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ABSTRACT

High-rise building projects expose a high risk due to structural design complexity, large
workloads, and long project duration. The complexity of the work includes the design of
Mechanical, Electrical, Plumbing (MEP), HVAC (Heating, Ventilation and Air Conditioning)
systems, early warning, watering systems, hydrants, sprinklers, evacuation routes in the form of
emergency stairs and fire doors. This research focuses on the application of BIM 5D to estimate
and improve the cost performance of MEP work in high-rise hotel buildings. This research
combines qualitative and quantitative approaches through in-depth interviews and BIM 5D
modelling to achieve the research objective. The results showed influential factors for BIM
implementation namely 2D Drawings, BIM 5D implementation, specification and technical plan,
operator experiences, BIM 5D models, individual selection model, estimating, calculation
process, cost database, and operator education. The findings of this research also show a cost
efficiency of 3.56% from the BIM 5D implementation to the high-rise hotel building.

Keywords: Hotel High-Rise Building; Mechanical, Electrical, and Plumbing (MEP); Building
Information Modeling (BIM) 5D; Cost Efficiency

1. INTRODUCTION

High-rise building projects expose a high risk due to structural design complexity, large
workloads, and long project duration (Abu Hammad et al., 2010; Aneziris et al., 2012). The
complexity of the work includes the design of the following: mechanical, electrical, and plumbing
(MEP); heating, ventilation and air conditioning (HVAC); early warning; watering systems;
hydrants; sprinklers; evacuation routes in the form of emergency stairs; and fire doors designed
according to needs evacuation. MEP is a working system in high-rise buildings in mechanical,
electrical control, plumbing systems, which include sewage/wastewater (dirty and used water),
disposal systems, venting systems, rainwater, and clean water supply. The percentage of this work
for the total construction work of high-rise building projects is equal to 26 % (Riley et al., 2005;
Wang & Leite, 2016).

In order to achieve the project success, building’s stakeholder needs to consider current
technology such as Building Information Modeling (BIM) system. This technology aims to
identify the problem in terms of structural, architectural, MEP work during project operation and
maintenance and detect failure at an early stage (Bynum et al., 2013; Volk et al., 2014).
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BIM is a set of technology, whose entire process runs in a digital model using an integrated and
involve a three-dimensional image. BIM uses 3D, real-time, and dynamic modeling software to
increase productivity in building design and construction. This technology also involves
generating and managing construction data during its life cycle. Previous research has shown that
BIM estimation may reduce time and error, in addition, to improve estimation performance when
compared to traditional estimation practices (Barlish & Sullivan, 2012; Husin, Setyawan, et al.,
2019; Staub-French et al., 2003).

Currently, BIM technology has been developed into an advanced form of Five-Dimensional
Building Information Modelling (BIM-5D). BIM-5D can assist in calculating the volume of
work, including overlapping MEP work in one job against another. By modeling the Building
Revit on BIM 5D, the complexity of the MEP work can be easier in calculating the volume that
affects the financing. MEP works present a diverse and complex system of data collection and
calculation of cost estimates (Alrashed & Kantamaneni, 2018; Charef et al., 2018; Husin, Fahmi,
et al., 2019).

The use of the software through the collaboration of BIM 5D is expected to provide faster and
more accurate quantification in the planning or design of MEP. In reality, contractors often found
limited accuracy between the planning and execution stage. This inaccuracy in estimating volume
and price calculation of the cost budget in MEP work may relate to the short duration for
quantification during the planning stage (Akhil & Das, 2019; Azhar et al., 2011). In the longer-
term, this has a major effect on the calculation of costs or the Budget Plan for the MEP work in
terms of cost overruns and materials waste for the whole project.

Subsequently, this study focuses on the application of BIM 5D to estimate and improve the cost
performance of MEP work in high-rise hotel buildings. The research also attempts to determine
the percentage cost allocated for MEP work from the overall cost of architectural work, structural
work, interior work, lighting work, and landscape work.

2. METHODS

This study combines qualitative and quantitative approaches through in-depth interviews and
BIM-based analysis :
Table 1. Data of case study

Data Explanation
Location Bumi Serpong Damai, South Tangerang
Function A high-rise Hotel Building
Number of Layer 6" floor

Construction Period 2019

In-depth interviews were conducted through questionnaire surveys with executives and field
supervisors in the MEP work of high-rise hotel buildings. The results of the respondent’s data
were then analyzed by ranking the variables based on the scale of importance using The Relative
Importance Index (RII). A previous study argued that the RII method can determine the relative
importance of the various causes of delay (Alaloul et al., 2016; Glnduz et al., 2013). RII
determines the most influential factors with a ranking system based on the weight of the scores
given by respondents after filling out the questionnaire. The descriptive analysis is also used to
provide an overview of data characteristics and inferential statistical methods to conclude the data
to more general conditions.
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3. RESULTS AND DISCUSSION

3.1. Factors that Most Influence the Implementation of BIM 5D MEP Works

The results of the RIl found the most influential factors based on the weight of the value given
by the respondents after filling out the questionnaire. Drawing is the factor that highly contributes
to the success of BIM 5D implementation with 0,9951 of RII value. It is followed by BIM 5D
implementation, specification and technical plan, operator experiences, BIM 5D models,
individual selection model, estimating, calculation process, cost database, and operator education.
The results of the RII analysis can be seen in Table 2.

Table 2. Ten most influential sub factors

Rank Sub Factors RII Index Value
1 2D Drawing 0,9951
2 BIM 5D implementation 0,9902
3 Specification and Technical Plan 0,9854
4 Operator Experiences 0,9805
5 BIM 5D Models 0,9756
6 Individual Selection Model 0,9707
7 Estimating 0,9659
8 Calculation Process 0,9610
9 Cost Database 0,9561
10 Operator Education 0,9512

3.2. Application of BIM 5D to MEP Work

3.2.1. Estimating BIM 5D

The results of the calculation will be compared with previous studies that stated the potential
savings of BOM into the construction project ranges between 6% to 9% (Kim et al., 2019). To
conduct BIM 5D estimation, a 3D BIM model is first made by taking into account a 2D design
drawing and field data. Surveys and measurements in the field are carried out to accurately
portray them into the model. It is important to create an individual material model (Individual
Model Object) of each material for MEP work to describe the volume and price.

(Revit Architecture view) (Display Filter Settings for BIM 5D)
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(VAC)

Figure 5. Mechanical, Electrical, and Plumbing Systems

3.2.2. Volume Calculation
The steps to carry out BIM 5D begin by selecting the "Analyze" menu in the "Revit 2018"
program and then use Report menu and the Schedule / Quantities menu.

Table 3. Result of adding the column
Outlet System - Cable Tray.10

Type Width | Height | Length (m) | Cost Level
Channel Cable Tray | 300 mm | 100 mm 36 1st Floor
Subtotal 36
Channel Cable Tray | 300 mm | 100 mm 35.9 2nd,3rd,4th,5th,6th,8th Floors
Channel Cable Tray | 300 mm | 100 mm 35.9 2nd,3rd,4th,5th,6th,8th Floors
Channel Cable Tray | 300 mm | 100 mm 35.9 2nd,3rd,4th,5th,6th,8th Floors
Channel Cable Tray | 300 mm | 100 mm 35.9 2nd,3rd,4th,5th,6th,8th Floors
Channel Cable Tray | 300 mm | 100 mm 35.9 2nd, 3th,4th,5th,6th,8th Floors
Channel Cable Tray | 300 mm | 100 mm 35.9 2nd,3rd,4th,5th,6th,8th Floors
Subtotal 215.4
Channel Cable Tray | 300 mm | 100 mm 38.2 7th Floor
Subtotal 38.2
Channel Cable Tray | 300 mm | 100 mm 1.27 Parking Floor
Channel Cable Tray | 300 mm | 100 mm 3.33 Parking Floor
Channel Cable Tray | 300 mm | 100 mm 17.87 Parking Floor
Subtotal 22.47

3.2.3. Results of Application of BIM 5D

Following the type and character of work or material in this study, some items in the BoQ produce
similar calculations between manual calculations and BIM 5D, for example, light points, socket
outlets, light switches, and others. The following table compares the manual BoQ and 5D BIM
BoQ calculations.
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Description
Preparation Works
Preliminaries/Project Management

Pile
Foundation
Semi Basement + Gate Works

Upper Structure

Wall Finishes

Floor Finishes

Ceiling Finishes

Door and Window Works + Hardware
Stair and railing

Sanitair

Mechanical
Electrical
Plumbing

Interior
Landscape
Lift

Generator/Set
Power House
Lighting Supply

Facade (Frame + ACP)

Description
Preparation Works
Preliminaries/ Project Management

Pile
Foundation
Semi Basement + Gate Works

Upper Structure

Wall Finishes

Floor Finishes

Ceiling Finishes

Door and Window Works + Hardware
Stair and railing

Sanitair

Mechanical
Electrical
Plumbing

Interior
Landscape

Lift

Generator Supply
Power House

Lighting Supply

ACP Cladding Works

Table 4. Manual BoQ recapitulation

Volume
960.00
12.00

3,700.00
690.00
1,056.00

6,200.00

13,000.00
9,200.00
6,200.00
5,500.00

480.00
162.00

5,500.00
5,500.00
5,500.00

5,500.00
300.00
1.00

500.00
500.00
800.00

1,594.00

Table 5.

Volume
960.00
12.00

3,700.00
690.00
1,056.00

6,200.00

13,000.00
9,200.00
6,200.00
5,500.00

480.00
162.00

5,500.00
5,500.00
5,500.00

5,500.00
300.00
1.00

500.00
500.00
800.00

1,594.00

Unit Unit Rate (IDR)
m2 1,151,000
months 700,000,000
m' 550,000
m2 3,500,000
m2 2,500,000
m2 2,550,000
m2 400,000
m2 475,000
m2 300,000
m2 1,700,000
m2 2,200,000
set 7,500,000
m2 1,485.550
m2 2.094.450
m2 1,722.950
m2 2,000,000
m2 800,000
unit 975,000,000
kva 1,950,000
kva 900,000
set 500,000
m2 4,000,000
TOTAL

Total
1,104,960,000
8,400,000,000

Sub Total
2,035,000,000
2,415,000,000
2,640,000,000

Sub Total

15,810,000,000

Sub Total
5,200,000,000
4,370,000,000
1,860,000,000
9,350,000,000
1,056,000,000
1,215,000,000

Sub Total
8,170.,525,000

11.519.47.5000
9,476,225,000

Sub Total

11,000,000,000
240,000,000
975,000,000
Sub Total
975,000,000
450,000,000
400,000,000

Sub Total
6,376,000,000

Sub Total

105,038,185,000

BoQ using BIM 5 D (Revit)

Unit = Unit Rate (IDR)
m2 1,151,000
bln 700,000,000
m' 550,000
m2 3,500,000
m2 2,500,000
m2 2,550,000
m2 400,000
m2 475,000
m2 300,000
m2 1,700,000
m2 2,200,000
set 7,500,000
m2 1,650,000
m2 1,450,000
m2 1,750,000
m2 2,000,000
m2 800,000
unit 975,000,000
kva 1,950,000
kva 900,000
set 500,000
m2 4,000,000

JUMLAH

Total (ID
1,104,960,000
8,400,000,000

Sub Total
2,035,000,000
2,415,000,000
2,640,000,000

Sub Total

15,810,000,000

Sub Total
5,200,000,000
4,370,000,000
1,860,000,000
9,350,000,000
1,056,000,000
1,215,000,000

Sub Total
9,075,000,000
7,975,000,000
9,625,000,000

Sub Total

11,000,000,000
240,000,000
975,000,000
Sub Total
975,000,000
450,000,000
400,000,000

Sub Total
6,376,000,000

Sub Total

102,546,960,000

(IDR)

9,504,960,000

7,090,000,000

15,810,000,000

23,051,000,000

26,675,000,000

12,215,000,000

1,825,000,000

6,376,000,000
105.038,185.000

R)

9,504,960,000

7,090,000,000

15,810,000,000

23,051,000,000

26,675,000,000

12,215,000,000

1,825,000,000

6,376,000,000
102,546,960,000

100.000

233

Percentage

9.049

6.750

15.052

21.945

217,767

11.629

1.78

6.070
100.000

Percentage

9.269 %

6914 %

15417 %

22478 %

26.012 %

11912 %

1.780 %

6.218 %

%

%

%

%

%

%

%

%

%
%
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The BIM 5D process argued takes a shorter time compared to the manual. These findings
confirmed the BIM calculation with a quarter to a fifth of the manual calculation time
(Be¢varovska & Matéjka, 2014). Besides accelerating the calculation time, BIM 5D also
produces better accuracy as seen in the comparison results. The findings also show that BIM 5D
provides a more efficient result of 3.56%. The comparison can be seen in the following table.

Table 6. Comparison of BoQ Recapitulation Manual vs BIM 5D (Revit)

BUDGET PLAN REVIT 2018
No DESCRIPTION SCOPE OF WORK TOTAL PERCENTAGE TOTAL PERCENTAGE
(%) (%)
| |PRELIMINARIES UMUM Rp Rp
Il |LIGHTING WORKS MECHANICAL  |Rp 4,689,054,400 Rp| 4,286,145,400
Il |CABEL TRAY WORKS MECHANICAL  |Rp 1,097,847,200 Rp| 854,654,800
IV |UGHTNING ROD WORKS MECHANICAL  |Rp 92,107,000 Rp 92,107,000
V |POWER PANEL WORKS MECHANICAL  |Rp 2,291,478,200 Rp| 2,123,453,700
SUB TOTAL MECHANICAL WORKS | Rp 8,170,486,800| 7,78 | % |Rp| 7,356,360,900 | 7,02 | %
VI |cCTv WORKs ELECTRICAL Rp 632,481,400 Rp| 370,213,400
VIl | SOUND SYSTEM WORKS ELECTRICAL Rp 99,451,100 Rp 99,451,100
VIl [PABX WORKS ELECTRICAL Rp 878,087,500 Rp| 878,087,500
IX |MATV WORKS ELECTRICAL Rp 2,752,987,600 Rp|  2,645,850,600
X |ALARM WORKS ELECTRICAL Rp 2,358,847,100 Rp| 2,358,847,100
Xl [HVAC WORKS ELECTRICAL Rp|  4,797,531,000 Rp| 3,114,137,300
SUB TOTAL ELECTRICAL WORKS |Rp|  11,519,385,700| 10,97 | % |Rp| 9,466,587,000 | 9,01 | %
XIl_[HYDRANT WORKS [ pLUMBING Rp 4,797,531,000 Rp| 4,366,114,700
XIl_[PLUMBING WORKS | pumsiNG Rp|  5,678,543,600 Rp| 4,957,948,200
SUB TOTAL PLUMBING WORKS | Rp 9,476,474,600] 9,02 | % |Rp| 9,324,062900 | 818 | %
GRAND TOTAL|Rp|  29,166,347,100| 27,77 | % |Rp| 26,147,010,800 |24,21| %
DIFFERENCES = 27,77 % - 24,21 % = 3,56%
BASED ON BIM 5D REVIT EFFICIENCY (3,56 %)

4. CONCLUSION

BIM 5D plays a significant role in providing higher accuracy and faster calculation for building
planning and development. The factors that affect the success of BIM 5D implementation consist
of 2D drawings, BIM 5D implementation, specification, and technical plan, operator experiences,
BIM 5D models, individual selection model, estimating, calculation process, cost database, and
operator education. For the cases of MEP work in high-rise hotel buildings, the difference
between manual calculations and BIM 5D Revit in terms of cost efficiency is 3.56%.

Despite this result, there is some limitation that can be used to generate more comprehensive
result in the future. First, the case study only uses of type of building of high-rise hotels which
may differ from other types of building such as residential or commercial buildings. Second, there
is some combination of BIM and other advanced technology such as machine learning, 10T, and
many others. Adopting this combination may provide more comprehensive findings and
significantly improve the results. Last, the case study conducted in developing countries in South
East Asia, a similar project in other developed economies or developing countries may beneficial
to compare each finding and obtain significant knowledge expansion.
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