of the risk in the project through the use of the multi-
criteria scoring model and will also begin his evaluation of the profit
in the project, The evaluation of profit has been discussed in the pre-
vious sections of this chapter and is based upon an approximate annual
rate of return.

For any given rate of return it is assumed that there is a level
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of risk below which a contractor finds a project attractive and above
which he finds it unattractive. The intersection of a rate of return and
this specific level of risk forms a point of indifference. A sufficient
number of these points can be located to form an indifference curve, as
illustrated in the theoretical example in Figure 14, The actual shape of
the indifference curve will depend upon how averse to risk the contractor
is, If the intersection of the rate of return and the level of risk for

a project under consideration is above the indifference curve, the project
is deemed attractive, and vice versa.

The proposed technique enables a contractor to continuously and
progressively evaluate the inherent risk in a project with the multi-
criteria scoring model and, when the information becomes available, to
also evaluate the profit in a project. These two evaluations would be
combined on a single graph similar to the one in Figure 14, Since this
one graph may not provide suffiecient information to the decision maker,
two additional graphs could be included. The first graph is similar to
the one in Figure 10 and provides additional information on the rate of
return for the project. The second graph is similar to the one in Figure
13 and provides additional information on the composition of the risk in
the project,

During the preliminary and final evaluation of a project, the de-
cision that the project is unattractive may occur in several ways. The
project may be unattractive because of risk or profit, or both. The risk
may be unacceptably high on a single critical criterion, e.g., no chance
of getting the necessary loan for the project. The total project score

may exceed a cut-off value which indicates that there is too much risk
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involved in the project. The rate of return on the total profit may be
below an established minimum value, or the interim profit may be too low.
In any case the proposed technique will assist a contractor in deciding
which projects are attractive and deserve further consideration.

In Figure 15 is a flow diagram that describes the sequence to be
followed in employing the technique. The sequence starts when the con-
tractor receives the first information about the project and ends when the
bid is submitted or when the decision 1s made that the project is unattrac-
tive. Each step in the sequence is followed by a decision node where the
contractor must decide whether or not to continue the project evaluation
process. It should be noted that there are two critical steps in the se-
quence, The first is the preliminary evaluation of the project risk
prior to the contractor's confirming his name on the bidders list. The
second critical step is the final evaluation of the total project prior
to refining and submitting the actual bid. Although the decision that
the project is unattractive may be made after performing any step, these
two decisions are the most eritical, for each of them significantly and
progressively commits the contractor to a project,

A warning to users of this technique will terminate this chapter.
The technique, to include the scoring model, is not designed to make any
decisions for the contractor. It can decide neither the attractiveness
of a project nor the advisability of bidding on a project. The technique
merely takes the evaluator's mental process and converts it into an ana-
lytical one. There are intangible factors, such as the possibility of a

subcontractor's going bankrupt or of the contractor's making a mistake in
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preparing the estimate of the project cost, which are not incorporated
into the technique but will influence the attractiveness of a project.
The technique, if properly employed with an evaluation of the intangible
factors, will be a wvaluable tool to assist the contractor in assessing

the attractiveness of a project and in deciding whether or not to bid on

it.
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CHAPTER IV

TECHNIQUE EXTENSION FOR MULTIPLE PROJECTS

Introduction

The technique developed in the previous chapter used a multi-
criteria scoring model and an approximate annual rate of return to evalu-
ate a single proposed construction project during the pre-bid phase. It
can be extended to enable a contractor to simultaneously evaluate multiple
projects that constitute a continuous flow through time. This represents
a dynamic situation in which the projects under evaluation continue to
change through time as projects are added to and deleted from the list
of those being considered. In this dynamic situation proposed projects
and opportunities to bid occur randomly over time. The project evalua-
tion process is still a sequence of decisions, but the contractor must
now choose between a current opportunity and the possibility of a more
lucrative project at a later date.

All projects must be evaluated to increase the probability that
the most attractive of them will be selected as the project on which to
place the greatest effort in preparing the competitive bid. Multiple
projects cannot be evaluated by merely applying the previous technique to
each project separately. Although the technique forms the basis for this
evaluation, it must be modified.

The objective of this extended technique 1s not only to select the
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most attractive project, but also to enable a contractor to establish a
general ranking of all proposed projects., The technique can also be used
to scan a large number of possible projects to reduce the number that

must be analyzed in greater detail,

Preliminary Evaluation Phase

The multi-criteria scoring model which was developed in the previous
chapter for evaluating the risk in a single project may be expanded to
allow more than one project to be evaluated. This is accomplished by
introducing an index that distinguishes between the various projects
under consideration. The resulting scoring model takes the following

form:

n
Ry = Z LA
j=t

H

where Ri risk score for project i

Wj = weight for criterion j

Cij = performance score for criterion j on project i
i = number of project (i = 1,2,3,...,m), and
j = number of criteria (j = 1,2,3,...,n).

Assuming that contractors are averse to risk, the objective of a
contractor is to minimize the risk which he can anticipate in a project,
To be selected, a project not only must have the minimum risk score but
also must have been evaluated below any cut-off score which may have been
established for a single evaluation criterion or for an entire project,

In considering some of the ramifications of risk analysis during

the evaluation of multiple projects, it may be helpful for the reader to
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refer to the sequence of events presented in the flow diagram in Figure
15. At any decision node there may be one or more construction projects.
All of these projects must be evaluated for risk which may be subdivided
into two basic categories, i.e., risk determined during the preliminary
evaluation phase and risk determined during the final evaluation phase.
The first category contains ten evaluation criteria (j = 1,2,3,...,10)
and the second contains two (j = 11,12).

In the first category the problem is how to compare projects which
may have been evaluated on different numbers of criteria. This is a situ-
ation which occurs when the initial information received on each project
is not equally complete and subjective evaluations cannot be used to ten-
tatively score the unevaluated criteria. A mean value of Cij = 5 cannot
be assumed for unevaluated criteria, as this may discriminate for or
against a project. The minimum risk score cannot be used to select the
most attractive project, since this would favor projects that have been
evaluated on fewer criteria. Remembering the above statement regarding
cut-off scores, it appears that a contractor should continue to evaluate
a project until he must confirm his name on the bidders list. More than
one project may congregate at this point while the contractor waits for
the time when he must confirm his name on the bidders list for one of the
projects.

To compare projects that are in the preliminary evaluation phase,
there are two general considerations. First, project k is less attractive

and should be evaluated carefully, if:
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10
R Z R, + El W, - a, for 1 # k
k(10) i(L) F= 3 g
jEL
where Rk(lO) = risk score on project k for 10 criteria
Ri(L) = risk score on project i for L criteria
aj = maximum score (less than any cut-off) for eriterion j,

and
L = set of criteria on which project i has been evaluated,

In other words, a project evaluated on 10 criteria is less attractive, if
there is another project evaluated on less than 10 criteria whose total
risk score for 10 criteria, even in the worst case, will not exceed
Re(10)°

The second consideration for two projects in the preliminary evalu-
ation phase is that project i is less attractive and should be evaluated

carefully, whenever:

10
Ri(L) + ;Zﬁ wj . bj Z Rk(lo) for i £ k
jAL

where bj = minimum score for criterion j (normally bj = 1}.

The above expression states that a project evaluated on a2 number of cri-
teria less than 10 is less attractive, if the project cannot have a score
for 10 eriteria, even in the best case, less than Rk(lO)‘
To compare projects where one is in the preliminary evaluation

phase and the other is in the final phase, there are two general consider-

ations, First, project k is less attractive, if:
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12

Reaoy T ;i W, by 2Ry
j=11

where = risk score for all 12 criteria on project i, which is

Ria2)
being evaluated in the final phase.
In other words, a project evaluated on 10 criteria is less attractive, if
the addition of the minimum possible score for the last two criteria will
cause the total risk score for the project to exceed or be equal to the
score of another project which already has been evaluated on all 12 cri-
teria. The decision of whether to drop project k in this situation is a
determination that must be made by the contractor, The variables affect-
ing the decision will include the difference in the risk scores of the
projeets, how badly the contractor needs another project, any feeling
which he may have regarding the level of profit which project k may have,
and so forth.
The second consideration where one project is in the preliminary

evaluation phase and the other is in the final phase is that a project i

is less attractive, if:

12
Requoy * EE "i % 2 R
j=11
This expression states that a project evaluated on all 12 criteria is
less attractive, if there is another project evaluated on 10 criteria
whose total risk score for 12 criteria, even in the worst case, will not

exceed R, The decision of whether to drop project i in this situa-

i(12)°

tion will include the factors mentioned above plus a consideration of the




98

amount of work remaining to be expended on project i.

The four general expressions above merely provide an indication of
the relative attractiveness of a projeet, Since the magnitude of the risk
scores is unspecified and the profit for projects in the preliminary
evaluation phase is unknown, there is no basis on which to decide that a
project is absolutely unattractive, For example, one project may be less
attractive than another, but both projects may be considered attractive
based upon very low risk scores. Although the four expressions may be
simplified by disregarding the criteria weights, the author feels that it
is less confusing if a contractor continues to use the same procedure
that has been established for determining risk scores as a means of com-
paring alternative projects,

The discussion of risk considerations for multiple projects is
incomplete without an investigation of the order in which a contractor
should process the initial bulk of information to evaluate the criteria
on a project, The eriterion which a contractor should evaluate first is
the one that is the most critical or has the greatest probability of caus-
ing the project to be rejected. This strategy creates a procedure whereby
a project is evaluated on criteria in the order of the decreasing prob-
ability that the project will be rejected. The objective is to eliminate
an unattractive project as early as possible. If this eriterion rank
cannot be established, a project should be evaluated on criteria in the
order of the increasing cost or time required for the evaluation, This
strategy causes unattractive projects to be eliminated after the expendi-

ture of minimum time or money.
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Final Evaluation Phase

Assuming that a project has been judged attractive based upon the
preliminary evaluation of risk, the project then enters the final evalua-
tion phase, During this phase the evaluation of the project risk is com-
pleted. The primary effort, however, is directed toward an evaluation of
the profit in the project. Again it may be helpful for the reader to
refer to the flow diagram in Figure 15 while considering some of the rami-
fications of profit analysis during the evaluation of multiple projects,

Although there may be one or more projects at any decision node
in the final evaluation phase, it is assumed that there will be many less
projects in this phase than in the preliminary evaluation phase during
which a contractor can carry a project for relatively little cost while
refining the risk score for the project. In the final phase to receive the
bid documents, a contractor must surrender a deposit which is returned only
if he submits a bid which, in turn, requires time and money to prepare.

It must be realized that the step after decision node number 4, i.e.,
estimating the project cost and duration, is time consuming, e.g., seven
to ten days for a million dollar project. This and the following steps
must be completed in time for the project bid to be submitted by the estab-
lished deadline. Consequently, there may be little or no slack time in
producing a project bid during this phase which will limit the number of
projects that a contractor can process at any given time.

In spite of the limited number, a procedure is required whereby a
contractor can compare projects that may be located at different nodes in

the final evaluation phase. Since the projects at nodes 2 through 9 have
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not been evaluated for profit, any comparison that is made between pro-
jects must be based upon the available risk scores and must be performed
as discussed in the previous section of this chapter. It is possible that
a contractor may be able to make some subjective comparisons between such
projects. In addition, information obtained by executing a step in the
final sequence may interact with an evaluation criterion to adjust a pre-
vious risk score, e.g., learning that the bid documents are not adequate.
Another requirement during the final evaluation phase is having a
decision rule at each node to assist a contractor in deciding whether or
not to continue the evaluation of a particular project, These decision
rules are basically related to cut-off scores which are discussed, in
general, in a subsequent section of this chapter. At nodes number &4, 9,
10, and 11 the decision rule involves the comparison of a numerical evalu-
ation to the appropriate cut-off score. TIf the evaluated score exceeds
the cut-off score, the project is deemed unattractive. Considerations
required at node number 12 are discussed in the next section of this chap-
ter. The decision rule for node number 2 states that a project may become
unattractive, if there is a long time interval between a contractor having
confirmed his name on the bidders list and the availability of the bid
documents, The rule also allows for the faect that, during the time inter-
val, a contractor may receive advanced information which may cause a pro-
ject to become unattractive, e.g., an unusually high number of competitors.
At node number 3 the decision rule may state that a project is undesirable
if the bid documents are not adequate, The decision rule at node number

5 is based upon whether the contractor feels that his estimate of the
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project cost and duration is accurate and competitive. Nodes number 6,

7, and 8 employ a subjective decision rule. The completion of any one of
the three steps may develop information that causes a project to be deemed
unattractive. The network may indicate that significant problems can be
anticipated, or a large number of contingencies may cause too much uncer-

tainty about the project cost or duration.

Profit Analysis

The objective of a contractor is the maximization of the profit
which he can anticipate from a project. There are several factors which
must be considered in selecting the most profitable or economic project.
The project must require a capital investment less than any established
cut-off value which normally would be the amount of uncommitted capital
available to the contractor, i.e., Vi < V*; must require a bond less than
the remaining bonding capacity of the contractor, i.e., B.1 < B*; and must
have been evaluated above any minimum attractive rate of return, SO
which may have been established for project profit. Furthermore, a con-
tractor should select a project which minimizes the difference between
the approximate annual rate of return, ROR, on the total profit, s and
on the interim profit, oy .

Subject to these four requirements, the selected project should
also have the most attractive return for the required investment. Based
upon an original assumption that a contractor can handle only one addi-
tional project, all projects are, by definition, mutually exclusive alter-

natives. To compare one alternative with another it is necessary to

examine the difference between their cash flows to determine the economic
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advantage of one over the other. This eliminates the possibility of using
a present worth, PW, comparison on the total investment. Since construc-
tion projects do not have the same duration, it is quite difficult to
evaluate projects using a PW comparison on the incremental difference
between cash flows. Consequently, the ROR approach developed in the pre-
ceding chapter will be used to assist in analyzing the economic difference
between alternative projects. The basis of this analysis is whether the
added increment of Investment required by one project over another will
generate a ROR greater than o arr Thus, the ROR is used not only for
evaluating a single project but also for comparing alternative projects.
By successively examining projects for which the ROR on the incremental
investment is greater than & arr’ 2 contractor can determine the most
profitable project which will be the one having the maximum PW at o arr”

In selecting the most profitable project, the problem facing a con-

tractor can be expressed as:

Maximize PW at qm

arr
Subj : inimi , - .
ubject to Minimize (qu aIl)
Q&i marr
*
vV, <V
i
%
B, <B

There is no analytical solution to the above mathematical expression,
However, if the constraint of Min (OTi - o&i) is disregarded temporarily,
a solution can be found for the reformulated expression, assuming that

constraints 3 and 4 are satisfied. 7To facilitate the comparison of cash
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flows using the ROR, it is further assumed that Vi ocecurs at time zero

and PT occurs at time d+ for each project.

, the

To determine the project having the maximum PW at & arr

analysis of the ROR on the additional investment for mutually exclusive
projects, where i = the project which is the basis of comparison and j =
the project which is being compared to i, is conducted in the following
manner (10):
1. Reject all projects for which & = ¢ et
2. Arrange projects in the order of increasing V.
3. Compare the first project (j = 1) with the '"do nothing"
alternative (i = 0),

4. Compute the ROR on the added investment, «,, for project j

A,
compared with 1.

5. If ¢, > o , accept project j which becomes the next basis

A arr
of comparison. Thus, i = j, j = j + 1, and return to step 3.
£ < . . : co_ i s oo s
I o = reject project j Thus, 1 i, j ji+1,
and return to step 3.
This procedure is continued until all projects have been compared with a
basis. The last project to be the basis will be the project having the
maximum PW at o .
marr
For O rr 15 percent, the analysis to determine the most attrac-

tive project, i.e., the one having the maximum PW, is conducted as indi-

cated in the following hypothetical example:
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PROJECT: A B C

v 150,000 200,000 300,000
Total Profit 40,000 50,000 66,000
a" 0.8 1.2 1.1
o i3.4 20.8 20.0
Added Investment 50,000 100,000
Added Profit 10,000 16,000
*

oy 33.4 16.7 14,5

*a Added Profit

A~ (Added Investment) - d

The above analysis indicates that project B is the most attractive of the
three projects and is followed in order by projects A and C. Although O

= 20.0 percent for project C, «o

) = 14.5 percent which is less than o

arr.
The reader may question why PW is not listed for each project in this
analysis. To do so would be rather meaningless, since it is difficult

to compare the PW of projects which have different durations and required
investments.

Having selected the project which has the maximum present worth in
the reformulated problem, the requirement of Min (qfi - aIi) must be con-
sidered. The expression can be used to rank projects in ascending order
of the difference. This list is compared to the list which is obtained
by ranking projects based upon decreasing present worth. If the first
project on each list is the same, that project, by definition, is the most
profitable. If the projects are not the same, the contractor is faced

with the problem of how to select the most profitable project. Rather

than becoming engrossed in this problem, however, the contractor can direct
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his attention to the more important problem of selecting the most attrac-
tive project. Before this is done, however, the subject of cut-off scores

requires some final comments.

Cut-off Scores

A final point that requires consideration is the determination of
the various cut-off scores. Each of these scores is a function of several
variables and will tend to vary not only with time but also in proportion
to the capabilities of a construction company and the current level of
activity in the company. This level is determined by projects that are
in progress plus projects that are under consideration. Available re-
source levels in the company will fluctuate as some projects are started
and as others are terminated. The potential of the company to acquire re-
sources from external sources may also vary.

The manner in which the variables affect different cut-off scores
can best be described with the aid of the flow diagram in Figure 16.
Projects which progress through the system influence cut-off scores
through a feedback mechanism, which is represented by the dotted lines.
Cut-off scores are also influenced through the periodic review in which
the scores are reevaluated and adjusted, if necessary.

From the information contained in Figure 16, it is apparent that
cut-off scores for the minimum attractive rate of return and for the evalu-
ation criteria in both the preliminary and final evaluation phases are
affected by several specific variables. Cut-off scores for all 12 evalu-
ation criteria receive feedback from the evaluation of each proposed pro-

ject on each of the criterion and from an assessment of the actual risk
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in each project in progress. The X arr receives feedback from the evalu-
ation of each proposed project, from the periodic reevaluation of the
future profit in each project, and from an assessment of the future profit
in all projects in progress., Furthermore, each of the three cut-off
scores receives feedback from the periodic review, from an overall evalu-
ation of the need for a new project, and when a bid is won. Obviously,

if a bid is won, there will be a greater need to adjust cut-off scores

so that fewer potential projects are evaluated.

Potential projects flow inte the system, i.e., come to the atten-
tion of the contractor, from a theoretically infinite source. The flow is
regulated primarily by the evaluation of the need for an additional pro-
ject. This need is influenced by factors, such as winning or losing a
bid, that were not depicted in Figure 16. This was done for the sake of
clarity in a diagram that is concerned with cut-off scores.

These brief comments plus Figure 16 should give the reader a better
appreciation of cut-off scores and how they are adjusted. The efficient
use of such scores based upon the contractor's experience and desires can

improve the project sereening procedure and evaluating technique.

Selecting the Most Attractive Project

During the preliminary evaluation phase, the selection of the most
attractive project was necessarily based upon an assessment of the risk in
the first ten evaluation criteria. During the final evaluation phase,
the discussion thus far has centered around an evaluation of the profit
in a project. Neither risk nor profit alone determines the true attrac-

tiveness of a proposed construction project in the final analysis. Such
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a determination must be made by considering the two evaluations together.
The fact must be stressed that the evaluation of project profitability
succeeds the evaluation of total risk. Hence, any effort to compare the
profitability of one project with another can, and should, be aczompanied
by a consideration of the total risk in each of the projects. Such a
determination is made during the step preceding decision node number 12.

The profitability of each project will have been determined prior
to this final step. The determination was based primarily upon a present
worth analysis at A~ using an approximate annual rate of return which
was described earlier in this chapter. 1In addition, the determination of
profitability was influenced by the difference between o and o in each
project, since a smaller difference indicated that a greater percentage
of the total profit would be received during the construction of a project
which, in turn, indicated a more favorable cash flow for the contractor,

The total risk in each project also will have been determined prior
to the overall evaluation step. The measure of the total risk in each
project was completed during the step preceding decision node number 11
by adding the evaluation of risk in the last two criteria to the earlier
evaluation of the first ten criteria.

During the last step in the final ewvaluation of each project, a
comparison is made to determine which is the most attractive project and
to establish a general order of the projects according to their overall
attractiveness. This can best be accomplished with the aid of a graph on
which each project is plotted by using axes to measure the total risk and

the approximate annual rate of return. Both % and ap are measured on
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the rate of return axis. It should be noted that such a graph gives no
indication of present worth which must be considered separately.

Figure 17 is an example of the graph on which five hypothetical
potential projects have been plotted. The five proposals are projects
A, B, and C, which were mentioned earlier in this chapter during the dis-
cussion of present worth, and projects D and E, which are introduced here
to assist in demonstrating the selection procedure.

To further assist in the selection of the most attractive project,
graphs similar to the one in Figure 10 and in Figure 13 could be prepared
for each project, These graphs would provide additional information in a
visual form to assist the decision maker in evaluating each project, in
selecting the most attractive project, and in ranking the projects in
their order of overall desirability.

The information that has been developed concerning the profit and
risk in each project may be summarized by listing the projects in decreas-
ing order of attractiveness. This is done as shown in the following hypo-

thetical example:

PW QT - UI RISK

O=HO PP E
Ompe O
[calil == O o B o

An analysis is made of this summary and of the graph in Figure 17
in an attempt to determine the overall attractiveness of each project.

The determination may be difficult to make and will require a decision
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from the contractor. The analysis in which IC = the indifference curve,

Lo = O = O PW = the present worth, and R = the total risk score might
be made as follows for each project:

Project A: High % low R, small Ap, but not the greatest PW,

Project B: Greatest PW, small Aw, but has high R and plots close

to IC.

Project C: Low R, but PW was unsatisfactory, and Ac is large.

Project D: Lowest R, small Aw, but plots below S A

Project E: High O small Aw, but high R and plots below IC.

From the above analysis the decision might be made that project A
is the most attractive and is followed in order by projects B, C, D, and
E. The actual decision will depend upon the significance of the various
differences in risk and profit for each project. It must be remembered
that the evaluation process alone does not decide which is the most at-
tractive project. That decision is made by the contractor who must con-

sider the relevant intangible factors that may add to or detract from the

level of project risk determined from the scoring model.
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CHAPTER V

TRIAL APPLICATION OF TECHNIQUE

General Procedure

The proposed project evaluation technique that was developed in
the preceding chapters was presented to Van Winkle and Company, Inec.,
which is a medium size genmeral contracting firm located in Atlanta,
Georgia. There the technique was subjected to a trial application not
only to demomstrate the procedure but also to test the technique in a
real-world environment.

The general procedure that was followed during the applicatien
phase contained several steps. First, the evaluation criteria for the
scoring model were ranked, rated, and weighted. Then, the model was wvali-
dated by employing it as part of the proposed technique to evaluate past
projects. The results which were obtained from the application of the
technique were analyzed to determine whether or not adjustments in the

scoring model or in the technique were required.

Criteria Weighting

The 12 evaluation criteria and their respective scoring functions
which were developed in Chapter ITII and presented in Appendix F were se-
lected to assess the risk in a project. Any one of the methods mentioned
in Chapter III could have been used to weight the relative importance of

the criteria, It was decided to employ a combination of the ranking and
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rating methods, Ranking by itself would not have been a valid method for
assigning criteria weights, as it implicitly and incorrectly, in this
case, assumes equal intervals between the criteria, However, the two
methods can easily be used in succession to obtain the weights in situa-
tions where one or more evaluators are involved.

If one evaluator had determined all ecriteria weights, the method
of ranking could have been followed by successive ratings. 1In this latter
method the evaluator would assign the most important criterion a value of
100 and then assign to each lower ranked criterion a value that is pro=-
portional to 100 and reflects the relative importance of the lower ranked
criterion. The process would be repeated in reverse order by starting
with the lowest ranked criterion and assigning to each higher ranked cri-
terion a value that is proportional to the lowest value. The cycle would
be repeated until the decending and ascending scales are identical,
Ranking

During the trial application, however, two persons from the firm
determined the eriteria weights for the scoring model. The list of cri-
teria was presented individually to the two evaluators on index cards on
which each criterion was separately recorded with the title, the corres-
ponding alphabetic letter for ease of reference, and the description of
the evaluation eriterion. The evaluators used the cards to rank the cri-
teria in their order of importance.

The results of the ranking are presented in Table 8 for evaluators
number one and two, Since there are two rankings, the Spearman rank cor-

relation coefficient could be used to determine whether the evaluators are
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in agreement., However, the use of this procedure is restricted to the
two evaluator situation and is, therefore, considered too inflexible for

general use where the number of evaluators may exceed two,

Table 8. Evaluation Criteria Rankings

Criteria
A B C D E F G H I J K L
Evaluator #1 9 10 4 12 8 5 11 3 2 1 7 6
Evaluator #2 9 7 11 12 8 6 10 2 5 1 3 4
Total 18 17 15 24 16 11 21 5 7 2 10 10
{(Total - 13) 5 4 2 11 3 -2 -8 -8 -6 -11 -3 -3
(Total - 13)2 25 16 &4 121 9 & 64 64 36 121 9 9

NOTE: m(n + 1) - 2 = 13, and
12

S = z (Total - 13)% = 492
i=1

Consequently, the Kendall coefficient of concordance, W, was used to ex-
press the degree of agreement among k sets of rankings. The Kendall coef-

ficient is computed using the following formula:

125

mz(n3 - n)

where S sum of the squares of the deviations of the total of the ranks
assigned to each criterion from m(n + 1) + 2

m = number of rankings, and

n = number of criteria.
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W varies from O to 1, 0 signifying perfect disagreement and 1 signifying
perfect agreement between the rankings., For 12 criteria, the hypothesis

that the evaluators are in disagreement may be tested by calculating
2
X =mn - 1) (W)

which is approximately distributed as chi-square with v = n - 1 degrees
of freedom.
From the two rankings of the 12 criteria in Table 8,
12(492

- 12(492) __ _
W= s - 1y - 8t

and

%% = 2(12 - 1)(.861) = 18.95

Examination of a chi-square table (15) for v = 11 degrees of freedom shows
that X2 = 17.275 at the 10 percent significance level. The calculated
value is slightly greater than this and is, therefore, slightly signifi-
cant at the 10 percent level. In other words, the hypothesis that the
evaluators disagree can be rejected.
Rating

After ranking the criteria, each evaluator was asked to rate the
relative importance of each criterion by assigning to it an appropriate
value from a continuous scale marked in integer units from 1 to 100, in-
clusive. This was accomplished by having each evaluator take the alpha-
betic letter for his most important criterion and write it adjacent to

100 on the rating scale. Each successive criterion was written adjacent
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to an appropriate value on the scale to reflect the relative importance
of the criterion as perceived by the particular evaluator. Since the
evaluators were in reasonably good agreement on the ranking of the cri-
teria, the use of average ratings to determine the criteria weights was
especially appealing.

In the trial application the rating which each evaluator assigned
to each criterion is presented in Table 9. 1In lieu of an average rating
per se, the same effect is achieved with the following formulas to calcu-

late the eriteria weights, Wj:

m
'S
V3= L Vi
i=1
and
v,
W, = —1
]
Y3
=1
where Vj = total rating assigned to criterion j by all evaluators
Vij = rating assigned to criterion j by evaluator i
i = number of evaluators (i = 1,2,3,...,m), and
j = number of criteria (j = 1,2,3,...,n).

The calculated weight for each evaluation criterion is also listed in

Table 9.

Model Verification

To test and evaluate the scoring model which was developed, seven
past projects were selected to assist in analyzing the model. All seven
projects had been considered attractive by the firm, as the firm had sub-

mitted competitive bids on each of them. It was realized that this would
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Table 9. Evaluation Criteria Ratings and Weights

Criteria Evaluator v, W,

#1 #2 1 1
A 52 50 102 5.93
B 51 75 126 7.32
C 97 30 127 7.38
D 24 20 44 2.56
E 70 60 130 7.56
F 90 85 175 10.16
G 25 45 70 4&.07
H 98 98 196 11.40
I 99 90 189 11.00
J 100 100 200 11.60
K 85 96 181 10.51
L 89 92 181 10.51

TOTAL 1721 100.00
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bias the evaluation of the model but was considered an acceptable initial
step in view of the limited data that were available from past unattractive
projects.

While testing the scoring model, measures of profitability for
each of the seven projects were included so that the complete technique
could also be evaluated, The measures of profitability, i.e., % and s
which were discussed in Chapters III and IV, were calculated for each of
the seven projects. One modification, however, was required before the
calculations could be performed. The total profit and overhead items in
the cost estimate had to be combined into a gross profit term, since the
firm prepared its competitive bids in this manner. Although the same
symbols are used to express the measures of profitability, the calculated
percentages are proportionally higher. This creates no problem, because
the same procedures are applied to each project, and the projects are
compared against each other.

To calculate the measure of risk for each of the projects, it was
necessary to make several assumptions. Each project had been evaluated
at different times in the past and thus each one may have received varying
scores on the evaluation criteria "chance of getting a loan and bond,"
I, and "timeliness of project,'" J, To evaluate the scoring model, con-
stant values of 2 and 3 were assumed to be the respective scores for
these criteria. It was believed that evaluating the seven projects at
the same point in time would provide the best test of the model. For all
other criteria, an effort was made to assign scores based upon the evalua-
tion which a particular project received during the final bid preparation

phase. This effort, of course, was founded on the assumption that such
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evaluations could be accurately remembered without being influenced by
subsequent events or information.

For each project one of the criteria, i.e., "amount of own labor,”
F, was objectively scored from an analysis of data obtained from the cost
estimate. Although this criterion is initially scored subjectively during
the preliminary evaluation phase, an objective score is obtained through
the reevaluation process in the final phase.

Disman (7) states that it is advisable for a single person to deter-
mine the final estimate for risk in a proposed project, as this will pro-
vide better validity and precision in project evaluation. With this
thought in mind, the decision was made to use only one of the evaluators
in the firm to assess the performance of a project on the various criteria,
The evaluator was given brief instructions and asked to assign scores to
each of the seven projects for all of the remaining criteria, i.e., A, B,
C, D, E, G, H, K, and L. Scores were assigned to all projects for a single
criterion before the next criterion was evaluated. This procedure causes
the scores to better reflect the relative differences between the projects.
The scores which were assigned to the evaluation criteria of each project
appear in Table 10, which alsoc lists Ors Qs and the percent of the con-
tractor's labor for each project.

The total risk value that was obtained from the scoring model is

listed below for the seven projects:
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PROJECT RISK SCORE
I 399
11 416
III 371
v 389
v 445
VI 319
VII 461

These values were used with the corresponding measures of profitability
for each project to produce the graph in Figure 18. On one hand there
appear to be distinguishable intervals between the risk score for each
project, but little difference in risk actually exists for two projects
that are scored within approximately 25 points of each other. From a
different point of view, there is relatively little "spread' between the
projects, especially for risk. This is to be expected, as all of the pro-
jects were deemed attractive by the firm and are clustered in an "attrac-
tive region" of the graph. Furthermore, a contractor might be presented
with a situation in which he had the opportunity to bid on more than one
of these projects at the same time. 1If the proposed technique can dis-
criminate between projects in such a situation, it should be able to handle
more extreme and realistic situations and to discriminate to a better de-
gree between such projects.

Having completed the initial testing of the model with the seven
attractive projects, an effort was made to incorporate several unattrac-
tive projects. Although three projects were obtained, very limited data
were available on them, as none had progressed to the final evaluation
phase in which the profit for a project could be calculated from the cost
estimate. Consequently, these unattractive projects had to be evaluated

on risk alone, using the ten criteria from the preliminary evaluation phase.
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Table 10. Evaluation Criteria Scores for Seven Projects

Criteria Project
I II 111 IV Vv VI VII
A 7 4 4 4 5 4 8
B 9 5 3 5 3 4 7
c 4 4 5 4 4 3 4
D 5 5 5 5 5 1 5
E 1 2 1 7 9 1 5
F 1 6 4 4 9 4 3
G 6 5 5 4 4 4 6
H 3 3 3 3 3 3 3
1 2 2 2 2 2 2 2
J 3 3 3 3 3 3 3
K 4 8 b 4 3 4 7
L 7 4 5 4 5 4 6
Labor (%) 7.6 17.0 12.4 12.1 24.0 13.4 10.7
o 26.2 29.7 51.7 33.6 46.5 13.4 19.2
a. 9.8 - 5.1 30.0 4.0 14.7 - 1.3 6.2
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Again criterion I and J were assumed to have scores of 2 and 3, respec-

tively.

The three unattractive projects were compared to each other and to

the seven attractive projects for which a preliminary evaluation score

was developed from information contained in Table 10.

The scores which

were assigned by the firm to the evaluation criteria of the unattractive

projects appear below:

Criteria Project/VIII IX X
A 5 5 5
B 9 9 5
c 6 7 7
D 5 5 5
E 9 9 9
F 9 9 9
G 5 6 9
H 5 5 9
I 2 2 2
J 3 3 3

From the scoring model a preliminary risk value for criteria A through J

was calculated for each project and is listed below:

PROJECT

I

II
ITI
v

v

VI
VII
VIII
IX

X

Evaluation

RISK SCORE

283
290
256
304
360
234
325
446
457
486

Having tested the scoring model by reevaluating ten past projects,
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an analysis of the results was made to evaluate the model by comparing
the accuracy of the model with a benchmark. The selected benchmark was
the previous method used by the firm for assessing the attractivemess of
a project. Since the method was based upon intuition, the consistency
and accuracy of the benchmark were unknown. However, the past success
of the firm would indicate that the benchmark may provide a reasonably
valid assessment.

The results obtained from the scoring model for the three unattrac-
tive projects agreed with the benchmark. If a preliminary evaluation
cut-off score for risk is assumed in the vicinity of 400, all of the
three projects would be considered unattractive, Furthermore, the model
indicated that project X was the most unattractive which agreed with the
benchmark. The significance of these scores can be better appreciated
when they are compared with the preliminary evaluation scores received by
the seven attractive projects.

The preliminary evaluation score which each of the seven projects
received placed them in the attractive project category. To analyze the
results obtained from the scoring model, these scores were used to rank
the seven projects in a preliminary order of attractiveness. This order
was compared with one in which the projects were intuitively ranked by
the firm. A summary of the comparison is presented in Table 1l.

The Kendall coefficient of concordance was used to test the hypo-
thesis that the two rankings are in disagreement. Using the procedure

that was explained earlier,



125

12(82

=506 - R

W
and

%% = 2(7 - 1)(.732) = 8.78

Examination of a chi-sguare table for v = 6 degrees of freedom shows that
X2 = 8.558 at the 20 percent significance level, Since the calculated
value is slightly greater than this, it was concluded that the model and
the benchmark were in satisfactory agreement. The rankings, however, are
not identical, and this observed inconsistency could be caused by defi-
ciencies in the model or in the benchmark, or both. The cause of the in-
consistency was relatively unimportant, since the scoring model was judged

to be sufficiently accurate without adjustment in assessing the attrac-

tiveness of a project.

Table 11. Comparison of Model to Benchmark for Ranking Projects

Project
1 I1 I1T IV Vv VI VIiT
Benchmark Order 7 4 3 2 5 1 6
Model Order 3 4 2 5 7 1 6
Total 10 8 5 7 12 2 12
(Total - B8) 2 0 -3 -1 4 -6 4
(Total - 8)2 4 0 9 1 16 36 16

NOTE: mf{n + 1) + 2 = 8, and

7

S = Eﬂ {Total - S)f = 82
i=1
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Sensitivity Analysis

To complete the verification of the scoring model, a sensitivity
analysis was performed to determine what alterations in the model were
possible without affecting the overall evaluation of the risk in a pro-
ject. A thorough analysis was hampered by the manner and the situation
in which the model had been employed. The complicating factors were:

1. The results were biased by having utilized a preponderance of
attractive projects. Moreover, this precluded the reevaluation of any
scoring distributions.

2, The use of a single evaluator precluded the analysis of any
differences between evaluators.

In spite of these complications, a two step analysis was performed.

The first step was an analysis of the scoring model itself to
determine whether there were any inconsistencies in the criteria weight-
ings. This was accomplished by examining the effects of changes in the
score assigned to each evaluation criterion on the total risk score.
Since the model uses an additive index and each criterion weight is con-
stant, the effects of changes were analyzed by inspection. Obviously, a
unit change in a criterion score will change the total risk score for a
project by an amount equal to the weighting factor of the particular
evaluation criterion. The project evaluator in the firm noted no weight-
ing inconsistencies, The model adequately represented the perceived im-
portance relationships among the criteria.

The second step in the sensitivity analysis was an examination of
the results obtained from the scoring model. The purpose of the examina-

tion was to determine whether or not the order among projects based upon
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total risk was significant, If a small change in one of the criterion
scores for a project altered the ranking of two projects, their differ-
ences based upon total risk would be considered rather insignificant.
Such information would be useful in assessing the comparative attractive-
ness of two projects.

Calculations were made of the necessary changes required in the
score of each evaluation criterion to independently alter the order of
project attractiveness. These calculations were performed in a general
manner to permit the analysis of the order among all seven attractive
projects as opposed to merely analyzing the order among selected projects.
The values that were obtained express the amount of change required in a
criterion score to shift the total risk score by 10, 20, 25, and 30
points., These values are listed in Table 12.

In the seven projects, the minimum difference in total scores was
10 for projects I and IV, while the maximum difference was 142 for pro-
jects VI and VII. Between these two extremes there were other differ-
ences that varied depending on the two projects being compared. When a
small change, which was defined to be two points or less, in one of the
criterion scores altered the order of two projects, the difference between
the projects was considered insignificant. The figures in Table 12 show
that the difference must increase to approximately 25 points before all
evaluation criteria require a change in score greater than two points to
alter the order of two projects. Therefore, the difference between two
projects was considered significant, if there was a difference of 25 points

or more in their total risk scores.
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Table 12. The Effect of Altering Criteria Scores

Criteria Difference in Total Risk Scores

10 20 25 30
A 1.69 3.38 4.22 5.06
B 1.37 2.74 3.42 4.10
C 1.36 2.71 3.39 4.06
D 3.91 7.81 9.77 11.70
E 1.32 2.65 3.31 3.97
F .98 1.97 2.46 2.96
G 2.46 4.91 6.15 7.37
H .88 1.75 2.19 2.63
I .91 1.82 2,27 2,72
J .86 1.72 2.16 2,58
K .95 1.90 2,38 2.86

L .95 1.90 2,38 2,86
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An analysis of the seven projects indicated that there was an
insignificant difference between the order of projects III-IV, I-IV, I-
ITI, and V-VII., This result was not surprising, since these were attrac-
tive projects originally. From this portion of the sensitivity analysis,
no adjustments were made in the scoring model, as it was considered suf-

ficiently accurate and sensitive based upon the limited testing.

Employment of Technique

The seven attractive projects that have been mentioned previously
were selected to demonstrate the employment of the evaluation technique.
The trial application of the technique in analyzing the seven projects
consisted of three steps which correspond to the steps preceding decision
nodes 10, 11, and 12 in Figure 15, First, the profit in each project was
evaluated; second, the total risk in each project was evaluated; and third,
each project was given a total evaluation in which the combined effects
of profit and risk were examined and the most attractive project was se-
lected., During the trial application, no effort was made to determine
any cut-off scores or to determine an indifference curve, as the personnel
in the firm lacked familiarity with the consequences of establishing such
scores or the curve at a particular level. More experience with the
measurement values was required for an adequate appreciation of their sig-
nificance in other than a comparative situationm.

To evaluate the profitability of each project, a present worth
analysis was made by following the procedure cutlined in Chapter IV.

Since it was assumed that o = 10 percent, none of the seven projects

arr

was eliminated from consideration. The projects were arranged and compared
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in the increasing order of the required capital investment which, it should
be remembered, has been assumed equal to 20 percent of the project cost,
The results of the compariscn appear in Table 13 and clearly indicate that
project V had the most attractive PW at & arr and was followed in order

by projects III, II, and VI,

The evaluation of profit would be incomplete unless the difference
between o and oy were examined. Obviously, the cash flows for a project
influence its attractiveness, If more of the profit is received during
the construction phase, a project is more attractive for two reasons.

The extra money can be used in lieu of the contractor's assets to defray
construction expenses, and the time value of money increases the worth of
the total profit. In Chapter III, o was developed as an indicator of

I

the interim cash flow. Since a large o in relation to o is desired, a
project having a smaller difference between the two values is more attrac-

tive. The calculation of this difference for the four projects mentioned

in the present worth analysis is listed below:

PROJECT o - o
v 31.8

I1I 21.7
11 34.8

VI 14.7

An examination of these calculations indicated that the cash flow of
project IIT was preferred to that of project V. Although project VI had
a small difference between o and o, the low present worth and the nega-

tive o made the project relatively umattractive,




Table 13,

Comparison of Present Worth

Project: I1 ITI v VII v I VI

v 132825 166315 212307 300585 309329 347070 1046889
Total Profit 27500 90000 50000 66762 120000 84638 200000
d+ 0.698 1.045 0.698 1.160 0.833 0.928 1.428
o 29.7 51.7 33.6 19,2 46,5 26,2 13.4
Added Investment 33450 143014 737560
Added Profit 62500 -- -- 30000 -- 80000
oy 29,7 178.5 25.2 7.61

1T
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Next, an evaluation was made of the risk in each project with par-
ticular attention being given to the projects having the more desirable
profit indicators, i.e., projects III and V. The information developed
during the verification of the scoring model and during the sensitivity
analysis was used to evaluate the risk in the projects. The total risk

score in ascending order for each project was:

PROJECT RISK
VI 319
II1 371
IV 389

1 399

I1 416

v 445

VII 461

These risk scores indicated that project VI had the minimum risk and that
there was a significant difference between the risk in projects III and V.
To further examine the risk in each project, graphs similar to the one in
Figure 13 could be prepared, although this was not dome during the trial
application. However, reference was made to Table 10 in which it was
noted that two projects received maximum scores of 9 on certain evaluation
criteria. Specifically, project I received a 9 on criterion B, and pro-
ject V received a 9 on criteria E and F.

The last step in the employment of the technique involved the total
evaluation of each project. An analysis of the combipned effects of profit
and risk was performed using the above evaluations and the graph in Figure
18, A summary of this analysis in which the projects were ranked in de-

scending order of attractiveness appears below:
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EH— Cp - RISK
v VII Vi

ITI VI III
II I Iv
Vi ITT I
I IV IT

VII v v
IV II VII

Based upon the analysis of the results obtained from the applica-
tion of the evaluation technique to the seven projects, project III was
judged by the author to have the best combination of profit and risk and
was selected as being the most attractive project. No further effort to
rank the projects was made by the author, since any trade-off between
risk and profit involves a decision process and is determined by the con-

tractor's aversion to risk.

Assessment of Technique

The trial application of the proposed evaluation technique in a
situvation which included only attractive projects located at the same
point in the project evaluation process was a less than conclusive test.
However, the limited initial application was considered successful in
demonstrating and testing the applicability of the technique. This was
especially true in view of the ability of the demonstrated procedure to
discriminate between the attractive projects. To better assess the value
and feasibility of the proposed evaluation technique, the construction
firm was asked to provide relevant comments. These comments form the
basis for the following remarks in this chapter.

The firm felt that there is a significant need for a technique that
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can be used by a contractor to assess the attractivemess of a potential
construction project and to assist in deciding on which project to bid.
Many contractors use their intuition to assess projects and have little
knowledge of more objective or refined methods. Such contractors would
be unable to make any meaningful comparison of the profit or risk between
two alternative projects. The firm alse stated that, in general, con-
tractors are too prone to make snap decisions because of the relatively
short periocd of time in which such decisions may normally be made. Con-
sequently, a salient requirement exists for a procedure that will improve
both the accuracy and speed of the contractor's decision.

In regard to the applicability of the proposed evaluation tech-
nique, the firm indicated that a thorough appraisal could not be made
until the technique was subjected to further and wider application. How-
ever, from their limited contact with the technique, they believed that
it had potential application not only for large, medium, and small general
contractors, but also for other contractors, to include subcontractors.
It was mentioned that the technique would be especially useful for a
contractor engaged in heavy construction, such as bridge and tunnel
building, where the risks and profits are higher than in general construc-
tion.

The potential cost to a contractor in utilizing the technique was
considered insignificant, and no effort was made to estimate the expense.
This cost would not influence the applicability of the technique.

The simplifying assumptions which were made during the development

of the proposed technique were judged to have little effect on the appli-




135

cability. If the technique were refined and employed in a particular
construction company, several of the assumptions might be relaxed. In
general, the consideration of intangible factors in evaluating a project
could compensate for any restrictions or limitations in the technique.

The firm believed that any ultimate application of the technique
would be determined by how simple it was to use and how demanding it be-
came for time. In brief, the required inputs to the technique must be
reasonable and readily available. Consequently, there was some question
as to whether the development of a formal network for a project and the
application of bidding strategy were essential. These and other items
like planning for contingencies are frequently considered by a contractor
in a less rigorous manner. The author recognized this as a valid comment
but stressed the point that these were not essential formal steps in the
application of the technique, which had been purposely developed in a
flexible form that could be modified by a contractor to meet his own
needs.

It was recognized by the firm that the utilization of the technique
produced an added benefit. It helped a contractor in thinking about a
project, sharpened his intuition, and brought a greater insight concern-
ing the various elements of a project that influence its attractiveness.

In summary, the firm felt that there is a definite need for a
method to evaluate construction projects and that the proposed technique
might satisfy the requirement, if it were not allowed to become too com-
plex. The technique was recommended for further study to obtain a better

appraisal of its overall applicability.
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CHAPTER VI

DESIGN OF OPERATIONAL SUBSYSTEM

Various aspects of the proposed project evaluation technique have
been presented and discussed in the preceding chapters. Although the
technique has been described in detail and subjected to a trial applica-
tion, nothing has been said about the subsystem with which a contractor
could employ the technique on an operational basis. The design of such
an operational subsystem will facilitate not only the contractor's imple-
mentation of the technique but also the reader's comprehension by summariz-
ing much of the material that has been presented. Discussion of the sub-

system is divided into two phases: preparatory and operational.

Preparatory Phase

Before the subsystem can be placed into operation, there are pre-
paratory steps which must be taken by the contractor. 1In general, these
steps are performed only once and involve the determination or estimation
of specific items that are required by the evaluation technique in the
operational subsystem. Provisions are made in the operational phase for
adjusting any items through reevaluation processes.

During the preparatory phase the following steps must be taken:

1. Develop a list of the evaluation criteria for use in assess-
ing the risk in a construction project.

2, Determine the distribution of project performance for each of
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the criteria from past historical data, or estimate the distributions
based upon experience in the firm.

3. Formulate a scoring function for each criterion.

4. Assign a weight to each evaluation criterion, using one of the
methods mentioned in Chapter III.

5. Test and verify the scoring model, using the procedure included
in Chapters IIT and V.

6. Establish cut-off scores for values of project risk.

7. Establish cut-off scores, especially a minimum attractive rate
of return, for values of profit in a proposed project.

8. Use data on competitors to develop sufficient information for
the application of bidding strategy, as described in Chapter III.
The last step is non-essential in placing the subsystem into operation,
if the contractor does not use the expected profit concept to determine

his margin of profit for a project.

Operational Phase

Having developed the information required by the project evalua-
tion technique, a contractor can implement the technique by placing it
into operation as a subsystem that is used within the construction company
to evaluate potential projects, The design of such an operational subsys-
tem is presented in Figure 19. Although the subsystem is similar to the
feedback mechanism presented in Figure 16, the similarity stems from the
fact that the feedback mechanism for adjusting cut-off scores operates
within the operational subsystem. The detailed feedback process was

omitted from Figure 19 for the sake of clarity and is represented by a
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single bleck as input to the subsystem.

Although each block in the subsystem will not be discussed in-
dividually, several of the blocks do warrant specific comments. These
are blocks which have a particular impact on the functioning of the sub-
system or have not received adequate emphasis in the preceding chapters.
Blocks in the latter category are discussed first.

In the check drawings block, the contractor should attempt to look
at the recent drawings of the proposed project, as they may be a better
source of information than the owner, for example. The drawings may indi-
cate such a complex project that the contractor decides not to get in-
volved, or they may provide additional information with which to make the
preliminary evaluation of risk. These drawings, if available, will be in
the possession of the owner, the architect, or a professional orgamization
such as the builders exchange.

In the determine profit margin block, the contractor may use one
of several methods for determining the margin of profit to be added to
the estimated project cost. The methods include intuition, adding a
fixed percent of the cost, or calculation of the expected profit through
the application of bidding strategy.

The final evaluation of total risk block includes a subjective
adjustment of criteria K and L, as mentioned in Appendix F, to reflect
the probability of winning the bid, This probability is determined from
the application of bidding strategy, which the author believes is non-
essential to the application, but does enhance the capability, of the
technique. If bidding strategy is not employed by the contractor, the

above block will not contain the subjective adjustment.
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In the locate $* and d* block, the contractor should attempt to
locate these optimum points of operation. Knowledge of their location
should enable a contractor to operate closer to them and should, there-
fore, improve his actual profit. However, this block is not considered
essential by the author to the application of the project evaluation
technique.

In Figure 19 there are several blocks that are particularly im-
portant to the operational design and functioning of the subsystem. The
need for a job block acts as a control mechanism to adjust the flow of
potential projects into the subsystem, as it did in Figure 16. As the
need for an additional job increases, the block will cause more potential
projects to enter the subsystem where they are evaluated by the contractor.
As the need for a job decreases, the cpposite effect is created.

In addition to feedback within the subsystem, three blocks, which
are reevaluate scoring model, review cut-coff scores, and up-date data
on competitors, are shown as providing input to the subsystem. However,
these three blocks are not judged by the author to be true input, because
they are periodic in nature and could be represented as impulses to the
subsystem. The complete subsystem is characterized by ome input and three
outputs: Potential construction projects provide the input to the sub-
system. The output consists of projects on which the decision was made
that they were unattractive, on which the work has been completed, and
on which the bid was not won.

The implementation of the propesed project evaluation technique in
an operational subsystem similar to the one in Figure 19 should assist con-
tractors in making reasonable profits a reality rather than an illusive

goal.
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CHAPTER VII

CONCLUSIONS AND RECOMMENDATIONS

The purpose of this research was to develop a technique for
evaluating proposed projects in the construction industry during the
pre-bid phase, when there is a continuous flow of potential projects
requiring consideration. Procedures for determining the information
required by the technique were described, and the application of the
technique was demonstrated, Of particular importance was the multi-
criteria scoring model which was developed to measure the inherent risk
in a project. The design of an operational subsystem with which a con-
tractor could employ the technique was discussed.

Several specific objectives of this research were outlined in
Chapter I1. In the next section of this chapter, conclusions related to
each objective and to the entire study are presented. In the final sec-
tion of the chapter, recommendations for improvements in the evaluation

technique and for possible future study are presented,

Conclusions
The first objective of this research was the development of a
technique to assist general contractors in evaluating a project by pro-
viding a rapid approximation of its attractiveness. The procedure which
was developed and discussed in Chapter IIT is a systematic method for

determining the information required to analyze and evaluate a construction
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project. The procedure focuses upon the approximate annual rate of

return to estimate the profitability of a project and upon the multi-
criteria scoring model to estimate the inherent risk., In the preliminary
evaluation phase, the measure of risk was used to assess the attractiveness
of a project. In the final evaluation phase the two estimates were inte-
grated to provide an indication of project attractiveness.

The single project evaluation technique was expanded to enable
general contractors to evaluate multiple proposed projects constituting
a continuous flow throughout time. This was the second objective of the
research. The expanded technique that was developed and discussed in
Chapter IV provides an objective basis for the comparison of multiple
projects and for the selection of the most attractive project or mix of
projects. In addition, guidelines were presented to assist in the analy-
sis of project risk and profit.

The third objective of this research was the establishment of
guidelines and procedures for the development and adaptation of scoring
models. These guidelines and procedures were described primarily in
Chapter ITI. Although scoring model theory was given only a broad pre-
sentation, the critical aspects of the design of the model were discussed.
This included the selection of evaluation criteria, scoring functiens,
criteria weights, and the evaluation of the model.

The analysis of the effects of a contingency such as weather on a
preject, which was the fourth objective, was discussed in Chapter III as
a type of contingency requiring consideration, A different solution to
the problem of how to take weather into consideration when planning a

project was created and demonstrated on a sample project.
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The accomplishment of the fifth objective involved the design of an
operational subsystem with which a general contractor could employ the
multi-project evaluation technique. The design was presented in Chapter
VI. It is a scientific approach to the difficult problem of assessing
the potential preofitability and risk in construction projects. The sub-
system involves objective and quantitative procedures and may be modified
by a contracteor who desires to expend less effort and money in evaluating
projects.

The final objective of this research was an evaluation of the
applicability of the technique in a real-world situation and was accom-
plished in Chapter V. There are limitations in the scoring model and in
the technique that preclude the evaluation of all factors which may in-
fluence the attractiveness of a construction project, The technique is
meant to be used only as a tool to aid a contractor inm choosing among
alternative project proposals and not as a decision maker or as the sole
decision criterion, In this light and as a means of enhancing a contrac-
tor's insights into the differences among projects, the technique was
considered to have potential applicability. The extent of this applica-
tion is unknown, and further use of the technique in other construction
companies is required before the true applicability of the technique can
be determined,

In general, the project evaluation technique resulting from this
research offers a contractor the means whereby he may systematically and
consistently analyze and evaluate all proposed construction projects.
This represents a significant improvement over current project evaluation

methods that are based upon intuitive analysis and judgment, The technique



144

which has been develcoped will allow a contractor to repeatedly select
from current information the most attractive project or mix of projects
on which to bid, to do this more efficiently and accurately, and to in-
crease his probability of having submitted the winning bid. Personnel
in the Van Winkle and Company construction firm indicated that their
contact with the technique led them to believe that it was applicable in
general construction companies. Hence, it is concluded that the purpose

of this research has been achieved.

Recommendations

The comprehensive scope of this research has made it difficult to
present a more detailed study of the procedures and theories that have
been mentioned. This difficulty is further compounded by the wvariety of
areas which are touched while discussing the construction industry and
the selection of projects. Many of these areas offer obvious opportuni-
ties for further research.

Before suggesting such areas, there are several recommendations
to be made for improving the evaluation technique that was described.
These recommendations are:

1. Develop procedures to permit the deletion of unrealistic or
restrictive assumptions that were made to facilitate the use of the tech-
nique. The more significant of these assumptions were:

a, The cost of subcontracted work is spread evenly throughout a

project.

b. The interim profit is received at approximately the same point

in the duration of each project.
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c. Project performance with respect to each evaluation criterion

is distributed according to the normal distribution.

2. Develop a method to permit the application of the technique to
interdependent projects that include negotiated contract work.

The areas which were mentioned as offering opportunities for further
research were encountered during the course of this research., These topics
are:

1. Investigate the impact of a value engineering incentive clause
on the profit which a contractor may anticipate from a project.

2. Determine the feasibility in the construction industry of all
competitive bidders using the architect's work estimate as the basis for
computing their job cost estimate.

3. Develop a method for combining the variables obtained from work
and cost estimates with standardized submnetworks to rapidly produce a
project network.

4, Investigate the financial impact on the contractor and on the
project owner of starting all project activities at the late start date
rather than the early start date.

5. Investigate the feasibility of using the risk philosophy of a
specific constructien firm to combine the proposed measures of risk and
profit into a single measure of project attractiveness.

6. Investigate the effect of changes in the timing of subcontrac-
ted work on the profit received by a contractor,

7. Develop a method with which a contractor may easily determine

the cash flow projection in a proposed construction project.
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APFENDIX A
DEFINITION OF TERMS

Activity. Any element of a project that consumes resources and/or
time and has an identifiable start and end.

Bid documents, The working drawings and the project specifications

used by the contractor in preparing his bid.

Competitive bidding. The submission of estimates of cost through

which a project owner may compare the services offered by contractors
prior to the selection of one as the contract winner,

Cost estimate, The instrument which is obtained from a detailed

analysis of the bid documents and which is the basis for the bid that is
submitted for a project.

Critical path. The connected sequence of activities through a

project network where any delay in the completion of an activity will
delay completion of the entire project,

Expected profit. The average profit per bid that a contractor may

anticipate if the bid were duplicated on a large number of projects having
the same estimated cost and if the probability of being awarded the con-
tract remained fixed.

LEW. The loss of efficiency due to weather is the percent decrease
in the efficiancy of working on an individual project activity due to

rain and/or cold.
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Network. A graphical representation of a project plan that shows
the activity interrelationships,

PERT/Cost. A technique that uses the project network as a basis
for cost accounting. Expenditures may be coded by activities or groups
of activities to allow contractors to monitor the costs and the schedule
of a project.

Planning. The detailed examination of each activity im a project
to determine the best methods and procedures to complete the work at
minimum cost.

Private bid. A bid open only to selected contractors.

Project. An enterprise involving a number of interrelated
activities.

Public bid. A bid open to all contractors who can obtain the re-
quired amount of bonding to work on projects that are generally publiec or
government types,

Risk. The danger of financial loss to a contractor, if he under-
takes a particular project. It includes non-profit factors which directly
or indirectly influence the attractiveness of a project.

Scheduling. The determination of the interrelationships among the
various project activities, the duration of each, and the total project
duration.

Scoring model. A mathematical model that integrates the use of

numerous selected criteria to obtain an overall evaluation score for each
project under consideration.

Work package. The combination of a group of project activities to

facilitate the analysis and control of resources and costs. This is nor-

mally employed as an element of PERT/Cost.
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APPENDIX B

COST ESTIMATE SUMMARY SHEET FOR SAMPLE PROJECT

Item Labor Mat'l Subs Total
1. General Conditions 42333 7575 10625 60533
2, Site Work 742 4542 6194 11478
3. Earth Work 149 5000 5149
4. Foundation 1462 26138 27600
5. Concrete 17619 27267 8777 53663
6. R. I. Steel 4694 1710 6404
7. Masonry 15456 9753 25209
8. Structural Steel Deck 157589 157589
9, Miscellaneous Steel 2393 2485 4878
10, Rough Carpentry 1044 380 1424
11. Millwork 2820 5168 1752 9740
12. Drywall Construction 63223 63223
13, Insulation 8948 8948
14, Moisture Protectien 470 705 329 1504
15, Roofing Sheet Metal 8735 8735
16, Metal Door & Frames 455 928 1383
17. Windowwall Glass & Glazing 160667 160667
18. Acoustical 26921 26921
19, Ceramic Tile & Brick Pavers 8915 8915
20. Floor Covering 28400 28400
21. Painting 19530 19530
22, Stucco & Plaster Fireproofing 16815 16815
23, Wall Covering
24, Appliance & Accessory 11710 11710
25. Specialties 726 4165 4400 9291
26, Finishing Hardware 200 10200 10400
27. Furnishings
28. Elevator 45992 45992
29. Mechanical 175100 175100
30. Electrical 130000 130000
31. Sprinkler 200 300 7310 7810
Subtotals 86069 78162 934780 1099011
Taxes & Insurance 11189 2349 215 13753
Building Permit & A.G.C. 4484
Products Liability 118
Bond 6095
Overhead 25039"
Total Cost $1148500

*
To this figure a margin for profit must be added to arrive at the
figure that will be submitted as the competitive bid.
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APPENDIX C

SAMPLE PROJECT NETWORK
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APPENDLX D

COMPUTER ANALYSIS OF INITIAL PROJECT NETWORK



dhdtepdbatbhareliatsntndntideaned B URRODUARHS PROMTIS REPDRYT ...iQt......GOQQ..'O..'Q.O::EEOOQOQ

DECEMBeR 9» 1971 7130 PM
REPDRY NO,* 1 REPURT TYPE = ACTIVITY
NETHORKS~REPORTED 3 NUMBER 0OF NETwDRKS = 1
20078,
2fPURT SORTED RY
ES »EF +PRED »8UCC .
IN ASCENDING OPDER,use
REPURT EDITED BY 3
NELETE Dummy ACITVITIES.
wes NETWORK INFLRMATION o+,
NETWDRK KO ) 720078 NETWORK NAME ¢ PROPRSED CONST PROJECT CUSTOMER ID ; JUNES
METWORK DATE INFORMAITION
NETWORK START DATE ; 08 NULY 72 NETWORK ¢ND DATE t L6 hAY T8 NETWORK REPDRT DATE 06 NOV T2
METWORK CALENDAR INFDRMATIDN
NETPORK CALENDAR DURATION t 02 YEARS NETHARK CALENDARz START DATE: 06 NOv 72

LECLARED HDLIDAYS
23 NOv 72 25 LEC T2 0L UAN T 19 FER T3 28 MAY T) o8 JUL T3 08 QCY 73 22 0CT Ty 22 NOV TS
01 JAN TR 18 LEB 7a
FILES USED BY THIS NETWORK
ACTIviTY
EVEN]
GLOBAL CONTROL INFORMATION FDR THIS NETWHORK
NORKR =PATTERN
HOURS PER «KHIFT 8.0
SHIFTS PER DaY 1,0
DAYS PER WpEK 5,0
STARTING EVENTSS 1
1'
ENDING EVENTSIH 1
59,

2s DEC 73

JAN



sentpasbanatetetberetnaratessten B YU RRDUGHS

PRED
NumBER

-
o AR D Y RS D W W e e N

sule
NUscER

L™ B ]

-
S B = PV O N O PO NP

L R T . T T ey )
o N WV e B D W W N s

EARLIESY
START

[«1J]
o9
16
16
16
16
17
n1
ni
01
05
ns
14
14
14
19
27
44
03
1]
18
18
18
16
25
25
25

NOV
NNy
kDY
nOV
NDV
NOV
NOY
brc
bec
VEC
beEC
Lec
bEC
bec
LEC
bec
tie
LEC
JAN
JAN
JAN
Jan
JAN
JAN
JAN
JAN
JAN

L4
TR
T2
Te
T2
Te
T?
T2
re
T2
ra
T2
T2
T2
r2
r2
T2
r?
Ta
T3
T3
T3
T3
Ta
T3
T3
Ty

EARLIESY
FINISH

e
16
17
248
29
01
27
u5
e
14
12
1a
19
19
¢l
27
03
18
23
25
25
10
o7
20
01
(1}
01

NOY
NDY
NOY
NOY
NDV
PEC
NOV
DEC
nEC
DEC
DEC
NEC
DEC
DEC
OEC
NEC
JAN
JAN
JAN
JAN
JAN
JAN
FEB
fEB
FEB
FEB
FEB

re
Te
T2
Te
72
T2
72
T2
re
T2
Tz
T2
T2
T2
T2
T2
73
T3
T3
T3
73
73
T3
73
T3
73
T3

Exp,
TIME

‘.o
5.0
1,0
5.0
8,0
10,0
5,0
2,0
5,0
7.0
5.0
4,0
3,0
3.0
5.0
5.0
.Io
15.0
14,0
5.0
5,0
8.0
14,0
22,0
5.0
2.0
5.0

p

o

08
"1
05
05
01
16
08
]
.3
01
12
13
21
ia
19
i¢
29
27
03
18
23
17
or
3o
3o
3o
0

LI

s

LATESY
STARY

NUV
NV
ote
DEC
DLC
NLV
pte
Dt
+] 4
Dt
DEC
ore
REC
11X 4
DEC
bee
+19 4
[H X+
JAN
JAN
JAN
AFR
FtB
MuY
JAN
JAN
JAN

re
re
Te
re
re
T2
Te
Te
T2
re
re
r2
T2
T2
re
Te
T2
T2
T3
T3
T3
T3
T3
T3
T3
T3
73

REPORT .ooanoootooot.oooooaittn..tﬁ&{ottoa.

L 1
i16
06
12
13
ot
1)
12
13
14
19
19
27
19
27
27
05
18
25
25
30
27
28
29
06
06
oé

LATEST
FINISH

NOV
NOV
DEC
DEC
DEC
DEC
DEC
DEC
pEC
DEC
DEC
OEC
OEC
DEC
OEC
DEC
JAN
JAN
JAN
JAN
JAN
APR
FE®
JUN
FEB
FER
FEB

72
re
T2
12
12
T2
12
T2
12
12
Te
T2
12
12
T2
12
7}
T3
73
TS
73
T3
T3
T3
73
1
73

PESCRIPTION

NOVE IN AND SeTuf LAYQUY
MACHK EXCAVATINN W, S10DE
POUR SET BED

FORM/POUR WEST RT, wWALL
MATH EXCAVATION E, SIDE
DrItL CaSSIONS

POUFR PRECAST LAGGING
EXCAVATE/POUR GRs BEAMS
DRILL/SEY (W) PILES

POUR AND FINISH CASSIONS
FORM/POUR A=LINE RT WALL
SEY STR, STEEL KICKERY
SET Ag AND BASE PLATES
POUR ELEVATOR RASE
EXCAVATE/ZSETY PRECAST Lag
FORM/POUR WING WALLS
POUR CNRE SLAg

ERECT STRs STFEL TOWER
MASDNRY IN CORE

INSTALL MET DECKsFLODR %
METAL STALRS,gROUND TO 1
ERECT PARK DECK STEEL
FIRLPRNOF COLS AND BEAMS
ELEVATOR PLUNGER t RALLS
INSTALL MEY DECK,FLOOR 2
POUR FLDOR 1

METAL STAIRS, FL § 70 2

8¢T



asdhetbeattbdbedisboncotstasssne B U RRDOD UG HS

PRED
NUMBER
13
13
26
15
20
22
27
16
4]
23
28
17
L
17
18
18
25
29
3%
s
s
35
3a
s
s
%
k1
s

suce
NUMEBER
25
1R
27
18
2
23
28
17
ir
28
29
18
18
3a
ap
s
4n
3p
ELS
39
an
k1]
an
40
ir
Ay
n
ar

EARLIESY
STARTY

25
25
3o
0t
01
0t
02
08
o8
na
oa
15
15
15
HL
28
28
e
21
21
71
21
21
21
21
2!
29
04

JAN
JAN
JAN
feER
fEB
FEB
fEB
rER
FER
Feg
FFB
FEb
Fep
LEB
FeB
IEB
FEB
MAR
MAR
HAR
MAR
MAR
HAR
MAHR
MAR
MAR
MAR
APR

T3
(4]
73
T3
73
73
73
T3
T3
T3
T3
73
73
73
73
T3
T3
T3
T)
73
T3
L)
T3
Ta
73
T3
T3
T3

EARLIEST
FINISH

27
28
02
ud
08
oe
o8
15
15
15
[+1.]
23
%)
21
13
21
21
29
L]
o4
08
10
13
16
19
vl
05
11

FEB
fFB
FEB
FEB
FEB
fFEB
FEB
FEB
FEB
FEB
WAR
FEB
FEB
MAR
MAR
MAR
MAR
MAR
APR
APR
APR
APR
APR
APR
APR
MaY
EPR
APR

73
73
T3
73
T3
T3
T3
T
T3
73
T3
T3
73
73
T3
T3
T3
T3
T)
T3
T3
73
T3
T3
T3
T3
T3
T3

EXP,
TIME
22,0
23,0
3,0
5.0
5,0
3.0
4,0
5.0
5.0
2.0
19.0
3.0
5,0
23.0
9.0
15,0
1540
5.0
19,0
10.0
10,0
14,0
17,0
18,0
21,0
3.0
]
5.0

P

01
25
27
08
(1]
08
o2
13
13
11
o8
21
21
20
12
28
03
us
21
03
11
04
29
29
4]
11
28
17

NI

LATESY
STARTY

JUN
JAN
AFR
FtLe
FLB
FLa
MAY
FLA
fFta
Fen
HAY
FtA
FtR
MAY
Jul
2%}
JuL
JUN
MAR
AFR
JuL
AFR
JUN
MAR
MAR
JUN
JuM
AFR

73
T2
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
Ta
T3
T3
T3
T3
T3
T3
L&)
T2
T3
T3
L]
T3
T3

REPDRT ..-.................-..-..5995....-!

03
28
02
13
13
13
0b
z1
21
21
05
258
28
9
25
21
2%
26
04
17
25
24
25
28
21
25
03
24

LATESY
FINISH

JUL
Feg
MAY
FEB
FEB
FEH
MAY
fFEb
FEB
FEB
JUN
FEE
FEB
JUN
JuL
MAR
JulL
JUN
APR
APR
JUL
APR
JuL
APR
APR
JUb
JUL
APR

13
T3
T3
T3
73
T3
T3
T3
73
T3
73
13
T3
T3
T3
13
73
73
T3
73
T3
T3
T3
T2
L&)
T3
r3
13

TOTAL
SLACK
89,0+
W0e
62,04
3.0
3.0
3,0+
42,04
3:0s
B 00
$.04
62404
J:0e
3u0s
T1.0¢
94,0¢
1O
86,04
62.0+
0+
9.00
18,0+
10,0+
T1.04
6,04
3.0+
57T.0#
62,0+
9.0+

DESCRIPTYIODN

MECH EQP BSMT/MAIN QUCTS
ELEC I~ BSMT/MAIN CO RUN
LAY STEEL PARK DECK
INSTALL MET QECK»FLOOR 3
METAL STAIRS, FL 2 T0 3
POUR FLOOR 2

POUK PARK DECK

INSTALL MLY DECKoFLOOR &
METAL STAIRS, FL 3 TD &
POUR FLOOR 3

PEMOLTISH ULD RULILDING
INSTALL RDDF DECK

POUR FLOOR 4

DRYRALL IN ELEV CORE
INSTALL SRYLITES
PARAPET/MINOOwwALLS FL &
INSTALL MWECH EOUIP ROGF
INSTALL STORM DRAINAGE
INSTALL CEILING GRIDsFLS
INSTALL OUCTWNRKsFLOOR &
ROOF ING AND SHEET WETAL
INSTALL OVERHEAD ELEC, A
INSTALL ELEVATOR

INSTALL ROUGH PLUMBING»A
MM FRAMES & wp DOORSsELA
WINGOWWALL FLOCRS 3s2»1
LAY BLACKTOP pAVING
INSTALL DIFFyUSERSs, FL #

66T
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PRED
NUMBER
s
N
32
33
ar
ER4
a7
ar
a1
42
a3
45
L1}
as
87
[ 1]
[ 1.}
1.}
53
[ 1]
Sa
20
S0
50
51
51
53
56

sbee
NUMPER
37
32
33
ag
&
ap
&5
4a
.
LR
L] )
&p
a7
Ap
L]}
53
49
Sp
Sa
5n
52
51
L1}
S¢
52
58
5t
57

EARLIESY
START

na
05
o9
18
24
e
2h
1]
¥
[+] |
10
01
12
12
13
25
25
25
22
?3
17
?7
27
27
no
0o
15
16

AFR
app
&PR
Apf
APR
APR
APR
APH
Hay
MAY
May
JUN
JiN
JUN
JUL
JiL
JUk
JuL
RUG
AUG
SEP
5FP
SEP
5P
hOv
DY
hov
JAN

T3
T3
T3
T3
T3
T3

73

T3
73
73
T3
73
T3
73
T3
Ta
T3
73
73
T3
T3
73
73
T3
T3
73
73
Th

EARLIESTY
FINISH

24
0%
108
28
o1
'L}
0t
[HL)
12
10
16
[+].]
13
20
25
22
23
pa
17
27
o2
/14
13
1%
29
16
30
ot

APR
APR
APR
APR
MRY
MAY
JUN
JUN
JUN
MAY
MAY
JUN
JUL
JUL
JUL
AUG
AUG
SEP
SEP
SEP
ocy
NOV
NOV
NOY
KOV
JAN
NDV
APR

L]
73
T3
T3
T3
L
T3
Ta
T3
73
73
73
73
73
T3
73
13
T3
73
T3
73
73
T3
73
T3
Ta
L]
Ta

Exp,
TIME
14,0

2.0

T+0

6.0

5.0

8,0
27,0
30.0
2%9.0

4.0

“.0

5.0
22,0
27,0

8,0
20,0
25.0
2%.0
18,0
25.0
11.0
29.0
330
35,0
13.0
45,0
10.0
52,0

rR

0

04
03
)
17
22
18
[].)
30
61
33
08
18
12
15
13
0%
2%
114
04
23
31
27
29
28
27
09
18
15

LATEST
STARY

APR
Jub
JUL
JUL
APR
MAY
JUN
APR
MAY
MAY
Juh
Jui
JUN
JUN
JuL
NOY
Jub
AUG
nLe
AUG
Die
SLP
JAN
NOV
oLe
NLV
MAR
JAN

T3
T3
T3
T3
T
T3
T3
T3
T3
T
T3
T3
73
r3
TS
13
T3
T3
T3
73
T3
T3
Ta
T3
73
T3
Th
Ta

PAGE 4
REPORT #0acetaeastttondtnesttebeontsandnndy

24
06
17
25
01
i
18
12
12
(/1]
12
25
13
25
25
0a
23
7
n
27
16
09
18
16
ie
16
01
01

LATEST
FINISH

APR
Jui
JUL
JuL
MAY
MAY
JuL
JUN
JUN
JUN
JUN
JUL
JUL
JUL
JUL
DEC
AUG
SEP
DEC
SEP
JAN
NOV
MAR
JAN
JAN
JAN
APR
APR

T3
T3
T3
73
73
T3
73
T3
T3
T3
73
]
73
T3
7a
73
13
73
T3
T3
Ta
13
74
1a
74
Ta
74
T4

TOTAL
SLACK
1 0e
62,04+
62404
62,04
+04
18,0+
32.0+
4,0+
0
18,0+
18,0+
32,0+
W00
3,0+
D
T1.0¢
04
17,0
711,04
W0
T1:04
Y13
83.0¢
39,0+
312404
0
63,0+
«Ce

DESCRIPTION

instALL DRYWALL» FLOOR &
PAINT PARKING STRIPS
LANDSCAPE

CLEANYP DUTSIDE

INSTALL CRILING TILE,Fia
INSTALL CERAMIC TILESFLA
CONMECT MLCH SYSTEWsFL &
MILLWORKs FLONR &
INSTALL ELEC FIXTURES? &
SET PLUMBING FIXTURESs &
INSTALL TOILET ACC.oFL &
CHELK & BAL MECH SYSTEm
PAINT AND COVER WaLLsFLa
LAY FLNDOR COYERINGsFLS
CLEANUP & PUNgH LIST»FLa
INSTALL ROUGH PLUHB,.,32%
INSTALL OUCTHORKSFLS 32t
INSTALL OVERHEAD ELECIZY
LAY CERAMIC TILE, 321
INSTALL CELILING GRID, 321
SET PLUMBe FIYTURES, J2%
INSTALL DRYwWALL, 321
CONNECT MECH 8YS» 321
INSTALL ELEC rFlx.» 32%
INSTALL CEILING TILE»324
PAINT & COVER wWaALLS» 323
CHECK L BAL $vS» 321
COVER FLUOORS, 321

091
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PRED
NUPRER

57
b8

suee
NUMBER
sp

59

EARLIESY
STARY

01 APR TA
18 KPR TA

EARLIESY

FINISH

18 APR 7
22 APR Th

EXP,
TIME

lslo
2.0

PRDMIS

LATESY
START

01 AFR Ta
18 AFR T8

REPDRT tlt'.‘!tt..tlct.i.t.it.t..’igsl.'ii.

LATEST
FINISH

18 APR T4
22 APR TA

5

T0TAL DESCRIPTION
SLACK

«0s FINAL CLEANUP
0 04 FINAL INSPECTION

191
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APPENDIX E

COMPUTER ANALYSIS OF ADJUSTED PROJECT NETWORK
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DECEMBER 19»

REPRRT NQ.=
NETWORKS*REPORIED ¢

r200/8,
REPURT SURTED oY 3
£S JEF SPREC  SSUCC

IN ASCERUING ONUEHsees
REPUGRT EUVITED bY ¢

DELEYE LULmkY ACTIVITIES.
eoe NETWLURH INFLRMATION 4,
NETwURA WD ¢t 720078 NETHONK NAME 1

METWCHK DATE INFORMATION

NETwWORK START DATE ¢ 06 WQv T2
METWURK CALENDAR INFORMATION

NETmOKK CALENDAX UUKATION 3 0F YEARS
VECLARED HOLIDAYS

PRONIS

1971

NUMBER CF NETWORKS =

ADJUSTED CONST PROJECT

NETwORK END DATE ¢t 20 JUN T4

23 nNOV T2 2% UEC T o1 JAMN T3 1% FEB 73 28 may 3

01 JAN T8 18 FEB Tw
FILES LSED BY 1h1S NETHCRK
ACTIVETY
EVEMT

GLORAL CONTRDL INFORPATION FOR THIS NETWORK

AQRK =PATTERN
HOLURS PER SHIFTY
SHIFTS PER DAY
0aAYS PER WEEK
STARTING EVENTS) 1
l.
ENDING EVENTSY 1
59,

8.0
1.0
S.0

REP O RT 4artetiessaspasondtdttnttonsd

10331 aw

REPOQAT TYPE =+ ACTIVITY
1

CUSTOMER ID ¢ JONES

NETWORK REPORT ODATE 06 NOV T2

NETKORK CALENDAR START DAYE 08 aOV 72

o4 Jun 73 o8 ter 11 22 ot 12 22 w0V 73 2% DEC 13

€91
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PRED
NUMBER

- .
L - I T - B D I DR LY PCREN PURNE FURRY W L)

S PR e S e e S R
W W N NN A

Svcc
NUMBER

2
3
y
4
10
&
10
7
10
S
-]
11
é
]
3
]
1a
12
13
19
13
26
18
3a
20
15
22

EARLIEST
STARY

06
09
17
17
17
17
20
os
0é
0s
8|
15
21
26
26
[Pk ]
12
12

22

oe
[*13
oy
08
o8
16
20
£0

NCV¥
NQy
NOY
nOv
NCy
NO¥
L1t
DEC
VEC
DEC
DEC
DEC
OEC
DEC
DEC
JAN
JAN
JAN
JAN
FEB
FEg
FEB
FEB
FEH
FEp
FEB
FEB

Te
rz
12
e
7e
T2
Tz
7z
T2
L4
T2
12
r2
T2
72
]
)
73
73
HE
73
Ta
1
T3
T3
T3
[

EARLIEST
FINISH

o
17
20
28
04
06
30
11
15
24
29
21
(o))
29
03
12
22
08
20
18
20
23
08
15
27
28
28

KoV
NQV
MDY
LY
DEC
ofC
ADY
0E¢
Ctc
0EC
DEC
BEC
JAN
DEC
JAN
JAK
wAN
FEB
FEB
FER
FEB
FED
VAR
MAR
FEB
FEB
FEB

re
re
T2
rz
Tz
72
rz
12
re
72
72
T2
Tl
T2
T3
13
7
71
73
1
72
13
Tl
13
T2
73
7

EXP.
TIME

4,0
6.0
1.0
6,0
10,0
12 'o
8.9
2.5
4.5
1}.0
1.5
4.5
6.5
3.0
4.5
7.5
6.0
19.0
19.5
4.0
6.5
10.0
16.5
24,0
5.%
4.0
6.5

P

06
09
15
12
12
17
18
18
18
o4
20
27
Ja
0%
26
21
12
12
22
13
08
3
05
27
22
20
20

"

LATEST
START

NGV
NOY
DEC
DEC
DEC
NOY
pec
DEC
DEC
DEC
DEC
DEC
JAN
JAN
DEC
JAN
JAN
JAN
JAN
FEB
FEB
ApR
MAR
JuN
FEB
FE8
fEDB

re
T2
T2
12
re
12
72
re
T2
72
r2
re
71
73
12
T3
73
ri
73
13
13
L
73
73
L
73
[#}

PAQE
REP O R T 40040aeatdttdntatidasacssstanasdttogs

9
17
18
20
27
08
a7
20
27
24
el
0a
12
12
¢1
12
22
ca
20
22
20
14
27
01
01
28
28

LATEST
FINISH

AQV
AOv
CEC
LEC
CEC
DEC
cEC
pEC
CEC
CEC
JAN
JAN
JAN
JAK
JAN
JAN
JAN
FEB
FEB
FEQ
FEB
KAy
VAR
AYG
¥AR
FEB
FEB

12
X
12
12
72
12
1
12
12
Te
73
13
r3
13
]
r3
ri
ri
T3
n
13
73
73
r3
7
1
LE

TOTAL
SLACK

Do
«0¢
18,5+
16,0¢
16,04
(124
18,5+
T.5+
T.5¢
o0
7,9+
7.5+
7,5+
.04
200
o0
W04
20
0
-1
W04
56,04
15,5¢
96,5+
2,5¢
1,04

.00

pEschRlIpTION

MOVE IN AND SETUP LAYQUT
MACK EXCAVATION we SIDE
FQUR SET BED

FORM/POUR WEST RT, WALL
MACH EXCAVATION E, SIDE
OHILL CASSIONS

PJUR PRECAST LAGGING
EXCAVATE/POUR GR, HEAMS
DRILL/ZSET (M) PILES

PQUR ANQ FINISH CASSIONS
FORM/POUN A=LINE RT WALL
SET STR, STEEL XICKERS
EXCAVATE/SET PRECAST LAG
SET AB AND BASE PLATES
POQUHA ELEVATOR BaSE
FIRM/POUR wING WALLS
POUR CORE SLAB

ERECT STR, STEEL TDRmER
MASCNRY IN CORE

METAL STALRSsGROUND 10 §
INSTALL MET QECHoFLOOR 1
ERECI PaARK DECK STEEL
FEREPROUF €OLS AND HEAMS
ELEVATOR PLUNGER g RAILS
METAL STAIRSs FL 1 10 2
INSTALL MET DECk,FLOOR 2
POUR FLOOR 1

791
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PRED
NUMbE#
13
13
26
1
1%
22
27
21
16
F1]
23
17
17
24
186
18
%5
<9
34
1%
5
kL]
35
1%
3
35
ac
39

suce
KUMBER
18
25
27
21
16
23
2d
17
17
29
24
18
38
18
T
3%
“s
30
58
16
3
as
3d
a0
ar
46
L1
37

EARLIEST
STARY

20
20
23
27
28
2n
01
ar
(1]
[+
oy
18
16
19
27
27
2t
06
1§
20
20
20
20
20
20
20
02
']

FEY
FER
FEY
FED
FE®
FEB
mMAN
MAR
MAS
MAR
MAN
HAR
MAR
MAK
MAR
MAR
HAR
APR
APK
AP
APR
APR
APR
APR
APR
AP K
MAY
MAY

Tl
73
T3
73
73
13
73
13
ra
13
T3
13
73
13
73
73
13
73
13
7y
T3
13
73
ra
T3
73
ri
T3

EARLIEST
FINISH

L]
26
01
or
o
09
08
15
16
06
19
1]
19
2r
11
20
20
02
14
by
04
08
10
16
21
co
10
1

MAR
FAR
MAR
WAR
MAR
MAR
MAR
MAR
MAR
APR
MAR
HAR
APR
EAR
APR
AFR
APR
MhY
MAY
MAY
MAY
MAY
HAY
MAY
MAY
JUN
MAY
KAY

73
73
73
13
73
73
73
73
T3
73
73
73
73
73
13
73
73
73
73
7y
T3
73
73
73
73
73
13
73

EXP,
TIME
2%.0
24.0
1.5
6.0
d.0
6'5
5.5
8.0
6.0
20.5
6.5
6.0
24.5
g0
11.0
17.5
1745
18.0
17.0
10.0
10.0
12.0
14,0
18.0
210
34,5
6.5
S.0

PR

21
26
14
01
01
28
18
09
09
25
09
19
268
1%
09
27
L} |
24
ot
20
]
o8
04
30
25
08
21
17

LI |

LATEST
STARTY

FEB
JUN
NAY
¥ AR
MAR
FEB
MAY
MAR
MAR
Hay
VAR
TY.
JUN
MAR
AuG
MAR
JuL
JUN
AuG
APR
MAY
AJG
KAY
APR
PR
JuL
Jul
(T

T3
T3
Ty
T3
T
73
7
)
L
71
Ty
r:
Ty
1
L.
71
1
7y
)
Ty
T3
13
7]
[
13
73
L]
T3

REP [ i} AT sdddbaanaddddstdtddnddndde

14
1
18
ce
09
ne
25
19
19
24
19
27
a1
27
24
20
24
21
24
04
17
24
24
24
24
74
11
24

LATEST
FINISH

VAR
JUL
wAY
VAR
NAR
¥AR
why
FAR
VAR
JUN
NAR
VAR
AUG
FAR
AUG
AFR
ALG
JuL
AUG
VAY
MAY
G
wAY
MAY
MAY
AUG
JutL
MAY

13
13
73
73
13
7
73
13
73
73
Tl
1
7
72
73
7
13
]
LE
73
ri
]
LE]
71
ri
T3
13
73

TUTAL
SLACK
1,5+
69,54
56,04
2,5
1,04
20+
56,0+
2,5+
1,5«
56,04
04
1,9+
71,%
04+
94,5,
+0e
88,0+
56,04
T1,5¢
Qe
¥.0¢
Te,04
10,04
8,04
3,04
53.54
56,04
9,0

*0
-
-
-m

DESCRIPTILION

ELEC IN BSMT/MAIN CD RUN
MECH EQP BSMT/MAIN DUCTS
LAY STEEL PARK DECKX
METAL STAIRSs FL 2 0 )
INSTALL MET DECKsFLOOR 3
POUR FLOOR 2

PUUR PAHK DECK

METAL STAIRS», FL 3 TU o
INSTALL MET DECK+FLUOR &
DEMJLISH QLD gUILDING
POUR FLODR 3

INSTALL AQOF DECK
DRynALL IN ELEV CORE
POUR FLOOR 4

INSTALL SKYLITES
PARAPET /W INDOwWALLS FL 4
INSTALL MECH EQUIP ROOF
INSTALL STORM DRAINAGE
INSTALL ELEVATOR

INSTALL CEILING GRIDSFLA
INSTALL QUCTWORK.FLOUR &
ROOFING AND SHEET ™METAL
INSTALL OVERHEAD ELEC, 4
INSTALL ROUGH PLUHMMING»A
HH FRAMES & WD DOORS»FLA
WINJOAWALL FLOORS 322s1
LAY BLACKTOP PAVING
INSTALL DIFFUSERSs FL &
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PRED
NUMBER
36
3t
32
7
ar
ar
3
33
41
a2
LX)
4%
L
[ L]
a7
48
[ 1)
AB
53
49
54
56
5¢C
50
51
51
5%
56

suee
NUMJER
a7
az
33
ay
0z
45
as
ay
44
a3
48
(1]
at
48
40
53
49
50
-1 !
50
Y
5y
55
46
52
E1 ]
57
s7

EARLIEST
START

04
10
15
24
24
24
23
25
31
¢s
12
013
13
13
la
24
24
4]
21
24
18
31
31
N
12
12
18
15

HAY
Miy
MAY
Nay
Mady
MAY
LLY ]
WAy
JUN
JUN
FLUL]
JuL
JUL
JUL
AUG
AUG
AUG
AUG
SEP
SEp
oca
ocr
aer
ocy
DEC
DEC
DEC
FEg

T3
7l
7
73
73
73
L]
73
L |
T3
73
7
T}
T3
LE |
T3
Td
13
73
T3
ra
Ty
13
13
73
71
73
X1

EARLIEST
FINISH

24
15
25
01
06
03
09
06
13
12
14
11
14
21
24
21
24
(L]
18
31
05
12
18
20
02
15
0l
01

MAY
vAY
MAY
Juw
JUN
Jul
Jut
JUN
JUL
JUN
JUN
JuL
AUG
AUG
AUG
SEP
SEP
oc1
acr
[ 3]
NOV
QLc
DEC
DEC
JAN
FEB
JAN
MAY

73
73
7
T3
73
Ty
73
7
73
73
73
73
T3
T
T
73
73
73
1
L]
4]
T3
73
73
T4
Ta
ra
Ty

EXPa
TIME
11,0

2,5

B85

5.0

8.0
27.0
30.0

6.5
29.0

4,0

4,0

5.0
22.0
27.0

8.0
20.0
21.0
29.0
18.0
25.0
11.0
29.0
1.0
15,0
138
45,0
10.0
5240

PR

04
n
01
24
29
11
kB
15
01
02
69
17
13
18
18
04
23
18
or
24
1
n
01
27

12
17
15

LATEST
START

MAY
JuL
AYG
MAY
JUN
Jul
MAY
AUG
JuN
JuL
JulL
AUG
JuL
Jul
AUG
DEC
AYG
SEP
JAN
SEP
JAN
oct
NAR
DEC
JAN
DEC
APR
FER

Tl
T3
L ]
7)
73
7
73
Ty
]
13
T3
I3
1]
3]
(]
73
13
73
T4
73
3
T
T4
r)
74
4]
Tt
4 ]

PAGE ]
REP OB R YT andadanesddodoantntdeurhassettvatade

24
01
15
a1
ez
17
1]
24
11
a9
1]
24
14
242
24
ar
22
1"
1t
L
15
12
17
15
15
15
01
01

LATEST
FINISH

wAY
BYG
AUG
JUN
JuL
aUG
JuL
AUG
JuL
JuL
JuL
AUG
AUG
aUG
AugG
JAN
SEP
ccr
JaN
ccT
FEY
LEC
AFR
FEn
FEd
FEY
KAY
HAY

13
13
73
73
13
73
13
13
]
13
13
73
13
13
T3
74
7
?l
74
73
74
11
74
74
74
]
e
74

TUTAL
SLACK
1)
56,09+
S58.0¢
Qe
16,0+
32404
a0
56,0+
Q¢
16,04
1d,0+
32.0¢
2
3,04
W04
T1.0+
e
17,04
11,04
Qe
r1,.04
Qe
83,04
3¥,0¢
32,0+
0o
83,0+
N L

CESCRIPTINDN

INSTALL DRYWALL»s FLOOR &
PAINT PARKING STRIFS
LANDSCAPE

INSTALL CEILING TILEsFLA
INSTALL CERAMIC TILEsFL#
CUNNECT MECH SYSTEMsFL &
MILLWORX, FLOOR &
CLEANUP DUTSIDE

INSTALL ELEC FIXTURESs 4
SET PLUMBING FIXTURES, &
INSTALL TOILET ACCasFL &
CHECK & BAL WECH SYSTEM
PAINT AND COVER WALLsFLA
LAY FLOUR CUYERINGsFLA
CLEANUP & PUNCH LISTFLA
IRSTALL ROUGH PLUMH.»321
INSTALL DUCTwORKSFLS 321
INSTALL OVERHEAD ELEC321
LAY CERAMIC TILEs 1321
INSTALL CETLING GRID#)Z21
SET PLUMB, FIxTURES, 321
INSTALL DRYWALLs 171
CONNECT MECH §YS» 321
INSTALL ELEC FlX.» 324
INSTALL CEILING TILE#321
PAINT & COVER WALLS» 321
CHECA € BAL 5v$» 321
COVER FLOORSS 321

991
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PRED Suce EARLIEST EARLIEST Exp, LATEST LATEST TUTAL DESCRIPTIODN
NUMDEN NUMGER START FINISH TIKE STARY FINISH SLACK
ST S8 0t MaY T4 20 MAY Ty 13,0 01 HAY Ta 20 vaY 78 00 FINAL CLEANUP
58 39 20 MAy T4 22 vAy T3 2.0 20 May Ta 22 vAy 14 o0 FINAL INSPECTION
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RISK EVALUATION CRITERIA AND PERFORMANCE SCORES

I. Owner (&)

A,

A,

Discussion:

Scoring:

II. Architect (B)

Discussion:

What type of reputation does he have?
spections, and what margin of error will he tolerate?
plans and specifications been approved?

adequate?

Scoring:

APPENDIX F

This is a subjective evaluation of the project
owner. 1Is he able to make timely payments?
situations will he pay on time?
Does he want to occupy the structure quickly?

Performance
Very Poor
Below Average
Average

Above Average

Outstanding

Score

[l s YE R SV s RN e < Q¥

Based upon past
Is he able to make decisions?

168

This is a subjective evaluation of the architect.

Performance

Very Poor
Below Average
Avyerage

Above Average

Qutstanding

How severe are his in-
Have the
Are the bid documents

Score

N WOy D0 WD
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I1T. Geographical Location (C)

A, Discussion: This is a rather subjective evaluation of the project
location., The measurement is based upon the theory that the fur-
ther away from the contractor a project is located, the more diffi-
cult it will be to supervise the work and to obtain adequate
labor, subcontractors, and material.

B, Scoring:

Performance Score

9
Out of Town 8

7
Near Town 6

5
In Town 4

3
Near Firm 2

1

IV. Prestige of Project (D)
A, Discussion: This is a subjective evaluation of the prestige which
the structure will possess or which the contractor will derive
from having been associated with the project., Included in this

evaluation is a consideration of possible follow-on work, either
on the same project or on another project with the same or another
OWNner.
B, Scoring:
Performance Score
Very Poor
Below Average

Average

Above Average
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Qutstanding
V. Number of Uncontrollable Organizations (E)
A, Discussion: This is an estimate of the number of project organi-

zations over which the contractor will be able to exercise no real
control. In general, this number will be greater for projects



VI. Amount of Own Labor (F)

A,

VII.

A,
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that are larger and more complex. This is based upon the assump-
tion that more uncontrollable organizations lead to greater coor-
dination problems and time delays.

Scoring:

Discussion:

materials, and subcontractors.
item for a contractor.

Performance

8
7
6
5
4
3
2
1
0

Oor more

Score

=R W O 00

This is an estimate of the contractor's own labor
cost expressed as a percentage of the total cost for labor,

Labor is the most uncontrollable

A subjective evaluation may be employed

to provide a preliminary analysis.

Scoring:

Discussion:

construction.

impede work.

Performance (%)

22.00
20.00
18.00
16.00
14.00
12,00
10.00

8.00

7.99

Condition of Site (G)

oY more
- 21.99
- 19.99
- 17.99
- 15.99
- 13.99
- 11,99
- 9,99
or less

Score

[l o= B PCRR L IR W, B B N e o BN

This is a subjective evaluation of the condition of
the project site as it will appear during the majority of the

It includes a consideration of the site accessi-
bility and exposure, which is an assessment of the effect that
weather may have on the prepared site. For example, severe exca-
vation and poor drainage will result in a muddy site that will



B.

VIIl.

IX.

A,
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Scoring:
Performance Score
Very Poor
Below Average
Average

Above Average
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Outstanding
Ability to Handle Job (H)

Discussion: This is a subjective evaluation of the ability of
the construction company to perform the required work. The
evaluation includes several factors. First, how competitive is
the company on this type project? Is this the type work which
the company does best and fastest? Are there materials available
from other company projects that can be used to reduce the cost?
Are there other company projects nearby which may serve to reduce
the cost of this new project? Second, what possibilities exist
for reducing the estimated duration of the project? This may
reduce the cost, or it may provide a time advantage. If a con-
tractor can perform the work in less time, even at a higher cost,
than his competitors, he may be awarded the contract. Considera-
tion must also be given to completion deadlines and penalty pay-
ments, Depending on the situation, this consideration may result
in a higher or lower score,

Scoring:

Performance Scare

Very Poor 9
8

Below Average 7
6

Average 5
4

Above Average 3
2

Outstanding 1

Chance of Getting a Loan and Bond (1)

A,

Discussion: This is a subjective evaluation of the contractor's
chances of getting a loan to cover the anticipated expenses that
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he will incur during the comstruction of the project. This loan
may or may not be necessary. It also includes an assessment of
the contractor's bonding capacity.

B. Scoring:

Performance Score
Improbable 9
Probable ?
Reasonably Probable g
Highly Probable g
Certain (or no loan i

needed)
X, Timeliness of Project (J)
A, Discussion: This is a subjective evaluation by the contractor
of the timing of a new project. This also includes an assessment
of how the starting date and the required company resources for
the project will fit into existing company commitments.
B. Scoring:
Performance Score
Very Poor
Below Average

Average

Above Average

[l AR S WL, B e S B & = N o ]

Outstanding
XI. Number of Bidders (K)
A, Discussion: This is a number that represents all known or esti-
mated bidders on the project, to include the contractor making

the evaluation.

B. Scoring:
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Performance Score
11 or more 9
10 8
9 7
6
7 5
6 4
5 3
4 2
3 or less 1

XII. Quality of Competition {L)
A, Discussion: This is a subjective evaluation of the overall
nature of the competition. The supposition is that a contrac-
tor will be less competitive and will not want to bid against
contractors who employ non-union labor, do poor quality work, or
are dishonest,
B. Scoring:
Performance Score
Very Poor
Below Average

Average

Above Average

— N W Oy - 0D

Outstanding

NOTE: When the final evaluation is made of the total risk in a project,
the last two criteria, K and L, should be adjusted subjectively
to reflect the probability, determined from the application of
bidding strategy, of winning the bid at the level of profit which
is included in the bid price.
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