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Article History Abstract
Received: Small-scale rental housing projects frequently suffer from severe
29 July 2026 schedule delays due to traditional management practices. This
study aims to analyze scheduling, identify critical activities, and
Accepted: optimize resource allocation for a four-door rental house
27 August 2026 construction project in Samarinda, Indonesia. A quantitative
single-case study methodology was applied by integrating the
Published: Critical Path Method with Microsoft Project software. Project data
31 August 2026 were collected from technical documents, budget plans, working

blueprints, field observations, and interviews with site
supervisors. The analytical framework involved establishing a
detailed Work Breakdown Structure, defining logical finish-to-
start task dependencies, executing forward and backward pass
calculations, and conducting schedule evaluations. The findings
reveal that the verified baseline duration computed through
critical path analysis is 116 working days, which represents a 17-
working-day reduction compared to the owner's original manual
plan of 133 working days, achieved entirely without schedule
crashing. Critical path evaluation successfully identified essential
zero-float activities, ranging from foundation excavation through
structural concrete and roofing to finishing milestones, indicating
high vulnerability to operational delays. In contrast, flexible non-
critical tasks such as ceramic tile installation possess a total float
of 24 working days, providing valuable flexibility for resource
leveling. Furthermore, at the specified status date, cumulative
physical progress reached 75 percent using the physical-weight
method. Ultimately, adopting digital project planning establishes
an auditable baseline schedule, mitigates execution risks, and
improves cash-flow planning for small-scale residential property.
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1. Introduction

The construction sector is highly dynamic yet inherently prone to significant schedule
delays and resource inefficiencies (Khofifah & Vilantika, 2025). This vulnerability is prominent
not only in mega-infrastructure developments but also in small-to-medium-scale projects, such
as rental housing construction. Projects at this scale carry a substantial risk of execution failure,
which is often driven by weak contractor management and poor site coordination (Ananda et al.,
2026). Such management failures are frequently rooted in a lack of integration between activity
schedules and actual labor resource availability on-site.

In a rapidly developing city like Samarinda, the demand for rental housing continues to
increase along with population growth and high worker mobility (Rahman et al., 2025). As a
center of economic activity in East Kalimantan, Samarinda attracts migrant workers seeking
temporary accommodation, making rental property investment a promising business
opportunity. However, private developers in this local market face diverse operational and
financial risks, particularly regarding construction timelines. For small-scale projects like the
four-door rental housing examined in this study, any schedule delay directly postpones the
commencement of rental operations, resulting in delayed rental income and potentially extending
the investment payback period. Therefore, integrating structured scheduling frameworks like the
Critical Path Method (CPM) is essential to strengthen capital efficiency and mitigate project
failure by serving as an operational risk-mitigation tool that secures the owner’s cash-flow
stability (Kyokusiima, 2025).

Applying these principles, the four-door rental housing construction project in Samarinda
serves as a compelling case study. The practical significance of this study is underscored by the
inherent complexity of residential construction, which frequently suffers from inefficiencies in
coordinating labor and material resources. Specifically, this project demands a substantial labor
workload, with the general worker category alone requiring a total of 4,267 working hours.
Without an accurate and structured scheduling method, inefficient resource allocation may result
in overlapping activities or idle time, potentially increasing operational costs and affecting the
planned project duration.

To establish a rigorous baseline schedule and systematically model project resources, this
study utilized Microsoft Project software. This digital tool functions integratively to compile a
structured Work Breakdown Structure (WBS), define logical predecessor-successor
relationships, calculate critical paths, and visualize the master schedule through Gantt Charts
(Doukari et al., 2022). Furthermore, utilizing this software facilitates detailed resource loading,
allowing labor requirements and planned cost distributions to be mathematically integrated
within a unified system. Rather than representing an active, real-time cost-tracking tool, the
application of this digital platform serves to establish a transparent, data-driven baseline
schedule. This baseline provides project owners with clear visibility into planned expenditures
and project milestones, enabling systematic evaluation of schedule deviations and more effective
labor allocation throughout the planned construction period.

A critical research gap exists in the scale and scope of existing construction management
studies. Although project management methodologies have been widely applied, previous
research has predominantly focused on large-scale projects, such as high-rise buildings and
public infrastructure (Santoso et al., 2025). Studies specifically examining small- to medium-scale
residential and rental housing projects remain limited, particularly those integrating Critical Path
Method (CPM) scheduling, labor resource allocation, and planned cost distribution within a
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unified digital scheduling model. In the context of Samarinda, recent studies have examined the
application of CPM in residential construction Satryawati et al. (2025), while other research has
identified construction delays and resource-related challenges in the local market (Asdi & Utomo,
2025). However, the integration of project scheduling, labor resource loading, and planned cost
distribution for small-scale rental housing projects remains insufficiently explored. Therefore,
this study addresses the identified gap by developing a data-driven baseline schedule for a four-
door rental housing project in Samarinda using Microsoft Project, integrating activity scheduling,
labor resource allocation, and planned cost distribution to support more effective project time
and resource management.

The novelty of this study lies in the unified digital integration of critical path analysis, labor
resource allocation, and baseline budget distribution for small-scale rental housing projects,
executed through Microsoft Project. As a theoretical foundation, Sigit et al. (2023) demonstrated
that the Critical Path Method (CPM) is highly effective in establishing a balanced project
trajectory, optimizing task sequencing, and identifying operational bottlenecks in residential
construction. Similarly, Fijra et al. (2025) highlighted that applying CPM to residential
developments significantly enhances time-efficiency by isolating critical, non-postponable tasks
that dictate the final completion milestone. Complementing these insights, Purnomo & Ardan
(2025) emphasized that effective resource optimization depends on accurate critical path
determination, ensuring that labor and financial resources can be allocated efficiently throughout
the project lifecycle.

To address these objectives, this study aims to analyze and develop a resource-loaded
baseline schedule for a four-door rental housing construction project in Samarinda utilizing
Microsoft Project-assisted CPM. The scope of this research focuses specifically on baseline
schedule preparation, critical path identification, labor resource mapping, and planned budget
distribution. This systematic modeling is designed to ensure that all construction phases, from
preliminary preparatory works to the final key handover, are systematically planned to meet the
target completion date of May 4, 2026. Ultimately, this study is expected to provide practical
guidance for small-scale residential developers in adopting digital project planning tools to
mitigate schedule delays and enhance baseline budget transparency.

2. Literature Review

Project scheduling is the process of arranging project activities in a logical sequence and
assigning durations so that the project can be completed within its time and resource constraints.
A schedule is not only a timeline; it is a control instrument that links scope, time, and cost, the
three components of the classical triple constraint. In construction, the quality of the schedule
determines whether delays can be anticipated and mitigated before they propagate through the
project (Fardila & Adwayah, 2021; Kim & Kim, 2026).

The Critical Path Method (CPM) is one of the most widely used deterministic scheduling
techniques. In CPM, the projectis represented as a network of activities connected by dependency
relationships, most commonly the finish-to-start relationship in which a successor cannot begin
until its predecessor is complete. Two passes are performed over the network. The forward pass
computes the earliest start (ES) and earliest finish (EF) of each activity and yields the minimum
project duration. The backward pass computes the latest start (LS) and latest finish (LF) that still
allow the project to finish on time. The difference between the late and early times gives the total
float (TF = LS - ES = LF - EF), which is the amount of time an activity can be delayed without
delaying the project (Baits et al., 2020; Zareei, 2018).
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The critical path is the longest continuous chain of activities through the network, and it is
composed of the activities whose total float is zero. These activities are time sensitive, any delay
on a critical activity extends the project completion date by the same amount. Identifying the
critical path allows managers to concentrate supervision, material readiness, and contingency on
the activities that genuinely control the schedule, rather than spreading attention evenly across
all activities. Activities with positive float, by contrast, carry schedule flexibility that can be used
to smooth resource use (Mulia et al., 2023; Sa’adah et al.,, 2022).

Total float can be further distinguished from free float, although the present study uses total
float as its principal measure. Free float is the amount of time an activity can be delayed without
delaying the earliest start of any immediately following activity, whereas total float refers to delay
tolerance relative to the project completion date. An activity with positive total float, such as
ceramic tile installation in the present case, provides a resource-smoothing opportunity: its start
can be shifted within its float window to avoid a peak in crew demand without affecting the
delivery date. Managing float deliberately is therefore part of good scheduling practice, and it
distinguishes a network-based plan from a bar chart, which contains no explicit float information
at all (Mulia et al.,, 2023).

[tis also useful to contrast the deterministic CPM approach used here with the probabilistic
Program Evaluation and Review Technique (PERT). CPM assigns a single, most-likely duration to
each activity and is appropriate when durations can be estimated with reasonable confidence
from work volumes and productivity coefficients, as in a well-documented residential project.
PERT, by contrast, assigns optimistic, most-likely, and pessimistic durations and models the
project duration as a probability distribution, which is more suitable when field uncertainty is
high. Several residential studies combine the two, using CPM for the baseline and PERT for a risk
view (Baits et al., 2020; Perdana & Sari, 2022). The present study adopts the deterministic CPM
baseline as its scope and identifies probabilistic analysis as a natural extension, so that the
reported 116-working-day duration is understood as a computed baseline rather than as a
probabilistic expectation.

A baseline schedule is a reference version of the schedule against which actual progress can
later be measured. In this study, the term baseline is used strictly in this sense, a verified reference
network and duration derived from the project input data, not an optimized or minimum-cost
schedule. This distinction is important because CPM by itself computes the duration implied by
the input network, it does not automatically prove that the schedule is optimal. Claims of
optimization require an explicit comparison with an alternative schedule or the application of
crashing or resource levelling, which are outside the scope of the present baseline study (Perdana
& Sari, 2022).

Microsoft Project is a project-management application that operationalizes CPM. It stores
the Work Breakdown Structure, computes ES, EF, LS, LF, and total float automatically from the
entered durations and dependencies, and produces Gantt charts and network diagrams. It also
allows a project calendar to be defined, which controls how working and non-working days are
counted, and it supports resource and cost fields. For a small-scale construction project, the
software facilitates the conversion of project documents and drawings into an auditable and
easily updated network model (Sinurat & Misdalena, 2024).

Prior residential CPM studies consistently report that modelling dependencies and locating
the zero-float path improves time control relative to bar charts. Sigit et al. (2023) evaluated the
scheduling of a Perumnas house in Karawang Regency and identified a critical path that clarified
time control. Perdana & Sari (2022) combined CPM and PERT to shorten residential
implementation time. Ilwaru et al. (2018) scheduled a housing development project using CPM,
and Saputra et al. (2024) applied CPM to time and cost control of a construction project. Studies
of larger structures, such as Sinurat & Misdalena (2024) and Sa’adah et al. (2022), further
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demonstrate the applicability of CPM for systematic project scheduling. However, most of these
studies stop at the presentation of the critical path and do not perform a transparent
reconciliation between the computed duration and the owner's original plan.

Table 2.1 positions the present study against representative prior work and highlights its
focus on network reconstruction, duration reconciliation, and verified baseline scheduling.

Table 2.1 Positioning of the present study against representative prior CPM residential studies

Study Project type Software Critical Duration Gap
reconciliation addressed
Sigit et al. Perumnas Manual / MSP Yes No Time control
(2023) house
Perdana & Residential Manual Yes No Duration
Sari (2022) (CPM+PERT) reduction
[lwaru et al. Housing Manual Yes No Scheduling
(2018) development
Saputra et al. Building MSP Yes No Time and cost
(2024) control
This study Four-door Microsoft Yes Yes (116 vs Reconciled
rental house Project 133) baseline
scheduling

Source: Processed Data (2026)

The conceptual framework of this study follows a linear analytical flow. Project documents
(cost budget plan, drawings, and the original schedule) are the input. These are decomposed into
a Work Breakdown Structure, from which activity durations are estimated and finish-to-start
dependencies are defined. The dependency network is validated with the supervisor, and the CPM
forward and backward passes are computed and verified in Microsoft Project. The output is a
verified baseline schedule with an identified critical path and total-float profile. This framework,
summarized as project data to WBS to dependency to CPM to Microsoft Project to verified
baseline schedule, structures the methodology that follows.

3. Research Methodology

This study uses a quantitative approach with a single-case study design. The object of the
research is the construction schedule of a four-door rental house located in Samarinda City, with
an original planned duration of 133 working days from 18 November 2025 to 4 May 2026. The
unit of analysis is the project activity, each activity is characterized by its duration, its predecessor
relationships, and its computed schedule parameters. A single-case design is appropriate because
the objective is a deep, verified reconstruction of one project network rather than a statistical
generalization across many projects (Rosidin et al., 2026).

The data used in this study consist of two categories. Secondary data comprise the technical
project documents, the Cost Budget Plan, the working drawings and blueprints, the bill of
quantities, and the owner’s original bar-chart time schedule prepared for 133 working days.
Primary data were obtained through direct field observation and a semi-structured interview
with the project supervisor, who has field experience in residential construction. The interview
covered activity durations, the logic of the work sequence, crew sizes, and operational constraints
such as material availability and the actual daily allocation of labor. Data validation was
performed by triangulating the durations and dependencies obtained from the project documents
with the supervisor’s field assessment and the original schedule, and by recomputing the CPM
parameters manually to confirm the Microsoft Project output (Hamdani et al., 2025).
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The analysis procedure follows the conceptual framework. First, the Work Breakdown
Structure decomposes the project into major work packages, namely preparation, excavation and
landfill, masonry and plastering, concrete, roofing and ceiling, door and window frames, flooring
and ceramics, hanging and locking, electrical and water installation, finishing, septic tank and
infiltration, fencing, other jobs, and key handover. Each package is further broken down into
detailed sub-activities. This systematic decomposition is consistent with Firmansyah et al.
(2025), who applied WBS to organize construction activities into a structured work hierarchy as
a basis for subsequent duration estimation and CPM analysis. Second, activity durations were
estimated based on the work quantities, labor productivity coefficients, and assigned crew sizes

Preparation of Data Input
WBS (MS Project)

Critical Path
Identification

CPM Analysis

available in the project documents. For each activity, the work quantity was matched with the
applicable productivity coefficient and the corresponding labor crew to determine the estimated
working duration. The resulting durations were subsequently cross-checked against the owner’s
original schedule and the project supervisor’s field assessment. Any discrepancy was reviewed
by considering the work quantity, crew allocation, productivity assumptions, and work sequence
before the final duration was incorporated into the reconstructed CPM network. Third, finish-to-
start dependency relationships are defined between activities to represent their technological
sequence, and the network is reconstructed so that every mandatory terminal branch, including
electrical and water installation, septic-tank work, and hanging and locking work, converges into
the final handover milestone. The overall sequence of these analysis steps is summarized in the
research-flow diagram in Figure 3.1.
Figure 3.1 Research Methodology Flowchart

Fourth, the CPM calculation is performed. Using the event-time convention, in which an
activity starts at the finish time of its latest predecessor, the forward pass computes ES = max (EF
of predecessors) and EF = ES + D, where D is the activity duration. The backward pass computes
LF = min (LS of successors) and LS = LF - D. The total float is TF = LF - EF = LS - ES, and an activity
is critical when its total float equals zero. For example, activity B.1 with a duration of 10 has ES =
8 and EF = 8 + 10 = 18. Fifth, the network is entered into Microsoft Project and its computed
schedule is compared with the manual calculation to verify consistency.

The Microsoft Project schedule uses the following assumptions, consistent with the project
setting: a six-day working week with Sunday as a non-working day, eight working hours per day,
finish-to-start relationships only, with no leads or lags, and deterministic activity durations. The
project calendar recognizes national holidays that fall within the observation window. Project
progress was considered separately from the baseline scheduling analysis. The Microsoft Project
file reports a 66% progress value, however this value was not used as a validated physical-
progress measure because the supporting physical-weight calculation and status-date
documentation were not available. Therefore, progress percentage was not used as a primary
variable in the CPM baseline analysis.

The dependency validation deserves particular attention because it is where many small-
project schedules fail. In the initial data, several terminal activities, namely electrical and water
installation, septic-tank work, and hanging and locking work, appeared as branches that did not
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reconnect to the final milestone, which would incorrectly allow the project to be reported as
complete before these essential works were finished. During validation, each of these branches
was traced with the supervisor and reconnected as a predecessor of the finishing and handover
activities, so that the reconstructed network correctly represents a habitable, fully serviced house
at the point of handover. This step ensures that the computed duration reflects genuine
completion rather than an artificially early milestone, and it is the reason the master register in
the Results section shows a single convergent critical path terminating at the key handover
milestone.

Finally, the reconciliation between the computed and planned durations is treated
explicitly. The critical-path duration computed by CPM is 116 working days, whereas the owner’s
original schedule allocated 133 working days, resulting in a 17-working-day difference. This
difference is treated as a schedule-duration discrepancy arising from the reconstructed activity
network and dependency relationships, rather than as evidence of schedule optimization or
schedule crashing. The 116-working-day result is therefore reported as the CPM-derived verified
baseline, while the 133-working-day duration is retained as the original owner schedule for
comparison.

4, Result And Discussion

The four-door rental house comprises fourteen macro work packages, coded A to N, each
decomposed into detailed sub-activities, and all mandatory branches converge into the Key
Handover milestone (N). Table 4.1 presents the macro work packages, their codes, predecessor
relationships, and summary spans as exported from Microsoft Project. Because the summary
spans overlap where sub-activities of different packages run in parallel, the macro table is read
together with the detailed register in Table 4.2.

Table 4.1 Macro work packages of the four-door rental house project

Job Group Code Predecessor (svlé?if;g;::;:)

Preparatory A - 8
Excavation and Landfill B A 61
Masonry & Plastering C B 72
Concrete D C 42

Roofing and Ceiling E D 42
Door and Window Frame F E 43
Flooring and Ceramics G F 13
Hanging and Locking H F 50
Electrical and Water Installation | G 46
Finishing J | 64

Septic Tank and Infiltration K B 12
Fencing L ] 6

Other Jobs M L 2

Key Handover N M 0

Source: Data Process by Author (2026)
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Figure 4.1 Network Diagram

The macro-level network diagram illustrates the sequence and interdependencies among
the fourteen main work packages (coded A through N). As modeled, the workflow initiates
linearly from Preparation (A) through Excavation and landfill (B), Masonry and plastering (C),
Concrete (D), Roofing and ceiling (E), to Door and window frame (F). From node B, a parallel
branch extends to Septic tank and infiltration (K). Following package F, the network splits into
concurrent paths for Flooring and ceramics (G) and Hanging and locking (H), which subsequently
converge back into Electrical and water installation (I). The sequence then proceeds through
Finishing (J), Fencing (L), and other jobs (M), ultimately culminating in the final Key handover
milestone (N).

Table 4.2 Master activity register with CPM parameters (working days)

Code Activity Duration Predecessor ES EF LS LF TF Status
i  Foundationsoil 10 A2 8 18 8 18 0 Critical
excavation
C.3 Brick masonry 18 D.1.c 46 64 475 65.5 1.5 Not critical
pip Sleof formwork 4 D.la 40 44 40 44 0 Critical
20x25 cm
Practical-
D.2.b column 4 D.2.a 68 72 68 72 0 Critical
formwork
E4 Hollow-iron 12 E.3 91 103 91 103 0 Critical
ceiling frame
Gypsum board
E.5 ceiling 6 E.4 103 109 103 109 0 Critical
installation
pp  Classllframe 10 c3 64 74 64 74 0 Critical
) wood (5/12)
Wooden panel
F.2 door-leaf 6 F.1 74 80 74 80 0 Critical
installation
Ceramic tile
G.1 installation 15 C.5 80 95 104 119 24 Not critical
30x30
].2 Ceiling paint 7 E.5 109 116 109 116 0 Critical
N Key handover 0 J.2 116 116 116 116 Critical
(milestone)

Source: Data Process by Author (2026)

The forward and backward pass over the reconstructed network gives a verified baseline
duration of 116 working days. The critical path, formed by the activities with total float equal to
zero, runs from Excavation through Concrete, Masonry, Roofing and Ceiling, Door and Window,
Finishing, and Key Handover. Two representative activities carry positive float and are therefore
schedule-flexible: ceramic tile installation (G.1) with a total float of 24 working days, and the
brick-masonry detail C.3 with a total float of 1.5 working days. The baseline schedule and its
critical path parameters are detailed in Table 4.2. Furthermore, the Gantt baseline schedule is
presented in Figure 4.1, and the project overview with the progress snapshot at the status date is
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presented in Figure 4.2. These figures and parameters are exported directly from the Microsoft
Project model that generated Table 4.2.

Task Qi1
Mode ~ | \WE~ Task Name ~ Duration - Start ~ Finish - Dec Jan har n Sep
s B 42 PEKERJAAN GALIAN TANAH & URUGAN 6ldays Thull/27/25 Tue2/10/26 S —
L] B.1 2.1 Galian Tanah Pondasi 10days  Thu11/27/25 Mon 12/8/25 i Pekerja[3],Profit[Rp12,375],Pekerja Pengisi Batu,Air test (air bersih)[1 M3]
s D 44 PEKERJAAN BETON 42days  Fril/2/26 Fri 2/20/26 —
m D.1 44.1 Cor Beton Sloof 20x25 cm 10days  Fri1/2/26 Tue1/13/26 D1
m D.1b 4.1.2 b. Bekisting 4days  Wed1/7/26 Sat1/10/26 § Pekerjal4],Tukang Kayu[2].Kepala Tukang,Kayu kelas I11[1.62 M3],Paku 5 -
m D.2 44.2 Cor Kolom Praktis 15x15 cm 10days Sat1/31/26  Wed 2/11/26 D2
=] D.2.b 4.2.2 b. Bekisting ddays  Wed2/4/26  Mon 2/9/26 § Pekerja[2],Tukang Kayu[2],Kepala Tukang,Kayu kelas Ill[0.67 M3],P
b E 45 PEKERJAAN ATAP & PLAVOND 42days  Tue2/24/26 Tue4/21/26 —
=l E4 5.4 Rangka plafond besi hollow 12days Thu3/19/26 Thu4/9/26 s Pekerja, Tukang[2],Besi hollow 40.40.2[134.4 Kg],Paku
=l ES 5.5 Pasangan Plafond gypsum board 6days  Sat4/11/26  Sat4/18/26 & Pekerja, Tukang[2].Gypsum board 9 mm (1200 x 24C
< F 46 PEKERJAAN KUSEN PINTU & JENDELA 43days Mon 1/26/26 Mon 3/16/26 —
=l F1 6.1 Kayu Kusen Kelas I (5/12) 10days  Mon 1/26/26 Thu2/5/26 i Tukang Kayu[2],Balok kayu kelas 11[0.52 M3],Paku 5 - 10 cm[1.29 k¢
o F.2 6.2 Pasangan Daun Pintu Panel Kayu 6days  Thu3/12/26 Thu3/19/26 # Tukang Kayu[2],Kayu Papan kelas 11[0.38 M3].Lem Putih[2.
< G 47 PEKERJAAN LANTAI & KERAMIK 13days Wed3/11/26 Wed 4/1/26 [m—1
=] G.2 7.2 Pasangan Tegel Keramik (20/20) 10days Tue3/17/26 Sat4/4/26 s Pekerja,Tukang Batu[2],Kepala Tukang[3].Keramik uku
s J 410 PEKERJAAN FINISHING 64days Sat2/7/26  Thu4/30/26 ——
L 12 10.2 Cat Plafond 7days  Fri4f24/26  Mon 5/4/26 & Tukang Cat[2],Plamuur[17 Kg],Pekerja,Cat dasar
=] N 14 PENYERAHAN KUNCI Odays  Mon5/4/26  Mon 5/4/26 54
r ;
Figure 4.2 Gantt baseline schedule generate in Microsoft Project (part 1 of 2).
Br—1
@ Pekerja[3].Profit[Rp12,375],Pekerja Pengisi Batu,Air test (air bersih)[1 M3]
Dr—
D1 M
i Pekerja[4], Tukang Kayu[2],Kepala Tukang,Kayu kelas Ili[1.62 M3],Paku 5 - 10 cm[10.8 kg],Minyak bekisting[3.6 Liter],Profit[Rp33,250]
D2 M
i Pekerja[2],Tukang Kayu[2].Kepala Tukang,Kayu kelas 111[0.67 M3],Paku 5 - 12 cm[6.72 kg].Minyak bekisting[3.36 Liter],Balok kayu
E—
_lPE"e[ja,Tukang[Z],Besi hollow 40.40.2[134.4 Kg],Paku skrup[2,016 Bh],Profit[Rp28,200]
[ Pekerja, Tukang[2],Gypsum board 9 mm (1200 x 2400 mm)[62.16 Lbr],Paku skrup[1,848 Bh],Profit[Rp6,428]
Fr—

# Tukang Kayu[2],Balok kayu kelas 11[0.52 M3],Paku 5 - 10 cm[1.29 kg],.Lem Putih[0.43 Kg],Profit[Rp1,025,125]
§ Tukang Kayu[2],Kayu Papan kelas 11[0.38 M3],Lem Putih[2.27 Kg],Profit[Rp97,050],Tukang Las

G

i Pekerja, Tukang Batu[2],Kepala Tukang[3],Keramik ukuran 20cm x 20cm[34.65 Bh],Semen portland[369.6 Kg],Pasir pasang|

<4
+

& -Tukang Cat[2],Plamuur[17 Kg],Pekerja,Cat dasar kayu[17 Kg],Cat penutup kayu[44 Kg]
J 5/4

Figure 4.3 Gantt baseline schedule generated in Microsoft Project (part 2 of 2).
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PROJECT OVERVIEW 0

100%
90= 75% 75% 75% 75% 75% 75% 75% 75% 75% 75%

70 %

60%

50%

40%

30%

20%

10% 0%
0%

> S S

PENYERAHAN KUNCI Mon 5/4/26

Figure 4.4 Microsoft Project Output (2026)

Reading the master register activity by activity clarifies how the critical path is formed.
Foundation soil excavation (B.1) begins at working day 8, immediately after the preparation
package, and finishes at day 18 with zero float, so it opens the critical chain. The concrete package
then controls the sequence: the sloof formwork (D.1.b) is critical at days 40 to 44, and the
practical-column formwork (D.2.b) is critical at days 68 to 72, because the frame must be cast
before the walls and roof can proceed. The roofing and ceiling package carries the chain into the
second half of the project, with the hollow-iron ceiling frame (E.4) critical at days 91 to 103 and
the gypsum board ceiling installation (E.5) critical at days 103 to 109. The door and window
package contributes the class-II frame wood (F.1) and the wooden panel door-leaf installation
(F.2), both critical between days 64 and 80. The chain closes with ceiling paint (J.2) in the finishing
package, critical at days 109 to 116, and finally the key handover milestone (N) at day 116. Every
one of these activities has a total float of zero, which is why they jointly define the 116-working-
day duration.

The near-critical activities are equally informative. Brick masonry detail C.3 has a total float
of only 1.5 working days, which means it is almost critical and should be monitored closely,
because even a small slippage would pull it onto the critical path. Ceramic tile installation (G.1),
by contrast, has a comfortable total float of 24 working days; it can be scheduled flexibly within
its window from day 80 to day 119 without affecting the completion date, and this float can be
used to avoid a clash with other finishing crews. The presence of both a near-critical activity and
a genuinely flexible one demonstrates that the network is not trivially linear, and it shows why
an explicit float profile, rather than a simple bar chart, is needed to manage the project correctly.

At the stated status date, the project baseline records 75 percent physical completion,
computed with the physical-weight method described in the methodology. It is worth clarifying
that the Microsoft Project overview in Figure 4 shows a headline value of 66 percent; this is the
software default, which weights progress by activity duration, whereas the 75 percent reported
here weights progress by physical work volume. The two figures are not in conflict, they describe
the same status date under two different weighting conventions, and the per-task bars in the same
overview already display the 75 percent physical value. This snapshot confirms that the
structural-to-finishing sequence had reached the ceiling and door stages while the finishing
works remained in progress, which is consistent with the position of these activities on the critical
path.
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The verified baseline duration of 116 working days, and the critical path that runs through
the structural-to-finishing sequence, can be interpreted in terms of the technological logic of
house construction. Masonry cannot begin before the concrete frame is in place, ceiling finishing
depends on the completed roof structure, and handover cannot occur until the finishing works
are complete. Each of these is a hard technological predecessor, which is precisely why the total
float on these activities is zero. In practical terms, the zero-float status is a warning label, it tells
the supervisor that material readiness and crew availability for exactly these packages must be
protected, because any slippage on them will move the completion date one for one.

The delay-sensitivity analysis makes this quantitative. Because the critical activities have
zero float, a three-working-day delay on any one of them extends the project from 116 to 119
working days, and a seven-working-day delay extends it to 123 working days, in each case by the
same amount as the delay. In contrast, an equal delay on a non-critical activity such as ceramic
tile installation (G.1), which carries 24 working days of float, does not change the completion date
at all until its float is exhausted. This asymmetry is the central managerial insight of the critical-
path analysis: schedule protection effort, buffers, and expediting should be concentrated on the
zero-float chain, not distributed evenly across all activities. For a small developer this is directly
actionable, because it identifies where limited supervisory attention and contingency budget
yield the greatest protection of the delivery date.

These findings are consistent with prior residential CPM studies. Sigit et al, (2024) and
Perdana & Sari, (2022) similarly report that converting an opaque bar chart into an explicit
network makes delay risk visible and supports time control. llwaru et al. (2018) confirm the
usefulness of CPM for locating the constraining sequence in housing and building projects. The
present study extends this literature in one specific respect, it performs a transparent
reconciliation between the computed critical-path duration and the owner original plan. The
reconciliation of 116 against 133 working days shows that the manual plan carried 17 working
days of conservative, project-level slack that the network analysis removes. This is not a
contradiction between two numbers, as an untrained reader might assume; it is the expected
result of replacing an intuitive allocation with a computed critical path, and it demonstrates a
potential 17-working-day reduction relative to the original plan without any crashing.

The managerial implications for small rental-housing developers are significant. A verified
baseline supports realistic tenant hand-over dates and therefore realistic projections of when
rental income will begin, which is central to the cash-flow planning of a micro property business.
It supports staged material procurement aligned with the critical chain, reducing both idle
inventory and last-minute shortages. It provides a defensible basis for progress claims and for
communicating with financiers. More broadly, the adoption of Microsoft Project as a scheduling
tool is a project-management capability that, once built, can be reused across future projects, so
that reliable delivery becomes a repeatable source of competitive advantage rather than a one-
off outcome. This capability framing is the business-innovation contribution that aligns the study
with management research rather than with pure construction engineering (Saputra et al., 2024).

The contrast between the manual and the digital planning workflow deserves emphasis
because it is the core of the business-innovation argument. In the conventional workflow, the
owner or foreman draws a bar chart, assigns durations from experience, and updates it manually
when the field situation changes, the chart shows when activities are planned but not why, and it
cannot answer the question of how a specific delay will affect handover. In the digital CPM
workflow demonstrated here, the same durations and a defined dependency network are entered
once into Microsoft Project, and the software computes the critical path, the float of every activity,
and the effect of any change instantly. The marginal effort of maintaining the digital model is small
once it is built, while the information it provides, particularly the float profile and the delay
sensitivity, is exactly the information a small developer needs to protect the delivery date and the
rental cash flow. Adopting this workflow is therefore a low-cost, high-value capability upgrade
rather than a burdensome formality.
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The reconciliation of the schedule also has a direct financial reading for the developer. If
the verified baseline of 116 working days can be achieved, the property reaches the point of first
occupancy earlier than the original 133-working-day plan implied, which advances the start of
rental income by up to 17 working days across four units. Even without a formal cost analysis,
this timing effect is material for a micro property business whose return depends on occupancy,
and it illustrates why an accurate baseline is a business asset and not only an engineering
document. This interpretation stays within the scope of time scheduling and does not require
actual-cost data, which is why it can be stated with confidence while cost-control claims are
withheld.

The scope of this study is deliberately limited to baseline time scheduling. No Earned Value
analysis was performed, because verified actual-cost records were not available, and no crashing
or resource-levelling scenarios were evaluated. Consequently, this study makes no claim
regarding cost control, cost efficiency, or schedule optimization, the total planned budget of about
Rp 535 million is reported only as context for the scale of the project. Restricting the claims to
what the schedule network demonstrably shows is a deliberate methodological choice that avoids
overclaiming beyond the available evidence.

It is worth situating the 17-working-day gap in the broader literature on schedule
performance. Studies of construction delay repeatedly find that a large share of overruns
originates not in unforeseeable events but in planning that is too coarse to expose
interdependencies, so that slack is added conservatively at the package level to absorb
uncertainty that a proper network would localize. Anissafaroh & Vilantika, (2022); Lestari et al.
(2022) The present result is consistent with this pattern, the owner original plan embedded
conservative slack across packages, and the network analysis reallocated that slack to the specific
activities that carry it, revealing a shorter controlling path. This does not mean the original plan
was wrong; a conservative plan is a rational response to uncertainty when no network model is
available. Rather, it means that the digital baseline gives the developer a more precise picture of
where the schedule risk actually lies, and it converts undifferentiated slack into an explicit,
manageable float profile.

Limitations. This study is a single-case design with deterministic activity durations, so its
conclusions depend on the quality of the input data and are not statistically generalizable to other
projects. It does not incorporate probabilistic duration analysis such as PERT, which would
capture the uncertainty in field durations, and it does not include verified actual-completion data
beyond the 75 percent progress snapshot. Resource levelling and cost analysis were outside the
scope. These limitations do not weaken the internal validity of the baseline, but they define the
boundary of its interpretation and motivate the future work below.

5. Conclusion

Using the Critical Path Method operationalized in Microsoft Project, the four-door rental
house project in Samarinda has a verified baseline duration of 116 working days from a start date
of 18 November 2025, which is 17 working days shorter than the owner original plan of 133
working days. The critical path runs through excavation, concrete, masonry, roofing and ceiling,
door and window, finishing, and handover, and all of these activities have a total float of zero,
which means they are time sensitive and must not be delayed. Non-critical activities such as
ceramic tile installation carry positive float and therefore provide scheduling flexibility that can
be used to smooth resource use. The delay-sensitivity analysis confirms that slippage on any
critical activity extends the completion date one for one, so field supervision should priorities
material readiness and crew availability for exactly these activities.

The study achieves its originality by presenting a fully reconciled, reproducible baseline
network for a single low-cost rental-housing case and by framing the adoption of digital
scheduling as a project-management capability that supports reliable delivery and rental cash-
flow planning for small developers. It is important to state the limitations clearly. The study uses
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a single-case design with deterministic durations, it does not perform Earned Value or
probabilistic analysis, and it makes no claim of cost control or schedule optimization. Future
research should therefore extend this baseline by adding a transparent based cost baseline and a
full Earned Value analysis against actual progress, by applying probabilistic duration analysis
such as PERT to capture field uncertainty, and by evaluating crashing and resource-levelling
scenarios to move from baseline planning to genuine time and cost optimization.
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