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1. INTRODUCTION: 

Effective project scheduling is essential in construction management to ensure the timely completion of projects 

and the efficient allocation of resources. However, the dynamic and uncertain nature of construction projects presents 

significant challenges to traditional scheduling methods. Uncertainties such as weather conditions, material availability, 

and unexpected delays can impact project schedules, leading to cost overruns and delays in delivery. To address these 

challenges, this study proposes a novel approach that integrates Gaussian fuzzy numbers and the Critical Path Method 

(CPM) into the project scheduling process. Gaussian fuzzy numbers are utilized to represent the uncertain duration of 

construction activities, taking into account factors such as variability and imprecision. By capturing the inherent 

uncertainty in activity duration, Gaussian fuzzy numbers provide a more realistic representation of project schedules. 

The Critical Path Method (CPM) is a well-established technique used to analyze project networks and identify 

the critical path – the sequence of activities that determines the minimum project duration. By applying CPM to the 

project schedule represented by Gaussian fuzzy numbers, this research aims to optimize schedule uncertainty and 

minimize project completion time. Through the integration of Gaussian fuzzy numbers and the Critical Path Method, 

this study seeks to provide a comprehensive solution to the complexities of construction project scheduling. By enabling 

project managers to make informed decisions in the face of uncertainty, this approach has the potential to enhance 

project efficiency and ultimately improve project outcomes. 

 

2. LITERATURE REVIEW: 

The integration of Gaussian fuzzy numbers and the Critical Path Method (CPM) presents a promising approach 

to enhance project efficiency in construction management by addressing schedule uncertainty and minimizing project 
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completion time. Previous research has extensively explored the application of fuzzy logic techniques, such as Gaussian 

fuzzy numbers, in project scheduling to handle uncertainties inherent in construction projects. Studies by Smith et al. 

(2018) and Wang and Li (2020) have demonstrated the effectiveness of fuzzy logic in representing uncertain project 

parameters, including activity duration, resource availability, and task dependencies. Gaussian fuzzy numbers, 

employed to model uncertain duration of construction activities, consider factors such as variability and imprecision, 

providing a more realistic representation of project schedules.  

Furthermore, the Critical Path Method (CPM) has been widely utilized in project management to analyze project 

networks and identify critical paths, which represent sequences of activities with the least flexibility in scheduling. By 

integrating Gaussian fuzzy numbers into the CPM framework, researchers aim to optimize schedule uncertainty and 

minimize project completion time. This integration allows project managers to make informed decisions and achieve 

greater efficiency in project execution by considering the inherent uncertainties in construction projects. Zhao et al. 

(2016) and Hu et al. (2018) have highlighted the benefits of integrating fuzzy logic techniques with the CPM, including 

improved decision-making, enhanced risk management, and better resource allocation. 

Overall, the review of literature underscores the significance of employing Gaussian fuzzy numbers and the 

Critical Path Method to address schedule uncertainty and optimize project efficiency in construction management. 

Building on previous research findings, this study aims to provide a comprehensive framework for enhancing project 

efficiency by integrating fuzzy logic techniques with the CPM to minimize project completion time and achieve better 

project outcomes. 

 

3. PRELIMINARIES AND DEFINITIONS: 

Definition (Fuzzy Set) A fuzzy set A in a universe of discourse X is characterized by a membership function )(xA

which assigns a degree of membership to each element x in X.It is defined by 
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Definition (Fuzzy number) A fuzzy number is a generalization of the real numbers, in the sense that it does not refer to 

one single value but rather to a connected set of possible values with weights. This weight is called the membership 

function. 

  

Definition (Gaussian Fuzzy Numbers) Mathematical representations of uncertain variables, characterized by a mean 

value and a standard deviation. Gaussian fuzzy numbers are used to model uncertainty and imprecision in project 

parameters, such as activity duration, resource availability, and task dependencies. 

 

Definition (Construction Management) The discipline focused on planning, coordinating, and overseeing construction 

projects from inception to completion. It involves managing resources, schedules, budgets, and stakeholders to ensure 

successful project delivery. 

 

Definition (Critical Path Method) A project management technique used to analyze and schedule activities in a project. 

It identifies the critical path, which is the sequence of activities that determines the minimum project duration. CPM 

helps project managers prioritize tasks, allocate resources efficiently, and identify potential delays. 

 

Definition (Float) Float refers to the amount of time by which an activity can be postponed without impacting the 

sequence of tasks or the overall project schedule. Tasks on the critical path possess no float as they cannot be delayed. 

 

Definition (Project Completion Time) The duration required to finish all project activities and deliver the final project 

deliverables. Minimizing project completion time is essential for meeting project deadlines, optimizing resource 

utilization, and achieving project objectives within budget constraints. 

 

4. NUMERICAL EXAMPLE: (GAUSSIAN FUZZY NUMBER) 

Let's consider a construction project with the following activities along with their estimated durations represented by 

Gaussian fuzzy numbers:  

Excavation (A): 5 1 days   [(ie) Mean = 5 days, Standard Deviation = 1 day]  

Foundation (B): 7  1 days  [(ie) Mean = 7 days, Standard Deviation = 1 day ] 

Framing      (C): 10  2 days[(ie) Mean = 10 days, Standard Deviation = 2 days]  

Roofing   (D): 5 1 days [(ie) Mean = 5 days, Standard Deviation = 1 day]  

https://en.wikipedia.org/wiki/Membership_function_(mathematics)
https://en.wikipedia.org/wiki/Membership_function_(mathematics)
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Plumbing (E): 6  1 days [(ie) Mean = 6 days, Standard Deviation = 1 day]  

Electrical (F): 4  1 days [(ie) Mean = 4 days, Standard Deviation = 1 day]  

Interior Finishing (G): 8  2 days [(ie) Mean = 8 days, Standard Deviation = 2 days]  

Exterior Finishing (H): 6  1 days [(ie) Mean = 6 days, Standard Deviation = 1 day] 

Now  

i) Convert the given Gaussian fuzzy number into a crisp number 

ii) Construct the network diagram 

iii) Identify the critical path and 

iv) Find project completion time 

 

Solution: 

Convert to Crisp Number: 

The crisp number can be approximated as the sum of the mean (µ) and a fraction of the standard deviation (σ). The 

fraction can be chosen based on the desired level of confidence or certainty. 

 

Crisp Number formula =μ+k.σ 

Where:μ is the mean of the Gaussian fuzzy number , σ is the standard deviation and k is a constant representing the level 

of confidence or certainty. 

The value of k can be determined based on the context of the problem and the desired level of confidence.  

Common values for k include 1, 1.5, or 2, corresponding to one, one and a half, or two standard deviations from the 

mean, respectively. 

Here choose k = 1 

Crisp Number for: 

Excavation A 6 

Foundation B 8 

Framing C 12 

Roofing D 6 

Plumbing E 7 

Electrical F 5 

Interior Finishing G 10 

Exterior Finishing H 7 

 

Construct the network diagram: 

To construct the network diagram for the given project, we need to establish precedence relationships between the 

activities. Precedence relationships determine the order in which activities must be executed based on their 

dependencies.  

 

Here's a proposed precedence relationship for the given activities: 

1. Excavation (A) must be completed before Foundation (B) can begin. 

2. Foundation (B) must be completed before Framing (C) can begin. 

3. Framing (C) must be completed before Roofing (D) can begin. 

4. Framing (C) must be completed before Plumbing (E) can begin. 

5. Roofing (D) and Plumbing (E) can be done concurrently. 

6. Roofing (D) and Plumbing (E) must be completed before Electrical (F) can begin. 

7. Plumbing (E) must be completed before Interior Finishing (G) can begin. 

8. Roofing (D) must be completed before Exterior Finishing (H) can begin. 

9. Interior Finishing (G) and Exterior Finishing (H) can be done concurrently. 

Based on these precedence relationships, we can construct the network diagram to visualize the sequence of activities 

and their dependencies. 
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Finding the critical path  

 

Perform the forward and backward passes to determine the earliest start (ES), earliest finish (EF), latest 

start (LS), and latest finish (LF) times for each activity. After that, we can calculate the total float for each 

activity, which represents the amount of time an activity can be delayed without delaying the project 

completion time. Finally, we can identify the critical path , which consists of activities with zero total float. 

 

The forward pass and backward pass techniques are as follows: 

 

Forward pass: This is used to calculate earliest start time (ES) and earliest finish time (EF) by using a previously 

specified start date. ES is the highest EF value from immediate predecessors, whereas EF is ES + duration. The 

calculation starts with 0 at the ES of the first activity and proceeds through the schedule. Determining ES and EF dates 

allows for early allocation of resources to the project.  

 

Backward pass: This is used to calculate the latest start (LS) and latest finish (LF) dates. LS is LF - duration, whereas 

LF is the lowest LS value from immediate successors. The calculation starts with the last scheduled critical path activity 

and proceeds backward through the entire schedule.   

 

Forward pass Calculation:    

Set E1=0 

E2=E1+t12=6 

E3=E2+t23=14 

E4=E3+t34=26 

E5=E4+t45=32 

E6=E4+t46=33 

E7=max { E5+t57=37, E6+t67=43}=43 

E8=E7+t78=50 

Forward pass Calculation:    

Set  E8= L8=50 

L7= L8-t78=43 

L6= L7-t67=33 

L5= L7-t57=38 

L4=min{ L5-t45=32, L6-t46=26}=26 

L3=L4-t34=14 

L2=L3-t23=6 

L1=L2-t12=0 
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Computation of Total Float, Free Float and Independent Float 

 

Activity 

      (1) 

Duration  

(2) 

ES 

(3) 

EF 

  (4)    

 

 

2+3 

LS 

(5)   

LF 

(6)   

 

 

5-2 

Total 

float 

(7)  

 

5-3 

Head 

event 

slack 

(8) 

Free 

float 

(9)   

 

7-8 

Tail 

event 

slack 

(10) 

Independent 

float 

(11) 

 

9-10 

1-2  (A) 6 0 6 0 6 0 0 0 0 0 

2-3  (B) 8 6 14 6 14 0 0 0 0 0 

3-4  (C) 12 14 26 14 26 0 0 0 0 0 

4-5  (D) 6 26 32 26 32 0 6 -6 0 -6 

4-6  (E) 7 26 33 26 33 0 0 0 0 0 

5-7  (F) 5 32 37 38 43 6 0 6 6 0 

6-7  (G) 10 33 43 33 43 0 0 0 0 0 

7-8  (H) 7 43 50 43 50 0 0 0 0 0 

 

The Critical Path is 1         2           3         4           6           7            8 

The project duration is 6+8+12+7+10+7= 50 Days. 

The Critical path is shown in the following diagram: 

 

5. CONCLUSION: 

In conclusion, integrating Gaussian fuzzy numbers with the Critical Path Method offers a promising approach 

to address schedule uncertainty in construction projects. By accurately representing uncertainties and identifying critical 

paths, this method optimizes project schedules and minimizes completion time. The proposed framework empowers 

project managers to make informed decisions, allocate resources efficiently, and mitigate risks effectively. Ultimately, 

employing this approach enhances project efficiency, improves resource utilization, and ensures timely project 

completion in the dynamic construction industry. 
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