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Abstract: Time management in construction projects is one of the key factors determining project success,
particularly in complex public infrastructure projects such as the construction of a Drinking Water Supply
System (SPAM). This study aims to evaluate the time management of the Kedang Ipil SPAM construction
project with a capacity of 30 liters per second in Kota Bangun Darat, Kutai Kartanegara, using the Critical
Path Method (CPM). The research data include the planning schedule (time schedule), weekly and monthly
realization reports, progress documentation, and work activity weightings. A quantitative descriptive
method was used to analyze the critical path, compare planned and actual durations, and evaluate the
cumulative progress deviations of the project. The study found that the actual project duration reached 204
days, exceeding the planned duration of 184 days, with a total deviation of 20 days. The identified critical
path included key activities such as the construction of the pump house, reservoir, mechanical and electrical
installation, and the water treatment plant (WTP). Project delays were caused by issues related to material
procurement, adverse weather conditions, and insufficient field coordination. The cumulative progress S-
curve analysis showed the largest negative deviation of -4.527% in week 8 and the maximum positive
deviation of +4.606% in week 20. Despite the delays, the project managed to achieve 100% cumulative
progress by week 24 through efforts such as increasing the workforce, accelerating material procurement,
and strengthening field supervision. The implementation of CPM proved effective in detecting critical
activities and supporting swift decision-making to minimize delays. These research findings highlight the
importance of adaptive and scientifically-based time control in large-scale construction projects and provide
practical contributions to the development of time management strategies in similar infrastructure projects.
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1. Introduction

Time management is an essential component of the success of construction projects (Hamid & Chin,
2015), particularly in complex public infrastructure projects such as the development of a Drinking Water
Supply System (SPAM). In the context of the Kedang Ipil SPAM project with a capacity of 30 liters per
second in Kota Bangun Darat District, Kutai Kartanegara Regency, challenges related to project time
management—such as delays and schedule deviations—emerge as critical issues that could impact the
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availability of clean water for the surrounding communities (Kerzner, 2017; Lock, 2020). A systematic
evaluation of the project schedule is crucial to identify critical activities and optimize project duration. The
Critical Path Method (CPM), an analytical method that focuses on identifying activities that could
potentially cause delays, is widely used to enhance the time efficiency of project implementation (Ningsih
et al., 2025; Meredith & Mantel, 2012; PMI, 2021). This study specifically aims to evaluate and compare
the planned schedule with the actual implementation of the Kedang Ipil SPAM project using the CPM
method, with the hypothesis that CPM can accurately identify the causes of time deviations and provide
recommendations for optimizing the time performance of construction projects.

The significance of this study lies in its contribution to improving time management in water
infrastructure construction projects, which is crucial for supporting regional economic growth and
enhancing the quality of life for communities (Bhatta et al., 2024; Larson & Gray, 2017). Recent literature
suggests that the use of the Critical Path Method (CPM) assists project managers in making strategic
decisions swiftly and accurately, particularly in addressing project delays (Sears, Sears, & Clough, 2015;
Pinto, 2013). A previous study by Gould and Joyce (2009) emphasized that a thorough understanding of the
critical path can reduce the risk of significant delays in large-scale construction projects. However, studies
specifically evaluating the effectiveness of CPM in SPAM projects in regional areas of Indonesia remain
limited, and this research aims to fill that gap in the literature. Thus, this study is not only relevant to
academics and researchers in construction management but also accessible to scientists from various
disciplines through a clear presentation of the context, objectives, and main findings. The primary goal of
this research is to evaluate time deviations between the planned and actual schedules and provide CPM-
based improvement recommendations. The main findings demonstrate that the CPM method effectively
identifies critical activities and provides a clear foundation for delay mitigation measures.

2. Materials and Methods

2.1. Study Location

This study was conducted on the construction project of the Kedang Ipil Drinking Water Supply System
(SPAM) with a capacity of 30 liters per second, located in Kota Bangun Darat District, Kutai Kartanegara
Regency, East Kalimantan Province. The location was selected due to the urgent need for clean water in the
area and the challenges in project implementation that are relevant to issues of time management and
construction project scheduling.
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Figure 1. Study Location.

2.2. Research Data

The data used in this study consist of both primary and secondary data with the following details:
1. Primary data:

e Weekly and monthly progress realization reports of the project implementation.

e Visual documentation (project photos).

¢ Field notes covering challenges encountered during the implementation process.
2. Secondary data:

e Project planning documents, including the initial planned schedule (time schedule).
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e Planned duration data for each activity.
e  Work weight data based on the detailed budget plan (RAB).

2.3. Data Collection

This study uses a quantitative descriptive method with the following stages:

Data collection was conducted through document observation of project records, including the planning
schedule (time schedule) and implementation progress reports covering work weight (%), work duration
(days), and execution dates for each activity.

2.4. Critical Path Method (CPM)

CPM analysis is used to determine the project's critical path through the following steps (Kerzner, 2017,
Meredith & Mantel, 2012):
1. Constructing the Network Diagram
A network diagram is developed to illustrate the relationships between activities based on their
dependencies.
2. Calculating the Total Project Duration (Expected Time)
The total project duration is calculated by summing the durations of the activities along the
critical path (Meredith & Mantel, 2012):

TE=iY",ti (1)

Where :
TE =Total project duration (days)
ti = Duration of activity on the critical path (days)
n = Number of activities on the critical path

2.5. Planned vs Actual Comparison

The comparison between planned and actual durations is carried out for both critical and non-critical
activities using the following formula (Larson & Gray, 2017):

Deviation (days) = Actual Duration (days) — Planned Duration (days) 2)
A positive deviation indicates a delay, while a negative deviation indicates an acceleration.

2.6. Evaluation of Cumulative Deviation

The evaluation of cumulative deviation is carried out using the S-curve, which represents the project's
cumulative progress for each period, using the following formula (PMI, 2021):

Cumulative Deviation (%) = Actual Cumulative Progress (%) — Planned Cumulative Progress (%) (3)

A negative deviation indicates a delay, while a positive deviation indicates an acceleration compared
to the plan.

2.7. Implementation Schedule

The primary data consist of the time schedule for the Kedang Ipil SPAM construction project with a
capacity of 30 liters per second in Kota Bangun Darat District. The time schedule includes the planned and
actual weekly progress over 24 weeks (from November 9 to December 6), structured based on the work
weights and durations of each activity.
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Figure 2. Implementation Schedule

3. Results
3.1 Critical Path Construction (CPM Network Diagram)

Proyek pembangunan SPAM Kedang Ipil memiliki serangkaian aktivitas yang saling berhubungan,
mulai dari persiapan awal hingga penyelesaian akhir. Dengan metode CPM, jalur kritis proyek ini terdiri
dari aktivitas-aktivitas penting seperti pembangunan rumah pompa, reservoir, instalasi mekanikal elektrikal,
dan water treatment plant (WTP).

Table 1. CPM Activities

No. Work Description Planned Actual Duration = Weight  Deviation
Duration (days) (days) (%) (days)

1 Preparation Work 5 6 0.5 1

2 SMKK Implementation 10 12 2 2

3 Construction of Guard House 15 16 15 1

4 Warehouse & Chemical Pipes 10 12 10 2

5 Dosing House 12 13 9 1

6 Pump House 14 16 10 2

7 Generator House 9 10 8 1

8 Pipe Procurement 20 22 18 2

9 Water  Treatment  Plant 18 20 20 2
(WTP)

10 Mechanical and Electrical 22 24 15 2
Work

11 Reservoir 20 21 12 1

12 Intake 8 9 8 1

13 Miscellaneous 12 14 7 2

Based on the activity duration data and the dependencies between activities, the CPM network diagram
for the Kedang Ipil SPAM construction project has been successfully constructed. The diagram illustrates

the sequence of relationships between activities, starting from preparation work to the final tasks (see the
CPM Network Diagram)
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Figure 3. Network Diagram CPM

3.2. Comparison of Planned vs Actual Duration in Activities

The analysis of the activity table shows that the majority of activities experienced duration deviations,
with the following details:
Activity A. Preparation Work: deviation of +1 day.
Activity F. Pump House: deviation of +2 days.
Activity K. Reservoir: deviation of +1 day.
Activity L Water  Treatment  Plant (WTP): deviation  of  +2 days.
The total cumulative deviation in these key activities caused delays on the project’s critical path.

Perbandingan Durasi Rencana vs Aktual Proyek SPAM Kedang Ipil
5y Durasi Rencana
B Durasi Aktual

20+

Durasi (hari)

Aktivitas

Figure 4. Chart of Comparison of Planned vs Actual Duration

This chart visually illustrates that the key activities on the critical path experienced delays of more than
one day, resulting in an overall project delay of approximately 20 days. However, not all activities
experienced the same degree of delay, and several non-critical activities remained close to the original plan.

The chart emphasizes the importance of monitoring and controlling the schedule of critical activities.
It is evident that longer actual durations have the potential to extend the overall project completion time.
Therefore, acceleration strategies such as increasing labor resources and expediting material procurement
are crucial to close the gap between planned and actual durations.

3.3. Cumulative Deviation Analysis of Project Progress (S-Curve)

The cumulative progress S-curve shows the largest negative deviation of -4.527% in week 8 and
the maximum positive deviation of +4.606% in week 20. The negative deviation occurred due to delays in
material procurement, adverse weather conditions hindering fieldwork, and insufficient coordination among
parties. Acceleration efforts were made by increasing labor resources and adjusting the schedule, which
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helped close the deviation gap so that the project could achieve 100% cumulative progress by week 24 as
planned, albeit with a longer actual duration.

4. Discussion

The evaluation results show that the Kedang Ipil SPAM construction project experienced a delay in
execution with a total deviation of 20 days compared to the original plan. These findings highlight the
importance of schedule control based on the Critical Path Method (CPM) to identify critical activities that
are the main causes of delays (Kerzner, 2017; Meredith & Mantel, 2012). Activities such as the construction
of the pump house, reservoir, mechanical and electrical installation, and water treatment plant (WTP) were
identified as critical path activities contributing to the extension of the project duration. The causes of these
delays were largely related to issues in material procurement, adverse weather conditions, and lack of
coordination among project teams, consistent with previous findings that technical and managerial factors
play a crucial role in the timely completion of projects (Larson & Gray, 2017; Pinto, 2013).

The implementation of CPM proved effective in visualizing the relationships between activities and
detecting time deviations at an early stage (Santoso et al., 2025; Gould & Joyce, 2009). The constructed
network diagram illustrated the dependency flow of activities and highlighted those with zero slack time
that must be prioritized in control measures (PMI, 2021). The comparison chart of planned versus actual
durations reinforces the finding that critical path activities experienced significant deviations, although some
non-critical activities remained close to the original plan. This supports the literature asserting that CPM
can enhance the timeliness of project completion by detecting potential delays early on (Kerzner, 2017;
Lock, 2020).

The cumulative progress S-curve demonstrated significant fluctuations between planned and actual
progress. The largest negative deviation (-4.527%) occurred in week 8, indicating a delay in project
progress. However, with acceleration efforts such as adding labor resources, adjusting the schedule, and
strengthening field coordination, the project managed to catch up, achieving 100% cumulative progress by
week 24, albeit with a longer actual duration (Sears et al., 2015). These findings emphasize the importance
of adaptive strategies in time control, especially in large-scale and complex construction projects such as
SPAM (PML, 2017).

In addition to technical factors, managerial aspects and coordination among stakeholders are critical
elements that must be considered (Lewis, 2007). The implementation of CPM should be supported by an
accurate reporting system, effective communication among teams, and strategic adjustments based on field
dynamics (Gamage, 2022). Overall, this discussion shows that although the Kedang Ipil SPAM project was
successfully completed, there remains room for improvement in time management, particularly with the
comprehensive application of CPM from the planning stage through to project execution.

5. Conclusions

This study evaluates the time management of the Kedang Ipil SPAM construction project with a
capacity of 30 liters per second in Kota Bangun Darat District using the Critical Path Method (CPM). The
evaluation results revealed a total deviation of 20 days between the planned and actual schedules, caused by
delays in critical activities such as the construction of the pump house, WTP, and reservoir. The main causes
of the delays included material procurement issues, adverse weather conditions, and a lack of field
coordination. Despite a significant negative deviation in week 8, acceleration efforts such as increasing labor
resources and adjusting the schedule enabled the project to achieve 100% progress by week 24. The
implementation of CPM proved effective in identifying the critical path and supporting decision-making to
expedite the project. This study emphasizes the importance of adaptive and scientifically-based time control
in large-scale construction projects.
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