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ABSTRACT  

In connection with the increase in construction and the level of urbanization that occurs in Indonesia, the construction of high-

rise housing will be carried out to optimize narrow land in urban areas. By providing several facilities with the concept of high 

rise building in the basement area and building a layered basement, it is expected to optimize the available land for the 

development of high rise housing. This study determines the approach to rework analysis on a 5-layer basement with a Dynamic 

Model System simulation model that can provide superior estimates so as to produce scenarios to reduce rework costs. With this 

research update, it is estimated that the System Dynamic Model ensures that rework costs can be reduced on Basement 5 Layer 

work by 17.41 % of the initial rework cost. 
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1. INTRODUCTION  

 Indonesia is a country with large and dynamic economic activities reflected by an average economic growth reaching 6% 

per annum [1]. With the increasing demand for housing in Indonesia, it has led to the adding number of building construction with 

the concept of vertical housing. Basement construction is a very important work item in the construction of high-rise housing that 

must be carried out every time the construction of a high-rise building with various facilities.  

 The lower level of the structure has a very important role in the structural system. The lower structure carries the loads of 

the structure above it, so the lower structure must not collapse before the upper structure. The substructure planning is need to be 

done very carefully considering the importance of this part of the construction. If the lower structure collapses then the sturdy 

building above it will also collapse (in vain). Underground or basement structures we often encounter in multistory buildings with 

large capacities making it possible to build basements. The basement function as a parking lot, Mechanical Electrical and 

Plumbing items facilities and needs, and some other functions. 

 Therefore, the basement is applied to save land area hence the construction of a multilevel basement is implemented. 

Basement construction is often an economical solution to overcome land limitations in building construction. According to the 

data from Arcadis Indonesia 2019, the cost of building a Basement ranges from IDR. 7.67 million to IDR. 9.40 million. Rework is 

a repetitive work caused by mistakes in a construction project. Rework is always taking place in construction activities with 

different values in each case. Construction projects often experience cost and schedule overruns where the rework is a significant 

factor that directly contributes to these overruns. The research done by the Construction Industry Institute (CII) reveals that direct 

costs caused by rework has cost 5% of total construction cost in average (CII) [3]. Rework has become one of the most common 

concerns in construction projects. In most cases, rework arises from changes, damages, defects, errors, omissions, and other non-

conformances [4]. Reported costs of rework have been found to range from 3.5 to 25% of a project’s contract [5]. A change order 

is ―a written order to the contractor signed by the owner and architect, issued after execution of the contract, authorizing a change 

in the work or an adjustment in the contract sum or the contract Time‖[6] . Change orders may result from a number of reasons 

such as a discrepancy in the design documents, change order instruction given by the owner, and unforeseen/differential site 

conditions. Change orders have a significant impact on project performance in terms of delay in project schedule, increase in cost 

through rework and decrease  [6].  

System dynamics as a methodology is based on systematic thinking for studying and improving the understanding of 

complex system. This method is feedback based and object oriented. In this approach, four different tools namely Storage, Run, 

Joints and Convertor are utilized [7]. SD modeling is an objected-oriented methodology in which cause and effect variables are 
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arranged into a causal loop diagram (CLD) to represent the structure and interaction of principal feedback mechanisms in a system 

[8]. The SD approach is a powerful tool for understanding the behavior and expected trends related to changes in the dynamically 

complex systems. Therefore, it has been successfully applied in a wide variety of problems in the construction industry, such as 

resource management [9]. Dynamic System is a methodology for studying changes in the behavior of time from a system that is so 

complex, that it can be used to solve various kinds of problems in various fields. The dynamic system can perceive the problem as 

a whole. The purpose of the dynamic system method is to understand how the work of each element that can build a system, to 

optimize the work of the system (after understanding how each element of the system works), and to predict future system 

performance based on optimal work results. 

2. METHODOLOGY 

2.1 Variable Value 

The need to prepare a ―cause and effect‖ diagram to determine the value of this variables with the aim of knowing the 

initial hypothesis of a model that will be used as a tool to help simplify the variables analysis process that will later be re-

analyzed. Causal diagrams are generated from several literature studies that have been verified by respondents. The verified causal 

diagram will then be converted into a Stock Flow Diagram (SFD). In this process, qualitative and quantitative value input is 

required. 

 

2.2 Model 

The first step in developing both linear and nonlinear deterioration models is to define CLDs that consist of variables 

connected by causal links whose polarities denote the effects of one variable connected by causal links whose polarities denote the 

effects of one variable on another. A positive link, i.e., (+) polarity, implies that the cause and effect are moving/changing in the 

same direction in the model: e.g., if a cause increases, the effect increases, and if a cause decreases, the effect are decreases [12]. 

The magnitude of the scenario influence is used as a Stock Flow Diagram (SFD) simulation to see how much the solution can 

reduce the amount of rework work. 

The data that will be entered into the model are stock, flow, auxiliary, and constant. The simulation model is made based 

on the SFD containing the data, then the simulation is carried out in order to get the desired results. Before the simulation process 

is carried out, the first step is to determine the simulation specifications consisting of the simulation time range, integration 

method, and time step. Simulation is a dynamic process of model behavior which output is a time behavior graph and a time table. 

Model validation Model verification is done to check the suitability of the model that has been made with the applicable principles 

and also to evaluate 2.3.5. Stock-and-flow diagrams are composed of four fundamental concepts: stocks, flows, connectors, and 

converters. The combination can provide the tools needed to model problem situations, and they do so in a way that highlights the 

interactions and feedback loops that maintain the behavior [13] .  

For the proposed system dynamics, the model validation was done by comparing the result of extreme scenarios. When 

there is an increase in earning, it will eventually lead to increase in fund balance [14]. Model testing can be done by testing the 

structure and behavior of the model. Model validation is a very important step in the system dynamics methodology.  

3. RESULTS 

The application of the dynamic system in this section is expected to minimize the cost of rework on the 5-layers 

basement work, so that it is in accordance with the predetermined literary norms and standards [15]. 

 

3.1 Model Causal Loop Diagram 

The Causal Loop Diagram model in this study which identifies the work of the 5-layers Basement is determined by 

collective thinking, the model can represent each function contained in the 5-layer Basement work in particular, 

 

3.1.1 Variables - Variables contained in the Causal Loop Diagram 

- Additional staff 

Human resources are a major influence on every construction project, with the presence of qualified human resources, the 

construction project can be managed according to the initial plan, with the additional staff on the foundation work of the bored 
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pile, secant pile and pile cap of the 5-layers basement project, the project procedures can be optimized and implemented 

properly.  

- Construction cost 

Financial management in a project will determine the success of a project, with effective financial management and in 

accordance with the plan, it is expected to reduce the problems that occur in the foundation work of bored pile, secant pile and 

pile cap of the 5-layers basement project. 

- Periodic discussion  

In problem solving process, especially in construction projects that involve many stakeholders, it is very important to prioritize 

discussions in every problem solving in the project, therefore periodic discussions involving all stakeholders in a construction 

project are very important. 

- Communication 

With various educational backgrounds, the State and the thoughts of the parties involved in a communication project are one 

of the causes of problems that occur in a construction project, so by increasing maximum communication, it is hoped that 

disputes caused by bad communication will be resolved. 

 Planning 

Before carrying out activities on a construction project, the planning stage is a very important thing to do so that the project 

can meet the expectations of all parties involved in the construction. In addition, before construction activities begin, the 

planning stage is also carried out for each activity in construction. 

-  Material 

With bored pile foundation work, secant pile and pile cap in a very large 5-layers basement project, it also important to make 

sure sufficient material resources so that the possibility of project delays or project losses due to material unavailability can be 

avoided. 

- Technology 

With the rapid improvement happening in the world these days, especially in technology, the construction process, especially 

the bored pile, secant pile and pile cap work continues to be influenced by technology, technological knowledge must be 

possessed by every team folded in the foundation work of the bored pile, secant pile and pile cap of the 5-layers basement 

project. 

- Staff Training 

The skills possessed by each team in the project are a must in project completion, by having skills that is qualified or even 

more excel, the project can be completed while also performing regular training for each employee. The goal is to reduce the 

rework on the foundation work of bored pile, secant pile. and the pile cap of the 5-layer basement project. 

- Finance  

As it has commonly known, there are 3 things that greatly affect the project: cost, time and quality, meaning that the cost of 

the project is closely related to the financial condition of the project, including the financial condition of the owner, contractor 

or other involved parties. 

- Design 

In construction work there are several stages that must be carried out, design is a very important stage in the construction 

process, any errors occur in the design stages will have an impact that may lead to the rework on the foundation work of bored 

pile, secant pile and pile cap of the 5-layers basement project. 

- Management Error   

All policies and procedures applied in the foundation work of bored pile, secant pile and pile cap of the 5-layers basement 

project are called as management policies, if there is an error in the management policy, it will have an impact on the 

emergence of the rework and even a very big loss in the construction project. 
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3.2 Stock Flo Diagram 

 

Before determining the stock flow diagram in detail, the author first determines the classification of the division, in 

Figure 1.2 you can see the types of rework occurring as follows: 

 

 

 
Figure 1.1 The scope of the rework according to Burrati et al., 1992 

 

Types of rework according to (Burati, Farrington & Ledbetter, 1992), namely: 

a. Repair, the scope of repair includes rework to return the condition of a certain work item to its original condition (the work 

in question is already in a finished state). 

b. Revision, the scope of revision includes work done to complete or improve work items that have changed as a result of the 

work execution process. 

c. Replacement, is a repair work by replacing a unit of material or a work result because it does not function according to 

standards. 

d. Redesign, is a repair activity carried out by the designer or implementer to redesign the design. 

From the primary data obtained directly from the following field through interviews and filling out questionnaires, it is found 

that the factors that cause rework on the bored pile, pile cap and secant pile work in a 5-layers basement of a high-rise building 

which are some factors that influence the occurrence of rework on the bored pile foundation, pile cap and secant pile in 5-

layers basement. The questionnaires and interviews are conducted with experts who have experiences in completing high-rise 

building construction, especially the basement work. The factors that affect the occurrence of rework on 5-layers basement  

 

3.2. 1. Repair   

 Management error 

In the research analyzed, there were mismanagement that caused rework on the foundation work of bored pile, secant pile 

and pile in the 5-layer basement project. 

 Speed-up time 

Time is very important in project completion, in research, the rework often occurred because the acceleration plan is not 

planned properly. 

 Staff Relocation  

In order for the bored pile foundation work, secant pile and pile cap to be completed in accordance with the initial plan, 

staff requirements are very important in a project, in this study staff transfers that are often carried out by contractors have 

an impact on the quality of the field which causes the rework on  the 5-layers basement project. 
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3.2.2.  Replacement 

 Material replacement 

In the implementation of the construction of bored pile foundation work, secant pile and pile cap in the 5-layers basement 

project, the availability of material and consistency in the use of the material is very important, in this study there is often 

material replacement in the field, so that it has an impact on the quality of  the 5-layers basement project that caused the 

rework 

 Technology Implementation  

With technology that is very fast in this era, technology implementation must still be carried out a 5-layer basement 

project. In this study, the application of technology was not optimum, so that it had an impact on the necessity of a rework. 

3.2.3.  Revision 

 Construction procedure 

Appropriate procedures and plan suitability will have an impact on the success of a project. In this study, the procedures 

implemented were not in accordance with the initial plan, resulting in rework on the foundation work of bored pile, secant 

pile and pile cap in the 5-layers basement project. 

 Project communication  

Construction projects with a very difficult level of completion require smooth communication, based on research on bored 

pile, secant pile and pile cap foundation work in the 5-layers basement project of communication between personnel are 

not optimal, this situation leads to the rework. 

 Social and culture  

It is common for construction work to experience constraints due to social and cultural conditions at the project location, 

including a 5-layer basement project that may lead to the rework. 

3.2.4.  Redesign 

 Contract Information 

The contract is an important document prior to the commencement of construction work, with the contract being made and 

being able to explain the contents of the contract document to interested parties in the project in order to implement the 

contract information to reduce rework costs in the 5-layer basement work. 

 Design knowledge 

Design is an important process before construction is carried out. If the design is clear according to the required provisions 

and considering the actual conditions in the field, the occurrence of rework in a 5-layer basement construction project can 

be reduced. 

3.3 System Dynamic Modeling 

System dynamic modeling simulation is the main thing that must be done before deciding how much cost that would like to 

be reduced for rework on a 5-layers basement work. After analyzing and making a causal loop diagram that affects the occurrence 

of rework on on a 5-layers basement project, this research first uses experts in analyzing and determining factors that can reduce 

the occurrence of rework on the 5-layers basement  

Based on the factors mentioned, this study can determine or provide 1 simulations that will become a reference in determining 

factors that can reduce the occurrence of a rework which includes: 

 Simulation : Carry out regular evaluations and meetings, add employees as needed, discuss and approach all staff involved, train 

all teams involved, give rewards in the form of bonuses and charter and budget for consumption costs in meetings. 

 

 

 

5. CONCLUSION 
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 Based on the description given in section 4 regarding the results and discussion of the research, to provide answers to the 

problem formulation and research objectives, the conclusions can be drawn as the following: 

After the analysis with a dynamic system, three scenarios were obtained to minimize the possibility of the rework. From 

the results of the repair scenario model using a dynamic system, it shows that the rework cost efficiency in the Maximum is  

17.41%  
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