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Abstract

The implementation of physical work requires good project control because various conditions can affect the
construction implementation process. The calculation of performance analysis is carried out with Earned Value
Management (EVM) and the determination of project completion time is carried out by the CPM-PERT method.
In this research, it was found that in the 26th week, the schedule performance index value was 0.75758 with an
estimated project completion time using the EVM method of 242 days. The critical path shown by the CPM
methodisM-G-H-N-F-D-E-P-0-K-B - A with a total project completion time of 274 days. Based
on the PERT method, the probability of completion time for the project is 71.90%. Acceleration is carried out
using the CPM critical path with an optimistic duration of PERT. This acceleration can be done by optimizing

the project completion time to 256 days.
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1. Introduction

Banyuwangi Regency is a regency located in the eastern part of East Java Province. Banyuwangi Regency is
one part of the district that participates to accelerate local economic growth through the tourism industry [1].
The availability of road infrastructure with good conditions is needed to facilitate access to tourist attractions.
One of the improvements in road infrastructure services implemented is Project XYZ. The existing condition of
the road body width is between 4 m to 5 m. Based on these conditions, rehabilitation or functional maintenance

of roads is needed to facilitate access to tourist attractions in the area.

In infrastructure development, various possibilities can occur and potentially hinder the development process[2].
The implementation of physical work requires good project control because various conditions can affect the
construction implementation process. These various conditions can affect the implementation of construction
which will later have an impact on the cost and time of project completion. The success of a project can be seen
from the achievement of the targets set, namely completed on ticompletingst and meeting the required quality
specifications [3,4]. The implementation of infrastructure development must be completed with a predetermined
time and cost. Estimation of cost and time estimates is carried out taking into account many conditions with a

certain degree of probability.

This research was motivated by the application of a control system in the project. One of the control systems in
the project can be done by predicting the development of costs and completion time as project performance
parameters. Earned Value Management (EVM) is a technique for measuring project performance that aims to
measure and evaluate actual project progress to complete projects on time and within budget [5]. EVM itself is
an ideal method because it can integrate time and cost so that it can know the progress of a project faster or later
than the project schedule should be and to know bigger or smaller than the budget should be [6]. Cost
predictions and execution time using EVM are linear so they do not represent non-linear conditions such as the
influence of project resources [7] and do not provide information about prediction limits [8]. Determination of
project completion time can be done with Critical Path Method (CPM)[9, 10, 11] and Project Evaluation
Review Technic (PERT)[12, 13]. Previous studies have been conducted to predict project completion times by
combining CPM and PERT methods[14, 15, 16], but no project acceleration plan has been determined according
to the contractor's capabilities. The application of PERT and CPM methods, especially for road improvement
projects, can make it easier for managers when mapping problems during the project implementation period so

that the time and costs used can be controlled properly and the critical path in project work can be mapped
properly [17].

2. Research Method
2.1. Earned Value Management (EVM)

The method of implementing cost and schedule control is known as the Earned Value Management method.
This concept is a concept of calculating the budgeted cost of works performed [18]. This method measures the
size of the unit of work that has been completed, at any given time, by assessing it based on the amount of

budget available for the work. Cost control systems generate performance reports and project cost predictions.
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While schedule control produces a project completion status report. Assessment of value concept elements to
analyze project performance include Schedule Variance (SV), Schedule Performance Index (CPI), and
Estimated Completion Date (ECD).

The indicators used in this method are Earned Value and Planned Value[19, 20]. Earned Value is the value
received from the completion of work over a certain period of time calculated based on the accumulation of
completed work[21].

Planned Value is a cost budget allocated based on a work plan that has been prepared against a certain time
calculated from the accumulated budget costs planned for work in a certain period of time [21, 22].

Schedule Variant (SV) is the difference between the part of the work that can be carried out and the part of the
work planned [23, 24].

A positive value of the variant schedule indicates that in that time period more work was completed than

planned[25]. In other words, part of the work is completed faster than the plan.

SV = EV = PV oottt (1)
Where:
SV . Schedule Variants
EV . Earned Value (the value received from completing the performance over a period of time)
PV . Planned Value (costs allocated based on a work plan prepared against time)

Schedule Performance Index (SPI) is a comparison between the completion of work in the field with a work

plan in a certain period of time. The effect of the magnitude of the SPI value is shown in Table 2.1.

SPL = ettt )

PV

Table 2.1: Schedule performance values.

Performance
Index
SPI Project faster Projects on time Project faster

Grades <1 Value =1 Grade>1

(Source:[26])

Based on the calculated schedule performance index value, it can be determined the estimated completion date /

time estimate [3], with the following formula.

Te = Time Usage + (

Time Total-Time Usage)
SPI
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2.2. Critical Path Method (CPM)

Critical Path Method (CPM) is a project management technique used to plan, schedule, and control projects. The
critical path method is used to estimate the minimum project duration and determine the amount of schedule
flexibility on logical network paths in the jadwal model [23]. The critical path is the path with the activity
component with the longest total amount of time and shows the fastest time to complete the project [27]. CPM is
a fundamental quantitative technique developed for project management assuming deterministic turnaround
times [28]. CPM helps in identifying the critical path, which is the sequence of activities that must be completed

on time for the project to be completed within the given deadline [4].

2.3. Project Evaluation and Review Technique (PERT)

Project Evaluation and Review Technique (PERT) is a project management tool used to plan, schedule, and
coordinate tasks within a project. PERT is used to plan and control project duration, stages analyze each activity
with three time scopes, namely optimistic time, pessimistic time, and realistic time to get an estimate of
expected time [29]. PERT is a network model capable of mapping the completion time of different activities
[30]. PERT construction is about breaking down a construction project into smaller, more manageable tasks,
then using network diagrams to map dependencies between those tasks. The indicators used in the PERT

method are as follows:

Standard deviation of activities.

S = SRS @)
Estimated time for completion of all activities
T o e (5)
Variants of activities
Vo S ettt ettt s ettt sas (6)
Probability of occurrence of estimated completion time
7= sz‘_;e ............................................................................................................................... )
Where:
a : The most optimistic (fastest) activity duration
b . Activity duration most pessimistic (longest)
m . Duration of normal activities
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S . Standard deviation

Te . Estimated time to complete

%4 : Variants of activities

Td : Activity time plan

Z : Probability of occurrence of estimated completion time

3. Research Method
3.1. Project Data

This type of project in this research is a widening of the road to standards. The research location is in
Banyuwangi Regency. The project is divided into 3 time periods. Period | is the initial contract value with a
nominal value of Rp. 33,499,359,227.22, Period Il is the value of the Contract Change Order (CCO) with a
nominal value of Rp. 33,499,359,227.22, and Period Il is the value of Addendum 01 with a nominal value of
Rp. 36,074,638,887.75. The project implementation time is carried out with a span of 227 calendar days or 33

weeks.

3.2. Earned Value Management (EVM)

The Earned Value Management (EVM) method uses several stages before determining the estimated time for
project completion. In this case, the analysis used is an analysis of the performance of activity completion time.
The first stage is by calculating Planned Value (PV), Earned Value (EV) and Schedule Variant (SV). With the
calculated data, the Schedule Performance Index (SPI) value can be determined . SPI data as input in

determining the time of completion of activities (Estimate Complete Date).

The calculation of Planned Value (PV) describes the budget of the plan for a certain period against the volume

of the project plan. The PV calculation is shown in Figure 3.1.

PV,¢ = % Cumulative Planned X BAC

= 9% 68,905 X Rp.36,074,638,888

= Rp.24,857,229,925.61

The Earned Value (EV) calculation describes the project plan budget for a given period against what has been

done at the actual volume of work. The calculation of the EV value is shown in Figure 3.1.

EV,¢ = % Cumulative Result X BAC

= 9% 52.201 X Rp.36,074,63,888

= Rp.18,831,322,245.80
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Figure 3.1: PV and EV values.

Schedule Variant (SV) is a review of progress reports on the results of work progress within a certain period of

time minus the work progress plan. The SV calculation is shown in Figure 3.1.
SVys = EV — PV

= Rp.18,831,322,245.80 — Rp. 24,857,229,925.61

= —Rp.6,025,907,679,81

Schedule Performance Index (SPI) describes the ratio of values obtained from the comparison between the value

of work progress results and work progress plans. The calculation of SPI is shown in Figure 3.2.

EV
SP126 = W

_ Rp. 18,831,322,245.80
~ Rp.24,857,229,925.61

= 0.75758

2.5000

2.0200
2.0000

1.5000

VALUE

10000 = e e e e e e e e e e e e e ——————-
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WEEK

Figure 3.2: Graph of SPI values.
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The Estimate Complete Date (ECD) calculation describes the estimated time required to complete a project

based on schedule performance over a given period.

ECD = Time Usage +

(Time Total — Time Usage)
SPI

=26+ (33 - 26)
B 0.75758

= 34.486 Minggu ~ 242 Hari

3.3. Earned Value Management (EVM)

Based on the data obtained up to week 26, activities and remaining volumes that have not been reached can be

seen in Table 3.1. In this data, the duration of work is the planned duration of service providers for each activity

based on production capacity according to Minister of Public Works No. 1 of 2022.

Table 3.1: List of Activities and Duration of Activity.

Code  Activites Unit Volume Plan Duration (Days)
A Mobilization Ls 0.30 3.00
B Environmental Security Fruit 3.00 2.00
C Reinforced Concrete Box Culvert M' 53.00 7.00
D U-conical channel Type DS 3 M' 360.00 2.00
E U-conical channel Type DS 3a M' 720.00 7.00
F Ordinary Quarry M? 2433.16  3.00
G Road Body Setup M? 5091.39  2.00
H Class B Aggregate Foundation Layer M? 908.39 2.00
I Class S Aggregate Foundation Layer M? 374.00 1.00
J Stone Masonry M? 125.43 3.00
K Thermoplastic Road Markings M? 2938.50  8.00
L Mahogany Tree Type Fruit 460.00 3.00
M Widening excavations for hardened road shoulders ~ M® 24.85 1.00
N fc'20 concrete for hardened road shoulder M? 1560.02  12.00
) Laston Surface Coating/Leveler (AC) Ton 8415.62  33.00
P Laston Layer Foundation/Grader (ATB/L) Ton 5072.21 17.00

D

:>*@

Figure 3.3: Network Planning.

The activity data obtained is then carried out critical trajectory planning based on the sequence of activity

implementation. Critical path determination is selected based on the largest number of durations with a given
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trajectory. The critical path is selected for the Network Planning path shown in Figure 3.3 and the critical path

and its duration are addressed in Table 3.1.

Table 3.2: Critical Path Trajectories.

. A Activity
No.  Critical Path Sequence of Activities Duration(Days)
1 Critical Path 1 M-G-H-N-F-J-1-P-0-K-B-A 87.00
2 Critical Path 2 M-G-H-N-F-J-1-P-O-L-B-A 82.00
3 Critical Trajectory 3 M-G-H-N-F-D-E-P-O0-K-B-A 92.00
4 Critical Trajectory 4 M-G-H-N-F-D-E-P-0-L-B-A 87.00
5 Critical Path 5 C-F-J-1-P-0-K-B-A 77.00
6 Critical Trajectory 6 C-F-J-1-P-O-L-B- 72.00
7 Critical Trajectory 7 C-F-D-E-P-0-K-B-A 82.00
8 Critical Trajectory 8 C-F-D-E-P-0-L-B-A 77.00

Based on the data in Table 3.2, critical path 3 is the chosen trajectory because it produces the largest number of
activity durations with a duration of 92 days. Therefore, based on the CPM method, the estimated completion of

project activities is 26 weeks of running time plus 92 days, so that it becomes 274 days.

3.4. Project Evaluation and Review Technique (PERT)

The PERT method uses three estimated completion times of project activities, namely the fastest duration
(optimistic), normal duration (realistic) and longest duration (pessimistic). In this study, the fastest duration was
determined based on the largest production capacity that the provider could ever afford in each activity. The
normal duration is based on the time the provider plans to complete each activity, which has been used in the
CPM method. The longest duration based on the smallest production capacity ever carried out by a service

provider without project constraints.

Table 3.3: PERT Method Calculation.

Fastest Duration Normal Duration Longest Standard

CODE (a) (m) Duration (b) Deviation Te Variance
Day Day Day
A 2.00 3.00 4.00 0.33 3.00 0.11
B 1.00 2.00 3.00 0.33 2.00 0.11
F 1.00 2.00 3.00 0.33 2.00 0.11
G 5.00 7.00 8.00 0.50 6.83 0.25
H 2.00 3.00 3.00 0.17 2.83 0.03
I 2.00 2.00 3.00 0.17 2.17 0.03
J 1.00 2.00 3.00 0.33 2.00 0.11
K 6.00 8.00 9.00 0.50 7.83 0.25
M 1.00 1.00 1.00 0.00 1.00 0.00
N 8.00 12.00 14.00 1.00 11.67 1.00
0 29.00 33.00 34.00 0.83 32.50 0.69
P 16.00 17.00 19.00 0.50 17.17 0.25
5.00 91.00 2.94

Based on the calculations that have been done, it can be determined the value of standard deviation, completion

time of project activities, and value of variance. The probability value of project completion can be determined
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from the following Z value.

The calculation of the Z value of 0.58 when viewed in the normal probability table shows a result of 0.7190.

Thus, the probability of project completion time within 274 days is 71.90%.

3.5. Acceleration of Project Activities

Table 3.4: Project Activity Acceleration Plan.

Week to -
Durati
on of
Co Sa .
de WOrK t 85;”“ 27 28 29 30 31 32 33 34 35 36 ?
Activit
ies
A Mobilization Ls 2.00 0.
8
B  Environmental Security Fr 1.00 3.
uit 0
C Reinforced Concrete Box Culvert M' 6.00  53.0
D  U-conical channel Type DS 3 M" 1.00 360.
0
E  U-conical channel Type DS3a  M' 5.00 72
0.0
F  Ordinary Quarry M® 2.00 243
3.2
G Road Body Setup M? 2.00 509
1.4
H Class B Aggregate Foundation M® 1.00  908.
Layer 4
I Class S Aggregate Foundation M® 1.00 374.
Layer 0
J  Stone Masonry M® 3.00 125.
4
K Thermoplastic Road Markings M? 6.00 293
8.5
L  Mahogany Tree Type Fr 3.00 460.
uit 0
M Widening excavations for M® 1.00 24.9
hardened road shoulders
N  Concrete fc'20 (K-250) For Road M 8.00  600. 960.
Shoulder hardened 0 0
O Laston Surface Coating/Leveler To 29.00 210 210 210 210 15.6
(AC) n 00 0.0 0.0 0.0
P Laston Layer Foundation/Grader To 16.00 66 231 210
(ATBI/L) n 0.0 00 22

The completion of all project activities has a high probability of completion within 274 days. Based on the CPM
method, the critical path trajectory is in the sequence of activitiesM -G-H-N-F-D-E-P-O-K-B-Aon

the critical path 3. Acceleration of project activities can be done by combining the sequence of activities on
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critical path 3 with the optimistic duration on the PERT method.

The acceleration carried out with an optimistic duration on the critical path 3 cut the time from 274
days to 256 days.

4. Conclusion

Based on the analysis that has been carried out using the EVM method, the provider's SPI value in week 26 is
0.75758. The SPI value indicates that the project is experiencing delays. Based on the SPI value in the 26th
week, it can be determined that the project completion time with is 242 days. Analysis conducted using the
CPM method shows that the critical trajectory is on the path of M-G-H-N-F-D-E-P-O0-K-B-A
with a duration of activity for 274 days. Calculations made using the PERT method show that the duration that
has been calculated by the CPM method has a probability of 71.90%. The acceleration cut the project
completion time to 256 days.
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