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ABSTRACT 

 

Pejambon 8 Storey-Flat Construction Project is one of the annual work programs through the 

allocation of Government Islamic Securities (SBSN) funding for the 2023 Ministry of Finance 

of the Republic of Indonesia. In this research, the Critical Path Method and Project Evaluation 

and Review Methodology planning methods were used to implement project time management 

and increase effectiveness by making schedules empirically. The aim of applying the Critical 

Path Method and Project Evaluation and Review Methodology methods is to compare 

expectations with actual progress and avoid delays in critical path activities so that it can 

shorten the project period by considering costs. This research used the Critical Path Method 

and Project Evaluation and Review Methodology methods to evaluate projects. This method 

begins with compiling a project network diagram and collecting information related to time 

variations that can occur on projects in the field. Some of the results of the processed data 

produced are information related to the critical path of the project, probability of project 

scheduling, and variations in operational costs according to the total duration of work. The data 

required in this research include the physical progress report of the project, the project 

implementation schedule, curve S, and budget plan. The largest total operational labor costs 

for the Pejambon 8 Storey-Flat Construction Project in this study were IDR 11,034,695,000 

with the fastest project completion time being 46 weeks. 
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1. INTRODUCTION 

A construction project is a system that has a series of complex subsystems that require 

coordinated actions to achieve desired results, avoid delays, ensure quality, and avoid rework 

[1]. According to Scalisi 2021 [2], there are important stages in a construction project, namely 

pre-construction, site work, rough framing, exterior construction, MEP (mechanical, electrical, 

and plumbing) work, and finishing work. An important aspect in implementing a project is 
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project management which plays a major role in two things that determine project success, 

namely the profits obtained and the timeliness of completion. 

Managing time and costs is crucial in achieving project goals [3]. Project scheduling is a 

managerial actualization of time that shows the relationship of activities to one another and the 

entire project so that estimates can be made of work priorities and the realistic total duration 

required for each work activity. In a project, network analysis is needed as a scheduling 

technique that helps with the planning, implementation, and monitoring stages of the project. 

Scheduling is used as a tool for determining the activities required by a project in a certain 

sequence and time frame by taking into account the duration of the project plan and economic 

costs [4]. 

Under certain conditions, there are times when project stakeholders request accelerated 

completion of construction projects. The Pejambon 8-storey project is a State Building (BGN) 

that was built using APBN funding as a source of funding in one fiscal year. Therefore, project 

implementation is pegged at less than one year, namely 47 weeks. In order to optimize the 

scheduling of the Pejambon 8-storey project regarding project duration requirements, two types 

of project activity network analysis methods were used, namely the CPM (Critical Path 

Method) and PERT (Project Evaluation and Review Methodology). 

2. THEORY AND METHODS 

2.1 Theory 

A. Network Analysis 

The analysis is an investigative effort to see, observe, know, discover, understand, examine, 

classify, deepen, and interpret existing phenomena [5]. Network analysis is the main technique 

in management science which has basic characteristics in all projects, where the stages carried 

out in the project must be completed with clearly defined steps represented graphically in the 

form of a network or arrow diagram [6]. The two main network systems used in this research 

are as CPM and PERT. 

B. Critical Path Method (CPM) 

Critical Path Method (CPM) is a parallel stage model developed, to provide project control 

techniques [7]. CPM is usually used in conjunction with PERT. In this method, all project 

activities are clearly defined. Each activity is oriented as an arrow in an arrow diagram with a 

specific code [14]. Determination of the critical path is based on the longest duration range of 

interdependent activities [8]. Figure 1 explains the steps in which the Critical Path Method 

(CPM) method is implemented. 

 

Figure 1. CPM Method Steps 

 

 

 

C. Project Evaluation and Review Methodology (PERT) 
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PERT network analysis is a program that emphasizes delays in project activities and 

accelerates project completion [15]. In the PERT network system, time estimates are not as 

accurate as CPM. This method is generally used in construction projects that have a high level 

of uncertainty regarding time, engineering design, and final construction [8]. Based on [9], 

PERT network analysis is utilized to overcome the problem of activity time variability when 

scheduling projects. This method is recommended for all types of projects, because it is not 

only useful for large projects, but also has benefits in increasing project efficiency of all sizes 

[10]. Figure 2 explains the steps of the Project Evaluation and Review Methodology (PERT) 

[16]. 

 

Figure 2. PERT Method Steps 

The PERT method requires analysis and calculations from primary data and secondary data 

that have been collected [13]. The following are several equations that are taken into account 

in the PERT method process, namely estimated time (Eq.1), standard deviation (Eq.2), variance 

(Eq.3), and probability of project implementation (Eq.4). 

 

𝑡𝑒 =  
𝑡𝑜 + 4𝑡𝐿 + 𝑡𝑃

6
 

(1) 

𝑆𝑡 =
𝑡𝑃−𝑡𝑂

6
  (2) 

𝑉 = (
𝑡𝑃 − 𝑡𝑂

6
)

2

 
 

(3) 

𝑍 = (
𝑡𝑑 − 𝑡𝑒

𝜎 2
)  

 

(4) 

 

In which: 

𝑡𝑒 = estimated time 

𝑡𝑜 = the optimistic time estimate 

𝑡𝐿 = the most likely time estimate 

𝑡𝑃 = the pessimistic time estimate 

𝑡𝑑 = target duration  

St  = standard deviation 

𝑉  = variance 

Z  = probability 

 

2.2 Methods 

This research uses quantitative and qualitative data. Qualitative data was obtained from 

field supervisor interview data collection techniques, as parties who are always in the field in 
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real-time during project activities. Quantitative data is obtained from the planned duration 

variable. In addition, the primary data in this research was obtained from project documents, 

surveys, and interviews with related parties. Meanwhile, the research also utilizes secondary 

data such as literature reviews, previous reports, books, or other documents. 

The object reviewed in this research is the Pejambon 8-storey project for the Indonesian 

Army, while the subject raised is rescheduling analysis as an optimization of project 

scheduling. This research adopts a quantitative method approach through the CPM and PERT 

planning methods obtained from literature studies. The data required in preparing this research 

includes the physical project progress report, the project implementation schedule, curve S, and 

budget plan.  

 

3. RESULTS AND DISCUSSION 

The Pejambon 8-storey flat construction project in Central Jakarta is one of the projects 

that use the 2023 State Revenue and Expenditure Budget (APBN) which is used to support 

army personnel facilities and planned to be established within a 48-week implementation 

period. The design of Pejambon 8-storey flat building can be seen in Figure 3. 

Figure 3. 3D Design of the Pejambon Flat Plan, Central Jakarta 

 

Project stage inventory is the process of collecting and compiling data regarding the 

sequence of work activities in a project. Table 1 shows the relationship between one activity 

and another activity at the Pejambon Flat Project, Central Jakarta. 

 

Table 1. Inventory of Stages of Pejambon 8-storey Flat Project 

Activity 

Code 
Activity Predecessor Successor Duration 

 

1 Preparation  - 2 47  

2 Ground Floor Structural Work - 3 11  

3 1st Floor Structural Work 1,2 4 7  

4 2nd Floor Structural Work 3 5 7  

5 3rd Floor Structural Work 4 6 7  

6 4th Floor Structural Work 5 7 7  

7 5th Floor Structural Work 6 8 7  

8 6th Floor Structural Work 7 9 7  

9 7th Floor Structural Work 8 10 7  

10 8th Floor Structural Work 9 11 7  
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Activity 

Code 
Activity Predecessor Successor Duration 

 

11 Ground Floor Finishing Work 3 12 4  

12 Floor Finishing Work 1 11 13 7  

13 2nd Floor Finishing Work 12 14 11  

14 3rd Floor Finishing Work 13 15 11  

15 4th Floor Finishing Work 14 16 11  

16 5th Floor Finishing Work 15 17 11  

17 6th Floor Finishing Work 16 18 11  

18 7th Floor Finishing Work 17 19 11  

19 Floor Finishing Work 8 18 21,22 6  

20 
Jogging Track Paving Block 

Road Work 
21,22 - 9  

21 Paving Roads and Channels Work 19 20 9  

22 
Uditch box channel Size 

60.60.120 cm Work 
19 20 9  

23 
Ground Tank + Pump House 

Construction Size 5 x 10.5 m 
10 25 7  

24 
Pump House Construction Size 5 

x 10.5 m 
25 - 9  

25 
Septic Tank Construction Size 

320x520x245 cm (2 units) 
23 24 7  

26 Plumbing Work 11 27,30 35  

27 Firefighter Jobs 26 28 35  

28 Electrical Work 27 29 35  

29 Fire Alarm Work 28 - 35  

30 Elevator Work 26 31 24  

31 Air Conditioning Work 30 - 15  

Total 426  

 

It can be seen in Table 1, that the total duration of completion time for all work is 426 

weeks, which is accumulated in 48 weeks of project completion with the constraints used in 

Activity on Arrow (AoA). The logical dependency relationships used in the Pejambon 8-storey 

flat project are Start to Start (SS), Finish to Start (FS), Start to Finish (SF), and Finish to Finish 

(FF), although variations of these relationships are not applied in the diagram CPM. 

3.1 Critical Path Method (CPM) Analysis 

The CPM diagram is a network that contains a systematic flow of activities carried out in 

project implementation to obtain information about the project's critical path. Based on [11], 

the critical path is a series of activities in a project that cannot be postponed and show inter-

relationships with each other. In processing, the longest accumulated time duration is used as 

a benchmark for estimating the total duration of project completion as a whole. Figure 4 is a 
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network diagram prepared using the CPM method which displays activities, predecessor work, 

subsequent work, and implementation time. 

 

Figure 4. Network Diagram of The Pejambon 8-storey Project 

From the processed data in Figure 4, the time duration is accumulated so that it can be seen 

that the critical path for the Pejambon 8-storey construction project is 1-2-3-4-14-25-26-27-29, 

with a total estimated duration of the entire work implementation is 209 weeks. 

Figure 5. Network Diagram with Descriptions ES, EF, LS, LF 

 

Table 2 below shows the recapitulation results of the CPM network diagram with 

information specifications ES (earliest start time for activity), EF (earliest finish time for 

activity), LS (latest allowable start time for activity), LF (latest allowable finish time for 

activity), and SL (total slack or float time for activity). 

 

Table 2. Critical Path CPM Method  

Activity 

Code 

Route Start End 
Duration 

i-node j-node ES EF LS LF 

1 1 2 0 47 0 47 47 

2 2 3 47 58 47 58 11 

3 3 4 58 65 58 65 7 

4 4 5 65 72 140 147 7 

5 5 6 72 79 147 154 7 
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Activity 

Code 

Route Start End 
Duration 

i-node j-node ES EF LS LF 

6 6 7 79 86 154 161 7 

7 7 8 86 93 161 168 7 

8 8 9 93 100 168 175 7 

9 9 10 100 107 175 182 7 

10 10 11 107 114 182 189 7 

11 4 14 65 69 65 69 4 

12 14 15 69 76 112 119 7 

13 15 16 76 87 119 130 11 

14 16 17 87 98 130 141 11 

15 17 18 98 109 141 152 11 

16 18 19 109 120 152 163 11 

17 19 20 120 131 163 174 11 

18 20 21 131 142 174 185 11 

19 21 22 142 148 185 191 6 

20 22 24 148 157 191 200 9 

21 22 23 148 157 191 200 9 

22 23 29 157 166 200 209 9 

23 11 12 114 118 189 193 4 

24 12 13 118 127 193 202 9 

25 13 29 127 134 202 209 7 

26 14 25 69 104 69 104 35 

27 25 26 104 139 104 139 35 

28 26 27 139 174 139 174 35 

29 27 29 174 209 174 209 35 

30 25 28 104 128 170 194 24 

31 28 29 128 143 194 209 15 

 

3.2. PERT (Project Evaluation and Review Methodology) Analysis 

Analysis using the PERT method uses data from interviews with project field supervisors 

which includes information related to the list of activities, optimal time, most likely time, 

pessimistic time, standard deviation, and activity variance. The analysis uses Eq.1 to Eq.4 as 

stated previously. In this case, Eq.1 is a calculation of the estimated time, Eq.2 is a calculation 

to determine the standard deviation, Eq.3 is a calculation to determine the variance, and Eq.4 

is a calculation to determine the probability of project implementation [6]. Furthermore, Table 

3 shows the results of the PERT analysis that the author has carried out based on Eq.1 to Eq.3. 
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Table 3. Results of Time Analysis of The Pejambon 8-storey Project 

Standard deviation and variance are parameters in the PERT method to characterize the 

degree of uncertainty associated with estimating activity duration [17]. Variance is used to 

measure how far the data is spread and the average value [18] and expresses the uncertainty of 

the specified time estimate [13]. The greater the variance, the greater the uncertainty. So, the 

Activity 

Code 

Duration (Week) 
Estimated 

Time (Te) 
Deviation 

Varianc

e (V) 
Fast 

Norma

l 
Slow 

1 43 45 47 45 39,83  1586,69  

2 7 9 11 9 9,83  96,69  

3 5 6 7 6 6,17  38,03  

4 5 6 7 6 6,17  38,03  

5 5 6 7 6 6,17  38,03  

6 5 6 7 6 6,17  38,03  

7 5 6 7 6 6,17  38,03  

8 5 6 7 6 6,17  38,03  

9 5 6 7 6 6,17  38,03  

10 5 6 7 6 6,17  38,03  

11 5 6 7 6 6,17  38,03  

12 5 6 7 6 6,17  38,03  

13 9 10 11 10 9,50  90,25  

14 9 10 11 10 9,50  90,25  

15 9 10 11 10 9,50  90,25  

16 9 10 11 10 9,50  90,25  

17 9 10 11 10 9,50  90,25  

18 9 10 11 10 9,50  90,25  

19 5 6 6 6 5,17  26,69  

20 7 9 9 9 7,83  61,36  

21 7 8 9 8 7,83  61,36  

22 5 7 9 7 8,17  66,69  

23 5 6 7 6 6,17  38,03  

24 6 8 9 8 8,00  64,00  

25 5 6 7 6 6,17  38,03  

26 32 34 35 34 29,67  880,11  

27 32 34 35 34 29,67  880,11  

28 32 34 35 34 29,67  880,11  

29 31 34 35 34 29,83  890,03  

30 21 24 24 24 20,50  420,25  

31 11 14 15 14 13,17  173,36  

TOTAL 353 398 429 398  370,17   7.085,31  
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most uncertain time estimate is activity with code 1, while activities with codes 3, 4, 5, 6, 7, 8, 

9, 10, 11, 12, and 23 are activities with more certain time estimates. 

Standard deviation is the square root of the variance value to measure the variability or 

uncertainty of a set of data [19]. From the calculation results in the table, it can be seen that the 

standard deviation is 370.17.  

In the PERT method, the concept of probability of achieving scheduling targets is used to 

determine the potential or probability number of project implementation within the estimated 

time [12]. Based on equation Eq.4 and using the normal distribution table, the probability value 

for project implementation using the PERT method analysis results is 2.28 or the same as 

0.9887 when seen in the cumulative normal distribution table, so (T≤429) has a probability 

percentage of 98.87 %. 

Fastest time (a) = te – 3√V = 398 – (3 x 9.17) = 370.5 weeks 

Longest time (b) = te + 3√V = 398 + (3 x 9.17) = 425.5 weeks  

A gantt chart is a schedule that is graphically created with left-to-right horizontal bars, 

enabling planning and tracking of project schedules [20]. According to the results of data 

testing using the PERT method, the Gantt Chart for construction activities for the Pejambon 8-

storey project, Central Jakarta is shown in Table 4 below three-time-plans were obtained 

consisting of a fast duration of 46 weeks, a normal duration of 47 weeks, and a slow duration 

of 48 weeks. 
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Table 4. Gantt Chart for The Pejambon 8-storey Construction Project, Central Jakarta  

 

A comparison of operational costs that focus on the number of workers with the average 

costs incurred is presented in Table 5 as follows. The fast duration produces a total cost of IDR 

11,034,695,000, the normal duration produces a total cost of IDR 10,814,545,000, and the slow 

duration produces a total cost of IDR 10,593,100,000. The faster the project is completed, the 

higher the operational costs.  
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Table 5. Operational Costs for Each Duration 

 

The network diagram shown in Figure 6 shows the result of the PERT data processing. 

Additionally, the tabulation of the ES, EF, LS, LF, and Slack calculation results is shown in 

Table 6. 
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Figure 6. Network diagram with estimated time calculation results for ES, EF, LS, LF 

 

Table 6. Results of analysis of the timing of The Pejambon 8-storey Project 

Activity 
Route Start Finish 

Duration 
i-node j-node ES EF LS LF 

1 1 2 0 45 0 45 45 

2 2 3 45 54 45 54 9 

3 3 4 54 60 54 60 6 

4 4 5 60 66 142 148 6 

5 5 6 66 72 148 154 6 

6 6 7 72 78 154 160 6 

7 7 8 78 84 160 166 6 

8 8 9 84 90 166 172 6 

9 9 10 90 96 172 178 6 

10 10 11 96 102 178 184 6 

11 4 14 60 66 60 66 6 

12 14 15 66 72 116 122 6 

13 15 16 72 82 122 132 10 

14 16 17 82 92 132 142 10 

15 17 18 92 102 142 152 10 

16 18 19 102 112 152 162 10 

17 19 20 112 122 162 172 10 

18 20 21 122 132 172 182 10 

19 21 22 132 138 182 188 6 

20 22 24 138 147 188 197 9 

21 22 23 138 146 189 197 8 

22 23 29 147 154 197 204 7 

23 11 12 102 108 184 190 6 

24 12 13 108 116 190 198 8 

25 13 29 116 122 198 204 6 



Dewi Fauzah et al.  Jurnal Ilmiah Teknik Sipil Vol 28 (2024), 116 – 131 

128 

 

Activity 
Route Start Finish 

Duration 
i-node j-node ES EF LS LF 

26 14 25 66 100 66 100 34 

27 25 26 100 134 100 134 34 

28 26 27 134 169 134 169 35 

29 27 29 169 204 169 204 35 

30 25 28 100 124 166 190 24 

31 28 29 124 138 190 204 14 

 

The research results show that the potential for accelerating project duration will have an 

impact on the total project operational costs. The faster the project duration, the higher the 

operational costs. With this research, it is hoped that it can optimize the duration of project 

implementation, minimize delays, and become a reference for future projects. 

 

4. CONCLUSIONS  

Based on the results and discussions, the conclusions of this research are: 

1. Based on the results of the analysis using a network diagram, there are four paths, 

namely path 1-2-3-4-5-6-7-8-9-10-11-12-13-29, path 1-2- 3-4-14-25-26-27-29, path 1-

2-3-4-14-25-28-29, and path 1-2-3-4-14-15-16-17-18 -19-20-21-22-23-24-29. 

2. Among the four arranged routes, route 1-2-3-14-25-26-27-29 is the critical route that 

explains the activity trajectory that most determines the completion time of the entire 

Pejambon 8-storey construction project, with a total completion time work activity of 

209 weeks. 

3. According to PERT data processing, it can be concluded that the probability of project 

scheduling with a total time for all activities of less than 398 weeks is 14.06%, with the 

fastest value being 370.5 weeks and the late time being 425.5 weeks of the total the start 

of overall project activity was 429 weeks. 

4. According to data processing using the CPM and PERT methods, three total time plans 

for project work can be planned, namely work with a fast duration (46 weeks) with a 

total operational labor cost of IDR 11,034,695,000, normal duration (47 weeks) with a 

total labor operational costs worth IDR 10,814,545,000, and slow duration (48 weeks) 

with total labor operational costs worth IDR 10,593,100,000. 

5. The faster the duration of the work, the more operational labor costs will increase, 

which is in line with the increase in the number of personnel.  
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