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This study aims to develop a material resource control procedure from a
contractor's perspective that is integrated with 4D and 5D Building
Information Modeling (BIM) technology, based on dominant risks at each
stage, to improve project time performance. The research approach includes
the identification and analysis of dominant risks, integration of activities with
BIM, and data processing using the Delphi method and statistical analysis
with SPSS version 27. The results of the study showed seven improvements
to existing activities and the addition of nine new activities at the stages of
shipping, receiving, storing, distributing, and using materials. Of all these
activities, twelve can be integrated with BIM technology according to the
results of risk validation. To ensure the feasibility of implementation, the
developed procedure was tested through a case study on the Public Facility
Construction (PFU) project in Gusung Klanceng. The results of the case
study showed that the integrated BIM risk-based procedure was able to
improve the accuracy of material requirement estimates and control project
schedule changes, thereby supporting the achievement of time targets more
optimally.
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1 Introduction

The development of public facilities is one of the strategies of the DKI Jakarta Provincial Government in improving
the welfare of the community in the Seribu Islands region. Through Sub-Department X, various projects have been
implemented, such as the construction of environmental roads, toilets, community halls, canopies, gazebos, green
open spaces, plazas, gates, and other supporting facilities for settlements. However, the implementation of these
projects faces complex geographical challenges because the locations are spread across a cluster of small islands. In
addition, the consistent use of low-qualified contractors also becomes an obstacle, especially in terms of material
resource management (Yang et al., 2010).

Problems in material control are becoming increasingly apparent because most small-scale contractors do not
have standard procedures but instead rely on undocumented field practices (Donyavi & Flanagan, 2009). Analysis of
PFU projects in the 2021-2023 budget years shows that more than 30% of projects experienced delays, the majority
of which were caused by material-related problems, such as late delivery, non-conformity to specifications, damage,
and shortages of materials at the project site. This condition not only reduces implementation efficiency but also has
an impact on the contractor's reputation and financial burden.

In response to these problems, the use of technology such as Building Information Modeling (BIM) has proven
effective in increasing the efficiency of project control. BIM integration, especially in the 4D (project schedule) and
5D (material quantity and cost) dimensions, allows for dynamic schedule visualization, strengthens coordination
between stakeholders, and improves the accuracy of material requirement estimates (Eastman, 2011; Mi & Li, 2024).
In addition, BIM also supports a faster decision-making process that is responsive to changes in project conditions
(McGraw, 2017), making it a potential solution in overcoming material control problems.

However, the application of BIM in material control on small-scale projects is still very limited, especially
because there is no systematic procedure that can be used as a reference in the field (Porwal & Hewage, 2013).
Therefore, this study aims to develop a material resource control procedure from the contractor's perspective, which
is integrated with 4D and 5D BIM technology, and is compiled based on the identification of dominant risks at each
stage of implementation, including the process of sending, receiving, storing, distributing, and using materials. The
resulting procedure is expected to be a practical and applicable technical guide in improving the performance of
construction projects time, especially in public facility development projects in island areas with accessibility
challenges such as the Seribu Islands.

The objectives of this research are as follows: 1) Identifying the form of organizational structure and job
description of the implementation of the material resource control process in the PFU project in the Seribu Islands. 2)
Identifying business processes and activities that occur in the implementation of the material resource control process
on the PFU project in the Seribu Islands at this time. 3) Identifying the completeness required (input) and the output
that must be achieved (output) in each activity in the implementation of the material resource control process in the
PFU project in the Seribu Islands. 4) Identifying the communication flow in the implementation of the material
resource control process in the PFU project in the Seribu Islands. 5) Identifying risk factors in the implementation of
the material resource control process in the PFU project in the Seribu Islands. 6) Identifying the causes, preventive
actions, impacts, and corrective actions that can be taken to anticipate dominant risks in the implementation of the
material resource control process on the PFU project in the Seribu Islands. 7) Identifying the role of BIM that can be
applied to the implementation of material resource control processes. 8) Developing SOP for implementing BIM-
integrated risk-based material resource control process on PFU project in Seribu Islands. 9) Analyze the relationship
model between material resource control processes, risk factors, and the role of BIM on project time performance.

Literature review
Public Facilities Development Project (PFU) in Seribu Islands

The construction of Public Facilities (PFU) in the Seribu Islands is the task of the Sub-dept. X, which is carried out
following DKI Jakarta Governor Regulation No. 57 of 2022 and No. 90 of 2018, with a focus on improving the
quality of settlements through physical environmental planning. As a project in an archipelago, its implementation
faces major challenges, especially in controlling material resources due to limited access and logistics (Ralahalu &
Jinca, 2013). This condition requires an effective and structured material control system so that the project can run
on time, according to specifications and budget.
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Project Time Performance

In PMBOK 6th Edition, time management is an aspect of project management that includes the processes required to
ensure that the project is completed on time. PTime performance measurement can be done using the Earned Value
Management (EVM) method, which is a method that combines the measurement of work that has been completed
with the costs and time spent on the work (Project Management Institute, 2000). EVM involves several key
components, namely: Planned Value (PV), Earned Value (EV), and Actual Cost (AC)
By using the components above, time performance measurement can be done in two ways, namely:
1) Schedule Variance (SV)

Measures the difference between the expected value of work completed (EV) and the planned value (PV). The

formula is:

SV =EV-PV

Information:

SV =0 : Project is running on time

SV <0 : Projects are running slower

SV >0 : Projects are running faster
2) Schedule Performance Index (SPI)

Measures the time efficiency of work completed (EV) compared to planned (PV). The formula is:

SPI = EV/IPV

Information:

SPI =1 : Project is running on time

SPI <1 : Projects are running slower

SPI > 1 : Projects are running faster

Organizational Structure and Job Description of Contractors on the PFU Project in the Seribu Islands

Based on Presidential Regulation Number 12 of 2021, projects with a value of under IDR 15 billion can only be
participated by contractors with small business qualifications. Therefore, the organizational structure of the
contractors used is generally simple, including positions with qualification levels that refer to the Indonesian
National Work Competency Standards (SKKNI), namely: Project manager, Field manager, Logistics manager, Field
implementer, and Foreman.

Business Processes, Activities, Inputs, and Outputs in the Implementation of Material Resource Control Processes

1) Business Process
Control is a process to achieve a goal consisting of three main steps, namely measurement, evaluation, and
correction (Kerzner, 2025). Material management is a management system that functions to plan and control
materials and equipment with the appropriate quality and quantity promptly, obtained at a reasonable cost, and
available when needed (Bell & Stukhart, 1986). The scope of material management is grouped into several
stages, namely, planning, vendor evaluation, purchasing, shipping, receiving, storage, distribution, and use of
materials. Referring to the limitations of the study, namely the scope of project implementation, the stages of
material resource control in this study are: Material delivery stage; Material acceptance stage; Material storage
stage; and the stage of material distribution and material use.
2) Activity
Activities are a series of actions that occur in each process to achieve certain results (Harrington, 1991).
Referring to the explanation of the business process in sub-chapter 4.4.1, the series of activities in the material
resource control process at the PFU project implementation stage in the Seribu Islands are as follows:
a. Material Delivery Stage
a) Ensure delivery of materials to the port;
b) Receiving materials at the port;
¢) Conduct conformity checks on materials received; and
d) Delivering materials from the port to the project site.

Meiriza, N. A., & Latief, Y. (2025). Development of risk-based BIM integrated material resource control procedures
to improve time performance on public facility construction projects in the Seribu Islands. International Research
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b. Material Receipt Stage

a) Receiving materials at the project site;

b) Conduct conformity checks on materials received; and

c) Create material receipt reports.
c. Material Storage Stage

a) Prepare material storage layout;

b) Carrying out material transfers to storage areas; and

c¢) Conducting material quantity checks after being stored in the storage area.
d. Distribution and Material Use Stage

a) Mobilizing materials to the work location;

b) Conduct supervision of material usage;

c) Create daily material usage reports; And

d) Create material availability reports (stock take).

3) Input and Output

Input is all the resources needed to start an activity, such as data or information, while output is the final result
produced from the activity (Harrington, 1991). In the context of material resource control, PMBOK 6th Edition
explains that the input in the control resources process covers: Project management plan; Project documents;
Project performance data, Agreement, and Organizational process assets. Whereas Output in the control resources
process generally includes: Project performance information, Change requests, Project management plan updates,
and Project document updates.

Communication Flow in the Implementation of Material Resource Control Process

Organizational communication is the process of conveying messages related to the work and activities of the
organization through official channels, which can flow downward (Downward communication), upward (Upward
communication), or horizontally (Lateral communication) (Greenberg & Baron, 2008). The communication flow in
the project needs to be structured so that each party understands their role, one of which is by using the RACI Matrix
(Project Management Institute, 2000), which consists of four main elements as follows:

1. R :Responsible - The party who carries out the task directly;

: Accountable- The party who is fully responsible for the results of the work;

: Consulted- Parties involved to provide input or suggestions; and

. Informed- Parties who need to know the progress or results of event tasks but are not directly involved

Development of Standard Operating Procedures (SOP)

Standard Operating Procedures (SOP) are written instructions that are standardized to regulate the implementation of
organizational activities consistently (Atmoko, 2011; Rahmawati et al., 2024). SOPs are useful in standardizing
work, efficiency, effectiveness, accountability, and legal protection. SOPs are classified based on the nature of the
activity (technical and administrative) and the scope of the activity (final and partial). The SOP format can be
arranged in the form of simple text, sequential stages, graphs, or flow charts, depending on the complexity of the
activity. The principles of compiling SOPs include ease, efficiency, alignment, measurability, flexibility, user
orientation, and compliance and legal certainty (PANRB, 2012).

Material Resource Control Process Risk Management

Project risk management aims to identify, evaluate, and control risks to minimize negative impacts and optimize the
chances of project success (Project Management Institute, 2000). This process includes several stages, starting from
planning, risk identification, qualitative and quantitative analysis, response planning and implementation, to overall
risk control. In the context of material resource control in the PFU project in the Seribu Islands, various major risks
arise at four crucial stages, namely shipping, receiving, storing, and distributing and using materials. These risks
include late delivery, material damage, labor shortages, recording errors, and poor coordination between the parties
involved. Therefore, the implementation of effective risk management is key to maintaining the smooth flow of

IRJEIS Vol. 10 No. 2, March 2025, pages: 47-64



IRJEIS ISSN: 2454-2261 51

material logistics, increasing cost and time efficiency, and preventing disruption to the overall project schedule (Cui
et al., 2023; Yildiz et al., 2024).

Building Information Modelling (BIM)

Building Information Modeling (BIM) is an integrated approach in planning, implementing, and managing
construction projects based on a comprehensive and collaborative information model (BIM & RAKYAT, 2018). The
development of BIM from 3D dimensions (spatial visualization) to 4D (scheduling) and 5D (cost estimation)
provides broader benefits in project management. In the 4D dimension, the role of BIM includes: Project stage
simulation, Lean scheduling, and Visual validation. Meanwhile, in the 5D dimension, the role of BIM includes: real-
time modeling, Quantity extraction, Verification of fabrication model, Value engineering, and Prefabricated
solutions.

2 Materials and Methods

The following are the stages of research compiled by the author in conducting this research. These stages describe
the workflow applied to answer the research objectives that have been explained previously.

Figure 1. Research Process Flowchart

3 Results and Discussions

A. Organizational Structure and Job Description of the Implementation of the Material Resource Control Process
on the PFU Project in the Seribu Islands
Based on the results of data analysis, it is known that the organizational structure in the material resource
control procedure still needs to be improved, especially through the addition of logistics staff positions. The
addition of this role is important to support logistics managers in handling the technical aspects of material
distribution, especially in projects in the Seribu Islands which have more complex shipping routes than projects
on land. Therefore, the organizational structure in the material control process of the PFU project in the Seribu
Islands is adjusted to 6 (six) main positions with their respective duties and responsibilities referring to the
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Indonesian National Work Competency Standards (SKKNI) for the main group of building construction,
namely: Project manager; Field manager; Logistics manager; Field Executive; Logistics staff; and Foreman.

Business Processes and Activities in the Implementation of Material Resource Control Processes in the PFU
Project in the Seribu Islands

The results of the data analysis show that the material control process in the PFU project in the Seribu Islands
consists of five main business processes, namely: Material delivery stage; Material acceptance stage; Material
storage stage; Material distribution stage; and Material usage stage.

The distribution and use of materials are separated because each has a different workflow, responsibility,
and risk. In addition, the analysis results also identified 12 (twelve) new activities grouped into 5 (five)
categories, namely coordination, supervision of physical transfer of materials, preparation and storage of
materials, inspection and verification of documents, and planning of material requirements. The addition of
these activities aims to clarify and strengthen the implementation of material control, especially in facing
logistical challenges in projects in the archipelago. With these additions, the total activities in the material
resource control process becomes 26 (twenty-six).

Input and Output Documents in Material Resource Control Activities in the PFU Project in the Seribu Islands
Based on the results of data analysis, each activity in material resource control has specific inputs and outputs,
with a total of 69 input documents and 32 output documents. The success of material control is highly
dependent on proper document and information management at each stage.

Communication Flow in the Implementation of the Material Resource Control Process in the PFU Project in the
Seribu Islands

The results of the data analysis produced 5 (five) communication flowcharts based on the material control
business process, covering the stages of sending, receiving, storing, distributing, and using materials in the PFU
project in the Seribu Islands. This flow is arranged using the RACI Matrix to map the role of each position in
detail, following the results of RQ 1 related to job descriptions in the implementation of the material resource
control process. The following is the communication flow of the 5 (five) stages:

Code Activities ‘ Praject Manager ‘ Ficld Manager Togistics Manager Lagistics Staff Field Exccutor Foreman

Coordinating with

supplicrs reaarding
XAV | aterial delivery to the
port
L | Reseiving materials at the
X142 port

Conducting conformiry Vo
X1.4.3 | checks for materials
received at the port

Supervising the transfer of
X1.44 | materials to the temporary
storage area at the port

145 Supervising the transfer of

XLAS | ipaterials onto ships
Coordinating with the
chipping company

XLAS | ommding permits and
sailing schedules

Sending materials from
%147 | the port to the project
location

Figure 2. Material Delivery Stage Communication Flow
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Code

Activities

Project Manager

Field Manager

Logistics Manager

Logistics Staff

Field Executor

Foreman

X148

Receiving maerials at
the dock

X149

Conducting conformity
checks on materials
received

X1.4.10

Coordinating the status
of material receipts to
suppliers

X1411

Xl4.12

Supervising the
unloading of materials
from ships

Creating material receipt
reports

No

Nao

No

<@

Yes

®:
-

Figure 3.

Material Receiving Stage Communication Flow

Code

Activities

Project Manager

Field Manager

Logistics Manager

Logistics Stafl

Field Executor

Foreman

X1.4.13

Preparing material
slorage area

w | ]
.

X1.4.14

Preparing material
storage layout

X14.15

Moving material to
slorage area

mull

H1A16

Grouping and storing
material according to

wpe

X147

Checking the amoust of
miaterial after being
stored in storage area

R
=

a»

Figure 4. Material Storage Stage Communication Flow
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Code Activities Project Manager Tield Manager T.ogisties Manager Togistics Staff TField Executor Toreman
Recording material needs
FLALE ) the field | ﬁ
*
Yes
Checking material needs No
Kla1g to be distributed *
Mobilizing materials to
X420 e work location
No
Verifying material
X421 lcase documents * N
-
.
™o |
Checking the amount of
<1422 | material after bei No Yes
2= | removed from the storage
-
Yes
Figure 5. Material Distribution Stage Communication Flow
Code Activities Project Manager Ficld Manager Logistics Manager Logistics Staff Ficld Exccutor Foreman
Na
= | Yes
Yes
Recording material
R S ~o
K14.2% Making daily material N |

usage reports

+

X1.4.26

Making material
availability reports
(stack opmame)

No |

Yes

]

Figure 6. Material Usage Stage Communication Flow
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E.

Risk Response Actions in the Implementation of Material Resource Control Processes in the PFU Project in the
Seribu Islands

Based on the results of the risk analysis, 4 (four) risk factors were obtained with a high category, namely X2.1,
X2.7, X2.10, and X2.25 which came from 3 (three) different material resource control processes, namely the
material delivery stage, the material receipt stage, and the material distribution and use stage.

Table 1
Risk Category and Value
Process Code Risk Potential Risk Category

Material delivery from supplier .

Material Delivery X2.1 location to port is not on schedule High
Stage Delivery of materials from the .

X2.1 port to the dock is not on schedule High

Material Receipt %2.10 Materials arrived at the dock later High

Stage than planned

Distribution and . .

Material Use Stage X2.25 Lack of stock of materials High

Risk Response Actions in the Implementation of Material Resource Control Processes in the PFU Project in the
Seribu Islands

The results of data analysis using the Risk Breakdown Structure (RBS) approach and pattern recognition show
that to anticipate 4 (four) high category risks in the material resource control process including the stages of
sending, receiving, distributing, and using materials, 7 (seven) main causes, 9 (nine) preventive actions, 5 (five)
potential impacts, and 6 (six) relevant corrective actions can be identified.

The Role of BIM in the Implementation of Material Resource Control Processes in the PFU Project in the
Seribu Islands

The results of the research and expert validation show that BIM technology, especially the 4D and 5D
dimensions, plays an important role in supporting material resource control in the PFU project in the Seribu
Islands. The role of BIM 4D consists of 2 (two) sub-variables, namely lean scheduling and visual validation,
with each having 1 (one) indicator that focuses on the punctuality of material arrival and verification of
conformity between schedule and implementation in the field. Meanwhile, BIM 5D includes 4 (four) sub-
variables, namely real-time modeling, quantity extraction, manufacturing model verification, and value
engineering, with a total of 8 (eight) indicators that support the accuracy of cost estimates, automatic quantity
calculations, material specification validation, and cost efficiency through design alternatives (Amelia & Latief,
2022).

Development of Risk-Based BIM Integrated Material Resource Control Procedures

The development of Standard Operating Procedures (SOP) for material resource control in the PFU project in
the Seribu Islands was carried out through a risk-based approach and the integration of Building Information
Modeling (BIM) technology into its activities. This development process resulted in 17 (seventeen)
development actions consisting of 7 (seven) improvements to existing activities and the addition of 9 (nine)
new activities. Of all these activities, 12 (twelve) of them were integrated with risk-based BIM.

To ensure that the integration runs optimally, a case study was conducted on the Gusung Klanceng PFU
project in the Seribu Islands. In this study, researchers compiled an algorithm or series of structured procedures
that describe how BIM technology is applied in the implementation of material resource control. This BIM
application algorithm is classified into 7 (seven) process groups as follows:

Meiriza, N. A., & Latief, Y. (2025). Development of risk-based BIM integrated material resource control procedures
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4D Model Naviswork. |—>| Work Schedule

Enterthe task sstart date

Enter thetask's
completion date

| Project Schedule

Material Information

3D Revit Models

i

3D Model

MicrosoftProject l—. Material RequirementPlan —ﬁ Google Drive I

Type. volume, material

specifications H
‘materialequiredinto the Matesaleequicement GoogleDrive
resourcepool e

Projectteamaccess

5D Model Naviswork. |—-| Material RequirementList

Integration of
materialinformation

Allocate theamount of

Createresowes catalog ‘material needed for cach
activity
Jobschedile -
integration
Generate daily material
requirement amourt

Perform property
‘mapping of materizlto
sesourcecatalog

Use quantification tools

Export material volume
toExcel

Figure 7. BIM Application Algorithm in Providing Material Requirement Plan Data

Material RequirementsPlan -
L.; e Google Drive

Delay H 4D Model Naviswork I—D Alternative Solutions ‘—-] Microsoft Project

‘ Change the order of work
Identify pending Advancethe schedie of Update thematesial Saveinformation update
‘materials using selection otherunaffecedwork requirement quartity into toGoogle Drive
tree & prop 1 the Resource Pool
Update theallocationof

Update actual start and the amount of material
‘pdate actual start an !
actual finish schedule neededfor each activity.
Simulation with Updatingthe daly
Timetiner feature ‘material requirement
quantity
Task'sinteraction
evaluation

Figure 8. Material Requirements Plan Change Algorithm

Document preparation l—-l 5D Model Naviswork l—-l 5D BIM Model l—-l Autodesk Viewer |—D| Material Information List |—P| Google Drive |

Saveinformationto
Google Drive

Y

Select the material Uploadmodelto
elementand look at the Autodesk Viewer

properties panel

¥ Create a share link for -

specificationinformation model
(Name, dimensions, type.

supplier, and

certification) Compile matesial links

{ into an Excel file
Import material approvils
(PG o PDF) ino the
sheets panel

Figure 9. BIM Application Algorithm in Preparation of Reference Documents for Physical Inspection and
Material Specification Conformity

Field inspection l—»l Google Drive l——] Autodesk Viewer |——>| Field inspection results

Open the material listfile Access themodd via
smartphone
Click onthe required
material link Compare material
approval document

specifications

Figure 10. BIM Application Algorithm in Implementing Physical Inspection and Material Specification
Conformity
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Material Quantity List

Google Drive

Document preparation l—bl 5D Model Naviswork |—b|

v

Use Quantification Todls
to calculate material
volumes

Ezxport material volume
to Excel

e

Saveinformation to
Google Drive

Project team access

Figure 11. BIM Application Algorithm in Preparation of Reference Document for Material Quantity
Conformity Inspection

Field inspection I—PI

Google Drive

Field inspection results

Open the material
quantity list file

Figure 12. BIM Application Algorithm in Implementing Material Quantity Conformity Inspection

The development of SOP also includes updating the communication flow between stakeholders and adjusting the
input and output of each activity. This adjustment is based on research findings, especially activities that utilize BIM
technology as a response to high category risks in the implementation of the material resource control process on the
PFU project in the Seribu Islands. The following are the results of the development of the BIM-based integrated
material resource control SOP on the PFU project in the Seribu Islands:

1. Material Delivery Stage

Code

Project Manager } Fleld Manager

Logistics Manager

Stakeholders

Logistics Staff BIM Draftsman.

Field Executor

Foreman

Standard Quality

Input

Output

X141

deliveries 1o the port

+ BIM-based material requirement plan
+ Material delivery schedule
* Material purchase order (PO)

* Update information from suppliers

Changing material
vequirement plans if there

* BIM-based material requirement plan
* Purchase Order (PQ)

specifications of
materials reccived at the
port.

XE42 |13 detay i delivery by + Material delay data (Type. volume, delivery time)  + BIM based material requirement plan Update

e « BIM-based material requisement plan

" + Purchase Order (PO)

Rex + Purchasc Order (PO) for materia
XL43 | pot « Delivery letter from suppl Decuentation

Conduct physical

spections and « Purchase Order (PO) for materials

e [ o e - Dy e

X144 ; o by + BA for receipt of material at the port

* BIM-based material requirement plan
* BIM-based material specification list

* Documentation

X145

Conducting checks on the
confority of the
quantity and load of
materials reccived at the
port

+ Purchase Order (PQ)

« Delivary letrer from supplier

+ BIM-based material requirement plan
+ BIM-based material list

+ Delivery note from verified supplict
* BA for receipt of material at the port
*  Documentation

X146

Supervise the transfer of
‘materials ta temporacy
storage areas at the port.

« Surat jalan dari pemasok tervesifikasi

+ Waybill from verified supplier

Figure 13. SOP for Material Delivery Stage
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Stakeholders Standard Quality
Code Activities
Project Manager |  Field Manager | Logistics Manager | Logisties Staff | BIV Drafisman | Field Exccutor Fareman Tnput ‘ Ouput

Supervise the transfer of « Shipping order for nsaterial . .
XLAT | materials into the ship —ﬁ + Delivery lener from verified supplier Documentation

Coordinate with the

expedition party + BIM-based material requirement plan . .
X148 | reparding permirs, « Material delivery schedule : tﬂ gf:“l":‘:i g:: e

shipping schedules, and + Material shipping erder et

‘material loads.

Yes
i No

Delivering materials from + BIM based material roquirement plan .

S the port to the proiect site ~ Shipping osder for matesial Documentaion
+ BIM-based material requirement plan

Changing the material « Puschase Order (PO)

sequirements plan if there « Msterial delay data (Type, volume, delivery time) }
X110 | i1 delay in delivery by No + BIM-based material requirement plan DM based material vequirement plan Update

the expedition + Purchase Order (P)

* Material delay data (Type. volume, delivery time)
No Yo

Figure 14. SOP for Material Delivery Stage (Continued)

2. Material Receiving Stage

Stakelolders Standard Quality
Code
Project Manager Logistics Manager |  Logistics Staff. BIM Draftsman Field Executor Foreman Inpur Output
Coardfe il the tean + BIM-based material requirement plan
<t | regarcing * Material delivery sche + Update information from suppliers
7 | condition aud readiness + Material puschase order (PO)
ofthe dock
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Figure 15. SOP for Material Receiving Stage
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Stakeholders Standard Quality

Project Manager | Field Manager ‘ Logistics Manager | Logisties Staff BIM Drafisman | Field Executor Foreman Input OQuipui

l

Changing the material | « BIM-based material requirement plan
X1418 plan if there o ve « Purchase Order (PO) « BIM based material zequirement plan Update
is a delay in receipt ) i * Material delay data (Type. volume. delivery time)

Figure 16. SOP for Material Receiving Stage (Continued)

3. Material Storage Stage
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Figure 17. SOP for Material Storage Stage
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4. Material Distribution Stage
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Figure 19. SOP for Material Usage Stage
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Figure 20. SOP for Material Usage Stage (Continued)Relationship Model between Procedures, Risk Factors, BIM
Roles, and Project Time Performance

The results of the factor analysis produced three latent factors that influenced time performance. Each group of
factors consists of research variables, namely procedures (X1), risks (X2), and the role of BIM (X3), as follows:

Table 2
Latent Factors and Research Variables
Code Information
Factor 1 Suitability and Supervision of Material Use
X1.4.3 Conduct conformity checks on materials received at the port
X1.4.9 Conduct conformity checks on materials received at the project site
X1.4.23 Conduct supervision of material usage in the field
X2.25 Lack of stock of materials at the project site
X3.5.1 Check_ing the conformity of specifications and technical requirements set for the
- material
X3.6.1 Provides automatic material quantity extraction feature
Factor 2 Material Availability and Project Coordination
X2.1 Material delivery from supplier location to port is not on schedule
X2.5 The quantity of material does not match the amount ordered
X2.9 Ineffective contractor coordination and management
X2.10 Materials arrived at the dock later than planned
X2.29 The work instructions given during implementation were unclear
Factor 3 Material Calculation and Schedule Realization
X3.2.1 Comparing the schedule and implementation of construction work in the field
X3.4.1 Generate material quantity calculations in a short time
X3.4.2 Produce accurate material quantity calculations

Then, after conducting a regression analysis, the relationship between the dependent variable and the independent

variable was obtained as follows:
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Figure 21. Relationship Between the Dependent Variable and the Independent Variable

The model in the figure shows the relationship between factors in material resource control to project time
performance, as measured by schedule conformity and on-time completion. The results of the regression analysis
show that the most influential factors are the conformity and supervision of material use, followed by material
availability and project coordination, and material calculation and schedule realization. These findings emphasize the
importance of material supervision, effective coordination, and technology integration in supporting project time
efficiency.

4 Conclusion

The organizational structure of material control consists of project managers, field managers, implementers, logistics
managers and staff, foremen, and additional BIM draftsmen to support the integration of risk-based procedures with
BIM technology. There are 5 (five) main business processes: shipping, receiving, storing, distributing, and using
materials, which consist of a total of 26 (twenty-six) activities resulting from literature studies and expert validation.
Each activity was analyzed and produced 68 (sixty-eight) inputs and 32 (thirty-two) outputs. The communication
flow is divided into 5 (five) stages according to the business process, arranged based on organizational structure, job
description, activities, and input and output. There are 41 (forty-one) risks in the material control process, with 4
(four) main risks being the most dominant, namely: stock shortages, late delivery from supplier to port, from port to
dock, and late arrival of materials at the dock. To anticipate these dominant risks, 7 (seven) causes, 9 (nine)
preventive actions, 5 (five) impacts, and 6 (six) corrective actions were identified. The role of BIM includes 2 (two)
sub variables with 2 (two) indicators in BIM 4D, as well as 4 (four) sub variables with 8 (eight) indicators in BIM
5D, which are applied to all stages of material control. Procedure development is carried out based on 4 (four)
dominant risks, followed by the preparation of risk responses, integration of BIM roles, and development of
activities, input-output, and overall organizational structure. The developed relationship model shows that the
integration of material control procedures with a risk-based approach and BIM technology has a significant effect on
improving project time performance, with three main factors: material usage monitoring, material availability and
project coordination, and schedule calculation and realization. The development of procedures in this study, which
integrates a systematic workflow, a risk-based approach, and the use of BIM technology, has resulted in a material
resource control system that is not only administrative but also functions as a managerial and operational tool. The
integration of these three aspects directly supports the achievement of the research objectives, namely improving
project time performance by ensuring that the material control process runs more efficiently, measurably, and
responsively to potential risks. This shows that the implementation of structured and integrated control procedures is
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very important to address the geographical and logistical challenges in construction projects in island areas such as
the Seribu Islands.

As a development, further research is recommended to: expand the scope of the application of the material
control process, which in this study is only focused on the stages of sending, receiving, storing, distributing, and
using materials, with a case study in the Seribu Islands. Further research can be applied to other construction sectors
to see its relevance and effectiveness in different contexts. Develop work instructions for the implementation
procedures of the material resource control process that has been prepared in this research. Developing the use of
BIM software, which in this study is used to improve time performance, so that it can also be optimized for other
aspects of construction projects such as cost, quality, or work safety.
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