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House construction projects, known for their critical importance and complexity, often
face significant constraints related to cost and time. These constraints necessitate the use
of robust project management techniques to ensure timely and within-budget completion.
This study presents an analysis of key project management methodologies, specifically the
critical path method (CPM) and program evaluation and review technique (PERT), in the
context of a house construction project. The methodologies employed include the
identification of the earliest start and latest finish times, along with forward and backward
passes to determine the project's critical path. A comparative analysis of CPM and PERT
was conducted, revealing a minor variance of just two days between the two methods in
determining project completion. The probability of completing the house construction
project within 105 days was calculated to be 74.54%, indicating that both CPM and PERT
are effective in ensuring timely project completion. The findings underscore the efficacy
and practical benefits of employing CPM and PERT techniques in managing construction
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projects.

1. INTRODUCTION

Managing projects requiring multiple activities is one of the
most challenging tasks a manager can take on. There are many
factors to consider when coordinating these tasks, including
setting a realistic timeline, monitoring project progress, and
more [1]. Project management focuses on determining the
project duration and related major tasks, and there are two
main methods that have been helpful for planning and
scheduling engineering projects: CPM and PERT [2].

A critical activity is defined as one in which the oldest and
most recent times are the same. A project network may have
more than one critical path [3]. CPM and PERT were initially
created to plan construction, analyze the project, and propose
related tasks. The project is accomplished by utilizing a system
of interconnected and similar events to coordinate the optimal
sum and period parameters [4]. So, they are handy and
essential tools to manage all types of projects effectively; on
the other hand, delays in the building and construction process
are a global problem. Using CPM/PERT to manage
construction projects facilitates the ability to supervise large
projects that involve a lot of coordination of activities, which
is one of the most challenging things a manager can do [5].

Structurally, planning is imperative because it determines
the timing and order of several steps and the linkage between
activities. People can define this critical duty and maintain
control of the construction project using CPM and PERT [6,
7].

Employing cost engineering based on expertise and
experience can accurately predict the time required for various
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tasks during project implementation by looking at previous
projects. Uncertainty can also move the calendar chart. Since
hesitation cannot be avoided entirely in projects [8], a
technique that can reduce improbability may be needed,
namely PERT. Starting from the former, PERT agrees to
determine event duration estimates using three-time estimates
(optimistic, almost inevitable, and adverse), taking into
account the uncertainty present in the duration. These three
estimates are used to calculate the expected time for the
activity. The range between optimistic and pessimistic
estimates is a measure of variance that allows statistical
inferences about the probability of an event occurring in the
project at a given time [9].

However, users may experience some advantages when
applying BERT, which uses empirical distributions and
requires sufficient temporal data to make estimates more
accurate. Therefore, in a house building project, CPM is
applied to know the critical path, and PERT is applied, where
the time rate calculation equation is applied and the last start
and end of the house construction project activities are
calculated. The critical path will be calculated, the differences
will be noted, and the results between CPM and PERT will be
compared and evaluated, as well as how they differ from
systematic data collection and analysis [10, 11].

2. CRITICAL PATH METHOD (CPM)

CPM evaluates the plan manager's contribution to confirm
project plan performance through a realistic review. The only
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way to quickly estimate how long it will take to complete a
project is to calculate the cost of each operation [12, 13].

The time estimate used in the calculation refers to the
typical time and trade-off between completion time and
project cost [14]. This project can be completed in two
dissimilar ways, ahead and passing the ball back. Frontal
advance is controlled using the following formula [15, 16]:

X; = Max;{X; + Z;;} (1)

Forward calculation starts from scratch event to terminate
event, set opening event is zero. i.e. Xi = 0

Including [17]:

X; =LA

j j = Zij

()
where,

X;:The first recorded activity.

X;:The most recent initiation.

Z;:The amount of time needed to do a task.

LA;:The earliest time a task is finished.

According to the frontward pass calculation, the initial and
latest possible times of completion of the activity are found
from the backward pass calculations using the formulation
given below [18]:

LA; = Ming{LA; — Z;;} A3)

3. PLAN REVIEW TECHNIQUE (PERT) WITH THE
NEW VERSION

Project evaluation and testing techniques are economical for
planning and controlling projects [19]. PERT is one of them,
the purpose of which is to study project networks, not to create
schedules. In application, PERT uses three-time estimates,
optimistic, most likely, and pessimistic, about dealing with
duration uncertainty. Favorable time is the minimum time for
an activity, most likely when an activity occurs most
frequently when repeated, and pessimistic time is the
maximum time for an activity. The three estimates are related
in a beta probability distribution, where the parameters a and
b represent the end and start points, and m is the most common
value [20]. The beta distribution is used because it is unimodal
(it has one peak) and not necessarily symmetric, properties that
seem ideal for activity duration distributions [21].

PERT is also known as a retrospective research technique.
This technique uses time as a variable in planning, organizing,
coordinating, and controlling unsafe activities and
performance specifications.

PERT calculations support assigning task completion time
probabilities based on time for optimism (F), time for
likelihood (M), and pessimistic time (S). Use PERT to
determine the activity values required for the critical path to
include a slack account [22, 23].

In the PERT method, activity time can have flexibility, the
most common being complete floats (7F) and free floats (FF),

which are the crucial route with floats with values equal to zero.

That is, TF = 0 and FF = 0, which can be obtained from the
equations bellow [24]:
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The following formula applies to the variance (V) and mean
time (ur):

F+4M + S
fy = % (6)
_ 2
V= (%) )

Given the parameters (a, f), it follows a beta distribution.
Temporal forecasting and the probability of using the PERT
completion time for construction work are also included in the
calculation. The standard model for beta is as follows [25]:

— (X B Z IJ‘Tcritical)

Vcritical

Z ®)

where:

X = Overall project duration (CPM).

Z = Compared with tabulated normal distribution.

2 BT grivicq = Calculation of the total sum of anticipated
critical values.

Veriricar = Aggregate of all variances essential task.

3.1 Methodology and data collection

The data contained therein is specific to a house-building
project. For the building project, the house has 11 activities
and stages; the earliest start and end times are set for each
activity. The duration of each activity was determined based
on the secondary data presented in Table 1 [26]. The data in
this study were analyzed using CPM and PERT methods. They
are collected as shown in Table 1, so the results are compared
to determine the best way to determine when a home
construction project will be completed. Table 1 represents the
activities and phases of a home construction project, duration
calculation, optimistic and pessimistic estimates (a, ») and
their precursors [27].

Note: the project is a hypothetical example.

Table 1. The steps and activities involved in building a house

The The Min and Max Precedence
Activity  Period in Time Allowed in Relationship
Days Days (a, b)
1-2 7 4,10 -
23 12 10,14 1
3.4 8 5,11 2
3.5 14 13,15 2
4-6 14 12,16 3
5.7 12 8,16 3
7.8 19 12,20 5
7.9 21 15,22 5
8-9 20 16,26 7
6-10 17 16,24 4
9-11 21 15,22 8,7
10-11 12 10,14 6

The network diagram in Figure 1 represents the data in
Table 1.



Table 3. Backward pass computation PERT method

The Event .y ..
Activity  Immediately PeIr)lod n Lastrz.&ctlwty Min
Preceding It ays me
11 - - 105 105
10 11 12 105-12 93
9 11 21 105-21 84
8 9 20 84-20 64
Figure 1. Network diagram with most likely estimates (M) 7 8,9 19,22 64-19,84-22 45
6 10 17 93-17 76
3.2 Analyze data using CPM i Z ii 47‘2:}421 zz
_ _ ) 3 45 8,14 62-833-14 19
The forward pass is calculated using Eq. (1). The time b 3 12 19-12 7
required to complete the project using CPM is 105 days, as 1 2 7 7-7 0
shown in Table 2.
Table 2. Forward pass computation (CPM)
The Event .
Activity Immediately ifle];l;;fis Actgiz;e'}time STuhrfl @41@4‘@'
Preceding It ,
1 - - 0 0
2 1 7 0+7 7
3 2 12 7T+12 19
4 3 8 19+8 27
5 3 14 19+14 33 Figure 3. Network diagram using inverse arithmetic with
6 4 14 27+14 41 CPM
7 5 12 33+12 45
8 7 19 45+19 64 . . .
9 8.7 2021 64+20,45+21 84 Table 4. The difference between late time and early time
10 6 17 41+17 58
11 10,9 12,21 58+12,84421 105 Activity Late Time Early Time The Difference
1 0 0 0
The construction project requires an entire amount of time. 2 7 7 0
One hundred five days, as shown in column 5 and row 11 3 19 19 0
. . 4 62 27 35
thereof, according to the network schematic of the forward 5 33 33 0
pass calculation CPM shown in Figure 2, we have three paths 6 76 41 35
to finish the project by the CPM, and using Eq. (1), the critical 7 45 45 0
path is (1-2-3-5-7-8-9-11): 8 64 64 0
9 84 84 0
10 93 58 35
11 105 105 0

Table 5. Mean and variance

Paths F Time M Time S Time Mean Var
\@1_4’ 12 4 7 10 7 1
2-3 10 12 14 12 0.444
3-4 5 8 11 8 1
Figure 2. Network diagrqm of the front-end calculation ig 1(3) i;‘ ig ig 0 1111
process using the CPM 5.7 ] 12 16 12 1.778
6-10 16 17 24 18 1.778
3.3 Analyze data using the PERT method 7-8 12 19 20 18 1.778
7-9 10 13 16 13 1
There are three-time estimates in the table [28]. This is 8-9 16 20 26 20 2778
summed up in Table 3. 9-11 15 21 22 20 1.361
10-11 10 12 14 12 0.444

A schematic of the onward pass calculation of PERT is
shown in Figure 3. . ) .
It is clear to us from the method of calculating the forward Thus, the expected project length is calculated using the
pass (CPM) and the reverse pass (PERT) that the critical path PERT method accordingly:
includes activities with a difference between early time and
late time equal to 0, as shown in Table 4. Z =7+12+14+12+ 18+ 20+ 20 = 103
Using PERT, we have three-time estimates; for these time critical
estimates, the mean and variance are calculated using Eqgs. (6)
and (7) respectively, as shown in Table 5.

The total variances for the critical path in the project are:
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Z — 140444 + 0111 + 1.778 + 1.778 + 2.778
varaince
+1361 =925

Then, the completion period of project X = 105 days; by
applying Eq. (8), we can find that the probability of
completing the home project is:

105 —103
V9.25

This indicates that there is a chance of completing the
project within 105 days, equal to 74.54%. There will only be a
two-day difference in project completion between PERT and
CPM. Thus, the critical path (CPM) and PERT methods are
successful and effective when building a house. Whole floats
(TF) and allowed floats (FF) are calculated using Egs. (4) and
(5) respectively, as displayed in Table 6. The critical route
table above shows that the order of activities is flexible, with
total floats (7F) being the most prevalent example. Moreover,
floating freely (FF) is the crucial route when using floats that
have values of zero. T7F=0 and F/F=0 in this case.

The accompanying table shows the order in which the
actions of the (1-2-3-5-7-8-9-11).

prob Z < ( ) = prob[Z < 0.66] = 0.7454

Table 6. TF and FF design in PERT

Path Start End Start End F TF Note
1-2 0 7 0 7 0 0 Cr
2-3 7 19 7 19 0 0 Cr
3-4 19 27 19 67 0 40 -
3-5 19 33 19 33 0 0 Cr
4-6 27 41 62 76 35 35 -
5-7 33 45 33 45 0 0 Cr

6-10 41 58 76 93 35 35 -
7-8 45 64 45 64 0 0 Cr
7-9 45 84 45 84 0 0 -
8-9 64 84 64 84 0 0 Cr

9-11 84 105 84 105 0 0 Cr
10- 58 105 93 105 35 12 -

11

3.4 Summary

This study was designed for a home-building project.
Collect and analyze data using CPM and PERT. The study
describes the various activities involved in the project by
rolling the account forward and backward, including early
events and the most recent start and end of the activity.

Using CPM and PERT methods to determine slack
quantities and critical paths. According to the results, the
difference in calculation methods between CPM and BERT
implementation can be seen in their estimates, as shown in
Table 7. The CPM method is based only on the almost certain
estimate (M), while the study using PERT is based on the
optimistic estimate (A), the almost certain estimate (M), and
the doubtful estimate (B).

However, PERT calculations support the possibilities of
reporting task completion times based on three-period
estimates. Furthermore, the research shows that the total CPM
days to completion is 105 days, the total number of PERT days
is 103 days, the probability of completing a home construction
project is 74.54%, and the time for project completion is very
important.

The difference was very important in terms of reducing
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costs and saving time.
Table 7. Compare results between CPM and PERT

CPM PERT Difference
105 103 2

Comparison
Duration (measured in days)

4. CONCLUSION

The findings of this study underscore the pivotal role of
project management and task distribution in the timely
completion of construction projects. The application of
scientific techniques such as CPM and PERT has been shown
to significantly reduce project completion times. In the
specific case of the house construction project analyzed, the
CPM algorithm indicated a completion time of 105 days, while
the PERT algorithm resulted in a slightly shorter duration of
103 days. This two-day difference highlights the greater
efficiency of the PERT technique in this context.

Furthermore, the probability of completing the house
construction project within 105 days was calculated to be
74.54% when using the PERT technique. This finding
suggests that the PERT method provides a higher likelihood of
on-time project completion, thereby enhancing the reliability
of project timelines.

It is evident from the results that the adoption of scientific
project management methods such as CPM and PERT is
crucial in optimizing both time and cost in construction
projects. These methodologies not only facilitate effective
planning and scheduling but also ensure a higher degree of
accuracy in project completion forecasts. Therefore, the
integration of CPM and PERT techniques into project
management practices is highly recommended for achieving
improved efficiency and reliability in construction project
outcomes.
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