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Abstract: Material waste poses cost in the construction project management process. This
research aims to determine the quantity of high-cost material waste and pinpoint the primary
causes of waste in the Gedung Hunian Lembaga Pemasyarakatan Narkotika construction project.
Employing a lean construction approach, data were analyzing using the IBM SPSS 26 application.
Material waste levels were calculated by comparing the waste volume and the total installed
material, while the Borda method was utilized to rank the most influential waste indicators. The
results analysis identified three high-cost materials: threaded rebar, K-300 ready-mix concrete,
and plain rebar. Specifically, the percentage of material waste level for threaded rebar were 1%
(D19), 11% (D16), 3% (D13), 5% (D10); K-300 ready mix concrete was 3%; and for plain rebar
were 5% (912), 1% (©10), and 0% (08). Overproduction variable, characterized by an indicator
of overuse of materials that exceed the needs, emerged as the main causative waste factor,
weighing 0.45. These findings provide actionable insights for minimizing material waste and
improving cost efficiency in construction projects.

Keywords: borda; lean construction; material waste; waste level; waste ranking

1. Introduction

The complexity of construction projects is growing, with
increasing challenges in both physical and cost aspects.
Almost all projects face constraints in resources, including
workers, materials, and costs”. In Indonesia, the main
challenge confronting the construction industry is effective
construction management. One critical issue in the
construction management process is the generation of
waste?. Although the immediate impact may not be visible,
its persistent and intensive occurrence can lead to
significant negative consequences®. These effects extend
beyond the project itself, adversely impacting the
environment as well*>. Therefore, to successfully deliver
projects, the project management must increase both the
effectiveness and efficiency in utilizing human resources,
costs, information, technology, equipment, facilities, and
materials.

Materials play a crucial role in the success of construction
projects®). Materials are contributing approximately 40-
60% of the total project cost”. Often, in construction
projects, there is an excess of material supply or a shortage

of supplies, which is often a waste due to excessive
investment. An excess of material inventory can hinder the
smooth running of a project, while a shortage of inventory
can cause problems. Additionally, the implementation of
construction projects generates unused materials, called
waste materials®. Minimizing the potential for material
waste in construction projects requires effective
management®). Although waste cannot be eliminated, it can
be reduced through good control project management'?,
The Lean Construction (LC) approach, adopted from the
manufacturing industry, is one way to minimize waste in
construction projects!?.

Lean construction (LC) is a method in construction
projects focusing on waste elimination and value-added
optimization?. This approach tries to maximize project
value while minimizing cost incurred by the consumers
(project owners)'). Lean construction is part of project
management that integrates knowledge, skills, and
expertise by rolling out the best techniques within resource
constraints, focusing on achieving optimal costs and time,
and ensuring work safety!”. LC is also a project
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management strategy that systematically reduces waste
and enhances value!¥. The benefits of implementing LC
not only provide a robust solution to manage projects but
also help consultant service providers in identifying and
mitigating waste, ultimately achieving the expected project
outcomes.

Previous research related to lean construction has
predominantly focused on finding factors that affect or
cause waste materials!®*!? or Waste Non-Value Added
Activity>!®19) In addition, studies have examined the
issues in applying lean construction practices in the
construction industry>!®). In this study, the potential for
material-level waste in the project is first identified before
looking for the cause of waste in the project with the Lean
Construction approach. The waste level is calculated by
comparing the volume of waste material generated to the
volume of installed or used material!7-2%2D,

To identify the waste factors contributing to material waste
in construction, this study focuses on the seven most
considerable potential waste that arise in construction
projects, namely: (i) transportation, (ii) inventory, (iii)
motion, (iv) waiting, (v) overproduction, (vi) over-
processing, (vii) defects?”. The data analysis was

conducted using the Borda method to determine the
dominant factors causing material waste. The Borda
technique is used to select the best alternative among
multiple options and is applied in the decision-making
process based on questionnaire responses from
respondents. Additionally, Borda is used to rank,
identifying the most significant contributor to waste?®. The
object of this research is the construction project of the
Gedung Hunian Lembaga Pemasyarakatan. The study
aims to calculate the material waste level and determine
the dominant factors contributing to material waste within
the project.

2. Research Methods

This research employs a quantitative approach within the
framework of lean construction. The research process
comprises several stages, beginning with research
instrument development, followed by the collection of
both primary and secondary data. Subsequently, the data
are analyzed to identify and determine the dominant
factors among several alternatives.

Table 1: Variables and Indicators of Material Waste

No. Variables and Indicators Citations
I Defect 0
1 Material damaged by weather
2 Damage to the work tool
3 Incorrect implementation of work rules
4 The existence of a design change
I Over Production 6.25)
1 Lack of material optimization on the project
2 Overuse of materials that exceed the needs
3 Design changes

I Waiting
1 Duration of material arrival
2 Out of materials or not yet available 6
3 Loss of tools
4 Equipment incompatibility

v Over Processing 25)
1 Inconsistency of work procedures
2 Poor equipment maintenance
3 Failure to combine tools
A% Motion )
1 Inappropriate work layout
2 Poor workplace management
3 Inconsistent working method
4 Un-ergonomic equipment

VI Transportation 6.25)
1 Materials scattered in the project area
2 Ineffective layout of workplace
3 Ordering materials that are too far away
4 Inappropriate delivery schedule

VII  Inventory 6.25)
1 poor storage space
2 Limited material storage locations
3 Improper storage techniques for material and equipment
4 Material damaged due to too long storage

Cite: Sapitri, A. Oktaviani, M. Jusoh, "Material Waste Analysis Using Lean Construction In the Project of
Gedung Hunian Lembaga Pemasyarakatan Narkotika'. Evergreen, 13 (02) 851-862 (2026). https://doi.org/10.5109/7432660.

- 852 -



Material Waste Analysis Using Lean Construction In the Project of Gedung Hunian Lembaga Pemasyarakatan Narkotika

2.1. Instrument Preparations

The research instrument was developed by identifying the
variables and factors contributing to material waste. Based
on lean construction principles, seven waste categories
were considered: defect, overproduction, waiting,
overprocessing, motion, transportation, and inventory?>24,
The selection of variables was informed by previous
research. Furthermore, these variables and indicators
formed the basis for designing questionnaires used for
primary data collection. The detailed elaboration of
variables and waste indicators is presented in Table 1
Table 1 identifies twenty-six indicators explaining the
causes of material waste. These indicators are incorporated
into the questionnaire, which is distributed to prospective
respondents of the study.

2.2. Data Collection

The data collected in this study consists of both primary
and secondary data. Primary data were collected from
respondents through a questionnaire, documenting the
causes of material waste during construction. The detailed
design of the questionnaire was informed by the variables
referenced in Table 1. Respondents were selected through
snowball sampling, which is particularly effective when
suitable research participants are challenging to identify?®.
The snowball sampling technique is used to identify, select
and determine samples in a network effectively and
continuously based on the recommendations of previous
respondents®”?®. The most promising respondent was
asked to recommend others who fit the criteria for
subsequent respondents. The process repeats until an
adequate size is achieved to support the research findings.
Typically, targeting respondents is 10-30 participants 27,
with 20 as the intended median. However, there are several
biases in this technique. First, the potential for sample
homogeneity exists, as initial respondents may refer to
individuals from their own networks who tend to share
similar characteristics or views??. This may reduce the
diversity of perspectives and prevent the sample from
being fully representative of the broader population.
Second, there is a willingness bias; recruited participants
are often those with strong relationships with the recruiter
and a greater willingness to participate®”. To mitigate this
bias, initial participants were recruited from diverse
backgrounds, and screening criteria were established to
ensure referred respondents met the study's requirements.
Secondary data included materials list to find out what
materials are used in the project, as-built drawings to find
out the amount of materials installed for the project, and a
Bill of Quantity (cost budget plan) to obtain information
regarding material volumes used in the project.

2.3. Data Analysis

The conceptual diagram (flowchart) of the lean
construction analysis process for this study can be seen in

Waste Ranking with
Identification the Borda Improvement

Recommendations

(Observation) (Waste
Priority)

Waste

Classification
Waste

Validation

Basedon?7
Wastes

Fig. 1: Conceptual Diagram of The Lean Construction
Analysis Process

Figurel.

Figure 1 presents the analysis process using the Lean
Construction approach to identify waste materials and their
potential causes. Waste materials were identified through
field observation, with findings cross-checked via
interviews with project supervisors. To determine the
causes of waste, questionnaires based on the 7 waste
classifications  (defects, overproduction, waiting,
overprocessing, motion, transportation, and inventory)
were distributed to respondents.

The collected material data is determined using Equation
1, which calculates waste as the difference between
purchased material volume and the installed material
volume. Next, the percentage of waste level is calculated
by comparing the waste volume to the installed material
volume, as shown in equation 2.

Waste Volume = 3 purchased material — 3 installed material

)

Waste Volume

Waste Level = x100% 2)

Installed Material
To identify the factors contributing to material waste in the
observed project, validity and reality tests are conducted
using IBM SPSS 26 after data collection. Validity and
reliability are fundamental in evaluating any measurement
instrument or tool for good research®”. The reliability and
validity in research are to guarantee the trustworthiness of
the data and the accuracy of the findings, thereby ensuring
the study’s outcomes are replicable (ensuring the data
collected is accurate and consistent). For example, the
indicator “weather can damage materials” at a construction
site is considered valid if respondents consistently perceive
it as relevant. However, the indicator must also be reliable
for further use. Reliability is a necessary precondition for
validity; an instrument that yields inconsistent results
cannot provide accurate measurements. Validity was
assessed using Corrected Item-Total Correlation, where an
item is considered valid if the calculated correlation value
(r count) is greater than the table’s correlation value (r
table) at a significant level of generally 5%. The smaller
the alpha value, the more unreliable the items. The
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standard used is alpha > 0.70, whose reality is quite reliable
as a data acquisition tool (sufficient reliability)*".

2.4. Determine the most dominant factor

The Borda method was used to analyze the questionnaire
data by ranking the causes of material waste from the
highest to the lowest priority. The questionnaire used a
four-point Likert scale for each indicator: Very Often (VO),
Frequent Occurrence (FO), Rare ®, and Very Rare (VR).
Each factor associated with material waste as assigned as
a weight, with the highest weight being (n-1), and the
lowest being 0. To calculate the indicator value, the
number of respondents for each scale should be multiplied
by the Borda score using Equation 3.

Indicator value =

» (Number of respondents of each criterion
=1 Borda Score of each criterion)

3)
After obtaining the indicator values (total of Borda score),
the next step is calculating each indicator’s weight using
Equation 4. The total value of the indicators owned by each
variable is divided by the indicator value or the total Borda
Score.

Indicators value

Weigh =

“)

Y.(Indicator Value of each variable

3. Results

The results of this study are aligned with the research
objectives established at the beginning, to obtain the
percentage level of waste material generated in the project
and identify the dominant cause of the waste material.

Secondary data used in this study was obtained from
contractors, including the Cost Budget Plan and Shop
Drawing data. Several cross-checks were carried out with
contractors related to material volume data. For primary
data collection, the snowball sampling technique was
employed, beginning with the respondent in the highest
position first, namely the Project Manager, who is
presumed to possess a comprehensive understanding of the
questionnaire content. The project manager then
recommended a subsequent respondent from the
Construction Management division and Civil Inspectorate,
each of whom further identified additional qualified
individuals with relevant expertise. This referral process
ensured that all participants had sufficient knowledge to
provide informed responses.

3.1. Calculating Waste Level

To obtain the waste level in this study, after the secondary
data of the materials used in the project are obtained, a
volume recapitulation of each type of material used in that
building is carried out. Notably, rebar materials (threaded
and plain) and concrete mix K 300 are the costliest
materials in the project. Excessive waste of these materials
can substantially impact overall project costs. The
calculation results for the purchased material installed and
material volumes can be seen in Table 2.

Based on the total recapitulation of installed and purchased
materials from dominant-cost materials in Table 2, the
waste level is calculated using to the formulas in equations
(1) and (2). For example, applying Equation (1), the
volume of waste material for ready-mix concrete K-300
was 30,41 m3 and using Equation (2), its waste level of
ready-mix concrete K-300 was at 3%.

Table 2: Result of Calculation of Installed Material Volume and Purchased Material Volume

No. Material Purchased Materials Unit Installed
1 Ready Mix Concrete K-300 1050,00 M3 1019,59
2 Rebar of D19 42730,85 Kg 42157,77
3 Rebar of D16 38351,23 Kg 34546,17
4 Rebar of D13 26255,5 kg 25607,59
5 Rebar of D10 50528,34 kg 48168,17
6 Rebar of @12 1171,84 kg 1112,06
7 Rebar of @10 22194 kg 22004,688
8 Rebar of @8 3669,41 kg 3655,91

Note: D for threaded rebar and P for plain rebar

Table 3: Result of Waste Level Volume

No. Material Purchased Materials Unit Installed Waste Volume
1 Ready Mix Concrete K-300 1050,00 M3 1019,59 30,41
2 Rebar of D19 42730,85 Kg 42157,77 573,08
3 Rebar of D16 38351,23 Kg 34546,17 3805,06
4 Rebar of D13 26255,5 kg 25607,59 647,91
5 Rebar of D10 50528,34 kg 48168,17 2360,17
6 Rebar of @12 1171,84 kg 1112,06 59,78
7 Rebar of @10 22194 kg 22004,688 189,31
8 Rebar of @8 3669,41 kg 365591 13,50

Cite: Sapitri, A. Oktaviani, M. Jusoh, "Material Waste Analysis Using Lean Construction In the Project of
Gedung Hunian Lembaga Pemasyarakatan Narkotika'. Evergreen, 13 (02) 851-862 (2026). https://doi.org/10.5109/7432660.

- 854 -



Material Waste Analysis Using Lean Construction In the Project of Gedung Hunian Lembaga Pemasyarakatan Narkotika

Material Waste Level

12% 11%
10%
8%
6%
4% 3%
2% I 1%
0% -
Ready D19 D
Mix

Concrete
K-300

Waste Level (%)

5% 5%

3%
1%
m >
16 D

13 D10 212 210 8

Material

Fig. 2: Result of Material Waste Level

N \/M 3 -4
(a)

This calculation procedure was applied to all materials
listed in Table 2. The overall volume as a result of the rebar
and concrete waste levels calculation in the construction
project of Gedung Hunian Lembaga Pemasyarakatan
Narkotika, as determined by Equations (1) and (2) can be
seen in Table 3, and Figure2 shows the waste level of each
material.

Table 3 shows the results of varying waste material
volumes across materials, with nearly material exhibiting
some degree of wastege. The highest volume of waste
material was rebar D16 (3,805.08 Kg), followed by D10
(2360,17 Kg) and D13 (647,91 Kg). The lowest waste of
rebar volume was P8, with only 13,50 Kg. Based on Figure
2, the highest percentage of material waste level was still
D16 (11%), with D10 and @12, both registering the next
highest percentage (5%). The material with the smallest
percentage of waste is 98, with a waste level of almost 0%.
An example of material waste (rebar and concrete) found
in the project location can be seen in Figure3.

Figure 3 displays two visual documentations of waste
materials found at the project site, providing direct visual
evidence of material wastage. In part (a), the rebar, waste
is shown as a collection of rusted and unused pieces, piled
up haphazardly. This supports the analysis of unused

(b)
Fig. 3: Waste Material of (a) Rebar and (b) K-300 Concrete in Project Location

material scrap, potential material loss, and wasted costs.
The bent, uneven length of the rebar, and the presence of
the scrap in one waste container indicate that this waste
material may have originated from cutting or bending
errors. The numerous cuts and irregular shapes indicate
imprecise workmanship and lack of supervision during
fabrication and installation. Part (b) of Figure3 displays a
lump of hardened K-300 concrete piled as waste, presumed
to be leftover from casting activities. This waste likely
resulted from untimely casting (delays), casting errors
(overprocessing), and inconsistencies with  work
procedures.

3.2. Validity and Reliability Test

The validity and reliability testing were carried out after
primary data related to the indicators of waste causes were
obtained. Twenty respondents contributed to filling out the
questionnaire, and this number is by the target respondents
to be achieved, as mentioned in the methodology chapter.
All respondents were workers in the Gedung Hunian
Lembaga Pemasyarakatan Narkotika construction project.
The IBM SPSS 26 application was used to conduct both
validity and reliability tests. The results of the validity test
are presented in Table 4.
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Table 4: Result of the Instrument Validity Test

Variable Indicators Tcount T'table Conclusion
Defect X1.1 0.700 0.468 Valid
X1.2 0.656 0.468 Valid
X1.3 0.692 0.468 Valid
X1.4 0.874 0.468 Valid
Over Production X2.1 0.669 0.468 Valid
X2.2 0.735 0.468 Valid
X2.3 0.695 0.468 Valid
Waiting X3.1 0.790 0.468 Valid
X3.2 0.783 0.468 Valid
X3.3 0.816 0.468 Valid
X3.4 0.794 0.468 Valid
Over X4.1 0.800 0.468 Valid
Processing X4.2 0.748 0.468 Valid
X4.3 0.899 0.468 Valid
Motion X5.1 0.520 0.468 Valid
X5.2 0.911 0.468 Valid
X5.3 0.692 0.468 Valid
X5.4 0.863 0.468 Valid
Transportation X6.1 0.542 0.468 Valid
X6.2 0.811 0.468 Valid
X6.3 0.802 0.468 Valid
X6.4 0.758 0.468 Valid
Inventory X7.1 0.817 0.468 Valid
X7.2 0.892 0.468 Valid
X7.3 0.868 0.468 Valid
X7.4 0.866 0.468 Valid

Table 5: Reliability Test Results

No. Indicator (X) Cronbach's Alpha if Item Deleted Information
1 X1.1 0.765 Reliabel
X1.2 0.779 Reliabel
X1.3 0.766 Reliabel
X1.4 0.767 Reliabel
2 X2.1 0.789 Reliabel
X2.2 0.773 Reliabel
X2.3 0.785 Reliabel
3 X3.1 0.773 Reliabel
X3.2 0.777 Reliabel
X3.3 0.776 Reliabel
X34 0.771 Reliabel
4 X4.1 0.777 Reliabel
X4.2 0.765 Reliabel
X4.3 0.763 Reliabel
5 X5.1 0.779 Reliabel
X5.2 0.778 Reliabel
X5.3 0.786 Reliabel
X5.4 0.787 Reliabel
X6.1 0.762 Reliabel
6 X6.2 0.776 Reliabel
X6.3 0.777 Reliabel
X6.4 0.769 Reliabel
7 X7.1 0.768 Reliabel
X7.2 0.776 Reliabel
X7.3 0.780 Reliabel
X7.4 0.773 Reliabel
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As shown in Table 4, the values of the r count of the overall
indicators of the variable causing waste in the project were
bigger than the critical value (r count > r table). The R table
contains numbers used to test various possible results of
the validity of research data. R tables are an essential
reference in statistical science used to test the validity of
research data. This is done to ensure the data's validity in
the research’?.

In Table 4, the r table has a value of 0.468, obtained by
calculating the r table with the condition df = n-2 (n=20)
with a sig of 5%333¥. The comparison results of r count and
r show that all indicators of waste material give valid
results (r count > r table 0.468). The validity test results
also show that the variable inventory provides a relatively
high indicator value compared to other variables, which
means the results best reflect the measured reality or are
most accurate. Furthermore, a reliability test is carried out
for all valid indicators. The results of the reality test can be
seen in Table 5.

The reliability test result in Table 5 shows that all
indicators are reliable. This is because the apparent value
of each indicator variable is more than 0.70. The reliability
level is considered good if the value is > 0.7003!3?, In
Table 5, all indicators indicate that the reliability is
adequate, so each item is considered reliable and the tests
are consistent with reliability. The reliability test with N
items is 26 (all indicators directly), as seen in Table 6.
Table 6 shows that the reliability test applied to all question
items (N = 26) also gives results of more than 0.7. The
Cronbach’s Alpha value is 0.773 (0.773 > 0.7), the
reliability is quite reliable as a data acquisition tool
(sufficient reliability). This reliability is often equated with
consistency, stability, or dependability, which shows the
extent to which the measurement can provide relatively
similar results when measured again on the same subject.

3.3. Ranking of Material Waste Indicators

To rank the factors contributing to material waste, the
Borda method was applied. The ranking of the factors was
conducted to determine the most frequent causative waste
factors. Based on Borda's method, each causal factor was

assigned a score. The highest score is (n-1), and the lowest
is 039, as detailed in Table 7. Factors were then ranked
from most to least frequent based on Borda scores.

In this study, there are four alternative scales were used for
each indicator, namely Very Often (VO), Frequent
Occurrence (FO), Rare (R), and Very Rare (VR). Based on
the Borda formula, if there are n alternatives, the first rank
gets n-1 points, the second rank gets n-2 points, and so on,
with the lowest rank gets 0 points*». As a result, in this
context, the Borda score in this study ranged from 3 to 0.
To get the values of each indicator, the number of
respondents for each scale should be multiplied by the
Borda score using Equation 3. This equation indicates that
the total score for each indicator is obtained by summing
the products of the number of respondents for VO, FO, R
and VR with their respective Borda score. Once the
indicator values (total of Borda score) are calculated, the
next step is to compute the weight of each indicator using
Equation 4.

Respondents were given a choice of a criterion for each
material waste indicator. The results of the questionnaire
distribution showed that respondents had wvaried
perceptions of each option, reflecting their knowledge and
experience in the construction project. Table 8 provides the
results of calculating the number of respondents who gave
a choice on each option multiplied by the Borda score (3-
0) based on Equation 3, as well as the calculated weights
for each material waste indicator based on Equation 4.

As shown in Table 8, overproduction, characterized by the
overuse of materials that exceed the needs, emerged as the
most influential factor causing waste material in the project
construction of 0,45. The lowest indicator influenced is the
existence of a design change of only 0,18. However, the
dominant variable that had many indicators more than
average was overprocessing. Each indicator in its variable
has a total Borda score of more than 0,268 (average of all
indicators) with an average weight of overprocessing
variable of 0,33. On the other hand, the lowest variable of
Borda’s total score was waiting, with an average total score
variable of only 0,24. Detailed results for each indicator
are shown in Figure4.

Table 6: Reliability Test Results

Reliability Statistics

Cronbach's Alpha
0.773

N of Items
26

Table 7: Borda Score for each criterion

Criterion (n) n-1 Borda Score
VO (Very Often) 4 n-1=4-1 3
FO (Frequent Occurrence) 3 n-1=3-1 2
R (Rare) 2 n-1=2-1 1
VR (Very Rare) 1 n-1=1-1 0
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Table 8: The Weight of Each Material Waste Indicator

No. Variable Indicator Indicator of factors Number of respondents Indicator ~ Weight
X) causing waste VO FO R VR Value
A 2 @®» © X)
1 Defect X1.1 Material damaged by 4 6 8 2 32 0,26
weather
X1.2 Damage on the work tool 2 6 10 2 28 0,23
X1.3 Incorrect implementation 9 5 4 2 41 0,33
of work rules
X1.4 The existence of a design 2 5 6 7 22 0,18
change
2 Over Production X2.1 Lack of material 3 7 6 4 29 0,31
optimization on the
project
X2.2 Over use of materials that 11 2 5 2 42 0,45
exceed the needs
X2.3 Design changes 1 7 6 6 23 0,24
3 Waiting X3.1 Duration of material 0 8 3 9 19 0,20
arrival
X3.2 Out of materials or not yet 1 7 5 7 22 0,19
available
X3.3 Loss of tools 5 3 6 6 27 0,28
X3.4 Equipment incompatibility 4 5 5 6 27 0,28
4 Over Processing X4.1 Inconsistency of work 13 2 4 1 47 0,42
procedures
X4.2 Poor equipment 5 6 5 4 32 0,29
maintenance
X4.3 Failure to combine tools 7 4 4 5 33 0,29
5 Motion X5.1 Inappropriate work layout 2 5 7 6 23 0,19
X5.2 Poor work place 3 7 3 7 27 0,22
management
X5.3 Inconsistent working 9 6 3 2 42 0,36
method
X5.4 Unergonomic equipment 5 5 4 6 29 0,25
6 Transportation X6.1 Materials scattered in the 5 3 3 9 24 0,24
project area
X6.2 Ineffective layout of work 5 6 3 6 30 0,30
place
X6.3 Ordering materials that are 3 4 5 8 22 0,22
too far away
X6.4 Inappropriate delivery 3 3 8 6 23 0,23
schedule
7 Inventory X7.1 Poor storage space 8 2 1 9 29 0,28
X7.2 Limited material storage 3 4 9 4 26 0,25
locations
X7.3 Improper strorage 4 2 9 5 25 0,24
techniques for material
and equipment
X7.4 Material damaged due to 4 3 6 7 24 0,23
too long storage
Average 0,268

Based on Figure 4, the leading indicator identified as the
most influential cause of waste material in the defect
variable is  X1.3, which represents incorrect
implementation of work rules. This condition is reflected
by rebar waste (Figure3a) due to incorrect measurements
and cutting, with a weight of 0,33. In the over-production
variable, the most significant contributor to material waste

is X2.2, namely the overuse of materials that exceed the
needs, with a weight of 0,45. For the waiting variable, the
highest contributing indicator is X3.3, which refers to the
loss of tools, with a weight of 0.28. In the over-processing
variable, X4.1, representing inconsistency of work
procedures, has the highest weight at 0.42. The motion
variable shows X5.3, an inconsistent working method, as
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Fig. 4: Ranking of Waste Material Indicators

the most influential indicator, with a weight of 0.36. The
transportation variable, X6.2, which represents an
ineffective workplace layout, is identified as the highest
indicator, with a weighted score of 0.30. The last variable,
inventory, X7.1 concerning poor storage space, emerges as
the most influential indicator contributing to material
waste, with a weight of 0.28.

4. Discussion

Based on observations at the construction site, incorrect or
inconsistent implementation of work rules was found in the
project site. Instances were noted where workers installed
rebar in the wrong order or used improper welding
techniques, resulting in deformed rebar that required repair
or replacement. Excessive purchasing and overuse of
materials are necessary due to the contractor's policy to
provide excess materials than planned quantities to ensure
immediate replacement in case of damage or shortage. This
practice has resulted in significant material residues,
especially D16 rebar. Lost tools and prolonged lead times
can delay project completion and require additional time.
Based on the results of observations in the field, the tools
that were moved to the storage warehouse were not well
organized, so the tools were difficult to find and were even
lost when needed. This can lead to prolonged wait times
for operators to find the tool. The inconsistency of work
procedures at the project site was an improper and
inefficient process of cutting or bending rebars. Improper
cutting of rebar can cause material to be wasted and more
material to remain. Inconsistent working methods were
found in the project, as a consistent standard for picking up
or placing tools and materials. Workers have to walk back
and forth to find the necessary tools and place materials,
causing workers to perform excessive movements.

Ineffective workplace layout in the project location is due
to work activities that use the path of material cars passing
through and the location of the ready-mix concrete plant,
which is relatively far from the project site. As mentioned
earlier, poor storage space can also lead to the loss of tools.
Insufficient and irregular storage can damage materials
such as cement, making it difficult for workers to find and
access them on time.

Among the 26 indicators assessed, the overuse of materials
and inconsistent work procedures emerged as the most
influential contributors to material waste. Overproduction
often manifests as surplus materials, unused offcuts, or the
need for extra resources. Overproduction can result not
only from errors in cutting, shaping, or installation—
reflecting workmanship issues and limited skills—but also
from inadequate managerial supervision. Additionally,
overprocessing caused by inconsistent work procedures
increases the chance of rework, such as components being
installed out of sequence and requiring removal and
reinstallation. Rework itself is one of the main contributors
to material waste in construction projects. Similar findings
are reported in other studies, which identify issues such as
improper material storage®, inaccurate measurements in
the project, cutting errors’®, inconsistent following the
correct sequence of work®”, poor time discipline, and
design changes®. These studies indicate an average rebar
waste of approximately 4%. In construction practice, the
acceptable threshold for material waste is generally 5%°37.
However, the present findings reveal that D16 rebar waste
reaches 11%, exceeding the 6.3% reported by Yuni et al
(2023)*7, and 10.50% noted by Pradana and Putra
(2024)*" and surpassing the industry’s typical 5% limit.
This indicates that material waste remains a significant
challenge in the construction industry.
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The existence of material waste can have an impact on
efficiency, time, and cost. The level of garbage directly
affects the achievement of the primary goal of lean
construction, which is to maximize value and minimize
waste during the construction process®®. Material waste
potentially impedes workforce productivity by introducing
delays. For instance, an error in cutting rebar necessitates
reordering new materials. This not only consumes
additional time but also disrupts the project schedule,
causing significant delays and reducing overall
productivity. Furthermore, it will also incur more costs due
to both material purchases and delays. Empirical evidence
from previous studies has shown that the cost of materials
as waste can be 0.53% 3%, 3.30%*?, 7.39 %21, and 7.5%*V.
Based on this, the cost impact of waste arising on the
project varies from 0.5 to 8%, influenced by the type or
complexity of the project and the effectiveness of project
management itself.

Material waste is an inherent aspect of construction
projects; however, it can be substantially reduced through
the application of lean construction principles, which aim
to eliminate waste and enhance value. Issues related to
human error must be systematically addressed to prevent
unnecessary material losses. This study identifies overuse
of materials and inconsistent work procedures as the
primary contributors to waste material. These issues can be
mitigated by implementing lean construction principles,
including the development of clear and standardized work
instructions or specifications, the application of the Last
Planner System to streamline tasks and improve workflow
efficiency, and the adoption of simpler, more effective
work methods*?. Standardizing, for example, could be
achieved by making a database and procedures for cutting,
bending, and storing rebar to enhance process consistency.
Additionally, project managers are also encouraged to
implement visual mapping to monitor daily and weekly
waste ratios, thereby reducing steel waste. Further
measures involve optimizing the organization and storage
of materials, training workers in efficient tool usage, and
closely monitoring the accuracy of material quantities
delivered to the project site®®. The adoption of software
such as Cutting Optimization Pro software to minimize
rebar residual®® is also recommended.

In the Indonesian construction industry, the calculation of
quantity take-off with the Building Information Modelling
(BIM) approach has been quite popular, even though it has
not yet been mandatory to use BIM-supporting software,
such as Revit or Cubicost. The implementation of BIM in
construction instructions reduced material waste, below
5%, which is 1.52%*), as it can help limit the potential for
material waste in the construction project by setting
maximum waste limits. BIM potentially minimizes errors
in translating images in the field, enabling the project
building to be as identical as possible to the 3D model,
thereby reducing waste material in construction projects*>.

Another research showed that BIM could significantly
reduce reinforced concrete materials (RRCMW),
especially in rework, enhance coordination between
project disciplines, transfer information efficiently*®47,
and help monitor quality control during work by providing
a complete visualization picture*®*”as well as managing
the building life cycle*”. It is also recommended that
project management reduce rebar waste using precast
concrete as it potentially reduces cutting and saves
working time in construction projects.

5. Conclusion

This study successfully identified the types, main causes,
and sources of waste materials in construction projects.
Based on the research conducted on the construction
project, even though the average rebar waste was below
5% (max tolerance for waste in the construction industry),
the highest waste percentage is D16 rebar material, with a
waste percentage of 11%. The findings indicate that
material waste is not solely caused by operational errors
(such as overuse of materials, inconsistency of work
procedures, and inconsistent working methods) but also by
poor planning, ineffective coordination, and unstable
material flows. To effectively address material waste,
project management must examine not only what waste is,
but also why and where it occurs, providing a more
accurate diagnosis. Planning should not only focus on
schedule and cost, but also on explicitly mapping and
planning the material flow from suppliers to the point of
installation. This includes planning temporary storage
points (staging areas), implementing Just-In-Time delivery
schedules, and enforcing material quality control. Strict
implementation of Lean Construction principles has the
potential to significantly reduce material waste. While this
study has been trying to implement the LC concept,
implementation was not always consistent. Additional
methods can support the LC principle, such as using
Cutting Optimization Pro software and BIM software.
Further research could explore the effectiveness of
integrating LC with Building Information Modelling
(BIM) technology and the Internet of Things (IoT) to
create an early warning system for waste generation.
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