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Among different factors, correct scheduling is one of the vital elements for project management
success. There are several ways to schedule projects including the Critical Path Method (CPM)
and Program Evaluation and Review Technique (PERT). Due to problems in estimating dura-
tions of activities, these methods cannot accurately and completely model actual projects. The
use of fuzzy theory is a basic way to improve scheduling and deal with such problems. Fuzzy
theory approximates project scheduling models to reality by taking into account uncertainties in
decision parameters and expert experience and mental models. This paper provides a step-by-
step approach for accurate estimation of time and cost of projects using the Project Evaluation
and Review Technique (PERT) and expert views as fuzzy numbers. The proposed method in-
cluded several steps. In the first step, the necessary information for project time and cost is
estimated using the Critical Path Method (CPM) and the Project Evaluation and Review Tech-
nique (PERT). The second step considers the duration and cost of the project activities as the
trapezoidal fuzzy numbers, and then, the time and cost of the project are recalculated. The du-
ration and cost of activities are estimated using the questionnaires as well as weighing the expert
opinions, averaging and defuzzification based on a step-by-step algorithm. The calculating pro-
cedures for evaluating these methods are applied in a real project; and the obtained results are
explained.

© 2018 by the authors; licensee Growing Science, Canada.

1. Introduction

Project scheduling and cost planning are key elements of project management. In other words, the
success of project management requires achieving an appropriate plan for scheduling and cost of a
project. Therefore, appropriate methods should be taken into account for scheduling and estimating
project implementation costs. Various methods such as resource leveling and allocation, Gantt chart,
network analysis methods, mathematical methods (recently reviewed by Habibi et al. (2018)) and sim-
ulation have been put to use for solving project scheduling problems. For example, network methods
are efficient tools for solving complex project scheduling problems. In addition to graphical benefits,
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these methods simplify computational costs. Critical Path Method (CPM) and Project Evaluation and
Review Technique (PERT) are common examples of network scheduling methods (Bhosale et al.,
2017). These two methods aim to assist project managers in monitoring the progress of all project stages
(Chitra & Halder, 2017). The CPM considers all project parameters, such as durations of activities, as
crisp values. Given the changing environmental conditions, it is not fully possible to predict future
phenomena.

Zareei (2018) applied the CPM for analysis of scheduling and planning the construction of biogas
plants. Dolabi et al. (2014) used the CPM to reach a reliable schedule for projects and came to the
conclusion that however the CPM can partially reduce uncertainties for scheduling of projects, but a
slight change in any activity can lead to infeasibility of the scheduled time. Therefore, the assumption
of crisp durations of activities is unfeasible in real projects and this method includes considerable errors
to calculations and results. Methods based on statistics and probabilities such as PERT have been cre-
ated to solve CPM problems and consider the effect of uncertainty on results. In the PERT, the durations
of activities are assumed to be stochastic with a certain behavior. In other words, the duration of each
activity has a mean and standard deviation that covers the uncertainty. Also, the PERT networks are
applied to optimize the time. In PERT networks, time minimization aims to reduce the total completion
time of project, if necessary, by allocating additional funds to some activities.

PERT network optimization has been investigated by some researchers. Chanas and Kamburowski
(1981) sought to improve and upgrade estimating time parameters of activities in PERT networks, so
that the improvement was accurate over existing rules and procedures. Despite the fact that a number
of researchers have criticized time distribution in PERT networks, this method is used as an effective
tool for stochastic scheduling projects. Azaron et al. (2005) developed a multi-objective model to con-
sider the tradeoff between time and cost in PERT networks. In their model, the generalized Erlang
distribution was used to estimate the durations of activities; and a genetic algorithm was applied for
solving the proposed model.

In addition to the exposure to uncertainties in some circumstances, the necessary information for pro-
jects may not enter organizations at specified and predetermined times and thus they dynamically and
probably enter over time leading to more complexity of project planning. This requires taking into
account the additional assumptions that result in different outcomes by using different methods. In
these types of problems, in addition to the probabilistic duration of activities, the entry of projects is
also probabilistic. For analyzing this type of problems in which projects enter organizations in a dy-
namic environment, dynamic PERT networks are used.

In this regard, Adler et al. (1995) proposed a process perspective for solving dynamic PERT networks
in which completion time of projects is determined using a simulation technique. In this perspective,
the organization is considered as a probabilistic processing network that has some workstations. Pro-
jects continually enter the organization; and the workstations are also serving projects in predetermined
orders. Therefore, the organization is faced with a queuing network where projects refer to workstations
to get service. In this process perspective, projects are not individually considered with their own re-
sources, but as an integrated system with shared resources available to all projects. In this type of sys-
tem, projects are completed and ready to be delivered to their owners after passing workstations based
on their prerequisite networks, so that the completion time of a project is equivalent to the longest route
of the queuing network.

Given some limitations in organizations, Anavi-Isakow and Golany (2003) studied dynamic PERT net-
works considering the limited capacity in project acceptance and determined the project completion
time using the simulation technique. In their research, the resource allocation in dynamic PERT net-
works with limited capacity was also studied using Cross Entropy (CE) approach which is a simulation-
based method.
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The common method of analyzing projects, classical PERT, has numerous problems such as the beta
distribution and stochastic variables as well as the estimation of parameters (expected duration and
variance). This has led researchers to seek new solutions, e.g. to integrate fuzzy sets with PERT and
created a new approach, namely Fuzzy PERT or FPERT.

Since 1965, when fuzzy theory was introduced, it has been applied in various fields. This approach is
used to cover the weaknesses in stochastic methods as an appropriate tool. The FPERT was first intro-
duced by Chanas and Kamburowski (1981) to express the durations of activities as fuzzy values. In
their proposed method, fuzzy duration of activities was calculated based on three estimates, and an o-
cut was utilized to determine the upper and lower bounds for project completion time. According to
one of the problems with their method, different o values produced different bounds for project com-
pletion time, and thus there were not any effective way to show the activities of critical path in net-
works.

Mon et al. (1995) sought to solve this problem assuming that the duration of each activity was a positive
fuzzy number. Using a-cut, they defined an interval for each activity duration. They also used the clas-
sical PERT to calculate the duration of each activity and determine the critical path. In other words,
they used the linear combination of activity durations to calculate the critical path, but different o values
also lead to multiple critical activities and paths. Chanas and Zielinski (2001) assumed that the pro-
cessing time of each activity could be a certain value, an interval, or a fuzzy number.

In these studies, the uncertainty partially reduced due to utilizing the FPERT and expressing the dura-
tions of activities as fuzzy numbers. However, the method of calculating the criticality degree for each
activity and path was very complex; hence, the use of some approaches such as the utilizing expert
judgment and Fuzzy Delphi Method (FDM) could be very effective in this regard. On the other hand,
the mental judgment or prediction based on experts' opinions about the processing time and cost of
activities and the use of fuzzy sets for expressing these parameters could reduce the uncertainty by a
large extent (Zadeh, 2005). Shipley et al. (1997) used the Fuzzy Delphi Method (FDM) to estimate the
durations of activities depending on experts' opinions and without considering weights. In other words,
the credibility of the project manager to experts' opinions (the weight and validity of each expert's
opinion) was not included in calculations. Kaufmann and Gupta (2003) considered optimistic, most
likely and pessimistic views on each activity. This method is the simplified version of beta distribution
and still has the problems of PERT.

Chen and Huang (2007) developed the method proposed by Chanas and Kamburowski (1981) by add-
ing new assumptions and trying to calculate the critical degree of activities by taking into account the
fuzzy durations for activities and critical indices for all paths in a project. However, it was very difficult
to calculate the membership degree of activities, and thus many uncertainties remained unresolved.
Mazlum and Giineri (2015) analyzed the obtained results by study on the classical PERT and CPM and
fuzzy approach and through combining these methods to improve scheduling. They concluded that
there was not any significant difference between results of different methods for scheduling. When the
size of projects become larger, these methods were not well-responsive due to existing uncertainties,
and thus it was suggested that the project time and cost estimation should be improved by use of inno-
vative combination of methods.

Like the PERT, probabilistic methods cause problems. These methods consider the duration of activi-
ties as a probabilistic distribution function e.g. a beta distribution. In this situation, the assumption of
estimating the durations by beta distribution function as well as how to estimate the parameters of
distribution is not acceptable in many cases. However, attempts have been made to solve these prob-
lems using triangular, exponential, and normal distributions, etc., but reasons for the failure of many
probabilistic methods are generally as follows:
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e Determining the probabilistic values, probabilistic distribution, mean, and variance of distribu-
tions, etc. depends on the repeatability of activities and the statistical inference which is not
possible due to the uniqueness principle of the projects. In addition, sometimes the repetition of
experiment will not be cost-effective to achieve these values.

e In these models, the expert’s inferential deduction from duration of activities is not properly
and directly taken into account.

e Time and cost estimations of projects are often very complicated due to assuming various sta-
tistical distributions. Also, in many cases, when the duration of activities is considered as a
stochastic variable, we cannot obtain a definite probabilistic distribution function for the com-
pletion time of project (the sum of several stochastic variables).

This incorrect scheduling can considerably increase the project costs. However, the project cost and
scheduling should be evaluated more accurately and the obtained results become closer to the reality
by the help of fuzzy sets and involving the experts’ opinions and experience. The present research was
conducted with the aim to use a PERT-based fuzzy approach in scheduling sections in order to achieve
a relative improvement for traditional estimation of project time and cost, and approximate the esti-
mated results to real values.

The use of a fuzzy sets in the project planning and control will have the following benefits:
e Ease of use and simplicity of calculations
e No need for stochastic samples and statistical calculations
e Expression of time and cost of activities as the linguistic variables such as "about 5 months
almost from 3 to 6 days" and "definitely more than 100 hours"
e Direct use of experts' mental inference, experience and opinions in these models

The structure of the paper is organized as follows. The first section provides the introduction, the liter-
ature review and the research innovation. The second section presents the proposed method and all
steps to its implementation. The third section studies a case study in order to show how to implement
the proposed framework and evaluate and compare its performance with other similar methods. Section
4 provides results of the case study, and finally, the fifth section presents conclusions and suggestions
for future research.

2. Methodology

Assuming the available or calculated CPM network of project, the scheduling timetable or total cost of
the project is first calculated as crisp values. Then, the scheduling timetable and cost of the project are
recalculated using the Project Evaluation and Review Technique (PERT). The PERT aims to plan for
project time and cost, and it is applicable in cases of missing information for estimation. In the CPM,
it is assumed that the durations of activities are unchanged or changes are very small and negligible,
while the PERT assumes that there are changes in the durations of activities. In other words, the PERT
is a statistical solution for activities with an uncertain duration and it estimates the probability of com-
pletion of activities. However, the PERT is rarely used in construction projects due to its disadvantages,
but it has the potential to solve the problems efficiently through correction and improvement. Using the
Fuzzy Delphi Method (FDM) and experts’ opinions in the PERT, the present research seeks to reduce
effects of existing uncertainties on results to a greater extent and estimates the project time and cost
more appropriate than the classic PERT.
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2.1. Algorithm steps to calculate the project time or cost

* Step 1: First, scheduling timetable or total cost of the project is calculated using the CPM and PERT.
The CPM estimates this values by utilizing the precedence network of the project and forward and
backward calculations. The PERT uses three estimates for each activity. According to the optimistic
estimate (7v), everything is going properly (best circumstances), but according to the pessimistic esti-
mate (7p), everything goes forward adversely (with the delay, lack of resources, deterioration of ma-
chinery, or bad weather). The third estimate of the PERT uses the most likely estimate (7)) which
assumes the most probable conditions.

In the next step, we estimate the expected time or cost (7¢) based on the weighted mean of probabilities.
In other words, different weights are given to probabilities 7», 7 and 7p, and then their mean is calcu-
lated. It is assumed that the estimates of 7, and 7, are equal in terms of probability of occurrence; and
the probability of occurrence for 7o is four times higher than 7, and 7,. Therefore, the expected time
or cost (7¢) can be calculated using the Eq. (1):
T +4T +T
e 2

The standard deviation (S:) and variance (V%) of time or cost parameters for each activity can be calcu-
lated using the Eq. (2) and Eq. (3):

S, = ﬂ )
6
V,=(S,) 3)

When values of expected time or cost (7¢), standard deviation (S¢) and variance (V%) are calculated for
each activity, like the CPM, the forward and backward calculations are performed for all activities in
the network and then, the total expected time or cost of project (7.) is calculated. After calculation of
T., we can calculate variance (V7) of the completion time or cost of the project through the critical
activities and path.

* Step 2: N experts are selected to estimate the duration or cost of project activities and each of them
provide a certain time or cost using verbal variables in the forms of trapezoidal fuzzy numbers accord-
ing to their knowledge and experience. These opinions are presented in the form of Eq. (4):

Sk _ ook ok ko gk - L.
T, =(a;,b;.¢;;.d;)) i=1L2,..N ; j=12,..,L @)
In the Equation (4), 7 is the index of experts (i=1, 2, ..., N). k represents the iteration or step number;
and j refers to the activity number (j=1, 2, ..., L). Furthermore, 7* is the fuzzy duration or cost of

activity j at the step k estimated by expert i as a trapezoidal fuzzy number. «;, b/, ¢/, and df, are

ijo Tijo Tij
trapezoidal fuzzy numbers which refer to the most optimistic, possible optimistic, possible pessimistic,
and the most pessimistic states, respectively.

* Step 3: In this section, the time or cost is proposed by experts for each activity put in a category. In
other words, this category (set) for activity j at the step k is defined as the Equation (5):

Di=|"1  j=12..L (5)
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* Step 4: In this step, weighing and averaging of the experts’ opinions set are performed for activity j
at the step k. The project management team assigns a weight to each expert for each activity. This
weight represents the level of management team trust in the experts' comment on activities. This trust

in the expert i for duration or cost of activity j is shown by Wj. After determining Djl.‘ and Wy, this step
calculates the mean of category for the activity j at the step k according to the Eq. (6):

Z ij l/ ZVVt/bth Z ij t/ ZVVi./diI.{i
=1
s N s

N N
NI Y AND Y A Y 1

i=l1 i=1 i=l1 i=1

=(a;,b}.¢;,d})=(+=

) (6)

* Step 5: After calculating 7/, if the process is stable, the algorithm stops; and the obtained 7/ is
defuzzified by Egs. (7)-(10) and considered as the estimation of duration or cost of activity j.

. C.
m _
DT ==—— )
b+t _
a; +- 2 +d 2
DT® = 2 (®)
/ 3
o @ +bl+ci+d!
DT = y )
—k 1k —k Tk
DT/‘(4) — a./' +2(b1’ 6+c./' )+d./ (10)

Otherwise, the difference from the average of duration or cost of activities is calculated for each expert
according to the Eq. (1 1):

(a —au, —br . eh =t d;‘—d[]}) i=1,2,.,.N; j=12,...,L (11)

ij2 j ij2

Then, this information is sent to each expert and the next step begins.

* Step 6: After submitting the information, each expert is asked to provide a new estimate of duration
or cost for each activity based on the available information. Then, according to the second step, these
new opinions, are presented as trapezoidal fuzzy numbers based on the Eq. (12):

T =(af, b d i=1,2,.,N ; j=12..L (12)

1/’1/’1/’

As shown, the algorithm enters the next iteration (k+1). Now, according to new experts’ opinions, the
algorithm returns to the Step 3 and is iterated by replacing k+1 with k. These iterations continue until
the stop condition is met.

2.2. Stop condition of the algorithm

As was explained in the Step 5, when 7 for all the activity reaches quiescence, the algorithm will stop;

and the obtained trapezoidal number is considered as the estimated duration or cost of activity j. Two
methods are suggested to determine the stability of process as follows:
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e Method 1: A natural number 7 is defined by the project management team as the maximum
number of iteration, and the process becomes stable and the algorithm stops when the number
of iterations (k) is equal to » (k = r). This method is very simple, but it may not be very accurate
in some cases. Therefore, the use of this method depends on the knowledge of the project man-
agement team about activities and experts.

e Method 2: A value of ¢ is set by the project management team, and when the difference of
each expert opinion (7)) from the mean of category (7;") reaches lower than ¢ the process

reaches quiescence. Thus, the Eq. (13) should be true for all categories to stop the algorithm.
Tk Ak
5T}, Th)<e (13)

As shown, calculations of Method 2 are more complex than those of Method 1, but it seems that the
accuracy of calculations is higher in Method 2. In the second method, some experts may have quite
different opinions from the others and insist on their opinions in different iterations. In this case, a
significant difference between the expert’s opinion and the mean of category is made and the process
doesn’t reach stability. Therefore, in this case, it is suggested that some innovative techniques, such as
deleting outlier comments from a desired category, be applied.

In general, steps of Fig. 1 should be taken in estimating the time and cost of the project.

Step 1: Scheduling by the
CPM

-

Step 2: Determining the
duration or cost of
activities by the PERT

Step 3: Estimating the
duration or cost of
activities by the experts’
opinions

A4

Step 4: Categorizing the
experts’ opinions for the
duration or cost of each

Stop condition has activity
been met or not?

Step 5: Weighing and
averaging experts’
opinions for the duration
or cost of each activity

Step 6: Defuzzifying the
“— average time or cost of
each activity

Fig. 1. Flowchart of the proposed method

3. Case study

As a case of the proposed method, a construction project for a 5-story building from the start until the
end of constructing foundation consisting of 11 activities on an area of 170 square meters in Tehran,
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Iran, is studied. During the implementation process, a survey through questionnaires was performed on
three experts (N = 3) about the cost and time of each activity. The obtained results were studied and
evaluated. Using the proposed method, the project management team studied the duration and cost of
activities which are expressed as trapezoidal fuzzy numbers. It was also assumed that Method 1 was
used for the stability of process and the stop condition and the algorithm would stop after 3 iterations
(= 3). Project activities and their related parameters are presented in Table 1.

Table 1
Project activities

Duration  Cost (million mon-

Number Activity (days) ctary units) Prerequisite
1 Equipping the workshop 8 2.5 --
2 Excavating 7 9.0 1
3 Foundation form setting and grading 4 2.0 2
4 Lean concrete pouring 2 1.0 3
5 Purchasing and preparing the rebar 8 8.0 1
6 Rebar binding 7 3.0 4,5
7 Concrete shuttering 5 1.5 6
8 Designing the column base plates 2 2.0 7
9 Concrete pouring 2 6.5 8
10 Concrete curing 7 0.4 9
11 Concrete de-shuttering 2 0.3 10

3.1. Estimating project time

First, using the CPM, the project completion time is obtained equal to 46 days, and then, according to
Table 2, it is recalculated by the PERT. According to Table 2, the duration of each activity is set in
three optimistic, most likely, and optimistic states. Afterwards, the expected time, standard deviation
and variance are measured for each activity using the PERT and Eq. (1) to Eq. (3). Finally, the expected
project completion time is calculated by summing the total duration of critical activities.

Table 2
Calculation of expected duration, standard deviation and variance using PERT

Expected dura-  Standard

Duration (days) tion (Te) deviation «E‘
et £ £ £ E 3
ctivit .8 —
vity é = é T,+4T, +T, T,-T, 5 S
4 % = I — > o=
E = E 6 6 =
= 172] A @]
S = &

Equipping the workshop 6 8 12 8.33 1 1 v
Excavating 6 7 10 7.33 0.67 044 v
Foundation form setting and grading 2 4 6 4.00 0.67 044 v
Lean concrete pouring 1 2 3 2.00 0.33 0.11 v

Purchasing and preparing the rebar 5 g8 10 7.83 0.83 0.69
Rebar binding 5 7 9 7.00 0.67 044 v
Concrete shuttering 3 5 7 5.00 0.67 044 v
Designing the column base plates 1 2 4 2.17 0.50 025 v
Concrete pouring 1 2 3 2.00 0.33 0.11 v
Concrete curing 5 7 9 7.00 0.67 044 v
Concrete de-shuttering 1 2 3 2.00 0.33 011

The sum (for critical activities) 46.83 1.95 3.80
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As shown, the project completion time is equal to 46.83 days according to PERT considering the opti-
mistic, most likely and pessimistic states for the durations of activities. The probability of completing
project in 49 days is approximately 87% using the normal distribution table and Eq. (14) and Eq. (15).
In the following, estimation is performed according to the proposed framework.

7 = S E ,
. (14)
P(49) = ¢(2) = J 22083y _ 08671 (15)
1.95
Table 3
Calculation of activities duration using proposed method
Duration (days) g Average duration (days) Defuzzifying S
3 % .2 2 .2 Q= 3= o 2 .4 2 .9 Q= G = = )1
£ H & ~& =g g 2 s &85 =g g ) 3 2
5 5 5 =
< 5 — = - — g
a, bj ¢, d, = a, b/ c, dj %
1 6 7 8 10 0.2
1 2 5 7 9 11 0.5 5.80 7.30 8.80 10.50 8.05 8.33 v
3 7 8 9 10 0.3
1 5 6 8 10 0.2
2 2 6 7 8 9 0.5 5.50 6.50 7.70 8.90 7.10 7.33 v
3 5 6 7 8 0.3
1 1 2 3 4 0.2
3 2 2 3 4 5 0.5 1.50 2.50 3.50 4.50 3.00 4.00 v
3 1 2 3 4 0.3
1 1 2 2 3 0.2
4 2 2 3 3 3 0.5 1.50 2.20 2.50 2.70 2.35 2.00 v
3 1 1 2 2 0.3
1 5 7 8 9 0.2
5 2 7 8 10 12 0.5 6.30 7.50 9.00 10.50 8.25 7.83
3 6 7 8 9 0.3
1 5 6 7 8 0.2
6 2 5 7 8 9 0.5 4.70 6.20 7.20 8.50 6.70 7.00 v
3 4 5 6 8 0.3
1 1 2 2 3 0.2
7 2 2 3 3 4 0.5 1.80 2.80 3.10 4.10 2.95 5.00 v
3 2 3 4 5 0.3
1 1 2 3 3 0.2
8 2 2 2 3 3 0.5 1.50 2.00 2.70 2.70 2.35 2.17 v
3 1 2 2 2 0.3
1 1 2 2 2 0.2
9 2 1 1 1 2 0.5 1.00 1.20 1.20 2.00 1.20 2.00 v
3 1 1 1 2 0.3
1 5 6 7 8 0.2
100 2 6 7 7 8 0.5 5.50 6.80 7.00 8.00 6.90 7.00 v
3 5 7 7 8 0.3
1 1 2 2 3 0.2
11 2 1 1 2 2 0.5 1.00 1.50 2.00 2.50 1.75 2.00 v
3 1 2 2 3 0.3
Project completion time (days) 42.35 46.83  --

Table 3 shows the experts' opinions about durations of activities in the optimistic, most likely and
pessimistic states as fuzzy trapezoidal numbers which are obtained using questionnaires. The weights
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of 0.2, 0.5 and 0.3 are given to the experts according to their experience. After that, the mean of each
category is calculated according to Eq. (6), and the mean fuzzy number is defuzzified according to the
Eq. (7). Finally, the time of critical activities is summed and the project completion time is estimated.
For instance, 3 surveys were done on experts for Activity 2 (excavating), and the processing time of
this activity was calculated according to the Eq. (16):

I =(@.b .. d;) (16)
According to Eq. (6), we have:
* * * _ * * *
a_;:(o.z 5)+(05%6)+(03*5) 4 < b;:(o.z 6)+(0.5*7)+(03*6) _ </
0.2+0.5+0.3 0.2+0.5+0.3
* * * _ * * *
E;:(o.z 8)+(05*8)+(0.3*7) o d;:(o.z 10)+(05%9)+(0.3*8) _ o oo
0.2+0.5+0.3 0.2+0.5+0.3

According to Eq. (7), for its defuzzification, we have:
DT, = b+¢ _65+77 _

2 2
And the duration of all activities is calculated by this method. According to the Table 3 and defuzzi-
fying the durations of activities, the completion time of this project was equal to 42.35 days.

7.1

3.2. Estimating project cost

In this section, we replicate the algorithm to calculate the cost of activities in order to estimate the total
cost of the project. According to the Table 1 and the CPM, the cost of critical activities of the project
was 28.2 million monetary units, and the total cost of the project was 36.2 million monetary units. In
the next step, the cost of processing activities is recalculated using the PERT. According to Table 4 and
the PERT, the cost of critical activities of project was 27.28 million monetary units, and the project
total cost was 34.78 million monetary units.

Table 4
Calculation of expected cost and standard deviation using PERT
Cost (million Expected cost Standard
monetary units) (Co) deviation 2
- — 2
Activity 2 Z 2 C,+4C, +C, c,-C, g
5 £ i
Equipping the workshop 2.00  3.00 4.00 3.00 0.33 v
Excavating 6.50 8.00 12.00 8.42 0.92 v
Foundation form setting and grading 1.00 2.00 3.00 2.00 0.33 v
Lean concrete pouring 0.50 0.80 1.00 0.78 0.08 v
Purchasing and preparing the rebar 6.50 7.50 8.50 7.50 0.33
Rebar binding 250  3.50 4.50 3.50 0.33 v
Concrete shuttering 1.00 1.50 2.00 1.50 0.17 v
Designing the column base plates 1.00 1.50 2.50 1.58 0.25 v
Concrete pouring 5.00 6.00 7.00 6.00 0.33 v
Concrete curing 0.10 0.20 0.30 0.20 0.03 v
Concrete de-shuttering 0.20  0.30 0.40 0.30 0.03 v
The sum of cost (for critical activities) 27.28 2.82 --

Total cost (million monetary units) 34.78 3.15 --
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According to Eq. (17) and Eq. (18), the probability that the total cost of project was 37 million monetary
units, was approximately 76% using the normal distribution table.

C,-C
Z=—"=" (17)

Oc¢

37-34.78
P(49) = p(Z) = §( 315
Now, we recalculated the total cost of project using the questionnaire and expert opinions which are
expressed as trapezoidal fuzzy numbers. According to Table 5, in the third replication, the cost of crit-
ical activities was 23.98 million monetary units and the total cost of the project was 29.88 million
monetary units. It should be noted that the calculations were similar to the calculations of estimated
time presented in the previous section.

)=0.7595 (18)

Table 5
Calculation of activities cost using proposed method

Cost (million monetary units) 2 Average cost (million monetary units) Defuzzifying
B 5 s 5 P S B n & S
8 2 = z g pe 2 = 2 E N £
g § & ) 2o = o § o o Lo 3 @ 2
5 5 g o2 S 2 = £ - = 2 — ] 5
= 5] .2 2% (SRR o .2 X .2 — @ L @ o .2 - ] 5]
> £ °B ZZ g aF B o= ZE 2E a= b, +c, = =
= o 2 2 2 3 o 2 2 2 2 . ] S
2 S o 2 S = S o & S 2 3 =]
g = ~ ~ = < = A~ = = 3, 5
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4, b, ¢ d; = 4, b, ¢ d,
1.0 1.3 1.6 2.0 0.2
1 1.5 2.0 2.5 3.0 0.5 1.25 1.71 2.17 2.56 1.94 3.00 v

1.0 1.5 2.0 2.2 0.3

5.0 7.0 8.0 12.0 0.2

6.0 7.0 8.0 10.0 0.5 6.40 7.60 8.60 10.70 8.10 842 Vv
8.0 9.0 10.0 11.0 0.3

1.0 1.2 1.5 2.0 0.2

1.0 1.5 1.5 2.0 0.5 0.85 1.29 1.50 2.00 1.40 200 v
0.5 1.0 1.5 2.0 0.3

0.5 0.8 0.9 1.0 0.2

0.6 0.7 0.8 1.0 0.5 0.58 0.72 0.82 0.97 0.77 078 Vv
0.6 0.7 0.8 0.9 0.3

5.0 5.0 6.5 7.5 0.2

5.0 5.5 6.0 7.0 0.5 5.15 5.55 6.25 7.10 5.90 7.50

5.5 6.0 6.5 7.0 0.3

2.0 3.0 3.5 4.0 0.2

2.0 2.5 3.0 3.5 0.5 1.85 2.45 2.95 3.45 2.70 350 v
1.5 2.0 2.5 3.0 0.3

1.0 1.5 1.7 2.0 0.2

0.7 1.0 1.3 1.8 0.5 0.79 1.10 1.38 1.81 1.24 150 Vv
0.8 1.0 1.3 1.7 0.3

0.7 1.0 1.3 1.5 0.2

1.0 1.2 1.4 1.6 0.5 0.94 1.19 1.44 1.70 1.32 158 v
1.0 1.3 1.6 2.0 0.3

5.0 5.3 5.8 6.5 0.2

5.5 6.0 6.5 7.0 0.5 5.25 5.71 6.21 6.75 5.96 6.00 Vv
5.0 5.5 6.0 6.5 0.3

0.1 0.2 0.2 0.3 0.2

0.1 0.2 0.3 0.4 0.5 0.13 0.23 0.28 0.38 0.26 020 Vv
0.2 0.3 0.3 0.4 0.3

0.2 0.3 0.4 0.4 0.2

10

[*)
W N =L N = DN =W N =L N =W N =[N =W DN =L N =W =W N —

11 0.1 0.2 0.3 0.4 0.5 0.15 0.25 0.35 0.40 0.30 030 v
0.2 0.3 0.4 0.4 0.3
The sum of costs (for critical activities) 23.98 2728 -

Project total cost (million monetary units) 29.88 3478 -
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4. Computational results

4.1. Results of time estimation

According to the Table 6, the real completion time of the project was 38 days. It was 46 days according
to the CPM, and 47 through the PERT. However, it was equal to 42 days using the proposed method
and experts' opinion through the questionnaires and the fuzzy Delphi method, and about 4 days of
improvement was achieved in the estimation of project completion time in comparison to the CPM. In
other words, using the proposed method, scheduling was closer to reality and the effect of uncertainties
on the results is greatly reduced.

Table 6
Validating the results of CPM, PERT and proposed method for calculating the duration of activities

Estimated duration (days) Real du- Difference (days) E by

Activity number ration R

CPM  PERT P;gﬁzzd (daysy CPM  PERT P;giﬁizd S 2
1 8.00 8.33 8.05 7.00 1.00 1.33 1.05 v
2 7.00 7.33 7.10 6.00 1.00 1.33 1.10 v
3 4.00 4.00 3.00 2.00 2.00 2.00 1.00 v
4 2.00 2.00 2.35 2.00 0.00 0.00 0.35 v

5 8.00 7.83 8.25 10.00 -2.00 -2.17 -1.75

6 7.00 7.00 6.70 6.00 1.00 1.00 0.70 v
7 5.00 5.00 2.95 2.00 3.00 3.00 0.95 v
8 2.00 2.17 2.35 2.00 0.00 0.17 0.35 v
9 2.00 2.00 1.20 1.00 1.00 1.00 0.20 v
10 7.00 7.00 6.90 8.00 -1.00 -1.00 -1.10 v
11 2.00 2.00 1.75 2.00 0.00 0.00 -0.25 v
Sum of absolute deviations 12.00 13.00 8.80 --

Also, Fig. 2 represents the project completion time calculated using various techniques as well as their
error values.

Amount of error

I I
el o
r Amount of error F

0 10 20 30 40 50 0 10 20 30 40
m Actual complation time ® CPM H Actual complation time = CPM
EPERT ® Proposed approach mPERT B Proposed approach

Fig. 2. Comparing the performance of methods for estimat-  Fig. 3. Comparing the performance of methods for estimat-
ing durations ing costs

4.2. Results of cost estimation

According to the Table 7, the actual cost of project was 28.9 million monetary units. This value was
36.2 million monetary units using the CPM, and 34.78 million monetary units by the PERT. However,
the implementation cost of the project was 29.88 million monetary units using the proposed method.



F. Habibi et al. / Journal of Project Management 3 (2018) 195
According to the proposed method, the implementing cost of project close to the reality with a differ-

ence of about 0.98 million monetary units, and a relative improvement was obtained in the project cost
estimation. Therefore, we can conclude that the estimation of project implementation cost was closer
to the reality, and effect of uncertainties on results were greatly reduced.

Table 7
Validating the results of CPM, PERT and proposed method for calculating the cost of activities
Estimated cost Difference = =
Activity number (million monetary units) Real cost (million monetary units) g : E
CPM  PERT Proposed (mmu) CPM  PERT Proposed 5 %
method method
1 2.50 3.00 1.94 2.00 0.50 1.00 -0.06 v
2 9.00 8.42 8.10 8.00 1.00 0.42 0.10 v
3 2.00 2.00 1.40 1.00 1.00 1.00 0.40 v
4 1.00 0.78 0.77 1.00 0.00 -0.22 -0.23 v
5 8.00 7.50 5.90 6.00 2.00 1.50 -0.10
6 3.00 3.50 2.70 2.00 1.00 1.50 0.70 v
7 1.50 1.50 1.24 1.00 0.50 0.50 0.24 v
8 2.00 1.58 1.32 0.80 1.20 0.78 0.52 v
9 6.50 6.00 5.96 6.50 0.00 -0.50 -0.54 v
10 0.40 0.20 0.26 0.20 0.20 0.00 0.06 v
11 0.30 0.30 0.30 0.40 -0.10 -0.10 -0.10 v
Sum of costs of eriti- g 55 5778 23.98 22.90 - - - -
cal activities
Total cost 36.20 34.78 29.88 28.90 - -- - -
Sum of absolute de- - - -~ 7150 752 3.05 -
viations

Fig. 3 also shows the implementing cost of the project estimated using various techniques as well as
their error values.

5. Conclusion

As it was described, classical methods for estimating time and cost of the project such as the Critical
Path Method (CPM) and the Project Evaluation and Review Technique (PERT) do not lead to satisfac-
tory results due to the weaknesses in their performance and lack of efficiency in facing with uncertain-
ties. The use of fuzzy theory and getting help from experienced experts for estimating time and cost
planning are among the basic ways to deal with such problems. In this regard, the present paper pro-
vided a fuzzy-based methodology for estimating time and cost of project to reduce the impact of un-
certainties on the obtained results. In this methodology, a survey was conducted on experts about the
time and cost of activities and their opinions were obtained in the most optimistic, possible optimistic,
possible pessimistic, and the most pessimistic states and expressed as fuzzy numbers. Finally, the esti-
mation was done after averaging and defuzzifying. In order to understand how this framework was
implemented and evaluate the performance of the proposed framework, a case study was carried out
about the construction of a 5-story building in Tehran, Iran. According to the compared results, the
proposed method significantly reduced the impact of uncertainties on obtained results compared to the
CPM and PERT and then led to a relative improvement in the estimated time and cost of project com-
pletion. In summarily, the proposed framework has the following advantages:

e FEase of use and simplicity of calculations

e Expressing the time and cost of activities as linguistic variables
e Direct use of experts' mental inference, experience and opinions
e Considering the amount of credibility of experts
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Since the survey on experts and the type of fuzzy function have significant effects on the results, future
studies are suggested using other fuzzy functions (except trapezoidal) to estimate the project time and
cost and compare the obtained results with those of present study.
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