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Abstract. BIM is a digital representation of physical and functional building qualities that 
is used to regulate construction processes such as design, construction, and management. 
BIM becomes the dominant data source later in a structure's operation, health monitoring, 
and longevity. In this project, conventional Detailed Engineering Design (DED) Politeknik 
Negeri Padang‘s Integrated Technology Laboratory Building papers will be used, and the 
planning process will be disrupted by remodeling the building structure utilizing licensed 
Building Information Modelling (BIM) software from TEKLA Structure educational 
licensed (TIMBLER). The aim is to collect effective structure volume data and then 
conduct a comparison study of BIM and traditional budget calculation efficiency for 
structural elements in concrete, steel bar, and formwork. As a result, there are variants of 
volume deviation, the structural parts of the floor slab, Superior Beam, and Inferior Beam, 
that indicate the necessity of budget construction estimation. 
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1   Introduction 

Within the last two decades, building planning has been developed computationally. The 
planning steps were purely manual and calculated by hand; but, since the development of 
computers, the design and calculation procedures have switched to computation [1]. However, 
building needs fluctuate from time to time and are quite large, causing issues in construction 
planning, particularly for buildings. Particularly, building elements are becoming increasingly 
complicated, necessitating extensive and integrated accuracy and analysis. There are still many 
errors and reasons since they are still in the conventional planning stage and no sustainable 
system has been developed. It is necessary to have information technology that can combine 
phases and data into a full system, allowing for effective and efficient decision-making. There 
is a full and real-time data record that may be utilized for the process of monitoring assessment 
during and after building construction. 
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BIM is defined as the methodologies and software systems used to produce virtual 
representations of buildings and infrastructure to assist their design, construction, operation, and 
reuse/recycling across all relevant disciplines [4]. This term emphasizes the interaction between 
individuals and their working techniques. This concept encourages information exchange 
among parties involved in proposing new building and infrastructure projects, planning, 
constructing, maintaining, and finally dismantling these facilities. Using BIM generally results 
in the lowest possible cost for a project. The most major advantage of using BIM in the 
construction sector is cost reduction or cost management [2]. When implemented properly and 
comprehensively, BIM may also minimize construction time [2][4]. Designers gain from BIM 
by minimizing manual verification labor and facilitating rapid decision-making in a variety of 
project responsibilities [4]. BIM allows the entire model to be automatically updated based on 
modifications made [7] reducing the time required to prepare drawings and other building 
procedures. If design revisions are necessary to satisfy project standards, BIM's virtual 3D, 4D, 
and 5D knowledge repository can assist with speedy updates [6]. BIM repositories allow for 
automatic coordination via virtual modeling 3D view sessions, which promotes communication 
and trust among stakeholders while eliminating the requirement for conventional coordination 
meetings [1][2] Better coordination and collaboration can also help to spot disputes earlier, 
decrease mistakes, and rework, make decisions faster, and lower the risk of budget overruns 
[1][2][3]. Due to the BIM methodology, design correctness and documentation improvement 
are two major components associated with quality compliance [2]. BIM also allows for 
construction verification before the start of construction, which immediately enhances the 
accuracy of on-site construction work and decreases the potential for rework. As a result, the 
total efficiency and quality of the building will improve [3]. Furthermore, because all project 
teams must update the BIM model during the project's ongoing life cycle, BIM contains up-to-
date information. As a result, BIM is seen as lifetime data that may assist facility managers in 
more effectively operating and maintaining buildings [1]. Based on the benefits listed above, 
BIM makes the construction process easier, less difficult, and more successful, and it serves the 
building efficiently throughout its life. 
 
In this study, conventionally planned existing Detailed Engineering Design (DED) documents 
will be used, which will then be intervened in the planning process by remodeling the building 
structure using licensed Building Information Modelling (BIM) software from TEKLA 
Structure (Timbler). In general, this study begins with recalculating volume from the first 
planning inquiry, followed by specification determination and cost budget analysis. Finally, the 
plan for the construction process of the structural components of the Politeknik Negeri Padang’s 
Integrated Technology Laboratory building has been rescheduled. Furthermore, this BIM output 
may be used as resource data for building monitoring, utilities, and energy usage, by the goal of 
the Politeknik Negeri Padang Campus's first green and smart building concept.  

2   Research Methods 

This study's research framework is depicted in Fig 1. For primary data collecting, this study uses 
qualitative methodologies. The investigation begins with a Document Review of the current 
DED from the Politeknik Negeri Padang‘s Integrated Technology Laboratory Building 
Planning. The process of verifying the data acquired is then carried out by conducting interviews 
with the stakeholders engaged in the planning process. Furthermore, the data and information 



 

 
 
 
 

gathered will be analyzed and the outcomes established to create a more effective plan. 
Furthermore, the constraints of this study look at the structural elements in structural work, 
namely foundations, basement structure work, first-floor structure work, second-floor structure 
work, third-floor structure work, and fourth-floor structure work. The amount of work under 
consideration is the volume of concrete, reinforcing volume, and formwork volume to compare 
the findings of BIM and traditional reports. 

 

 
Fig. 1. Research framework 

Document review and interviews were utilized to collect data to meet study objectives. These 
research methodologies work in tandem to demonstrate the study's validity. A literature review 
was conducted early on to determine the application of BIM technology. At the same time, 
documents on guidelines, processes, and other building design work process materials were 
studied to understand the existing work process and assist in generating interview questions. 
The second step of the study was primary data collecting, which involved using semi-structured 
interviews to comprehend and assess the planning process.  

 
The modeling is then continued using CAD drawing data, which is then transformed into a 3D 
BIM model that includes structural components such as dimensions, reinforcement, 
specifications, types of joints, and some detailing that would be overlooked if conventional 
volume calculations were used. After determining the volume of each structural element in the 
structure, a classification calculation is performed to determine how significant the change is 
and if there is a decrease or rise in the number of volumes. The volumes under consideration in 
this study are those of concrete, steel, and formwork.  

 

  
 

Fig. 2. Section of building 
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Fig. 3. Structure plan for pile cap, sloof, and beam 

Based on the Detail Engineering Design (DED) as a reference for the priority scale in Fig. 2 and 
Fig. 3, the Politeknik Negeri Padang proposes the development of facilities and infrastructure 
in the form of the construction of the Integrated Technology Laboratory Building, along with 
complete contents such as laboratory equipment and furniture, to meet the needs of 
implementing the Teaching and Learning Process within the Politeknik Negeri Padang. The 
planned building's price is determined by the building unit price per meter, material prices, and 
labor. The building's pricing has been changed by the Minister of Public Works and Public 
Housing Regulation No. 22/PRT/M/2018 of 2018 and the List of Unit Prices per Square Metre 
for the highest Physical Construction Standard Building in Padang City in 2022. The Padang 
State Polytechnic Integrated Technology Laboratory structure is a non-standard style of 
structure with reinforced concrete construction and a bored-pile base. In Padang City in 2022, 
the construction unit price (non-standard) for the building with an area of 5,389,59 meter square 
is Rp.8,080,065.-, and the multiplication coefficient for the 5th story building is 1.135, therefore 
this building is planned with a unit price of Rp.8,080,065.-. 
 

 
Fig. 4. 3D BIM modelling of building structure. 

In BIM modeling processing, CAD drawings are converted into three-dimensional modeling in 
BIM. The BIM TEKLA Structure educational (licensed by TIMBER) solely remodels the 
structural components of the building, namely the Foundations, Columns, Beams, and Floor 
Slabs, including concrete specification components, steel reinforcement, and formwork. The 
specifications of the building are a Bored-pile foundation with a depth of 12 meters, a Pilecap 
with a size of 100x100, a Pilecap with a size of 300x300, a Pilecap with a size of 390x390, and 
a Superior Beam with a size of 800x400 are the structural components assessed. Inferior beams 
700x350, Floor Slab (basement, first to fifth floors), and Column 800x800 (first to fifth floors). 
 
 
 



 

 
 
 
 

 
 
3.  Result and Discussion 
 
The findings of structural modeling using the TEKLA Structure 3D BIM model reveal a rise in 
volume and a decrease in overall volume, which is separated into three parameters: concrete 
volume, reinforcement volume, and formwork volume. The discussion in the findings and 
discussion takes the form of a comparison of the conditions between the volume of 
reinforcement and the volume of concrete, which are addressed concurrently with the structural 
groups stated above.  

 

 
Fig. 5. Deviation of concrete and rebar volume for bored piled and pile cap 

According to Fig 5, the overall volume of the Bored-pile and Pilecap constructions demonstrates 
that the amount of concrete does not change much, implying that the volume of concrete 
computed by BIM is the same as that of traditional concrete. There is a variance with an average 
of 5.77% volume increase in the BIM estimate of the reinforcement in the structure. 

 

 
Fig. 6. Deviation of concrete and rebar volume for slab structure elements 

Furthermore, in the floor slab structure, the volume calculation indicates a considerable 
difference between the BIM and conventional calculation findings. In the computation of the 
concrete volume, there is a volume efficiency of concrete with an average of 30.01% and a very 
large efficiency occurs for all floor plates except the fifth-floor plate, where the percentage is 
not different at roughly 30.22%. The two graphs in Figure 6 show the same deviation on each 
floor plate at each level. 



 

 
 
 
 

 
In the column element structure in Fig.7, each floor has the same column size, namely 800x800, 
with a height of 3.98 meters on the basement floor and 4.45 meters on each floor from the first 
to the fourth floor, and the number of columns on the basement floor is more than on the other 
floors. The column volume calculation displays volume fluctuations on each floor. The cellar, 
first and fourth floors all show a substantial change. Meanwhile, the amount of concrete on the 
second and third floors tends to be the same in BIM and conventional estimates. Furthermore, 
for column reinforcement, a very substantial variance in reinforcement volume still occurs on 
the basement column and first floor with the same pattern with deviations in the concrete 
volume, although on the remaining floors, the reinforcement volume tends to be the same. The 
variance in the amount of concrete in the column spans from a decreasing percentage of 10.59% 
to an addition of roughly 2.6%. 

 

 
Fig. 7. Deviation of concrete and rebar volume for column structure elements 

Superior beam structural parts in Fig. 6 with dimensions of 800x400, in particular, do not reveal 
substantial volume variations in BIM and conventionally with a divergence of just 4.18%. 
However, this criterion is inversely related to the volume of the reinforcement, which is 
substantially different; the BIM volume calculation reveals a very considerable increase of 
reinforcement to the superior beams on floors 2, 3, and 4, with a deviation of 51.70%. 

 

 
Fig. 8. Deviation of concrete and rebar volume for superior beam structure elements 

Meanwhile, inferior beams measuring 700x350 on the basement level, first floor, second floor, 
and third floor have minimal variations in lowering the volume of concrete, as shown in Fig. 9. 
However, there was a large increase in concrete volume in the inferior beams on the fourth level. 



 

 
 
 
 

Where BIM estimates are much higher than traditional calculations, the variance in the quantity 
of reinforcement is fairly uniformly distributed on each level. The average variance of the 
increase of concrete volume in this lower beam is 21.07%, whereas the volume decrease in the 
reinforcement is roughly 51.70%. 
 

 
Fig. 9. Deviation of concrete and rebar volume for inferior beam structure elements 

Then, a review of the formwork volume in Fig.10 with a unit area count as a component reveals 
that in the column structure elements, there is a very significant addition of formwork volume 
to the 700x350 beam size with a percentage addition of around 40.6% formwork volume, while 
the 800x400 beam size has an additional formwork volume of around 16% only. However, in 
typical calculations, the formwork volume varies. Furthermore, the column and floor slab 
structural parts did not reveal any reductions or increases, resulting in deviations of 5.4% and 
4.8%, respectively. 
 

 
Fig. 10. Deviation of formwork volume for beam, column, and slabs structure elements 

 



 

 
 
 
 

Table 1 illustrates the percentage addition and decrease of concrete volume, reinforced bars, and 
formwork for each structural element detailed above. On average, foundation structural 
elements have a volume reduction of about 1.89%, floor slabs have an addition of 18.46%, 
columns have a volume reduction of about 6.20%, superior beams have a volume reduction of 
about 10.19%, and inferior beams have a volume reduction of about 19.07%. 

 
Table 1.  Deviation volume of structure elements between bim vs. conventional calculation 

No. Structure Elements Concrete Reinf. 
Bar Formwork Average 

1 Foundation 0,09% -5,77% 0% -1,89% 

2 Floor Slab 30,01% 30,22% -4,84% 18,46% 
3 Columns 800x800 -10,59% -2,60% -5,42% -6,20% 

4 Superior Beam 800x400 4,81% -51,70% 16% -10,19% 
5 Inferior Beam 700x350 -21,07% 37,69% 41% 19,07% 

 
4. Conclusion 
 
Finally, there are various variants of volume reduction and increase, and this is especially 
important in the structural parts of the floor slab, Superior Beam, and Inferior Beam. This is 
owing to the enormous number of joints and reinforcing details between columns, beams, and 
floor slabs, which are traditionally very difficult to complete full calculations so that BIM 
modeling can calculate complicated joint components comprehensively. 
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