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Session 313

A Schedule Delay Analysis Dilemma: What to Do? What to Do?

This session will focus on a cutting-edge schedule delay analysis methodology dilemma; namely,
Contract Provisions which require the use of fragnets and schedule updates to analyze delay
versus the utilization of As-Planned/As-Built Critical Path Delay Analysis. Whether you are
involved in asserting or defending against a delay claim, the selection of the method of analysis
you use can “make or break” your case. Today, most construction contracts contain critical path
scheduling requirements which mandate certain procedures for evaluating time impact due to
changes or delays in the work. Procedures which require you to © utilize the schedule update in
effect at the time the change is issued or the delay incurred” or clauses which require that a
“current schedule update” be utilized for evaluating the time impact are commonplace. The
specific application of these procedures in the real world, however, presents significant
challenges — especially when the parties never actually maintained the project schedule updates
in the manner envisioned by the contract.

Utilizing inaccurate or incomplete schedule updates can be “fatal” in the context of attempting
to either prove or defend against a delay claim. Likewise, questions exist as to under what
circumstances As-Planned versus As-Built Critical Path Delay Analyses will be accepted in the
face of contract clauses which require seemingly different methods of analysis.

This session will include a discussion of time impact analysis technigques and will also review
various cases and decisions which provide seemingly contradictory guidance with respect to the
application of appropriate schedule delay analysis methodologies. Key concerns and objectives
from both the attorney’s and the consultant’s analytic standpoints will also be discussed.
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Discussion Paper No. 1

CPM Fundamentals

Development

In 1957, the U.S. Engineering Department of E.I. duPont de Nemours, Inc., along
with Remmington Rand, undertook a study which culminated in the development of a
new system for developing and coordinating information relative to the planning and
scheduling of an engineering project. Their goal was to attempt 10 optimize time and
money. The net result of this study was the development of the technique that has
become known as the Critical Path Method (CPM).

CPM can be basically described as a graphic presentation of a planned sequence
of activities which illustrates the inter-relationships and inter-dependencies that exist

between the elements which comprise a project.

The development of a project schedule using the critical path method includes two
phases (or steps) — the planning phase and the scheduling phase.

The planning phase involves breaking a project down into its component parts
and developing a listing of all activities anticipated to be performed and arranging those
activities in their logical sequence with respect to execution. This step is best
accomplished by having the scheduler meet with the project team personnel in order to
review the project contract documents and procedures to be utilized by the parties to the
contract in administering the construction. Based upon this review (and discussion with
project personnel), the project can be broken down into discrete work areas, or sub-
project categories. These categories or tasks can similarly be broken down into sub-tasks

to provide a greater level of detail, and activity listing can then be accomplished.
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The activities so identified are then used to construct the logic diagram or “arrow
diagram.” [Note: CPM schedules can be prepared utilizing cither the “ arrow” (activity
on arrow) or “precedence” (activity on node) method of scheduling. For purposes of this

discussion, reference will be made to utilizing the arrow diagramming method.}

When one constructs a bar chart schedule, the functions of planning and
scheduling have to be considered together because of the time-scale characteristics of the
chart. In developing a CPM logic diagram, however, these funciions are treated
separately. It is said “first plan and then schedule,” which represents a radical departure
from bar chart schedule preparation thinking. In effect, we first consider the work as a
series of items assembled strictly on the basis of logic of assembly. No consideration
need be given to time when planning. A wall, for example, cannot be built until the
foundation is installed. Time has nothing to do with the sequence. You cannot plaster
masonry walls until the masonry walls are erected. Here again, time has nothing to do
with the logical sequence of the work. This point is emphasized because it is one of the

single most important aspects of CPM schedule planning and development.

Once activity listing is complete, the logic diagram is constructed. There are three
basic considerations which must be employed in order to assemble a logic (or network)
diagram. CPM planning is an interrogation-type technique wherein one is asked the
following questions with respect to each of the activities set forth on the activity listing:

1. What other activity(s) must be completed before this activity can start?
2 What other activity(s) can be going on while this activity is underway?
3. What activity(s) cannot start until after this activity is completed or at least
underway?
Page 2
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As a result of answering these questions, the logic diagram, which illustrates the
interrelationships and interdependencies between the activities required to complete the

project, is established.

The development of the logic diagram marks the completion of the planning

phase.

The next phase, the scheduling phase, involves determining a time duration for
each of tlic activities (except dummies) set forth in the logic diagram and thereafter
computing the event times for cach of the activities in the network. The assignment of
durations of time for the various activities is obviously a key element of schedule
development and must be carefully undertaken by a contractor. Activity durations are a
function of numerous factors including, among others, the guantity of work to be
performed relative to a given activity, the size and make-up of the crew(s) to be utilized
by the contractor in performing the work, the productivity anticipated to be realized by
the contractor in performing its work, the time of year and geographic location of the

work in question, €tc.

Once the schedule logic and activity durations are established, the critical path
may then be determined. In this regard, the basic computations in CPM to determine a
time schedule consist of simple addition and subtraction. These computations are known
as the forward pass and backward pass. These two computations establish the time
boundaries for each activity within the network (these “1ime boundaries” are referred to
as an activity’s early start, early finish, late start and late finish). Only after these time
boundaries are set can a schedule be established.

@ The Forward Pass

Starting at “time zero” a forward pass through the network is made
wherein an activity’s duration is added to its starting time to determine its
Page 3
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completion. This process is continued sequentially through the entire network.
When this pass is completed, all early start and early finish times are established.
When there are multiple predecessors, the predecessor with the largest finish time
is the one selected to establish the starting time of the follower. Only numbers are
used at this point and the numerical assignment of days is referred to as project
time.” Since zero is assumed to be the beginning of the first day, the tail of the
first arrow in the network is at zero. The duration of the first activity is then
added to its early start of zero to produce its carly finish. If only one activity
follows the initial activity, then the early start of the second activity is equal to the

early finish of the first arrow.

This process of adding the activity duration to its early start time (to
compute its early finish time) and the comparison of this time (at merge events) to
determine the early start time of the follower, is repeated through the balance of
the network. The result of the calculation is the early start and completion time
for all activities within the network, as well as the establishment of the total

project duration.

The Backward Pass

The backward pass reversed the above process, starting from the final
event of the network using the calculated total project duration as the starting
point. This calculation is made to determine the late start and late completion
time for each activity. Starting at the last activity in the network, the late finish
time of the final activity is set equal to its early finish time. The final activity’s
duration is then subtracted from its late finish time to determine its late start time.
This same process is repeated from the back end of the network to the front (or

beginning) of the network.
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By making a forward pass and a backward pass through the network, early
start and late start time, carly finish and late finish time, and the critical path are

established. Each can be defined as follows:

0 Early Start Time — the highest lapsed time cumulative count of all the pass of
activities converging at an event on a forward pass

O  Early Finish Time — the early start time plus the duration of that activity

0 Late Finish Time — the lowest lapsed time cumulative count of all the pass
activities converging at an event on a backward pass

O Late Start Time — the late finish less the duration of that activity

0 Critical Path — a group of necessarily related schedule activities which
together create the longest duration through the schedule to project completion
(necessarily related by construction logic or resource allocation).

Critical Path

In the above sample network, there is a continuous path of activities and
events wherein the early start time is equal to the late start time. This is one
further check on your arithmetic. There must be at least one path through the
network where the early start time equals the late start time. This is the so-called
“Critical Path” (as indicated by the striped line). It is the longest path through the
network and it is the path which determines the project duration. All activities

which are not on the critical path are said to have “float.”
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Types of Float

By completing the forward and backward passes, event times are established
which define the time limits within which an activity must start if the project duration is
to be realized. These limits, or boundaries, are the early start and late finish of an
activity. The difference between the maximum time available within which to perform an
activity and the duration of an activity is known as total float. It is important to recognize
that float exists by virtue of the contractor’s planned approach to the performance of its
work. It is as a result of the contractor’s activity definition and breakdown, logic
development (including the establishment of the interrelationships and interdependencies
that exist between the various activities) and duration development, that activity event
times are established. In essence, float is contingency time associated with a path or
chain of activities, and represents the amount of time by which the early finish date of an
activity may be delayed without impacting upon the critical path and thereby delaying
overall completion of a project. In the first instance, float represents a resource to the
contractor in that it provides some degree of flexibility in terms of resolving problems

and assigning resources.

There are several types of float which are recognized: total float, free float,
independent float and interfering float. The differences between these types of float is
the manner in which they affect other activities in the network. A definition of each of

these terms is as follows:

0 Total Float: the time by which an activity may be delayed or lengthened without
impacting the project completion date.

0 Free Float: the time by which an activity may be lengthened or delayed without
impacting upon the early start date of any following activity in the chain.

0 Independent Float: the time by which an activity may be lengthened or delayed
without impacting upon the early start date of any following activity in the chain nor
affecting the latest start time of any preceding activity in the chain.
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0 Interfering Float: the time that, if used, would decrease the float available to follow-
on activities in the chain; thus, the difference between total float and free float.

Total float is the most commonly used and recognized type of schedule float.

Free float, independent float and interfering float are rarely used in practice.
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Discussion Paper No. 2

Change Orders: Pricing and Evaluation

This discussion paper deals with the central question of the proper technique(s) to
be used in re-pricing work affected by change orders. In addition, it will discuss the

spectfic types of costs which are properly chargeable te such re-pricing.

The “Changes” clause contained in the United States Government Standard Form
234, which is utilized in all formally advertised comstruction projects, requires an
“equitable adjustment” in the contract amount and performance time. However, this
clause does not provide any additional guidance with respeet to defining the meaning of
“equitable adjustment.” As a result, the meaning of the “equitable adjustment” has been
refined through a long course of litigation in the Courts and Boards of Contract Appeals.
Although all of the questions have not yet been answered, much can be Iearned by

examination and analysis of these decisions.

In Bruce Construction Corp. v. U.S., 163 Ct. Cl. 97, 324 F2d 516 (1963), 5 G.C.
9554, the Court of Claims said that the basic purpose of an equitable adjustment is “to
keep the contractor whole when the Government modifies a contract.” This statement
has been widely quoted as stating the basic theory of equitable adjustment. However, it
should be recognized that the theory is two-fold in that it is geared to maintaining the
“contractor’s position,” as well as to preserving the owner’s pricing position in the part
of the work that is not affected by the change.

The author of a law review article most aptly described the theory of equitable
adjustment as the “leave them where you found them” theory [Duncan, Equitable
Adjustments on Fixed Price Contracts, 22 Fed. B. J. 307 (1962)]. This statement was

derived in the case of Montag-Halverston-Cascade-Austin, Eng. C&A 1075 (1958) which
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noted that the purpose of the equitable adjustment: is to leave the parties in the same
position cost-wise and profit-wise as they would have occupied had there been no change,
preserving them each as nearly as possible the advantages and disadvantages of their

bargain.

The pricing of change orders can best be understood if broken into three

component parts:
a. The calculation of costs attributable to work added to the contract.
b. The calculation of costs attributable to work deducted by change order

form the contract.

Ca The application of overhead and profit to additive and deductive changes.

Each of these elements will be discussed in the following section of this chapter.

I. Added Work

Work added to the contract by change order is usually priced at the reasonable
cost of performance to the contractor. In situations where the price of the change order is
negotiated prior to the performance of the work, the rule consistently followed by
Appeals Boards recognizes that estimated costs are properly useable, provided that they
constitute the most accurate cost information available at the time of the pricing. In
instances where, for one reason or another, the work is accomplished prior to negotiating
a price, the actual costs incurred are available and are presumed reasonable. Bruce
Construction Corp. v. U.S., 163 Ct. CI. 97, 101 324 F.2d 516, 518 (1963), 5 G.C. 1554,
Canon Construction Corp., ASBCA No. 15208, 71-1 BCA 18730.
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There are two ways of determining the reasonableness of a cost:

Using the first method, one determines the cost based on allowability, i.c., interest

expenses, advertising costs, etc.

The second method looks at the reasonableness of the costs with respect to the
method(s) utilized by the contractor in performing the work. Actual costs need not be
equivalent to those which could have been incurred by the most effictent contractor in
order for those costs to be deemed reasonable. Methods which we efficient and
economical within the framework of the contractor’s procedures will be accepted. In
order to refute the methods of operation the owner must identify very specific procedural

deficiencies in order to show that the contractor’s costs are unreasonable.

In dealing with changes that add work to contracts, contractors often request
monies for “impact” costs resulting from a change. In this situation, the contractor
should identify the nature of the alleged “impact costs” and the time frame in which they
were incurred. A failure to advise the owner of the claimed costs at the time of
acceptance of a lump sum payment for the performance of specific changed work may
prevent the contractor from recovering additional costs. Tri-Messine Construction Co.

Inc., GSBCA No. 5165, 82-1 BCA 915, 735. Therefore, the contractor’s failure to

specifically reserve the right to claim additional costs in an initial contract modification
may act as a waiver of its right to later assert a claim. However, in some cases the
contractor may be awarded additional expenses even when he failed to explicitly reserve

the right to claim additional costs.
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2 Deleted Work

When a change order deletes work from the contract that has not yet been
performed, and there is no other separate payment stipulated in the contract (such as a
unit price), the owner is entitled to a downward adjustment in price equal to the cost the
contractor would have incurred had the work not been deleted. Thus, the cost
information utilized in measuring the deletion is the cost information current at the time
the change was ordered. The amount of the adjustment should not be based on the
contractor’s uriginal estimate of the work. Note, in this situation, actual costs are not at
issue since the work in question ias not been performed. Therefore, the parties must deal
with estimating the amount that would have been incurred had performance been

required.

Where the contractor may have incurred a loss from performing the deleted work,
because of his own inefficiencies or because his original work estimate was low, the
would-have-cost rule will force him to bear the loss which he would have experienced if

the work was not deleted.

Conversely, if the contractor is able to demonstrate that he would have been able
to perform the work for less than the amount of his original estimate, the would-have-cost

rule will permit him to retain the excess amount in pricing the change.

The central issue in pricing deleted work is the reasonableness of the estimated
cost. In this regard, there are various sources of information to which the owner can look
in order to evaluate the reasonableness of the amount of the deletion offered by the

contractor. These include:

1. The contractor’s original estimate and experience in performing similar
work.
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2. The owner’s estimate and prior experience in performing similar work.

3. Bids of other contractors.

4. Subcontractor quotations.

o Vendor quotations.

6. Time and motion studies of similar type work.
7. Vartous manuals and estimating services.

When the owner deletes work from the contract that is a separately priced item
(1.€., a unit price), it has been held that the measure of the deletion is the stated price. If
the contractor had been in a position to make a high profit on the given item, he would be
deprived of that profit. On the other hand, if the contractor stood to lose money on a

given item, the deletion would relieve him of that loss.

This rule can have a significant impact on contractors who intentionally unbalance
their bids; these contractors run the risk of having underpriced items substantially

increased in quantity, while overpriced items may be deleted or reduced in quantity.

3. Substitutions

A contract change which involves substitutions generally requires
computing the difference between the reasonable costs of performing the added and
deleted work. Globe Const. Co., ASBCA No. 21069, 78-2 BCA 113,337. In addition,
the cost of undoing previously performed work is usually credited to the amount owed
the contractor. If labor and material costs have changed substantially in the period
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