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ABSTRACT 

Building Information Modeling (BIM) is one of the technologies in the field of AEC 
(Architecture, Engineering and Construction) that is able to simulate all information in a 
development project into a 3D model. Research in this thesis was carried out to analyze the 
results of the implementation of Building Information Modelling (BIM) 5D in dock work 
(Quay Wall Structure) by paying attention  to clash detection at the pre-construction stage, 
with a case study of the Patimban Port Project Package 6. The focus of the research is the 
application of BIM 5D in identifying and resolving design clashes that can have an impact 
on the estimation of work volume and cost. The method used is qualitative and inductive 
analysis using Tekla Structure 2021 BIM software for 3D modeling and clash detection 
identification. The results of clash detection identification are grouped into three 
categories, namely large, medium, and small. The implementation of BIM 5D shows 
significant volume changes in some work items. The volume of the Deck Slab (Pier Head) 
and Front Wall decreased compared to the initial RAB, while the volume of the Deck Slab 
(In-Situ Concrete) increased. The cost comparison shows a savings of 7.06% of the total 
initial cost of RAB Quay Wall Structure, which is equivalent to IDR 10,502,919,303.55. The 
implementation of BIM 5D by conducting clash detection is quite effective in identifying and 
resolving design clashes, mitigating errors and revisions when entering the construction 
stage, and can increase project efficiency in better communication and coordination. 

KEYWORDS Building Information Modelling (BIM), BIM 5D, Clash Detection, Quay Wall 
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INTRODUCTION 

Building Information Modeling (BIM) is one of the technologies in the field 

of AEC (Architecture Engineering and Construction) which is able to simulate all 

information in a construction project into a 3D model (Enshassi et al., 2018; Liu et 

al., 2019; Moreno et al., 2019; Safikhani et al., 2022). BIM is basically a digital 

platform for creating virtual buildings. If BIM is implemented, the model must be 

able to contain all the information of the building, which is used to collaborate, 

predict, and make decisions about the design, construction, cost, and maintenance 

stages of the building (Savitri et al., 2020). By using BIM, 3D, 4D, 5D, 6D and 7D 

can be obtained. For practitioners, the benefits of BIM are that they can make work 

easier, cost efficiency, time efficiency, save human resources, reduce rework, 

facilitate data integration, facilitate work documentation, and detect collisions 

during planning, and can better control the work. This can be done because in the 

process there is already a 3D visual model as a reference for work on construction 

projects.  
Building modeling designed in 3D form can be known automatically if there 

is a plan/design error and is also able to detect from the beginning the existence / 

absence of a clash or conflict between structural systems or with other systems, 

making this BIM technology able to anticipate/minimize the existence of rework or 

additional work when construction has been carried out in the field. (Hager et al., 

2016; Mésároš et al., 2021; Tretyakova et al., 2019). In the case study of the 

Patimban Port Package 6 project, it was built in an offshore area which has a depth 

of approximately six meters from the seabed to sea level. Offshore construction 

differs in planning from onshore construction and near shore construction and is a 

large platform that provides facilities such as a port (Natasha & Makarim, 2018). 

Which with the condition of the offshore construction site that cannot be predicted 

with certainty, it is very necessary to conduct a design review of the DED and work 

methods before construction begins. A design review process that is quite accurate 

is with BIM Implementation using Tekla 2021 software (Avendaño et al., 2022, 

2023; Fors, 2022; Nugroho Saputro et al., 2022; Ramawan et al., 2024).  
The scope of this 5D BIM implementation research is the pier structure or 

Quay Wall Structure. The scheme to be studied is to issue a volume of design review 

results using Tekla BIM which can affect financing before construction 

begins. Project Monitoring, Clash detection (clash detection) or clash test is a 

terminology that generally aims to identify, review, and report faults in a project 

model, in the design and pre-construction stages. Clash (clash) occurs when 

elements from different models inhabit the same space and are carried out through 

the process of integrating various models. Clash detection It is used to check work 

both completed and in progress to minimize the risk of human error that is expected 

to occur in the construction stage. In this study, we want to analyze clash detection 

in the implementation of BIM applications with the aim of finding out the 

comparison or deviation between the conventional calculation of RAB (Cost 

Budget Plan) and BIM calculation in the case study of the Patimban Port Package 

6 project. 
In this study, which is the basis of the main problem related to the 

application of Building Information Modeling (BIM) at the pre-construction project 
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stage, namely how to implement the 5d building information modeling (BIM) 

system in the Patimban port project, especially the pier work (Quay Wall Structure) 

by paying attention to clash detection? 
The purpose of this study is to analyze the application of 5D Building 

Information Modeling (BIM) based on clash detection. 
This research is expected to provide several benefits as follows: 

1. For the construction world, this research is expected to provide information 

about the most optimal strategies related to the application of Building 

Information Modeling (BIM) in 5D so that it can provide an overview to 

relevant stakeholders in determining policies in the construction sector in 

Indonesia, especially in dock work. 
2. For the world of education, this research is expected to be able to contribute 

to the development and advancement of science, especially in the field of 

construction related to the application of Building Information Modeling 

(BIM) in 5D in construction projects in Indonesia, especially dock work. 
 

RESEARCH METHOD 

Description of the Research Location 
Patimban Port is located in Patimban Village, Pusakanagara District, Subang 

Regency, West Java Province. Geographically, Patimban Port is located in the north 

of the north coast of West Java. The location of Patimban Port is located at 

107°54'8.54"E and 6°13'50.08"LS. Patimban Port is one of the main ports in 

Indonesia after Tanjung Priok Port, the port will become a large import and export 

traffic center in Indonesia and can be used for inter-island trade activities to face 

the golden Indonesia era in 2045.  
 

 
Picture 1. Location of the Port Project as a Case Study 

 
Data Collection 

In this case study, the research was developed using qualitative and inductive 

research methodologies (i.e. using literature, secondary data and expert interviews) 

and validated by applying the Port project case study to demonstrate the cost 

savings that can be achieved by clash detection generated by BIM implementation. 

This qualitative and inductive research methodology begins with the collection of 

secondary data such as complete planning data that will be modeled and processed 

into Tekla software which is then calculated to estimate the cost using BIM 5D. 
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Qualitative and inductive research also contains direct observation and analysis 

methods with the parties connected to this case study (Azungah, 2018; Morgan et 

al., 2017; Nugroho Saputro et al., 2022; Rashid et al., 2019). Secondary data 

includes DED Quay Wall Structure data, Contract Work Methods and conventional 

RAB (Cost Budget Plan) which will be a comparison with output cost data from 

BIM. The DED Quay Wall Structure data will be modeled or shaped using Tekla's 

BIM software. The model includes all the structural components and details 

necessary to ensure data accuracy and completeness.   
 

Table 1. List of Participating Resource Persons 

 
 
The scheme is validated through case studies on real projects, with 

participants described in the table. In the previous project, cost savings were made 

through clash detection analysis and also used case study methods to verify the 

work of the resource persons. Interviews were conducted to understand the process 

of clash detection, the practices applied in categorizing clash detection, and the 

procedure for its completion. The following is the layout of the Quay Wall Structure 

taken from DED data which will be processed into a 3D model in Tekla BIM. 
 

 
Picture 2.  Layout of Quay Wall Structure 
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Picture 3. 3D BIM Display (Secondary Data Input on Tekla) 

 
Data Processing 

The entire data processing process in the design review is carried out using 

Tekla BIM software, which directly conducts design reviews in Tekla BIM 

software. Advanced data processing is assisted by trimble connect to facilitate 

communication during discussions and excel software for final data processing. 
 

 
Picture 4. Software in Data Processing 

 

In this data processing process, after obtaining the initial results, it is 

continued by comparing the realization of project costs with the project RAB that 

has been obtained from secondary data. Then a Clash Detection analysis was carried 

out on the modeling to find out the project costs that occurred. 
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Picture 5. Clash Detection 3D BIM Display 

 
Data Analysis 

1. Modeling 3D Beam Tekla 
The 3D modeling process using Tekla Structure 2021 BIM software 

is carried out to visualize all elements of the pier work (Quay Wall Structure) 

in detail.  
2. Identify Clash Detection Categories 

` The clash detection category is determined based on the standards 

that have been set by the project team. This category includes the 

identification of large, medium, and minor clashes that affect the smooth 

running of the project. 
3. Identify Clash Detection using Tekla BIM 

After being completed in the 3D Model by BIM Modeller, at this 

stage, Clash Detection identification is carried out against the design review 

combined with the work method and actual conditions of the construction, 

to analyze each part of the work item on the pier work (Quay Wall 

Structure). From the results of clash detection, it will be categorized for the 

completion  of clash detection. 
4. Quantity Take Off and Analysis 

After conducting clash detection, the next steps are to display the 

quantity take off from the 3D Modelbase that has been obtained as an 

estimate of the quantity take off of the material for the dock work. 
Cost Analysis 

1. Project Costs Based on RAB 
This stage involves inputting the RAB cost of the project into 

Microsoft Excel software which will be used as a comparison with the cost 

after clash detection. 
2. Project Cost Based on Clash Detection 

After the calculation of clash detection, a re-cost analysis is carried 

out based on the results of the analysis clash detection. 
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3. Realistic Recapitulation of Costs Before and After Clash Detection 
At this stage, a comparison of costs before and after clash detection is 

carried out . 
4. BIM implementation analysis, 5D dimension 

The analysis of BIM implementation in the 5D dimension includes an 

evaluation of the use of BIM in managing the cost and volume of Quay Wall 

Structure work. The results of this analysis provide a conclusion regarding 

the efficiency and effectiveness of the implementation of BIM 5D in the pier 

project, especially Quay Wall Structure. 
Flow Chart 

 
Picture 6. Research Flow Chart 

 

RESULT AND DISCUSSION 

Modelling 3D Tekla B 
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The 3D modeling in Tekla software is formed from the DED drawings of the 

Quay Wall Structure tender and combines the results of the design review of the 

tender work method based on the actual conditions of the project construction. 
 

 
Picture 7. Layout Plan of Quay Wall Structure 

 

This quay wall structure is divided into 9 blocks with the naming of DED 

starting from block number 11 to block 19 with a length of 47,250m per block. 

Since each block is a typical block, the 3D modeling takes one block to represent 9 

blocks. 
The following are the results of 3D modeling of a one-block quay wall 

structure in Tekla software after a combination of DED and review of tender work 

methods. 
 

 
Picture 8. 3D Modeling of Rotary Wall Structure at Tekla 

 
Identify Design Review with Stakeholders 

The consultant assesses the impact of the clash detection on the project 

engineering specifications, project contracts, and field location situations. The 

consultant will give final design approval after a joint review. The cost calculation 

of the impact of BIM-based clash detection will also be discussed with the 

consultant by following the project scheme. All clashes can be prevented due to the 

results of clash detection processed by the results of the BIM implementation. 
Category Identification 
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The categorization formed in this scheme comes from the problems for this 

project, so that clash detection can be put into large (Major), medium (Medium), or 

small (Minor) categories according to the impact of design changes and the 

involvement of contractors and consultants. Which large clash detection group will 

require the involvement of contractors, consultants, and project owners, because 

design changes can affect the volume of the contract so approval from the project 

owner's stakeholders is required. Medium clash detection groups require input from 

contractors and approval from consultants on proposed design reviews, while small 

clash detection groups i.e. contractors can complete without having to discuss with 

consultants and project owner stakeholders. Small bumps can be easily repaired by 

contractors. These categories are identified based on interviews and maps of the 

clash detection process. In this 3D Quay Wall Structure design, there are four work 

items that are locked or cannot be changed in the design of the DED because the 

work items are procurement and only installation in this project, namely: 
1. SPSP 
2. SPP 
3. Strut Member 
4. PC Deck Slab 

Identify Clash Detection 
Clash detection identification is carried out to facilitate the following analysis 

process, such as remodeling (resolve) and quantity & cost analysis. The 

identification process is carried out using the same software as 3D modeling, 

namely Tekla BIM. After 3D modeling of the DED and design review by the project 

BIM Team, the clash detection results were obtained from the Tekla system and 

then grouped into 3 groups. There are 5 Clash Detections included in a 

predetermined category based on the criteria of the Project BIM Team and the 

necessary actions. See the following table for the results of the clash detection 

category: 
Table 2. Clash Detection by Category 

 
 
As a result of the clash detection, one example was selected to represent each 

category of the three examples that displayed the 3D and 2D views of the model. 

The cost impact of this clash detection can be analyzed when the settlement design 

has been agreed. Only after analyzing the two conditions, namely the condition 

before the review and the condition after the review, can the quantification of each 

work item be carried out. The BIM system supports this effort by providing the 
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necessary information regarding the quantity before and after the design review of 

the RAB. 
Examples of Major Main Categories 

a. BIM-based Clash Detection: Coping Concrete Design for SPSP 
b. Conflict Description: there is a clash of concrete Coping as a result of the 

design review visualized in Tekla BIM against SPSP piles 
c. BIM Solution: Shorten the horizontal rebar that will be attached to the 

SPSP pile. 
 

 
Picture 9. Clash Detection Coping Concrete 

 

 
Picture 10. Clash Detection is solved with Rebar Adjustments 
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Here are the results of one of the clash detections, how clash detection design 

problems are identified and addressed. 
d. Impact or Risk of Non-BIM system 
If this clash is not detected and construction has been carried out in the field, 

then the construction of precast coping concrete can be stopped working so that it 
is constrained by other work that is directly in contact with precast coping. The case 
that can be identified is that it has an excess volume so that it cannot be applied in 
the field, so it must be reviewed again with the project design team and requires 
time in the field for the rebar cutting process. 
Cost impact assessment on Clash Detection 

This process is to evaluate the cost consequences of clash detection powered 

by BIM. This is done with the BIM team, Quantity Surveyor (QS) and the Project 

Head. 
In this study, all the findings of clash detection were tabulated together. Clash 

detections from the large, medium, and small categories above are used as a guide 

to generate a range of cost savings on each clash detection category. Present details 

of the significant costs that will be incurred on the construction site when not 

implementing BIM. However, the cost implications during and after construction 

are not examined in the purpose of this study. Cost savings are made as a result of 

BIM implementation before construction begins. 
Quanity Take Off 

The final quantity of the volume of the 3D Quay Wall Structure model was 

obtained from Tekla BIM in the form of an excel file when exported from Tekla. 

The following is a view of the export results from the Tekla BIM system. 
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Picture 11. Export Quantity from Tekla 

 
The export results still need to be reprocessed using MS Excel.The following 

is a recap of the comparison of the volume of 1 block between RAB and the results 

of the design review of the implementation of Tekla BIM. 
 

Table 3. Comparison of Volume 1 of RAB Block vs BIM 

 
 
In the table, column number 4 is the volume obtained from the contract RAB 

when broken down into 9 blocks. Furthermore, in column number 5 is the volume 
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of the final results of the design review of BIM-based implementation. As is known, 

the design of points number 1 (SPP), 2 (SPSP), 3 (Strut Members), and 8 (PC Deck 

Slab) is not a changed design when there is a clash detection or design inconsistency 

with the review, so it can be seen that the points in the blue columns 4, 6, and 7, 

namely the Deck Slab (Pier Head), Front Wall, and Coping Concrete for SPSP have 

a reduced volume than the initial volume of the RAB. However, there is one job 

that has experienced an increase in volume from RAB, namely at pink point 5, Deck 

Slab (In-Situ concrete). And for point 9, namely the Concrete Apron has a very 

close volume. 
Since the result of 1 typical block of the Quay Wall Structure is known, then 

adjust the overall volume of the Quay Wall Structure by multiplying each volume 

by 9 blocks as can be observed in the following table. 
 

Table 4. Comparison of Volume 9 of RAB vs BIM Blocks 

 
 
Therefore, it is known that the final volume comparison data of the Quay Wall 

Structure results from the implementation of BIM. 
Implementation of BIM 5D (Cost Analysis) 

The implementation of BIM 5D (Cost Analysis) is the process of analyzing 

the results of processing BIM output data which is converted into costs. However, 

to find out the results of the data comparison after and before using BIM, the 

conventional data is processed by displaying the volume and amount of work prices 

using the help of Ms. Excel. The conventional calculation of the calculation of 

multiplying the unit price of RAB or contract is compared with the results of the 

Tekla design review. 
The results of the volume quantity obtained from the implementation of BIM 

with Tekla will be analyzed using the same unit price as RAB. The final result will 

be displayed as in the following Table. 
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Table 5. RAB vs BIM Cost Comparison 

 
 
Based on the results of the clash detection analysis and its completion, the 

work items that undergo changes in the volume of materials so that they affect the 

material costs that have been presented in the table, are as much as the cost of 7.06% 

(percent) of the total initial cost of the Quay Wall Structure. The difference in cost 

is around IDR 10,502,919,303.55 (Ten billion five hundred two million nine 

hundred nineteen thousand three hundred three rupiah fifty-five). 
Comparative costs have been identified for each category of clashes. 

Averaging is considered for all categories to allow for a volume addendum in the 

project. The results obtained will be extrapolated to the overall cost savings 

achieved by this particular case study. 
 

CONCLUSION 

Based on the initial and final descriptions of the research that has been carried 

out regarding the Implementation of the 5D Building Information Modelling (BIM) 

System in Quay Wall Structure with Attention to Clash Detection (Case Study: 

Project Patimban Package 6), the following conclusions can be drawn: 
1. The implementation of BIM 5D is essential in the pre-construction stage to 

ensure that the design is applicable and in accordance with the work plan, 

thereby reducing the potential for errors and improving project efficiency. 
2. The results of clash detection identification showed that some work items 

such as Deck Slab (Pier Head), Front Wall, and Coping Concrete for SPSP 

experienced a decrease in volume compared to the initial RAB, while Deck 

Slab (In-Situ Concrete) experienced an increase in volume. This process helps 

in identifying potential problems early on and allows for necessary corrective 

action. 
3. Based on the comparison between the volume of RAB and the results of the 

design review with Tekla BIM, it was found that there was a significant 

change in volume in several work items. This shows that the use of BIM in 

the design process can provide more accurate volume estimates. 
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4. The implementation of BIM 5D shows a cost saving of 7.06% of the total 

initial cost of the Quay Wall Structure, which is equivalent to IDR 

10,502,919,303.55. Changes in material volume are identified through clash 

detection, which shows the great potential of BIM to improve cost efficiency 

in construction projects. 
5. The implementation of BIM 5D with clash detection can identify and resolve 

potential clashes in the design during the contract design review, which can 

potentially reduce construction work errors occurring during the construction 

phase. 
6. The use of BIM can be a means of assistance in better planning and 

coordination between project teams, which ultimately improves the efficiency 

and effectiveness of overall project execution. 
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