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Abstract: It is important to apply the Length types of Processed Rebar Simplification (LPRS) to rebar
work for improving work efficiency and reducing labor in construction fields. However, when used
excessively, LPRS can also bring about adverse results, as the increase in the amount of wasted
rebars can scale with the cutting process, leading to an increase in material cost. Therefore, it is
crucial to find a proper level of simplification for considering labor and material cost together. In this
study, various simplification tests were conducted based on BIM software to quantitatively validate
the variation of the amount of rebar and LPRS according to the simplification. These tests were
conducted for each member and the shape of the building, using the data of five projects, by dividing
the unit of simplified rebar length into three cases. The research analysis showed that simplifying the
unit of rebar lengths to 500 mm and 1000 mm increased the amounts of materials at a greater rate,
making them undesirable. Further, it was recognized that irregular slabs, compared to regular slabs,
more efficiently reduced the number of LPRS when adopting simplification methods. This study
is expected to contribute to preventing material costs from increasing excessively by quantitatively
analyzing the impact level of simplification on the amount of rebar materials and LPRS.

Keywords: BIM; quantity take-off; QTO; reinforcement bar; factory processing

1. Introduction

Rebar work is a representative labor-intensive construction project [1–3]. Moreover,
it is very important work from the perspective of project cost management and process
management, because it takes a lot of working hours on site [1]. Due to the nature of
labor-intensive and field-intensive rebar work [1,3], the increase in work efficiency can
be greatly helpful to reduce overall construction costs. Rebar installation is commonly
performed by a crew of experienced and skilled workers, who usually work in pairs [4],
and it is time-consuming work [5]. Therefore, if the rebar itself is designed to be easily
processed and installed in the field, the work efficiency of workers will be improved. In
particular, if the number of rebar types handled in the field is reduced, repetitive work
performance will be facilitated, increasing the work efficiency of workers. Therefore, these
matters need to be considered in advance in the Quantity Take-Off (QTO) stage. QTO
incurs a significant impact on the overall construction cost and construction period, as
it supports estimation, cost management, and construction project planning [6,7]. When
automated through the implementation of BIM, QTO becomes an extremely useful task,
which enables cost and schedule benefits by providing simple and accurate estimates for
projects [8].

Meanwhile, substantial time and labor are wasted on distinguishing suitable rebars
for use in rebar work in construction fields due to the diversity of rebar types, meaning
that simplification of the rebar types can help to reduce this wasted time and labor. Due to
the labor-intensive nature of rebar work, in which the labor cost accounts for 65% of the
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overall cost, increased labor consumption directly impacts the project costs [1]. Thus, most
construction projects in Korea perform simplification of the length types of processed rebar,
and there are three common simplification methods: (1) simplifying the length to 100 mm
units; (2) simplifying by rounding up to the smallest deviation among 300 mm, 500 mm,
700 mm, and 1000 mm; and (3) simplifying by rounding up to 500 mm and 1000 mm.

The simplification methods of (1) and (2) are most commonly used, while method
(3) is occasionally considered in the case of large-scale projects. Through this simplification
method, it is possible to reduce the number of Length types of Processed Rebar Simplifica-
tion (LPRS), which means the length types rounded up to a multiple of units (e.g., 300 mm,
600 mm, or 900 mm, etc.). Reducing the number LPRS affects rebar construction work
productivity. O’Connor et al. [9] and Alshawi et al. [10] discussed the negative effects of
variability in element size on the complexity of the configuration process. Furthermore,
Jarkas, A. M. [4] illustrated that the increase in the number of member sizes of rebars un-
dermines the continuity of the work and adversely affects efficiency. The research findings
from previous work prove that the simplification of rebar size can lead to an improvement
in work efficiency through a decrease in the number of rebar LPRS, thereby reducing
working hours and labor costs.

However, after cutting the simplified rebars into the actual lengths required, the
amount that gets cut out is wasted. This can lead to a large loss of material costs because
the accumulation of such wasted rebars can lead to an overall increase in material costs, as
rebar work accounts for about 9.8% of the total construction costs [1]. Moreover, the price
of rebar has more than doubled over the past 20 years [11]. In other words, the application
of LPRS can increase the amount of wasted rebars due to the cutting process, leading to an
increase in material cost, while increasing work efficiency and reducing labor. This means
that it is important to find a proper level of simplification for considering labor cost and
material cost together. Therefore, it is necessary to accurately analyze the effect of applying
LPRS on the amount of rebar actually ordered.

As repetitive work can be required in this step, 3D BIM-based QTO is suitable because
of its high precision and convenience. However, even though previous works explored
rebar QTO and BIM-based QTO as theoretical studies, only a few studies have considered
both an increase in the amount of rebars and a decrease in LPRS by simplification among
case studies. Therefore, based on the status quo of the research, this study aims to find
solutions to the following research questions by conducting a case study on various building
design cases of several construction projects to collect data on the simplification method:

• (Q1) How much does the amount of required rebar materials increase and the number
of LPRS decrease accordingly by simplifying the length units of rebar?

• (Q2) What can be considered in the QTO results by building?

The major contributions of this study include the following:

• The results of this study can contribute to preventing material costs from increasing ex-
cessively by quantitatively analyzing the impact level of simplification on the amount
of rebar materials and LPRS.

• The results of this study can be used as an indicator for efficient design in the simplifi-
cation method when performing rebar construction in future construction projects.

2. Literature Review

Numerous studies have been conducted in relation to 3D-BIM-based QTO including re-
bar materials. For instance, Pratoom et al. [12] demonstrated the efficiency of BIM software-
based QTO by comparing the amount of rebar produced through traditional QTO and
BIM software-based QTO. Jo et al. [13] suggested a method of performing rebar QTO using
a ratio of amounts (rebar material input to concrete).

Meanwhile, various studies have also been conducted considering the reduction
in the waste of rebar length. Park et al. [14] conducted a study to establish a system
development foundation for QTO more accurately and quickly, considering the joint and
settlement, along with work efficiency, according to the processing type by reinforcement
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member/distribution. Lee et al. [15] analyzed the rebar material amount according to
factors such as the member type, size of the main bar, building size and scale, calculation
item, and order length using the BuilderHub software. Kim et al. [16] developed an
automatic estimation tool called AutoES. When conducting QTO, AutoES helps calculate
to find the rebar combination with the least loss of wasted rebar. This tool can be used
for both special orders and market orders. Khosakitchalert et al. [17] proposed a new
method, “BIM-based compound element quantity takeoff improvement” (BCEQTI), using
information from BIM-based clash detection to eliminate excess quantities and add missing
quantities. Rahimi et al. [18] suggested a Column-Generation-based approach that provides
the most cost-effective arrangement of rebar based on the customer-specified maximum
heterogeneity. Khondoker et al. [19] optimized the use of available market-length rebars
for generating the least possible waste using BIM modeling and mixed-integer linear
programming. The materials are rebars used for RC structures. However, these studies
considered only the reduction of wasted rebar, not work efficiency or LPRS, and they can
only be used for the field processing method.

Meanwhile, Zheng et al. [20] proposed an optimal procurement and cutting plan for
rebar and presented an optimization solution for rebar cost and volume loss. In this study,
the Pareto optimization technique was applied to simultaneously reduce overall cost and
lower material waste. Although it considers the length of wasted rebar together with labor,
it can be used only for field processing methods, too. Furthermore, this study is about the
optimization of rebar detailing design and installation planning, and it can be said that the
direct relationship with QTO is small.

Numerous studies have been conducted related to 3D BIM-based QTO including rebar
materials. In addition, it was confirmed that research related to the reduction of wasted of
rebars has been actively conducted until recently. In particular, most of this type of research
was conducted with the aim of minimizing material costs or securing sustainability. On
the other hand, few studies have been conducted considering work efficiency or LPRS
along with the reduction of wasted of rebar regarding 3D BIM-based QTO. In the case of
minimizing the waste of rebar, work efficiency decreases due to the increase in the number
of LPRS, so these various factors should be considered at the same time. In addition, most
of the existing studies are related to the field processing method of rebars, and it is difficult
to apply them to the factory processing method.

Therefore, this study considered the decrease in LPRS with the increase in the amount
of rebars due to the simplification of the length of rebars and the applicability for the
factory processing method. Previous studies related to QTO and the calculation of rebar
loss reviewed in this section are summarized in Table 1 below.

Table 1. Previous studies related to 3D BIM-based QTO and minimizing rebar materials.

Research Purpose Limitation

1 Park et al.,
2008 [14]

Developing the base system to
improve the efficiency of QTO

• Not consider work efficiency or LPRS
• Not for factory processing method

2 Pratoom et al.,
2016 [12]

Comparison between
BIM-based QTO and

traditional QTO

• Not related to the quantity of rebar
• Not consider work efficiency or LPRS
• Not for factory processing method

3 Zheng et al.,
2019 [20]

Optimization of rebar design
and Planning for waste

reduction

• Not for factory processing method
• Low relationship with QTO

4 Khosakitchalert et al.,
2019 [17]

Improving the accuracy of
QTO

• Not consider work efficiency or LPRS
• Not for factory processing method
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Table 1. Cont.

Research Purpose Limitation

5 Jo et al.,
2019 [13]

Developing the method of
QTO based on the concrete

quantity

• Not related to the quantity of rebar
• QTO was conducted entirely depending on

the volume of concrete
• Not for factory processing method

6 Lee et al.,
2019 [15]

Analysis of rebar quantity
according to various
construction factors

• Not consider work efficiency or LPRS
• Not for factory processing method

7 Kim et al.,
2020 [16]

Developing the automated
QTO tool supporting the

automated rebar combination
with special/market lengths

• Not consider work efficiency or LPRS
• Not for factory processing method

8 Khondoker et al.,
2021 [19]

Optimization of the use of
market-length rebars

• Not consider work efficiency or LPRS
• Not for factory processing method

9 Rahimi et al.,
2023 [18]

Optimization of rebar cutting
plan and arrangement

• Not consider prefabricated stage
• Requires numerous iterations for

optimization
• Not for factory processing method

3. Methodology & Results
3.1. Construction Site Overview of Case Studies

The research procedure of this study is shown in Figure 1 below. In the case study
section, the calibration lengths are set for each simplification case first. Among the various
simplification cases, the unrefined length means the case of applying the real length of the
rebar, which is not rounded up in this study. Then, the simplification test is performed on
five construction projects’ data based on BuilderHub-Q, which is a commercial 3D BIM
tool specialized in the Korean Design Standard (KDS). In this study, there are a total of
five construction sites composed of 27 buildings used for QTO, and an overview of each
project appears as an appendix (Tables A1–A5). The project overview illustrates the type
and structure of the building, the size of each building, and information about the floor
area. As a result of the simplification test and QTO, the amount of rebar materials and the
number of LPRS for various members are calculated for each simplification case of each set
of field project data. In the case of LPRS, rebar arrangement was conducted based on the
AutoCAD Add-on software 2DShopPro, using rebar drawings generated by BuilderHub-Q.
2DShopPro is a software that can conduct the design of rebar arrangement based on 2D
CAD drawings and calculate the types of rebar, such as the shape, length, and thickness.
As a result of the case study section, a comparison of the amount of rebar materials and the
number of LPRS is performed between the simplification cases.

In the analysis and discussion section, correlation analysis was conducted to confirm a
linear correlation between the total floor area of the building and (1) the change in rebar
material amounts and (2) the number of LPRS calculated through 3D BIM-based QTO.
Additionally, the slab member data in the case study stage are divided into regular and
irregularly shaped slabs and compared for analysis in terms of their shape. In addition,
analysis of the amounts of rebar materials and the number of LPRS is performed on
27 individual sets of building data because only five sets of construction project data were
analyzed overall in the case study stage. Finally, synthesizing all of these results, the
discussion is conducted.
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Figure 1. Research procedure of this study.

3.2. Selection of Calibration Lengths and Quantity Take-Off

In this study, QTO was conducted by calibrating the length of processed rebar into
four cases, as follows:

(1) unrefined length of processed rebar,
(2) simplified length to 100 mm units,
(3) simplified length to 300 mm, 500 mm, 700 mm, and 1000 mm units, and
(4) simplified length to 500 mm and 1000 mm units.

The calibration length of processed rebar for each member is illustrated in Table 2.

Table 2. Calibration Lengths of Processed Rebar by Case.

Member
(Direction of Arrangement) Unrefined Case A Case B Case C

Calibration
Length

of
Processed

Rebar

Basement 10 mm 100 mm 300 mm, 500 mm,
700 mm, 1000 mm

500 mm,
1000 mm

Stairwell 10 mm 100 mm 300 mm, 500 mm,
700 mm, 1000 mm

500 mm,
1000 mm

Column 100 mm

Wall (Vertical) 100 mm

Wall (Horizontal) 10 m

Beam 10 mm 100 mm 300 mm, 500 mm,
700 mm, 1000 mm

500 mm,
1000 mm

Slab 10 mm 100 mm 300 mm, 500 mm,
700 mm, 1000 mm

500 mm,
1000 mm

In domestic construction sites, the lengths of processed rebar were 100 mm for columns
and walls (vertical rebars only), and the unit of horizontal rebars for walls is uniform
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in length at 10 mm. Thus, only the lengths of processed rebars used for basements,
stairwells, beams, and slabs were divided into 10 mm (unrefined), 100 mm (Case A),
300 mm/500 mm/700 mm/1000 mm (Case B), and 500 mm/1000 mm (Case C). When
PC columns were among the members used, the arrangement of rebar was meaningless,
and it was excluded from the QTO. In addition, in the case of basements and stairwells,
the software did not provide an output function for basement rebar arrangement draw-
ings; only the quantity was calculated, without the corresponding LPRS. All rebar work
arrangement using BIM software was performed according to the “Design Criteria for
Concrete Structures (KDS 14 20 00) [21]” and “Standard Specification for Concrete Struc-
tures (KCS 14 20 00) [22]”, standards released by the Ministry of Land, Infrastructure, and
Transport in the Republic of Korea.

3.2.1. Columns

The column consists of main bars arranged in the axial direction and hoop bars (ties)
arranged in the horizontal direction, and two arrangement drawings (top-view and side-
view) are generated when using 2DShopPro, as the axial arrangement of the rebar is the
Z-axis. Figure 2 below shows an example of the rebar arrangement of column members
and the name of the rebar for each part.

Figure 2. Example of the rebar arrangement of column members and the name of the rebar for each
part (1F, Building #101 of construction project A).

For columns, as the length of processed rebar was calibrated equally in 100 mm units in
two cases, LPRS calculations were performed only once. Since most apartment construction
in Korea is of a bearing wall structure, the column arrangement of rebar was conducted
only in specific areas, such as the basement floors and parking lots. In the case of the lowest
floor of the building, additional calculations were performed for columns and walls, as
the dowel bar exists in the basement. The results of the rebar arrangements and QTOs for
column members are displayed in Table 3; buildings without a rebar column arrangement
were excluded. Due to the bearing wall structure, it was confirmed that both the calculated
amount of rebar and the number of LPRS were not large in the column member.

Table 3. The amounts of rebar material and the number of rebar LPRS for column members.

Building No.
Amount of

Rebar Material
(Ton)

Types of
Rebar Lengths

(Units)

Project A

Apartment 101 26.48 64
102 32.19 32

Neighborhood
Living Facilities

#1 16.48 18
#2 3.22 8
#3 7.66 2

Underground Parking Lot 23.94 59
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Table 3. Cont.

Building No.
Amount of

Rebar Material
(Ton)

Types of
Rebar Lengths

(Units)

Project B Underground Parking Lot 508.58 116

Project C Underground Parking Lot 87.24 40

Project G

Apartment

101 0.34 3
102 15.64 23
103 12.03 30
104 19.84 29
105 16.78 35
106 50.11 47

Security Office 0.56 9

Underground Parking Lot 131.06 58

Project H Mixed-useApartment 1BL 465.60 203
2BL 472.77 215

3.2.2. Walls

The main walls of domestic bearing wall structures are generally designed to si-
multaneously serve as both bearing and shear walls (for vertical and horizontal loads,
respectively) [23]. A typical wall is arranged surrounding the outside of the vertical rebar
with horizontal rebar. Figure 3 below shows an example of the rebar arrangement of wall
members and the name of the rebar for each part.

Figure 3. Example of the rebar arrangement of wall members and the name of the rebar for each part
(B2F, Building #101 of construction project A).

As for the wall member, the length of processed rebar was calibrated by cases equally,
so the quantity and LPRS calculation was performed only once. As in the case of the
columns, a dowel bar connected to the base was calculated additionally. Table 4 exhibits the
results of the rebar arrangements and QTOs for wall members. In the case of underground
parking lots, a small number of LPRS were calculated compared to the amount of rebar
material calculated. The number of the type of horizontal rebar was calculated as less than
that of apartment buildings due to the large floor area.

Table 4. The amounts of rebar material and the number of LPRS for wall members.

Building No.
Amount of

Rebar Material
(Ton)

Types of
Rebar Lengths

(Units)

Project A

Apartment 101 348.32 2274
102 176.38 1854

Security Office 1.27 24

Neighborhood
Living Facilities

#1 20.77 92
#2 16.71 77
#3 3.41 22

Underground Parking Lot 132.06 147
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Table 4. Cont.

Building No.
Amount of

Rebar Material
(Ton)

Types of
Rebar Lengths

(Units)

Project B Apartment &Office 101 213.09 2395
102 212.89 2374

Underground Parking Lot 337.75 838

Project C

Apartment

101 172.03 1281
102 165.43 1267
103 172.77 1188
104 202.60 2060
105 125.04 1217

Security Office 0.89 22

Underground Parking Lot 82.82 264

Project G

Apartment

101 128.51 1431
102 175.89 1994
103 214.92 1629
104 201.37 1784
105 289.74 2931
106 198.93 2426

Security Office 1.89 13

Underground Parking Lot 80.49 163

Project H Mixed-useApartment 1BL 1120.48 6057
2BL 1077.46 5933

3.2.3. Beams

The beam consists of main bars, arranged axially to resist bending moments, and
stirrups surrounding the main bars, in the lateral direction to resist shear forces. The main
bars consist of a combination of top, bottom, and side bars (skin reinforcement), depending
on the direction of the bending moment acting on the beam. In that case, the bending
moment changes and is distributed by sections; thus, the beam is designed to be divided
into the external, center, and internal sections. Figure 4 below shows an example of the
rebar arrangement of beam members and the name of the rebar for each part.

Figure 4. Example of the rebar arrangement of beam members and the name of the rebar for each
part (RF, Building #101 of construction project A).

The lengths of the beam member’s processed rebar were calibrated by segregating
them into the cases of unrefined length and simplified lengths A, B, and C. Tables 5 and 6
depict the results of the rebar arrangements and QTOs, as follows. The result values of
QTO for the buildings of the project were summed, and the differential for each case was
calculated for each project. In the case of Project H, the increase rate in the amounts of
rebar (+4.67%) and the decrease rate in the number of LPRS (−41.24%) were the largest
based on Case C. The QTO results and differentials for each building of each project are
included in Tables A6 and A7 in Appendix A. Table A6 shows the calculated amount of
rebar by building for beam members by case. The “Diff.” specified in each case means the
differential with the unrefined case. Table A7 shows the calculated number of LPRS in the
same way.
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Table 5. Amounts of Rebar Materials for Beam Members and Differentials by Cases.

Amount of Rebar Material (Ton)

Unrefined
Case A Case B Case C

Val. Diff. Val. Diff. Val. Diff.

Project A 212.9 214.1 +0.58% 215.9 +1.44% 218.9 +2.82%
Project B 267.9 269.4 +0.55% 271.8 +1.44% 275.2 +2.72%
Project C 818.8 823.5 +0.57% 831.5 +1.56% 843.0 +2.96%
Project G 551.3 554.1 +0.50% 558.8 +1.35% 566.6 +2.78%
Project H 1584.2 1595.9 +0.73% 1622.2 +2.40% 1658.3 +4.67%

Table 6. Numbers of LPRS for Beam Members and Differentials by Cases.

Types of Rebar Lengths (Units)

Unrefined
Case A Case B Case C

Val. Diff. Val. Diff. Val. Diff.

Project A 1823 1750 −4.00% 1675 −8.12% 1529 −16.13%
Project B 1659 1302 −21.52% 1147 −30.86% 1043 −37.13%
Project C 2431 1968 −19.05% 1822 −25.05% 1718 −29.33%
Project G 4536 3662 −19.27% 3463 −23.66% 3333 −26.52%
Project H 15,184 12,304 −18.97% 10,416 −31.40% 8922 −41.24%

3.2.4. Slabs

The slab is arranged in both the short-side and the long-side directions (X- and Y- axis
respectively). In addition, depending on the location of the beam, the deformation increases
as the distance from the beam increases. As a result, the beam is divided into the column
and middle strip sections to design the rebar arrangement for slabs. Furthermore, additional
rebar arrangements for slabs must be performed for relatively vulnerable areas, such as
openings. The QTO of slabs requires six types of design drawings, including arrangement
drawings for the top and bottom X-axis, the top and bottom Y-axis, and the top/bottom
reinforcement drawings. Figure 5 below shows an example of the rebar arrangement of
slab members and the name of the rebar for each part.

Figure 5. Example of the rebar arrangement of slab members and the name of the rebar for each part
(1F, Building #101 of construction project A).

The lengths of the processed rebar of the slab member were calibrated by allocating them
into the unrefined case (10 mm), Case A (100 mm), Case B (300 mm/500 mm/700 mm/1000 mm),
and Case C (500 mm/1000 mm). The results of the arrangements of the rebar and QTOs are
captured in Tables 7 and 8, as follows. As in the case of the beam, the results of QTO for the
buildings of the project were summed. In addition, the differential was calculated for each
case for the unrefined case. Based on Case C, Project C (+2.16%) showed the largest increase
rates in the amounts of rebar materials, and Project G (−53.08%) showed the largest decrease
in the number of LPRS. The QTO results and differentials for each building of each project are
included in Tables A8 and A9 in Appendix A. Table A8 shows the calculated amounts of rebar
materials by building for slab members by case, and Table A9 shows the calculated number
of LPRS.
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Table 7. Amounts of Rebar Materials for Slab Members and Differentials by Cases.

Amount of Rebar Material (Ton)

Unrefined
Case A Case B Case C

Val. Diff. Val. Diff. Val. Diff.

Project A 799.2 801.4 +0.28% 805.2 +0.75% 810.4 +1.41%
Project B 515.5 517.0 +0.29% 519.6 +0.79% 522.6 +1.37%
Project C 726.8 729.5 +0.36% 734.2 +1.01% 742.5 +2.16%
Project G 757.4 760.2 +0.38% 764.9 +0.99% 773.4 +2.12%
Project H 1613.5 1617.6 +0.25% 1621.7 +0.51% 1633.5 +1.24%

Table 8. Numbers of LPRS for Slab Members and Differentials by Cases.

Types of Rebar Lengths (Units)

Unrefined
Case A Case B Case C

Val. Diff. Val. Diff. Val. Diff.

Project A 10,787 8233 −23.68% 6554 −39.24% 5477 −49.23%
Project B 19,445 12,819 −34.08% 10,820 −44.36% 9477 −51.26%
Project C 12,860 10,573 −17.78% 9023 −29.84% 7955 −38.14%
Project G 30,854 19,204 −37.76% 16,020 −48.08% 14,477 −53.08%
Project H 23,689 16,113 −31.98% 13,103 −44.69% 11,264 −52.45%

3.2.5. Basements and Stairwells

In the previously mentioned case of basements and stairwells, the 3D BIM software
BuilderHub-Q supports the calculation function of rebar material amounts, but not the
design of rebar arrangement in 2DShopPro. Therefore, only the amount of rebar material
was calculated for each case and member. The total amounts of rebar materials calculated
and the differentials from unrefined cases are referenced in Table 9, as follows. In the case
of the basement, the increase rate of the amount of rebar of Case C compared to Case B was
large (+0.39%p), and in the case of the stairwell, the increase rate of Case B compared to
Case A was large (+0.98%p). The results of QTO for the basements and stairwells in each
building are attached as Tables A10 and A11 in Appendix A. Since the number of LPRS
was not calculated, only the amount of rebar materials and the increasing rate compared to
the unrefined case are shown.

Table 9. Total amounts of rebar materials calculated and differentials from unrefined cases.

Basements Stairwells

Amounts of
Rebar Differential Amounts of

Rebar Differential

Unrefined 2351.13 - 295.80 -
Case A 2354.91 +0.16% 297.47 +0.56%
Case B 2361.38 +0.44% 300.35 +1.54%
Case C 2370.74 +0.83% 302.19 +2.16%

4. Analysis & Discussion
4.1. Correlation Analysis

In this section, an analysis was performed to confirm a linear correlation between the
total floor area of the building and (1) the change in rebar material amounts and (2) the
number of LPRS calculated through QTO. In the construction industry, design changes
are often inevitable due to industrial characteristics [24], which means that QTO must be
performed and revised repeatedly according to design changes. If the correlation analysis
verifies that the linear correlation between each factor and the total floor area of the building
is high, the results can contribute to predicting the change of these factors through the
total floor area of the building in construction projects where frequent QTO works are
challenging. Therefore, the correlation analysis between these factors and the floor area
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is important. Correlation analysis measures the strength of an association between two
(or more) quantitative variables [25]. The correlation analysis was conducted according to
Equation (1). The correlation coefficient values computed by the correlation analysis range
from −1 to 1, which indicates that the two variables are strongly related in a linear manner
if the absolute value of the correlation coefficient is closer to 1.

r =
∑(xi − x)2 − ∑

(
yi,j − yj

)2√
∑(xi − x)2 − ∑

(
yi,j − yj

)2
(1)

r : Correlation coefficient (−1 < r < 1)
xi : Total floor area of building i
x : Average total floor area of buildings
yi,j : Amount of rebar for member j of building i
yj : Average amount of rebar for member j of buildings

The resultant correlation coefficients are strong, as demonstrated in Table 10. These
include the amounts of rebars calculated from the wall, beam, and slab members, other
than column members that may not be included in the building composition due to the
bearing wall system. This proves that the total amounts of rebar materials produced for
each member reflect a strong positive correlation with the total floor areas of the building.

Table 10. Correlation analysis between the amount of rebar and total floor area by members.

Walls Beams Slabs

Correlation Coefficients
with Total Floor Area 0.96 0.97 0.82

In the case of simplification, the differential in the number of LPRS for the unrefined
case was aggregated by buildings. Only the values for beam and slab members that can
measure the number of LPRS in the simplified case were aggregated, and correlation
analysis was performed by corresponding to the total floor area of each building. Unlike in
the case of Table 10, Table 11 captures low correlation coefficients (absolute values) between
the total floor area and the number of LPRS in each simplification case for the length of
processed rebar.

Table 11. Correlation analysis between the results of the simplifications and total floor area.

Differential of the Number of LPRS
between Simplified Cases and Unrefined Case

Beam Members Slab Members

Case A Case B Case C Case A Case B Case C

Correlation Coefficients
with Total Floor Area −0.27 −0.05 −0.35 −0.29 −0.22 −0.29

The resultant low correlation coefficients occur because other factors, such as the
arrangement of rebars, floor shape, and surrounding member location, are more influential
than the total area of the building. The distributions of the amounts of rebar by total floor
areas by members (Figure A1) and the reduction rates of the number of LPRS by total floor
area by the case (Figure A2) are attached as an appendix.

4.2. A Study on the Irregular Shape of Slab

In performing rebar arrangement on the slab members of a building, square-shaped
slabs are arranged in the longitudinal direction using long rebars of 8 m or more in length.
However, in the case of irregular slabs that are not based on rectangular shapes (or with
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other shapes added), long rebars are not used frequently because they may suffer interfer-
ence due to different axial directions. In addition, in case the slab’s long and short sides
are not perpendicular, various types of LPRS are produced because different rebar lengths
must be arranged at each point. In this environment, the efficiency of processed rebar
length simplification was expected to be high. Thus, this study divided the slab shape
into regular and irregular shapes to compare the reduction rates of the number of LPRS by
simplification. Buildings consisting of only square slabs were classified as conventional
shapes, as shown in Figure 6a, and the rest shown in Figure 6b were classified as irregular
shapes. The comparison was conducted only on high-rise buildings, such as apartments
and offices, whereas low-rise structures, such as security offices or underground parking
lots, were excluded. The results of classifying each slab of the building into a regular or
irregular shape are described in Table 12.

Figure 6. Examples of each classification according to the shape of the slab: (a) regular shape of slab;
(b) irregular shape of slab.

Table 12. Results of classifying each slab of a building into a regular or irregular shape.

Shape of Slabs

Regular Irregular

Building No.
(Project-#No.)

A-#101 A-#102
C-#101 B-#101
C-#102 B-#102
C-#103 G-#103
C-#104 G-#104
C-#105 G-#105
G-#101 G-#106
G-#102 H-#1BL

H-#2BL

Table 13 exhibits a comparison of the calculated values of the rebar amount for regular
and irregular slab shapes. Significantly, the amounts of rebar materials calculated per unit
area are 0.018 t/m2 and 0.016 t/m2 for regular and irregular shapes, respectively; there
is a slight difference, depending on the slab’s shape. However, in the case of the number
of LPRS per unit area, the amounts were calculated to be 0.619 units/m2 for the irregular
shape slab and 0.332 units/m2 for the regular shape slab (a 187% increase from the latter to
the former). In addition, the proportions of the LPRS reduced through the simplification of
the length of the processed rebar were −33.0%, −44.4%, and −51.2% in Cases A, B, and C,
respectively, for irregular shape slabs. This corresponds to reductions of 18.5%p, 16.7%p,
and 14.3%p (Case A, B, and C, respectively) when compared to regular shape slabs. Thus,
more types of rebars are needed for rebar arrangement in the case of irregular slabs than in
the case of regular slabs, and the type of rebars is reduced more effectively by simplifying
the length of processed rebar.
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Table 13. Comparison of the calculated values of regular and irregular shapes of slabs.

Shape of Slabs

Regular Irregular

Amounts of rebar materials
per unit area (t/m2) 0.018 0.016

LPRS
per unit area (units/m2) 0.332 0.619

Proportion of the reduced
number of LPRS

through the simplification by case

Case A −14.4% −33.0%
Case B −27.8% −44.4%
Case C −36.9% −51.2%

LPRS per unit area
after simplification by Case C (units/m2) 0.211 0.305

4.3. Analysis of the Amounts of Rebar Materials and the Number of LPRS

The previous section confirmed that simplifying the length of processed rebars reduces
the LPRS required for rebar arrangement, and in particular, that simplification efficiency is
higher for irregular slab members. However, as the length of processed rebar is simplified
to a larger unit, the amount of rebar material ordered also increases, resulting in higher
costs of rebar materials in the construction project. Therefore, understanding the rates of
increase (amount of rebar calculated) and decrease (LPRS for each unit of simplified length)
becomes paramount. Figure 7 shows the distributions of the fluctuating rates of the amount
of rebar and the number of LPRS calculated, by each case and member.

Figure 7. Distributions of the changing rates for: (a) amounts of rebars by cases for beam members;
(b) also for slab members; (c) number of LPRS by cases for beam members; (d) also for slab members.

Referring to Figure 7a, there is no significant differential in the amount of rebar
calculated in Case A (average value: +0.62%, deviation: 0.17%) and Case B (average:
+1.09%, deviation: 0.33%) in the case of the beam member, but a tangible increase is visible
in Case C (average: +3.49%, deviation: 0.96%). In the case of slab members per Figure 7b,
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there is one value (+2.20%) that exceeds +2% in Case B (average: +0.97%, deviation: 0.36%),
whereas the average is +2.00% and the deviation 0.80% in Case C, revealing a significant
difference between the cases. Further, some cases revealed that the reduction rate of the
number of LPRS was less when simplifying from Case B to Case C than from Case A to
Case B. These were confirmed in 9 and 25 out of 27 cases in beams and slabs, respectively.
Since this links directly to project construction costs, the reduction by simplifying the length
of processed rebar lacks efficiency compared to Case A or B, and simplifying the length of
processed rebar to Case C should be avoided in general construction projects.

Referring to Figure 7a, there is no significant differential in the amount of rebar
calculated in Case A (average value: +0.62%, deviation: 0.17%) and Case B (average:
+1.09%, deviation: 0.33%) in the case of the beam member, but a tangible increase is visible
in Case C (average: +3.49%, deviation: 0.96%). In the case of slab members per Figure 7b,
there is one value (+2.20%) that exceeds +2% in Case B (average: +0.97%, deviation: 0.36%),
whereas the average is +2.00% and the deviation 0.80% in Case C, revealing a significant
difference between the cases. Moreover, some cases revealed that the reduction rate of the
number of LPRS was less when simplifying from Case B to Case C than from Case A to
Case B. These were confirmed in 9 and 25 out of 27 cases in beams and slabs, respectively.
Since this links directly to project construction costs, reduction by simplifying the length of
processed rebar lacks efficiency compared to Case A or B, and simplifying the length of
processed rebar to Case C should be avoided in general construction projects.

4.4. Discussion

The results of the case study for five construction projects, which include 27 structures,
are as follows. In the case of the beam member, when the length of processed rebar is
not simplified (unrefined case), the average amount of rebar materials per unit area is
0.0110 t/m2, and the deviation is 0.0116 t/m2. For each case, the amounts of rebar increase
for the simplified length of processed rebar are as follows:

• Case A: average +0.62%, deviation 0.17%;
• Case B: average +1.09%, deviation 0.33%; and
• Case C: average +3.49% deviation 0.96%.

In addition, the average number of LPRS per unit area of the unrefined case is
0.49 units/m2, and the deviation is 0.33 units/m2. The ratio of the number of rebar
LPRS de-creased for each case is as follows:

• Case A: average –25.54%, deviation 14.84%;
• Case B: average –37.79%, deviation 15.34%; and
• Case C: average −45.26%, deviation 14.80%.

In case C, on average, the increasing rate in the amount of rebar compared to case A
and case B was large, so if the decreasing rate of the number of LPRS was not significantly
large, it was reasoned that selection should be avoided in terms of cost. In addition, the
average value of the standard deviation of LPRS for the three cases is 14.99%, and there is
no significant difference from each other, even though only 27 sets of data were used in this
study. Therefore, even if the sample data are added for each case, it is considered that the
LPRS-related result values will not change significantly.

In this study, the slabs were divided into regular and irregular according to shape.
When the length of processed rebar was simplified, reducing the number of LPRS for
irregular slabs is more efficient as compared to regular slabs (cases A, B, and C for irregular
slabs were reduced by 18.5%p, 16.7%p, and 14.3%p more than regular, respectively).

The existing studies have limitations in that work efficiency or LPRS were not consid-
ered together with minimizing the waste of rebar, and almost all of them were difficult to
apply to the factory processing method. On the other hand, in this study, a more practical
analysis was conducted by simultaneously considering the simplification of the length of
rebar related to work efficiency and the amount of rebar materials that fluctuated accord-
ingly. The results of this study are expected to contribute to preventing material costs from
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increasing excessively by quantitatively analyzing the impact level of simplification on the
amount of rebar materials and LPRS. In particular, it is considered that it can be useful for
construction projects, to which the factory processing method of rebars is applied.

Even though the analysis on the simplification of the length of rebar was conducted
in this study, it cannot be said that optimization was performed. For instance, the work
efficiency that fluctuated according to the number of LPRS can be converted into labor
costs. Similarly, the quantity of rebar materials can be converted into material costs.
Likewise, both costs of this inverse relationship are integrated in terms of cost and can be
used to derive an optimal simulation of the length of rebars. Therefore, in future studies,
the optimization of simplifying the rebar length will be conducted to minimize overall
construction costs.

5. Conclusions

Although several studies have been conducted to minimize the waste of rebar using
3D BIM-based QTO, it was not considered together with work efficiency or LPRS, which
can be fluctuated accordingly. On the other hand, this study considered the simplification
of the length of rebar related to work efficiency together with the amount of required rebar
materials that fluctuated accordingly. Additionally, this study differs from previous studies
in that it analyzes the effect of the simplification of the length of processed rebar in rebar
construction based on factory processing.

Considering the research questions, the simplification test conducted in this study, in
each case by dividing the calibrated length into Case A, Case B, and Case C, analyzed the
increase in the amounts of rebar materials and the decrease in the number of LPRS due
to the simplification method. As a result of the study, the change in the amount of rebar
and the number of LPRS, according to the cases of the simplified method, was analyzed.
Furthermore, in the case of Case C, it was confirmed that the amounts of increased rebar
were relatively large compared to the degree to which the number of LPRS decreased. It
was considered that simplifying the length based on Case C in the average domestic rebar
construction should be avoided in terms of cost. In this study, through correlation analysis,
the total amount of rebar calculated from each member (wall, beam, and slab) demonstrated
a high positive correlation with the total floor area of the building. Conversely, the change
in the amount of rebar and number of LPRS as the length of processed rebar simplified
exhibited a low linear correlation with the total floor area.

The results of this study can contribute to preventing material cost from increasing
excessively by quantitatively analyzing the impact level of simplification on the amount of
rebar materials and LPRS. Further, the results of this study can be used as an indicator to
predict 3D BIM-based QTO changes when the simplified length of the processed rebar is
applied in practice to future construction projects.
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Appendix A

Table A1. Overview of Construction Project A.

Project Name Apartment Construction in Daegu
(Project A)

Structure Reinforced Concrete(RC)

Site Area 12,204.80 m2 Building Area 3027.85 m2

Building Coverage 29.8381% Floor Area Ratio 279.0116%

Total Floor Area
Ground Floor 28,312.98 m2

Basement Floor 13,606.12 m2

Total 41,919.10 m2

Overviews by Buildings
Building No. Number of Floors Floor Area

Apartment 101 29F/B2 18,290.23 m2

102 24F/B2 8231.75 m2

NeighborhoodLiving
Facilities

#1 1F 816.62 m2

#2 1F 335.88 m2

#3 1F 173.05 m2

Security Office 1F 30.59 m2

Underground Parking Lot B2 11,897.87 m2

Table A2. Overview of Construction Project B.

Project Name Apartment and Office Construction in Daegu
(Project B)

Structure Reinforced Concrete(RC) Bearing Wall + Rigid Frames Structure

Site Area 3323.40 m2 Building Area 1968.55 m2

Building Coverage 61.8885% Floor Area Ratio 621.9575%

Total Floor Area
Ground Floor 20,549.00 m2

Basement Floor 9685.95 m2

Total 30,234.95 m2

Overviews by Buildings
Building No. Number of Floors Floor Area

Apartment& Office 101 25F/B1 9017.67 m2

102 25F/B1 9018.27 m2

Underground Parking Lot B2 7832.88 m2

Table A3. Overview of Construction Project C.

Project Name Apartment Construction in Dongducheon
(Project C)

Structure Reinforced Concrete(RC) Bearing Wall Structure

Site Area 16,074.80 m2 Building Area 3519.54 m2

Building Coverage 21.8900% Floor Area Ratio 219.6800%

Total Floor Area
Ground Floor 35,312.69 m2

Basement Floor 11,780.89 m2

Total 47,093.58 m2

Overviews by Buildings
Building No. Number of Floors Floor Area



Appl. Sci. 2023, 13, 2468 17 of 23

Table A3. Cont.

Project Name Apartment Construction in Dongducheon
(Project C)

Structure Reinforced Concrete(RC) Bearing Wall Structure

Apartment

101 18F/B1 7143.66 m2

102 20F/B1 8667.11 m2

103 16F/B1 6354.38 m2

104 20F/B1 8449.42 m2

105 20F/B1 4243.55 m2

Security Office 1F 184.44 m2

Underground Parking Lot B2 10,615.60 m2

Table A4. Overview of Construction Project G.

Project Name Apartment Construction in Yeoju
(Project G)

Structure Reinforced Concrete(RC)

Site Area 29,218.00 m2 Building Area 3625.05 m2

Building Coverage 18.3900% Floor Area Ratio 201.7900%

Total Floor Area
Ground Floor 39,786.04 m2

Basement Floor 17,783.74 m2

Total 57,569.78 m2

Overviews by Buildings
Building No. Number of Floors Floor Area

Apartment

101 20F 3373.78 m2

102 17F 6010.21 m2

103 15F 6278.95 m2

104 15F 6125.56 m2

105 20F 10,517.40 m2

106 20F 7054.76 m2

Security Office 1F 146.18 m2

Underground Parking Lot B2 16,286.50 m2

Table A5. Overview of Construction Project H.

Project Name Mixed-use Apartment Construction in Icheon
(Project H)

Structure Reinforced Concrete(RC)

Site Area 5572.00 m2 Building Area 4423.20 m2

Building Coverage 79.3826% Floor Area Ratio 1285.0280%

Total Floor Area
Ground Floor 71,879.96 m2

Basement Floor 33,793.72 m2

Total 105,673.68 m2

Overviews by Buildings
Building No. Number of Floors Floor Area

Mixed-useApartment 1BL 49F/B8 51,912.30 m2

2BL 49F/B8 51,935.78 m2
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Table A6. Amounts of Rebar Materials for Beam Members and Differentials by Cases.

Building No.

Amount of Rebar Material
(Ton)

Unrefined
Case A Case B Case C

Val. Diff. Val. Diff. Val. Diff.

Project A

Apartment 101 67.97 68.47 +0.74% 69.18 +1.05% 70.23 +3.33%
102 70.35 70.79 +0.63% 71.43 +0.90% 72.62 +3.22%

Security Office 0.556 0.559 +0.54% 0.565 +1.00% 0.574 +3.12%

Neighborhood
Living

Facilities

#1 25.14 25.23 +0.37% 25.39 +0.63% 25.63 +1.96%
#2 2.53 2.54 +0.40% 2.57 +1.08% 2.59 +2.50%
#3 1.89 1.89 +0.46% 1.91 +0.86% 1.93 +2.56%

Underground Parking Lot 44.45 44.63 +0.41% 44.90 +0.59% 45.30 +1.93%

Project B
Apartment &

Office
101 14.00 14.13 +0.93% 14.30 +1.22% 14.63 +4.46%
102 13.99 14.12 +0.93% 14.29 +1.22% 14.61 +4.49%

Underground Parking Lot 239.96 241.16 +0.50% 243.21 +0.85% 246.00 +2.52%

Project C
Apartment

101 52.83 53.16 +0.62% 53.87 +1.40% 54.94 +3.99%
102 51.43 51.75 +0.63% 52.49 +1.45% 53.56 +4.14%
103 45.25 45.49 +0.54% 46.01 +1.20% 46.85 +3.54%
104 52.19 52.62 +0.83% 53.38 +1.51% 54.46 +4.35%
105 25.81 25.96 +0.61% 26.29 +1.32% 26.83 +3.98%

Security Office 0.953 0.958 +0.46% 0.965 +0.76% 0.981 +2.93%

Underground Parking Lot 590.33 593.55 +0.54% 598.53 +0.84% 605.38 +2.55%

Project G
Apartment

101 14.43 14.56 +0.87% 14.77 +1.46% 15.18 +5.20%
102 22.45 22.65 +0.89% 22.97 +1.46% 23.44 +4.41%
103 22.48 22.66 +0.80% 22.96 +1.37% 23.57 +4.85%
104 35.73 35.99 +0.71% 36.30 +0.87% 37.08 +3.76%
105 56.66 57.03 +0.66% 57.67 +1.16% 58.74 +3.68%
106 62.53 62.85 +0.52% 63.37 +0.82% 64.34 +2.90%

Security Office 0.461 0.462 +0.38% 0.465 +0.54% 0.471 +2.28%

Underground Parking Lot 336.60 337.92 +0.39% 340.29 +0.70% 343.83 +2.15%

Project H Mixed-use
Apartment

1BL 795.51 801.30 +0.73% 814.05 +1.59% 831.83 +4.57%
2BL 788.74 794.58 +0.74% 808.16 +1.71% 826.47 +4.78%

Table A7. Numbers of LPRS for Slab Members and Differentials by Cases.

Building No.

Types of Rebar Lengths
(Unit(s))

Unrefined
Case A Case B Case C

Val. Diff. Val. Diff. Val. Diff.

Project A

Apartment 101 802 797 −0.62% 783 −2.37% 730 −8.98%
102 595 583 −2.02% 568 −4.54% 527 −11.43%

Security Office 13 13 - 13 - 13 -

Neighborhood
Living

Facilities

#1 166 130 −21.69% 106 −36.14% 80 −51.81%
#2 38 32 −15.79% 28 −26.32% 27 −28.95%
#3 26 26 - 24 −7.69% 21 −19.23%

Underground Parking Lot 183 169 −7.65% 153 −16.39% 131 −28.42%

Project B
Apartment &

Office
101 309 307 −0.65% 305 −1.29% 301 −2.59%
102 306 304 −0.65% 302 −1.31% 298 −2.61%

Underground Parking Lot 1044 691 −33.81% 540 −48.28% 444 −57.47%
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Table A7. Cont.

Building No.

Types of Rebar Lengths
(Unit(s))

Unrefined
Case A Case B Case C

Val. Diff. Val. Diff. Val. Diff.

Project C
Apartment

101 394 373 −5.33% 363 −7.87% 349 −11.42%
102 360 347 −3.61% 339 −5.83% 329 −8.61%
103 333 322 −3.30% 309 −7.21% 296 −11.11%
104 307 294 −4.23% 284 −7.49% 276 −10.10%
105 313 311 −0.64% 305 −2.56% 297 −5.11%

Security Office 6 6 - 6 - 6 -

Underground Parking Lot 718 315 −56.13% 216 −69.92% 165 −77.02%

Project G
Apartment

101 478 478 - 474 −0.84% 474 −0.84%
102 584 569 −2.57% 566 −3.08% 548 −6.16%
103 400 395 −1.25% 390 −2.50% 386 −3.50%
104 417 409 −1.92% 399 −4.32% 384 −7.91%
105 775 742 −4.26% 722 −6.84% 700 −9.68%
106 695 674 −3.02% 656 −5.61% 635 −8.63%

Security Office 4 4 - 4 - 4 -

Underground Parking Lot 1183 391 −66.95% 252 −78.70% 202 −82.92%

Project H Mixed-use
Apartment

1BL 7622 6192 −18.76% 5235 −31.32% 4485 −41.16%
2BL 7562 6112 −19.17% 5181 −31.49% 4437 −41.33%

Table A8. Amounts of Rebar Materials for Slab Members and Differentials by Cases.

Building No.

Amount of Rebar Material
(ton)

Unrefined
Case A Case B Case C

Val. Diff. Val. Diff. Val. Diff.

Project A

Apartment 101 290.79 291.77 +0.34% 293.56 +0.95% 295.53 +1.63%
102 131.36 131.87 +0.39% 132.65 +0.98% 133.71 +1.79%

Security Office 0.519 0.524 +0.99% 0.524 +0.99% 0.535 +3.19%

Neighborhood
Living

Facilities

#1 9.62 9.64 +0.20% 9.67 +0.54% 9.71 +0.91%
#2 16.03 16.11 +0.50% 16.19 +0.96% 16.34 +1.93%
#3 4.32 4.33 +0.29% 4.36 +0.94% 4.37 +1.17%

Underground Parking Lot 346.57 347.17 +0.17% 348.22 +0.48% 350.25 +1.06%

Project B
Apartment &

Office
101 146.29 146.81 +0.36% 147.73 +0.99% 148.62 +1.59%
102 145.85 146.37 +0.36% 147.29 +0.99% 148.16 +1.58%

Underground Parking Lot 223.40 223.83 +0.19% 224.60 +0.53% 225.83 +1.09%

Project C
Apartment

101 142.11 142.63 +0.37% 143.62 +1.06% 145.24 +2.20%
102 166.08 166.70 +0.38% 167.78 +1.03% 169.85 +2.27%
103 128.60 129.07 +0.37% 129.96 +1.06% 131.49 +2.25%
104 162.25 162.86 +0.37% 163.89 +1.01% 165.72 +2.14%
105 83.89 84.19 +0.36% 84.74 +1.01% 85.76 +2.23%

Security Office 0.318 0.319 +0.23% 0.324 +1.78% 0.329 +3.33%

Underground Parking Lot 43.59 43.69 +0.23% 43.89 +0.69% 44.16 +1.29%

Project G
Apartment

101 49.59 49.83 +0.49% 50.14 +1.10% 50.86 +2.55%
102 91.06 91.42 +0.40% 92.06 +1.10% 93.15 +2.30%
103 107.40 107.83 +0.40% 108.56 +1.07% 109.71 +2.14%
104 102.56 102.92 +0.36% 103.51 +0.93% 104.70 +2.09%
105 165.16 165.84 +0.41% 166.93 +1.07% 169.01 +2.33%
106 112.39 112.84 +0.40% 113.58 +1.05% 114.93 +2.26%

Security Office 0.466 0.469 +0.56% 0.476 +2.20% 0.488 +4.69%

Underground Parking Lot 128.73 129.04 +0.24% 129.63 +0.69% 130.57 +1.43%

Project H Mixed-use
Apartment

1BL 806.59 808.62 +0.25% 810.66 +0.50% 816.58 +1.24%
2BL 806.92 808.94 +0.25% 811.05 +0.51% 816.89 +1.24%
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Table A9. Numbers of Rebar LPRS for Slab Members and Differentials by Cases.

Building No.

Types of Rebar Lengths
(EA)

Unrefined
Case A Case B Case C

Val. Diff. Val. Diff. Val. Diff.

Project A

Apartment 101 4224 3645 −13.71% 2932 −30.59% 2421 −42.68%
102 3460 2543 −26.50% 2055 −40.61% 1739 −49.74%

Security Office 38 38 - 38 - 36 −5.26%

Neighborhood
Living

Facilities

#1 162 129 −20.37% 92 −43.21% 72 −55.56%
#2 471 304 −35.46% 232 −50.74% 196 −58.39%
#3 119 99 −16.81% 77 −35.29% 65 −45.38%

Underground Parking Lot 2313 1475 −36.23% 1128 −51.23% 948 −59.01%

Project B
Apartment &

Office
101 7907 5553 −29.77% 4700 −40.56% 4108 −48.05%
102 7874 5521 −29.88% 4681 −40.55% 4081 −48.17%

Underground Parking Lot 3664 1745 −52.37% 1439 −60.73% 1288 −64.85%

Project C
Apartment

101 2033 1827 −10.13% 1594 −21.59% 1395 −31.38%
102 2211 1938 −12.35% 1637 −25.96% 1459 −34.01%
103 1903 1617 −15.03% 1396 −26.64% 1199 −36.99%
104 3692 2884 −21.89% 2440 −33.91% 2171 −41.20%
105 1969 1773 −9.95% 1546 −21.48% 1376 −30.12%

Security Office 31 31 - 29 −6.45% 27 −12.90%

Underground Parking Lot 1021 503 −50.73% 381 −62.68% 328 −67.87%

Project G
Apartment

101 1293 1135 −12.22% 984 −23.90% 884 −31.63%
102 1791 1427 −20.32% 1107 −38.19% 949 −47.01%
103 4124 2170 −47.38% 1734 −57.95% 1478 −64.16%
104 5179 3529 −31.86% 2886 −44.27% 2626 −49.30%
105 7678 4686 −38.97% 3953 −48.52% 3564 −53.58%
106 4994 3576 −28.39% 3092 −38.09% 2861 −42.71%

Security Office 45 40 −11.11% 33 −26.67% 30 −33.33%

Underground Parking Lot 5750 2641 −54.07% 2231 −61.20% 2085 −63.74%

Project H Mixed-use
Apartment

1BL 11,781 8163 −30.71% 6693 −43.19% 5746 −51.23%
2BL 11,908 7950 −33.24% 6410 −46.17% 5518 −53.66%

Table A10. Amounts of Rebar Materials for Basement Members and Differentials by Cases.

Building No.

Amount of Rebar Material
(Ton)

Unrefined
Case A Case B Case C

Val. Diff. Val. Diff. Val. Diff.

Project A Apartment 101 65.36 65.48 +0.18% 65.48 +0.18% 65.65 +0.45%
102 35.11 35.18 +0.20% 35.18 +0.20% 35.37 +0.74%

Underground Parking Lot 154.79 155.19 +0.26% 155.88 +0.70% 156.84 +1.32%

Project B Underground Parking Lot 258.70 258.95 +0.10% 259.62 +0.36% 260.16 +0.56%

Project C
Apartment

101 57.78 57.92 +0.24% 58.10 +0.56% 58.43 +1.13%
102 58.25 58.39 +0.24% 58.59 +0.57% 58.94 +1.18%
103 64.44 64.59 +0.23% 64.85 +0.64% 65.19 +1.15%
104 63.33 63.47 +0.22% 63.72 +0.62% 64.20 +1.38%
105 33.04 33.16 +0.34% 33.31 +0.81% 33.51 +1.40%

Security Office 0.21 0.21 +0.39% 0.22 +1.04% 0.22 +2.34%

Underground Parking Lot 340.08 340.54 +0.13% 341.49 +0.41% 342.80 +0.80%
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Table A10. Cont.

Building No.

Amount of Rebar Material
(Ton)

Unrefined
Case A Case B Case C

Val. Diff. Val. Diff. Val. Diff.

Project G
Apartment

101 11.08 11.11 +0.30% 11.18 +0.86% 11.25 +1.53%
102 24.29 24.33 +0.17% 24.42 +0.56% 24.56 +1.11%
103 29.54 29.59 +0.15% 29.72 +0.61% 29.86 +1.07%
104 29.75 29.80 +0.15% 29.89 +0.46% 30.02 +0.92%
105 38.51 38.61 +0.27% 38.75 +0.63% 39.07 +1.46%
106 28.61 28.67 +0.20% 28.76 +0.50% 28.89 +0.98%

Security Office 2.02 2.03 +0.57% 2.04 +0.92% 2.08 +2.69%

Underground Parking Lot 304.11 304.51 +0.13% 305.21 +0.36% 306.27 +0.71%

Project H Mixed-use
Apartment

1BL 376.88 377.41 +0.14% 378.30 +0.38% 379.73 +0.76%
2BL 375.24 375.77 +0.14% 376.67 +0.38% 377.72 +0.66%

Table A11. Amounts of Rebar Materials for Stairwell Members and Differentials by Cases.

Building No.

Amount of Rebar Material
(Ton)

Unrefined
Case A Case B Case C

Val. Diff. Val. Diff. Val. Diff.

Project A
Apartment 101 13.08 13.41 +2.53% 13.47 +2.99% 13.23 +1.15%

102 5.65 5.84 +3.32% 5.85 +3.49% 5.70 +0.74%

Neighborhood
Living

Facilities
#1 0.45 0.45 +1.27% 0.45 +1.27% 0.46 +3.83%

Underground Parking Lot 0.79 0.79 +0.34% 0.79 +0.54% 0.80 +1.22%

Project B
Apartment &

Office
101 7.11 7.17 +0.85% 7.21 +1.41% 7.21 +1.41%
102 7.11 7.17 +0.85% 7.21 +1.41% 7.21 +1.41%

Underground Parking Lot 7.91 7.94 +0.45% 8.01 +1.25% 8.01 +1.25%

Project C Apartment

101 18.23 18.28 +0.24% 18.49 +1.40% 18.69 +2.53%
102 21.32 21.37 +0.24% 21.62 +1.40% 21.86 +2.55%
103 16.23 16.26 +0.22% 16.45 +1.38% 16.63 +2.50%
104 19.38 19.43 +0.25% 19.59 +1.09% 19.79 +2.11%
105 10.15 10.18 +0.24% 10.30 +1.42% 10.41 +2.57%

Underground Parking Lot 0.54 0.55 +0.18% 0.55 +0.84% 0.55 +1.25%

Project G Apartment

101 10.25 10.29 +0.41% 10.39 +1.37% 10.61 +3.50%
102 16.22 16.32 +0.61% 16.58 +2.19% 16.69 +2.89%
103 14.57 14.66 +0.60% 14.88 +2.14% 14.99 +2.86%
104 13.95 14.02 +0.55% 14.20 +1.81% 14.30 +2.50%
105 28.43 28.59 +0.56% 28.99 +1.96% 29.30 +3.06%
106 18.65 18.76 +0.63% 19.07 +2.25% 19.18 +2.86%

Underground Parking Lot 3.11 3.12 +0.27% 3.14 +0.93% 3.14 +1.04%

Project H Mixed-use
Apartment

1BL 31.49 31.59 +0.29% 31.70 +0.66% 31.84 +1.11%
2BL 31.18 31.27 +0.31% 31.41 +0.76% 31.58 +1.29%

Figure A1. Distributions of the amounts of rebar by total floor areas by members.
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Figure A2. Distributions of reduction rates for: (a) the number of LPRS by total floor area by cases
for beam member; (b) also for slab members.
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