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Project Management With CPM
by

Tariq Haroon Ahmad

SYNOPSIS

This report basically reviews the methods and techniques
of Critical Path Methods and their application to a con-
struction project. It is divided into two parts, the first
one deals with the theory of the c¢ritical path methods and
the second the illustration of these CPM techniques when
applied to a construction project which was actually carried
out in Pakistan. Results obtained from the numerical example
are compared with the ones originally available. Three computer
programs have been used for calculation purposes. Hand cal-
culations for finding the critical path are perforwed so as to

check with results cbtained by computer.



PURPOSE AND SCOPE OF STUDY

This report, "Project Management With CPM'", is basically
a review of the methods and-techniques of the CPM. A con-
struction project which had been executed in Pakistan about
four years ago has been selected to illustrate the incorpora-
tion of some of the basic principles of the Critical Path
Methods. The results obtained from this study provide a
basis for comparison with the ones originally available.

The purpose of this report is to describe the CPM
managements methods in an orderly manner and to describe
their advantages when this approach is applied to construc-
tion projects. These methods emphasize that with the use of
CPM the project is executed in an orderly and efficient manner
thus resulting in savings of moderate funds and time. From
the study it is inferred that CPM cannot be applied success-
fully until the persons responsible for its application have
a sound, practical experience and a good construction judg-
ment, but still, if applied with competency it provides a
better picture of-the job, pinpoints the problem areas before
their occurrences and ievels out the available resources
thereby resulting in cost control. 1In a nutshell, the use
of CPM results in efficiency, economy and saving of time.

The reason for selecting a particular project for the
numerical example for the illustration of CPM techniques is
because of the fact that the author had the opportunity of
personally viewing the execution of most of the operations,

thus enabling him to have the necessary practical experience



required for the determination of the network logic. Without
having this practical experience and the necessary insight
into the project it becomes quité difficult for the planner
to sequence the operations as is described in the preceding
paragraph. Computer programs furnished by Prof. Rosebraugh,
Prof. Bissey and Prof. Goddard are used for performing the

CPM calculations in this numerical example.



INTRODICTION

CPM (Critical Path Method) is only an information
generating process which can yield results that can aid the
contractor in the planning, schedﬁling and controlling the
construction of a project with his forces and their experience.
In other words, it is a technique which aids construction
management in planning, scheduling and controlling the build-
ing of any type of project. This report describes the use
and application of Critical Path Method in scheduling and
planning and its use as a management tool in the construction
industry. It focuses on actual construction process showing
CPM in action from start to finish on a project. The scope
of construction includes not only the building phase, but all
of the activities which interrelate to result in decision to
proceed with a facility, its design, review, contractual
arrangements and finally, actual construction. Many innova-
tions which further enhance the value of critical path usage
for job planning and control for simple and complicated projects
are being developed with the passage of time. CPM as a tool
is not limited to specific projects but can be utilized through-
out for plant maintenance, refinery operations, highway plan-
ning, and construction and many other areas. Thus, CPM is a
disciplined concept representing the sequence of a project
logically.

At first, CPM was used primarily in the construction
industry. 1In fact, construction is still one of the areas

of most frequent applications of CPM. Although the first



users of CPM did little more than construct arrow diagrams
and plan and schedule their projects accordingly, they
immediately realized the benefits of this new approach.
Project managers found, for example, that they had a clear
picture of the project, readily communicable to everyone
including new personnel, and they could receive timely and
accurate data as the basis of sensible decisions.

With the usage of CPM it became apparent that the
principles of network analysis were applicable to projects
in industries other than construction. Soon, projects of
varying types were being partially planned and controlled by
this unconventional method. CPM was accepted as a new way of
thinking. Management began to work with precise increment of
time on projects and to develop alternative plans in which
time was considered by itself, than with respect to other
resources. These other resources include men, equipment,
materials, working area and money.

Possibly the most important advantage resulting from
usage of CPM is that management has clearly defined for itself
the genuinely separate functions of planning and scheduling.
Management has also realized that CPM is an effective means
of control. Thus, CPM has been accepted for a wide variety

of projects.



DISCUSSION

The overall purpose is to suggest that the use of CPM
will provide maximum advantage for top management, project
management, job superintendents and the working foreman.

The CPM is a relatively new tool that is gaining wide accept-
ance. Due to its increased use, additional techniques and
modifications are continually improving the overall aspect
while making apparent the full potential of CPM as a planning
tool. The adﬁantage of this new system is the effectiveness

in controlling, staffing, manpower, procurement, cost control,
etc. Once the basic benefits are understood the money invested
in the use of this tool can be justified. A thorough knowledge
of the project is acquired when the participants prepare a

CPM arrow network. A typical network requires separating the
job into understandable components and establishing their
logical sequence and interrelationships. Preparation of CPM
necessitates acquiring and understanding the information for

a full range of operation which involves design, procurement,
shipping, construction and testing. This in itself has
considerable value for the project engineer giving him broader
view of the situation that can arise, as well as those which
will control the total job duration.

After the engineer completes his network and establishes
the critical path including float times for various opera-
tions, he then gains the additional knowledge which enables
him to predict accurately the items that will require very

close scrutiny and control for maintaining the established



job completion date. The engineer must also understand and
recognize the implications of float times and their importance
within the network.

There are many means of presentation that could be
utilized. Some of these methods have an advantage for the
management while others apply to the job foreman. To the
top management or the foreman, an arrow diagram means very
little. However, to an engineer who has prepared the schedule
it denotes the obvious logical sequence of operations and
indicates their interrelationships.

In the past, critical path scheduling and planning have
been termed as tremendous by one set of users and impossible,
impracticable and unusable by others. Attempting to look at
the reasoning behind this wide variety acceptance, we can
only come to the conclusion that it is highly dependent on
the use and application. One major factor is fhat CPM is a
guide and all users must therefore faithfully follow what
has been established. Should deviations occur in items that
are critical, it will extend the total job duration. During
early use of critical path scheduling, the prepared schedule
was normally ignored and the work proceeded at its leisure.
This created problems since no attempt was made to apply the

knowledge of critical item control.



HISTORY OF CPM

CPM development was initiated in two parallel efforts.
They were different in origin and were designed as the
procbabilistic approach and the deterministic approach. The
probabilistic appeared in the form of PERT (Program Evaluation
Review Technique). PERT was developed for the U.S. Navy and
provided a tool to control the planning and construction of
the fleet ballistic missiles program. The system’é major
variable was estimated completion time. The U.S. Air Force
adopted essentially the same procedure with modification and
called it PEP (Program Evaluation Procedure). Since then
many modifications and revisions have been made with the large
companies preparing their own forms and introducing new
techniques.

The deterministic case was much more suitable for con-
struction application since it considered both cost and time
as contrelling variables. The initial effort for this case
was accomplished by E. I. DuPont in 1956, along with Univac
DPivision of Sperry Rand Corporation. They developed a project
planning and scheduling technique based on network analysis
and applied it to a refinery renovation project. This tech-
nique was called Critical Path Planning and Scheduling {(CPS).
Later on, big cencerns applied the newly developed technique
to their huge projects and realized the potential in the new

concept.



THEORY OF CPM

WHAT IS CPM?

CPM is a system for planning, scheduling and controlling
a project. In CPM the steps or operations necessary to com-
plete the project are shown in a graph called NETWORK. The
network also shows the order in which the operations must be
completed, which activities can be done together, and which
activities must follow the other activities.

When the network is complete, the planner estimates how
long it will take to do each operation. Obviously, the time
for completing the entire project is not the sum of individual
operation times, since some operations can be done at the
same time. Actually, a small number of operations control
the project completion time. These operations are called the
critical operations as they form a chain through the network
called the CRITICAL PATH. This is the origin of the term
'Critical Path Method'. The critical path determines the time
necessary to complete the project.

By the use of Critical Path Method we get meaningful
answers to such questions as:

1. How long will the project take? Can we meet our
contract completion date?

2. If there is delay in one activity will the entire
project be delayed? 1If so, by how much?

3. What is the most economical way to speed up the
project?

4. How can we tell whether we are on schedule? If not,

is there still time to take corrective action?
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5. How can we schedule our manpower to avoid excessive
ups and downs without delaying the project completion?

6. How can we schedule material deliveries so as to
have things on the job when needed, but avoid costly storage

for long periods?

WHEN CAN CPM BE USED?

To be able to use CPM, the project must have a definite
beginning and a definite ending. It must also be made up of
a series of smaller jobs or operations that must be done in
an orderly sequence to complete the project. A good example
is building a house; the foundations precede the walls, the
shingle must follow the roof boards, etc. Construction
projects of all types lend themselves to CPM scheduling and
the construction industry was among the first to make wide-
spread use of the method. CPM 1s equally suitable for planning
any of the following projects for example:

1. Introducing a new product.

2. Research and development projects.

3. Assembling a large piece of machinery or aircraft.

However, size and approach of CPM analysis is limited only
by ingenuity of the user. The dollar size of the project is
also a guide in determining which projects should be diagrammed.
The primary considerations are the complexity of the project

and the degree of coordination required in implementing it.
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NETWORK CONSTRUCTION

NETWORK

The arrows are arranged to show the plan or logical
sequence in which the activities of the project are to be
accomplished. In other words, one has to decide what activ-
ities precede a particular activity, what operations are
concurrent and what operations must follow other operations.
The resulting logical flow chart is a network of arrows
usually referred to as the arrow diagram or network. The
heart of CPM is the network diagram. This is a graphical
picture of the project showing each step or operations and
the relationship between the steps. CPM can be a powerful
management tool or a total waste of time, depending upon the
care with which the network is prepared. To draw a correct
network the requirement is familarity with the project,
patience and knowledge of a few simple rules.

Drawing the arrow diagram completes the first phase of
CPM. Preparation of arrow diagram forces one to think through
the project completely and determine just what the sequence
of operation would be. It provides a readily understood
picture of the project which is useful in briefing the people
directly responsible for job execution.

An important aspect of the network is to decide just
how detailed the network should be. Several factors are
involved. The first consideration is the purpose of the

network. If it is to be used for preliminary planning it
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usually contains fewer items. On the other hand, it if is to
be used for day to day control of the project it involves
considerable detail. 1In general, for reporting to higher
management the diagram should be simpler and less detailed as
compared for use at field lewvel.

The network of this report is simple in approach so as to
help the reader in understanding the fundamentals and their

applications.

TIME ESTIMATION

The dimension used for CPM analysis is project completion
time. Any convenient unit can be used but it must be consistent
throughout the metwork. The unit is usually in days which is
adopted in this report. Full time units are generally used in
CPM.

"Once the project has been divided into its elements, the
next step is to estimate the time, or duration of each operation.
To estimate the time duration for an activity the estimator
assumes a normal work crew. This normal crew may be the optimum,
but it could be larger or smaller. A normal crew size has been
the consideration in estimating the event time in this report.
Time estimates depend on a variety of factors such as:

1. Type of Work
. Quantity
. Working Conditions
. Location
. Climate
. Tools and Equipment

Level of Worker's Skill
Degree of Supervision

o~ EWLN

Above all the experience and the breakdown of the project
into simpler components makes it relatively easy to estimate

the durations.
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CPM_COMPUTATIONS

The following parameters are calculated as described

below in order to determine the completion time of the

project and the critical path or chain of critical operations.

EPO

EFT

LPO

LST

EST

EF

The Earliest Possible Occurrence of a node is

the earliest possible time for starting all
operations that originate at that node. To find
EPO of all of the nodes on an arrow diagram, we
first assign an EPO = 0 to the first node on the
diagram (Node numbered 1). The EPO for each of
the remaining nodes is the maximum of the EFT's

of all the operations that terminate at that node.

The Earliest Finish Time of an operation is the
sum of the EPO of the node at the start of the
operation plus the duration of the operation.

The Latest Possible Occurrence of a node is the
latest possible time that all of the operations
that terminate at that event can finish without
causing the project duration to exceed the value
originally calculated with the EPO's. This fixes
the value of LPO of the last node. LPO of the
last node is equal to the EPO of the last node
since this is the completion time of the project.

The Latest Start Time of an operation is the LPO
of the node at which it terminates minus its
duration. 1In general, the LPO of a node is the
minimum of all of the LST's of the operations
that originate at the node in question.

The Earliest Start Time is the EPQO of the begin-
ning node of an operation.

The Latest Finish Time is the LPO of the ending
node of an operation.

Free Float of an operation is the amount of time
that the operation can be delayed or lengthened
without affecting the EPO of any node on the
arrow diagram. Free Float is calculated as the
difference between EFT of an operation and the
EPO of the node at which it terminates.

The Total Float of an operation is numerically
equal to the LST of an operation minus the EST

of the same operation. Total Float is the length
of time that an operation can be delayed or ex-
panded without affecting the completion of the
project.
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CRITICAL PATH

The Critical Path is the chain of operations whose
duration determines the overall ﬁroject time. Any operation
not on the critical path has a slack or float time. To
find the critical path by using an arrow diagram, duration
is added to the earliest start time to find the earliest
finish time, and the latest of the earliest finish times
becomes the earliest start time of the following operations.
In working backwards through the network we subtract dura-
tions from the latest finish times to find the latest start
times and choose the earliest of latest start times as the
earliest finish of the preceding operations. EFT, LST, EST,
LFT, FF, and TF are calculated as per their definitions
described earlier.

- From the results of above computations it is observed
that critical operations are those that have Free Floats of
zero, however all the operations with zero Free Float do not
control the project duration. The operations that do control
are the ones that have zero Free Float and form a continuous
chain or path, starting at the first node and ending with
the last node. Another condition for the operation to be
on the critical path is that Total Float of that operation

should be zero.
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RESQURCE SCHEDULING

Resource Scheduling method determines the levels of
resources which must be scheduled in order to implement
the plan and also alters the CPM plan in an efficient way
in order to convert it to a usable CPM plan. This solution
re-sequences the operations such that preset level of
each resource is not violated and such that this re-sequenc-
ing increases the project time of unacceptable CPM plan in
a minimal way.

The following data are required:

1. The amount of each resource required to complete
the operation in the specified duration.

2., Maximum level of each resource.

CALENDAR DAY CONVERSION

The schedule may be converted to calendar dates by
relating time zero to nodel. By knowing the starting date
and relating it to node 1 and assuming work week of 5 ~ 6 =
days the dates pertaining to EST, EFT, LST, and LFT can be
calculated. This helps in correlating time with the weather

conditions prevalent at specific times.
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UPDATING

This aid consists of planning and scheduling what
remains of a project by placing the latest information
concerning the project onto the original arrow network.

The reason why updating is done is because of the fact that
some operations may have completed on schedule, some may
have taken a shorter time and some may have taken a longer
time to complete, so to check the progress at a certain time
and reschedule the remaining operations this calculation is
performed.

Calculations are done in the following manner:

1. The durations of the operations which have been
completed at the time of the update are set as zero.

2. The EST of the completed operations are set as
the time of update.

3. Estimated durations of the operationsrwhich are in
progress are calculated.

4. For the operations which have not yet started, the
durations remain unchanged. 1f the planner wants to re-
schedule, they could be done at this stage.

5. With the help of the above information project
completion time is calculated. 1If it is not in accordance
with the schedule, critical operations are compressed and
more resources are aimed at these operations so as to enable

the project to finish on time.
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CPM_AND COST CONTROL

All the CPM techniques discussed in the preceding
pages were based on time dimension alone. However, money
which is vitally important has to be tied to the CPM to
make its application more fruitful. CPM does not offer any
replacement for cost estimation and hence, the traditional
methods of estimation are employed. Costs are assigned to
each activity which helps a great deal in progress payments
as it places progress evaluation on a well defined basis--
activity completion rather than the traditional percentage
estimates. Project costs are set up on the basis of CFM
activities and the actual costs of work to date are compared
with the cost estimates which are used in monitoring the
project moneywise. CPM cost techniques also help in cost
forecasting, i.e., time and cost dimensions are combined to
forecast the rate of spending on a project. Cost expediting
is another feature of CPM, i.e., in order to keep a project
on schedule certain critical activities have to be shortened
in duration but in such a manner that the increments in costs

are in a minimal way.
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STEPS INVOLVED IN AN ANALYSIS
OF A PROJECT WITH THE USE OF CPM

Following are the steps involved in the analysis of
a project:

1. The project is analyzed, that is, broken down into
activities or operations according to the required level of
approach, e.g., for field level or management level.

2. The nmetwork is constructed showing the logical
sequence of operations and their relationships.

3. GComputations are performed to locate the Critical
Path (the chain of interdependent operations that determire
the duration of the entire project).

L. Analysis and evaluation of. results obtained from
Step 3 are performed which helps as a check and also discloses
possible ways of improving the proposed project plan and
schedule, i.e.,

a. analysis via operation breakdown.

b. analysis via resource allocation.

c. analysis via completion time.

d. analysis via calendar day conversion.

5. Schedule which is determined is used to control
and monitor the job progress.

6. Revision and updating of schedule is done period-
ically on account of unforeseeable factors which affect the
progress.

7. Resources Scheduling is applied to determine the
best possible schedule, keeping in view the limited resources

available,



8. Cost controls and cost expediting methods are
used to keep the project execution cost as economical as

possible.
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